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CHAPTER -1 CARRIAGE OF MATERIAL
Mode of Transport

Unless otherwise specified or directed in writing by the Engineer In charge, carriage of all
materials between stations connected by rail shall be done only by the railway goods train and
all rules and regulations in force in the Railway Department in this regard, shall hold good.
Other means of transport shall be allowed only when: -

1. The goods train is not available within the stipulated period. In this case a certificate
shall have to be recorded by the Engineer in-charge.

2. The railway track is not in order for a certain reason and is expected to take a
considerable time before it is put in order.

3. The material to be transported is perishable, and the goods train takes a considerably
longer time than the road transport, and thus does not ensure a safe transportation.

4. Any other unforeseen calamity, which in the opinion of the Engineer in-charge is so
pressing as to make carriage by road essential.

Safe Delivery

Whatsoever may be the mode of transport (except goods train) the agency undertaking the
carriage of material shall be responsible for its safe loading, unloading, delivery to the specified
site within the specified time and stacking, unless it is damaged as a result of a calamity
beyond the control of that agency.

Stacking

The material carted shall be properly stacked at the specified site to the satisfaction of the
Engineer in-charge or his authorized subordinate.

Carts, Animal Driven Transport, Boat or Steamer Transport

When carts, animal driven or mechanical means of transports are engaged for carriage on a
daily wage basis, the quantity of material to be conveyed, the distance to be travelled and the
number of trips to be made, shall be fixed by the Engineer in-charge or his authorized
subordinate.

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. Contractor should follow the respective items of MRS too differentiate between
Kacha road, pacca road, hillly area and plain area.

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.
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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 meters 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

Carriage shall be contracted for by weight or by volume at a mileage, kilometer or chainage
rate or a fixed rate between specified places. In the former case the distance shall be
measured by the nearest practicable route, and the miles kilometers and chains measured
shall be statute miles kilometers/chains.

Rate

5. The unit rate shall include loading of material within one chain, carriage to a specified
site, unloading and stacking, as per above specifications, within a distance of one chain
from the site of unloading.

6. If the lead for loading, unloading and stacking exceeds one chain the payment for
additional carriage shall be made whole of the distance and not starting from the
second chain.

7. In case of works where item rates include the handling of material up to a certain
distance, any extra carriage involved beyond this distance shall be payable at the rate
prescribed for the subsequent chain, as case may be.

8. No additional payment shall be made to the contractor for carriage like demurrage,
wharf age and toll tax.
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CHAPTER -2 LOADING, UNLOADING & STACKING
Loading

Loading includes mechanical or manual labor for shifting, carrying and lifting of constructional
and non-constructional material of all kind, from a place where stacked dumped or scattered
in a specified area, to railway wagons or road vehicles and stacking in / on it in the available
space to an allowable load carriage capacity, without causing any damage to the items in
guestion to the entire satisfaction of the Engineer in Charge.

OR

Loading of constructional and non-constructional material of all kind on the back of the
transporting animals or into the carts driven by animals, from a place where such material is
stacked, dumped or scattered in a specified area to another specified destination alone, or in
combination to reloading it, to railway wagons or road vehicles and stacking in or on it in the
available space to an allowable load carriage capacity, to the entire satisfaction of the
Engineer in Charge.

Unloading

Unloading includes mechanical or manual labor for lifting and carrying of constructional and
non-constructional material of all kind, from a place where stacked or dumped in a specified
railway wagons or road vehicles and stacking (rate exclusive) in/on it in the available space to
an allowable load carriage capacity, to the entire satisfaction of the Engineer in Charge.

OR

Uploading of constructional and non-constructional material of all kind from the back of the
transporting animals or from the carts driven by animals, to a place where such material would
need to be stacked (rate exclusive) or dumped (rate exclusive), to the entire satisfaction of the
Engineer in Charge.

Stacking and Storage of Materials

Stacking includes the preparation of dunnage under a secured shade to be made for the
purpose or at an identified place where shade and dunnage has been made for the purpose,
away from the place of loading within a specified distance, with the help of mechanical or
manual labor and placing / dumping the material in position, to the entire satisfaction of the
Engineer in Charge.

2.3.1 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. Bowing to pressure on the bottom layer of bags sometimes
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‘warehouse pack’ is developed in these bags. This can be removed easily by rolling
the bags when the cement is taken out for use. limbed 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
meters. 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.

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 d a t e 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 face that of another. Height of the stack shall not be more
than one meter. 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
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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, vegetable and
other foreign matter Stacks of fine and coarse aggregates shall be kept in separate stock piles
it sufficient distance from each other to prevent the material at the edges of the piles from
getting intermixed. On a large job, it is desirable to construct dividing walls to give each type
of aggregates its own compartment. Fine aggregates shall be stacked in a place where loss
due to the effect of wind is minimum.

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 at least 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.

Aluminum Sections

Aluminum sections of different classification, sizes and lengths shall be stored separately, on
a level platform under cover. The Aluminum sections shall not be pulled or pushed from the
stack nor shall be slide 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 tarpaulin. The tarpaulin
shall be hung loosely on temporary framing to permit circulation of air to prevent
condensation.

Page 4 of 7



Finance Department, KPK Technical Specifications for Workmanship.
Chapter 2 Loading, Unloading & Stacking

> 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
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 Fiber 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, Fiberboard, 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

> |t 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 Fiber 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.

Un-plasticized 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.

> |t 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 up to 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
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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.

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

Measurement shall be taken in units mentioned in the respective BOQ.

Rate & Payments

Rate shall be calculated as per BOQ, of the actual work done; and payment shall be made
against the actual weight, volume, or numbers of material loaded / unloaded or stacked by the
contractor / supplier and duly verified and approved by the Engineer in Charge. Deduction
shall be charged from the contractor / supplier of the cost of the material if any willful damage
has been caused to the material in question by the contractor / supplier or their laborer during
loading / unloading or stacking processes. No payment of loading, unloading and stacking will
be allowed for any material damaged in the process of load, unload and stacking.
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CHAPTER -3 EARTHWORK
References:
Sr.# | Standard Name | Description
ASTM
1. ASTM D-4318 Standard Test Methods for Liquid Limit, Plastic Limit, and
Plasticity Index of Soils.
AASHTO
2. AASHTO T-180 | Standard Method of Test for Moisture—Density Relations of
(D) Soils Using a 4.54-kg (10-Ib) Rammer and a 457-mm (18-in.)
Drop
3. AASHTO M-145 | Standard Specification for Classification of Soils and Soil—
Aggregate Mixtures for Highway Construction Purposes.
4, AASHTO T-191 | Standard Method of Test for Density of Soil In-Place by the
Sand-Cone Method.
BS
5. BS 1377 Methods of test for soils for civil engineering purposes.
Chemical and electro-chemical testing.
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General

Earthwork covers any or all works involved in cutting or digging in spoil or soil of various
classifications; dressing the excavated pit to the specific grades and dimensions; sorting,
transporting and re handling of excavated material; stacking, filling or refilling, compacting and
dressing the top and side slopes of the resultant’'s embankment or spoil bank to the required
grades and dimensions, along with all other related operations.

Glossary

Accretion of levels The rise in the level of the bed of river channel at any site. It is
the converse of degradation or retrogression of levels.

Afflux The rise above the natural surface of water caused by an
obstruction in the water way.

Apron A floor or lining of stone, concrete, etc. to protect a surface from
erosion and withstand hydraulic pressure.

Avulsion The breaking through by a river across the narrow neck of a horse-
shoe bend, or the entire change in the course of a river when
it breaks through one of its banks in deltaic region.

Back Water (Curve) The longitudinal profile of the water surface in an open channel
where the depth of flow has been increased by an obstruction,
an increase in channel roughness, a decrease in channel width,
or a flattening of the bed slope.

Bar A deposit of river borne material at the mouth of a river or b river
at the off take of an induction canal.

Bed Load The detritus (silt, sand, etc.) rolled along the bed of a stream.

Berm A horizontal ledge on embankment given for the purpose of

thickening and increasing “cover” in the rear lower part of a bund

Blow-Out (or sand boil) An underground leak occurring through a sand stratum under
the base or seat of a bund, breaking out through the ground
surface on the rear of the bund in the form of a bubbling spring
and carrying with it a volume of sand.

Borrow-pits Pits excavated for obtaining earth required for making
embankments.
Breach A break or gap in the continuity of embankment line through

which the river water floods the country on the rear of the bund
line. In sindhi it is called gharo or khand. In the USA it is called
a ‘crevasse’.

Caving Erosion of a river bank or bund by the undermining action of
water, which causes the super incumbent earth to collapse.

Cover The minimum thickness or height of earth required anywhere
over a specified level or line measured vertically or horizontally,
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as the case may be. The cover over hydraulic gradient line or
saturation line is measured vertically.

According to the definition of the International Society of Soll

Science, all particles of soil less than 0.002 mm in diameter are
classified as clay. These soils usually contain about 55% clay,
40% silt (0.002 to 0.02mm) and 5% sand (0.02mm and above)

The movement of water under or around a structure built on
permeable foundation (Also see piping)

a. The top of the embankment or weir or the highest floor of a
regular or sluice at the point of control. It is also called ‘crown’.
b. The peak of a flood.

The top of an embankment or bund (also see Crest)

A well provided at the downstream and / or upstream extremity
of a sluice or regular to prevent the undermining of the sub-soil
by score, piping, or floatation.

The unit of discharge used in irrigation practice and meaning a
rate of flow of one cubic foot per second.

a. The difference between the water levels upstream and
downstream of a regular or an obstruction.

b. A channel excavated artificially or formed naturally by
avulsion reducing the length of a course of stream or river.

c. An anti-creep walls in a sluice or regulator.

Any material, such as floating trash, suspended sediment or bed
land, moved by flowing stream.

The alluvial tract formed by the deposit in the sea of the
sediment carried by the river.

A wall of brick masonry in a section of the bund (especially in
very bad and treacherous) to reduce percolation and avoid leaks
or to gain sufficient time to close these leaks. (Also See Sand
core)

A form of the surface curve of a river or stream which s convex
upward. It is caused by increase in velocity and slope,
consequent upon a drop in the water level, or drawdown, such
as near or at the entrance to a river “cut-off” or below a flume in
a channel. (See Back Water Curve)

Short projection extending over a canal bank on its either edge
constructed primarily to prevent cutting up of the bank slopes
caused by rain. It provides additional safety so for as free board
is concerned and also ensures greater safety for wheeled traffic
in driving. The usual measurement of the dowel is top width 1.25
feet, height about 1.25 feet and side slope 1 %2:1 with bottom as
5 feet.
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A line ranged at right angles to the general alignment from the
toe of the bund to the eroding edge of the pucca bank of the
river.

The measure of the erosion of the line, i.e. the distance from the
toe of the bund to the edge of the eroding pucca bank of the
river, generally ranged at right angles to the normal alignment
of the bund.

The earth work above natural ground by deposition of specified
materials.

The distance between the designed full supply level and the top
of the embankment or masonry work left to allow for wave
action, floating debris, or any other condition or emergency,
without overtopping the bank of the channel or side of the
structure. In the case of dams, it is the distance from the top of
the dam to the water surface in the reservoir during maximum
flood conditions.

The undermining caused by the residual force of water, flowing

through the subsoil, which acts in the direction of the flow and is
proportional to the pressure gradient at that point.

The top of embankments or bottom of cuttings.

The top of embankment or the bottom of cutting ready to receive
the ballast as denoted by the ultimate grade line or level along
the centre line on the longitudinal section.

It includes:

1. All cutting and embankment necessary to prepare the
ground for receiving ballast and track.

2. Side and catch water drains.

3. Protection measures for cutting and embankments and their
slopes.

4. Topping embankments with selected material.

5. Diversion for roads and streams; and

6. All similar works pertaining to the construction of railway line,
its siding tracks and station yards.

An obstruction of stone, timber or brushwood constructed from
the embankment of a river to divert or hold the flow. A stone
groyne is called a spur. When constructed parallel to the river
flow for protection against wave wash, it is called a “longitudinal
groyne”, or “muhari”

A protecting and training bank constructed to guide the river to
and from the weir through the water way provided. A river bund
may, in effect, be a guide bank when it is at the edge of the river
course, there being little or no foreshore between the river
course and the toe of the bund.

In a bund, it is the same as the saturation line (q.v)
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A graph showing the gauge (or discharge) with respect to time.

Main salt: sodium chloride, sodium sulphate and magnesium
sulphate. This is the commonest type of kalar in the southern
areas.

The Flood season in which extends from 15t May to 15" October
depending on monsoon rains.

In addition to the salts found in white kalar, it contains the
chlorides of magnesium and calcium. It is found on land affected
by water logging and seepage.

It contains sodium carbonate, in addition to salts in white and
dark kalar. The large amount of lime present in the soils in
southern areas prevents excessive formation of black kalar.
This kalar is present in badly drained localities.

It contains the nitrates of potassium and sodium in addition to
the salts found in white kalar.

An excavation in the base of a bund or other structure filled with
specially selected material, generally sand, in case of river
bunds to bond the bund in to the ground surface.

The shortest possible horizontal route between the center of
gravity of the material excavated and the center of gravity of the
material finally placed in the embankment.

The horizontal lead as defined above plus the lift converted
into horizontal lead, if any.

The vertical difference between the center of gravity of the
earth excavated and the center of gravity of the earth placed in
the embankment.

Lift shall be converted into horizontal lead with the aid of table
appended.

An increasingly swift passage of water through a hole or cavity
in an embankment carrying with it the soil of which the
embankment is build. The hole itself is also referred to as leak.

Where there are two lines of defense, the bund line constructed
on the rear or on the side of the land is generally called loop
bund. (The first line is called the front bund) if the first line of
defense is eroded or abandoned the loop bund may become the
front bund, or vice versa. If another line of defense is
constructed on the side of the river the front bund (so called prior
to this new construction) become the loop bund.

The embankment which forms the principal line of defense, e.g.

in a composite bund with wetting channel it is the bund on the
rear on the side of the land of the wetting channel.
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River or canal water running over the top of the bank.

The flow of water under or around a structure build on

permeable foundation which, if not prevented or stopped, will
remove material from beneath the structure and cause it to fall.
The erosion of sub-soil by high velocities of flow of water through
it, when such velocities exceed a certain limit, is also referred to

as piping.

An Index of void characteristic of a soil or stratum as it pertains
to percolation and degree of preciousness.

The lowering of the specific levels, i.e. of the level of water
surface of a channel for a given discharge.

Sediments, or other unconsolidated accumulation of solid
particles produced by the physical and chemical disintegration
of rocks, and which may or may not contain organic matter.

According to the definition of the International Society of Soll
Science, coarse river or canal sediment of size 0.02 mm up to
2.00 mm in diameter is called sand. Sandy soil contains up to
about 5% clay, 0.002 mm in diameter or less, 10% silt, 0.002 to
0.02 mm in diameter, and 85% sand of 0.02 to 2.00 mm in
diameter.

A hearting or core of pure sand provided in the bund section,
particularly in Kalar, hard clay or bad soil and is intended to
prevent or reduce leakage and rat holes through the bund
section.

The percolation of water through embankment or soil.

The slope of the top-most seepage line, or the surface of the
percolating water, through the cross section of the embankment
(Also see hydraulic gradient line)

Where the Saturation Gradient intersects the downstream slope
or face, and water crops up making the lower part pasty, the dry-
earth slips or sloughs over the saturated earth, squeezing it out.
This leads to slides or slips, fast endangering the stability of the
bund.

According to the definition of the International Society of Soll
Sciences, all particles of the soil from 0.002 mm to 0.02 mm in
diameter are classified as silt. Silty soil contains up to about 20%
clay of 0.002 mm in diameter and less; 45% silt of 0.002 to 0.02
mm in diameter; and 35% sand of 0.02 mm in diameter and
above.

The damage done to the bund when the flood water strike and

splash on their upstream face unless counteracted by jungle or
Pilchi pitching or other artificial devices.
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Weep Holes Opening left in diaphragm walls, pitching etc., to permit drainage

and wet the earth on their rear side or on the side of the land,
S0 as to reduce unequal pressures owing to saturated earth on
one side and dry earth on the other.

Wetting Channel A device used for soaking (staunching) or preparing a bund in

advance of the main rise of the river, for its task of holding back
the river. It refers to both the gravity channel, from the river lip
to the channel between the trench bund and the main bund
through which water is pumped to soak the main bund.

Classification of Soil

The formation of soil varies from place to place and usually the soil of the following
classification is found in various parts of Pakistan.

1.

Soft Soil: It comprises sand, silt and those soils, which offer no resistance to
excavation and some time, require shoring when foundations of exact dimensions are
required to be excavated. Ordinary kassi (Phawarah) shovel or spade can be used for
excavation in such soils.

Ordinary Soil: It comprises earth and sandy loam, spoil or rubbish of every description
and any other formation into which a spade and kassi (Phawarah) pick or shovel can
excavate.

Hard Soil: It comprises stiff and heavy clayed soil having specific gravity of 1.5 and
above and at times having small percentage of kankar or boulders mixed up. It can be
excavated by repeated blows of kassi or with pick or shovel.

Very Hard Soil: It comprises hard moorum with high percentage of kankar or boulders,
mud concrete, shale lime or concrete, conglomerate formation, brick work in lime,
stone masonry in lime, metaled surface of road (tarred or untarred), hard core under
floor and road bottoming, and other formation into which a spade cannot enter and
whose excavation requires the forcible application of a pick.

Gravel Work & Soft Rock not requiring Blasting: It comprises gravel formation,
cement concrete, brickwork in cement, soft varieties of lime stone, sand stone, fissured
stone or any other formation which can be excavated by the use of pick, shovel,
jumpers, wedges, hammers, etc. and do not require blasting.

Rock requiring Blasting: It comprises hard stratified rock like compact hard lime
stone, hard sand stone or un fissured and un stratified masses like granite and basalt
(rap) etc. or similar formation for the excavation of which blasting is required. Rocks
falling under this class are sub-divided into six grades (Please see table 10 of heading
3.13 of these specifications) depending upon the degree of toughness.

If it is apprehended that blasting may prove harmful to nearby buildings or structures,
other methods such as cutting out by means of chisel, wedge, pneumatic concrete
breaker, sledge hammer or heavy points are normally adopted.

Slush: The above classification of soil related to dry excavation which extends up to a
depth of 6 inches below the sub-soil water level. Beyond this depth the soail is said to
be wet up to a depth which permits the laborer to work in the pit without getting
themselves sunk into it. When the wet soil is so composed that it cannot support the
weight of laborer working in the pit and the excavated material sticks to the implements
used for digging, it is called slush and has an angle of repose less than 25”. Wet soll
shall start from half foot below the sub-soil water level and shall go down till it can
support man’s weight.

Page 10 of 114



Finance Department, KPK

Technical Specifications for Workmanship.

Chapter 3 Earthwork

AASHTO Soil Classification System (from AASHTO M 145)

General Classification

Granular Materials (35% or less passing the 0.075 mm sieve)

Silt-Clay Materials (>35% passing the

0.075 mm sieve)

A-1 A-2 A-7
Group Classification A-3 A-4 A-5 A-6 A-7-5
A-1-a A-1-b A-2-4 A-2-5 A-2-6 A-2-7
A-7-6
Sieve Analysis, % passing
2.00 mm (No. 10) 50 max --
0.425 (No. 40) 30 max 50 max 51 min -
0.075 (No. 200) 15 max 25 max 10 max | 35 max | 35 max | 35 max | 35 max 36 min 36 min 36 min 36 min
Characteristics of fraction passing
0.425 mm (No. 40)
Liquid Limit - -- 40max | 41 min | 40 max | 41 min | 41 min 40 max 41 min 40 max 41 min
Plasticity Index 6 max N.P. 10 max | 10 max | 11 min | 11 min 10 max 10 max 11 min 11 min
Usual types of significant constituent stone fragments, gravel fine
silty or clayey gravel and sand silty soils clayey soils
materials and sand sand
General rating as a subgrade excellent to good fair to poor

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

PI1 of A-7-6 subgroup is greater than LL-30

Table 1, AASHTO Soil Classification System (from AASHTO M 145)
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Authorized Outlines

Unless otherwise specified or directed by the Engineer-in-charge in writing all earthwork viz
excavations, holes, trenches for foundations, filling etc. shall be executed to the widths, length,
depths, alignments, grades and levels shown on the approved drawings. If they are not
indicated on the drawing, they shall be carried out to the profile agreed to by the Engineer in
charge in writing before the commencement of work.

Site Clearance

The surface area of the ground to be occupied by the proposed buildings shall be cleared off
roots, grass, shrubs, brush, trees, fences, walls, buildings, roads, ruins and such other
structures as may either cause hindrance in the execution of work or may decay and form
dangerous pockets. Such works can be classified beforehand into following categories by the
Engineer in-charge for the purpose of making payment.

A. Stripping of grass, uprooting bush stumps having girth and roots less than 3 feet and
diameter less than six inches and their number not exceeding 200 per acre. The cost
of this item is included in the unit rate of earthwork.

B. Jungle clearance — Removal of roots, bush stumps, shrubs, trees and jungle. The
Engineer in charge shall decide, on the basis of the actual sizes and concentration of
such material, whether rate for ordinary jungle clearance or heavy jungle clearance is
to be paid. His decision shall be final.

C. Demolition of fences, walls, buildings, roads and other structures shall be paid
according to the relevant item under the chapter “Dismantling”. The rates for these
works shall clearly state:

i). The disposal of materials obtained during the operation of site clearance.

ii). Whether or not, it shall be a “set off” against the cost of site clearance. In the
absence of such clarifications the materials shall be the property of
government.

iii). That any damage to the works and public or private property caused by the
contractor’s operation in clearing shall be repaired or replaced at his expense.

Datum

Any bench mark, which is to be used for the work, shall be correctly related to the datum
specified on the approved drawing or fixed by the Engineer in-charge and the contractor shall
make and maintain at his own cost all such permanent bench marks required for the proper
execution of works in the vicinity thereof, in perfect order to the satisfaction of the engineer-
in-charge.

Setting Out

1. Before commencing actual execution, the central line of the excavation shall be
distinctly marked with a deep furrow (dagbel) at least 9-inch-wide and 6 inches deep
and pegs shall be fixed at every Centre line. In the case of the excavation of foundation,
the Centre, longitudinal or face line and at least one main cross line, shall be marked
by means of masonry pillars built clear of the point to which the slopes of the excavation
shall extend. On each pillar, there shall be an accurate mark to enable a surveying
instrument to be set up over it for setting out purposes.

2. In the case of the excavation of foundation, the center, longitudinal or face line and at
least one main cross line, shall be marked by means of masonry pillars-built cleat of
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the point to which the slopes of the excavation shall extend. On each pillar, there shall
be an accurate mark to enable a theodolite to be set up over it for setting out purpose.
3. All these operations involved in setting out are included in the unit rate for earthwork.

Profile

Having marked the alignment, a complete profile of embankment or cutting, as the case may
be, shall be set out at fifty feet intervals of every change of section, and also at every curve.
This profile shall have a linear dimension of 10 feet, its excavation shall be dug to the proper
level and bank through up to the correct height, width and al slopes dressed to true form. The
correct height of this profile shall be 10% more than desired final level of the embankment so
that it may take care of shrinkage and settlement. The end of all the profile banks shall be
stepped so that proper locking takes place at the time of the construction of the bank adjoining
them. All labor and implements like bamboos, stakes, strings, pegs, batter boards, etc.,
required for fixing profile shall be supplied by the contractor and the cost is included in the

initial rate.
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Excavations

All excavations and earthwork shall be performed and executed in accordance with
stipulations (specifications) and requirements set forth here 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 the approval of the Engineer in-charge in
writing.

Types of Excavation

Broadly speaking all excavations (digging or cutting) can be grouped as (a) Precise
excavations (b) Borrow-pit excavations.

Precise Excavation

Excavation for attaining certain definite levels, grades and dimensions shown in the drawings
such as excavation for foundation of various types of building, irrigation structures; cutting for
rail and road formations; excavation for key trenches, irrigations channels, drains, sewer for
other similar works; remodeling, regarding or desilting of existing channels and reconditioning
of the choked drains and sewer etc. are known as precise excavation. These excavations are
usually done in uniform lifts, reach by reach, and in such a fashion that they drain themselves
automatically.

It is advisable to dig out a central trench first and then proceed to dress the sides to the
required slopes by cuttings. In all such cases the formations levels are observed before and
after the actual excavation to adjudge the accuracy of the cutting. Any excess cutting has to
be made good with selected material thoroughly compacted under instructions of the Engineer
in Charge.

The material obtained from these excavations may be disposed off in any of the following
manners: -

1. Finds like antique relics, coins, fossils, which normally cannot be used in the work or
deposited with Government store under directions of the Engineer in Charge.

2. Suitable excavation material may be used in raising dams, embankments, ramps, rail
and road formations or refiling the voids of foundations after the erection of the
structure.

3. Excavated material considered unsuitable for any of the above usages or rendered
surplus, is usually dumped in spoil banks properly dressed under the directions of the
Engineer in Charge.

Borrow-Pit Excavation

The excavations which are necessitated for procuring suitable and adequate materials for
raising dams, embankments, core walls, ramps, rail and road formations or refilling the voids
of foundations after the erection of the structure or for other allied purposes are known as
borrow-pit excavations.

The following factors govern the locations, spacing and dimensions of borrow-pits.

Type and quantum of earth to be procured.

Type of embankment for which borrow-pit have to be dug.

Safety of the existing works or new works under construction.

Subsequent use of land under borrow-pits.

Ease in recording and checking the measurement of the quantity of excavated
materials.

arwpdE
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6.

Mode of excavation (By machine or manual labour.)

Borrow-Pit Essential Requirements

1.

2.

11.

12.

13.

14.

Borrow-pits shall be located well away from the embankment so that they do not cut
the hydraulic grade line of the resultant embankment but leaves some cover above it.

The borrow-pit are shall be clearly demarcated by a dagbel before commencing any
digging. If old borrow-pits already exist in the demarcated area, they shall be measured
and their measurement recorded. Size, configuration and distinctive marks in the new
borrow-pits shall be so fixed that they do not get mixed up with the old ones.

No borrow-pit shall be excavated beyond the specific limits, or close to an existing road
village track, embankment and other structure which are liable to be damaged.

For storage dams, borrow-pit in the reservoir shall not be dug nearer Than twice the
height of the dam from its front toe.

Borrow-pits shall not as for as possible be excavated on the land side of a river
embankment because that would increase the infiltration head acting on the
embankment and may cause it to leak. On the river side it shall not be nearer Than
100 feet for repair and 150 feet for new construction from the toe of the embankment.
Borrow-pits 150 to 200 feet, shall not be more Than 6 feet deep; 200 to 300 feet not
more Than 8 feet deep; and beyond 300 feet may be of any depth.

Borrow-pits shall not be nearer Than 30 feet from the toe of a big canal bank, and 10
feet from the toe of a small channel bank of their depth does not exceed 2 feet. If the
depth exceeds 2 feet, the minimum distance recommended from the toe of the bank
of a small channel is 15 feet.

Borrow-pits shall be as follow as possible so that the land can be subsequently
ploughed over and brought under cultivation. In cultivated areas, where lands have
been temporarily acquired, the depth shall not be more than one foot; otherwise the
maximum depth is 3 feet. No pit shall be excavated more than 5 feet with in the
distance of 300 feet from the toe of an embankment.

Borrow-pits shall not be continuous or otherwise they will form a channel. Al least 10
feet wide strip shall be left unexcavated in every chain or so.

A space of about 5 feet shall be left around all pits for laborer to pass.

. Borrow-pits shall in multiple of 10 feet length to facilitate recording and checking the

quantity of the excavated material.

No borrow-pit shall be dug in the central portion of a channel berm not in a canal bed
below the bed level except as detailed below. Where the earth has to be borrowed
from near a canal bank, the pits shall not be more than 6 in deep.

In the case of large channels, borrow-pit can also be dug in the bed leaving 5 feet berm
from the inner toe of the banks on either side and a width equal to half the length of
the pit between each pit. The width of pits shall not exceed half the bed width of the
channel and depth 1 to 2 feet below the bed. Pits shall not be dug near any masonry
works or within 20 feet of the footpaths or cattle tracks crossing a channel since they
tend to cause the inner slopes to the channel to slip down. These pits get silted up as
the channel runs for a couple of months. No pit shall be dug in beds of channel in which
no silt is ordinarily deposited.

Borrow-pit may be dug in berm where they are very wide and likely to slit up rapidly.
The earth shall ordinarily be obtained by cutting vertical pockets, whose long lengths
shall never be dug down to below bed level. The length of pockets shall not exceed
the bed width of the channel or 10 feet, whichever is less spaces left between the
pockets shall not be less than 5 feet wide.

Before digging any material for filling in the embankment, the entire surface of the
borrow-pits shall be cleared of all grass, roots, shrubs, jungle, or any other organic
matter liable to decay and form dangerous pockets.
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Excavation in Foundations

1. The bottom and side slopes of excavation, upon or against which structures or other

o

10.

required constructions are to be placed, shall be finished accurately to the required
grades and dimensions, and if required by the Engineer in-charge, shall be moistened
with water and tamped or rolled with suitable tools or equipment for the purpose of
forming a firm foundation.

Whenever the natural foundation material is disturbed or loosened or excavated
beyond the approved lines and grades, the loose material shall be removed and the
extra excavation made good at contractor’s expense with selected material which shall
be thoroughly compacted by tamping or rolling in layers not exceeding 6 inches.

If at any point in the excavation, material unsuitable for foundation is encountered, as
determined by the Engineer in-charge, he shall direct in writing its removal and
excavation shall be filled with selected materials thoroughly compacted by tamping or
rolling in layers not exceeding 6 inches. The cost of this replacement with selected
materials shall be paid under the rate for earthwork compacted.

When a safe and solid foundation cannot be obtained at the depth shown on the
approved drawings, special measures (to be determined in all cases by the Engineer
in-charge) may be taken under a special agreement reached beforehand.

No excavated earth shall be heaped within 20 feet of the top edge of any foundation.
Foundation trenches shall be inspected and approved by the engineer-in-charge
before foundation is laid.

All excavations shall be kept free from water from whatever source it may come at all
times to the entire satisfaction of the engineer-in-charge except where otherwise
specified or permitted in writing by him.

The surface water if and when accumulated shall be dried by the contractor at his own
cost. As for the subsaoil flow water, separate item of dewatering/lowering of water table
should be provided and paid for.

All swamps, drainage channels, etc., when no longer required, shall be filled in with
concrete or other suitable material to the satisfaction of the engineer in-charge.
Materials which do not stand on the slopes shown on the drawing or established by
the engineer in charge and the which are a part of slides extending beyond the
established lines of excavation bit are left into excavated areas, shall be removed by
the contractor in an approved manner, and the slopes shall be re-finished to lines and
grades established by the Engineer-in-charge, the contractor may be required to
excavate potential slides area beyond the limits of the originally staked excavation, if |
the judgment of the Engineer-in-Charge, such excavation is necessary to prevent
damage to the work.

Shoring for Foundation

1.

The contractor shall provide all timbering, steel sheet piles, or other approved supports,
and shore the side of excavation, trenches, pits and walls, in such a manner as will be
sufficient to secure them from falling and prevent any movement.

Shoring shall consist of frames of vertical and walling pieces supported by struts.
These shall hold the laggings in position against the sides of the excavation. Laggings
shall be further secured by wedges driven firmly down between the frame and the
laggings. Scantling shall vary according to the foundation and their sizes shall be fixed
by the engineer-in-charge. Struts and frames shall be secured together by iron dogs
and bolts, where necessary. In the case of deep foundation, additional vertical uprights
shall be attached to the walling by iron dogs.
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3. Excavation shall proceed as follows: When the sides of excavation show signs
of caving in, the first frame and the first set of short-laggings shall be put in. The
laggings shall be long enough to stand about 4 feet out of the ground. Wedges shall
be driven in and excavation proceeded with. As excavation proceeds, two men on the
top and two men below shall drive down each lagging separately, after drawing the
wedges. When each lagging has been driven down as for as it can go, the wedge shall
be replaced and the next lagging driven down in the same way ...... and so on. If the
soil is dug away from under each lagging, the latter shall drop down in most cases
without the aid of a mallet. Laggings shall be kept plumb and touching each other,
otherwise it would be difficult to get the next frame in. When excavation has reached
the full length of laggings, they shall be drawn out cautiously one by one, and the longer
ones shall be put in or a fresh row driven inside the others. Excavation may then go
down to the depth required; the frames being put in at least every 5 feet vertically.
When concrete or masonry work is in progress, the process shall be reversed; the
laggings shall be prized up one by one and the frames withdrawn as masonry is raised
up.

4. Any cheap wood, cut in 6 inches or 7 inches planks, 1% inch to 2-inch-thick, shall be
used for lagging. The frame shall, however, be of sound wood that does not warp.

Excavated Material

All suitable materials obtained from excavation shall be used in filling. Wherever practicable,
all materials shall be placed in the designated final locations direct from excavation, except
that the backfill material, when so directed by the engineer-in-charge, shall be placed in
temporary stock piles and later placed in the designated locations. As far as practicable, as
determined by the engineer-in-charge, all materials designated for use in compacted
embankments and plinth shall have the proper water content either by sprinkling or other
suitable means before and during excavation or after placing:

1. AIIfill or refill around structures i.e. within the slops and limits of the established lines
for excavation for the structures and below the natural surface level, shall be placed
as backfill or compacted backfill; and all fill or refill about structures i.e. above the
natural surface level shall be placed as embankments or compacted embankments,
except as otherwise specifically shown on the drawings or provided in these
specifications.

2. If sufficient suitable materials are not available from the required excavations to
construct the embankment, backfill and other earthwork construction shown on the
approved drawings or directed in writing by the Engineer-in-charge, suitable materials
shall be transported from the nearest location.

3. Excavated materials containing stumps, roots, vegetable matter and other
objectionable material that are otherwise unsuitable or not required for backfill, roads
or in any other permanent construction required under these specifications, shall be
disposed of as directed in writing by the Engineer-in-charge.

4. Materials of any kind such as shingle or hard good quality stone, obtained from
excavation, as also any find made on the site such as antique, relics, coins, fossiles,
etc. shall remain the property of the government. The rate includes the separation of
the aforementioned materials and finds from each other and their depositing, as
directed by the engineer-in-charge. Any of these materials, if ordered by the engineer-
in-charge to be used by the contractor on the works, shall be charged to him at the
rates to be agreed upon between engineer-in-charge and the contractor before the
materials are used.
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Classification of Excavated Material

Excavation shall be classified under the following heads for recording measurement and
making payment:

1.

Soft soil. It includes all cutting in sand, silt and those soils, which offer no resistance
to excavation and sometimes require shoring when foundation (of buildings etc.) of
exact dimensions is required to be excavated since they have small angle of repose.

Ordinary soil. It includes all cutting in earth which can be ploughed, irrespective of the
fact whether picks or “phawarahs” have been used in the actual excavation. Usually it
includes:
i). Spoil or rubbish of every description.
ii). Earth and sandy loam.
ii). Any other formation into which a spade can be entered and can be easily
excavated by the application of kassi, pick or shovel.

Hard soil. There are the following two types of hard soil:
i). It includes 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.
ii). Soil having small percentage, say up to 15% of kankar or boulders which can
be easily dug and removed along with the soil.

Very hard soil. The following types of soil fall under this definition:

i). It includes hard moorum with high percentage of kankar (more than 15%) or
boulder (less than 20%), which can be individually lifted by hand.

ii). Mud concrete.

iif). Conglomerate formation, shale lime concrete, brickwork in lime and stone
masonry in lime.

iv). Metaled surface of the road (tarred or untarred).

v). Hard core under floor and road bottoming.

vi). Any other formation into which a spade cannot enter and the excavation of
which requires the forcible application of a pick.

5. Shingle, Gravel work and rock not requiring blasting. This type includes:

i). Gravel formation, cement concrete, brickwork in cement mortar.

ii). Large boulders above 20 per cent which can be individually lifted by hand.

ii). Soft varieties of limestone, sandstone or fissured stone or any other formation
which can be excavated by use picks, jumpers, shovels, wedges, hammers,
etc. and do not require blasting.

iv). 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.

6. Rock requiring blasting.! This includes hard stratified rock, like compact, hard

limestone, hard sandstone or un-fissured and unstratified masses like granite and

1 Blasting shall not be performed without the prior written permission of the engineer-in charge. The contractor
shall check all necessary precautions for the safety of person and property etc. as required by the engineer-in-
charge and shall obey all instructions as may be issued by the Engineer in-charge.
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basalt (trap), etc. or similar formation for the excavation of which blasting is required
since they cannot be excavated by jumpers, wedges, hammers, picks etc.

Rocks falling under this class can be further sub-classified into 6 grades. Refer to table
No. 10 of heading 3.13 of these specifications.

7. Rock requiring blasting but blasting prohibited. This includes all as No. (vi) above,
where blasting is prohibited by the engineer-in-charge. Blasting is prohibited when it is
apprehended that it may cause harm to important buildings or other works located
nearby. In that case other methods such as cutting out by means of chisel or wedges,
pneumatic concrete breakers, sledge hammers and heavy points are normally
adopted.

8. Wet. A soil shall be classified as wet when on being taken in a piece of cloth and
pressed by hand, wets the cloth.

9. Wet (slush). Wet soil when so composed that it cannot support the weight of laborer
working into the pit and excavated material sticks to the implements used for digging,
shall be classed as slush and paid accordingly.

Filling around Foundations, Footings, Pipes etc.

After the foundation structural works within excavations have been inspected and approved
by the engineer-in-charge excavations shall be refilled with selected material, taken from
excavation, if so authorized by the engineer-in-charge duly compacted in layers not exceeding
6" in thickness to the density 90% of max dry density as per AASHTO T- 180(D). Material shall
be placed with care around pipes to avoid damage. When the superstructure of a building is
higher than the plinth level, the plinth area shall be filled in with excavated material if approved
by the engineer-in-charge. 6" layers duly compacted as mentioned above or with any other
selected material as may be specified, for which extra payment shall be made.

Dealing with Bad Soil etc.

A soll that the engineer-in-charge may deem unsuitable shall be removed from the surface to
be covered by the backfill. This earth shall be disposed of as directed by the Engineer-in
charge and shall be measured up and paid for separately. If the Engineer-in-charge directs
the removal of any unsuitable material its measurement shall be taken first and recorded in
the measurement book.

Tolerances

The canal prisms shall be excavated and uniformly competed to the prescribed lines,
dimensions and grades of the canal sections given on drawings or established by the Engineer
in Charge; however, to facilitate for the canal prisms and to allow for inaccuracies in the
methods of excavation, the contractor may at his own option and at his own expense over-
excavate the bed level and side slopes of the canal prisms in an amount not to exceed three
(3) inches measured vertically. Minor deviations in the bed level and side slopes of the canal
prisms within short reaches as approved by the Engineer will be permitted to extend into
designated canal prism an amount not to exceed three inches measured vertically. Abrupt
changes in the surfaces of the side slopes of the canal prism will not be permitted. Gouges,
borrows and ridges resulting from excavation operations will be permitted in and on the
excavated surfaces of the canal beds and side slopes in an amount not to exceed three inches
measured vertically only when approved by the Engineer.

Trenching/ Open cut Excavation
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General

1. Description
The Work under this Section includes providing all labor, materials, tools and equipment
necessary for the excavation and backfill required for installation of pipelines, manholes,
vaults, diversion structures, and other appurtenances; and for ground surface restoration,
including pavement. Depth for trench shall be according to the drawings and BOQ item.

Materials
1. Trench Excavation
Trench excavation shall consist of all material, of whatever nature.

2. Bedding

Bedding, Class A, shall be aggregate conforming to the following gradation: -

Sieve Designation Percent Passing by
Weight

1-1/2" 100

No. 4 0-35

No. 200 0-8

Table 2, Aggregate Gradation (Chapter-3)

e Bedding, Class B, shall be three inch minus material, free of muck, frozen material,
lumps, organic material, trash, lumber or other debris, with no more than eight percent
passing the No. 200 screen.

e Bedding material for pipe placement shall be non-frost susceptible material.

3. Backfill

Backfill is a material placed above the level of bedding material. Backfill material consists of
native material excavated from the trench that is determined by The Engineer to be suitable
as backfill. Backfill material used under asphalt or concrete pavement, as shown on the
Drawings, shall be non-frost-susceptible, granular material that is free of rocks larger than six
inches, much, frozen material, lumps, organic material, trash, lumber, or other debris. All
backfill material available from trench excavation shall be utilized prior to the use of the
imported backfill.

4, Imported Backfill

Imported backfill shall be granular material, free draining, free of much, frozen material, lumps,
or organic material and shall conform to the following gradation: -

Sieve Designation Percent Passing by
Weight

3 100

No. 4* 20-70

No. 200* 0-6

Table 3, Aggregate Gradation (Chapter-3)

*Gradation shall be determined on that portion passing the three-inch screen.
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5. Aggregate Base

Aggregate base shall conform to the requirement of heading 16.3.2 of chapter 16 of these
specifications.

6. Asphalt Concrete Pavement
Asphalt concrete pavement shall be restored keeping the specifications of chapter 16 in mind.
7. Portland Cement Concrete

Portland cement concrete shall conform to the specifications of chapter 6 of these
specifications.

Construction Requirements
1. Excavation

> Prior to excavating trenches, all necessary clearing and grubbing shall be completed
in accordance with the provisions of heading 3.7 of these specifications.

> Excavation for trenches shall conform to the lines and grades shown on the Drawings
and to the limits depicted in the Standard Details. The Contractor shall also do any
Work necessary to prevent surface water from entering the trench.

> Excavation of any and all material more than six inches below the invert of the pipe as
shown on the Drawings shall be done only when ordered in writing by the Engineer.
The material so excavated will be handled in the manner described below: -

v/ All excavated material suitable for use as backfill shall be piled in an orderly manner
separately from unsuitable material, at a sufficient distance from the edge of the
trench to prevent material from sloughing or sliding back into the trench. When the
trench is in a traveled roadway the Engineer may require removal and temporary
storage of excavated material elsewhere.

v Materials unsuitable for use as backfill shall be hauled to a Contractor furnished
disposal site off of the Project, unless otherwise directed in writing by the Engineer.
The Contractor is responsible for securing waste disposal sites if none is indicated
on the Drawings. The Contractor shall obtain the written permission of the
landowner for use of all disposal sites, and shall either obtain any required permits
or assure that they have been obtained by others. If requested by the Engineer,
the Contractor shall furnish the permit numbers of all required permits for the
disposal sites. The cost of securing such sites shall be borne by the Contractor.

v/ If the Contractor fails to comply with the provisions of any country regulation
pertaining to waste disposal or disposal sites, the Owner shall have the right, after
giving 30 days written notice, to bring the disposal sites into compliance and collect
the cost of the Work from the Contractor, either directly or by withholding monies
otherwise due under the contract. No more than 150 feet of trench shall be open
in advance of laying the pipe, and no more than ten feet of trench shall remain
open at the end of each working period. When the trench is in a traveled roadway,
it shall be completely backfilled, in accordance with the Specifications, and opened
to traffic at the end of each working period, unless otherwise approved by the
Engineer.

« If explosives are used, the Contractor shall take the necessary steps before carrying
out the work.

e The Contractor shall protect and preserve all existing pavement not designated for
replacement, throughout the entire construction period. No tracked equipment may be
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operated on any pavement without first protecting the pavement with pavement pads
approved by the Engineer. All pavement which is damaged in any manner by the
Contractor's operations shall be restored to original or better condition at the
Contractor's expense.

Where required to prevent caving of the trench, or by any safety law or regulation, the
Contractor shall furnish and install bracing and/or sheeting to protect the excavation.
This bracing and/or sheeting shall be removed as trench backfill progresses.

The Contractor shall remove and dispose of all water entering the excavation. Disposal
of water shall be done in a manner to prevent damage or nuisance to adjacent
property, and in accordance with all applicable laws and regulations. Pumps shall be
adequate to maintain a dry trench during the bedding, pipe installation, and initial
backfill to an elevation at least one foot above the top of pipe. No backfill may be placed
in standing water under any circumstances, except when the Drawings and/or
Specifications specifically permit installation of HDPE water pipe in a wet trench.
Excavations for manholes and similar structures shall be large enough to provide
proper working room. Any over depth excavation shall be backfilled with concrete or
other approved material at the Contractor's expense.

The Contractor shall provide temporary support of existing structures, as necessary,
to protect the structures from settlement or other disturbances caused by construction
activities. All structures disturbed by the Contractor's activities shall be returned to
original condition, or better.

Bedding

Bedding shall be placed in conformance with the lines and grades shown on the
Drawings and to the limits depicted in the Standard Details. Before placing any bedding
material, the bottom of the trench shall be hand raked ahead of the pipe laying
operation to remove stones and lumps which will interfere with smooth and complete
bedding of the pipe. The specified bedding material shall then be placed in layer(s) the
full width of the trench, each layer not exceeding eight inches in thickness loose
measure, and compacted to 95% of maximum density as determined by AASHTO T
180 D, until the elevation of the plan grade for the pipe invert is attained. The pipe bed
shall then be fine-graded by hand and compacted as above. Bell holes shall be hand
dug at the location of joints and shall be of sufficient size to allow proper making of the
joint and to prevent the collar or bell of the pipe from bearing on the bottom of the
trench.

After the pipe has been laid and approved for covering, the specified bedding material
shall be placed evenly on both sides of the pipe for the full width of the trench. Approval
for covering does not imply final acceptance of the pipe, or relieve the Contractor in
any way of responsibility to complete the Project in conformance with the Drawings
and Specifications. Bedding material shall be placed in layers. The thickness, loose
measure, or the first layer shall be either one-half the outside diameter of the pipe plus
two inches or eight inches, whichever is least. This layer shall be compacted as
specified above to provide solid support to the underside of the pipe.

The bedding material shall be placed and compacted in layers not more than eight
inches in thickness, loose measure, up to a plane 12 inches above the top of the pipe.
The initial density test at any location will be paid for by the Owner. If the initial test
shows that the material compaction is not as specified, the Contractor shall modify the
compaction methods used, as approved by the Engineer, and have the material
retested until the tests show that the compaction method meets with the Specification
requirements. If the Contractor's compaction methods are not consistent and/or do not
meet the requirements of these Specifications, the Owner reserves the right to
undertake additional compaction tests as necessary to determine the extent of
substandard compaction, and to charge the Contractor for all such tests.
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4.

Backfill

The trench shall be backfilled above the bedding material, as shown in the Standard
Details, with approved material saved from trench excavation. If there is not sufficient
approved material from the excavation, the backfilling of the trench shall be completed
utilizing imported backfill. The backfill and/or imported backfill shall be compacted to
95% of optimum density within the street and sidewalk limits, as shown on the
Drawings, and 90% elsewhere, as determined by AASHTO T 180 D. Lifts shall not
exceed 12 inches in depth for loose material. After backfiling of the trench is
completed, any excess material from trench excavation shall be hauled to a Contractor
furnished disposal site off of the Project.

Where trenches cross roadways, streets or driveways, airport aprons, taxi lanes, etc.,
backfilling shall be done immediately following excavation and laying of the pipe. All
crossings shall be backfilled, compacted, and open to traffic at the end of each working
period. Major road crossings shall be excavated and backfilled in half widths of the
traveled way so that at least one-half of the roadway is open to controlled traffic at all
times during the Work. All Work performed within a right-of-way shall be done in
conformance with the appropriate permits issued by the respective agency having
jurisdiction over the right-of-way.

At least 24 hours prior to commencing backfilling operations, the Contractor shall notify
the Engineer of the proposed method of compaction. No method will be approved until
the Contractor has demonstrated, under actual field conditions, that such method will
produce the degree of compaction required.

The initial density test at any location will be paid for by the Owner. If the initial test
shows that the material compaction is not as specified, the Contractor shall modify the
compaction methods used, as approved by the Engineer, and have the material
retested until the tests show that the compaction meets the Specification requirements.
If the Contractor's compaction methods are not consistent and/or do not meet the
requirements of these Specifications, the Owner reserves the right to undertake
additional compaction tests as necessary to determine the extent of substandard
compaction, and to charge the Contractor for all such tests.

Aggregate Base

Aggregate base shall be placed in layers not exceeding six inches compacted depth,
extending the full width of the trench and compacted to 95% of maximum density as
determined by AASHTO T 180 D. The thickness of the top layer shall be such that, after
compaction, the surface shall be at the elevation shown in the Drawings or Standard Details.
Care shall be taken to assure proper compaction near the sides of the trench, and to avoid
segregation.

5.

Asphalt Concrete Pavement

Pavement to be removed shall be neatly saw cut full depth along straight lines. Only
such pavement shall be removed as is necessary to excavate for the appurtenances,
but the pavement shall be cut a sufficient distance outside the excavation to prevent
damage to adjacent pavement by lifting or tearing the mat. All removed pavement shall
be disposed of at the asphalt disposal stockpile in the CBJ/State Lemon Creek Gravel
Pit.

After trench backfilling is complete, the edges of existing pavement shall be neatly saw
cut vertically as shown in the Standard Details. All loose, cracked or undermined
sections of existing pavement shall be removed. A tack coat shall be placed on the
existing pavement edge just prior to placing new pavement.
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e Pavement shall be replaced in accordance with Section 02801 - Asphalt Concrete
Pavement, and as shown on the Drawings and Standard Details. Pavement shall be
placed in all streets and highways as soon as possible after completion of backfilling.
All trenched highway crossings shall be patched within five days from the date each
trench is first opened, unless otherwise shown in the Contract Documents, or approved
by the Engineer. When weather conditions, unavailability of material, or time preclude
placing permanent pavement with five days, temporary pavement shall be installed.
Temporary paving will consist of at least a two-inch-thick layer of a pre-mixed, asphaltic
surfacing material, and shall be installed and maintained flush with the existing surface
until the permanent pavement is in place. Temporary pavement shall be removed prior
to placing permanent pavement.

e There shall be zero grade change perpendicular to the trench.

 Permanently seal any cracks at joints with hot bitumen after the permanent asphalt is
in place. The Contractor shall repair all failed seals at joints during the 12 months after
the date of final payment.

Measurement & Payment

Excavation shall be measured in cubic feet and paid accordingly.
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Measurements

Excavation shall be done as per authorized outlines mentioned in heading 3.1.3 of these
specifications. The exact quantum of earthwork shall be ascertained by taking measurements
of excavation from which the material has been taken out and not of the resultant spoil and
converted to solid measurement by multiplying it with factors mentioned below for soil and
rocks. The unit of measurement shall be cubic feet.

The following table shows the factor to be used multiplying in-situ measure for converting into
solid measure: -

Multiplication factor

In — Situ Measure for Remarks
Soils Rocks
Loose Measure 0.80 0.60 These figures are accurate or
otherwise shall bind all parties
Packed Measure 0.89 0.67
Solid Measure 1.00 1.00
95 — 100% modified AASHTO 1.10 Nil

N

3.2.9

Table 4, Measurement Factors (Chapter-3)

Solid Measures: Materials in their natural state before excavation etc.

Packed Measures:  Materials which have been spread, leveled and / or filled,
watered and rammed or equally consolidated (e.g. heaps, etc. consolidated by
exposure to weather, etc. for a period exceeding six months.

Loose Measures: As packed measure but not rammed or equally consolidated
(e.g. heaps etc. consolidated by exposure to weather etc. for a period of not exceeding
six months).

Payments

The payment shall be full compensation for all costs to comply the provision of above
specifications. A special rate shall be settled and paid for the following items of works:

1.

For cutting down, removing and digging out roots of all trees (not shrubs, grass etc) of
2 feet girth. Measurement of girth shall be taken 5 feet above ground level. Rate shall
be fixed for each tree. Trees shall be counted and marked before removal. This work
may be done departmentally if thought necessary by the engineer-in-charge.

Special material such as sand, or selected earth, brought from the other source than
retrieved from the excavation.
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Embankments

3.3.1

General Description

An embankment is constructed for any of the following purposes: -

PwnE

m

Storage of water as in case of dams etc.

Flood protections to check erosion and spill, etc.

River training on the head-works.

Keeping the water in the running channels in the fillings i.e. reaches where the water
level in the channels is higher than the ground level.

Maintaining uniform slope of rail track and road formation (metaled or un-metaled) in
filling i.e. reaches where the proposed formation level is higher than the natural surface
level.

Bridging depressions or attaining uniform slopes of the link between two or more
embankments.

Depositing the material obtained from precise or borrow-pit excavations considered
unsuitable for any use or rendered surplus.

Embankments can be divided into three main categories depending upon their object. These

are: -

1.
2.
3

1.

Water retaining embankment.
Rail and road embankment.
Spoil bank.

Water Retaining Embankment

It is constructed with selected material on account of its following peculiarities

1. It has to be watertight as much as possible to resist percolation.

2. It shall be strong enough to withstand the hydrostatic pressure.

3. It shall be impregnated to guard against erosion and wave-wash.

4. 1t shall have an adequate base friction to eliminate chances of sliding.

5. It shall settle evenly on alternate wetting and drying without cracks or cavities.
Relative Merits or Various Soil Available in Pakistan For Construction of Water Retaining
Embankments

1. Sand: It usually comprises 75 to 80 % of sand, about 10 to 15 % of silt and 5 to 10 %

of clay. It has following merits and demerits.
Merits:
a) It shrinks little and hence need little settlement allowance.
b) Itis an ideal material for hearting or core of an embankment since it does not
permit leakage.
Demerits:
a) It allows a considerable amount of seepage.
b) Itis readily worn away by wave-wash because it has poor cohesion.

c) It has a very flat saturation gradient and thus requires a large section and very
flat slopes on water side.
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d) It has a very flat angle of repose under water.

The sand embankments are, therefore, covered with at least one foot of pucca clay
soil on top and 6 inches on the slopes to retain the section.

2. Clay: It contains about 50 to 60 % of clay 35 to 40 % of silt and 5% of fine sand. This
sort of soil is most unreliable and not very suitable for the main body of embankments,
because it expends on wetting and shrinks unevenly in drying which give rise to cracks
and cavities. These cracks and cavities make the embankment porous and cause
numerous leaks. It shall be employed only where it is unavoidable; but in this case the
embankment shall be trenched for wetting purpose and provided with sand core. Hard
clay is, invariably, have a cover of the hardest clay available, particularly on their
upstream slopes.

3. Sandy Clays: This soil ranges between sand and clay and has approximately the
following constituents; sand 50 to 70 % clay 30 to 50 % and slit upto 20 %.
Embankments constructed which this material, particularly if they have the optimum
admixture of clay and sand, and have been thoroughly compacted, are very
satisfactory and can be relied upon. They are resistant to wave-wash, and it is very
rare that leaking occurs.

4. Loam: It comprises 30 to 50 % of sand, 30 to 50 % of slit and less Than 20% of clay.
Its particles are fine and packed well. It has, however, little stability when saturated.
Embankments of loam require a facing of clay, and are resistant to leaks only when
hearting is of sandy loam.

5. Kalar: It is absolutely unsuitable for raising embankments since it decomposes under
the action of water and given rise to leaks. It is very treacherous and shall be avoided
as for as possible.

6. Numbs and Organic Soils: They are very bad for making embankments and shall be
carefully avoided.

7. Stabilized Soil: If the existing soil does not possess the requisite qualities, stabilized
soil for embankment can be obtained by blending the following proportions of material:

a) Sand (0.02to 2.0 mm.... 60 to 80% by weight
b) Silt (0.002 to 0.02 mm.... 12 to 25% by weight
c) Clay (below 0.002 mm.... 08 to 15% by weight

Construction of Embankment

The following steps are involved in the actual construction of an embankment:

1. The surface area of the ground to be occupied by the embankment is cleared of all
rubbish, grass, roots, shrubs, brush, trees, fences, buildings, metaled roads, ruins and
such other structures as may either cause hindrance in the execution of work or might
decay and form dangerous pockets subsequently.

2. All loose surface or soft soil is removed to about 6 inches depth and the surface
roughened by ploughing or digging all over. Small key-trenches are sometimes dug
out in the bad to unite the body of the new embankment with the sub-soil. Another way
of preparing the solil is by cutting v-shaped benching, at intervals, running parallel to
the central line. A key trench is very essential where the ground is porous, sandy or
cracked. All soft soil is removed as for as possible, specially soils containing salt.
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The central line of the embankment is distinctly marked with a dagbel, and pegs are
fixed at every chain. The toes of the embankment are clearly lock-spitted and all curves
in the alignment properly laid and half breadths carefully set out.

A complete profile of the embankments is set up at an interval of 500 feet and at every
change of section as well as at every curve. This profile is 10 feet long of the actual
completed embankment, with its correct heights, widths and all slopes dressed to true
form. The correct height of this profile is 5 to 10% greater than the final level of the
embankment depending upon whether the embankment is to be compacted up to 95%
dry density or it has to guard against shrinkage and settlement. The ends of this profile
bank are stepped so that proper locking takes place while constructing the banks
adjoining them. Batter boards are employed for checking the slopes of the
embankment.

The embankment is completed according to the approved profile by spreading earth
in uniform horizontal layers of 6 inches to one-foot thickness for the entire width. Each
layer is thoroughly compacted before the next one above it is laid.

The top of the bank and slopes are carefully dressed and no hollows or humps are
allowed to remain.

Proper ramps and turning platform are provided for road crossing etc. in the case of
ramps a gradient of 1 in 15 with an inner slope of 15 feet radius from the embankment
on to the ramps usually works well.

3.3.2.1 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.

Compaction of Embankment

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. The object
of compacting solil is to improve their properties in respect of strength, liability to settlement
and resistance to weathering. It involves the following processes: -

1.

o 0

The earth is placed in the embankment in uniform layers of 6 inches to one-foot
thickness depending in the hardness of the soil and the weight of rollers used for
consolidation, stretching right across the whole section. An embankment is never,
originally, made of less than full width so that it could be widened subsequently.

It is desirable to take earth first from the more distant pits, gradually lessening lead as
the embankment rises, so that all earth is thrown into the slope and not tipped over.
All large clods are broken up in the borrow-pit, and no clod larger than man’s fist is
brought to the bank.

The width of each layer is usually a little more than the width required by the cross-
section of the bank. The slopes are then dressed off to final section and not filled in
afterwards.

Each layer is compacted by rolling or ramming before laying the next one above it.

On important embankment each layer is brought to the optimum moisture contents and
rolled to produce the maximum density.

Longitudinal bunds above 6 to 9 inches high and one foot wide on the top with side
slopes of 2 to 1 may be made on the outer edges of the top of embankment. Also,
cross bunds of the same dimension at every 25 feet to 50 feet are provided so as
impound rain water to expedite consolidation before the monsoon sets in.
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Compaction of Embankment (Under Optimum Moisture Conditions)

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.

3.3.3.1.1 Control Tests on Borrow Material

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

Table 5, Characteristics of soil for consolidation (Chapter 3)

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.

1. Gradation:

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

2. Plasticity:

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

3. Proctor Tests:

At the rate of 1 to 2 tests per 8000 cum of soil.

4. Deleterious Contents:

As required.

5. Moisture contents:

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

Rolling
The following are the suitable rollers for rolling purposes.

1. Sheep foot rollers are suitable for compacting dry. Cohesive soils at low moisture

contents.

2. Pneumatic tyre rollers are most suitable machines for compacting soils in
embankments.

3. Smooth-Wheeled rollers are satisfactory in most cases of sub-grade and base
compaction.

4. Vibrating machines are suitably employed for compacting granular soils in confined
areas like foundation and abutments.
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5.

Rammers are employed for compacting clay soils in confined areas like foundations
and abutments or where none of the types mentioned above could be available.

The organization of filling, spreading and rolling shall be done in such a way that newly-
deposited fill is spread and rolled smooth immediately in order to minimize the loss of moisture.
To prevent the material from sticking to the rollers, dry earth is sprinkled, if necessary, on the
surface before or during consolidation. Watering is not done till the layer has been completely
rolled. Flooding with water to effect compaction of the fill is a bad practice. Water is, however,
sprinkled over the rammed layer before the next one is spread to let the two layers adhere.
No matter how well an embankment has been consolidated it keeps on setting for some years
owing to its own weight and weathering actions. The total vertical settlement of a well-
consolidated embankment is about 1/30 of its height.

Precautionary Measures

To safeguard against the failures of earthen embankment owing to percolation, piping,
heaving, slipping, leakage, erosion, etc. the following precautions are observed: -

1.

Increase Width of Slopes: The width may be suitably increased in order to provide
additional strength. In the case of embankment over 15 feet high and composed of
materials containing high percentage of clay, the side slopes may be increased up to
4 to 1, depending upon the height of the embankments, next slope to which the
material will stand without severe sloughing. Alternatively, the berms may be provided
7Y feet wide for every 15 feet height of such embankments.

Cut-Off Trench: In order to render the foundation of an earthen dam impervious to
seepage water, a cut-off trench is made in the bad under the dam up to the depth that
will prevent water from percolating underneath it. The trench is made in the center of
the dam, over which the core wall is built. Holes may be frilled all along the bed of the
trench and thoroughly grouted with cement so as to provide a deep curtain below the
bed, which is impervious to water. The trench is filled with puddled clay or concrete
which is well bonded into the bottom of the trench by keys or grooves to ensure water
tightness. Puddling in the trench is carried out by heeling by feet by workmen. The
usual depth of a cut-off trench is 20 to 30 feet (it is not uncommon to have the trench
100 feet below the surface and still deeper walls have been built) and width 6 to 10
feet depending upon the depth.

Key Trench: A trench under river banks which has the same functions as a cut-off
trench and increase the path of percolation of the water. A key trench is very essential
where the ground is porous, sandy or fissured. Usual section is: depth 3 to 5 feet,
bottom width 4 to 6 feet, side slopes Y2 to 1 to 1. Where the cut-off trench is filled with
concrete and puddle core wall built over it, suitable grooves shall be made for the core
wall to key into the concrete below. Strata which are not wholly watertight can be made
impervious by injecting cement grout. The process consists of drilling small holes (2 to
5 inches diameter) into the strata and forcing in, under pressure, liquid cement either
with or without sand or other fine aggregate. The cement enters and sets in the cracks
and fissures in the soil, thus sealing them against the passage of water. If the trench
is filled with concrete before grouting, it will provide an adequate weight to prevent
undue waste of cement. Pipes are brought up through the concrete for grouting. It is
interesting to note that sodium silicate has been used to seal strata into which it would
have been difficult to inject cement grout. Under certain conditions of the soil it is
obligatory to use cement concrete or grouting.
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4. Sand Core: A sand core is sometimes provided where the embankment has to be built
on an unreliable kalarish soil. It is keyed 3 feet into the ground and carried up to the
high flood level line. Giving 4 to 6 feet width at the top with side slopes the sand will
naturally stand. The core wall is usually provided in the centre of the bank, but if it is to
be extended later on, it may be provided on the upstream slope with sufficient cover of
earth over it. If any holes or cavities are formed by borrowing animals or ants, the sand
will collapse and fill the holes, and thus breaches are avoided.

5. Core Walls: The object of a core wall is to provide a barrier to the passage of seepage
water from the water side to the rear of the dam and also to the passage of borrowing
animals that cause dangerous breaches in embankments. A core wall may be of
compact clay puddle, masonry (also called a diaphragm wall), concrete, or planks
driven as sheets piling for small or temporary dams, taken down to impervious strata.
The core wall may be located either in the centre of the embankment or on the water
side of the slope.

Both the methods have their own merits and demerits depending upon the material
and other conditions. Although the outer core wall prevents percolation of water into
the dam, it is liable to cracking owing to alternate wetting and drying as a result of
fluctuation in the water level. It is also liable to injury owing to settlement of the slope.
The puddle core wall is generally 4 to 8 feet wide at the top. Both sides batter outwards
about 1in 12 or 1 in 10 to the ground level below which the thickness is quickly reduced
to about 2 feet wider than the top width and carried down in this way as for as
necessary. The thickness is increased if the puddle clay is of poor quality. The top of
the core wall is kept in foot above the high flood level and 2 to 3 feet below the top of
the embankment. It is always preferable to make the whole embankment of one
homogeneous watertight material and do away with the core wall which is liable to
produce cracks and other defects in the body of the dam owing to unequal settlements
of non-homogeneous materials. Earth for the dam near the puddle needs to be
specially selected and well consolidated to minimize unequal settlement of the earth
and the puddle core. The dry soil around the puddle wall shall be carried up
simultaneously with the earthwork of the bank. At ground level a suitable groove or
ordinary earth is placed over the top of the puddle core is keyed. A covering of 3 to 4
feet of ordinary earth is placed over the top of the puddle core to prevent shrinkage
and swelling caused by exposure to atmospheric changes. Where the height of dam
exceeds 60 feet, a masonry core wall is preferred to a clay wall. It is compact clay core
which gives real strength and impermeability to dams.

6. Clay Puddle: Pure clay does not make a good puddle although it may be sufficiently
impermeable to water, since it is liable to crack. An admixture of about ¥ to 1 part of
sand with 2 parts of clay (exact proportion depends upon the nature of clay) will reduce
shrinkage considerably. Clay containing sodium carbonate is considered to be the best
and most suitable for making roofing tiles. If sand is not easily available moorum shall
be tried, but the mixture must be free from stones. Where black cotton soil is found it
shall be mixed with moorum in the proportion of not less than 1 to 1, preferably 2 to 1.
Puddle core of such material shall be thoroughly tested before attempting any
important construction. The clay shall be dug up and left exposed to air in layers not
more than 12 inches thick for at least 2 to 3 days and watered a few times a day. The
materials for making puddle shall preferably be passed between a pair of rollers placed
not more than half an inch apart so that stones and gravels, if any, are crushed before
water is added. The scoured clay shall be passed through a pug mill or thoroughly
worked up by men’s feet into a smooth homogeneous plastic mass, while just sufficient
water is added. A puddle has a proper consistency when it can be squeezed in the
hand and on release of pressure appreciable quantity does not adhere to the hand. A
piece of clay puddle when dried shall not shrink more than an inch and a half
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(preferably one inch) and not less Than three quarters of an inch per liner foot;
otherwise it will probably not be sufficiently impermeable to water. The clay puddle
shall be consolidated compact and deposited in layer not exceeding 6 inches in
thickness. Each layer shall be thoroughly moistened before the new layer is laid and
must be completely incorporated with the layer below by making cut, or keys. Special
precautions shall be taken to prevent the puddle from becoming dry; otherwise it will
crack. The puddle that has become dry or has cracked must be replaced. There shall
not be any right angles in the cross-section of the puddle wall or trench, since they
might produce fissures or cracks in the puddle. In building a clay core, the clay shall
be contained within boards which can be raised as the dam is build up. Ideally, each
layer of puddle shall be contained over the whole length of the core wall before another
layer is placed, but in practice this is not always possible.

Pitching: Pitching is covering if a hard material such as, stones kankar, blocks,
concrete block or bricks, laid over slopes of an earthen embankment. If possible, one
rainy season shall be allowed to elapse and the bank given time to settle after it has
been built, before pitching or any kind of stonework is undertaken. Slopes of
embankments shall not be steeper than 1:1, although 1%:1 shall preferably be
adopted. Rough stones are generally used for pitching with a thickness varying from 9
to 24 inches according to the velocity or wave action of the water. Stone shall
preferably be packed and firmly embedded over a bedding or backing of 3 to 9 inches
thick layer of small broken stones, quarry rubbish, moorum, gravel, ballast or small
kankar, thoroughly consolidated over the earthen slope to prevent the earth from being
sucked out from between the stones by wave action.

Pitching shall be constructed at right angles to the slope to be safe against sliding. The
pitching stones shall be the heaviest available that can be handled, and roughly cut to
fill in properly. Stones shall be tightly packed by hand and laid with their broadest face
downwards, with as large a proportion of through stones as possible, giving due regard
to bond. All interstices, hollows and inequalities between stones shall be filled up with
smaller pieces and wedged up tight with spawls driven in with slight hammering. The
outer face of the pitching shall be made as smooth as possible so as not to set up
eddies that may cause scour lower down. The toe of the pitching shall generally be
carried 2 or 3 feet below the foot of the slope (into the ground) or a small retaining wall
built. This shall be done to give the toe a footing below saturated and soft-top soil of
the bed, for the stability of the pitching and security of the slope against slipping.
Pitching shall be widened out at the toe (near and below ground) so as to distribute
the pressure over a wider area. If the bank is soft and credible, the foot of the slope
may be secured by piling (instead of a small retaining wall suggested above) and the
thickness of the stone pitching downwards may also be increased at the rate of one
inch per foot. The top more course shall be horizontal and laid in one level line
throughout the length of the embankment, preferably in mortar, and rounded off at the
corners in side pitching. Pitching shall be at least 3 feet higher than the high flood level
and, if possible, shall not be carried up to a greater height than 10 feet, without giving
a berm somewhere. In case concrete or kankar blocks or used they shall not be less
Than one cubic foot in size. If brick pitching is used, only one brick shall be placed for
each course either as a header or stretcher to prevent sliding. In reinforced brickwork
pitching, care shall be taken to leave expansion joints vertically at suitable intervals;
the bricks are laid with frog downwards. In case stone pitching is to be pointed or
grouted, the voids shall be filled up with small chips or gravel and then pointed, or
concrete grouting poured in.

Revetment: It is facing of dry-stone pitching or other material laid on a sloping face of
earth to maintain the slope in position or to protect it from erosion, and is generally

Page 32 of 114



constructed with a slope of 1 % to 2 %2 feet according to the height. Other details given
under “Pitching” shall be followed. If stones are not procurable, mattress formed from
brushwood may be used, which are bundles of branches and twigs from 8 to 12 inches
in diameter and about 12 feet long and are bound with tarred ropes at intervals of 4
feet, laid side by side and tied together. These brushwood bundles shall be secured
by stakes or short piles to the bank on which they are deposited.

Plantation and Turfing: When banks dry up during the period of draught, the soll
material of the banks becomes friable and cannot stand the action of water waves, if
plantation is possible, pilchi, sarkanda, willow or other suitable trees shall be planted
for a width of about 100 feet in front of the toe of embankment. Such plantation breaks
the force of the waves. Whenever practicable, grass (turf) shall be grown on the side
of the slopes. Turfing shall consist of sods not less than 4 inches thick and 9 inches
square, well beaten into the bank. Before grass is grown, the slopes are properly
dressed. It is kept in view that the earth placed in the slopes is suitable for the
nourishment of turfing.

Failure of Earthen Embankment:

Failure of an earthen embankment is due to the following causes:

1.

Erosion as a result of the velocity of water action of waves, rain and wind. Erosion
causes slipping to combat this menace stone revetment is made or pitching is done.
As explained in the following pages.

Over topping because of insufficient height of freeboard. This cause is responsible for
most of the failures.

Percolation and leakage on account of insufficient ramming of the embankment and
porosity of the material. The leakage water washes away the soil and caves are formed
in the bund. Percolation may occur under the foundation or through the bund proper.
Slipping owing to steeper slopes than the material can stand. Slipping occurs on
account of the over-saturation of the downstream slide of the bund which has
insufficient cover. The bund must stay within the “line if saturation” as explained earlier.
Proper drainage shall be provided by putting in granular material on the land side toe
to drain out the surplus water. When a slip has occurred, all the slipped portion and
the loose and slushy stuff must be removed and replaced by fresh dry material. The
site of the slipped portion shall be stepped back or benched and fresh soil added layer
by layer, properly rammed and brought to the proper slope.

Leakage on account of cavities or holes formed by the borrowing animals, insects and
rates. Hollows are also formed by the roots of trees which have decayed, leaking
outlets pipes or conduits. Efficient patrolling of the banks shall detect these before they
develop into benches. Slopes and tops of embankment shall be provided with a layer
of hard material which the borrowing material cannot penetrate. If a sand core provided
the sand collapses and fills the rat or ant holes and the leakage stops. Breaches also
occur because of intentional cuts by cultivators.

Excess supply raises the hydraulic grade line, wetting the portion of the bank which
was never wet before. It settles down the dry earth of the bank above and causes a
breach.

General defective construction and maintenance can, of course, always be a cause for
failure.
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Closing Leakage: If the water flowing through a leak is sluggish and clear, it may be
seepage water and there is no immediate danger. If, however, it is muddy and fast moving
and carries the soil particles of the bank, the leak needs immediate attention. Correct location
of the hole both sides of the bank is essential which may not always be perpendicular to the
bank. If the hole is of big size there is a whirling action in the water just above the hole. If it is
small, heavy turf sods are thrown on the surface of water near its approximate location. They
are soon attracted towards the leak and may come out at the rear. Leakage can be closed by
throwing sawdust, bran, powdered, dung, etc. just upstream of the leaks. The stuff is carried
by water into the leak where it swells and stops the leaks. Holes can also be plugged from the
front side with balls of clay and turf which can be pushed into the holes. A method for closing
big leaks is to cut an inverted T-shaped trench a little above the water line outside the bank,
the entire leak is then opened out starting from the exit side, and all is filled with best material
available (loam is ideal for the purpose), softened with water. The trench side shall be made
in steps for good bonding.

Closing of Breaches: Before starting to close a breach, labour and material (such as
earth, sand, gunny, bags, stakes, brushwood) shall be collected at side in sufficient quantity.
If earth is not available it can be obtained by cutting the outer slopes of the existing bank.
Enough earth shall be collected in both sides of the breach on the existing bank. The ends of
the banks shall be protected first to prevent further widening. The process starts from both
ends by slipping the earth from the heap and protecting channel sides by grassy clods usually
available from the berms. Earth baskets shall never be thrown in the water. A semi-circular
bund (ring bund) may be constructed on the water sides with stakes, brushwood, mats, earth,
etc. and water bailed out. The sides and bottom of the existing bund at the breach site shall
be cut into steps to remove all close material and to form good bond with the new material. In
case good soil is not available, a core wall shall be provided.

1. Closing Breaches in Big Canals: This is usually done by driving a double
line of stakes and filling jungle in between the stakes, pressing it down with bags
filled with sand and by men walking over them. A temporary bank of gunny bags
is thus raised in the position of stakes and busing. Straight closure in large
channels is not possible. No earthwork shall progress before the flood through
the breach has been arrested to some extent in this way. The closing of the
breach is done by constructing a ring bund behind the line of stakes. Earth is
slipped from both sides a form the ring bund.

Embankments Specification

1. Embankment shall be constructed according to the approved profiles. Earth shall be
taken from an approved source, borrow-pits or spoils, and shall be free from roots,
grass, shrubs or other organic matter liable to decay.

2. Embankment shall be built in horizontal layers, approximately 6 inches thick. These
layers shall extend to the full width to the required side slopes and shall not be widened
with loose material dumped from the top.

3. All clods and lumps of earth shall be broken up in the borrow-pits to a diameter of not
more than 2 inches. Any clods or lumps thrown on to the bank shall be broken up and
spread before compaction begins.

4. The top of bank and the slopes shall be carefully dressed according to the approved
profiles. No hollows or humps shall be allowed in the slope.

5. Approaches to the roads and railway crossings will be made to a specified gradient,
and crossing shall be so constructed that the roadway between the gates of level
crossings is level for all classes of level crossings. The level portion will further extend
outside the gates to such distances as are shown below:
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a. Special class level crossing: Roadway shall be level up to 35 feet outside the
gate followed by the gradient not steeper than 1 to 40.

b. “A” class level crossing: Roadway shall be level up to 24 feet outside the gate
followed by the gradient not steeper than 1 to 30.

c. “B” class level crossing: Roadway shall be level up to 15 feet outside the gate
followed by the gradient not steeper than 1 to 30.

d. “C” class level crossing: Roadway shall be level up to 10 feet outside the gate
followed by the gradient not steeper than 1 to 20.

The angle of intersection between the central line of roads and railways shall not be
less than 45°.

Backfill and Compaction of Embankments (around Structure etc.)

Embankments and backfill designated as compacted shall be compacted to the lines, grades
and slopes shown on the drawings or as directed by the Engineer-in-charge in writing.

1. The contractor's operations in the excavation of material designated for use in
compacted embankment or compacted backfills, shall be carried in a way that results
in an acceptable gradation of the materials, when placed. The compacted
embankment shall be constructed of the finest and most suitable material for
impermeability and stability.

2. The material in each layer before and during the time is being placed shall have the
optimum moisture content of 2% throughout, required for the purpose of compaction
as determined by the Engineer-in-charge. The material shall be bought to the proper
moisture content at the site of excavation in so far as it is practicable, but such moisture
shall be supplemented by sprinkling water at the site of compaction. If the moisture
content is greater than the optimum, the compaction work shall be delayed till the
material has dried to the optimum moisture content.

3. The material to be compacted shall be deposited in horizontal layers, 6 inches thick as
compacted. Its distribution shall be so as to ensure that the compacted material is
homogenous and free from pockets, lenses, streaks or other imperfections.

4. When the material has to be conditioned and placed as specified it shall be compacted
by ramming or by suitable equipment of proper weight and size duly approved for use
by the Engineer-in-charge.

5. For those portions of embankments of backfill which are adjacent to structures,
including concrete pipes, where it is not possible to obtain adequate compaction with
rolling equipment, the embankment or backfill shall be compacted with mechanical
tempers or rammers of proper weight and size so as to obtain the same degree of
compaction as the adjacent compacted embankment or backfill. The contractor shall
be responsible for any damage to the structure caused by his operation in placing or
compacting embankment or backfill material. Adjoining structure and all damage shall
be repaired at his expense. In placing and compacting backfill or embankment
adjoining concrete pipe, sufficient material shall be carefully placed on both sides of
the pipe and tamped about the pipe so that the pipe is held firmly to the established
line and grade. The material shall than be placed and compacted in layers as here in
specified equally on both sides of the pipes to prevent displacement of the pipes during
the placement and compaction of the adjoining material.

6. The material in compacted embankments and compacted backfill shall be compacted
till the density of the compacted material is not less than 95% of the maximum dry
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density as determined by suitable laboratory tests. The contractors shall afford all
possible help to the Engineer-in-charge in obtaining representative samples for testing.
Incidental cost of this operation shall be borne by the contractor as the rate for
compaction is inclusive of it.

If any of the work is being insufficiently consolidated earthwork shall be stopped till the
consolidation is due to the satisfaction of the Engineer-in-charge. If the contractor fails
to carry out specified compaction, the Engineer-in-charge may either add labor at the
contractor's expense or take over the whole or part of consolidation and do it
departmentally. In such cases the expenditure incurred departmentally shall be
deducted from the contractor’s bill.

Whenever soil survey on the distribution of soil and groundwater conditions indicates
the need for the stabilization of the bed of cuttings, the side slope and fills, by artificial
means, i.e. injection under pressure of cement, sand, slurries or bitumen, it shall be
carried out under the direction of the Engineer-in-charge. If the fill material requires
stabilizations, it shall be carried out according to the direction of the Engineer-in-
charge.

Key Trench and Sand Core

1.

The key trench shall be excavated true due to alignment and section specified. Its bed
shall be taken correct to the level shown on the approved drawings or as directed by
the Engineer-in-charge and extra excavation shall be filled in with pure sand of the
same quality as in the core. The extra filling shall be done by contractor at his own
expense, if he is responsible for this extra excavation.

Shoring and strutting necessary for the excavation of the trench to the specified
dimensions shall be provided as per Specification No. 17.1(A) 10 by the contractor at
his own expense.

In the event of slips during excavation, the trench or the front slope of the main
embankment shall be remade to the correct slopes and bed levels and all loose and
friable material removed from the bed by the contractor before filling is commenced.
No claim for remarking the slopes, remaining the loose and friable material or extra
filling the side or slope or bed shall be entertained.

The excavated staff shall be temporarily stacked in stock piles and finally deposited as
directed by the Engineer-in-charge.

No portion of the trench, however small, shall be filled in, unless approved by the
Engineer-in-charge.

The key trench shall be measured and all dead men or other distinctive marks
removed. Such removal shall be inspected by the Engineer-in-charge or his authorized
subordinate before filing is commenced.

The sand to be filled in the core shall be obtained from an approved source. The sand
shall also be approved on the site of sand coring by Engineer-in-charge or his
authorized subordinate before filling is commenced. In the event of unauthorized filling
prior to the approval of the bed of the trench, the contractor shall forthwith remove the
filling to the correct bed level at his own expense when so directed by the Engineer-in-
charge.

Sand shall be filled in 6-inch layers upto specified depth and properly compacted.
Filling beyond sand core depth with earth shall not be commenced before the top levels
have been checked and approved by the Engineer-in-charge or his authorized
subordinate.
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9.

10.

11.

If the bank is to have a sand core, the sand filling, unless otherwise specified or
directed by the Engineer-in-charge, shall be laid side by side with the layers of the
embankments upto the height specified.

Where sectional measurements of the embankments are proposed to be taken, no
deduction shall ordinarily be made for bulkage of the sand in the sand core and the
usual factors of these specifications shall be applied.

The measurement and payment of sand utilized in the sand core shall be made
according to the specification.

Puddle Core
1. The puddle shall be constructed when shown on the drawing or directed in writing by
the Engineer-in-charge.
2. The clay for the puddle core shall be obtained from an approved source.
3. The clay suitable for backfilling shall be generally acceptable. Preference will be given
to one containing sodium carbonate.
4. Unless otherwise specified or directed in writing by Engineer-in-charge, a mixture of
about half to one part of sand with two parts of clay shall be used.
5. Where sand is not easily available moorum (free from stone) and black cotton soil in
equal portion shall be used.
6. Before actual construction begins the mixture shall be thoroughly tested.
7. Clay shall be dug up and left exposed to the air in layers, not more than 12 inches

10.

11.

12.

13.

14.

15.

16.
17.

18.

thick, for at least two or three days and watered a few times every day.

Before mixing water, the materials for making puddle shall be passed through a pair of
rollers placed not more than 1/8 inch apart or screened through a mesh of 1/8 inch so
as to eliminate stone or gravels, if any. Thereafter it shall be passed through a pugmill
or otherwise well worked up by men’s feet into a smooth homogenous plastic mass.
Only sufficient water shall be added while this is being done. The correct consistency
for good puddle shall be that at which it can be squeezed in hand without any
appreciable quantity sticking to the hands pressure is released.

The bottom layers in puddle trenches shall be made of puddle tempered upon the
surface and thrown or dashed into the trench in balls to fill inequalities.

Clay shall be deposited in layers not exceeding 6inched in thickness and each layer
shall be thoroughly moistened, compacted and incorporated with the layer below by
making “cuts” or “keys”.

If too much water has to be used, the layer shall be excavated and removed from the
trench before another one is lid upon it.

The construction of the puddle wall or clay puddle shall be carried up simultaneously
with earthwork of the bank.

At ground level a suitable groove or nose shall be constructed to key down the puddle
core.

Special precautions shall be taken to prevent the puddle becoming dry; otherwise it
shall crack. All puddle which have become dry or have cracks on account of
contractor’s ignorance, shall be replaced at his expense.

In building a clay core, the clay shall be contained within boards which can be raised
as the embankment is build up.

There shall not be any right angle in the cross-section of the puddle core.

A covering of 3 to 4 feet of ordinary earth shall be placed over the top of the clay puddle
to prevent shrinkage and swelling owing to exposure to atmospheric changes.
Measurement of the clay puddle shall be made by volume. The unit of measurement
shall be 100 cubic feet.
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19. The unit rate shall include supply of clay of an approved quality, working it up into
puddle, laying, ramming, etc., as per above specifications.

Borrow-Pits

1. All earth for embankment and backfills shall only be obtained from borrow-pits set out
(demarcated) by the Engineer-in-charge. The borrow-pits shall be located opposite to
or as near as possible to the site of the fill.

2. When directed to do so, the contractor shall take earth from old bunds, mounds, key
trenches, old borrow-pits, etc., only after they have been measured and measurement
has been recorded by the competent authority. No such authorization shall be made
unless the measurements mentioned above have been duly recorded.

3. The earth taken from any place, not duly authorized by the Engineer-in-charge, shall
not be measured and paid for and the contractor shall be responsible for any damage
arising from authorized pits.

4. No borrow-pits shall be excavated on or close to rail or road ways, village tracks,
canals, level crossings or existing embankment and within 3 feet of the railway
boundary. Borrow-pits shall not be located near residential and commercial areas but
in case it is not avoidable their depth shall be limited and, where possible,
arrangements shall be made to drain them. The sides of all such borrow-pits shall have
a slope of 3:1. Any borrow-pit which does not confirm to these specifications shall be
properly filled in with earth obtained from approved pits and consolidated and dressed
correct as specified at the contractor’s expense.

5. Borrow-pits, excavated to a depth not exceeding specified depth by 10%, shall be pais
for full excavated depths at the discretion of the Engineer-in-charge. However, where
the actual excavated depths are more than 10% of specified depths, specified depths
alone shall be paid for.

6. Borrow-pits shall preferably be multiples of 10 feet length, to facilitate recording of
measurements.

7. As and when directed by the Engineer-in-charge, borrow-pits shall be ploughed by the
contractor after final measurement has been duly recorded and checked by the
competent authority before the final bill of the contractors is paid.

8. All borrow-pits shall have distinctive marks, as directed by the Engineer-in-charge. The
location of these marks shall depict the average height of the borrow-pit. Where the
material surface is regular they shall be left at equidistant intervals, and shall be
allowed to remain intact till measurement have been recorded and checked. The
contractors shall have to remove all such distinctive marks before he is paid finally. A
certificate to this effect shall be given by the Engineer-in-charge in the final bill for
payment.

Measurements

Please refer to the section 3.2.9 of these specifications.

Payments

Please refer to the section 3.2.9 of these specifications.
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Earthwork for Repairs

3.4.1

1.

Repairs to Bank (Holes and Ravines)

All holes (gharas) and ravines shall be, wherever possible, first fully opened out to the
bottom.

All lumps of fallen earth shall be dug away, and the sides dug down in steps not more
than 1 % feet deep.

All jungle, grass, roots, or other rubbish shall be thoroughly cleared, and the work when
ready for filling shall be inspected and passed by Engineer-in-charge before filling
begins.

Filling shall be done in accordance with the Specifications indicated for foundation pits.
At the ends of day’s work, top layer shall be flooded with water to attain consolidation.
During the work in progress rammers of approved type shall be employed for ramming,
as directed by the Engineer-in-charge.

In all other respects it shall conform to the Specifications, unless otherwise specified
or directed in writing by the Engineer-in-charge.

Repairing of Banks by Earth from Berms

Where a silt berm exists, earth for filling and repairing shall be obtained, as far as
possible, by cutting away such berms

Care shall be taken that a layer of at least 6 inches thick of silt adjacent to the bank is
left intact except under special orders of the Engineers-in-charge and that cross dowels
are left at close intervals in the berm so that borrow pits may silt up quickly.

Any bank which is to be widened or raised shall be ploughed or cut into steps.
Raising or driving banks shall not be done with sandy earth or silt.

Repairing of Banks by Earth from Spoil Banks

In case there is no berm, earth shall be obtained from the spoil bank if there is one or
from outside excavation.

In getting earth from the spoil bank, borrow-pits on top shall be strictly prohibited, since
in wet weather they from banks and lead to damage by breaching.

Earth shall preferably be obtained from the back of the spoil, or by widening the
drainage gaps in the spoil’s banks.

Repairing of Banks by Earth from Borrow-Pits

Where there is no spoil, earth shall be obtained by leveling down any high lumps, and
last of all from borrow-pits.

Where borrow-pits are unavoidable, they shall be dug as far from the toe of the banks
possible and shall not be more than one foot deep, unless otherwise specified.
Borrow-pits shall be neatly set out parallel to the banks, if there were no old borrow-
pits.

The dimension and distinctive marks in the new borrow-pits shall be fixed by the
Engineer-in-charge to avoid any mixing with the old borrow-pits.

All old borrow-pits shall be measured and measurement duly recorded and checked
before new borrow-pits are put in.

A bar, at least 10 feet wide, shall be left after every chain to eliminate all chances of
regular rain water drain running along the bank.

Page 39 of 114



Silt Clearance

1. The ultimate levels after silt clearance and the corresponding depth of excavation in
different reaches of a channel shall be clearly shown on the working drawing.

2. All excavations for silt clearance shall be carried out according to the working drawing
mentioned above or as directed in writing by the Engineer-in-charge.

3. The spoils from silt clearance of channel shall be spread evenly in the neighboring
borrow-pits.

4. In the absence of borrow-pits, the spoil shall be spread evenly along the back of the
bank, thus widening and strengthening it.

5. Care shall be taken not to heap spoil on the top of the bank, or to throw it in lumps on
the outside so that it may not be blown in by wind or rain.

Measurement

The measurement shall be made for the actual net quantity as per the approved drawings in
cu ft / or cu m, by taking measurements of trenches, pits, etc., otherwise measurement in ft /
or cu m shall be made as per actual rammed / compacted earth.

Rate and Payment

Payment shall be made for the actual quantity as measured above in Cu ft / m at the
corresponding unit rate of BOQ.
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Earthwork for River Embankments

Except as otherwise provided herein, river embankment shall be made to the alignments,
grades and dimensions shown on the approved drawings or established by the Engineer-in-
charge in writing and shall also be in complete conformity with the corresponding requirements
set forth in the section, excavation and embankment (Earthwork General) the Specification.

Preparation of Surface

After the site clearance work has been completed, the ground surface under all embankments
to be completed shall be ploughed thoroughly to a depth of not less than 9 inches, moistened,
if so required, and completed as specified herein.

Borrow-Pits

The borrow-pits for river embankments shall conform to the following specifications: -

1. The borrow-pits shall be on the river side of the embankments only and no excavation
whatsoever shall be done in the land side without written orders of the Engineer-in-
charge.

2. No borrow-pits shall be excavated within 150 feet of the toe of the bank in the river
side for new embankments. Borrow-pits, 150 to 200 feet away, shall not be deeper
than 6 feet, and 200 to 300 feet away, not deeper than 8 feet. Beyond 300 feet they
can be of any depth. For repairs, raining and strengthening of the existing embankment
and providing berms etc. earth may be taken from 100 to 150 feet. From 100 to 110
feet the pits shall not be deeper than 3 feet, from 110 to 130 feet not deeper than 4
feet, and from 130 to 150 feet, not deeper than 5 feet.

3. Borrow-pits shall be allowed on the land side of embankment only, if this is absolutely
unavoidable. In such cases pits, shall not be nearer than 80 feet of the land toe of
embankment. The depth of the pits from 80 to 120 feet shall not exceed 2 feet and
beyond that the maximum permissible depth is 5 feet.

Key Trench and Sand Core

1. The key trench shall be excavated true to alignment and section specified. Its bed shall
be taken correct to the level shown in the approved drawings or as directed by the
Engineer-in-charge and extra excavation shall be filled in with pure sand of the same
quality as in the core. This extra filling shall be done by the contractor at his own
expense, if he is responsible for this extra excavation.

2. Shoring and strutting necessary for the excavation of the trench to the specified
dimensions shall be provided as per Specification at the expense of the contractor.

3. In the event of slips during excavation, the trench of the front slope of the main
embankment shall be remade to the correct slopes and bed levels, and all loose and
friable material removed from the bed by the contractor before filling is commenced.
No claim for remaking the slopes, removing loose and friable material or extra filling
the side or slope or bed shall be entertained.

4. The excavated stuff shall be temporarily stacked in stock piles and finally deposited as
directed by the Engineer-in-charge.

5. No portion of the trench, however small, shall be filled in unless approved by the
Engineer-in-charge.

6. The key trench shall be measured and all deaden or other distinctive marks removed.
Such removal shall be inspected by the Engineer-in-charge before filling is
commenced.
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7. The sand, to be filled in the core, shall be obtained from an approved source. The sand
shall be also approved on the site of sand coring by the Engineer-in-charge or his
authorized subordinate before the filling is commenced. In the event of unauthorized
filling prior to the approval of the trench, the contractors shall forthwith remove the
filling to the correct bed level at his own expense, when so directed by the Engineer-
in-charge.

8. Sand shall be filled in 6 inches layers up to specified depth and properly compacted.
Filling beyond sand core depth with earth shall not be commenced before the top level
have been checked and approved by the Engineer-in-charge or his authorized
subordinate.

9. If the bank is to have a sand core, the sand filing, unless otherwise specified or
directed by the Engineer-in-charge, shall be laid side by side with the layers of
embankment up to the height specified.

Measurement

The measurement shall be made for the actual net quantity as per the approved drawings in
cu ft / or cu m, by taking measurements of trenches, pits, etc., otherwise measurement in ft /
or cu m shall be made as per actual rammed / compacted earth.

Rate and Payment

Payment shall be made for the actual quantity as measured above in cubic foot at the
corresponding unit rate of BOQ.
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Earthwork on Canals

Excepts as otherwise provided herein, earthwork on irrigation canals shall be finished to the
alignments, grades and dimensions shown on the approved drawings or established by the
Engineer-in-charge in writing and shall, in all respects other than those specified herein, be in
complete conformity with the corresponding requirements set forth in the section, Excavation
and Embankment (Earthwork General) Specifications.

Actual Excavation

Excavation shall be done strictly according to the instruction of the Engineer-in-charge.
Normally, it shall be done in lifts of 2 feet to 5 feet. In each chain each lift will be completed as
for as possible, before the one below is commenced. Care shall be taken that the final
completed width of the channel is in no place exceeded. All gangways, rail or roadways and
stepping shall be left within the channel and not cut into the slope. The final dressing of the
slope shall then consist of digging only, and no filing or making up will be necessary.
Excavation shall preferably be done by first cutting a center trench with vertical sides and then
trimming the slopes.

Construction of Banks

The embankment for the canal shall conform to following specifications: -

1. The banks shall be constructed according to the approved profile.

2. Earth shall be taken from an approved source, borrow-pits in the bed of channel or
outside or spoils as actually specified, and shall be free from roots, grass, shrubs or
other foreign matter liable to decay.

3. In case distributary, if the earth obtained from cutting is inadequate for making the
bank, extra earth required shall preferably be obtained by widening the bed of the
channel itself. The bed may be widened to three times the normal width. Such widening
shall be of the same amount through each length of low ground and not very frequently.

Borrow-Pits

The borrow-pits for canal embankments shall conform to the following specifications: -

1. Borrow-pits shall be dug only where unavoidable spoil for the formation of the banks
shall be laid along the channel, if possible, in preference to taking it from borrow-pits.

2. No borrow-pit shall be dug within 10 feet of the toe of the bank, and its depth exceeding
2 feet the distance from toe of the bank to top edge of pit shall not be less than 15 feet.

3. If directed by the Engineer-in-charge to have a borrow-pit in the bed of the channel a
berm of 5 feet from the inner toe of the bank shall be left on either side. Each pit shall
be separated from the other by a berm equal to half the length of the pit. The depth of
these pits shall in no case exceed 1 to 2 feet below the bed of the channel. In case of
a channel which is not expected to receive silt during its running, no pit shall be dug
below the bed level. Pits shall also not be dug within 20 feet of the masonry work or
the cattle track across the channel.

4. Borrow-pits shall be as shallow as possible and not more than one foot deep in the
cultivated areas required temporarily. In lands permanently acquired the maximum
depth shall normally be 3 feet. In no case a borrow-pit deeper than 5 feet shall be
allowed within a distance of 300 feet from the front toe of the bank.
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Measurement & Payment

1. Measurement for payment for excavation, for irrigation canals will be made of the
material in excavation only, regardless of the method of excavation. Measurement for
payment for excavation for canals, will include all excavation within and over-
excavation below the bed level of the canal prisms, regardless of whether the exaction
for structures or other required works precedes or follows excavation of the canal
prisms. The canal prism for any given canal is defined as the volume bounded by the
designated bed level of the canal, the specified side slopes of the canal projected to
the natural surface level, and the natural surface for any particular reach of the canal.
The applicable canal prism, thus defined, shall be projected throughout the entire
length of the canal in which it applies, including structure sites.

2. The material excavated from the canal shall be used for the embankment formation;
therefore, no payment shall be made to the contractor for this excavation. However, in
case the excavated material is found to be surplus / unsuitable, payment will be made
at the unit rate per cubic meter.

The amount tendered shall be full payment for completion of the work specified. Excavation
for Canals, including all costs in connection with clearing and stripping, as required; excavation
of the material specified; transporting the excavated material to and placing in spoil banks;
placing the excavated material in embankments not requiring compaction, channels to be
filled, and other designated locations, except for embankments to be compacted and backfill;
and all incidental operations thereto are included. Payment will be made under this item of the
Bill of Quantities for excavation of slide materials from slides which were beyond the control
of the contractor and for excavation of potential slide areas within and adjacent to the canals.
No separate or additional payment will be made under this item of the Bill of Quantities for
excavation performed outside of the canal prisms, except for over-excavation below the
designated bed level, or for removing and disposing of sand, sandy soils and other materials
deposited by the wind, drifted or washed into the excavated canal prism. No separate or
additional payment will be made under this item for any excavation of structures or works to
protect the works under these specifications from rains, surface run-off, floods, flow in and
overflow of nullahs or other natural waterways, canals or water resources, or failure of
protective works. Unit for measurement and payment should be cubic feet or cubic meter.
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Clearing & Grubbing for Roads, Building, Canal etc.

This work shall consist of removing to a specified depth, as up to 6 inches) grubbing of all
surface objects and disposing off all vegetation, bushes, stumps, roots trees with less
than150mm girth, rubbish debris and all other objectionable material within the limits of the
formation (Road, Building, Canal Bed, Embankment formation etc.) including slopes both in
filling and cutting and easement areas.

Construction Requirements

The contractor shall demarcate limits of the construction including slopes and the Engineer
will designate all trees, shrubs, plants and other objects to remain and the Contractor shall
preserve all such things designated by the Engineer to remain and other will be removed
accordingly.

Clearing / Grubbing

1.

Clearing and grubbing shall consist of the complete removal and disposal as directed
by the Engineer of all surface objects, shrubs, roots, stumps and other protruding
obstructions not designated to remain in roadway cut areas, all surface objects to a
depth of 30 cm (12 inches) all surface objects need to be removed. In roadway fill
areas, where clearing and grubbing is required, same shall be carried out to the depth
of 30cm (12inches) below the NSL (Natural Surface Level)

The work of clearing and grubbing shall include the careful preservation of any trees,
vegetation, etc., outside the limits of construction and within any areas designated for
being conserved.

All trees having a girth less than 150 mm (6 inches) and stems up to 600 mm height
and situated within the format width and marked to be removed shall be filled and
removed by the contractor. The excavation and removal of trees, roots and stumps
including backfiling and compacting of holes and restoring the natural ground to the
acceptable condition shall be responsibility of the contractor for which no extra
payment other than notified under clearing and grubbing will be made the trees, stump
and roots remains the property of the client and these will be delivered at the
designated place.

Before bottom later of embankment is placed, contractor will grub up and remove
without extra payment, any vegetation that may, in the meantime have grown on
surface previously cleared and grubbed.

After clearing and grubbing, the compaction of the area will be restored to its original
value without any extra payment. However, Engineer may direct in writing to the
contractor for stripping (if so required) for compaction, compaction of natural ground,
if the original compaction is less than the required for respective zone. Payment of
these item will be made separately under the relative items used for such purpose.
Operation of clearing and grubbing shall in no way be deemed to affect any level of
volume change of the area.

Within the areas between the limits of construction and the outer limits of clearing and
grubbing all holes and other depressions shall be filled, all mounds and ridges cut
down, and the area to sufficiently uniform contour that the Department’s subsequent
moving and cutting operations will not be hindered by irregularity of terrain.

Any useless timber, stumps, brush, roots, rubbish and objectionable material resulting
from clearing and grubbing shall be disposed of within the limits of the right of way by
burning; however, as an exception to this requirement, such materials may be
disposed of on private property provided, the engineer is furnished with a written notice
from the owner of the property giving permission for the disposal of the materials on
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his or their property. Areas provided by the Contractor for disposal of the debris, etc.,
shall be out of sight of the project and at least 300 feet from the nearest roadway right
of way line of the project, unless such materials are buried, in which case the
requirement that the areas be 300 feet distant will be waived.

Protection and Restoration

The Contractor shall prevent damage to all pipes, conduits, wires, cables or structures above
or below ground which are designated to be preserved. No land monuments, property
markers, or official datum points shall be damaged or removed until the Employer/Engineer
has witnessed or otherwise referenced their locations and approved their removal. The
contractor shall so control his operations as to prevent damage to shrubs which are to be
preserved. Protection may include fences 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 him at his own expense.

Jungle Clearance

Jungle clearance shall comprise uprooting of rank vegetation, grass, brushwood, shrubs,
stumps, trees and saplings of girth up to 2.5 ft. measured at a height of one meter above the
ground level.

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.

Clearance of Grass

Clearing and grubbing operation involving only the clearance of grass including removal of
rubbish up to 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.

Measurements

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

Measurement

Clearing and Grubbing will be measured for payment only on areas so designhated in writing
by the Engineer or shown on the drawings. The quantity to be paid for shall be the number of
square meters or sq.ft. satisfactorily cleared and grubbed any tree having girth less than 150
mm (6 inches) and stems of trees measured 600 mm above ground level shall fall under this
item. Engineer shall ensure that a minimum of 500 SM area is designated for clearing and
grubbing in any stretch of roadway for the sake of ease to construction activities. Clearing and
Grubbing carried out by the contractor in borrow pits shall not be measured for payment When
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the bill of quantities includes the item of clearing and grubbing and provides for payment for
the work to be paid for, shall be measured in square meters or 100 square feet and the unit of
measurement shall be square meter or 100 square feet. The measurement shall be limited to
those locations designated on the plans or locations designated in writing by the Engineer.

Payments

The unit rate for clearing and grubbing shall be full compensation for all the work specified in
this section and shall include all necessary hauling, furnishing and operation of equipment,
disposal of debris, and cost of furnishing and compaction of material required for back filling
of holes left by stumps and cost of restoration of area to its original form and other obstructions
removed. It shall also include the cost for preserving all things designated to remain.

Where separately called for in the tender documents, the payment shall be made under:

Pay item Number Description Unit
3.7 Clearing & Grubbing Square feet or square meter
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Removal of Trees

This work shall consist of the removal of trees having girth of more than 150 mm (6 inch) and
stems more than 600 mm (24”) above ground along with their roots to a depth, to ensure
complete removal of roots and stumps and their disposal as provided in Special Provision or
as directed in writing by the Engineer.

3.8.1 Construction Requirements

1. Such individual trees as the Engineer may designate and mark in white paint shall be
left standing uninjured. All other trees to be removed shall be counted and an inventory
prepared showing girth of the tree stem.

2. When necessary to prevent injury to other trees or structures or to minimize danger to
traffic, trees shall be cut in sections from top downwards.

3. Hole or loose earth resulting from the removal of trees shall be filled and re-compacted
to a degree of compaction of adjoining area. Any extra material required for such
purpose shall not be measured for payment.

General Requirements

Contractor shall prevent damage to all under-ground utilities, such as pipes cables or conduits
etc. For this purpose, if so required, removal of trees shall be carried out manually. Any under-
ground or over-ground property damaged by the contractor shall be immediately repaired by
the contractor at his own expense.

Measurements

Engineer and Contractor shall jointly measure the girth and number of trees to be removed
under this item. Any tree having a girth of less than 150mm (6 inch) measured less than six
hundred (600) mm (24 inch) above ground level shall not be measured under this item, as the
same shall be removed under Section “Cleaning and Grubbing”.

Payments
The quantities determined as provided above shall be paid for at the contract unit price for the

pay item mentioned below and shown in the Bill of Quantities which price shall be deemed to
include all cost of labor equipment and incidental related to the respective Section.

Pay Item No | Description Unit

3.8 Removal of trees, or stems of Girth 301 — 600 mm (12 to 24") Each
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Earthwork for Roads
General Treatise of Earth/Road Excavation and backfilling

Earthwork will consist of all necessary work for the excavation and placing in embankment or
backfill or disposal by dumping of earth, rock or other material from or to the roadway or
adjacent thereto or from borrow areas, including the excavation of side and interception
ditches, the removal of unsuitable subgrade material, the formation of lay byes, the widening
of cuts and the flattening of cut slopes whether to obtain material for embankments or backfill,
or to increase the stability of the slopes, clearing and grubbing, the selective removal of trees,
stripping and the removal of existing obstructions within the approved cross section for
excavation, in accordance with these specifications and in conformity with the lines, grades,
sections, and dimensions shown on the drawings or as directed by the Engineer.

Soil Information

Any information concerning the properties of the soil or sub soil and other geotechnical
information shown on the drawing or other documents forming part of the contract is for
information only. The contractor is obliged to make his own assessment of prevailing site
conditions. No claim for extra cost or time extension will be entertained based on the
information provided.

The Contractor shall be deemed to have visited the site prior to making his bid and shall
ascertain the nature of the earth and rock, its quantity, locations and suitability to meet the
specified requirements, and he shall base his bid estimates solely on his own soil investigation.
After the award of the contract no claim for a revision of bid prices depending on the sources
of soil information will be entertained.

Explosives

1. Where explosives are used the Contractor shall provide suitable buildings or
warehouses in approved positions for the storage of explosives, which shall be stored
in the manner and quantity approved by the Engineer or as per relative laws of
government. Such storage places 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 and provided with secure locks and all necessary
means for preventing access by unauthorized persons. The Contractor shall be
responsible for the prevention of any unauthorized issue 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, and in conformity with the
statutory regulations.

2. All drilling and blasting shall be done in such a manner as to bring the excavation as
close as possible to the required cross sections, 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.

3. 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.
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4. Where directed by the Engineer, 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.

5. The Engineer may prohibit blasting and order the rock to be excavated by other means,
if, in his opinion, it would be dangerous to persons or adjacent structures, or is being
carried out in a reckless manner. If traffic on the road has to be interrupted, the
Contractor shall obtain approval of his schedule for such interruption from the proper
authorities and shall satisfy the Engineer that he has obtained it. No extra payment
shall be admissible for such arrangements as described here above.

Removal of Existing Obstructions

The pay items under Items shall include the cost of removal of all material regardless of its
nature, encountered within the limits of the approved cross-section, including the removal and
disposal, as required by the Engineer, of existing brick, stone, concrete or masonry, rock
boulders or fragments, old pavements, culverts, bridges or parts thereof, retaining walls or any
other material encountered during the excavation, unless a separate item exists for such
features.

Removal or Diversion of Water

1. Except where provided for, no separate payment will be made for control of or removal
of water during or after earthwork operations. The cost of sheeting, shoring,
cofferdams, pumping and draining for earthwork or construction of road ways or
embankments shall be included in the bid price for earthwork. The Contractor shall
provide necessary facilities for dewatering and for draining or diverting watercourses
when necessary for the protection of the contract work or where required by the
Engineer.

2. The Contractor shall provide such drainage outlet ditches or canals as may be
necessary to affect proper drainage before rain is expected. Such drainage ditches or
canals for protection of work during construction and their maintenance and clearing
to make them continuously effective during the work shall not be paid separately, but
shall be deemed to be included in other items of work.

3. The Contractor shall also provide, fix, maintain and operate such engines, pumps,
hoses, chutes and other appliances as are necessary to keep the accumulated water
at a level required for the safety of the structures as directed by the Engineer.

Ditches

1. The Contractor shall construct side- ditches, interception ditches, and inlet and outlet
ditches as shown on the Drawings or where ordered by the Engineer, whether for
temporary or permanent drainage. In order to keep water away from the embankment,
subgrade, and/or pavement during construction, the Contractor shall at all times
ensure adequate drainage by scheduling ditch and outlet so that the drainage is
operative before work is started on the embankment, subgrade or pavement. He shall
clean and trim all such drainage ditches from time to time, so that there may be a free
flow of water throughout the whole period of the Contract. Ditches shall first be trimmed
according to approved cross-sections, and final trimming, including the repair of any
damage that may have been done during the construction work, shall be carried out
after the completion of the other construction work and shall be a condition for final
approval and acceptance.

2. Unless otherwise specified in the bid schedule no separate payment will be made for
the excavation of side ditches, interception ditches, inlet and outlet ditches.
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3. Where indicated on the drawings or when required by the Engineer, the Contractor
shall take cross-sections of existing stream channels, and in collaboration with the
Engineer, mark them with details of the excavation required for the relocation of the
stream channel. Work shall not proceed without written approval of the marked cross-
sections by the Engineer.

Excavation for Culverts

Except where otherwise specified excavation and backfill for culvert and drainage pipes,
except granular backfill or underfill to under drains, pipes or behind the abutment walls will not
be paid for separately, but shall be considered as a subsidiary obligation of the Contractor
covered under the contract price for the various classes of pipe culvert or pipes etc.

Landslides, Benches, Flattening of Slopes

The Engineer may order the removal of material resulting from landslides, the construction of
benches in or above the cut slope or in the embankment slope or where in his opinion the
slope shows signs of instability, the flattening of the slope. Payment of all such work shall be
at contract prices in the bid schedule or in the relevant Item of these specifications as the case
may be.

Survey and Leveling Prior to Commencement of Earthwork

The Contractor shall be responsible for the setting out of the work in accordance with the
relevant Clause of the General Conditions of Contract. Notwithstanding that project drawings
have been issued to the Contractor, the Contractor shall also be responsible for taking joint
cross-sections on the proposed alignment of the road, submitting three copies of the plotted
cross sections and longitudinal profile to the Engineer and obtaining the approval of the
Engineer to such cross-section and longitudinal profile before any work in connection with
Earthwork is commenced. These cross-sections and longitudinal profile shall be in the form
and manner as instructed in writing by the Engineer.

Measurement and Payment

The quantities of the various classes of excavation or embankment to be measured for
payment under the contract shall be limited to the lines and level as taken under clause 3.9
above. However, if the levels so taken differ appreciably from design levels the mater shall be
referred to the client.

Excavation and filling beyond the lines and level shown on the drawings, approved profiles
and cross-sections will not be paid for. The Engineer will decide the angle of the slope of cuts
and fills as the work proceeds on the basis of evaluation of the soil characteristics. The actual
lines of the cuts and fills as made will be duly measured and recorded by the Contractor. The
Engineer will check these records and will approve the measurements, if correct, as a basis
of payment. Excess of excavation shall be backfilled, as directed by the Engineer, with sub
base materials or better fill material without extra payment to the Contractor; excess of fill may
be either left in place or removed as required by the Engineer. The quantities of excavation,
backfill and earthwork to be paid shall be covered under the respective section and shall be
the number of cubic meters or 100 / cubic ft as the case may be and given in the respective
section. The material shall be measured by the average end area method, except where the
error may exceed plus or minus five percent as compared with the prismoid formula in which
case the Engineer will authorize the use of the more accurate method. However, the
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Contractor shall request such authority before he submits his quantities for approval.
Quantities measured on the average end-area basis, once they have been submitted and
approved, shall not be subject to review for the purpose of applying a more accurate method.

Removal of Existing Pavements
Scope and Description Scope

The Scope of work envisage dismantling the pavement structure as a whole upto the top of
the subgrade level for the reach or stretch of the road as designated on the drawings or
identified by the ENGINEER

Description

The work specified in this section consists of removing and storing for re—use if so designated
by the Engineer or otherwise disposing of all existing pavement materials such as bituminous
surfacing, crushed rock or bricks, comprising the sub base , road edging / sidewalk, curb and
gutter or flexible road surface where it is shown on the plans or ordered by the Engineer to be
removed or where required to be removed by the construction operations.

Construction Methods

The method of dismantling or breaking of the pavement structure as a whole including removal
of road edging, sidewalks, curb or gutter etc. shall be proposed by the Contractor along with
the machinery or equipment to be employed and approved by the Engineer in accordance
with requirements under the conditions. Except where specifically directed otherwise the
contractor shall store all materials for use where directed by the Engineer. The Contractor
shall be responsible for the materials until finally disposed of.

Measurement and Payment

Measurement

The item for removal of existing pavement designated on the plans will be measured in
superficial area. The unit of measurement will be one hundred square feet. The quantity shall
be determined by actual measurement before removal.

Payment

The unit rate shall be full compensation for all costs of complying with the provisions of this
Section and includes costs of all materials, labor and machinery etc.

Payment Item No Description Unit
3.9.2 Removal of Existing Pavement Per sq meter / or 100 sq.ft.
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Scarification of Existing Road / Breaking of Road Pavement Layers

Description and Scope
Description

1. The scope of work under this section envisage breaking and removing a part or a layer
of the existing pavement structure and removing of the dismantled material so that a
new layer is placed after ensuring the specified compaction of the lower layer which
has been left to be intact.

2. The second method of improvement of a damaged road stretch is to scarify or
scrapping the sub base or base course layer and compacting the same after fulfilling
the gradation and thickness requirements. Payment for the fulfillment of the gradation
/ thickness and compaction requirement will be made separately under the relevant
subhead.

Scope

This work shall consist of scarification of existing road surface or breaking of existing road
pavement structure to ensure bondage of new layer with the existing road pavement and to
ensure drainage of water below the freshly laid base-course or surfacing layer. The surface
on which the new base course or surface layer is to be constructed, shall be approved and
accepted by the Engineer prior to placing the crushed stone base aggregate.

Construction Requirements

After the existing pavement structure broken off, the material shall be removed and disposed
off outside the right of way, according to the satisfaction of the Engineer. The surface obtained
after scarification or breaking the existing pavement shall be compacted to the density
prescribed under the relevant section of this specification. Payment of such compaction shall
be included in the contract price for this item of work. The method of scarification of road
surface or breaking of pavement structure shall be proposed by the contractor and approved
by the Engineer in accordance with the requirements under site conditions. The compaction
of the lower un-scarified layer according to the prescribed limits shall be the responsibility of
the contractor who has scarified the upper layers, the price of which is included in the
scarification.

Measurement and Payment
Measurement

1. The quantity for a layer of the pavement structure broken and removed, to be paid for,
shall be measurement in cubic meter or 100 cub. ft to a depth as shown in the
drawings/cross sections or as specified by the Engineer and in the area earmarked by
the Engineer for such purpose.

2. The quantity for road pavement structure scarified or scrapped, to be paid for shall be
measured in Sq. meter or 100 sqg. ft. as shown in the drawings/cross sections or as
specified by the Engineer and in the area earmarked by the Engineer for such purpose.

Payment
The quantities as measured above shall be paid for at the contract unit price per cubic meter/cft
of breaking of road pavement structure and per Sg. meter/sft of scarification of existing road

pavement structure, for carrying out the works mentioned above including cost of labor,
equipment, tools and incidentals necessary to complete these items.
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Pay Item No Description Unit of Measurement

3.9.3a Breaking of a layer of Existing Road Pavement | CM or 100 c.ft.
Structure

3.9.3b Scarification of Existing Road Pavement SM or 100 s.ft.

Roadway and Borrow Excavation for Embankments
Description

The work specified in this Section consists of excavation of materials of whatever nature,
encountered within the limit required for the proposed work, excluding structural excavation
and shall include the removal, utilization and disposal of such materials, as required. It shall
also include all excavation, hauling filling and placing, compaction, shaping and sloping
necessary for the construction of all embankments, subgrades, shoulders and special
backfills, in accordance with the required alignment, grade and cross sections shown on the
plans. Free haul for the carriage of material for the construction of embankment which is
considered to be included in the rate of roadway excavation or borrow excavation is 900m
(3000ft). The work covered in this section includes:

1. Roadway Excavation
2. Borrow Excavation
3. Making Road Embankment

Classification of Excavated Material
All material excavated shall be classified as under:

a. Common Saoil
Clayey, silty and sandy soils including small quantities of stone fragments, or gravel.

b. Gravel
Soil containing predominantly water borne stones of rounded shape of irregular size, occurring
naturally.

c. Soft Rock
Rock formation requiring pick and crow bar operation or any rock that can be removed with
blade of 200 HP bulldozer.

d. Medium Rock

Rock that cannot be removed with a blade of 200 HP. Bulldozer But can be removed by the
Rippers

e. Hard Rock

All other rock formations requiring blasting. Because it cannot be removed with Rippers of a
200 HP Bulldozer

For the purposes of making embankment, common soil and gravel are to be considered as
“COMMON MATERIALS” and soft rock, medium and hard rock as “ROCK MATERIALS”

Classification of Roadway/Borrow Excavation
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Roadway Excavation/Borrow Excavation shall further be classified as “Common Excavation”
or “Rock Excavation” (common excavation shall include all the materials of whatever nature
encountered but not rock excavation).

a) Common Excavation

Common excavation shall consist of the removal and satisfactory disposal of all eolian, alluvial
and residual materials, in place unaltered and un weathered strata which are not firm or rigid
enough to possess all the characteristics of “Rock Excavation” Boulders of less than one
quarter (1/4) cubic meter volume shall also be classified as “Common Excavation”. Eollian and
alluvial materials consist of gravel, shale, volcanic ash, loess dunes and loams, sands and
clays or any combination of these materials and termed as Common Excavation.

b) Rock Excavation

Rock excavation includes firm and rigid igneous, metamorphic and sedimentary rocks.
boulders larger than (i/4) cubic meter volume will also be considered as “Rock Excavation”,
provided these are firm and stable lying in continuous bed more than 50% by volume as
compared to other type of materials in the total mass the term Hard, Medium or Soft rock is
described as above in Para 3.9.4.

Types of Excavations

a) Roadway Excavation
b) Borrow Excavation

a) Roadway Excavation

Road Excavation shall comprise all excavation that is not classified as structural excavation
carried out within the limits of roadway including permanent drainage ditches and side slopes
in cut.

General: It shall consist of the excavation for the road in “cutting section” and utilization
of all useful materials necessary for the construction of the roadway in “fill section”. It shall
also include the excavation and disposal of muck, clay, rock or any other material that is
unsuitable in its original position within the limits of the roadway including the removal of all
suitable material lying within the roadway limits which is necessary to remove in order to
excavate the unsuitable material.

Protection of Work: While the excavation is being done and until the work is finally accepted,
the contractor shall take the necessary steps to protect the work to prevent loss of material
from the roadway, due to action of wind or water. During construction of the roadway, the
subgrade shall be maintained in such condition that it will be well drained at all times.

Removal of Trash: Vegetation etc. On previously graded roadways, where no clearing and
grubbing of the roadway is called for on the plans, all vegetation, bushes, shrubs, saplings
etc. and including any trees for which removal is specifically called for in the plans, shall be
removed as provided in Section Clearing and Grubbing, as a part of the work, under this
Section.

b) Borrow Excavation

General: Borrow shall consist of the material obtained from the authorized borrow pits.
It shall include only material that is suitable for the construction of roadway embankments or
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other work of constructing embankments covered by the contract, and also unsuitable material
that is necessary to excavate, as determined by the Engineer, to obtain suitable material.
Borrow shall be resorted to only when sufficient quantities of suitable material are not
available, as herein prescribed, from roadway excavation, to properly construct the
embankment, subgrade and shoulders and to complete the backfilling of structures. In no case
shall material be borrowed until so ordered by the Engineer, and then only from the designated
borrow pits. No borrow pits shall be opened until the Engineer has approved their location and,
where borrow is to be measured in pits, their surface has been cross sectioned.

Unless otherwise indicated on the plans, the right of way for all borrow areas necessary for
the completion of the work will be furnished by the department.

Borrow Area Furnished by the Contractor: At the option of the Contractor in lieu of
obtaining borrow from areas furnished by the Department, he may obtain borrow from other
areas furnished by him, provided the Engineer determines the material from such areas meets
the Departments standards, and other requirements for suitability for use in the particular
sections of the work in which it is placed, and further provided that any increase in hauling or
other costs shall be absorbed by the Contractor.

No borrow material shall be obtained from any substitute areas until the Contractor has
requested, in writing, permission to use such areas, and the Engineer has approved, in writing,
the use of the particular areas and has cross sectioned the surface. Upon such written
approval by the Engineer, the substitutes areas shall be considered as designated borrow
areas.

Excavation Requirements: When borrow material is to be measured, if heeded, the borrow
pits shall be excavated neatly and the bottom and edges so shaped that accurate
measurement are taken. Where the plans show the depth and width of excavation, such depth
and width shall be considered approximate only and shall be subject to variation as directed.
In borrow pits furnished by the Department; no material shall be excavated within three feet of
the adjacent property lines.

Provisions for Drainage: Where shown on the plans the ditches for drainage of the borrow
pits or roadway shall be constructed. The excavation of such drains shall be classified as
borrow, and suitable material thus obtained, used, where required, on the works.

Sequence of construction: If the plans indicate section within which a significant
quantity of borrow is required in order to establish a balance within the limits of such sections,
then except as might be permitted otherwise in writing by the Engineer, the Contractor shall
construct first those sections showing no borrow, such that all suitable surplus material therein
will be utilized. In order to meet this requirement if the Contractor is required to haul a distance
greater than the distance indicated on the plans overhaul be paid for as specified in the Section
Overhaul of Excavation.

¢) Haul Roads

The Contractor shall provide and maintain at his own expense all necessary service roads
necessary for hauling the material over the shortest practicable route as determined by the
Engineer, to the points where it is to be used for doing all operations pertinent to the execution
of work covered under this section. The Department will obtain any necessary property
easements for haul roads leading to the pits furnished by it.

Construction Requirements

1. All suitable material excavated within the limits and scope of the project shall, unless
provision is expressly made to the contrary in these specifications, be used in the most
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effective manner for the formation of the embankment, for widening the road formation,
for backfill, or for other work included in the contract.

Any material surplus to this requirement or any materials declared in writing by the
Engineer to be unsuitable shall be disposed of and leveled in layers by the Contractor
outside the right of way or as directed by the Engineer. The material unsuitable
common material is that material whose soaked CBR (96 hours) is less than five (5)
percent or it falls under A-6 OR A-7 AASHTO soil classification.

When unsuitable material is ordered to be removed and replaced, the soil left in place
shall be compacted to a depth of 20 cm (8”) to the density prescribed under the relevant
“compaction” paragraph of the chapter MAKING EMBANKMENT. Payment for such
compaction shall be included in the contract prices for the excavation of unsuitable
materials.

If the unsuitable material which is to be removed is below standing water level and the
replacement material is gravel or a similar self-draining material of at least 30 cm (1 ft)
in depth, the compaction may be dispensed with, if approved by the Engineer.

During of roadway construction, the road bed shall be maintained in such a way that it
will be well drained at all times.

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.
Where between two successive cross section of the road, the propertied of rock
boulders, in size larger than a one quarter of a cubic meter, to earth is more than 50%,
the excavation will be considered wholly as rock.

Blasting by means of drill holes or any other methods shall be performed at the entire
risk and responsibility of contractor. Care shall be taken to ensure that no injury be
done to persons or properties or to the finished work. Blasting shall be restricted to the
hours prescribed by the local authorities or the Engineer.

Measurement

1.

Only material which is surplus to the requirements of the component of the project or
is declared in writing by the Engineer to be unsuitable will not qualify for payments
under pay items No.4-5-a, 4-5-b, 4-5-c and 4-5-d as the case may be.

The cost of excavation of material which is used/utilized anywhere in the project shall
be deemed to be included in the pay items relating to the parts of the work where the
materials is used.

The under mentioned pay items No.4-5-a to 4-5-b shall include the cost of obtaining
the consent of the owner or tenant of the land where the disposal of surplus or
unsuitable materials is made.

Unsuitable or surplus material shall be measured in its original position and its volume
shall be calculated in cubic meters or cubic feet.

Payment

1.

2.

The unit rate shall be full compensation for all costs or complying with the provisions
of this section regarding roadway excavation in accordance with Drawings and as
directed in writing by the Engineer.

The quantities determined as provided above shall be paid for, at the contract unit price
respectively for each particular pay items listed below and shown in the bill of
Quantities which prices and payment shall constitute full compensation for all costs
involved in the proper completion of the work prescribed in this item.

Pay Item No

Description

Unit of Measurement

3.94.1. A

Excavate Unsuitable Common Material

Cubic meter or 100 Cft.

3.941.B

Excavate Unsuitable Rock Material
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a. Soft Rock Material Cubic meter or 100 Cft.

b. Medium Rock Material Cubic meter or 100 Cift.

c. Hard Rock Material Cubic meter or 100 Cift.
3.95 Excavate Surplus Common Material Cubic meter or 100 Cft.
3.951 Excavate Surplus Rock Material

a. Soft Rock Material Cubic meter or 100 Cift.

b. Medium Rock Material Cubic meter or 100 Cift.

c. Hard Rock Material Cubic meter or 100 Cift.

Excavation of Un Suitable / Surplus Material

The work consists of excavation and disposal of unsuitable or surplus material arising from
roadway excavation, which is declared in writing by the Engineer to be unsuitable for use or
surplus to the requirements of the project. When excavation of unsuitable material requires
special attention for a known condition on a specific project, construction requirements and
payment shall be covered under relevant provisions.

Rock Excavation

Rock excavation shall be classified in grades as given in table No.10 of heading 3.13 of these
specifications.

Construction Requirements

1. All suitable material excavated within the limits and scope of the project shall be used
in the most effective manner for the formation of the embankment, for widening of
roadway, for backfill, or for other work included in the contract.

2. Any material surplus to these requirements or any material declared in writing by the
Engineer to be unsuitable shall be disposed of and leveled in thin layers by the
Contractor outside the right of the way within 7 km of excavation. The Engineer shall
decide regarding the unsuitability of the material by conducting appropriate laboratory
tests.

3. When unsuitable materials are ordered to be replaced, the solil left in place shall be
compacted to a depth of 20cm to the density prescribed. Payment for such compaction
shall be dispensed with if approved by Engineer.

Measurement and Payment
a. Measurement

When the Contractor is directed to excavate unsuitable material below the surface of original
ground in fill areas, the depth to which these unsuitable materials are to be removed will be
determined by the Engineer. The Contractor shall schedule his work in such a way that
authorized cross sections can be taken before and after the material has been removed. Only
material which is surplus to the requirements of the project or is declared in writing by the
Engineer to be unsuitable will qualify for payments.

The cost of excavation of excavation of material which is used anywhere in the project shall
be deemed to be included in the pay item relating to the part of the work where the material is
used.
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The under mentioned Pay item shall include the cost of obtaining the consent of the owner or
tenant of the land where the disposal of surplus or unsuitable material is made.

Unsuitable or surplus material shall be measured in its original position and its volume shall
be calculated in cubic meters using end area method.

b. Payment

The quantities determined as provided above shall be paid for at the contract unit price
respectively for each of the particular pay items shown in the Bill of Quantities which prices
and payment shall constitute full compensation for all costs involved in the proper completion
of the work prescribed. Please see also section 3.9.4.5 of these specifications.
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Structural Excavation and Backfill
Description

The work specified in this Section consists of the excavation for bridge foundations, box
culverts, pipe culverts, storm sewers and all other pipe lines, retaining walls, headwalls for
pipe culverts and drains, catch basins, drop inlets, manholes and similar structures not
otherwise provided in these specifications and in accordance with the Drawings or as directed
by the Engineer. It shall also include furnishing of all necessary equipment for (1)the
construction and removal of cofferdams, sheeting, bracing etc., (2) pumping or otherwise
unwatering the foundation; (3) the removal and disposal of any existing structures or portions
of structures not covered by other items in the Contract, including the foundations, abutments,
piers, wings, and all other materials, obstructions, etc., found necessary to clear the site for
the proposed work; (4) backfiling, disposing of surplus material which is not required for
backfill, in a manner and at locations as directed in writing by the Engineer and final cleaning,
as may be necessary for the proper execution of the work.

Excavation Classification

All materials excavated shall be classified and considered according to section 3.9.4 as
common soil, gravel, soft rock and hard rock excavation according to the material
encountered.

Construction Requirements General

All substructures, where practicable, shall be constructed in open excavation and, where
necessary, the excavation shall be shored, braced, or protected by cofferdam in accordance
with approved methods. In case, the contractor has excavated additional volumes than
specified the contractor shall at his expense backfill the volume with approved material as
directed by the Engineer

1. Depth of Excavation

All excavation shall be carried out to foundation level satisfactory to the Engineer, All
excavation located in the bed of a stream or canal shall be carried to a depth of a least four
feet below the permanent bed of the stream, or as shown on the plans based on the designed
scour depth or otherwise a firm footing is established on solid rock before such depth is
reached, and to such additional depth as may be necessary to eliminate any danger of
scouring or undermining. Wherever rock bottom is encountered, the excavation shall be done
in such manner as to allow the solid rock to be exposed and prepared in horizontal beds for
receiving the masonry. All loose and disintegrated rock or thin strata shall be removed. All
foundations shall be inspected and approved by the Engineer prior to placing of masonry.

2. Preparation of Foundation for Footing

1. The foundation pits shall be excavated to permit the placing of the full widths and
lengths of footings shown on the Plans, with full horizontal beds. Corners or edges of
footings shall not be rounded or undercut.

2. Allrock or other hard foundation material shall be free from all loose material, cleaned
and cut to firm surface.
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3. When masonry is to rest on an excavated surface other than rock, special care shall
be taken not to disturb the bottom of the excavation, and the final leveling of the grade
shall not be made until just before the masonry is to be placed.

4. COMPACTION: The bottom of the trench shall in all cases be compacted to 95%
Standard AASHTO Max. Dry density. Where the bottom of the trench is under cut and
back filled with selected material, this material shall be compacted to at least 95%
Standard AASHO dry density or to such other value as the Engineer may direct.

3. Preservation of Channel

Unless otherwise shown on the Plans no excavation shall be made outside of caissons, cribs,
cofferdams, or sheet pilling, and the natural stream bed or canal adjacent to the structure shall
not be disturbed unless so permitted by the Engineer. If any excavation or dredging is made
at the site of the structure before caisson, cribs or cofferdams are sunk in place, backfill all
such excavations to the original ground surface or river bed with material satisfactory to the
Engineer.

Materials deposited within the stream area from foundation excavation or otherwise, shall be
removed and the stream left in its original condition, unless otherwise shown on the Plans or
ordered by the Engineer.

4. Coffer Dams and Cribs
General

For substructure work, the Contractor shall submit drawings showing his proposed method of
construction of coffer dam. Contractor shall not start work until the Engineer has approved
such drawings

Construction: Wherever practicable all foundations shall be constructed by open
excavation and the foundation openings shored, braced, or protected by cofferdams in
accordance with approved methods. Cofferdams or cribs for foundation construction shall in
general be carried well below the bottom of the footings and shall be well braced and as
watertight as practicable. The interior dimensions of cofferdams shall be such as to give
sufficient clearance for the construction of forms and the inspection of their exteriors and to
pumping outside of the forms. Cofferdams or cribs which are tilted or moved laterally during
the process of linking shall be righted or enlarged so as to provide the necessary clearance
and this shall be solely at the expense of the Contractor

Green concrete protection: Cofferdams shall be so constructed as to protect green concrete
against damage from a sudden rising to the water and to prevent damage by erosion. No
timber or bracing shall be left in cofferdams or cribs in such a way as to extend into the
substructure masonry except where might be so permitted, in writing, by Engineer.

Depth: For placing footings in the dry, the Engineer may require cofferdam sheeting to be
driven to an elevation six feet below the elevation of the bottom of the footings and require
sufficient pumping equipment to dewater and maintain the cofferdam in a comparatively dry
condition.

Additional Requirements: When conciliations are encountered which, in the opinion of the
Engineer, render it impracticable to dewater the foundation before placing masonry, he may
require the construction of a concrete foundation seal of such dimensions as may be
necessary. The foundation shall then be pumped out and the balance of the masonry placed
in the dry. When weighted cribs are employed and the weight is utilized to partially overcome
the hydrostatic pressure acting against the bottom of the foundation seal, special anchorage
such as dowels or keys shall be provided to transfer the entire weight of the crib into the
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foundation seal. During the placement of foundation seal, the elevation of the water inside the
cofferdam shall be controlled to prevent any flow through the seal, and if the coffer dam is to
remain in place, it shall be vented or ported at low water level.

Contractor’'s Drawings: For sub- structure work, the Contractor shall submit upon
request, drawings showing his proposed method of cofferdam construction and other details
left open to his choice or not fully shown on the Engineer’s drawings. The type and clearance
of cofferdams, in so far as such details affect the character of the finished work, will be subject
to the approval of the Engineer, but other details of design will be left to the Contractor, who
will be responsible for the successful construction of the work.

Removal: Unless otherwise provided, cofferdam or cribs, with all sheeting and bracing,
shall be removed by the Contractor after the completion of substructure. The removal shall be
affected in such manner as not to disturb or mar the finished masonry.

5. Disposal of Surplus Material

The excavated materials shall generally be used for backfiling and in constructing
embankments over and around the structure. All excavated material not used for backfilling
shall be disposed of as directed by the Engineer. When suitable, this material, in general, shall
be used in the construction of roadway embankments, but material that is unsuitable or not
required for this purpose shall be disposed of in such a manner as not to impair the
appearance or utility of either the roadway or the waterway. In no case shall it be placed in the
channel of the stream.

6. Pumping

Pumping from the interior of any foundation enclosure shall be done in such a manner as to
preclude the possibility of any portion of the concrete materials being carried away. No
pumping shall be done during the placing of concrete, or for a period of at least 24 hours
thereafter, unless it is done from the suitable sump separated from the concrete work by a
watertight wall. Pumping to unwater a sealed coffer dam shall not commence until the seal
has set sufficiently to withstand the hydrostatic pressure.

7. Inspection
After each excavation is completed the Contractor shall inform in writing to the Engineer and
no masonry shall be placed until the Engineer has approved the depth of the excavation and
the character of the foundation material.
Backfilling General
Backfill material shall be made with the following material:
1. Common backfill material from structural excavation or brought from outside
2. Granular backfill of selected material from structural excavation or brought from outside
3. Rock material of small size shall be permitted in the backfilling of structures or walls
subject to the approval of methodology by the Engineer Material shall be either from
the structural excavation or brought from outside

Specifications for Materials and Laying
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Common Back fill Material obtained from the structural excavation or brought from
outside

Common material shall consist of earth free from large lumps, wood and other organic
materials and of a quality acceptable to the Engineer. It shall be placed in the position and to
the required depths shown on the Drawings and/ or as required in writing by the Engineer and
it shall be well compacted in layers not to exceed twenty (20) cm / eight (8) inches in depth to
the density,95 percent of maximum dry density as per AASHTO T-180 (D).

Granular Backfill material

Granular backfill where-ever directed shall be placed in the position and to the required depth,
shown on the drawings or where and as required in writing by the Engineer and it shall be well
compacted in layers not exceeding twenty(20)cm/eight(8) inches in thickness to 100 percent
of Maximum dry density as per AASHTO T-180(D).In case of water logged areas, the
thickness of the layer shall not exceed fifty (50) cm / twenty(20) inches in depth or as directed
by the Engineer to the density as mentioned above.

If the material satisfying the requirements of coarse sand falling under soil classification A-
3(AASHTO) is used, it shall be ensured that the same is confined properly as approved by the
Engineer.

Rock Material from structural excavation or brought from outside

The rock material whose individual sizes are not more than 30cm/12 inches shall be placed in
the position to the required depth as specified and the voids shall be filled in layer with fine
material approved by the Engineer. The compacting efforts shall be made so as to achieve
the desired compaction approved visually by the Engineer. The depth of the layer in any case
shall not exceed (60) sixty cm. / 24 inches.

Rock backfills will not be placed within two meters from concrete faces of any structure

Specified Requirements for Backfill Locations

1. All spaces excavated and not occupied by abutments, piers or other permanent works
shall be refilled with earth or granular fill as approved by the Engineer up to the surface
of the surrounding ground with a sufficient allowance for settlement. All such back fill
shall be thoroughly compacted up to the satisfaction of the Engineer and generally top
surface properly leveled

2. The fills behind the abutment walls of all bridges and culverts which act as subgrade
of approach roads should be of granular material fulfilling the requirement of coarse
sand falling under the classification A-3(AASHTO) The width should not be less than
1% meter or 5 ft meter along the road alignment or as directed by the Engineer or
shown on the drawings ,The granular backfill shall start from the natural ground surface
and end up to the top of the subgrade level and in no case be less than one meter or
3ft.

3. The fill behind abutments and wing walls of all bridge structures shall be deposited in
well-compacted, horizontal layers not to exceed twenty (20) cm. in thickness. The
common backfill in front of such units shall be placed first to prevent the possibility of
forward movement.

4. Special precautions shall be taken to prevent any wedging action against the masonry,
and the slope bounding the excavation for abutments and wing walls shall be
destroyed by stepping or roughening to prevent wedge action. Jetting of the fill behind
abutments and wingwalls will not be permitted.

5. Fill placed around culverts and piers shall be deposited on both sides to approximately
the same elevation at the same time. Where the Contractor does not have proper
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equipment to ensure compaction in restricted areas, Engineer may allow backfill with
sand saturation method, at no extra cost to the Client.

6. Adequate provision shall be made for the through drainage of backfill. Weep holes.
With perforated PVC. drainage pipes 19 mm or %" diameter will be provided along the
slopes and the spacing will be decided by the Engineer.

7. No backfill shall be placed against concrete or masonry structure before fourteen (14)
days of placement and backfilling shall be carried out on both sides of the structure
simultaneously.

General Requirements for All Structures

1. Backfilling to the original ground surface of openings made for structures, with a
sufficient allowance for settlement shall be a part of the work of excavation, although
the Engineer may require that the material used in making the backfill be obtained from
a source entirely apart from the structure. All material used for backfill shall be of quality
acceptable to the Engineer and shall be free from large lumps, wood, or other
extraneous material.

2. In case of backfilling of a road cut for bridge or culvert abutments as mentioned in
Section 3.9.6.2.2 (2), if the excavated material from the structural excavation does not
fulfill the specified requirement of coarse sand, the same material shall be brought from
outside and paid separately

Replacing of Pavement Removed for Construction or Culverts Sewers etc.

Where existing pavement, curb, gutter, sidewalk, or valley gutter is removed only for the
purpose of constructing or removing box culverts, pipe culverts, storm sewers, inlets, manhole
etc., such pavement etc., shall be replaced and restored to as good condition, as determined
by the Engineer, as before removal and without direct compensation there from, the replaced
pavement etc., shall be of the same or similar type as the removed except where permission
is given by the Engineer for the use of other type.

Cleaning Up

Upon completion of the work, the Contractor shall leave the structure and all adjacent areas
affected by these operations in a neat and presentable condition and shall remove and clear
up all temporary structures, rubbish and surplus material and leave the space under the
structure unobstructed and in such shape that drift will not collect nor scour be induced. All
material from existing structures that have been removed by him shall be piled neatly on the
bank or otherwise disposed of as directed by the Engineer. False work pilling shall in general
be pulled, except that, when permitted by the Engineer, they may be cut or broken off two feet
below the ground line or stream bed.

Method of Measurement

Excavation will be measured in its original position by the cross-section method to determine
the amount of material removed and will be that material actually removed below the original
ground line or stream bed, but not including that shown on the plans to be paid for as Regular
Excavation, (Section 4-5). No measurement will be made for material removed in excavation
for footings of foundations outside of an area which is bounded by vertical planes one foot
outside of the limits of the footing and parallel thereto.

When excavation for material below plan grade is called for on the Plans or authorized by the
Engineer, the measurement shall include both the material excavated below grade and the
material used for back fill.

Measurement and Payment
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Measurement
1. Structural Excavation

The quantities of structural excavation to be paid for shall be the number of cubic meters of
material measured in its original position computed by the average end-area method, and
excavated to the satisfaction of the Engineer.

Structural Excavation will be classified for measurement and payment as “Structural
Excavation in Common Material”, “Structural Excavation in Common Material Below Water
Level”, “Structural Excavation in Rock Material” and according to whether the excavation is in
earth or rock and according to whether the excavation is above or below the water level which
is the constant level to which the water naturally rises in a foundation pit.

The volume of earth or rock to be measured for structural excavation shall consist of a prismoid

bounded by the following planes: -

1) The vertical limits for computing pay quantities will be vertical planes 50 centimeters
outside of the neat lines of footings or foundations as shown on the Drawings or as directed
by the Engineer.

2) The upper limit for payment of structural excavation shall be the ground surface as it
existed prior to the start of construction operations, except where structural excavation is
performed within roadway excavation or ditch excavation areas, the upper limit shall be
the planes of the bottom and side slopes of said excavated areas.

3) The lower limits for computing pay quantities of structural excavation or structure backfill
shall be a plane at the bottom of the completed footings, foundations, structures or lean
concrete. Measurement for structural excavation shall not include material removed below
the footing grade and beyond specific limits to compensate for anticipated swell or as a
result of effective swell during pile driving, or additional material resulting from slides, slips,
cave-ins, silting or fillings, whether due to the action of the elements or to carelessness of
the Contractor. The depths of the footings shown on the drawings are approximate only
and any variation found to be necessary during construction shall be paid for at the contract
unit price.

2. Granular Backfill

The quantities of Granular Backfill to be paid for shall be the number of cubic meters of material
laid and compacted in place within the line of structure and limits defined above, computed
and accepted by the Engineer.

3. Common Backfill

The quantities of Common Backfill to be paid for shall be the number of cubic meters of
material laid and compacted, placed within the lines of structures and limits defined above and
accepted by the Engineer.

The work of Excavation for Structures will be measured by volume. The unit of measurement
shall be one cubic meter or hundred cubic feet. and the backfill coarse sand material if brought
from outside will also be measured accordingly.

Payment

The unit rate shall be full compensation for all costs of complying with the provisions of this
Section and includes costs of unwatering of foundations, removal and disposal of surplus
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material, back —filling and final cleaning as may be necessary for the proper execution of the

work.
Pay Description Measurements

Iltem No.

3.9.6 Excavation for Structure in Common Material including | Cub meter / Per 100
backfilling and disposal of surplus material cub. Ft

3.9.6 Excavation for Structure in Common Material Below | Cub meter/ Per 100
Water Level including backfilling and disposal of surplus | cub. Ft
material

3.9.6 Excavation for Structure in Rock Material including | Cub meter / Per 100
backfilling and disposal of surplus material cub. Ft
In Gravels whether above or below Water Level Rate Per | Cub meter / Per 100
CM / Per100Cft cub. Ft
in Soft Rock whether above or below Water Level Rate | Cub meter / Per 100
Per CM / Per100Cft cub. Ft
In Medium Rock whether above or below Water Leve | Cub meter/ Per 100
Rate Per CM / Per100Cift cub. Ft
In Hard Rock whether above or below Water Level Rate | Cub meter / Per 100
Per CM / Per100Cft cub. Ft

3.9.6 Back filling behind abutments with borrowed coarse sand | Cub meter / Per 100

cub. Ft

Formation of Embankments

Description

This work shall consist of the formation of embankment including preparation of area for
placing and compaction of embankment material in layers and in holes, pits and other
depressions within the roadway area in accordance with these specifications and in conformity
with the lines, grades, sections and dimensions shown on the Drawings or as directed by the
Engineer

Material Requirements

Material for embankment such as common soil, gravel, soft or hard rock shall consist of
suitable material obtained from structural excavation, roadway excavation or borrow
excavation as approved by the Engineer. Borrow material however, shall only be used when
there is no suitable material available from structural excavation or roadway excavation.

The material under this item shall conform to the following specification.

1.

2.

3.

Contractor shall use AASHTO Class A-1, A-2, A-3, A-4 or A-5 soil as specified in
AASHTO M-145 or other material approved by the Engineer.

CBR of the material shall not be less than five (5) percent, corresponding to the degree
of compaction required for the corresponding layer.

Swell value of the material for embankment formation shall not exceed five tenth (0.5)
percent. However, while establishing the swell value, surcharge weights representing
the overburden will be used. In case sandy material is used for embankment formation,
it shall be properly confined at no extra payment with a material and to the extent as
approved by the Engineer and sandy material shall not be used on slopes of
embankment.

In areas subject to flood and prolonged inundation of the embankment, such as at
bridge sites, the material used in embankment, unless rock, shall be AASHTO Class
Al (a), Al (b) and A-2-4, soils. Other soils may be used only with the written consent
of Engineer.
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Construction Requirements

1.

Formation of Embankment with Common Material

Material for embankment, obtained and approved as provided above, shall be placed
in horizontal layers of uniform thickness and in conformity with the lines, grades
sections and dimensions shown on the Drawings or as required by the Engineer. The
layers of loose material other than rock shall be not more than 20 cm (8 inch) thick.

2. The material placed in all embankment layers and the material scarified to the
designated depth shall be compacted to the density specified as below.
Depth below sub-grade | Percent of maximum dry density as applicable AASHTO
level T-180°
0to30cm (0Oto 1 ft) 95
30to 75 cm (1 ft to 2.5 ft) 93
over 75 cm (over 2.5 ft) 90

3.

Table 6, Density Requirement According to AASHTO T-180 (Chapter 3)

In place density determinations of the compacted layers shall be made in accordance
with AASHTO T-191 (Sand Cone Method) or other approved methods. For all soils,
with the exception of rock fill materials, containing more than 10% oversize particles
(retained on 19 mm (3/4-inch sieve), the in-place density thus obtained shall be
adjusted to account for such oversize particles as directed by the Engineer.
Subsequent layers shall not be placed and compacted unless the previous layer has
been properly compacted to desired standards and accepted by the Engineer
Material for embankment at points inaccessible to normal compaction equipment shall
be placed in horizontal layers of loose material not more than 15 centimeters (6”) thick
and compacted to the densities specified above by the use of mechanical tampers, or
other appropriate equipment.

The compaction of the embankment shall be carried out at the optimum moisture
content consistent with the available compacting equipment. In forming the
embankment, the Contractor shall take steps to ensure that the work can be drained
free of rain water, and he shall make due allowance in the height and width of the work
for swelling or shrinkage. Embankment material that does not contain sufficient
moisture to obtain the required compaction shall be given additional moisture to attain
the optimum moisture content by means of approved sprinklers and mixing. Material
containing more than the amount of moisture necessary to obtain the required
compaction may not, without written approval of the Engineer be incorporated in the
embankment until it has been sufficiently dried out. The drying of wet material may be
expedited by scarification and disking or other approved methods.

When materials of widely divergent characteristics, such as clay and chalk or sand,
drawn from different source are to be used in the embankment, they shall be deposited
in different layers (with individual layer of the same material) over the full width of the
embankment to depths and sequence of material to be laid as approved by the
Engineer. Lumps of clay or other similar material shall be broken down, and no
accumulation of lumps or boulders in the embankment will be permitted. No surplus

2NOTE: - Method “B” or “D” of AASHTO-T-180 whichever is applicable may be adopted. In road
sections constructed of uniformly graded sands, or gravel the compaction shall preferably be
determined by “Relative Density Method”
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8.

material shall be permitted to be left at the toe of embankment or at the top of cut
sections.

Side slopes shall be neatly trimmed off to the lines and grades shown on the Drawings
or as directed by the Engineer and the finished work shall be left in a neat and
acceptable condition. The Contractor shall be responsible for the stability of all
embankments made by him and shall replace at his own expense any portions which
in the opinion.

The Engineer have been displaced due to any cause whatsoever. The Contractor shall
remain responsible for the stability of the embankment in the position fixed in the
drawings till the work has been finally measured and the period of maintenance has

not expired.

Formation of Embankment with rock material

Embankment formed of material consisting predominantly of rock fragment of such size that
the material cannot be placed in layers of the thickness prescribed without crushing,
pulverizing or further breaking down the pieces, such material may be placed in layers not
exceeding in thickness than the approximate average size of the rocks except that no layer
shall exceed eighty (80) centimeters of loose measurement and compacted by a vibratory
roller with the minimum mass as shown in the following table:

Mass per meter width of Depth of Fill Number of Passes of the roller
vibrating roll (Kg/M) Layer (mm) on each layer

2300 - 2900 400 5
2900 - 3600 500 5
2600 - 4300 600 5
4300 - 500 700 5
> 5000 800 5

Table 7, Compaction Requirement by Vibratory Roller (Chapter 3)

1. The material shall be carefully placed in layers, so that all larger stones will be well

distributed and voids completely filled with smaller stones, clean small spells, shale,
earth, sand, gravel, to form a solid mass. After placing rock material, surface shall be
covered with a layer of fine material having thickness less than twenty (20) centimeters.
Such fine. material shall be reserved from roadway excavation by the Contractor.
Should such material be available but not reserved, Contractor will supply and place
borrow material for forming smooth grade without extra payment.

Each layer shall be bladed or leveled with motor grader, bulldozer or similar equipment
capable of shifting and forming the layer into a neat and orderly condition. No rock
larger than eight (8) centimeters in any dimension shall be placed in the top fifteen (15)
centimeters of embankment unless otherwise allowed by the Engineer.

Material for each layer should be consolidated with heavy weight vibratory roller until
settlement as checked between two consecutive passes of roller is less than one (1)
percent of the layer thickness. In evaluation of settlement, survey points should be
established and rolling continued until difference of levels as checked after two
consecutive passes is less than one (1) percent of the total layer thickness. More over
initial rolling of overlaid fine material shall be done without watering to ensure their
intrusion in voids of rock layer beneath. Watering shall be done when voids are
properly filled.

Embankments, which are formed of material that contain rock but also contain
sufficient compactable material other than rock or other hard material to make rolling
feasible, shall be placed and compacted in the manner prescribed above and to the
point when settlement is within above mentioned requirement. Compaction test will be
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made whenever the Engineer determines they are feasible and necessary. Each layer
must be approved by the Engineer before the next layer is placed.

5. When rock to be incorporated in fill is composed largely of weak or friable material, the
rock shall be reduced to a maximum size not exceeding fifty (50) percent of the
thickness of the layer being placed

Formation of Embankment on Steep Slopes and over pipes and structure

1. Where embankments are to be constructed on steep slope, hill sides or where new fill
is to be placed and compacted against existing pavement or where embankment is to
be built along one half the width at the time, the original slope of the hill side, of existing
pavement or adjacent to half width of embankment shall be cut in steps of twenty (20)
centimeters(8inches) depth. Benching shall be of sufficient width to permit operation
of equipment possible during placing and compaction of material.

2. Cut material shall be incorporated with the new embankment material and compacted
in horizontal layers. No extra payment will be allowed for such an operation.

3. Embankments over and around pipes, culverts, arches and bridges shall be made with
the selected material and compacted in such a manner as to avoid undue strain upon
the structure

Formation of Embankment on Existing roads

Before fill is placed and compacted on an existing carriageway, the existing embankment and
or pavement may be leveled by cutting, rooting or scarifying by the approved mechanical
means to a level to be determined by the Engineer. The earth, old asphalt or other material
arising as a result of this operation will be declared by the Engineer, either suitable or
unsuitable for use in the construction of embankment/sub base. In the first case it shall be
used in the adjacent embankment as directed by the Engineer, and payment shall be made
as per relative pay item. In the second case the material shall be disposed off as provided in
section 3.9.3 and 3.9.6, payment shall be made as per the relevant item.

Scarified material removed from the existing road surface may be placed in the embankment
in thin layers in strict compliance with the instructions of the Engineer. No. extra compensation
shall be allowed for the storing and re-handling of such material.

Formation of Embankment in water logged areas

Where embankments are to be placed in water logged areas and which are inaccessible to
heavy construction equipment, a special working platform shall be first established, consisting
of a blanket of fill material placed on top of the soft layer. The material of the working table
shall consist of normal or processed granular fill, obtained from borrow excavation. This
material shall conform to the following specifications:

Sieve Description | % of weight passing through the mesh sieve, AASHTO T- 27
3 Inch (75 mm) 100

Table 8, Gradation (Chapter 3)

The remaining grading shall be such as to avoid intrusion into the working platform material of
subgrade or natural ground surface material. For this, condition to be met it will be required
that the ratio.

Dis (Working Platform Material)

Dss/Disis less than 5.

Dss (Natural Ground Material)

Dss and Dis mean the particle diameters corresponding to 85% and

15%, respectively, passing (by weight) in a grain size analysis.
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Construction of this working table shall proceed from one edge of the soft area by using the
fill as a ramp for further material transport.

The thickness of the working table as prescribed above shall be approximately 0.5 meter
unless directed otherwise by the Engineer, and the width shall be that of the embankment.
The placement and compaction of the working table shall be carried out by use of light
equipment, as directed by the Engineer

Trial Section

Before starting the formation of the embankment, the Contractor shall construct a maximum
of three trial sections of 200 meter (660 feet) each for each soil type proposed to be used for
compaction as directed by the Engineer. The soil used in the trials shall be the same as those
intended to be used for the formation of embankment and the compacting equipment shall be
the same equipment that the contractor will use for the main work and that has been accepted
by the Engineer.

The object of these trials will be to determine the optimum moisture content and the
relationship between the number of passes of compacting equipment and density obtained for
the soil types under trial and for the verification of the soil type itself. No separate payment will
be made for this work, as it is a subsidiary obligation of the contractor under the relevant pay
items of this section.

Excavation in Embankment for Structures

Unless otherwise specified in the Special Provisions, the Contractor may choose with the
approval of the Engineer to make excavation for road structures, culverts, and pipe culverts
after the embankment has been constructed. Any space remaining after the placing of such
structures of culverts and deducting for specified bed or backfill, shall be filled with
GRANULAR material approved by the Engineer and compacted as follows: -

1. Layers not more than 20 cm (8inches”) in loose thickness shall be placed and
compacted in succession, with mechanical tampers or tyres or tracks of motor driven
equipment operated transversely to the roadway, to the densities specified in the
relevant section. Moisture content shall be adjusted as directed by the Engineer.

2. The excavation in embankment and the placing of backfill for the purposes described
above shall not constitute any claims for payment but shall be covered under the
contract unit price paid for other works in which the operation is involved. Granular
backfill when specified by the Engineer shall be paid under the relative pay item.

Miscellaneous Requirements

To avoid interference with the construction of bridge abutments and wing walls the contractor
shall, at points to be determined by the Engineer suspend work on Embankment and/or in cuts
forming the approaches to any such structure until such time as the construction of the latter
is sufficiently advanced to permit the completion of the approaches without the risk of
interference or damage to the bridge works. The cost of such suspension of work shall be
included in the contract unit prices for embankment. In carrying embankments upto or over
bridges, culverts or pipe drains, care shall be taken by the Contractor to have the
embankments brought to equally on both sides and over the top of any such structure.

1. When as result of settlement, an embankment requires the addition of material upto
20 cm (8" in thickness to bring it up to the required grade level, the top of the
embankment shall be thoroughly scarified before the additional material is placed, and
no extra payment shall be made for the scarification.

2. The contractor shall be responsible for the stability of all embankments and shall
replace any portions that in the opinion of the Engineer have been damaged or
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displaced. Embankment material which may be lost or displaced as a result of natural
causes such as storm, cloud-burst or as a result of unavoidable movement or
settlement of the ground or foundation upon which the embankment is constructed
shall be replaced by the contractor with acceptable material from excavation or borrow.
No additional compensation will be allowed for the replacement.

3. During construction the roadway shall be kept in shape and drained at all times. When
unsuitable material has been placed in the embankment by the contractor, he shall
remove it without extra payment.

3.9.7.3 MEASUREMENT AND PAYMENT

Measurement

The quantities to be paid for shall be the number of cubic meters or 100 cubic ft. calculated
on theoretical designed lines and grades and the ground levels as established under the
relevant clause, compacted in place, accepted by the Engineer:

A. Formation of Embankment from Borrow Excavation

Measurement shall be made as under:

Formation from Borrow=A-B-C

Where

A = Total Embankment Quantity

B = Roadway Excavation Quantity
C = Structural Excavation Quantity

B. Formation from Structural Excavation

This quantity shall be the same as calculated for structural excavation irrespective of its
haulage distance except that declared unsuitable by the Engineer.

C. Formation from Roadway Excavation

This quantity shall be the same as calculated for Roadway Excavation. The contractor will be
supposed to use material from Roadway Excavation irrespective of haulage distance.
However, if contractor, for his own convenience, uses the material from borrow, the payment
will still be made under the respective item.

In the measurement of “Formation of Embankment on steep slopes” no allowance will be made
for the benching or volume of material cut out from the hill side or from the first half width fill
to accommodate the compacting equipment but will be calculated only on the net volume of
fill placed against the original hill sides, the old embankment or the first half width fill.

Payment

A. Formation from Borrow Excavation

The quantity to be paid for shall be the number of cubic meters or 100 cft. placed in
embankment, measured as provided above for material from borrow excavation and such a

payment will be deemed to include cost of excavation, payment of royalty, levies and taxes of
Local, Provincial and Federal Government, cost of free hauling including all lead and lift,
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reflected in the Bid Schedule, spreading, watering, Rolling, labor, equipment, tools and
incidental necessary to complete this item.

B. Formation from Structural Excavation.

The quantity to be paid for shall be the number of cubic meters 100 cft placed in embankment
and measured as provided above for material from structural excavation and such payment
will be deemed to include cost of excavation, hauling, dumping, spreading, watering, rolling,
labor, equipment, tools and incidental necessary to complete this item.

C. Formation from Roadway Excavation

The quantity to be paid for shall be the number of cubic meters 100 cft placed in embankment
and measured as provided above for material from roadway excavation and such payment
will be deemed to include cost of excavation, hauling, dumping, spreading, watering, rolling,
labor, equipment, tools and incidental necessary to complete this item.

Pay Item No Description Unit of Measurement

3.9.7 a. Formation of Embankment from Roadway | Cubic Feet (cft)
Excavation in Common Material

3.9.7b. Formation of Embankment from Roadway | Cubic Feet (cft)
Excavation in Rock Material.

3.9.7c. Formation of Embankment from Borrow | Cubic Feet (cft)
Excavation from Rock Excavation within free haul.

3.9.7d. Formation of Embankment from Borrow | Cubic Feet (cft)
Excavation in Common Material.

3.9.7e. Formation of Embankment from Structural | Cubic Feet (cft)
Excavation in Common Material

3.9.71. Formation of Embankment from Structural | Cubic Feet (cft)
Excavation in Rock Material

3.9.8 Demarcation of Road Alignment — Specifications

Except as otherwise provided herein, all excavations and embankments for road work shall
be made to the alignments, grades and dimensions shown in the approved drawings or
established by the Engineer-in-charge in writing and shall also be in complete conformity with
the corresponding requirement set forth in the section, excavation and embankment
(Earthwork General) Specifications.

1. Rock Cutting and Earthwork in Hill Roads

1. Before the work is started at any place, the proposed central line of the road or a line
parallel to it shall be set out by theodolite.

2. Apex pegs shall be fixed in concrete. The position of apex pegs and tangent points
shall be indicated by a white mark painted on the nearest parapet wall or rock. A bench
mark shall be made on the nearest rock, away from the cutting in a prominent place
and painted white so that it can be found at all times.

3. Level shall than be observed at every 25 feet along and at right angle to the central
line and recorded. On each cross-section a permanent peg shall be fixed clear of the
cutting and its position clearly indicated on the drawing. This peg shall be known as
reference peg (R.P) as the measurement of the work depends entirely on it.
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4. The contractor's concurrence to the correctness of levels shall also be obtained in
writing. All work executed by him prior to this concurrence shall not be measured for
payment.

5. On completion, the new profile shall be plotted on the sections which shall again be
verified and signed by the contractor.

6. Pegs shall be supplied and fixed, and bench mark made by the contractor or at his
expense by the department. The marking of the center line shall also be done by the
contractor. Work done in excess of that indicated on the approved drawing shall not
be paid for.
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Earth Filling

Description

This work shall consist of filling earth in accordance with these specifications and in conformity
with the level and dimensions shown on the Drawings or as directed by the Engineer In charge.

Material Requirements

Material for filing such as common soil, gravel, soft or hard rock shall consist of suitable
material obtained from structural excavation, or borrow excavation as approved by the
Engineer In charge. Borrow material however, shall only be used when there is no suitable
material available from structural excavation.

Construction Requirements

Common Material

1.

Material for filing obtained and approved as provided above, shall be placed in
horizontal layers of uniform thickness and in conformity with the level and dimensions
shown on the drawings or as required by the Engineer In charge. The layers of loose
material other than rock shall be not more than 20 cm (8 inch) thick. The material
placed in filling to the designated depth shall be compacted to 90% of maximum dry
density as determined by AASHTO T-180*. Note. *Method “B” or “D” of AASHTO-T-
180 whichever is applicable may be adopted.

In place density determinations of the compacted layers shall be made in accordance
with AASHTO T191 (Sand Cone Method) or other approved methods. For all soils with
the exception of rock fill materials, containing more than 10% oversize particles
(retained on 19mm (3/4-inch sieve), the in-I-7*+place density thus obtained shall be
adjusted to account for such oversize particles as directed by the Engineer In charge.
Subsequent layers shall not be placed and compacted unless the previous layer has
been properly compacted to desired standards and accepted by the Engineer In
charge.

Material for filling at points inaccessible to normal compaction equipment shall be
placed in horizontal layers of loose material not more than 18 centimeters (7") thick
and compacted to the densities specified above by the use of mechanical tampers, or
other appropriate equipment.

The compaction of the filling shall be carried out at the optimum moisture content
consistent with the available compacting equipment. The contractor shall take steps to
ensure that the work can be drained free of rain water, and he shall make due
allowance in the height and width of the work for swelling or shrinkage. Punjab
Communication and Works Department Standard Specifications for Building
Construction Draft 2016

Filing material that does not contain sufficient moisture to obtain the required
compaction shall be given additional moisture by means of approved sprinklers and
mixing. Material containing more than the amount of moisture necessary to obtain the
required compaction may not, without written approval of the Engineer In charge be
incorporated in the filling until it has been sufficiently dried out.

When materials of widely divergent characteristics, such as clay and chalk or sand,
drawn from different source are to be used in the filling, these shall be deposited in
different layers (with individual layer of the same material) and sequence of material to
be laid as approved by the Engineer In charge. Lumps of clay or other similar material
shall be broken down, and no accumulation of lumps or boulders in the filling with be
permitted.
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Large Scale Leveling 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.

> The payment for lead shall be based on lead chart prepared in the aforesaid manner.

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.

Excavation in Trenches and Refilling
1. 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.

2. 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 soil, 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 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.

i. Measurements
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Trenches for pipes, cables, conduits etc. shall be measured in cubic feet and will paid
accordingly.

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 meters. Extra excavation, if any, on account of collar/ socket
of pipes shall neither be measured nor paid for separately.

Site Clearance & Surface Dressing

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

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

Measurement

The quantities to be paid for shall be the number of cubic feet in the volume of filling compacted
to desired densities in place, accepted by the engineer in charge made with material resulting
from:

1. Borrow Area
2. Structural Excavation.

Material from Structural Excavation, which is placed in the Filling and accepted by the
Engineer in charge will be paid for under pay item No. 3.10 as the case may be, and such
payments will be deemed to include all costs in connection with this material in constructing
the embankment.

Rate

The unit rate shall be full compensation for all costs of complying with the provisions of this
section regarding filling, in accordance with Drawings and as directed in writing by the
Engineer-in-charge.
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Termite Control

Pre-Construction Treatment

The work shall consist of pre-construction termite treatment through treatment of soil beneath
the building and around the foundation with termicides in accordance to these specifications.

Materials

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

1. Chlorpyriphos emulsifiable concentrate of 20%

2. Lindal emulsifiable concentrate of 20%

3. Any other Approved quality chemical duly approved by Engineer in Charge.
Water: It shall conform to Chapter 2 of Book 1 (Specification for Engineering Material).

Treatment

Treatment of Foundation: Bottom surface and sides of the excavation shall be treated with
the termicide solution through uniform spray with power sprayer at the rate of 4-litre per
m2/10.76 ft2. The preparation of solution i.e. ratio of termicide and water shall as recommend
by the manufacturers of termicide.
Treatment of Top Surface: The top surface of the sub-grade prepared for laying flooring
shall be treated by spraying termicide solution with power sprayer at the rate of 4 liter per
sq./10.76 sq. Ft surface.

Outside Barrier: When the construction of the building is complete out parameter of the
building shall be treated at the rate of 4 liters solution in a hole made with iron rod a foot apart.

Precautions:
1. Laying of lean concrete should start when the termicide solution is absorbed by the
soil and surface is quite dry.
2. Treatment shall not be carried out when it is raining or when the soil is wet with rain or

sub-soil water.
3. Once formed, treated soil barrier should not be disturbed.

Measurement
The work shall be measured as surface area treated separately in the following stages:
1. Foundation stage: Treated surface area shall be worked out by multiplying the
sectional perimeter of excavation made for foundation with the length of excavation.
2. Floor area of the building.
3. Outside barrier: External perimeter of the building multiplied by 5 ft.
Rate

Labor Rate

This shall include:
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3.
4.
5

Preparation of solution of termicide and water.

Application of solution with power spray machine which also includes, operation
charges of spray machine i.e. Hire charges POL lubricant and crew.

Drilling of hole for outside barrier.

Injection of termicide solution in the holes.

Tempting of earth after creation of outside barrier.

Composite Rate

It shall include the cost of termicide solution prepared from the termicide emulsions as
mentioned in section 3.5.1.1 and labor rate as detailed in section 3.5.3.1.

Anti-Termite Treatment of Existing Buildings

This work consists of treatment of buildings to control subterranean termite attack in
accordance to these specifications.

Materials

Termicides

It shall conform to Section 3.11.1.1 of these specifications.

Water

It shall conform to Section 1 of these specifications.

Treatment Requirement

1.

Prior to the treatment a thorough inspection should be made of the infestation in the
building. This would help to assess the extent to which termite is spread and its entry
routs into the building. After studying the infestation of termites in the building, it is work
to exterminate the termites located in the buildings. It should be done in thorough
manner. Termite hid out such as, ceiling, behind wooden paneling, electric wooden
battens, conducts, switch board and similar locations should be thoroughly searched.
To create a barrier between the termite in soil and building, the soil adjacent to building
should be treated with termicide solution. The soil in contact with external wall of the
building should be treated with termicide at the given applying rate of certified manual
of manufacturer of the vertical surface of the sub-structure to the depth of not less than
450 mm. To facilitate this treatment a shallow channel should be excavated along and
close to the wall face. Termicide solution should be directed towards the wall at 1.75
liter per running meter of the channel. Rodding with 12 mm diameter mild steel rod at
150 mm apart should be done int eh channel for uniform dispersion of termicide
solution to 450 mm depth from the ground level. Termicide solution 0.5 liter per running
mater should be used to back fill earth as it is refilled into the trench directing the spray
towards the wall surface. In case there is a plinth protection around the building 12 mm
dia holes should be drilled as close as possible to the plinth toe wall at intervals of 300
mm deep enough to reach the soil below and termicide solution pumped in to these
holes to soak the soil below at the rate of 2.25 liter/linear meter.

The above mode of treatment is applied to masonry foundations. For RCC foundations,
the soil (backfill earth) in contact with the column sides and plinth beams along the
external perimeter of the building should be treated with Termicide solution at the rate
of 7.5 liter/sg.metre of the vertical surface of the structure. To facilitate this treatment,
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trenches should be excavated equal to the width of a shovel exposing the sides of the
column and plinth beams up to a depth of 300 mm, or up to the bottom of the plinth
beams, if this level is less than 300 mm. The Termicide solution should be sprayed on
the backfill earth, as it is refilled into the trench, directing the spray against the concrete
surface of the beam or column as the case may be. If there is a concrete or masonry
apron around the building, approximately 12 mm diameter holes are drilled to the plinth
wall about 2.5 feet apart, deep enough to reach the soil below and the chemical
emulsion pumped into these holes to soak the soil below and the chemical emulsion
pumped into theses holes to soak the soil below at a rate of 2.25 liter/linear meter. 12
to 15 mm diameter hole shall be drilled at the junctions of floors and walls at 300 mm
interval to depth of 1.5 to 3 feet to reach the soil underneath the floor.

4. Termicide solution should be injected in to the holes using power operated pressure
pump at the rate 4 liter/hole. Holes should then be sealed with matching colored
cement. The movement of termite through masonry walls should be restricted by
drilling holes in the masonry walls at the plinth level. The holes should be drilled at a
downward angle of 45 degree preferably on both side of plinth wall approximately at
300 mm intervals. The Termicide solution should be injected, holes to holes in the
masonry using a pressure pump. The holes should also be drilled at critical points such
as wall corners and the points where door and windows are erected. The Termicide
solution should be injected to the holes till refusal or to maximum of 1 liter/hole. The
treated holes then be sealed.

5. All existing woodwork in the building in contact with the floor and walls and which is
invested by termite should be treated at the points of contact with adjoining masonry,
with the Termicide solution. The holes of 6 mm diameter should be drilled downward
angle 45 degree at the junction of woodwork and masonry. Termicide solution should
be ejected into these holes up to a % liter per hole. The treated hole should then be
sealed. If the wood work is not already painted/varnished two coats of termicide should
be given on all surface and crevices adjoining the masonry. Cover of the electrical
switch boxes should be removed and inside of such boxes should be treated with
termicides dist. Re fixing of switch boxes covers should be done after termite treatment
of switch boxes.

Measurement
It shall be measured as plinth area of the building treated. Its unit shall be Sft.
Rate
The rate shall include for full compensation for the cost of the termicide drilling,

pumping/injection of termicides sealing the treated holes with cement sand slurry of matching
color, cleaning the floor to the satisfaction of Engineer-in-charges.
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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.

Excavators
Excavators generally used at site are as follows: -
1. 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.

2. 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.

3. 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.

4, 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 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.

5. Clamshell
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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: -

1. 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.

2. 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.

3. 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.

4. 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.

5. 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 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.
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1. 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.

2. 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. Cranes

Equipped with wire ropes, sheaves, and a hoist, cranes are used to lift and move materials
and supplies during construction. Cranes are also useful for demolishing buildings and other
structures. In construction, the two basic types of cranes are mobile and fixed.

a. Mobile cranes

Mobile cranes consist of trusses mounted onto mobile platforms, such as trucks or flatcars.

b. Fixed cranes

Are able to lift heavier loads and have better reach due to their increased stability. Tower
cranes, used in high-rise building construction, are an example of a fixed crane mounted on
top of a steel tower.

4. Trucks

Their high travel speeds allow for quicker transportation of materials when traveling on
established roads. Their low hauling costs also allow for flexibility when determining the total
hauling capacity or in the event of a change in destination/route.

a. Dump trucks

Used to move clay, dirt, soils, and sands. Side and rear dump trucks dispose of materials
through the body attached to the chassis of the truck. Bottom dump trucks have two gates that
open from the bottom to dispose of materials. For tougher terrain, articulated dump trucks are
used.

b. Hauling trucks

Used to transport a fleet of equipment (for general, military, or service construction) from one
location to another.

5. Vibratory Roller

It is a single Drum Vibratory Roller for compaction of embankments, etc. The smooth drum
version is for compaction of granular and mixed soil. The sheep’s foot Roller comprises a
hallow cylindrical steel drum or drums on which projecting feet are mounted. These feet
penetrate into the fill as a roller moves forward and cause compaction. The geometry of the
foot may be sheep, club pyramid, cone or cylinder foot. Such rollers are employed for
compaction (densification) of cohesive and semi-cohesive soils.
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Excavation and Grading of Rocks
Excavation Methods
These Method relates to rock strength and fracture density.
Direct excavation

Direct excavation is 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).

Where feasible, ripping will be preferred over blasting because it is considerably less
expensive; ripping costs are typically 50 to 65% less than blasting. Ripping is also significantly
less dangerous than blasting and requires fewer permits and special precautions. Ripping can
be done in close proximity to populated areas or other places where blasting noise and
vibrations are restricted. However, ripping is limited to soft to moderately firm, fractured rock
and construction of low-angle cut slopes and shallow, near vertical cuts. In dense rock
formations, light blasting is sometimes performed before ripping. Once the material is
loosened by ripping, an excavator can be used to remove it and perform slope sculpting.
There are basically two types of rippers: the pull- (or tow-) type ripper and the integral bulldozer
mounted ripper. In rock excavation, a bulldozer-mounted ripper works better than a pull-type
ripper because it can exert greater downward pressure.

Breaking

Breaking is done with a hydraulic hammer (also known as a breaker or hoe ram), a percussion
hammer fitted to an excavator that is typically used for demolishing concrete structures. It is
used to break up rock in areas where blasting is prohibited due to environmental or other
constraints. Like a ripper, a hydraulic hammer can be used in most rock types, although when
sculpting a slope face, it works best in soft or moderately to highly fractured rock; existing
discontinuities in the rock act as presplit lines, minimizing hammer induced scars and fractures
while creating a slope face that appears to be naturally weathered. To allow for maximum
downward pressure, the hammer is positioned perpendicular to the ground surface.
Hammering locations are spaced evenly in a grid-like fashion so that the end rock product is
fractured into pieces that can be loaded and hauled. For slope excavations, the hammering
angle should be not be parallel to the major discontinuity orientation, as this may cause
fractures into the final slope face.

Blasting
It is 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.

Cut Slopes in Rock
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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.

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
may be 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.
Material Cohesion Critical Height, H
Un-fissured Fissured
Soft Clay 25 KPa 5m 3m
Firm Clay 50 KPa 10m 6m
Stiff Clay 12 KPa 24m 15m
Values for typical fissured depth =z = 1.5 cly
Table 9, Properties of Clay (Chapter 3)
Grade | Material/Rock U.C.S Dry Field Work Type
Type and Name (unconfined Density | Properties of
compressive t/m?3 Rocks
strength) MPa
Coal 2-100 14 Crumble under | Pick work/
blows Jumper
I break with work
hammer and
hand
Gypsum 20-30 2.2 Dent by finger Jumper
nail white Work.
in color
Salt 5-20 2.1 Show cubical Jumper
cleavage Work.
ductile
deformation in
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stress

Clay 1-4 1.8 Mold by finger, | Pick work.
(Cretaceous) break by
hammer if
compacted.
Mudstone 10-50 2.3 Break by Pick work/
(Carboniferous) hammer Jumper
Il crumble under work
Shale 5-30 2.3 pick Pick work/
(Carboniferous) blows. Break Jumper
by hand. work
Chalk 5-30 1.8 Jumper
(Carboniferous) Work.
Limestone 50-150 2.6 Moderately Jumper
i (carboniferous) strong rock, work/
Dolomite 50-150 2.5 break by Blasting
hammer lime work.
stone.
Gneiss 50-200 2.7 Strong break Jumper
by hammer work/
\Y Marble 60-200 2.6 Moderately Blasting
Schist 20-100 2.7 strong rock, work.
break by
hammer.
Slate 20-250 2.7 Ripping needs
to break.
Sandstone 100-200 2.6 Blasting Blasting
(Greywacke) generally work/
\Y, required. Chiseling
Conglomerate variable variable Ripping & Jumper
Weathered 5-40 1.9 blasting work/
sandstone required if Blasting
cemented work.
conglomerate.
Granite 50-350 2.7 Blasting, Blasting
VI Basalt 100-350 2.9 Chiseling and work/
ripping required | Chiseling
Quartzite 100-350 2.7 to break, Blasting
very strong Work.

rocks. Mostly
rocks are

igneous and

metamorphic.

Table 10, Excavation and Strength Properties of Rocks (Chapter 3)
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Horizontal Directional Drilling / HDD (Trenchless Excavation)
Description

Horizontal directional drilling (HDD) is a basic trenchless technology that involves drilling into
the earth to create a horizontal bore under the surface along a planned pathway through which
pipes and conduits may pass.

Directional Boring/HDD is generally accomplished in three principle phases. First, a small
diameter pilot hole is drilled along a directional path from one surface point to another. Next,
the bore created during pilot hole drilling is enlarged to a diameter that will facilitate installation
of a pipeline. Lastly, the pipeline is pulled into the enlarge hole, thus creating a continuous
segment of pipe underground and exposed only at the two initial end points.

Applications

Passing under roads, railways, engineering facilities, canals, rivers and others, overpassing
existing underground communications during the construction of:

> gas and water pipelines, sewers and others
> casing pipes

> drainage lines

> cables with enough tensile strength

Material Requirement

Following Material and Equipment should be provided by the contractor:

> Pipes of approved type, Quality and Standards as mentioned in BOQ (PVC, Ductile
Iron, HDPE etc.)
> Machinery for Drilling

Construction Requirement
Pilot Hole

Pilot hole directional control is achieved by using a non-rotating drill string with an
asymmetrical leading edge. The asymmetry of the leading edge creates a steering bias while
the non-rotating aspect of the drill string allows the steering bias to be held in a specific position
while drilling. If a change in direction is required, the drill string is rolled so that the direction of
bias is the same as the desired change in direction. The direction of bias is referred to as the
tool face. Straight progress may be achieved by drilling with a series of offsetting tool face
positions. The drill string may also be continually rotated where directional control is not
required. Leading edge asymmetry can be accomplished by several methods. Typically, the
leading edge will have an angular offset created by a bent sub or bent motor housing.

It is common in soft soils to achieve drilling progress by hydraulic cutting with a jet nozzle. In
this case, the direction of flow from the nozzle can be offset from the central axis of the drill
string thereby creating a steering bias. This may be accomplished by blocking selected
nozzles on a standard roller cone bit or by custom fabricating a jet deflection bit. If hard spots
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are encountered, the drill string may be rotated to drill without directional control until the hard
spot has been penetrated.

Downhole Motors

Downhole mechanical cutting action required for harder soils is provided by downhole
hydraulic motors. Downhole hydraulic motors, commonly referred to as mud motors, convert
hydraulic energy from drilling mud pumped from the surface to mechanical energy at the bit.
This allows for bit rotation without drill string rotation. There are two basic types of mud motors;
positive displacement and turbine. Positive displacement motors are typically used in HDD
applications. Basically, a positive displacement mud motor consists of a spiral-shaped stator
containing a sinusoidal shaped rotor. Mud flow through the stator imparts rotation to the rotor
which is in turn connected through a linkage to the bit. In some cases, a larger diameter wash
pipe may be rotated concentrically over the non-rotating steerable drill string. This serves to
prevent sticking of the steerable string and allows its tool face to be freely oriented. It also
maintains the pilot hole if it becomes necessary to withdraw the steerable string.

Downhole Surveying

The actual path of the pilot hole is monitored during drilling by taking periodic readings of the
inclination and azimuth of the leading edge. Readings are taken with an instrument, commonly
referred to as a probe, inserted in a drill collar as close as possible to the drill bit. Transmission
of downhole probe survey readings to the surface is generally accomplished through a wire
running inside the drill string. These readings, in conjunction with measurements of the
distance drilled since the last survey, are used to calculate the horizontal and vertical
coordinates along the pilot hole relative to the initial entry point on the surface.

Azimuth readings are taken from the earth's magnetic field and are subject to interference
from downhole tools, drill pipe, and magnetic fields created by adjacent structures. Therefore,
the probe must be inserted in a non-magnetic collar and positioned in the string so that it is
adequately isolated from downhole tools and drill pipe. The combination of bit, mud motor (if

used), subs, survey probe, and non-magnetic collars is referred to as the Bottom Hole
Assembly or BHA.

Surface Monitoring
The pilot hole path may also be tracked using a surface monitoring system. Surface monitoring
systems determine the location of the probe downhole by taking measurements from a grid or
point on the surface. An example of this is the TruTracker System. This system uses a surface
coil of known location to induce a magnetic field. The probe senses its location relative to this
induced magnetic field and communicates this information to the surface.

Pre-reaming and Ramming
1. Pre-reaming
Most contractors will opt to pre-ream a pilot hole before attempting to install pipe. For a pre-

reaming pass, reamers attached to the drill string at the exit point are rotated and drawn to the
drilling rig thus enlarging the pilot hole. Drill pipe is added behind the reamers as they progress
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toward the drill rig. This insures that a string of pipe is always maintained in the drilled hole. It
is also possible to ream away from the drill rig. In this case, reamers fitted into the drill string
at the rig are rotated and thrust away from it.

2. Reaming

Enlarging the pilot hole is accomplished using either pre-reaming passes prior to pipe
installation or simultaneously during pipe installation. Reaming tools typically consist of a
circular array of cutters and drilling fluid jets and are often custom made by contractors for a
particular hole size or type of soil.

3.14.3.2.1 Drilling Mud

Drilling mud such as fluid bentonite clay should be injected into the bore during cutting and
reaming to stabilize the hole and remove soil cuttings. Drilling mud can be made from clay or
polymers. The primary clay for drilling mud should be sodium montmorillonite (bentonite).
Properly ground and refined bentonite shall be added to fresh water to produce a “mud.” This
mud reduces drilling torque, and gives stability and support to the bored hole.

Pull Back

Pipe installation is accomplished by attaching the prefabricated pipeline pull section behind a
reaming assembly at the exit point and pulling the reaming assembly and pull section back to
the drilling rig. This is undertaken after completion of pre-reaming or, for smaller diameter lines
in soft soils, directly after completion of the pilot hole. A swivel is utilized to connect the pull
section to the leading reaming assembly to minimize torsion transmitted to the pipe. The pull
section is supported using some combination of roller stands, pipe handling equipment, or a
flotation ditch to minimize tension and prevent damage to the pipe.

Buoyancy Control

Uplift forces resulting from the buoyancy of larger diameter lines can be very substantial. High
pulling forces may be required to overcome drag resulting from buoyancy uplift. Therefore,
contractors will often implement measures to control the buoyancy of pipe 30 inches or over
in diameter. The most common method of controlling buoyancy is to fill the pipe with water as
it enters the hole. This requires an internal fill line to discharge water at the leading edge of
the pull section (after the breakover point). An airline may also be required to break the vacuum
which may form at the leading edge as the pull section is pulled up to the rig. The amount of
water placed in the pipe is controlled to provide the most advantageous distribution of buoyant
forces. Some contractors may choose to establish a constant buoyancy. This can be
accomplished by inserting a smaller diameter line into the pull section and filling the smaller
line with water. The smaller line is sized to hold the volume of water required per lineal foot to
offset the uplift forces.

Precautionary Measures

> Perform all operations in compliance with these guidelines and local laws and insure
that all personnel are properly trained.

> Insure that the approved traffic control plan (required with the permit application) is
implemented and followed at all times.

> Insure all setbacks, offsets, and clearances are maintained.
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> Positively identify (by potholing) all crossed utilities that are expected to be:
- above and within 5' of the proposed vertical alignment.
- below and within 3' of the proposed vertical alignment.
- and additionally, as directed by the Engineer in Charge.
> Positively identify (by potholing) all parallel utilities at the beginning and ending of all
bores and
- every 200' if it is within 5' of the proposed alignment,
- every 50 if it is within 3' of the proposed alignment,
- and additionally, as directed by the Engineer in charge.
> The HDD Contractor shall have a planned response in the event of a utility strike
including utility owner notification and
- avoiding electrocution in the event of an electric strike,
- avoiding combustion in the event of a gas line strike,
- avoiding contamination in the case of a sewer strike.
> Excess drilling fluid shall be confined in a containment pit at the entry and exit locations
until recycled or removed from the site.
> Precautions shall be taken to ensure that drilling fluid does not enter roadways,
streams, municipal storm or sanitary sewer lines, and/or any other drainage system or
body of water.
> Drilling fluids that are not recycled and reused shall be removed from the site and
disposed at an approved disposal site.
> The HDD Contractor shall calibrate its tracking and locating equipment at the beginning
of each work day.
> The HDD Contractor shall complete the HDD installation as designed and permitted
both horizontally and vertically unless otherwise authorized by the Engineer.
> The HDD Contractor shall plan its reaming and back pulling operations carefully to
ensure that, once started, all reaming and back pulling operations can be completed
without stopping and within the permitted work hours;
> The HDD Contractor shall inspect the work and surrounding area to ensure that no
construction-related damage has occurred
- including heaving or humping of paved surfaces, and
- including drilling fluid fractures or releases
- And if occurred such damage then contractor will be responsible for remedies.

3.14.4 Measurement and Payment

Measurement should be in unit mentioned in BOQ.
Payment should be made for whole operation of horizontal drilling along with the fixing of
pipes. Site after work should be returned to its original form with in same payment.
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Horticulture

General Requirements
Scope

Work covered under this section consists of furnishing all labour, equipment and material
necessary to perform all operations required for landscaping inclusive but not limited to
finished grading, supplying and spreading of soil and manures, turfing, planting/seeding/grass
for lawns including supply and installation of tree guards, decorative stones, maintenance
period, landscape, warranty, appliances and services necessary for and incidental to
completing all the turfing operations and the associated works in a workmanship like manner,
according to the provisions of the Contract.

Quality Assurance

The work must be undertaken by an experienced contractor specializing in turfing work and
other specified activities. Work shall be performed and supervised at all times by qualified
personnel. All materials shall be shipped with certificates of inspection as required by the
Engineer-in-Charge. Manufacturer’s certified analysis for standard packaged products shall
be provided.

Submittals

e The Contractor shall submit catalogue data and literature of manufacturers and
suppliers.

e The Contractor shall submit manufacturer’s certified analysis of all standard products,
including soil, fertilisers, peat, seed, inorganic and organic mulches.

e The Contractor shall submit a Performance Schedule for plantation of grass and
carrying out other works within fourteen (14) days of the start of the Contract. This
schedule shall identify the source of procurement of grass for plantation.

e The Contractor shall submit a weekly work schedule for approval before work is
started. The schedule shall identify tasks to be completed on a weekly basis and the
anticipated schedule for completing the tasks. The Contractor will then modify and
submit the schedule on a weekly basis identifying tasks completed, tasks to be
completed, problems encountered and recommendations.

e If ordered a soils report is to be submitted by the Contractor for all soils to be used for
preparation of ground. The Contractor shall arrange for an approved independent
analyst to prepare a physical and chemical analysis of the soil and irrigation water to
be used. The analyst shall also provide recommendations on soil amendment, fertilizer
application and the like. The report shall be submitted to the Engineer-in-Charge for
approval before soil is placed. In the case of imported soil, the report shall be submitted
at least 10 days prior to delivery. The report shall identify the source(s) from which
imported soils are to be furnished. At a minimum, the soil shall be analyzed for:

a) Total salts (electro-conductivity of soil solution)

b) Soil pH

c) Exchangeable sodium, calcium, magnesium and potassium
d) Available phosphates

e) Organic matter as a percentage

f) Available zinc, manganese, iron and boron

g) Total sulphates
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The soil analysis shall also include fertilizers and other amendment requirements and
guantities which when incorporated with the soil will provide the required nutrient levels for
vigorous plant growth. Additional soil samples shall be taken at the rate of one in every 20
loads or as directed by the Engineer-in-Charge and analyzed. The results will be compared
with the original sample to ensure consistency and compatibility of supply. If specified, an
operation and maintenance manual is to be provided by the Contractor. Instructions shall be
furnished for year round care of plantation to be followed by the Owner. As a minimum, the
manual will include the following: -

< lrrigation details: including water application rates and maintenance procedures

e Fertilization: including fertilizer descriptions, application rates and application schedule

< Salinity control: including leaching methods and leaching program monitoring.

» Pesticide/fungicide/herbicide applications: including safety application rates,
procedures, and schedules.

e Turf grass management: including mowing procedures, a verification, topdressing,
vertical mowing for thatch removal, rolling, over-seeding and springing.

e General maintenances: including pruning, stakes and ties, replacement and clean-up,
protective fencing and grading.

e Equipment inventory: including maintenance procedures and manufacturer’s
maintenance manual.

e Landscape maintenance personnel requirements and job descriptions.

Job Conditions

The Contractor shall proceed with and complete grass planting operations as rapidly as
possible as portions of the Site become available.

No planting shall be carried out during periods of heavy rain, sandstorms, heavy winds, or
during intense daytime heat.

When special conditions warrant a variance to the planting time and conditions, a proposed
planting schedule shall be submitted to the Engineer-in-Charge for review and approval. In
such cases, the planting will be installed at no additional cost and all conditions and obligations
such as maintenance and warranty remain the same.

Soil

Soil shall be sweet sand or washed marine sand free of admixtures of subsoil, foreign matter,
toxic substances, weeds and any material or substance that may be harmful to plant growth.
The Contractor shall furnish agricultural soil from approved sites. Material shall be stored in
piles less than 1 meter high. Piles shall be protected from undue compaction and maintained
free of contamination and construction debris. The soil shall comply with the following chemical
criteria: -

e pH value: not less than 6.5 nor more than 8.5

» Electro-conductivity: less than 4 mm mhos/cm saturated extract at 25 °C

e Free carbonates: less than 0.5 % air dried.

e Chlorides: less than 200 ppm in saturated extract.

e Sulphates: less than 200 ppm in saturated extract.

e Exchangeable sodium: less than 15 % in neutral normal ammonium acetate.

e Boron: less than 1.5 ppm, hot water soluble. The soil shall comply with the grading
criteria in Table-11 given below.
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Sieve Size (mm) % by Pass
5.000 100

2.380 65 to 100
1.180 45 to 100
0.600 35to 80
0.300 5to 48
0.150 O0to 15
0.075 0to3

Table 11, Grading Criteria (Chapter 3)

Soil Conditioners & Fertilizer

Peat shall be used where specified. Peat shall be a natural product of sphagnum moss
peat/peat humus derived from a fresh water site. Peat shall be shredded and granulated to
pass through a 12 mm mesh screen and conditioned in storage piles for at least 6 months
after excavation. The peat shall be free from sticks, stones, roots, and other objectionable
matter. It shall have a pH value of not less than 4 and nor more than 7.5. The minimum organic
content shall be 85% on a dry weight basis. Peat shall be delivered in undamaged commercial
bales in air dry condition. Manure shall be the decomposed animal manure of fully fermented
pre-dried cow or chicken manure with minimum nitrogen, phosphoric acid and potassium
percentage of 2-2-2 and a pH value of 6.0 to 7.5. Sludge waste product may be used as a
substitute subject to approval of the Engineer-in-Charge. Manure and sludge shall be free of
stones, sticks and non-bio-degradable material. Fertilizer shall consist of an approved
compound containing not less than

e 10% Nitrogen

e 15% Phosphoric Acid

e 10% Potash

e or similar approved compound

Planting Soil Ingredients

The planting soil in gradients shall consist of approved soil, peat, manure and other solil
conditioners as specified. The ingredients shall be placed in sequence as specified to meet
the requirements of grass to be planted.

Grass Plantation (Lawns)
Site Preparation for Planting Areas
i. General Requirements

The Contractor shall examine areas to receive grass plantation with requirements and
conditions affecting performance of work in this Section. The Contractor shall not proceed with
plant operations until unsatisfactory conditions are discussed with the Engineer-in-Charge and
corrected.

The Contractor shall determine the location of above grade and underground utilities and
perform work in a manner which will avoid damage to them. Damage to underground utilities
shall be repaired at the Contractor's expense. When conditions detrimental to the growth of
grass are encountered, such as rubble, adverse drainage or obstructions, the Contractor shall
notify the Engineer-in-Charge prior to planting. The area shall be cleared of stones, pebbles,
stubbles, grass roots and other injurious matters and clods shall be broken. The following pre-
planting steps shall be required for building a lawn.
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iv.

Careful grading makes good drainage so that lawn won’t puddle and develop spots
that are water logged and soft, or hard and dry.

Incorporating organic matter and other soil amendments which are needed for proper
growth and easy maintenance.

Blending of top soil with native soil is done to make a transitional layer between top
soil and native soil as it avoids trapping roots in a shallow top soil basin in which they
would be dependent on frequent feeding and very frequent watering. The Engineer-in-
Charge shall verify that sub-grades are as specified.

Sub-Surface Grading

All perennial weeds shall be treated with an approved herbicide and the period of time
recommended by the manufacturer shall be allowed to elapse prior to commencing
grading operations.

Grading operations shall occur when the sub-soil is reasonably dry and workable.
Areas to be graded shall be graded to smooth flowing contours with all minor hollows
and ridges removed. Rock projections and boulders shall be removed and disposed of
at a location agreed with the Engineer-in-Charge.

Non-cohesive, light subsoil shall be loosened with a 3-tine ripper to a depth of 300 mm
at 600 mm centres. Stiff clay and other cohesive subsoil shall be loosened with a single
tine ripper to a depth of 450 mm at 1 m centres.

A minimum of 150 mm of approved soil in accordance with 29.2 shall be spread
uniformly over the loosened area and incorporated into the sub-grade soil to obtain a
uniform and well pulverised soil mix.

The area shall be compacted to a minimum of 90 % of maximum dry density as
determined in accordance with Test 13 of BS 1377.

Finished Grading

Grades shall be brought to the finished ground levels agreed with the Engineer-in-
Charge to a tolerance of + 25 mm. Finished ground levels shall be 30 mm below
adjoining paving or kerbs after compaction and settlement. Grading shall be carried
out in such a manner that even gradients are formed between the spot levels with a
pleasant contour. No depressions shall remain which could collect standing water.
Soil shall be placed in lifts not greater than 150 mm in thickness.

The filled area shall be compacted to a minimum of 90% of maximum density as
determined in accordance with Test 13 of BS 1377. The manure shall be spread
uniformly for the specified thickness.

Scalping Old Lawns

The old lawn contains noxious weed grasses as Bermuda grass and old sod shall be stripped
off with flat back spade before building a new lawn. The existing sod shall not be dug into soil
as clumps of buried sod.

V.

Making the lawn bed smooth

A lawn bed shall be as smooth and flat as possible. However, it should have slight pitch, even
in flattened garden. Figure on fall of 6 to 12 inches in 100 feet so that water can run off once
the root has reached its saturation point.

Seeding A Prepared Lawn Bed
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Divide the amount of seed necessary for the area into four equal portions, so that there are
four approaches over the seed bed. Divide the seed bed half by running a string down the
middle. Broadcast one quarter portion down each half, spreading it evenly and uniformly within
each marked area. Then run the string across the middle of the lawn in the opposite directions
and scatter the remaining two quarter portions on the two halves. Broadcast the seed on the
prepared lawn bed while the air is quite. It shall be done with hand or mechanical seeder. After
the seed is broadcast, rake it in lightly to ensure a thorough contact of seed with seed-bed
soil. Very lightly brush up the seeded surface with a wire rake using light circular motion so
that the seed is dispersed evenly. In case there are concentrated patches, swirl them out
lightly into the surrounding area to make an even covering. At this stage, do the cross raking
and mulching in flat soled shoes, tennis shoes, or barefooted.

In case of hot dry weather or drying winds, in the 30 days after sowing, apply a thin, moisture
holding mulch, over the seed. After seeding and cross raking, put on a 1/8 to 1/16-inch layer
of peat moss of screened sawdust that has been aged at last one year. Don’t toss it upward
so that it falls in piles.

Whatever the covering, roll it smooth with a light roller (empty) after you have applied it. If a
peat moss covering is lumpy, chop up the lumps with the back side of a wire rake before
rolling. For initial watering, use adequate length of hose to get all the way around the lawn
without dragging across it and a hand sprinkler that throws out a through but gentle spray. An
hour a day for 20 to 30 days of watering shall be needed when days are warm and windy,
waters 2 to 3 times a day to keep the surface continuously wet and keep the top dark with
moisture until all the grasses are up.

If seeds and mulch happen to wash off on to an adjoining paved area, don’t attempt to blast
them back into place with the spray as it may washout more seeds along the sides of the
seedbed. After the first week, the little seeding will have gained enough stature to take a
bending. It is possible at that time, to pull the weeds that come up with the seeds, lay a plank
out across the seedbed and walk along it to pull the weeds. Mow the lawn first time, when the
grass is about 2 inches high or when the blades of grass take on a noticeable curvature. Bent
grasses that are to be cut at 1-inch height should never be allowed to grow much higher than
1 inch. It is important that the mower be sharp at all times.

Seeding on a Slope

Lawns can be planted successfully on the ground that slopes up to 15%. If the slope is steeper,
a ground cover or a system of terraces would be more satisfactory. Prepare the seedbed as
described in 3.15.2.2 with following special care; When racking the seed bed, rake across the
slope, when rolling the seed bed, roll it up and down. Burlap or specially manufactured anti-
erosion net spread over a newly seeded slope will keep moisture in the ground and prevent
seed from washing away. If burlap is of a tight weave, remove it as soon as the grass begun
to come up. Anti-erosion net or loose weave burlap can be left in place to vet. Sprinkler system
can be used if the slope can be covered with burlap and holes are cut for the sprinklers head.
Otherwise water the seedbed by hand, standing at the bottom of the top. Don’t use sprinklers
for at least two weeks and then run them slowly to avoid puddling or washout. If erosion is
likely to be a problem, install a drain scraper across the top of the slope to carry water off to
one side. Sodding with desired permanent grasses is a good solution where an immediate
erosion hazard exists.

Sodding A Prepared Lawn Bed
i. Shipping and Delivery
Prior to shipping the grass to be planted shall be inspected, dug, and made ready for shipping

in accordance with standard practices and procedures. The Engineer-in-Charge shall be
notified of
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the delivery schedule in advance so the grass may be inspected upon arrival at the Site. All
unacceptable grass shall be removed from the Site immediately. The Engineer-in-Charge may
request inspection at the source prior to delivery of grass to the Site. The Engineer-in-Charge
reserves the right to reject any delivery that does not meet the quality requirements.

ii. Storage

Grass shall be installed as soon as possible after delivery to the Site. Grass shall be protected
from exposure to wind and direct sunlight prior to installation. Grass not installed on the day
of arrival shall be stored in shaded areas, protected from the wind and maintained and watered
to good horticultural standards until planted. Care shall be taken to ensure that the grass does
not dry out. Seed and fertilizers shall be kept in dry storage away from contaminants in areas
as designated or approved by the Engineer-in-Charge. Soil, compost, fertilizers and other
amendments shall be delivered to the Site and stored separately in approved locations and in
a manner to avoid contamination and wetting until soil mixing operations commence.

ii. Procedure

Unroll the sod on prepared soil, lay the strips parallel with the strips staggered as in the brick
layer running bond patterns. Press each successively laid strip snugly up against the one next
to it. After the sod strips are all laid in this fashion, roll the sod with roller half filled with water
to smooth out rough spots and bond the sod with soil. Now water a little more carefully than
usual for a few days till the grass is set.

3.15.34 springing or planting grass roots
i Grass Materials

Grass sprigs shall be provided as healthy living stems stolons or rhizomes with attached roots
including two to three nodes. They shall be 5 to 15 mm long without adhering soil. The
limitation of time between harvesting and planting of sprigs shall be 24 hours. Sprigs shall be
obtained from heavy and dense turf, free from weeds. Sprigs that have been exposed to heat
and excessive drying will be rejected. Sprigs shall be planted at 150 mm apart in both
directions. Grass seed shall be the latest season’s crop and shall be delivered in original
sealed packages bearing the producer's guaranteed analysis for percentage of mixtures,
purity, weed seed content, and inert material. Seed that has become wet, mouldy, or otherwise
damaged will not be acceptable. On-site seeding shall be done in the presence of the
Engineer. The seed mixture shall be sown at the rate of 35 g/m2. Grass seed mixtures shall
be listed by schedule with information as follows: -

e botanical name

e common name

e proportion by weight

e minimum percentage of pure seed

e minimum percentage of germination
e maximum percentage of weed seed

Turf shall be strongly rooted, not less than 2 years old, free of weeds and undesirable native
grass. Only turf that is capable of vigorous growth and development when laid shall be used.
Turf shall be of a uniform size in width and length. Broken pads or pads with uneven ends will
not be acceptable.

ii. Grass Sowing
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e The soil shall be suitably moistened and then the operation of planting grass shall be
commenced. The grass shall be dibbled at 10 cm, 7.5 cm, 5 cm apart in any direction
or other spacing as specified to a depth of 15 cm. Dead grass and weeded shall not
be planted. The Contractor shall be responsible for watering and maintenance of levels
and the lawn for 30 days or till the grass forms a thick lawn free from weeded and fit
for mowing whichever is later. Generally planting in other direction at 15 cm, 10 cm,
spacing is done in the case of large open spaces, at 7.5 cm spacing in residential lawn
and at 5cm spacing for Tennis Court and sports ground lawn.

e During the maintenance period, any irregularities arising in ground levels due to
watering or due to trampling by labour, or due to cattle straying thereon, shall be
constantly made up to the proper levels with earth as available or brought from outside
as necessary Constant watch shall be maintained to ensure that dead patches are
replanted and weeds are removed.

Irrigation Water
Salt Contents
Irrigation water shall be provided by the Contractor from a source approved by the Engineer-

in- Charge as being suitable for irrigation. Water shall be free from substances harmful to plant
life. Water sources shall not exceed the following parameters: -

e pH:6to7
e total dissolved solids: less than 1000 ppm

Capacity

Each soil type has its own water holding capacity. The larger the sol particles, the less will be
its water holding capacity. Here is the capacity of 100 square feet of soil, 1 feet deep

e In Sand - 60 Gal. = 1" deep irrigation
e InLoam - 60 Gal. = 1-1/2" deep irrigation
e InClay - 160 Gal. = 2-1/2" deep irrigation

Obviously, the lighter soil must be watered more frequently than the heavy soil in order to keep
moisture in it. In good deep soil grass roots will go down to from 24 to 30 inches, depending
upon the type of grass, its age (a lawn root system goes deepest during the first year or two),
and how the soil is watered. The root depth is however limited if the top soil is under laid with
a layer of soil that is impervious to water.

Rates of Water Loss
The average water loss in mild summer areas is about 1 inch of water each week. In the hot
localities, especially when a dry wind is blowing, the weekly loss increases to 2 inches and
more in a week.

How Deep Does the Water Go

In dry soil one inch of water will penetrate as follows: -

e |nSand-12"
e |InLoam-6"
e InClay-4"to-5"
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Water does not move down through soil until each soil particle has its film of water. After each
particle has its quota, the additional water is free to move on the external particle. How deep
one inch of water will penetrate depends on the moisture in the soil when water is applied. For
example, an open field with a clay soil that was completely dried out by the time of a rain, had
to receive 10 inches of rain before it becomes wet to a depth of 3 feet. But an added inch of
water would penetrate 3 feet and more if the first were saturated.

Intervals for Watering of Lawn

Alternate wetting and partial drying out of soil, encourage healthier plant growth and deeper
rooting in hot summer areas. Normally the soils would need more than 1” deep irrigation every
week depending upon the penetration, aeration and the wilting coefficient of soil. Deep
watering once a week shall be preferable which is however practicable only in canal irrigated
area. In other areas light irrigation is resorted every 2nd or 3rd day or daily sprinkling.

Lawn Maintenance During Plant Establishment Period

The Contractor shall be responsible for maintenance of lawn as specified. Maintenance shall
consist of watering, fertilizing, weeding, mowing, trimming and other operations as required to
establish a smooth acceptable lawn free of eroded or bare areas. If required, the Contractor
shall apply maintenance fertilizer after the second mowing. Any additional fertilizer shall be
added when grass is dry. After application of the fertilizer, the area shall be watered well.

The Contractor shall maintain lawns for not less than the period stated below and longer as
required to establish an acceptable lawn. Seeded lawn areas shall be maintained through
three (3) maintenance cuttings but not less than sixty (60) days after substantial completion.

Sprigged and turfed lawn areas shall be maintained through two (2) maintenance cuttings but
not less than thirty (30) days after substantial completion.

Final Acceptance

Prior to the completion of the plant establishment period, a preliminary inspection shall be
undertaken by the Engineer-in-Charge. The time for this inspection shall be established in
writing. The plant establishment and warranty period will end with this inspection provided the
grass is growing in healthy condition. The Contractor shall repair any damages and defective
turf shall be replaced. Replaced plants will be of the same size and species as originally
specified. A final inspection, if required, shall be undertaken by the Engineer-in-Charge to
determine that the deficiencies noted in the preliminary inspection have been corrected. The
time for this inspection shall be established in writing.

Decorative Boulders
The stone boulders for placement in lawns shall be of size and shape as specified. The stones
shall be of quartzite from river gravel limestone, sandstone from quarry as approved by the
Engineer-in- Charge. Stones shall be hard sound durable and free from weathering and
defects and patches of loose or soft materials that may adversely affect strength and
appearance. The stones shall be placed in lawn as specified. The procurement shall be on
the basis of sample stones presented by Contractor and approved by the Engineer-in-Charge.

Tree Guards

General

Tree guard shall be as specified and approved by the Engineer-in-Charge.
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Bitumen Drums Guards

Bitumen Drum shall be free of damage or any weathering. The drums shall be perforated as
specified and painted with alternate lines of black/white enamel paint of an approved brand.

RCC Guards

RCC guards shall be of specified sizes and shape and produced complying with the
requirements of Plain and Reinforced Concrete. The guards shall be given three inside and
outside white washing coats the guards shall be cast to the length shown on drawings and
shall have a smooth surface.

Solid Block Masonry Guards

Solid Block Masonry Blocky Guards for trees shall be of Block Masonry for the size and shape
as specified with perforations as shown. The Block masonry shall comply with the provisions
of Block Masonry. In general, the perforations shall be 33% of the surface area of guards. The
foundation shall be of 1:2:4 Plain Concrete as shown in Drawings complying with the
requirements of Plain & Reinforced Concrete.

Brick Masonry Guards

The Brick Masonry Guards for trees shall be of size and shape as shown on Drawings
complying with provisions of chapter-7 Brickwork.

Steel Frame Tree Guard

Steel frame Tree Guard shall be of size and shape as specified made of ASTMA-36 steel
sections. The members shall be framed by welding according to AWS Code as specified using
AWS 7016/7018 electrodes. The tree guards shall be given two coats of enamel paint over a
primer as specified in accordance with applicable provisions of Chapter-13 Surface
Rendering.

G.l. Barbed Wire

Gl barbed wire where specified shall be fixed as shown on Drawings. The work shall comply
with applicable provisions of Iron Steel & Aluminum Works.

Measurement and Payment
Composite Rate

The measurement and payment for the items of the work of horticulture hereof shall be made
corresponding to the applicable CSR item as provided in Contract Agreement and shall
constitute full compensation, for procurements, transportations, performance in all respect 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 horticulture hereof shall be made
corresponding to applicable CSR item as provided in Contract Agreement and shall constitute

full compensation for procurements transportations, performance in all respect and completion
of work as specified including site clearance, as approved by the Engineer-in-Charge except
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the cost of materials to be provided by Department at designated location as defined in the
Contract Agreement.

Annexure — A
Definition of Soils

Soils can be considered a three-phase system of solids, liquids, and gases. The solid phase
consists of mineral and organic particles separated by a network of pores, some filled with
gases-air with its carbon dioxide and oxygen being most important-and others filled with water.
The proportions of each phase vary with the type of soil and are further modified by time,
environment, and human, plant, and animal activities.

Genesis of Soils

The lithosphere, the solidified crust of the earth, currently is exposed over aquarter of the
surface of the earth, with the remaining three quarters covered by water or ice. Oxygen, silicon,
aluminum, calcium, sodium, potassium, and magnesium are the most abundant elements in
the

crust, accounting for about 90 percent of the lithosphere, although over 80 elements combined
into 2000 compounds are present, the rocky crust, the parent rock for soil formation, is slowly
fragmented into smaller pieces and into individual minerals by the action of wind, water, ice,
and temperature changes. These fragments are altered by mechanical and chemical
processes, mixed with organic materials, and changed by biological processes to form the
extremely variable substance we can call soil. Rates of soil formation from rock vary not only
with the nature of the parent rock, but also with time. Many soils are, on a geological scale,
very young and are still being developed. Depending on climatic conditions, the nature of the
parent rocks, and a host of biotic factors. Soil formation may be measured in eons, in centuries,
or in decades. The establishment of a new home -garden can be an example of soil formation
within a few years. The type of parent rock is of major importance in the type of soils developed
in a particular location. Sedimentary rocks produce soils that tend to be neutral or slightly
alkaline, while soils formed above igneous granites are usually more acidic.

Physical Properties
Texture

Many of the horticultural characteristics of soils depend upon the relative size of the mineral
particles, termed texture; Texture is determined by the proportions of sand, silt, and clay that
make up the soil. Sand is composed of compounds of silicon, primarily silicon oxides or quartz,
Sand particles are comparatively large with a low surface-to-volume ratio. Because particles
may be large and irregularly shaped, there can be a large volume of space between the grains.
Water enters easily, but passes out just as easily, so sand has little water-holding capacity.
The large space between particles also means that sand has low cohesiveness. Sand tends
to hold low amounts of plant nutrients. Silt is chemically heterogeneous, composed of particles
of whatever the parent rock was. Being smaller in particle size than sand, water-holding
capacity is higher because the space between the individual particles is smaller. Silts have
moderate to high level s of nutrients with low to moderate cohesiveness. Clay particles are
very small, with a high surface-to-volume ratio. Water- holding capacity is high, space between
the particles may be almost nonexistent, and there is great cohesiveness of the particles.
Many clays are composed of aluminum compounds, although other minerals are involved.
Clays may be rich in nutrients. The minerals bound to clay may not always be available to
plants because they may be tightly bound by electrostatic charges to the surface of the
particles. Clays are separated into two major groups, those that swell when wet (and shrink
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when dry) and those that rarely swell. Swelling clays are usually composed of finer particles
that play important roles in nutrient retention and soil cohesiveness.

Particle Name Diameter (mm) Particles per gram Surface Area (cm?/g)
Boulder Over 250

Cobble 250-60

Pebble 60-4

Gravel 4-2

Fine Gravel 2-1 100 10

Coarse Sand 1.0-0.5 700 25

Medium Sand 0.50 -0.25 6000 50

Fine Sand 0.25-0.1 50000 100

Very Fine 0.1-0.05 700,000 200

Sand

Silt 0.05 - 0.002 6,000,000 500

Clay Less than 0.002 90,000,000,000 8,000,000

Table 12, Size Classification of Mineral Soil Particles According to the U.S. Department of Agricultural systems

(Chapter 3)

Few soils are composed of only one particle type, but are mixtures at all three plus organic
matter. Several methods are available for determining the ratios among particle groups and
when the proportions are plotted on a textural triangle, mineral soils can be classified in
horticultural terms. Textural analyses refer to the soils in the upper meter (39 in.) of

the soil, that region in which most plant roots grow. Horticultural soils can also be classified
simply by their feel. A handful of soil is mixed with water to the consistency of putty and
squeezed into a ribbon between thumb and fingers. The ribbon that forms is related primarily
to the clay content of the soil. If clay makes up more than 45 to 50 percent of the soil.the ribbon
will be long and flexible due to the high cohesiveness of clay. Failure to form a ribbon indicates
a soil with a high proportion of silt, and a gritty feel suggests that the sand content is high.
Ribbons that start to form but then beak are indicative of silty loams.

The formal designation of soil textures indicates the coarseness or fineness of soils, but not
whether they are, in common terminology, heavy or light. These terms refer more to the ease
of working or tilling soils than to texture, although heavy soils are almost always high in clay
(when they aren't excessively stony).

Pore space is usually determined by measuring the bulk density of the soil. Commonly
expressed as the weight of oven-dry soil divided by the volume of oven-dry soil, or grams per
cubic centimeter (g/cm?3), soils with low bulk densities have large pore space volumes. A good
horticultural soil will have a bulk density of 1.0 to 1.5 g/cm?® and a pore space fraction of 0.4 to
0.6 (i.e., close to one-half of the total soil volume is pore space). The bulk density of heavy
clay soils ranges from 1.0 to 3.0 g/cm®and tillable silty loams range from 1.6 to 1.9 g/cm3.

Water Relations

From a plant's point of view, the soil in which it grows provides anchorage for its roots, a supply
of air, and is the source of water and nutrients. The role of nutrients and of water in plant
development is discussed later, but it is useful here to examine some of the water relations of
soils. Water can exist in soils in all three physical phases, solid (ice), liquid, and vapor. Ice
plays an important role in fragmenting rocks during soil genesis, and liquid and gaseous water
are both involved in water retention, water movement through soil, and water uptake by plants.
It should be remembered that soil water always contains dissolved minerals and gases. This
soil solution is taken up by plants and is the source of minerals required by plants.

Chemical Properties
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Water, H,0 or HOH, dissociates into two electrically charged particles or ions, one hydrogen
ion (H*) and one hydroltide ion (OH). In pure water the number' of ions is very small relative
to the number of un-dissociated molecules. One water molecule in over 500 million is
dissociated; 1.0

mole of pure water (18 g) contains only 0.000001 moles of each ion, a number conveniently
expressed as an exponential, 1 x 10-7. Because of the difficulty of dealing with extremely small
numbers, the concentration or activity of the hydrogen ions is given on a pH scale defined as:

pH = -log [W]
For pure water, the pH can be calculated as follows: -

pH = log (1/0.0000001) = log 10,000,000 = 7

Since a log scale is used, a full unit change in pH is a 10-fold change in the concentration of
a hydrogen ion (Table 3, Hydrogen lon Concentration and pH).

Water in soils is not pure, but contains many Inorganic and organic chemicals that supply
hydrogen or hydroxide ions which contribute to the total concentration of these ions in solution.
The addition of hydrochloric acid (H*CI), for example, supplies additional hydrogen ions; the
pH of the solution decreases as the concentration of H+ increases. When an alkali such as
sodium hydroxide (Na*OH") is added, some ofthe OH" combines with H- present in the solution
to form water, and the pH increases as the number of H* ions decreases. Soils at pH 7 are
neutral in reaction (having an equal number of H* and OH- ions) soils with pH values below 7
are acidic and those with pH values above are alkaline. In plant science, soils with H values
from ph 6.5 to 7.5 are considered neutral. Acid soil range from ph6.5 to 4.0 and alkaline soils
from 7.5 to 8.5. Soils with values below 3.5 or above 8.5 very rarely show good productivity.
The pH reaction of soils depends on many factors. Soils in areas of high rainfall tend to be
more acidic than those of dry areas because alkaline components-sodium. potassium,
calcium, and magnesium-are relatively easily leached. Soils with a high aluminum content or
those formed from granitic parent rock are acidic, while those formed from limestone with a
high calcium component are alkaline.

H+ pH Soil Substance Soil types

(moles/l) Reaction With given pH

10 0 Battery acid

10-1 1

10-2 2 Vinegar

10-3 3 Acid toxicity Lemon juice Acidic peats

10-4 4 Very acidic Orange juice

10-5 5 Strongly acidic Boric acid Rainy region

10-6 6 Mildly acidic Milk Agriculture
Horticulture

10-7 7 Neutral Pure water

10-8 8 Mildly alkaline Sea water

10-9 9 Strongly alkaline Laundry soap Arid region

10-10 10 Alkali toxicity Laundry bleach

10-11 11

10-12 12 Ammonia

10-13 13 Lye solution

10-14

Table 13, Hydrogen lon Concentration and pH (Chapter 3)
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Group pH Type Optimum for
range Representative
plants
Medacid 4.0-5.5 Very low calcium_ Orchids, beets, heath
Swamplands family, swamp and
mountain plants
Subacid 5.5-6.0 Low calcium____ Cereal grains, maples,
Abandoned fields, woodland flowers
uplands
Minacid 6.0-7.0 Moderate calcium__ Most vegetables and
Garden loams, ornamentals, lawn
meadowlands grass
Circumneutral 6.5-8.0 High calcium___ semitropicgd Most fruits and nuts
trees, food and forage
legumes, asparagus

Table 14, Horticulture Soils Grouped PH (Chapter 3)
Salinity and Sodicity

Independent of the chemical nature of the compounds involved, soils that- contain high
concentrations of salts present problems to the grower. By definition, soils in which more than
15 percent of the total cation exchange sites are occupied by sodium ions are considered to
be sodic (sometimes called alkali soils), and those in which the sites are occupied by other
cations in sufficiently high concentrations to impair plant growth are considered to be saline.
Saline soils may result from the accumulation of almost any ionic substance, although those
in which the excess salts are from sodium, potassium, or lithium usually have the additional
problem of disruption of soil structure by de-flocculation of soil colloids and loss of adequate
pore space. Occasionally, soils are found which are both saline and sodic. Saline and sodic
soils are found primarily in arid or semiarid regions where rainfall is limited and where
extensive leaching does not occur. Even in regions with adequate precipitation, poor drainage
conditions can lead to the accumulation of salts. Lands irrigated with water containing salts
may, over a period of years, become saline or sodic. Soils near marine waters may become
sodic as the fresh water is removed, allowing the infiltration of sea water.

Life in The Soil

So far, we have considered only the inorganic characteristics of soils, although we have
mentioned how the presence of organic matter affects some of these characteristics. Many
plants can grow satisfactorily under experimental conditions or in hydroponic culture in the
complete absence of organic substance, but few plants do well in soils lacking organic matter.
Microorganisms, plants, and animals all play roles in determining soil characteristics and
productivity. For our purposes, we can separate organic soil constituents into two groups,
those that are alive and those that are dead. The numbers of living organisms in soil are
staggering. In a gram of a good horticultural soil, there may be over 2 billion bacteria, 400,000
fungi, 50,000 algae, and 30,000 invertebrates, plus roots and other plant parts. There are also
uncountable numbers of virus particles. Soil organisms are not uniformly distributed since soils
are themselves not homogeneous. They are concentrated in films on the surface of soil
particles and congregate on fragments of decaying biotic debris. The species and nhumbers of
soil organisms vary with the season and with environmental conditions; fewer are found during
droughts and in the winter than in periods of optimum moisture and temperature. Changes in
plant cover also affect the organisms in the soil. Conversion of a forest to an agricultural
pasture results in alterations in the flora and fauna of the soils. Modifications of soils by
fertilization, tilling, liming, and irrigation also alter the composition of the biota.
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Organisms Dry weight

Percent Kg/ha
Bacteria 0.1-0.2 2,000-3,000
Fungi 0.1-0.2 2,000-3,000
Algae 0.0001-0.0005 5-10
Invertebrates 0.001-0.005 10-50
Vertebrates 0.0001-0.0005 1-5
Plants root 0.5-5.0 5,000-50,000
Organic matter 4.0-8.0 75,000-150,000

Table 15, Kinds & Amounts of Organisms & Organic Matter Typical of a Horticultural Loam Soil in the North
Temperature Zone (Chapter 3)

Percent Percent C:Nratio
Carbon(C) Nitrogen(N)
Green cover crops
Alfalfa 40 2.0 20:1
Clovers 40 3.0 13:1
Grasses 40 1.0 40:1
buckwheat 38 2.0 19:1
Mulches
Peat moss 48 0.8 58:1
Fresh grass clippings 40 2.0 20:1
Dry leaves 40 1.0 40:1
Mixed mature compost 15 1.0 15:1
Straw 40 0.5 80:1
Sawdust 200 0.5 400:1
Rotted manures 30 1.5 20:1

Table 16, Carbon to Nitrogen Ratio of Common Mulching Materials (Chapter 3)

Acidification and Alkalization

Tolerance of plants to pH is fairly wide, ranging from about pH 4 (fairly acidic) to pH 8
(moderately alkaline). Many cultivated plants have a much narrower range. It is necessary to
modify soil pH to ensure nutrient availability, reduction of metal toxicities, growth of desirable
microorganisms, and conditions for in- creased crop productivity. The pH optimum for
horticultural plants is species- dependent, but most will thrive at pH values between 5.5 and

and alteration of pH of soils within this range may not be necessary. Some alteration may
be desirable to obtain the optimum for a specific crop, and alteration will be necessary for acid
loving plants since their optimum values range from 4.0 to 5.5. Decisions on modifying soil pH
should always be made on the basis of a soil analysis. Acidification of soils can be done by
several methods. Organic materials that provide hydrogen ions, such as conifer needles, bark
mulches. Sawdust mulches, cottonseed meal, oak leaves, and peat (sphagnum moss) are
frequently used. Their acidifying potential is high and long lasting, but they are slow acting
since they must break down before releasing hydrogen ions. Much quicker, but not as long
lasting, are a variety of inorganic chemicals. Among the least expensive is elemental sulfur,
also called flowers of sulfur. Its use in poorly;' drained or heavy soils is questionable since the
sulfur may be converted by microorganisms into toxic compounds. Ammonium sulfate
[(NH4)2SO4], ammonium nitrate (NH4No3), and ferrous sulfate (FeSO,) are used for small
areas, and urea or liquid ammonia are used for agricultural lands. It is difficult to predict the
effects of these chemicals and the amounts to be applied since soil depth organic matter
content, cation exchange capacity, and other factors are involved soil tests are vital.

Many crop plants do best at pH values near neutrality. Soils that are subjected to leaching of
basic cations or that have been cropped for many years may require upward adjustment of
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pH. With few exceptions, lime is the substance of choice to reduce acidity. It is inexpensive,
readily available, easy to handle, and very effective. Lime is a generic term covering ground
limestone

or calcium carbonate (CaCOs)), slaked lime or calcium oxide (CaO), hydrated lime or calcium
hydroxide [Ca (OH);], and dolomitic. Limestone, which is a mixture of calcium carbonate and
magnesium carbonate (MgCOs). Other liming substances include marl, ground oyster shells,
hardwood ash, basic slag, and egg shells. All of these acts. similarly, by increasing the base
saturation level of the soil and converting the exchangeable hydrogen ions into water. In order
to determine the amount to he applied, a soil test is conducted. The liming substances have
different neutralization capacities based on weight, but similar capacities based on the calcium
content.

Limestone has a more immediate effect if it is finely ground, although this increases the chance
of its being blown away during and after spreading. A compromise grind of 90% capable of
passing a 20 mm screen and 25 % passing a 0.15 mm screen is usually used. Coarser grind
is also available and less expensive. Lime does not move horizontally in soils to any extent
and its vertical movement is limited even when it has dissolved in soil water.

Sulfur | Ferrous sulfate | Aluminum sulfate | Ammonium nitrate
FeSO47H20 A|2(804)3 NH4N03
Solubility Low Moderate High High
Effect on pH Slow Moderate High High
Corrosivity None None None None
Effective time | long Moderate Moderate Moderate
Table 17, Some Characteristic of Common Soil Acidifying Materials (Chapter 3)
Percent CaCOs3; Sound Effervescence
0.1 None None
0.5 Faint None
1.0 Faint-Low None
2.0 Distinct Visible bubbles
3.0 Quite Distinct Small bubbles
5.0 Very Distinct Moderate bubbling
8.0 Very Distinct Vigorous bubbling
Table 18, Filed Estimation of Calcium Carbonate (CaCOs3) Content of Soil (Chapter 3)
To change upper 20cm Sandy loam Silty loam Clay loam
From pH To pH Lime? | Sulfur | Lime? |sulfur |Lime? | sulfur
4 5.6 250 - 400 - 500 --
5 6.5 170 - 280 - 325 --
6 6.5 70 -- 110 -- 120 --
7 6.5 -- 5 -- 8 -- 15
8 6.5 -- 60 -- 75 -- 100

Table 19, Amount of Acidifying Sulphur Or Alkalinizing Limestone needed To Alter Soil PH (Chapter 3)

Mulches and Composts

The optimum %age of organic matter in a productive soil varies somewhat with climate, soil
type and the nature of the crop, but generally it is about 5 to 15 %. As soils are tilled as
microorganism gradually utilized the humus and other organic matter, and as leaching or
erosion occurs, the amount of the organic fraction decreases. Among the many consequences
of this are

e Decreased soil porosity

< Disruption of soil aggregates and loss of granularity

Page 104 of 114



e Decreased water-holding capacity

e Decreased aeration

e Increased erosion potential

e Increased water evaporation

e Decreased water buffering

e Increased leaching nutrients

« Alteration in favorable microorganism population
e Increased temperature variations

These changes are more rapid in soils of tropical areas where temperature and rainfall are
high but occur fairly rapidly even in temperature zones. For good productivity organic matter
should be replaced.

Nutrients (as present of dry weight)
Nitrogen Phosphorus Potassium Present dry
weight
Cow manure 1.5 0.4 0.8 20-30
Horse manure 2.0 0.3 2 20-30
Sheep manure 4 0.6 3 25-40
Poultry manure 4 2 2 30-40
Bone meal 0.1 10 0 100
Dried blood 13 1 1 100
Hay and straw 2 0.3 2 90
Cottonseed meal 6 1 2 100
Peanut hulls 2 0.1 0.7 100
Dried kelp 0.6 0 1 100
Wood ash 0 2 6 100
Hardwood sawdust 0.2 0.1 0.2 100
Softwood sawdust 0.1 0.1 0.1 100
Table 20, Approximate Composition of Common Mulching Materials (Chapter 3)

Compounds Present dry weight

Soil organic matter Living plant tissue
Cellulose 30-60 2-8
Hemicelluloses 15-30 0-2
Lignins 15-30 30-50
Proteins 2-12 1-5
Fats and waxes 1-5 1-4

Table 21, Chemical Composition of Plant —Derived Soil Organic Matter Compared with The Plant Tissue
(Chapter 3)

Soil Mixes for Homes and Greenhouses

Few house or greenhouse plants do well in soil dug out of the garden. Garden soils are usually
too heavy and have variable composition. To standardize and control the substrate, potting
mixes have been developed, some containing soils and some soilless. A variety of all-purpose
and specialty mixes are commercially available, but for general use and volume production
they are not cost efficient, and some contain sewage sludge contaminated 'with household
and industrial waste. Potting mixes also called growing mixtures or soil mixes have
advantages over top soil. They can be reproduced and are stable have excellent porosity,
water holding capacity, cation exchange capacity and pest free. Because they are light in
weight, large plants may topple or pulled from the pot, but the advantages outweigh the
disadvantages.
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Most potting mixes contain both plant-derived and inorganic materials with high water-holding
capacity, resistance to compaction and high cation exchanges. Milled peat moss, leaf mold,
shredded bark, humus, well-rotted manure, and wood chips are used. Inorganic constituents,
such as sharp builder's sand, vermiculite, perlite, scoria (ground lava rock), and ground
granite, improve drainage and increase pore volume. Small amounts of other substances are
added to regulate pH and supply trace elements or nutrients.

Ingredient

Cornell peat-lite
University of California
John innes

Humus mix

Succulent and cacti mix
Epiphyte mix#1

Epiphyte mix#2

General house plant mix
Perennial container mix
Cornell seed starting mix
John innes seed compost
Rooting cutting mix#1
Root cutting mix#2
Coniferous bonsai mix

Major
ingredient

w
=
=
=
=
=
=
=
=
=
=
=

Sphagnum 2 |1
peat(shredded)

Sharp sand 1 2 1 |1 1 1 1 1 1 1
(0.5-1-
0mm)

=

Bark (shredded)

Leaf mould or 1 1 1 (1 v |1
humus

Sandy loam soil 7 1 2 2 1 1

Vermiculite 1 1 1 1

Perlite 1

Additives

Dolomitic 20 ({30 | 25 150 |10 |50 |50 |10

lime(ground) 0 0

o1~
o
o

20 presents 50 [ 50 | 50 50 75 |25 |10 25
superphosphate 0

Chelated iron 5 |5 5 5 5 5

Fritted trace | 1 1
elememt

Table 22, Potting Mixing For House Plants, Greenhose, And Garden Transplant Use (Chapter 3)

Annexure-B
Lawns

Contrary to expectations, lawn installation and maintenance are among the more expensive
and time-consuming horticultural activities, the individual grass plants are not only subject to
many pests and diseases, but also are deliberately crowded 'and in intense competition for
space, light, water, and nutrients. Nevertheless, there is great personal desire and community
pressure for a beautiful lawn to reduce dust and mud, to soften and enhance the landscape,
and to sit and play on.
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Situation Hardiness | Hardiness
zone zone

Sunny area 3-7 75% improved bluegrasses+25% improved red
fescues

Shady area 3-7 75% improved red fescues+25% improved
bluegrasses

Play area 4-8 80% improved tall fescues+20% perennial rye

Quick cover 3-9 75% annual rye+25% redtop

Rough lawn 3-8 33 1/3%ladino clover + 33 1/3% bluegrasses + 33 1/3
% tall fescues

Heavy traffic | 4-8 60%fescues+ 20% bluegrasses +20% perennial rye

Over seeding | 7-9 100% redtop

Table 23, Grass Seed Mixtures (Chapter 3)

Establishing a good lawn demands quality seed, appropriate to the particular soil and climatic
conditions. Many grass species have been selected and bred for particular characteristics.
Within these, named cultivars have been developed that are generally superior to the
unimproved species. The amed cultivars have the disadvantage of being almost isogenic
(genetically uniform) To increase the lawn's survival under adverse conditions, most lawn
grasses are sold as mixtures of two or more species. These mixtures are usually' keyed to
hardiness zones, to environmental conditions in various lawn climatic regions, arid to the
expected use of the lawn. In southern climates (Hardiness Zones 8 to 10) many lawns are
established with a single species of grass, frequently as blends of several cultivars. Lawn
grass seed should be labeled with the species and cultivars included, the germination
percentage, the percentage weed seed (less than 1 percent is best), the percent of inert
materials (less than 5 percent) and the percent of crop seed (less than 0.3 percent). Certified
seed labels indicate that the plants were inspected in the field and were found to be true to

type.
Sowing

Sowing seed into a well-prepared seed bed can be done by hand or with mechanical grass
seeding machine. Since the seed is small, hand seeding, is made easier if the seed is
thoroughly mixed with a carrier such as sand or topsoil. To ensure uniform distribution of seed,
half the seed is sown in one direction and the other half at right angles to the first lot. After
planting, the seed may be raked with a tooth rake to make sure that the seed is in direct
contact with the ground. Rolling or treading the seeded area also ensures good contact. The
seed should not be covered by more than 0.2 to 0.3 cm (1/8 in.) of soil for most cool-season
grasses. Some varieties, such as the bluegrasses, germinate slowly, requiring over three
weeks for full germination. Mulching the sown area conserves moisture, prevents the seed
from being washed away by heavy rains, and prevents wide swings in temperature. A weed-
free straw or hay cover is excellent when used at the rate of 100 kg/100 m? (100Ib/100 ft2). On
steep slopes or banks, cheesecloth, sacking, or one of the commercially available mulching
cloths can be used. The grass blades will grow through the mulch which usually rots away
within a few months. If the seedbed was properly prepared and adequately fertilized, additional
fertilizer may not be needed for the first months of lawn growth. If fall planting was done, a
light fertilization in spring when the grass begins to grow may be helpful, particularly if the
plants are pale green or yellowish. A phosphorus deficiency is recognized as dark green plants
with red stems and reduced growth. To avoid compaction of the soil, new lawns should not be
walked on for the first month following appearance of the seedlings. Mowing can begin at this
time with mower height set at 2 in. Chemical weed control is best deferred for another month
or can be done the following spring.

Sodding
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Sod is pre grown turf consisting of a weed-free mixture of grasses appropriate to the area. It
should be purchased locally. Rectangles or strips of a mature turf 1 to 3 years old. are cut with
special equipment-to a thickness of 2 to 3 cm (I in.), with little soil below the mat of roots.
Laying sod is expensive, but it is an effective method on slopes subject to erosion or where a
line, mature lawn is to be established in a short time. In many areas sodding provides an
excellent turf, usually weed free, that is permanent with proper maintenance. In Hardiness
Zones 4 to 8 sodding is most successful when done in the fall, although spring sodding may
be done if adequate moisture and care are provided. In Hardiness Zones 8 to 10, where warm-
season grasses are used, summer sodding is best. It is important that the sad is laid as soon
as possible after delivery; a delay of even a few days will injure the turf since the root systems
are exposed. Soil preparation is identical to that used for seedbeds except that the soil is
graded 2 to 3 cm (1 in.) lower near walkways to adjust for the thickness of sad. The bed must
be well prepared and leveled to allow firm and close contact between the sod; and the sail.
Rectangles or strips are planted as tightly together as possible, much as flooring tiles are laid:
To minimize trampling or compaction of the soil, a board is laid over the soil surface to be
sodded. After the sod is installed, the area is top-dressed with a thin layer of good topsoil and
topsoil worked into the cracks between the pieces of sodding. The new lawn is light tamped
or rolled to ensure good soil-sod contact and is watered immediately. Should be watered
frequently for the first growing season to prevent root damage and to encourage good root
penetration. A light application of superphosphate will accelerate root penetration.

Some grasses, particularly the warm-season species and the bent grasses, also be
established from plugs or plantings (Table 14). Plug sodding utilize small rectangles or discs
of sodded grasses with adhering soil. These are plant 15 to 30 cm (6 to 12 in.) apart in well-
prepared bed.

Maintenance

If a fine, thrifty, weed-free lawn is desired, its maintenance becomes a significant part of
management and cultivation. Unfortunately, lawns are neither work-free nor trouble-free.
Fertilization. Liming, watering or irrigation, mowing. and control of animal and plant pests are
the basic constituents of lawn management.

Fertilizing

If soil nutrients are brought to an adequate level during site preparation, additional fertilization
will be unnecessary for the hulk of the first growing season. Indeed, over-fertilization is
inadvisable since a young root system is less tolerant of high levels of inorganic salts than is
the root system of an established lawn. Excessive nitrogen results in succulent, soft growth
that is less disease and insect resistant.

Lawns should not be fertilized when the grass or the soil is wet. But it is good practice to water
thoroughly after spreading fertilizer to wash any chemicals off the leaves, this prevents burning
and ensures that the fertilizer reaches and enters the soil.

There is some confusion about the amount or rate of fertilizer application. While the
phosphorus and potassium components in standard fertilizer formulations are necessary for
grass development, lawn grass growth is primarily dependent upon the amount of nitrogen
supplied, and it is the nitrogen component that is given primary consideration in determining
fertilizer applications. For lawn applications, the amounts needed are usually given as pounds
of nitrogen per thousand square feet or kilograms per hundred square meters, To provide 1 Ib
N/ 1000 ft2 (1kg N/100 m2) using a 10-10-10 fertilizer, 10 Ib (4 kg) of fertilizer would be used.
Fertilizers may contain inorganic nitrogen as ammonium or nitrate ions, organically bound
nitrogen, or a mixture of both, Inorganic nitrogen is immediately available to the plants, while
organically bound forms release nitrogen slowly. When spring applications of fertilizer to cool
season lawns or summer applications to warm-season lawns are made, the combination
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formulations work well in spite of their high cost. For fall applications, where immediate uptake
in cool weather is desired, only inorganic formulations are cost efficient. 'Fertilization
schedules depend on the region and the grass type (figurel8-3). Warm-season grasses put
on most of their growth during the hot summer months and should be fertilized at the time of
maximum growth. Bermuda grass, St.Augustine grass, zoysia, or Bahia grass benefit. from
high fertilizer applications. Bermuda grass should receive 5 kg N/100 m?2 (5 Ib N/1000 ft?),
St.Augustine grass and the zoysias 2 kg N/10O m?,and Bahia grass 3 kg N/100 m2.

Liming

It should be obvious that correction of soil pH should be done only when it needs correcting
as determined by a soil test. In general, established lawns on sandy soils require liming every
two to three years, while those on clay soils need adjustment only every five to six years. The
lime is usually supplied in a finely ground or granular form and can be spread at any time of
the year, although late fall or very early spring are best. Amounts vary according to need, but
are in the range of 10 to 30 kg/100 m? (10 to 30 Ib/1000 ft?).

Watering

Watering or irrigation of lawns is, for most areas of North America, a necessity. An acre (0.4
ha) of lawn can transpire 2400 gallons (9600 liters) of water per day in midsummer.
Considerable damage will occur if soils dry to their permanent wilting point (-15 bars) for any
length of time. Many lawn grass roots grow to 30 cm (1 ft) or more into the subsoil and moisture
levels at this depth should not fall below -8 bars during the period when the grasses arc actively
growing. It requires 2to 5 cm (I to 2 in.) of water to bring the upper 30 cm (12 in.) of a sandy
or silty loam soil from near wilting point to field capacity. This amount of water will be transpired
or lost by evaporation in a week under summer conditions. To replace this water, regular
watering is required. In midsummer, when cool-season grasses stop growth and become
summer- dormant, less, water is needed. if it is desirable to maintain growth during this time
watering must be continued at somewhat higher rates than the 2 to 5 cm per week. A light
sprinkling of water several times a week is poor management practice. A good deal of this
wafer is merely evaporated from leaf and soil surfaces and does-not enter the soil at all. The
water that does enter the soil remains in the upper few centimeters and the grass roots
become concentrated in this superficial horizon. The danger of massive root kill by even light
droughts or a short period of hot weather is great. Watering should provide the amount needed
to bring the upper 30 cm (12 in.) to field capacity and should be repeated when this layer is
still above the permanent wilting point-usually once a week or more frequently in very hot, dry
weather with moderate to high winds.

Mowing

The fundamental rule on lawn mowing is to use only well-designed, well- maintained, and well
sharpened equipment. A dull blade, whether on it reel or a rotary mower, will shatter rather
than cut grass blades cleanly and will increase the number of plants that die or become
susceptible to infection. Although reel mowers involve more human effort, they preferable to
rotary mowers because they cut cleaner and are less dangerous to use. Cool-season grasses
should not, except under special circumstances, be mowed closer than 5 cm (2 in.). Close
mowing removes too much of the photosynthetic leaf blade tissue and depresses the growth
of-root systems. It also exposes previously shaded stems to direct sunlight which may result
in sun scald. Cool-season grasses should be mowed at frequent intervals during the growing
period. It is a good general rule that lawns should be mowed when the grass length has
exceeded the recommended height by no more than 1.0 to 1.5 cm (1/2 in.) where mowing
shock is minimal. The warm-season grasses are generally cut shorter than the cool-season
grasses, Bermuda grass is maintained at heights of 1.5 to 2.0 cm (5/8 in.) and the others at
2.0to 2.5cm (3/4 to 1 in).
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Weeds

A bright green, well-trimmed, and weed-free lawn is not only an esthetic pleasure, but adds
financial value to a property. Weed control is a necessary' cultural practice for most areas.
Close to 50 species of weed plants invade lawns and require control if clean turf is to be
maintained (Figure 18-4). Weed control starts with the turf itself. A healthy lawn, provided with
adequate fertilizer, water, and lime and properly mowed, resists the invasion of the seeds of
many lawns particularly if the turf is mowed to at least 3.5 to 5.0 cm (1.5 to 2.0 in.), a cutting
height that is also best for lawn development. Weedy species in lawns are separated into
persistent (perennial) non persistent (annual) types and each type includes monocots and
dicots. Two of the more troublesome weedy plants are the crabgrass and the nimble-wills.
Both are monocots related to the lawn grasses. The crab-grasses are annuals, and nimble-
will is a persistent perennial. The crab-grasses are vigorous C4.

Photosynthetic plants and are particularly difficult to eliminate once they have become
established. Other grass species that are problems for lawns are the creeping bent-grasses
foxtails, Dallies-grass and quack grass. Since the desired lawn grasses are usually as
sensitive to herbicides as are the weedy species, special control measures are required in an
established lawn. When lawns contain few weeds, hand removal is the least damaging method
of control. Removal is best done after a rain or thorough irrigation since many weeds have
relatively superficial root systems and it is easier to pluck out the entire plant when the soll is
damp. Many weeds reproduce easily from rootstocks and failure to remove the entire plant
results in spread of the weed. This is particularly true for dandelion (Taraxacum), cinquefoil
(Potentilla canadensis) and the plantains (Plantago spp.). Both pre-emergence and post
emergence herbicides are used in any thorough weed control program. The pre-emergence
herbicides inhibit weed seed germination and early seedling growth, but have virtually no effect
beyond that stage. They are effective in treating established lawns to eliminate crab-grasses,
goose- grass (Eleusine indica), and creeping bentgrass all of which are resistant to most other
herbicides. They may also be effective against seedlings of broad-leaved weeds, although
post emergence herbicides are usually used for these plants. Pre-emergence herbicides are
available as granules that at spread in early spring. They should not be used on new lawns
since they can Kill lawn grass seedlings.

The post emergence herbicides include 2, 4-dichlorophenoxyacetic acid (2, 4-D) and its
derivatives plus a variety of other chemicals that interfere with a number of physiological
activities including photosynthesis, respiration, and synthesis of various compounds. Many
are available as spreadable granules or as liquid formulations used as sprays. With few
exceptions, spray formulations are most effective against young plants: as many weeds age.
their tolerance to herbicides increases.

Herbicides are human and animal toxins. and as with all chemicals, package directions should
be followed exactly. They can injure or Kill desirable plantings and should not be used in very
hot weather where they volatilize or in wind conditions where they may be carried to other
plantings. Spot applications can be made by tipping a stick with a paint brush or a piece of
plastic foam and touching individual weeds with the herbicide. Although formulations of
fertilizer plus herbicides are available for dual treatment of lawns, they are more expensive
than purchasing and applying each separately, and the timing for optimum effectiveness of
each may be different.

Pests and Diseases

Three insect types are responsible for most lawn problems. Those that suck sap include the
chinchbugs, some aphids, and scale insects. Plants of Augustine grass in the south are
particularly plagued by chinch bugs. The webworms, occasionally called tobacco crambids,
are larvae of moths that damage by feeding on grass leaves and stems. Armyworms, the larval
stage.S. another moth, are leaf feeders. By far the most serious pests are grubs, the larval
hatchlings of the Japanese beetle, Mayor June beetles, and the billbugs. Beetle grub damage
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is evidenced by death of patches of grass in June through early August and by observations
of white grubs directly beneath the sod. These insect feed on the roots of grass plants just
below the sod level and can destroy a large lawn area within a week.

The sap sucking insects and leaf feeders are controlled with appropriate insecticide sprays,
usually applied in midsummer in the south and a few earlier in more northerly climates. Grubs
can be controlled by preventing through sound cultivation practices, trapping or killing adults,
use of biological, control and soil treatments with appropriate pesticides.

Other animal pests rarely present major problems. Termites damage the roots of some grass
species in the Ohio River basin, wireworms occasionally attack grass rhizomes near potato
fields, ants are more of a nuisance. Land crabs dig holes in southern lawns and arc controlled
with a rotenone solution poured into each burrow. Mole burrows are unsightly and can result
in uprooted plants. Moles feed on grubs, so that grub control almost invariably. Resolves the
mole problem. No one has successfully dealt with neighborhood dogs, cats, and squirrels. A
well-managed lawn is the best disease control. Among the worst management practices in
terms of disease development is over-fertilization with high nitrogen formulations. Hot, wet
summers are unavoidable, but they should alter the gardener that special care must be
exercised if serious fungal diseases are to be avoided. Among the most common diseases of
lawn grasses are the mildews, rusts, and smuts. Mildew infections look as if the grass had
been dusted with a white powder and are controlled with fungicides. Rusts and smuts rarely
kill thrifty, deep-rooted grass plants and can usually be controlled by fungicides; Smuts attack
tender leaves forming black, powdery spore masses on curled leaves. In northern regions
snow molds are a recurrent problem. The snow mold fungi attack overwintering leaves, and
the results of their activity, dead circles or patches of grass, are seen when the snow melts.
Unless the disease is far advanced, fungicidal treatments are effective.

Repair, Restoration and Renovation

Even with reasonable maintenance. lawn repair, restoration or renovation becomes
necessary. Soil compaction in traveled areas, the growth of shade trees, diseases, and neglect
can individually or collectively create problems that must be corrected. These operations
should be distinguished from routine maintenance. Older lawns that show minor wear and tear
can be repaired by relatively simple procedures. Chemical and hand removal of weeds is best
done prior to mowing the lawn to 2.5 cm (1.0 in.). Clippings should not be added to a compose
the heap, but collected and discarded. Fertilization to correct nutrient deficiencies, liming as
indicated by soil tests, and accelerated maintenance techniques should be included. Repair
work can be done at any time of year, but spring and fall are best.

Much has been written about the horrors of thatch buildup as a factor in lawn decline and
waste of it is probably overstated. The stolons of lawn grasses such as the bents and Bermuda
grass are horizontal stems that extend along the ground and become intertwined. As stolon’s
die, they can form a thick layer of organic material that decomposes slowly, sheds water,
causes soils to dry out, and harbors earwigs and other pests. True thatch is a fluffy, matted
blanket of these stolons above the soil.

Ground Covers

In many situations grass lawns are neither practical nor desirable. Heavily shaded areas
including those on the north sides of structures, under mature trees, and behind hedges and
tall fences rarely receive enough light to allow a good lawn to develop; Areas immediately
adjacent to woodlots also rarely form good lawn. Steep banks are difficult to mow, are
frequently dry and infertile, and rarely can be successfully seeded because of runoff and
erosion, all of these situations are being handled by planting ground cover plants. These
should not be considered as second choices or compromise plantings; many ground covers
are handsome and colorful additions to the landscape. Contrasting textures, foliage colors,
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and splashes of flower color add greatly to the total view of a garden. Most effective ground
covers are herbaceous perennials or small woody shrubs. They may trail along the ground or
spread by rhizomes so that bare areas are quickly covered. Some ground covers are
essentially care-free, requiring only minimal fertilizing and watering, while others need as
much or more attention as lawn grasses. Because of the large number of possible ground
covers, selection is based not only on prevailing environmental conditions, but also on
considerations of hardiness, foliage and flower interest, and the landscaping plan. Many low-
growing perennial flowering plants can be used as ground covers, Baby's breath (Gypsophila
repens) turfing daisy (Matricaria tchihatchewe), some saxifrages, lily of the valley (Convaltaria
majolis), and others can fill in shaded areas. For southern areas (Hardiness Zones 9 to 10),
gopher apple (Geobalanus spp.), peperomia, creeping charley (Pilea hummulariaefolia) inch
plant (Zebrina pendula), and several species of veronica are excellent shade-tolerant ground
covers. Although not usually considered as ground covers, there are herbs to suit most
conditions and locations. Included among those that are often used as ground covers are
catnip, tarragon, mint, pennyroyal, burnet, germander, lovage

Latin Name | Common | SEEDS Plugs or Plant Mowin | Remarks
Name Tim | Rate Tim | Rate g
e (Ib/1000ft | e (Ib/1000ft | Height
’) ) (in)
Cool Season Grasses
Agropyron Crested F 1-2 2 Dry, cool
crictatium Wheet areas
grass
Agrostis Velvet F 1-2 1 Humid, cool
canina bentgrass areas
A.gigantea Redtop F 1-2 15 Quick
cover,
short-lived.
A.stolonfera | Creeping F 1-2 F 1000 1 Humid, cool
bentgrass areas
A.tenuis Colonial Fis |1-2 1 Humid, cool
bentgrass areas,
finest lawns
Bouteloua Blue S 1-2 15 Dry, cool
grevilis gramagras areas
S drought
resistant
Festuca Red F 3-5 2 Dry, cool
rubre fescue areas
shade
resistant
F.ruba Fescue F 2-4 2 Water
improved resistant,
shade
tolerant
F.ruba Chewing F 3-5 15 Cool areas,
hetrophylla Fescue shade
resistant
Lolium Annual F/IS | 4-6 2 Quick
mulslorum ryegrass cover, short
lived.
L.perenne Perennial | F/S | 3-5 1.5 Used in
ryegrass mixtures

Page 112 of 114



with other
grasses.
Poa Common F 2-3 2 Drought
pratense blue resistant,
grass rough use
P. pratense | Bluegrass | F 1-2 F 1000 2 Most
improved common
component
in
mixtures.
Trifolium White FIS | 2-4 1.5 Cool areas,
repens Clover nitrogen
fixing
legume.
T.r. forma Ladino FIS |24 Dry areas,
lodigense clover rough
lawns
Warm season grasses
Buchloe Buffalo S 1-2 S 50 15 Drought
dactylsides grass resistant,
rough use
Cynodon Bermuda | S 2-3 SIS |10 0.75 Southern
Dactylon grass areas, in
acidic area
Emerochola | Centipede | S 2-3 SIS |10 1 Low
optiroides grass maintenanc
e
invasive
Paspalum Bahia S 2-3 -- 1 Humid
notaum grass Warm
areas,
coarse
textures
Stenotaphru | St. -- SIS |30 1 Shade
m Augustine tolerant
condatum grass heat
resistant
Zoysia Japanese | S/S | 1-2 SIS |30 1 Wear
Matrella zoysia resistant,
yellows in
summer
Z tenuifolia Velvet SIS | 1-2 SIS | 30 1 Fine
Zoysia texture,
yellows in
summers
Table 24, Seeding of Planting of Lawn Areas (Chapter 3)
Latin name Common Mature Light | Soil | Flowers | Hardiness
name height(cm) zone
Acaena microphella | Sheepbur 0.5 FS N - 7
Achillea spp. Yarrow 30 FS N 3
Aegropodium spp. Goutweed 35 FS N - 4
Ajuga repens Bugleweed 20 FS N + 4
Akebia quinata Akebia VINE SH N - 5
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Aloe spp. Aloe 10 FS N + 9
Andromeda polifolia | Bog roesmary | 30 FS Wet | + 3
Arabis alpine Rock ress 20 FS N + 4
Arctostaphylos spp, Bearberry 30 FS Wet 3
Arenaria verna sandwort 8 FS N + 3
Armeria maritima Thrift 30 FS Wet | - 3
Cerastium spp. Snow in 20 SH N + 3
summer
Chamaemelum Chamomile 15 FS N + 4
nobile
Convallaria majalis Lily —of- | 20 SH N + 3
thevalley
Cornus Canadensis Bunchberry 18 FS Wet | + 3
Coronilla varia Crown vetch 60 FS N + 4
Dichondra micrantha | Dichondra 8 SH N - 9
Duchesnea indica Indian 5 SH Wet | - 6
strawberry
Erica carnae Heath 25 FS Acid | + 6
EUONYMUS Wintercreeper | 15 FS Wet | - 5
FORTUNEI
Fragaria chiloensis wild 12 FS + 5
strawberry
Galax urcreolate Wandflower 15 SH + 4
Gaultheria Wintergreen 1 SH + 4
procumbens
Glechoma hederacea | Ground ivy 2 FS - 4
Hadera helix English ivy Vine SH - 6
Juniperis cvs Creeping 35 FS - 4
juniper
Liriope spicata Lilyturf 20 FS + 7
Mitchella repens Partrideberry | 3 SH + 4
Mazus reptans Mazus 3 SH + 4
Ophiopogon Dwarf lilyturf 15 SH + 6
japonicas
Pachysandra spp. Pachysandra | 30 SH - 5
Phlox subulata Moss pink 15 FS + 4
Phylanodiflora Lippie 10 FS - 6
Potentilla spp. Cinquefoil 10 FS + 5
Prunella vulgaris Self-heal 5 FS + 3
Sagina subulata Pearlwort 10 FS + 5
Sedum spp. Stonecrop 10 FS + 4
Teucrium Germander 30 SH + 6
chamaedrys
Thymus spp. Thyme 4 FS + 4
Veronica spp. Speedwell 10 FS + 4
Vinca minor Periwinkle 15 SH + 5
Vtola spp. violet 10 SH + 3

Table 25, Some Ground Cover Plants (Chapter 3)

FS = full sun; Sh = partial shade; N = normal soil; wet=can withstand wet soil; acid= requires

pH
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Finance Department, KPK Technical Specifications for Workmanship.
Chapter 4 Dismantling (Demolition)

Contents
CHAPTER-— 4 DISMANTLING(DEMOLITION) 3
DEMOLITIONS AND PREPARATION OF SITE ..ivtttuuieeieetteiuintasieeeeeesasinnaaseeesesstntniasesersssmnnaeessersmnmn 3
SCREENS ...ttt ieiit ettt e ettt e e ettt e e ettt e e e e et e eeesta e e e et eeeetanaaeesanaeeenaaeee bt aeeataaaernnaaeertaaaarnnnaaaes 3
DIVISION OF SERVICE ...cutttuiieeeeettttiutaeseeeseestttanaaseesssestntenaeeeeesastnnaeetereestaaeereemrnaaeerrmn 3
INVENTORY OF SERVICEABLE IMATERIALS ...ovvttiiiieeeeeiettittasieeeeeeeastnnaeseeesesssstanneseessesssnnnnseeeserennes 3
DAMAGE  ..ceii ittt e e et ee et eee—taeeeetaeeeeataeeeetaaaeeettaaaaeetaaeeraaaaertan 3
SEWERS AND DRAINS .ouiiiiiiiiii it e et e et e e e et e e ettt e e e e et e e e e e st e e e st eese bt e eeestasaeessnnaasesanaaeesnnsaaees 3
SHORING OR UNDER=PINNING ....cuuiiiiiiiiiiiiiiie et e e e et e e e e e e e e et s e e e et e e sebaeeeesanaeees 3
LOWERING .ittttuuiieieeeieeetttee s e e e e eeeet e e s e e e e e e e ae b s e seaeeeeetata s eeeaeeseetaaa s eeeeeeeastann s seeesesnsssnnnsaaeeeeennns 3
MEASUREMENT SHOULD TAKE DURING DEMOLITION OF CERTAIN ELEMENTS ....oovveiiiiiiiiiiiieeeeeeeeenenns 4
SHORTING STACKING & DISPOSAL ....ceiieiiiiiiii e e e et e ettt s e e e e e e e et s e e e e e e s aa b e s e e e e eeernnnanas 5
IMIEASUREMENT ...ittiiiiti e ettt e e ettt e e et e e e e et e e et et e e e eaan e e s taaeeestasaeeeaanaeesannaasetanaeesnnsaesssnnaeeestnaaennnnaares 6
RATE 6

LN TN N 1N 6
= N[ 1 2 1 TSR PPSPRPPPPO 6
UNDERPINNING OF ADJOINING FOUNDATIONS ...uuiiiiiiiieeiiie e et e e e et e e e e et e e e eaaaeeesteeeseaan e eesnnaesesnns 6
PLANKING AND STRUTTING ...iiituieiiiiieeitteee ittt e eeeat e eeeeat e e e e st e eeeata e e s eata e e easaaesetanaaeeatnsaeessnnaeeesnnn 6
CUTTING OF PROJECTING FOUNDATION IN OLDWALLS ETC ovvviiiiiiiiieecii e 6
L4747 NP 6
TEMPORARY SHUTTERING TO CONCRETE ...uuciiituieiitieeeetteeeettaeesetiaeeestneesstanaesstnaaeestnaesennaasesnns 7
TIMBERING, SHORING ETC ..uuiiiiiiiiiiiiii et e ettt s s s e e e e et s e e e e e e s ae b e e e e e e s sessnnannaeeeaeeennes 7
IMEASUREMENTS ....eiiiiettttisieeeeeeeettet e seeesessastaasaseaeseestatansaaeaeesastanaaaeseessstannsasaeeseessnnnnnseeeeerennns 7
) I = RSEPPNS 7
YT ] = T 7
U S oottt ettt ettt et e et e ettt eeeetaeeeeetaeeeeetaeeettaeeesetaaeeeeataeeeetaaeeettaaeeretaaeeraaaaaertan 7
REQUIREMENTS ..uuiiiiiietttttieieeeeeteetttt et eeeseeeastaaa e eeeeseestataan s aeeaeseestanaaaeeeeesassannsaseeeeeensnsnnnsaaaaeeennes 7
RANKING SHORES ....ciiiiitttiiiieieeteeetitiiaeseeeteeeattaeseaetsestataastaeeeeesaetanaraeetereastannaseeesessrnrnnseeeeerennns 7
SOLE PIECES, NEEDLES, ETC ...iiiiiiiiiii ettt et e e e e et e e e e et e e e e st e e e ebaeeeeaaneeees 8
LAY I T PPN 8
FLYING SHORES ....iiiiiiiiiiie et e ettt e e ettt e e ettt e e et e e e e et e e e e et e e e eata e e e atan e eesanaeeetasaeessnnaeeesnan 8
NEEDLE SHORING ...cotuuiiittiieeiitieeee ettt e ettt ee e et e e e e st ee e e st e e e st aeseta e aeestnseasasanaasesanaaeeetnsaaessnnaeeesnan 8
MEASUREMENT AND RATES .. iiiiiiiiiiiiii e e e i eeeitiii s e e e e e e eestatas s e e e e eeseataa e s eeeseeesstaan e eeeeseessasannseeeaereanes 9
WASTE HANDLING ...iitiieiiii et e et e et e e e e et e e e e e e e e e e et e e e et e e e eaan e e estanaeeetanaaesann e eesnnnaeresannns 9
CHUTE S ottt e ettt ettt et e ettt e e et et eeeeeta e e e et e e e st eeeata e e s aan e ee st aeeetanaeeeannaesatanaaeestnnns 9
DEBRIS RECYCLING ..uuuuiiiitiiieiit e e e ittt e e eete e e et e e e e et e e e e eat e e e e st eeseta e e e eatn e eeasan e eesanaeeetasaaessnnaaeesnnn 9
DUST MINIMIZATION .tuuiiitieeeeeite e e e ete e e et ee e e ettt e e e e et e e e e et e e e e atn e e esaaeaestanaaeesanseesssnnaasesnnaasesnneeessnn 10
DEBRIS ACCUMULATION 11uuuiieetitettttieaeseeessestntaseeesessastannaseeeseessstannaeeeerssstnnnaeeeserssssnnaareeereenns 10
DEBRIS DISPOSAL AND MANAGEMENT SYSTEM ...ccuuuiiiiiiiieeiiieeeeetee e e et e eeeeaeeesetaaeeeatn e eesenaneeeesans 10
DEBRIS LOADING ....ciuuiiiiitiieeeiie e e et e e e et e e et e e e e et e e e e et e e e e et e e e st e e e e ta e e eaan e eestnnaasesanaaeesnnaeessan 11
WWASTE MANAGEMENT .etttttuteeeeestetttttuaeeeseseestnneseeeeeesastanreeeserstntaanareeereeetannaeeeereenrnnnaaeeees 11
DEMOLITION BY MECHANICAL MEANS ...ttt e e e e e e ettt e e e e e e et e e e e et eeeeaan e e e aaaeaeebannns 11
WRECKING BALL .eeiiiiiiiiii ettt ettt et e ettt e e et e e e et e e e et eeeestn e eestanaaeetanaaaesnnsaaees 11
DEMOLITION BY PUSHER ARM ...eiiittiiiieieeetiitiiies s e e e eee ettt s e s eeeseeststaseseeesssstannaseessesssnsnnnsaeeeeeeenns 12
HYDRAULIC CRUSHER WITH LONG BOOM ARM ....oiiiiiiiiieeeee ettt e e eaaas 13
DEMOLITION BY WIRE ROPE PULLING ....cciiiiiiiiiiii e e ee ettt s e s e e e e eeattes s e e e e e e eaatanaeseesssessnsaanseneaesennns 14
MECHANICAL METHOD BY CLAM SHELL ..evtvvvtutiiieeeteeettiiiseeeessessintassesesesssstnnsaseessesssnsnsaeeeesennn 14
JACK HAMMER ..ottt et ettt e e et e e e et e e e ettt e e e ettt ee e e bt e e e esan e eessanaeettnaaennnsaaees 14
OTHER METHODS ..ouniiiiitiieeiii et e et e ettt e e et e e e et e e et e e e e et e e e eaaa e e e st e eeetanaesesnnseeessnnaasestnaaaennnsaaees 15
NON-EXPLOSIVE DEMOLITION AGENT ...iiiiiititiiiteeeeeeeettiisaeeeesssestntasseseseessstannaseessesssnsnnsaeesesennes 15

Page 1 of 18



Finance Department, KPK Technical Specifications for Workmanship.
Chapter 4 Dismantling (Demolition)

YV @ ¥ i 1N P 15
THERMAL LANGCE ...ttt et ettt e et e e ettt e e e e et e e e ettt e e e e et e e e e bt e eeesanseeessanaeetanaaaesnnsaaees 16
LA 1= 1 16
ENVIRONMENTAL PRECAUTIONS .ivtttuueiieetieettttiiaesesesesstntniesesesssstnnnseeesesssstsnnaeeeessssrnnnaeeeerren 17
N1 = SRR 17
LA 1 =1 17
ATR POLLUTION ottiiiitiii e ettt e et e et e ettt e e et e e e et e e e e et e e e e st e e e aaaaeeetanaaessansaesssanaeestnaaaesnnnaares 17
HAZARDOUS IMATERIAL ...etuniiiiit e et ee ettt e e e et e e et te e e e et e e e e e et e e s eaa e e e s ta e e e eaan e e ssannaeeetasaasennnseeesnnn 17
POST DEMOLITION PRECAUTIONS ...tuuuuiiieetieetttttieeeeestesstntnteseseesastnnnaseessesssstsnnareesssssrnnmnnieeeeerenne 18
MEASUREMENT AND PAYMENT .iiiitttttiiiieeeieettttiaseseeeteeststasesesessastannaseeeseessstannaeeeersssssnsnnseeeeeesenes 18
LABOR R ATE ..ottt ettt et e et e e e et e e et et e e eaaa e e e et e e e eaan e e eataaeeetan e eernneaearan 18
(070 [0 ST 1 = - 1 =SOSR 18

Page 2 of 18



Finance Department, KPK Technical Specifications for Workmanship.
Chapter 4 Dismantling (Demolition)

CHAPTER -4 DISMANTLING (DEMOLITION)

Demolitions and Preparation of Site

Screens

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.

Division of Service

The existing services such as electric supply, telephone connection, water supply, drainage,
etc. shall be diverted according to the directions and to the satisfaction of the engineer-in-
charge.

Inventory of Serviceable Materials

Before taking the work of demolition in hand, an inventory of all serviceable materials for which
special care is to be exercised in demolition, handling or lowering down shall be made and the
list shall be checked and duly approved by the Engineer-in-charge or his authorized
representative. All unserviceable materials, rubbish etc. shall be disposed of as directed by
the Engineer in Charge.

Damage

1. The contractor shall be responsible for carrying out dismantling operations strictly in
accordance with the specifications or directions of the Engineer-in-charge, with
appropriate tools and in such a manner as to avoid unnecessary damage or injury to
other adjoining work, and those parts of work which are to be retained, and to render
unserviceable as little of the material as possible.

2. The contractor shall, if specified or directed by the Engineer-in charge, make good any
damage to work caused during demolition and shall protect as far as possible all trees,
shrubs, etc., near the work.

Sewers and Drains
The contractor shall at once remove all foul matter, if sewers or drains are to be removed or
disturbed. The rate for removing pipes does not include excavation or the demolition of any
masonry or brickwork; all the works shall be paid for separately, according to their respective
rate. 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.

Shoring or Under—Pinning

Unless otherwise stipulated or specified, no allowance shall be made for shoring or under-
pinning.

Lowering

Trusses, R. S. beams, battens, purlins, sheets, tiles, boards, wooden frames, water supply
and electric fittings and all material liable to be damaged by dropping from a height, shall be
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lowered down to the ground by means of rope or another approved appliance. If any
serviceable article is damaged or broken on account of the negligence of the contractor, he
shall have to pay to the department the current market rates for the article.

Measurement should take during demolition of Certain Elements

1. Doors & Windows

Doors and windows shall be removed from the chowkats along with their hinges before
dismantling the later and shall be carefully carried and stacked where directed by the engineer-
in-charge.

2. 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.

3. 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.

4, 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).

5. 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 affected in
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one action by the use of explosives. Charges should be inserted into boreholes 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.

6. 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.

7. 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.

C. Reinforced Concrete Walls

Reinforced concrete walls should be cut into strips and demolished.
Shorting Stacking & Disposal

1. Unless otherwise specified, all demolished materials shall be considered the property
of Government and shall be disposed of as directed by the Engineer-in-charge. The
rate of an item shall always include the sorting out of any demolished material, its
stacking anywhere within 300 feet of the place of demolition and its safe custody till it
is handed over to the department in accordance with the directions of the engineer in-
charge.

2. When so specified or directed by the Engineer-in-charge, the contractor shall
completely remove the whole or part of the dismantled material from the site of work
and realize such profits as he can by disposing it of by a method approved in writing
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by the Engineer-in charge. In such cases no payment shall be made to the contractor
for dismantling this material.

Measurement

Dismantling (Demolition) shall be measured by bulk, surface area or linear dimensions
depending upon the article to be dismantled. The units of measurement shall be 100 cu. ft /
cu.m, 100 sq. ft. / sq. m or 1 Rft.

Rate

The unit rate for demolition shall include dismantling of material, its careful lowering to the
ground, sorting out and stacking within 300 feet of the site of demolition, in accordance with
the above specifications.

The rates for dismantling roofs or upper story floors include the dismantling of all materials,
except roof supports such as beams and trusses.

Under — Pinning
Lengths
Unless otherwise specified or directed by the Engineer-in-charge, the underpinning shall be
executed in lengths not exceeding 5 feet at a time and all operations shall be carried out to

the satisfaction of the Engineer-in-charge. No under-pinning shall be done simultaneously at
a distance less than 6 feet apart.

Underpinning of Adjoining Foundations
Where the foundations of new walls are below the level of the foundations of existing walls of
adjoining premises, necessary excavation shall be made and underpinning done from the level
of the bottom of new foundations up to the underside of foundations of old walls, to the full
thickness of the wall. Unless otherwise specified or directed by the Engineer-in-charge, under

pinning shall be done in cement concrete 1:3:6 or brickwork first class in 1:3 cement sand
mortar.

Planking and Strutting

Planking and strutting shall be provided to side of excavation in underpinning and across
trenches if directed by the engineer-in-charge without any additional charge.

Cutting of Projecting Foundation in Old Walls Etc.

The projecting footings and concrete foundations on outside of the old walls to be underpinned
shall be cut away back to the face of wall.

Wedging
Unless otherwise specified or directed by the engineer-in-charge, the top of new underpinning

shall be wedged and pinned up to the underside of old concrete foundations, when required,
with cement sand mortar 1:3 mixed fairly dry and well-rammed.
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Temporary Shuttering to Concrete

Temporary shuttering shall be provided to vertical face of concrete foundation to the depth of
under-pinning and the same shall be removed when no longer required.

Timbering, Shoring Etc.
Timbering, needling, shoring etc., shall be provided and fixed to ensure the safety of adjoining
walls while under-pinning, where specified or directed by the Engineer-in-charge, and, on
completion, all disturbed areas shall be cleared and made good.

Measurements

Measurement shall be made of each operation involved in underpinning according to the
relevant items of work. The unit of measurement shall be the same as of the relevant items.

Rate

The unit rate shall include underpinning as per above specifications and carriage of materials
to the site of work as in case of relevant items of work.

Shoring

Use

Unless otherwise specified or directed by the engineer-in-charge, all walls, floors, roofs,
partitions of building on the site or adjoining the works shall be secured by means of shoring
to the entire satisfaction of the Engineer-in-charge, and on completion of the work or when
directed by the Engineer-in-charge or his authorized representative the shoring shall be
removed and the area left in good order.

Requirements

Unless otherwise specified, the shoring shall generally consist of dog’s hoop iron, hooks,
shores or rakers, sloe pieces, wall pieces or plates, braces, struts, needles, cleat, wedges a
post. The wooden components when used shall be of properly seasoned Shisham, except for
rakers and struts which shall be of Sal, free from defects, unless otherwise specified.

Ranking Shores
The ranking shores shall be provided at an angle of 40° to 75° to the building and each set of
shores shall be 10 to 15 feet apart or as directed by Engineer-in-charge or his authorized
representative. Unless otherwise specified or directed by the Engineer-in-charge, the number
of shores provided in each set and the size of rankers shall be as follows:

a. Number of ranking shores in each set

For walls 15 feet to 30 feet high: 2.
For walls 30 feet to 40 feet high: 3.

For walls 40 feet and upwards: 4.
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b. Size of the rakers

For walls 15 feet to 20 feet high 4"x4 or 5"x5".
For walls 20 feet to 30 feet high 9"x4%%" or 6"x6".
For walls 30 feet to 35 feet high 7"x7”

For walls 35 feet to 40 feet high 6"x12” or 8"x8".
For walls 40 feet to 50 feet high 9"x9".

For walls 50 feet and upwards: 4"x4"” and upwards.
Sole Pieces, Needles, Etc.

The sole pieces shall be inclined at an angle of about 85° to the top raker. The top needle
shall be at least 2 feet below the top of the wall. In soft ground, the area of the sole piece shall
be increased by forming a platform of timber under it. The needle shall be driven into a wall to
a depth of 4% inches, unless otherwise specified.

Wall Piece

The wall pieces shall be 2 inches to 3 inches thick and of the same width as the shore. It shall
extend about 3 feet above the top raker and 3 feet below the lowest raker.

Flying Shores

Flying shores shall be erected 10 feet to 15 feet apart with spans upto 35 and placed three
guarters of the height of the wall or as directed by the Engineer-in-charge. Unless otherwise
shown on the drawing or approved by the Engineer, the general arrangement and the sizes of
the scantling shall be as given below:

Span Horizontal Shore Struts Straining Pieces Wall Plates
Up to 20 Ft 6" x 4" 4" x 4" 4" x 2" 9" x 2"

up to 25 Ft 6" x 6" 4" x 4" 4" x 2" 9" x 2"

up to 30 Ft 9" x 6" 6" x 4" 4" x 2" 11" x 3"

up to 35 Ft 9" x 9" 6” x 6" 6" x 2" 11" x 3"

Table 1, Shoring Requirements (Chapter 4)

Note: Shores of large sections may be built up of smaller sections bolted together.

Needle Shoring

When shown on the approved drawing or when directed by the Engineer-in-charge, the walls
being under-pinning shall be supported by needles. The needles shall be 12 inches square of
good hard timber such as Sal, with similar posts and the sole pieces spaced from 5 feet to 7
feet apart. R.S. beams shall be used as needles when the wall above is thick, heavy and high.
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Measurement and Rates

In respect of measurement and rates the specification for the relevant items of work shall be
followed.

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 debiris.

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
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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 facility. 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.

Dust Minimization

To prevent dust generation during the debris hauling, water spraying shall be applied during
the hauling processes. 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: -

>
>

Method of handling demolished building debris.

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

Means of transportation of debris off site.
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> Time and frequency of debris disposal off site.

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

> 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:

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

> 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 filling 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
guantities 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.

Demolition by Mechanical Means

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. 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.

Recommended Criteria

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: -
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> 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 floor’s 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.

> 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.

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 is that they are extremely mobile, have a high output, and are
able to work on vertical faces and floors above standing level. Their disadvantage is that the
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machine needs adequate access, a firm and relatively flat base to work from, and can only
work within the reach of their booms. To operate these machines 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.

Precautionary Measures

When using this method, always take the following precautions: -

> Ensure that the site has been secured safely to prevent unintentional entry by
unauthorized personal during demolition.

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

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

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

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

> Make sure that debris does not build up too high against the wall: this may push the
wall onto the machine.

> |f 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.

Hydraulic Crusher with Long Boom Arm
General

The crusher attachment breaks the concrete and the reinforcement by the hydraulic thrust
through the long boom arm system. The hydraulic crusher can be operated from the ground
outside the building. This method is also suitable for dangerous buildings, silos and other
industrial facilities. For environmental reason, it should be used wherever practicable because
of its quietness.

Application Criteria

> The operation shall have a minimum clear space of 1/2 the building height as a safety
zone for the falling debris;

> The equipment shall be inspected and maintained periodically to make sure the
equipment is in good and safe condition. The excavator shall operate on firm ground
that can support the machine during the crusher operation;

> Except for special applications, each section of the structure shall be demolished in a
top down sequence to ensure stability of the structure;

> Debris may be used to build up a platform for the excavator to extend the range of
reach. It is important that the debris is densely compacted to support the operation of
the excavator. The platform must be flat and the slope must be stable. The height of
the buildup platform shall be limited to 3 m. The side slope of the temporary platform
shall not be steeper than 1:1 (horizontal to vertical) unless the condition allows a
steeper slope. The slope of access ramp for the machine shall be in accordance with
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the manufacturer’'s recommendation. The width in both directions of the platform shall
be at least one and one-half the length of the machine to allow safe manoeuvre during
the demolition operation;

To minimize the dust impact, the structure shall be pre-soaked with water before
demolition. Water shall be continuously sprayed during the crushing operation;

Debris may fall out of the building during the demolition. The site shall be completely
fenced off. There shall be 24-hour guarded security to allow only authorized personnel
for site access. During the operation of the crusher there shall be no worker within the
machine operating area or inside the building;

The crusher operator shall possess the essential skills and significant experience in
the crusher operation. There shall be a spot person to assist in the operation and alert
the operator of any potential problem during the 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: -

>

\4

Use wire ropes od at least 16 mm in diameter, and check them regularly. Wire ropes
must have a factor of safety of 6.

Anchor the machine securely, and set it so that the rope is flatter than 1 inch.

Do not let anyone stand between the tractor and the building, or beside the rope.
Have a full Rops And Fops canopy on the tractor to protect the operator from broken
ropes and falling objects.

Never let anyone enter the building while pulling is in progress.

Ensure the ropes are properly secured before commencing the pull.

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

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.

Mechanical Method by Clam Shell

Demolition by clam shell typically involves the use of a crane equipped with a clam shell
attachment which progressively bites away the structure. Special conditions for clam shell are
listed in the following: -

>

>

>

A minimum safety distance of 0.5 times the height of the building element being
demolished shall be maintained between the machine and the building during the
operation;

The process of biting off the structural elements shall begin from the top and progress
downwards; and

The clam shell shall be operated not less than 1 m above the structure being
demolished.

Jack Hammer
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A jackhammer is a pneumatic or electro-mechanical tool that combines a hammer directly
with a chisel. Hand-held jackhammers are generally powered by compressed air, but some
are also powered by electric motors. Larger jackhammers, such as rig mounted hammers
used on construction machinery, are usually hydraulically powered. They are typically used to
break up rock, pavement, and concrete.

There are different types of jack hammer such as dry type, wet type which can be used for
different purposes such concrete breaker, rock drifter. Contractor should use jack hammer of
approved type and standard after getting approval from Engineer in in charge and should
follow the precautionary measures mention in this chapter of specifications.
> Use the right chisel and/or tip for the material to be broken. Contractor should use rock
point for rock, spade point for asphalt, and chisel point for concrete or otherwise as
recommended by Engineer in Charge. Never use a broken or cracked point.
> |Inspect the jackhammer and equipment regularly for defect or damage. Check that
everything is in place and that all safety precautions are being followed. Do not forget
about the hoses too.
> The jackhammer shall be used at a slight angle, towards operator, so the possibility of
getting stuck with the tip or chisel into the surface is minimized. It will also allow
operator to get better control and grip of the jackhammer. tool from getting out of
control.
> If the jackhammer gets stuck, try to release it by moving it back and forth from side to
side. If it's still stuck, install another bit into the jackhammer and try to release if by
working at an angle.
> |If using an electric jackhammer, workers must locate the electrical cord on their
shoulder to prevent accidental damages to the cord that can cause electrocution.
> Always use a water spray control system to minimize airborne dust.
> Operator should Always wear safety glasses, ear protection, gloves, face protection
and shoes when using the tool.

Other Methods

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.

Saw Cutting
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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.

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.

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.

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.

Thermal Lance

Cutting of reinforced concrete by thermal lance involves very high temperature up to 2,000 -
4,000°C. The extremely high heat requires special precautionary measures and care. The use
of a thermal lance in cutting reinforced concrete shall not be used unless: -

> The project demonstrated that there is no other viable alternative;

> Adequate protective measures are provided to isolate the operation and to prevent any
potential fire spreading out; and

> Adequate protective measures are provided to prevent the injury of the workers, and
any third party by flame and the molten concrete.

Water Jet

Water jetting involves the use of a water jet stream pumped at high pressure to erode the
cement matrix and wash out the aggregates. Abrasive compounds may be added for cutting
reinforcing steel. The application of the water jetting shall be subject to the following criteria: -

> City water supply shall be used in water jet cutting. Provision shall be included to

dispose the water used in the operation, and to recycle the water for continuous
operation through local filtration and sedimentation;
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> The area behind the structural member to be cut shall be shielded to avoid damage to
persons and properties during the cutting; and

> In the case when abrasive water jets are used, further precautionary measures shall
be provided in accordance with manufacturer recommendations to confine the rebound
of the abrasive compounds. All site personnel shall wear adequate safety cover and
clothing.

Environmental Precautions

The general requirements to minimize environmental impacts from construction sites can also
be applied to demolition processes. The following sections contain some of the procedures to
be adopted: -

Noise

Noise pollution arising from the demolition works including, but not limited to, the use of
specified powered mechanical equipment (SPME), powered mechanical equipment (PME),
such as pneumatic breakers, excavators and generators, etc., scaffolding, erection of
temporary works, loading and transportation of debris, etc. affects the workers, and the
sensitive receivers in the vicinity of the demolition site. Silent type PME shall be used to reduce
noise impact as much as practicable. Demolition activity shall not be performed within the
restricted hours as established by EPA. To minimize such impacts, the contractor for
subproject should be requested by the construction supervision consultants (engineer) to
provide evidence and certification that all equipment to be used for construction is fitted with
the necessary air pollution and noise dampening devices to meet EPA requirements. No works
involving the use of Powered Mechanical Equipment and/or Specified Powered Mechanical
Equipment within restricted hours should be allowed without a valid Construction Noise Permit
(CNP) issued by the EPA. The requirement shall be referred to the Technical Memorandum
on Noise from Construction Work in Designated Areas. Noise from construction activities is
not covered under any regulations however in order to keep in line with best international
practice it is recommended that no construction should be allowed during nighttime (9 PM to
6 AM).

Water

The discharge of wastewater from demolition sites requires a valid discharge license from the
EPA and the application of such a license shall be made under the Water Pollution Control
Ordinance (WPCO). Effluent shall be treated to the standards as stipulated in the license
before discharge. As stated in 4.4.3 Dust Minimization, the Registered Specialist Contractor
(Demolition) shall maintain proper control of temporary water supply and an effective
temporary drainage system.

Air Pollution
Concrete breaking, handling of debris and hauling process are main sources of dust from
building demolition. Dust mitigation measures complying with the Air Pollution Control
(Construction Dust) Regulations shall be adopted to minimize dust emissions. Burning of
waste shall not be allowed. Diesel fumes generated by mechanical plant or equipment shall
be subject to the control of the Air Pollution Control (Smoke) Regulations.

Hazardous Material
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Materials such as LPG cylinders in domestic flats, toxic and corrosive chemicals for industrial
undertakings, and any other hazardous materials have to be identified and properly handled
and removed prior to the commencement of the demolition of the building. The management
of waste must fully comply with the Waste Disposal Ordinance. Additionally, management of
waste which is classifiable as a chemical waste must also comply with the Waste Disposal
(Chemical Waste) (General) Regulation. The Environmental Protection Act-1997 should be
consulted if in case of doubt about the waste classification.

Post Demolition Precautions

Once the demolition is completed, the site shall be reinstated to eliminate any potential hazard
to the public. The following precautionary measures shall be considered: -

> The site shall be levelled and cleared of any debris. Adequate drainage shall be
provided;

> |If the new development is not immediately commenced, the site shall be completely
enclosed to prevent public trespassing;

> Supports to adjacent building structures, weather-proofing and stabilization of exposed
party walls shall be completed. A final inspection by the Authorized Person and the
Registered Structural Engineer on the supports of adjacent structures shall be
conducted to ensure satisfactory and safe conditions before leaving the site. If
temporary shoring remains on site, inspection and maintenance shall be continued
until the temporary shoring is removed or replaced by permanent supports;

> Any excavation shall be braced and stabilized; and

> For sloping sites, and/or sites with retaining wall supporting ground, the following
additional precautionary measures shall be included: -

> The ground surface shall be sealed up to prevent water infiltration;

> Any unstable structures and ground shall be stabilized; and

> The demolition plans shall be provided to the subsequent foundation or site
formation contractor so that any temporary support works constructed during
demolition are maintained during the new development phases.

Measurement and Payment
Labor Rate

The measurement and payment for the items of the work of Brickwork 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.

Composite Rate

The measurement and payment for the items of the work of Brickwork 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.

Page 18 of 18



Finance Department, KPK Technical Specifications for Workmanship.
Chapter 5 Mortar

Contents

CHAPTER =5  MORTAR ..ottt sttt ettt b e st s b et 2
PUIPOSE QNG USE ..ottt sttt sttt st st e s e st e e s e e tesbe e st etesreensesseesnensenns 2
TYPES OF IMOTTAIS ...ttt sttt eb e b e s ens 4
MU IMIOTEA ..ttt sttt ettt b e b st s b et et et e st e bt ebesbesbe st et e e ene e 4
CRMENT IMOTTAT ...ttt ettt et s bt s at e st e st e e bt e bt e s bt e sbeesatesabeeateenbeesbeesanenas 5
LIME IMOTTAL ..ottt ettt et e st et etesaeensesteentenseeseenseseeneensesneensessenneans 5
Lime CeMENT MOTTAT ....oiiieieeeeee ettt et st aeste e st e b e sseentesseeneensesneenseseesneans 6
Mortar for Fire-Clay BriCKWOIK .........ccooiiieecececeeeeeseetee ettt s eanens 7

Page 1 of 8



CHAPTER -5 MORTAR

Purpose and Use
a. Mud Mortar

Mud mortar shall be used in brickwork, masonry and plaster work, provided these works are
not likely to remain under water. For brickwork and masonry, mud mortar shall be prepared
from good brick earth. Brick earth shall be reduced into fine powder and freed from stones,
grass, kankar, roots and other matter. Clay containing efflorescent salts or taken from a locality
where there are white ants shall not be used. The mortar shall be made by mixing clay with
water on a plot of ground specially cleared and set apart for the purpose, and tempered for at
least two days. During this period, it shall be worked up at intervals with men’s feet and
phowrahs. If necessary or where soil is too clayey, sand or chopped straw shall be added.
The consistency of the mortar shall be kept to the extent that it readily slides off the face of a
trowel but is not so wet as to part into large drops in falling.

Mud mortar for plastering shall be prepared in the same way as described above, except that
four pounds of chopped “bhoosa” shall be mixed thoroughly with each cubic feet of mortar
which shall be kept in a plastic state for a week and shall be worked up by pugging with feet
at intervals.

b. Cement Mortar

Cement mortar shall be used in brickwork, masonry, plaster work and concrete work. Its
ingredients are cement and sand whose proportions may be 1:2, 1:3, 1:4, 1.5, 1.6, 1:7, 1:8
and so on by volume. The mortar shall be made by thoroughly mixing the ingredients in a dry
state and then gauging the mix with water to make it workable. The quantity (weight) of water
to be added with a fine rose shall be 28% of the weight of cement plus 4% of the weight of the
total aggregate. This assumes that the materials (aggregates) are dry.

C. Lime Mortar

This mortar shall be used in brickwork, masonry, plaster work and concrete work. Its
ingredients are slaked stone lime and Surkhi or kankar lime and sand. Non-hydraulic or semi-
hydraulic lime mortars have low strength and are vulnerable to frost and, therefore, unsuitable
for external work for which only hydraulic line mortars may be used. The proportions of
different mixes may be below: -

Mortar Ingredients Remarks

Stone Lime and Surkhi Stone Lime 1 Part
Surkhi 1% Parts
Lime 1 Part Very strong Mortar
Sand 1 Part

Kankar Lime and Sand Lime 1 Part Strong Mortar
Sand 2 Part
Lime 1 Part Ordinary Mortar
Sand 3 Part

Table 1, Lime Mortar Proportion (Chapter 5)

The mortar shall be prepared by mixing the ingredients twice in a dry state and then grinding
the mix with sufficient water in a grinding mill.

d. Lime Cement Mortar
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Lime cement mortar shall be used in brickwork, masonry, plaster work and concrete work. Its
ingredients slaked stone lime, cement and sand (find aggregate). Usually their proportion
taken by volume may be as follow: -

Lime Cement Sand
1 : 1 : 5
1 : 1 : 6
1 1 : 8
1 : 9
1 1 10
1 1 12
1 3 : 8
1 3 : 3

Table 2, Lime Cement Mortar (Chapter 5)

The presence of cement in the mortar ensures early strength and reduced the risk of frost
attack both during setting and afterwards, while the presence of lime improves the working
quality of mortar and reduced its tendency to shrink and crack on drying. The mortar shall be
prepared by mixing, in a dry state, the thoroughly slaked and screened stone lime and sand,
and then adding cement which shall be properly mixed with this material. Later the water shall
be poured through a fine rose to give a mortar of the desired working consistency.

e. Mortar for Fire Brickwork

Fire-clay or alternatively fire-cement is suitable for setting fire bricks. Generally, the joints are
the most vulnerable part of fire brickwork and when they crumble away, the arises of these
bricks become vulnerable to heat. Fire-clay can be used just as it comes out of hearth but
intends to contract at cooling and again expands on exposure to heat; so, the best way is to
use fire-cement that is especially prepared to resist construction under heat. Burnt clay, made
by crushing ordinary fire bricks, does not expand or contract markedly and therefore
constitutes a suitable aggregate for fire brick mortar mixed with high alumina or other bauxite
cement.

The proportion of alumina cement to crushed fire brick shall be 1:2. The mortar shall be
prepared in the same manner as described for cement mortars.

f. Mortar with Plasticizer

It is often better to use a proprietary with cement and sand than to use lime. It increases the
“wetting” of cement particles, and the effectiveness of cement, permitting a weaker mix and
improving its workability. It also tends to entertain air bubbles in the mix, making the mortar
more elastic when set and reducing the chances of cracking. The recommended mixes vary,
but the common one is one part of cement, to six parts of sand plus the amount of plasticizer
(usually added to the mixing water) recommended by the manufacturer.
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Types of Mortars
Mud Mortar
1. Composition
Mud mortar for brickwork and masonry shall be prepared from good earth and water. Sand or
chopped straw shall be added to the earth that it is too clayey. Mud mortar for plastering shall
be prepared from earth, water and chopped "bhoosa".

a. Earth

Earth shall be good brick earth or clay conforming to the Specification and shall be obtained
from an approved source.

b. Water

Water shall conform to the Specification given in Book 1 (Specification for Engineering
Material).

2. Preparation

Clay shall be mixed with water on a plot of ground especially cleared for the purpose and
tempered for at least two days. During this period, it shall be worked up at intervals with men's
feet and "phowrahs" Sand for chapped straw shall be added, as desired, to the earth that is
too clayey. Mud mortar for plastering shall be prepared as specified above and four pounds of
chopped “bhoosa” shall be thoroughly mixed with each cubic foot of mortar.

a. Consistency

The consistency of mud mortar shall be of a type that it shall readily slide off the face of trowel,
but the mortar shall not be so wet that its parts into large drops in falling. No water shall be
added to the mortar after it is delivered to job.

b. Pits

Unless otherwise specified or directed by the Engineer-in-charge, the contractor shall make
his own arrangements for obtaining the necessary clay for the mortar. When permitted by the
Engineer-in-charge to take earth from the site of work, the contractor shall fill all pits with good
earth and dress them off properly on the completion of work.

E. Restriction of Use

Mud mortar shall not be used for any masonry or brickwork likely to remain under water at any
time or likely to bear pressure other than directly vertical.

2. Measurement

The measurement of mortar, if required, shall be done by volume. The unit of measurement
shall be 100 cubic feet.

3. Rate
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The unit rate shall include the cost of clay, water and chopped straw or chopped "bhoosa" as
specified and the preparation of mortar as per above specification at the site of work to be
defined in the condition of contract.

Cement Mortar
1. Composition
Cement mortar shall consist of Portland cement, shall conform to ASTM C 150-94 Type | or
B.S.S.12, sand (fine aggregate) and Water. The specifications of these materials have been
defined Book 1 (Specification for Engineering Material). Waterproofing agent shall be added
when specially required or directed by the Engineer-in-charge.
a. Mix

Unless otherwise specified or directed by the Engineer-in-charge, the ingredients for cement
mortar shall be proportioned by volume.

2. Preparations
Cement and sand shall be thoroughly mixed in a dry state on a pucca platform or in troughs
as directed by the Engineer-in-charge. It shall be gauged with a quantity of water sufficient to
make the mortar workable. Water shall be added with a fine rose. Only such quantity of mortar
shall be prepared as can be used before the initial setting time.
a. Precautions
i). Any mortar which has not been used within 30 minutes of the addition of water shall
be discarded.
ii). At the close of day's work, the mixing troughs and pans shall be thoroughly washed
and cleaned.
ii). The mixing platform shall not be used for stacking materials.
3. Measurement

Measurement of mortar, if required, shall he have done by volume. The unit of measurement
shall be 100 cubic feet.

4, Rate

The unit rate shall include the cost of Portland cement, sand and water and the preparation of
mortar as per above specifications at the site of work to be defined in the conditions of contract.

Lime Mortar
1. Composition
Lime mortar shall consist of slaked stone lime, Surkhi and water or kankar lime, sand and
water. The specifications of these materials have been defined in Book 1 (Specification for

Engineering Material).

a. Mix
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Unless otherwise specified or directed by the Engineer-in-charge, the ingredients for lime
mortar shall be proportioned by volume.

2. Preparation

a. Mortar for Masonry and Brickwork

Thoroughly slaked and screened stone lime/kankar lime and Surkhi/sand shall be measured
in boxes and mixed on a pucca platform or in a mixing trough as specified. The troughs, if
used, shall be capable of being washed and drained. These ingredients shall be mixed twice
in a dry state and then ground in a grinding mill with a quantity of water sufficient to produce
a mortar of specified consistency.

b. Mortar for Plastering or Pointing

Unless otherwise specified one part of lime mixed with two parts of Surkhi by volume shall be
kept under water for at least 12 hours, and then made to pass through a screen of 12x12
meshes to a square inch. Requisite coloring material shall be added to it and the mortar
applied as fresh as possible.

3. Measurement

The measurement of mortar, if required, shall be done by volume. The unit of measurement
shall be 100 cubic feet.

4, Rate
The unit rate shall include the cost of stone lime/kankar lime, sand/Surkhi, and water and the
preparation of mortars as per above specifications at the site of work to be defined in the
conditions of contract.

Lime Cement Mortar
1. Composition
Lime cement mortar shall consist of Portland cement, slaked stone lime, sand and water. The
specifications of these materials have been defined in Book 1 (Specification for Engineering
Material).

a. Mix

Unless otherwise specified the ingredient of lime cement mortar shall be proportioned by
volume.

2. Preparation
Thoroughly slaked and screened stone lime and sand in requisite quantities shall thoroughly
mixed and then a necessary quantity of cement shall be added. When this has been uniformly
mixed a quantity of water sufficient to give a mortar of desired consistency shall be added
through a fine rose.

a. Precautions

Any mortar which has not been used within 30 minutes of the addition of water shall be
discarded. At the close of day's work, the mixing troughs and pans shall be thoroughly washed
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and cleaned.
3. Measurement

The measurement of mortar, if required, shall be done by volume. The unit of measurement
shall be100 cubic feet.

4, Rate
The unit rate shall include the cost of Portland cement, slaked stone lime, sand and water and

the Preparation of mortar as per above specifications at the site of work to be defined in the
conditions of contract.

Mortar for Fire-Clay Brickwork
1. Composition
Unless otherwise specified, the mortar shall consist of alumina cement, crushed fire bricks
graded as sand and water. The specifications of these materials have been defined in Book 1
(Specification for Engineering Material).

2. Other Respects

In all other respects (e.g. preparation, precautions, measurement and rate) the mortar shall
conform to the specification of cement mortar.
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CEMENT CONCRETE

Following International standards should be followed during execution of works:

Sr.# | Standard Name | Description
AASHTO
1.| AASHTO M6 Specification for Fine Aggregate for Hydraulic Cement
Concrete.
2.| AASHTO M 157 Mixing of concrete
3.| AASHTO T 141 Standard Method of Test for Sampling Freshly Mixed Concrete.
(ASTM C 172)
4.1 AASHTOT 121 Determination of density, or unit weight, of freshly mixed
(ASTM C 138) concrete.
5.| AASHTO T 27 Sieve analysis of fine and coarse aggregate.
6.| AASHTO T 119 Standard Method of Test for Slump of Hydraulic Cement
(ASTM C 143) Concrete.
7.1 AASHTO T 152 Standard Method of Test for Air Content of Freshly Mixed
(ASTM C 231) Concrete.
8.| AASHTO T 84 Standard Method of Test for Specific Gravity and Absorption of
(ASTM C 128) Fine Aggregate.
9.| AASHTOT 85 Standard Method of Test for Specific Gravity and Absorption of
(ASTM C 127) Coarse Aggregate.
10.| AASHTO T 126 Standard Method of Test for Making and Curing Concrete Test
(ASTM C 192) Specimens in the Laboratory.
11| AASHTOT 23 Standard Method of Test for Making and Curing Concrete Test
(ASTM C 31) Specimens in the Field.
12| AASHTO T 22 Compressive Strength of Cylindrical Concrete Specimens.
(ASTM C 39)
13| AASHTO T -24 Standard Method of Test for Obtaining and Testing Drilled
Cores and Sawed Beams of Concrete.
ASTM
14.| ASTM C 567 Standard Test Method for Determining Density of Structural
Lightweight Concrete.
15| ASTM C-330 Standard Specification for Lightweight Aggregates for
Structural Concrete.
16.| ASTM C-260 Standard Specification for Air-Entraining Admixtures for
Concrete.
17| ASTM C-494 Standard Specification for Chemical Admixtures for Concrete.
18.| ASTM C-618 Standard Specification for Coal Fly Ash and Raw or Calcined
Natural Pozzolan for Use in Concrete.
19.| ASTM C-94 Standard Specification for Ready-Mixed Concrete.
20| ASTM C 33 Standard specification for coarse aggregate.
21| ASTM D-1751 Standard Specification for Preformed Expansion Joint Filler for
Concrete Paving and Structural Construction (Non-extruding
and Resilient Bituminous Types).
22.| ASTM D-1752 Standard Specification for Preformed Sponge Rubber, Cork
and Recycled PVC Expansion Joint Fillers for Concrete Paving
and Structural Construction.
23.| ASTM D- 994 Standard Specification for Preformed Expansion Joint Filler for
Concrete (Bituminous Type).
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24| ASTM C-203 Test standard used to determine the strength of block-type
thermal insulation.
25.| ASTM D-3406 Standard Specification for Joint Sealant, Hot-Applied,
Elastomeric-Type, for Portland Cement Concrete Pavements.
26.| ASTM D-3405 Standard Specification for Joint Sealants, Hot -Poured, For
Concrete and Asphalt Pavements.
27| ASTM D 638 Standard Test Method for Tensile Properties of Plastics.
28.| ASTM D 746 Standard Test Method for Brittleness Temperature of Plastics
and Elastomers by Impact.
29.| ASTM D 747 Standard Test Method for Apparent Bending Modulus of Plastics
by Means of a Cantilever Beam.
30.| ASTM D 792 Standard for Density and Specific Gravity of Plastics.
31| ASTM B-370 Standard Specification for Copper Sheet and Strip for Building
Construction.
32| ASTM A-167 Standard Specification for Stainless and Heat-Resisting
Chromium-Nickel Steel Plate, Sheet, and Strip.
33.| ASTM A-366 Standard Specification for Steel, Sheet, Carbon, Cold-Rolled,
Commercial Quality.
34.| ASTM A-569 Standard Specification for Steel, Sheet and Strip, Carbon (0.15
Maximum Percent), Hot-Rolled, Commercial Quality.
35.| ASTM B-209 Standard Specification for Aluminum and Aluminum-Alloy Sheet
and Plate.
36.| ASTM B-152- | Standard Specification for Copper, Sheet, Strip, Plate, and
97(a) Rolled Bar.
37.| ASTM C 845 Standard Specification for Expansive Hydraulic Cement.
38.| ASTM A-421 or Standard Specification for Uncoated Stress-Relieved Steel Wire
AASHTO M-204 | for Prestressed Concrete.
39.| ASTM A-416 OR | Standard Specification for Low-Relaxation, Seven-Wire Steel
AASHTO M-203 Strand for Prestressed Concrete.
40.| ASTM C150 Standard Specification for Portland Cement.
41, ASTM A370 Standard Test Methods and Definitions for Mechanical Testing
of Steel Products.
42.| E290 Standard Test Methods for Bend Testing of Material for
Ductility.
43.| ASTM A-615 Standard Specification for Deformed and Plain Carbon Steel
Bars for Concrete Reinforcement.
44.| ASTM C-55-03 Standard Specification for Concrete Brick.
45.| ASTM-C-145-85 | Specification for Solid Load-Bearing Concrete Masonry Units.
46.| ASTM C 150 Standard Specification for Portland Cement.
47.| ASTM C 33 Standard Specification for Concrete Aggregates.
48. ASTM C 330 Standard Specification for Lightweight Aggregates for
Structural Concrete.
49.| ASTM A 615 Standard Specification for Deformed and Plain Carbon-Steel
Bars for Concrete Reinforcement.
50.| ASTM A 185 Standard Specification for Steel Welded Wire Reinforcement,
Plain, for Concrete.
51.| ASTM A 820 Standard specification of steel fibers for Shotcrete.
52| ASTM C 1116 Standard Specification for Fiber-Reinforced Concrete.
53| ASTM C 1141 Standard Specification for Admixtures for Shotcrete.
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54 ASTM C 618 Standard Specification for Coal Fly Ash and Raw or Calcined
Natural Pozzolan for Use in Concrete.

55.| ASTM C 989 Standard Specification for Ground Granulated Blast-Furnace
Slag for Use in Concrete and Mortars

56.| ASTM C 1240 Standard Specification for Silica Fume Used in Cementitious
Mixtures.

57| ASTM C 171 Standard Specification for Sheet Materials for Curing Concrete.

58.| ASTM C 309 Standard  Specification for Liquid Membrane-Forming
Compounds for Curing Concrete.

59.| ASTM C 94 Standard Specification for Ready-Mixed Concrete.

60.| ASTM C 685 Standard Specification for Concrete Made by Volumetric
Batching and Continuous Mixing.

61.| ASTM C-94 Standard Specification for Ready-Mixed Concrete.

62.| ASTM C 150 Standard Specification for Portland Cement.

63.| ASTM C 595 Standard Specification for Blended Hydraulic Cements.

64.| ASTM C 1157 Performance Specification for Hydraulic Cement.

65.| ASTM C-125 Standard Terminology Relating to Concrete and Concrete
Aggregates.

BS

66.| BS-1200 Specifications for building sands from natural sources.

67.| BS-12 Specification for Portland cement.

68.| BS- 3148 Methods of test for water for making concrete (including notes
on the suitability of the water).

69.| BS 3921 Specification for clay bricks

70.

ACI

71.| ACI 304.2R Placing concrete by pumping method.

72| ACl 211.1 Standard Practice for Selecting Proportions for Normal,
Heavyweight, and Mass Concrete.

73.| ACI 211.2 Standard Practice for Selecting Proportions for Structural
Lightweight Concrete.

74.| ACI 347-R 2014 Guide to formwork for concrete.

75.| ACI 301 Specifications for Structural Concrete.

76.| ACI 116R Cement and Concrete Terminologies

77, ACI 207.2R Report on Thermal and Volume Change Effects on Cracking of
Mass Concrete.

78.| ACI 207.4R Cooling and Insulating Systems for Mass Concrete.

79.| ACI 221 R Guide for Use of Normal Weight and Heavyweight Aggregates
in Concrete.

80.| ACI — 304R Guide for Measuring, Mixing, Transporting, and Placing

Concrete.
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This work shall consist of furnishing placing, finishing and curing concrete in structures in
accordance with these specifications and conforming to the lines, grades, and dimensions
shown on the plans. The work includes elements of structures constructed by cast-in-place

and precast methods using
any combination thereof.

Glossary

either plain (unreinforced), reinforced, or pre-stressed concrete or

The following definitions apply to cement & concrete:

Abrasion damage:

Abrasion resistance;

Absolute specific gravity:

Absolute volume:

Absorbed moisture:

Absorption:

Accelerator:

Adhesion:

Adhesives:

Adjustment screw:

Wearing a way of a surface by rubbing and friction.

Ability of a surface to resist being worn away by rubbing and
friction.

Ratio of the mass of a given volume of a solid or liquid at a stated
temperature to the mass of an equal volume of gas-free distilled
water at a stated temperature.

In the case of solids, the displacement volume of particles
themselves, including their permeable and impermeable voids,
but excluding space between patrticles; in the case of fluids, their
volume.

Moisture that has entered a solid by absorption and has physical
properties not substantially different from ordinary water at the
same temperature and pressure.

The process by which a liquid is drawn into and tends to fill
permeable pores in a porous solid; also, the increase in mass of
a porous solid resulting from the penetration of a liquid into its
permeable pores.

A substance which, when added to concrete, mortar, or grout,
increases the rate of hydration of the hydraulic cement, shortens
the time of setting, or increases the rate of hardening, strength
development, or both.

The state in which two surfaces are held together by interfacial
effects which may consist of molecular forces, interlock action,
or both.

The group of materials used to join or bond similar or dissimilar
materials; for example, in concrete work, the epoxy resins.

A levelling device or jack composed of a threaded screw and an

adjusting handle; used for the vertical adjustment of shoring and
formwork.
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Admixture:

Admixture, accelerating:

Admixture, air-entraining:

Admixture, retarding:

Admixture,
Water-reducing:

Admixture,
water-reducing
(high range):

Absorbed water:

Adsorption:

Agent:

Aggregate:

Aggregate, coarse:

Aggregate, crusher-run:

Technical Specifications for Workmanship.
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A material other than water, aggregates, hydraulic cement, and
fiber reinforcement, used as an ingredient of concrete or mortar,
and added to the batch immediately before or during its mixing.

An admixture that causes an increase in the rate of hydration of
the hydraulic cement, and thus shortens the time of setting, or
increases the rate of strength development, or both.

An admixture that causes the development of a system of
microscopic air bubbles in concrete, mortar, or cement paste
during mixing.

Admixture that causes a decrease in the rate of hydration of the
hydraulic cement, and lengthens the time of setting.

An admixture that either increases slump of freshly mixed
mortar or concrete without increasing water content or maintains
slump within a reduced amount of water, the effect being due
the factors other than air entrainment.

A water reducing admixture capable of producing
large water reduction or great flowability without causing undue
set retardation or entrainment of air in mortar or concrete.

Water held on surfaces of a material by electrochemical forces
and having physical properties substantially different from those
of absorbed water or chemically combined water at the same
temperature and pressure.

Development (at the surface of either a liquid or solid) of a higher
concentration of a substance than exists in the bulk of the
medium; especially formation of one or more layers of
molecules of gases, of dissolved substances, or of liquids at the
surface of a solid (such as cement, cement paste, or
aggregates), or of air entraining agents at the air-water
interfaces; also the process by which a substance is adsorbed.

A general term for a material that may be used either as an

addition to cement or an admixture in concrete, e.g., an air-
entraining agent.

Granular material, such as sand, gravel, crushed stone, crushed
hydraulic cement concrete, or iron blast furnace slag, used with
a hydraulic-cementing medium to produce either concrete or
mortar.

Aggregate predominantly retained on the 4.75mm (No.4) sieve
or that portion retained on the 4.75mm (No.4) sieve.

Aggregate that has been mechanically broken and has not been
subjected to subsequent screening.

Aggregate, dense-graded: Aggregates graded to produce low void content and maximum

weight when compacted.
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Aggregate, fine:

Aggregate, gap-graded:

Aggregate, heavyweight:

Aggregate, lightweight:

Aggregate, normal weight:

Aggregate, open-graded:

Aggregate, reactive:

Aggregate, refractory:

Aggregate, single-sized:

Aggregate, well-graded:

Aggregate blending:

Aggregate interlock:

Agitator:

Aids, grinding:

Technical Specifications for Workmanship.
Chapter 6 Cement Concrete

Aggregate passing the 9.5mm (3/8") sieve and almost entirely
passing the 4.75mm (No.4) sieve and predominantly retained
on the 75-um (No0.200) sieve; or that portion passing the
4.75mm (No.4) sieve and predominantly retained on the 75-um
(No0.200) sieve.

Aggregate so graded that certain intermediate sizes are
substantially absent.

Aggregate of high density, such as barite, magnetite, hematite,
limonite, iron, or steel, used in heavy weight concrete.

Aggregate of low density, such as (a) expanded or sintered clay,
shale, slate, diatomaceous shale, perlite, vermiculite, or slag (b)
natural pumice, scoria, volcanic cinders, tuff, and diatomite, (c)
sintered fly ash or industrial cinders, used in lightweight
concrete.

Aggregate that is neither heavyweight nor lightweight.

Aggregate in which the voids are relatively large when the
aggregate is compacted.

Aggregate containing substances capable of reacting
chemically with the products of solution or hydration of the
Portland cement in concrete or mortar under ordinary conditions
of exposure, resulting in some cases in harmful expansion,
cracking, or staining.

Aggregate having refractory properties which, when bound
together into a conglomerate mass by a matrix, forms a
refractory body.

Aggregate in which a major portion of the particles are in a
narrow size range.

Aggregate having a particle size distribution that produces
maximum density, i.e., minimum void space.

The process of intermixing two or more aggregates to produce
a different set of properties; generally, but not exclusively, to
improve grading.

The effect of portions of aggregate particles from one side of a
joint or crack in concrete protruding into recesses in the other
side of the joint or crack so as to transfer load in shear, and
maintain alignment.

A device for maintaining plasticity and preventing segregation of
mixed concrete by agitation.

Materials used to expedite the process of grinding by eliminating
ball coating or by dispersing the finely ground product, or both.
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Air, accidental:

Air content:

Air entraining:

Air-entraining agent:

Air permeability test:

Air void:

Alkali:

Alkali aggregate reaction:

Alkali carbonate
rock reaction:

Alkali reactivity
(of aggregate):

Alkali-silica reaction:

Allowable stress:

Technical Specifications for Workmanship.
Chapter 6 Cement Concrete

Air voids in concrete which are not purposely entrained and
which are significantly larger and less useful than those of
entrained air, 1mm or larger in size.

The volume of air voids in cement paste, mortar, or concrete,
exclusive of pore space in aggregate particles, usually
expressed as a percentage of total volume of the paste, mortar,
or concrete.

The capability of a material or process to develop a system of
minute bubbles of air in cement paste, mortar, or concrete
during mixing.

An addition for hydraulic cement; also, an admixture for
concrete or mortar which causes entrained air to be
incorporated in the concrete or mortar during mixing, usually to
increase its workability and frost resistance.

A procedure for measuring the fineness of powder materials
such as Portland cement.

A space in cement paste, mortar, or concrete filled with air; an

entrapped air void is characteristically 1mm or more in size and
irregular in shape; an entrained air void is typically between 10
mm and 1mm in diameter and spherical or nearly so.

Salts of alkali metals, principally sodium and potassium;

specially sodium and potassium occurring in constituents of
concrete and mortar, usually expressed in chemical analyses as
the oxides Na20 and K20.

Chemical reaction in either mortar or concrete between alkalis
(sodium and potassium) from Portland cement or other sources
and certain constituents of some aggregates; under certain
conditions, deleterious expansion of concrete or mortar may
result.

The reaction between the alkalis (sodium and potassium) in
Portland cement and certain carbonate rocks, particularly
calcitic dolomite and dolomitic limestones, present in some
aggregates; the products of the reaction may cause abnormal
expansion and cracking of concrete in service.

Susceptibility of aggregate to alkali-aggregate reaction.

The reaction between the alkalis (sodium and potassium) in
Portland cement and certain siliceous rocks or minerals, such
as opaline chert, strained quartz, and acidic volcanic glass,
present in some aggregates; the products of the reaction may
cause abnormal expansion and cracking of concrete in service.

Maximum permissible stress used in design of members of a

structure and based on a factor of safety against rupture or
yielding of any type.
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Anchor:

Anchor bolt:

Anchorage:

Anchorage bond stress:

Anchorage deformation
or seating:

Anchorage zone:

Angular aggregate:

Average bond stress:

Back plastering:

Bacterial corrosion:

Technical Specifications for Workmanship.
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In prestressed concrete, to lock the stressed tendon in position
so that it will retain stressed condition in precast concrete
construction, to attach the precast units to the building frame; in
slabs on grade or walls, to fasten to rock or adjacent structures
to prevent movement of the slab or wall with respect to the
foundation, adjacent structure, or rock.

A metal bolt or stud, headed or threaded, either cast in place,
grouted in place, or drilled into finished concrete, used to hold
various structural members or embedment in the concrete, and
to resist shear, tension, and vibration loading from various
sources such as wind, machine vibration etc.; known also as a
hold-down bolt or a foundation bolt.

In post-tensioning, a device used to anchor the tendon to the
concrete member; in pre-tensioning, a device used to maintain
the elongation of a tendon during the time interval between
stressing and release; in precast concrete construction, the
devices for attaching precast units to the building frame; in slab
or wall construction, the device used to anchor the slab or wall
to the foundation, rock, or adjacent structure.

The bar forces divided by the product of the bar perimeter or
perimeters and the embedment length.

The loss of elongation or stress in the tendons of prestressed
concrete due to the deformation or seating of the anchorage
when the prestressing force is transferred from the jack to the
anchorage; known also as anchorage loss.

In post-tensioning, the region adjacent to the anchorage
subjected to secondary stresses resulting from the distribution
of the prestressing force; in pre-tensioning, the region in which
the transfer bond stresses are developed.

Aggregate particle which possess well-defined edges formed at
the intersection of roughly planar faces.

The force in a bar divided by the product of the perimeter and
the development length of the bar.

Plaster applied to one face of a lath system following application
and subsequent hardening of plaster applied to the opposite
face.

The destruction of a material by chemical processes brought
about by the activity of certain bacteria which produce
substances such as hydrogen sulfide, ammonia, and sulphuric
acid.
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Bar mat:

Bar schedule:

Bar spacing:

Bar support:

Barrel-vault roof:

Base course:

Batch box:

Batch weights:

Batched water:

Manual batcher:

Semiautomatic batcher:

Automatic batcher:

Technical Specifications for Workmanship.
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An assembly of steel reinforcement composed of two or more
layers of bars placed at angles to each other and secured
together either by welding or tying.

A list of the reinforcement, showing the shape, number, size,
and dimensions of every different element required for a
structure or a portion of a structure.

The distance between parallel reinforcing bars, measured
center to center of the bars perpendicular to their longitudinal
axes.

Hardware used to support or hold reinforcing bars in proper
position to prevent displacement before and during concreting.

A thin concrete roof in the form of a part of a cylinder.

A layer of specified select material of planned thickness
constructed on the subgrade or subbase of a pavement to serve
one or more functions such as distributing loads, providing
drainage, or minimizing frost action; also, the lowest course of
masonry in a wall or pier.

Container of known volume used for measuring constituents of
a batch of either concrete or mortar in proper proportions.

The weight of the various materials (cement, water, the several
sizes of aggregate, and admixtures if used), which compose a
batch of concrete.

The mixing water added by a batcher to a cementitious mixture
either before or during the initial stages of mixing.

A batcher equipped with gates or valves that are operated
manually, with or without supplementary power (pneumatic,
hydraulic, or electrical), the accuracy of the weighing operation
being depended on the operator’s observation of the scale.

A batcher equipped with gates or valves that are separately
opened manually to allow the material to be weighed but which
are closed automatically when the designated weight of each
material has been reached.

A batcher equipped with gates or valves which, when actuated
by a single starter switch, will open automatically at the start of
the weighing operation of each material and closed
automatically when the designated weight of each material has
been reached, interlocked in such a manner that: (a) the
charging mechanism cannot be opened until the scale has
returned to zero; (b) the charging mechanism cannot be opened
if the discharge mechanism is open; (c) the discharge
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Batching:

Batten:

Bay:

Beam:

Beam bottom:

Beam-column:

Beam form:

Beam from clamp:

Beam hanger:

Beam pocket:

Beam test:

Bearing stratum:

Bending moment:

Technical Specifications for Workmanship.
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mechanism cannot be opened if the charging mechanism is
open; (d) the discharge mechanism cannot be opened until the
designated weight has been reached within the allowable
tolerance; and (e) if different kinds of aggregates or different
kinds of cements are weighed cumulatively in a single batcher,
interlocked sequential controls are provided.

Weighing or volumetrically measuring and introducing into the
mixer the ingredients for a batch or either concrete or mortar.

A narrow strip of wood placed over the vertical joint of sheeting
or paneling; also used to hold several boards together.

The space, in plan, between the center lines of adjacent piers,

mullions, or columns; a small, well-defined area of concrete laid
at one time in the course of placing large areas such as floor;
pavements, or runways.

A structural member subjected to axial load and flexure but
primarily to flexure; also, the graduated horizontal bar of a
weighing scale on which the balancing poises ride.

Soffit or bottom form for a beam.

A structural member subjected to axial load and flexure forces
but primarily axial load.

A retainer or mold so erected as to give the necessary shape,
support, and finish to a concrete beam.

Any of various types of tying or fastening units used to hold the
sides of beam forms.

A wire, strap, or other hardware device that supports formwork
from structural members.

Opening left in a vertical member in which a beam is to rest;
also, an opening in the column or girder from where forms for
an intersecting beam will be framed.

A method of measuring the flexural strength (modulus of
rupture) of concrete by testing a standard unreinforced beam.

The soil or rock stratum on which a concrete footing, or mat
bears or which carries the load transferred to it by a concrete
pile, caisson, or similar deep foundation unit.

The bending effect at any section of a structural element; it is
equal to the algebraic sum of the moments of the vertical and
horizontal forces, with respect to the centroidal axis of a
member, acting on a free body of the member.
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Bending moment diagram: A graphical representation of the variation of bending moment

Bent bar:

Binders:

Blast-furnace slag:

Bleeding capacity:

Bleeding rate:

Blemish:

Blinding:

Blistering:

Block beam:

Bond:

Any

along the length of the member for a given stationary system of
load.

A reinforcing bar bent to a prescribed shape.

Cementing materials, either hydrated cements or products of
cement or lime and reactive siliceous materials; the kinds of
cement and curing conditions govern the general kind of binder
formed; also, materials such as asphalt, resins, and other
materials forming the matrix of concrete, mortars, and sanded
grouts.

The non-metallic product, consisting essentially of silicates and
aluminosilicates of calcium and other bases, that is developed
in a molten condition simultaneously with iron in a blast furnace.

The ratio of volume of water released by bleeding to the volume
of paste or mortar.

The rate at which water is released from a paste or mortar by
bleeding.

superficial defect that causes visible variation from a
consistently smooth and uniformly colored surface of hardened
concrete.

The application of a layer of weak concrete or other suitable

material to reduce surface voids, or to provide a clean, dry
working surface; also, the filling or plugging of the openings in a
screen or sieve by the material being separated.

The irregular raising of a thin layer at the surface of placed
mortar or concrete during or soon after completion of the
finishing operation, or in the case of pipe after spinning; also
bulging of the finish plaster coat as it separates and draws away
from the base coat.

A flexural member composed of individual blocks which are
joined together by prestressing.

Adhesion and grip of concrete or mortar to reinforcement or to
other surfaces against which it is placed, including friction due
to shrinkage and longitudinal shear in the concrete engaged by
the bar deformations; the adhesion of cement paste to
aggregate; adherence between plaster coats or between plaster
and a sub stratum produced by adhesive or cohesive properties
of plaster or supplemental materials.
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Bond area:

Bond breaker:

Bond prevention:

Bond strength:

Bond stress:

Bonding layer:

Brace:

Bracket:

Briquette:

Broom finish:

Brushed surface:

Buckling:

Bulk density:

Technical Specifications for Workmanship.
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The nominal area of interface between two elements across
which adhesion develops or may develop, as between concrete
and reinforcing steel.

A material used to prevent adhesion of newly placed concrete
and the substrate.

Measures taken to prevent adhesion of concrete or mortar to

surfaces against which it is placed.

Resistance to separation of mortar and concrete from
reinforcing and other materials with which it is in contact; a
collective expression for all forces such as adhesion, friction due
to shrinkage, and longitudinal shear in the concrete engaged by
the bar deformations that resist separation.

The force of adhesion per unit area of contact between two
bonded surfaces such as concrete and reinforcing steel or any
other material such as foundation rock; shear stress at the
surface of a reinforcing bar, preventing relative movement
between the bar and the surrounding concrete.

A layer of mortar, usually 1/8 to ¥z inch (3 to 13 mm) thick, which
is spread on a moist and prepared, hardened concrete surface
prior to placing fresh concrete.

A structural member used to provide lateral support for another

member, generally for the purpose of assuring stability or of
resisting lateral loads.

An overhanging member projecting from a wall or other body to

support weight acting outside the wall, or similar piece to
strengthen an angle.

A molded specimen of mortar with enlarged extremities and

reduced center having a cross section of definite area, used for
measurement of tensile strength.

The surface texture obtained by striking a broom over freshly
placed concrete.

A sandy texture obtained by brushing the surface of freshly
placed or slightly hardened concrete with a stiff brush for
architectural effect or, in pavement, to increase skid resistance.

Failure by lateral or torsional instability of a structural member,

occurring with stresses below the yield or ultimate value.

The mass of a material (including solid particles and any
contained water) per unit volume including voids.
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Bulking:

Bulking factor:

Bundled bars:

Butt joint:

Calcareous:

Calcite:

Camber:

Cap:

Cap cables:

Capillarity:

Carbonation:

Cast-in-place:

Catalyst:

Catwalk:

Cellular construction:

Technical Specifications for Workmanship.
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Increase in the bulk volume of a quantity of sand in a moist

condition over the volume of the same quantity dry or completely
inundated.

Ratio of the volume of moist sand to the volume of the sand
when dry.

A group of not more than four parallel reinforcing bars in contact
with each other, usually tied together.

A plain square joint between two members.

Containing calcium carbonate or, less generally, containing the
element calcium.

A mineral having the composition calcium carbonate (CaCOs,)
and a specific crystal structure; the principal constituent of
limestone, chalk, and marble; used as a major constituent in the
manufacture of Portland cement.

A deflection that is intentionally built into a structural element or
form to improve appearance or to nullify the deflection of the
element under the effects of loads, shrinkage, and creep.

A smooth, plane surface of suitable material bonded to the
bearing surfaces of test specimens to insure uniform distribution
of load during strength testing.

Short cables (tendons) introduced to prestress the zone of
negative bending only.

The movement of a liquid in the interstices of soil or other porous
material due to surface tension.

Reaction between carbon dioxide and a hydroxide or oxide to
form a carbonate, especially in cement paste, mortar, or
concrete; the reaction with calcium compounds to produce
calcium carbonate.

Mortar or concrete which is deposited in the place where it is
required to harden as part of the structure, as opposed to
precast concrete.

A substance that initiates a chemical reaction and enables it to

proceed under milder conditions than otherwise required and
which does not, itself, alter or enter into the reaction.

A narrow elevated walkway.

A method of constructing concrete elements in which part of the
interior concrete is replaced by voids.
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Cement, bulk:

Cement, low heat:

Cement, Portland:

Cement, Portland

blast furnace slag:

Cement, Port land
pozzolan:

Cement, slag:

Cement, sulfate resistant:

Cement, Super sulphated:

Cement, white:

Cement aggregate ratio:

Cement content:

Cement gel:

Technical Specifications for Workmanship.
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Cement that is transported and delivered in bulk (usually in
specially constructed vehicles) instead of in bags.

A Portland cement that produces limited generation of heat
during setting.

A hydraulic cement produced by pulverizing Port land cement
clinker and usually containing calcium sulfate.

A hydraulic cement consisting of an intimately Inter ground
mixture of Portland-cement clinker and granulated blast-furnace
slag or an intimate and uniform blend of Portland cement and
fine granulated blast-furnace slag in which the amount of the
slag constituent is within specified limits.

A hydraulic cement consisting of an intimate and uniform blend
of Portland cement or Portland blast furnace slag cement and
fine pozzolan produced by inter grinding Portland-cement
clinker and pozzolan, by blending Portland cement or Portland
blast-furnace slag cement and finely divided pozzolan, or a
combination of inter grinding and blending, in which the
pozzolan constituent is within specified limit.

A hydraulic cement consisting mostly of an intimate and uniform
blend of granulated blast-furnace slag and hydrated lime in
which the slag constituent is more than a specified minimum
percentage.

Portland cement, low in tricalcium aluminate, to reduce
susceptibility of concrete to attack by dissolved sulfates in water
or soils.

A hydraulic cement made by intimately grinding a mixture of
granulated blast-furnace slag, calcium sulfate and a small
amount of lime, cement, or cement clinker, so named because
the equivalent content of sulfate exceeds that for Portland blast
furnace slag cement.

Portland cement which hydrates to a white paste; made from
raw materials of low iron content the clinker for which is fired by
a reducing flame.

The ratio of cement to total aggregate, either by mass or volume.

Quantity of cement contained in a unit volume of concrete or
mortar, preferably expressed as weight.

The colloidal material that makes up the major portion of the

porous mass of which mature hydrated cement paste is
composed.
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Cement gun:

Cement paint:

Cement paste:

Technical Specifications for Workmanship.
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A machine for pneumatic placement of mortar or small
aggregate concrete; in the “Dry Gun”, water from a separate
hose meets the dry material at the nozzle of the gun; with the
“Wet Gun”, the delivery hose conveys the premixed mortar or
concrete.

A paint consisting generally of white Portland cement and water,
pigments, hydrated lime, water repellents, or hygroscopic salts.

Constituent of concrete consisting of cement and water.

Centering: Falsework used in the construction of arches, shells, space
structures, or any continuous structure where the entire
falsework is lowered (struck or decentered) as a unit.

Chalking: Formation of a loose powder resulting from the disintegration of
the surface of concrete or of applied coating, such as cement
paint.

Chamfer: Either a beveled edge or corner formed in concrete work by
means of a chamfer strip.

Chipping: Treatment of a hardened concrete surface by chiseling.

Chute: A sloping trough or tube for conducting concrete, cement,
aggregate, or other free flowing materials from a higher to a
lower point.

Cleanout: An opening in the forms for removal of refuse, to be closed
before the concrete is placed; a port in tanks, bins, or other
receptacles for inspection and cleaning.

Cleanup: Treatment of horizontal construction joints to remove all surface
material and contamination down to a condition of cleanness
corresponding to that of a freshly broken surface of concrete.

Cleat: Small board used to connect formwork members or used as a
brace.

Clinker: A partially fused product of a kiln, which is ground to make

Coarse aggregate factor:

Coefficient of
thermal expansion:

cement; also, other vitrified or burnt material.

The ratio, expressed as a decimal, of the amount (mass or solid
volume) of coarse aggregate in a unit volume of well-
proportioned concrete to the amount of dry rodded coarse
aggregate compacted into the same volume.

Change in linear dimension per unit length or change in volume
per unit volume per degree of temperature change.

Page 21 of 192



Finance Department, KPK

Coefficient of variation:

Cold-worked
steel reinforcement:

Colloid:

Column:

Column, short:

Column, slender:

Column capital:

Column clamp:

Column strip:

Combined footing:

Compacting factor:

Composite column:

Composite construction:

Technical Specifications for Workmanship.
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The standard deviation expressed as a percentage of the
average.

Steel bars or wires which have been rolled, twisted, or drawn at
normal ambient temperatures.

A substance that is in a state of division preventing passage

through a semipermeable membrane, consisting of particles
ranging from 0.1 to 0.001 ym in diameter.

A member used primarily to support axial compression loads

and with a height of at least three times its least lateral
dimension.

A column whose load capacity is limited by strength rather than
buckling; a column which is customarily so stocky and
sufficiently restrained that at least 95 percent of the cross-
sectional strength can be developed.

A column whose load capacity is reduced by the increased
eccentricity caused by secondary deflection moments.

An enlargement of a column below a slab intended to increase
the shearing resistance.

Any of various types of tying or fastening units to hold column
form sides together.

The portion of a flat slab over the columns and consisting of the
two adjacent quarter panels on each side of the column center
line.

A structural unit or assembly of units supporting more than one
column.

The ratio obtained by dividing the observed mass of concrete,
which fills a container of standard size and shape when allowed
to fall into it under standard conditions of test, by the mass of
fully compacted concrete which fills the same container.

A concrete compression member reinforced longitudinally with
structural steel shapes, pipe, or tubing with or without
longitudinal reinforcing bars.

A type of construction using members produced by combining
different materials (e.g. concrete and structural steel) members
produced by combining cast in place and precast concrete, or
cast-in-place concrete elements constructed in separate
placement but so interconnected that the combined components
act together as a single member and respond to loads as a unit.
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Compound, joint-sealing:

Compound,
“waterproofing”:

Compression flange:

Compression member:

Compression
reinforcement:

Compression test:

Compressive strength:

Compressive
strength average:

Concentric tendons:

Concrete, backfill:

Concrete, cellular:

Concrete, exposed:

Concrete, fair face:

Concrete, fiber reinforced:
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An impervious material used to fill joints in pavements or
structures.

Material used to impart water repellency to a structure or a
constructional unit.

The widened portion of an I, T, or similar cross-section beam
which is shortened or compressed by bending under normal
loads, such as the horizontal portion of the cross section of a
simple span T-beam.

Any member in which the primary stress is longitudinal
compression.

Reinforcement designed to carry compressive stresses.

Test made on a test specimen of mortar or concrete to
determine the compressive strength.

The measured maximum resistance of a concrete or mortar
specimen to axial compressive loading; expressed as force per
unit cross-sectional area; or the specified resistance used in
design calculations.

The average compressive strength of a given class or strength
level of concrete; defined as average compressive strength
required to statistically meet a designated specific strength.

Tendons following line coincident with the gravity axis of the
prestressed concrete member.

Non-structural concrete used to correct over excavation, fill
excavated pockets in rock, or prepare a surface to receive
structural concrete.

A lightweight product consisting of Portland cement, cement-
silica, cement-pozzolan, lime-pozzolan, or lime-silica pastes, or
pastes containing blends of these ingredients and having a
homogeneous void or cell structure, attained with gas-forming
chemicals of foaming agent (for cellular concretes containing
binder ingredients other than, or in addition to, Portland cement,
autoclave curing is usually employed).

Concrete surfaces formed so as to yield an acceptable texture
and finish for permanent exposure to view.

A concrete surface which, on completion of the forming process,
requires no further (concrete) treatment other than curing.

Concrete containing dispersed, randomly oriented fibers.
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Concrete, field:

Concrete, foamed:

Concrete, gap graded:
Concrete, green:

Concrete, heat resistant:

Concrete, heavyweight:

Concrete,

high-early strength:

Concrete, high-strength:

Concrete, in situ:

Concrete, insulating:

Concrete, lean:

Concrete, lightweight:

Concrete, mass:

Concrete, monolithic:

Concrete, Normal weight:

Concrete, plain:

Concrete, polymer:
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Chapter 6 Cement Concrete

Concrete delivered or mixed, placed, and cured on the job site.

Concrete may very light and cellular by the addition of a
prepared foam or by generation of gas within the unhardened
mixture.

Concrete containing a gap-graded aggregate.
Concrete which has set but not appreciably hardened.

Any concrete that will not disintegrate when exposed to constant
or cyclic heating at any temperature below which a ceramic
bond is formed.

Concrete of substantially higher density than that made using
normal-weight aggregates, usually obtained by use of
heavyweight aggregates and used especially for radiation
shielding.

Concrete, which, through the use of high-early-strength cement
or admixtures, attains a given level of strength earlier than
normal concrete.

Concrete that has a specified compressive strength for design
of 6000 psi (41 MPa) or greater.

Concrete that is deposited and allowed to harden in the place
where it is required to be in the completed structure, as opposed
to precast concrete.

Concrete having low thermal conductivity; used as thermal
insulation.

Concrete of low cement content.

Concrete of substantially lower density than that made using
aggregate of normal density

Any volume of concrete with dimensions large enough to require
that measures be taken to cope with generation of heat from
hydration of the cement and attendant volume change to
minimize cracking.

Concrete cast with no joints other than construction joints.

Concrete having a unit weight of approximately 150 Ib. per cu ft
(2400 kg/cu m) made with normal weight aggregates.

Concrete without reinforcement; reinforced concrete that does
not conform to the definition of reinforced concrete; also used
loosely to designate concrete containing no admixture and
prepared without special treatment.

Concrete in which an organic polymer serves as the binder; also
known as resin concrete; sometimes erroneously employed to
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Concrete, Polymer
cement:

Concrete, precast:

Concrete (mortar, grout),
preshrunk:

Concrete, prestressed:

Concrete, pumped:

Concrete, reinforced:

Concrete, siliceous
aggregate:

Concrete, spun:

Concrete, structural:

Concrete, structural
lightweight:

Concrete, vibrated:

Concrete paver:

Concrete vibrating
machine:

Confined region:
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designate hydraulic cement mortars or concrete in which part or
all of the mixing water is replaced by an aqueous dispersion of
a thermoplastic copolymer.

A mixture of water, hydraulic cement, aggregate, and a
monomer or polymer; polymerized in place when a monomer is
used.

Concrete cast elsewhere than its final position.

(1) Concrete that has been mixed for a short period in a
stationary mixer before being transferred to a transit mixer.

(2) grout, mortar, or concrete that has been mixed 1 to 3 hours
before placing in order to reduce shrinkage during hardening.

Concrete in which internal stresses of such magnitude and
distribution are introduced that the tensile stresses resulting
from the service loads are counteracted to a desired degree; in
reinforced concrete the prestress is commonly introduced by
tensioning the tendons.

Concrete which is transported through hose or pipe by means
of a pump.

Concrete containing adequate reinforcement (prestressed or
not prestressed) and designed on the assumption that the two
materials act together in resisting forces.

Concrete made with normal-weight aggregates having
constituents composed mainly of silica or silicates.

Concrete compacted by centrifugal in the

manufacture of pipe and poles.

action, e.g.,

Concrete used to carry structural load or to form an integral part
of a structure; concrete of a quality specified for structural use.

Structural concrete made with lightweight aggregate; having an
air-dry unit weight of not more than 115 Ib./ft3 (1850 kg/m3) and
a 28-day compressive strength or more than 2500 psi (17.24
MPa)

Concrete consolidated by vibration during and after placing.
(1) A concrete mixer, usually mounted on crawler tracks, which
mixes and places concrete pavement on the subgrade.

(2) Precast concrete paving brick.

A machine which consolidates a layer of freshly mixed concrete
by vibration.

Region with transverse reinforcement within beam column
joints.
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Consistency:

Consistency factor:

Consolidation:

Construction joint:

Construction load:

Contact pressure:

Contact splice:

Continuous footing:

Continuous grading:

Continuous mixer:

Continuous slab or beam:

Continuously reinforced
pavement:

Contraction joint:
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The relative mobility or ability of freshly mixed concrete or mortar
to flow; the usual measurements are slump for concrete, flow for
mortar or grout, and penetration resistance for neat cement
paste.

A measure of grout fluidity, roughly analogous to viscosity,
which describes the ease with which grout may be pumped into
pores or fissures; usually a laboratory measurement in which
consistency is reported in degrees of rotation of a torque
viscosimeter in a specimen of grout.

The process of inducing a closer arrangement of the solid
particles in freshly mixed concrete or mortar, during placement
by the reduction of voids; usually by vibration, centrifugation,
rodding, tamping, or some combination of these actions; also
applicable to similar manipulation of other cementitious
mixtures, soils, aggregates, or the like.

The surface where two successive placements of concrete
meet, across which it may be desirable to achieve bond and
through which reinforcement may be continuous.

The loads to which a permanent or temporary structure is
subjected during construction.

Pressure acting at and perpendicular to the contact area
between footing and soil, produced by the weight of the footing
and all forces acting on it.

A means of connecting reinforcing bars in which the bars are
lapped and in direct contact.

A combined footing of prismatic or truncated shape, supporting
two or more columns in a row.

A patrticle size distribution in which all intermediate size fractions
are present, as opposed to gap-grading.

A mixer into which the ingredients of the mixture are fed without
stopping, and from which the mixed product is discharged in a
continuous stream.

A slab or beam which extends as a unit over three or more
supports in a given direction.

A pavement with continuous longitudinal steel reinforcement
and no intermediate transverse expansion or contraction joints.

Formed, sawed, or tooled groove in a concrete structure to
create a weakened plane and regulate the location of cracking
resulting from the dimensional change of different parts of the
structure.
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Control factor:

Conveyor:

Coping:

Corbel:

Core:

Core test:

Coring:

Corner reinforcement:

Cotton mats:

Coupler:

Coupling pin:

Coupling sleeve:

Cover:
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The rate of minimum compressive strength to the average
compressive strength.

A device for moving materials; usually a continuous belt, an
articulated system of buckets, a confined screw, or a pipe
through which material is moved by air or water.

The material or units used to form a cap or finish on top of a
wall, pier, pilaster, or chimney.

A projection from the face of a beam, girder, column, or wall
used as a beam seat or a decoration.

(1) The soil material enclosed within a tubular pile after driving
(it may be replaced with concrete).

(2) The mandrel used for driving casings for cast-in-place piles.
(3) A structural shape used to internally reinforce a drilled-in-
caisson.

(4) A cylindrical sample of hardened concrete or rock obtained
by means of a core drill.

(5) The molded open space in a concrete masonry unit or
precast concrete unit.

Compression test on a concrete sample cut from hardened
concrete by means of a core drill.

The act of obtaining cores from concrete structures or rock
foundations.

Metal reinforcement for plaster at re-entrant corners to provide
continuity between two intersecting planes; or concrete
reinforcement used at wall intersections or near corners of
square or rectangular openings in walls, slabs, or beams.

Cotton-filled quilts fabricated for use as a water retaining
covering in curing concrete surfaces.

(1) A device for connecting reinforcing bars or prestressing
tendons end to end.

(2) A device for locking together the component parts of a
tubular metal scaffold (also known as a clamp).

(3) Internal threaded device for joining reinforcing bars with
matching threaded ends for the purpose of providing transfer of
either axial compression or axial tension or both from one bar to
the other.

An insert device used to connect lifts or tiers or formwork
scaffolding vertically.

Device fitting over the ends of two reinforcing bars for the
eventual purpose of providing transfer of either axial
compression or axial tension or both from one bar to the other.
In reinforced concrete, the least distance between the surface
of the reinforcement and the outer surface of the concrete.
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Cracking load:

Craze cracks:

Creep:

Creep basic:

Critical saturation:

Curing:

Curing blanket:

Curing compound:

Curling:

Damp proofing:

Dead end:

Dead-end anchorage:

Dead load:

The

The distortion of an originally essentially linear or

Technical Specifications for Workmanship.
Chapter 6 Cement Concrete

The load which causes tensile stress in a member to exceed the
tensile strength of the concrete.

Development of shallow cracks at closely spaced but irregular
intervals on the surface of plaster, cement past, mortar or
concrete.

Time-dependent deformation due to sustained load.

Creep that occurs without migration of moisture to or from the
concrete.

A condition describing the degree of filling by freezable water of
a pore space in cement paste or aggregate that affects the
response to freezing; usually taken to be 91.7 percent because
of the 9 percent increase in volume of water undergoing the
change of state to ice.

maintenance of a satisfactory moisture content and
temperature in concrete during its early stages so that desired
properties may develop.

A built-up covering of sacks, matting, hessian, straw, waterproof
paper, or other suitable material placed over freshly finished
concrete.

A liguid that can be applied as a coating to the surface of newly
placed concrete to retard the loss of water or, in the case of
pigmented compounds, also to reflect heat so as to provide an
opportunity for the concrete to develop its properties in a
favorable temperature and moisture environment.

planar
member into a curved shape such as the warping of a slab due
to creep or to differences in temperature or moisture content in
the zones adjacent to its opposite faces.

Treatment of concrete or mortar to retard the passage or
absorption of water, or water vapor, either by application of a
suitable coating to exposed surfaces, or by use of a suitable
admixture or treated cement, or by use of pre-formed films such
as polyethylene sheet under slabs on grade.

In the stressing of a tendon from one end only, the end opposite
that to which the load is applied.

The anchorage at that end of a tendon which is opposite the
jacking end.

A constant load that in structures is due to the mass of the

members, the supported structure, and permanent attachments
or accessories.
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Deck:

Deformation, elastic:
Deformation, inelastic:
Deformation, time
dependent:

Deformed bar:

Deformed plate:

Deformed reinforcement:

Density (dry):

Deterioration:

Detritus:

Development length:

Diagonal crack:

Diagonal tension:

Dilation:

Diluent:
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The form on which concrete for a slab is placed, also the floor
or roof slab itself.

Deformation proportional to the applied stress.
Deformation not proportional to the applied stress.

Deformation resulting from effects such as autogenous volume
change, thermal contraction or expansion, creep, shrinkage,
and swelling, each of which is a function of time.

A reinforcing bar with a manufactured pattern of surface ridges
intended to prevent slip when the bar is embedded in concrete.

A flat piece of metal, thicker than %" (6mm), having horizontal
deformations or corrugations; used in construction to form a
vertical joint and provide a mechanical interlock between
adjacent section.

Metal bars, wire, or fabric with a manufactured pattern of surface
ridges which provide a locking anchorage with surrounding
concrete.

The mass per unit volume of a dry substance at a stated
temperature.

(1) Physical manifestation of failure of a material (e.g. cracking,
delamination, flaking, pitting, scaling, spalling, staining) caused
by environmental or internal autogenous influences on rock and
hardened concrete as well as other materials;

(2) Decomposition of material during either testing or exposure
to service.

Loose material produced by the disintegration of rocks through
geological agencies or processes simulating those of nature.

The embedment length required to develop the design strength
of the reinforcement at a critical section; formerly called bond
length.

In a flexural member, an inclined crack caused by shear stress,
usually at about 45 deg to the axis; or a crack in a slab, not
parallel to either the lateral or longitudinal directions.

The principal tensile stress resulting from the combination of
normal and shear stresses acting upon a structural element.

An expansion of concrete during cooling or freezing generally

calculated as the maximum deviation from the normal thermal
contraction predicted from the length change temperature curve
or length change-time curve established at temperatures before
initial freezing.

A substance, liquid or solid, mixed with the active constituents
of a formulation to increase the bulk or lower the concentration.
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Distribution bar

reinforcement;:

Divider strips:

Double-tee beam:

Dowel:

Dried strength:

Drip:

Drop chute:

Early strength:

Early stiffening:

Edge-bar reinforcement:

Effective depth:

Effective flange width:

Effective width of slab:
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Small diameter bars, usually at right angles to the main
reinforcement, intended to spread a concentrated load on a slab
and to prevent cracking.

In terrazzo work, nonferrous metal or plastic strip of different
thicknesses, usually embedded from 5/8 to 1¥4" (10 to 40mm),
used to form panels in the topping.

A precast concrete member composed of two stems and a
combined top flange, commonly used as a beam.

(1) A steel pin, commonly a plain round steel bar, which extends
into adjoining portions of a concrete construction, as at a joint in
a pavement slab, so as to transfer shear loads;

(2) A deformed reinforcing bar intended to transmit tension,
compression, or shear through a construction joint.

The compressive or flexural strength of refractory concrete
determined within 3 hrs. after first drying in an oven at 220 to
230 F (105 to 110 C) for a specified time.

A transverse groove in the underside of a projecting piece of
wood, stone, or concrete to prevent water from flowing back to
a wall.

A device used to confine or to direct the flow of a falling stream
of fresh concrete

(1) drop chute, articulated — a device consisting of a succession
of tapered metal cylinders so designed that the lower end of
each cylinder fits into the upper end of the one below

(2) drop chute, flexible — a device consisting of a heavy
rubberized canvas or plastic collapsible tube.

Strength of concrete or mortar usually as developed at various
times during the first 72 hrs. after placement.

The early development of an abnormal reduction in the working
characteristics of a hydraulic-cement paste, mortar, or concrete,
which may be further described as false set, quick set, or flash
set.

Tension steel sometimes used to strengthen otherwise
inadequate edges in a slab, without resorting to edge thickening.

Depth of a beam or slab section measured from the
compression face to the centroid of the tensile reinforcement.

Width of slab adjoining a beam stem where the slab is assumed
to function as the flange element of a T-beam section.

That part of the width of a slab taken into account when
designing T- of L-beams.
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Efflorescence:

Elastic design:

Elastic limit:

Elastic loss:

Elasticity:

Embedment length:

Embedment length
equivalent:

Enclosure wall:

Evaporation retardant:

Expansion joint:

Exterior panel:

Factored load:

False work:

Fascia:

Fatigue:
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A deposit of salts, usually white, formed on a surface, the
substance having emerged in solution from within either
concrete or masonry and subsequently been precipitated by
evaporation.

A method of analysis in which the design of a member is based
on a linear stress-strain relationship and corresponding limiting
elastic properties of the material.

The limit of stress beyond which the stain is not wholly
recoverable.

In prestressed concrete, the reduction in prestressing load
resulting from the elastic shortening of the member.

That property of a material by virtue of which it tends to recover
its original size and shape after deformation.

The length of embedded reinforcement provided beyond a
critical section.

The length of embedded reinforcement which can develop the
same stress as that which can be developed by a hook or
mechanical anchorage.

A non-load-bearing wall intended only to enclose space.

A long-chain organic material such as acetyl alcohol which when
spread on a water film on the surface of concrete retards the
evaporation of bleed water.

(1) A separation provided between adjoining parts of structure
to allow movement where expansion is likely to exceed
contraction.

(2) A separation between pavement slabs on grade, filled with a
compressible filler material.

(3) An isolation joint intended to allow independent movement
adjoining parts.

In a flat slab, a panel having at least one edge which is not in
common with another panel.

Load, multiplied by appropriate load factors, used to proportion
members by the strength design method.

The temporary structure erected to support work in the process
of construction; composed of shoring or vertical posting,
formwork for beams and slabs, and lateral bracing.

A flat member or band at the surface of a building or the edge
beam of a bridge; also, exposed eve of a building

The weakening of a material caused by repeated or alternating
loads.
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Fatigue failure:

Fatigue strength:

Faulting:

Field-cured cylinders:

Fillet:

Fin:

Final set:

Final setting time:

Final stress:

Fineness modulus:

Finish grinding:

Finishing:
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The phenomenon of rupture of material, when subjected to
repeated ladings, at a stress substantially less than the static
strength.

The greatest stress which can be sustained for a given number
of stress cycles without failure.

Differential vertical displacement of a slab or other member

adjacent to a joint or crack.

Test cylinders that are left at the job-site for curing as nearly as
practicable in the same manner as the concrete in the structure
to indicate when supporting forms may be removed, additional
construction loads may be imposed, or the structure may be
placed in service.

A concave junction formed where two surfaces meet.

A narrow linear projection on a formed concrete surface,

resulting from mortar flowing into spaces in the formwork; also,
a type of blade in a concrete mixer drum.

A degree of stiffening of a mixture of cement and water greater
than initial set, generally stated as an empirical value indicating
the time in hours and minutes required for a cement paste to
stiffen sufficiently to resist to an established degree, the
penetration of a weighted test needle; also applicable to
concrete and mortar mixture with use of suitable test
procedures.

The time required for a freshly mixed cement paste, mortar, or
concrete to achieve final set.

In prestressed concrete, the stress which exists after
substantially all losses have occurred.

A factor obtained by adding the total percentage of material in
the sample that are coarser than each of the following sieve
(cumulative percentages retained), and dividing the sum by
100:150-pm  (No0.100), 300-um (No0.50), 600-um (No.30),
1.18mm (No.16), 2.36mm (No.8), 4.75mm (No.4), 9.5mm (3/8-
in.), 19.0mm (34 in.), 37.5mm (1% in.), 75mm (3 in.), 150mm
(6in.).

The final grinding of clinker into cement, with calcium sulfate in
the form of gypsum or anhydrite generally being added; the final
grinding operation required for a finished concrete surface, e.g.
bump cutting of pavement, fin removal from structural concrete,
terrazzo floor grinding.

Levelling, smoothing, consolidating, and otherwise treatment

surfaces of fresh or recently placed concrete or mortar to
produce desired appearance and service.
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Finishing machine:

Flash coat:

Flat slab:

Flatwork, concrete:

Flexible pavement:

Flexural rigidity:

Flexural strength:

Fly ash:

Fog curing:

Form:

Form scabbing:

Free fall:
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A power-operated machine used to produce the desired surface
texture on a concrete slab.

A light coat of shotcrete used to cover minor blemishes on a
concrete surface.

A concrete slab reinforced in two or more directions and having
drop panels or column capitals or both.

A general term applicable to concrete floors and slabs that
require finishing operations.

A pavement structure which maintains intimate contact with and
distributes loads to the subgrade and depends on aggregate
interlock, particle friction, and cohesion for stability; cementing
agents, where used, are generally bituminous materials as
contrasted to hydraulic cement in the case of rigid pavement.

A measure of stiffness of a member, indicated by the product of
modulus of elasticity and moment of inertia divided by the length
of the member.

The property of a material or a structural member that indicates
its ability to resist failure in bending; in concrete flexural
members, the bending moment at which a section reaches its
maximum usable bending capacity; for under-reinforced
concrete flexural members, the bending moment at which the
compressive strain in the concrete reaches 0.003; for over-
reinforced concrete flexural members, the bending moment at
which the compressive stress reaches 85 percent of the cylinder
strength of the concrete; for un-reinforced concrete members,
the bending moment at which the concrete tensile strength
reaches the modulus of rupture

The finely divided residue resulting from the combustion of
ground or powdered coal and which is transported from the
firebox through the boiler by flue gases.

(1) Storage of concrete in a moist room in which the desired high
humidity is achieved by the atomization of fresh water.

(2) Application of atomized fresh water to concrete, stucco,
mortar, or plaster.

A temporary structure or mold for the support of concrete while
it is setting and gaining sufficient strength to be self-supporting.

Inadvertent removal of the surface of concrete because of
adhesion to the form.

Descent of freshly mixed concrete into forms without Drop

chutes or other means of confinement; also, the distance
through which such descent occurs; also, uncontrolled fall of
aggregate.
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Free lime;:

Free moisture:

Friction loss:

Friction pile:

Frog:

Girder:

Girt:

Grade beam:

Gradient:

Grading:

Granolithic finish:

Gravel:

Grid foundation:

Grout:
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Calcium oxide (CaO) as in clinker and cement which has not

combined with SiO», Al,Os, or Fe,O3 during the burning process,
usually because of under burning, insufficient grinding of the raw
mix, or the presence of traces of inhibitors.

Moisture having essentially the properties of pure water in bulk;
moisture not absorbed by aggregate.

The stress loss in a prestressing tendon resulting from friction
between the tendon and duct or other device during stressing.

A load-bearing pile which receives its principal vertical support
from skin friction between the surface of the buried pile and the
surrounding soil.

A depression in the bed surface of a masonry unit; sometimes
called a panel.

large beam, usually horizontal, that serves as a main
structural member.

Small beam spanning between columns generally used in

industrial buildings to support outside walls.

A reinforced concrete beam, usually at ground level, to form a
foundation for the walls of a superstructure.

Rate of change in a variable over a distance, as of temperature
or moisture.

The distribution of particles of granular material among various
sizes; usually expressed in terms of cumulative percentage
larger or smaller than each of a series of size (sieve openings)
or the percentages between certain ranges of size (sieve
openings).

A surface layer of granolithic concrete which may be laid on a
base of either fresh or hardened concrete.

(1) Granular material predominantly retained on the 4.75mm
(No.4) sieve and resulting either from natural disintegration and
abrasion of rock or processing of weakly bound conglomerate
(2) That portion of an aggregate retained on the 4.75mm (No.4)
sieve and resulting either from natural disintegration and
abrasion of rock or processing of weakly bound conglomerate.

A combined footing formed by intersecting continuous footings,
loaded at the intersection points, and covering much of the total
area within the outer limits of the assembly.

mixture of cementitious material and water, with or without
aggregate, proportioned to produce a pourable consistency
without segregation of the constituents; also a mixture of other
composition but of similar consistency.
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Gun:

Hacking:

Hairline cracks:

Hanger:

Harsh mixture:

Haunch:

Hunching:

Heat of hydration:

High strength steel:

Hinge joint:

Honeycomb:

Hooked bar:

Hoop reinforcement:

Hydration:

Hydraulic hydrated lime:
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(1) Shotcrete material delivery equipment, usually consisting of
double chambers under pressure; equipment with a single
pressure chamber is used to some extent.

(2) Pressure cylinder used to propel freshly mixed concrete
pneumatically.

The roughening of a surface by striking with a tool.

Cracks in an exposed concrete surface having widths so small
as to be barely perceptible.

A device used to suspend one object from another object such
as the hardware attached to a building frame to support form.

A concrete mixture which lacks desired workability and
consistency due to a deficiency of mortar or aggregate fines.

A deepened portion of a beam in the vicinity of a support.

(1) Concrete support to the sides of a drain or sewer.
(2) Work done in strengthening or improving the outer strip of a
roadway.

Heat evolved by chemical reactions with water, such as that
evolved during the setting and hardening of Portland cement, or
the difference between the heat of solution of dry cement and
that of partially hydrated cement.

Steel with a high vyield point, in the case of reinforcing bars
60,000 psi (414 MPa) and greater.

Any joint which permits rotation with no appreciable moment
developed in the members at the joint.

Voids left in concrete due to failure of the mortar to effectively fill
the spaces among coarse aggregate particles.

A reinforcing bar with the end bent into a hook to provide
anchorage.

A one-piece closed tie or continuously wound tie not less than
No.3 in size, the ends of which have a standard 135-deg bend
with a ten-bar diameter extension, that encloses the longitudinal
reinforcement.

Formation of a compound by the combining of water with some
other substance; in concrete, the chemical reaction between
hydraulic cement and water.

The hydrated dry cementitious product obtained by calcining a
limestone containing silica and alumina to a temperature short
of incipient fusion so as to form sufficient free calcium oxide to
permit hydration and at the same time leaving un-hydrated
sufficient calcium silicates to give the dry powder its hydraulic
properties.
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Incrustation:

Initial drying shrinkage:

Initial pre stress:

Initial set:

Initial setting time:

Initial stresses:

I-section:

Isolation joint:

Jack:

Jacking device:

Jacking force:

Jacking stress:

Jaw crusher:

Joint;
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A crust or coating, generally hard, formed on the surface of
concrete masonry construction or on aggregate particles.

The difference between the length of a specimen (molded and
cured under state conditions) and its length when first dried to
constant length, expressed as a percentage of the moist length.

The pre stressing stress (or force) applied to the concrete at the
time of stressing.

A degree of stiffening of a mixture of cement and water less than

final set, generally stated as an empirical value indicating the
time in hours and minutes required for cement paste to stiffen
sufficiently to resist to an established degree, the penetration of
a weighted test needle; also applicable to concrete or mortar
with use of suitable test procedure.

The time required for a freshly mixed cement paste, mortar, or
concrete to achieve initial set.

The stresses occurring in prestressed concrete members before
any losses occur.

Beam cross section consisting of top and bottom flanges

connected by a vertical web.

A separation between adjoining parts of a concrete structure,
usually a vertical plane, at a designed location such as to
interfere least with performance of the structure, yet such as to
allow relative movement in three directions and avoid formation
of cracks elsewhere in the concrete and through which all or part
of the bonded reinforcement is interrupted.

A mechanical device used for applying force to prestressing
tendons, for adjusting elevation of forms or form supports, and
for raising objects small distances.

The device used to stress the tendons for prestressed concrete;
also, the device for raising a vertical slipform.

In prestressed concrete, the temporary force exerted by the
device which introduces tension into the tendons.

The maximum stress occurring in a prestress tendon during
stressing.

A machine having two inclined jaws, one or both being actuated
by a reciprocating motion so that the charge is repeatedly
“nipped” between the jaws.

A physical separation in concrete, whether precast or cast-in-
place, including cracks if intentionally made to occur at specified
locations; also, the region where structural members intersect,
such as a beam-column joint.
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Joint filler:

Joint sealant:

Joist:

Keyway:

Knee brace:

Lacing:

Lagging:

Laitance:

Lap:

Lap splice:

Lapping

(reinforcing steel):

Lateral reinforcement:

Latex:

Lever arm:
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Compressible material used to fill a joint to prevent the infiltration
of debris and to provide support for sealants.

Compressible material used to exclude water and solid foreign
materials from joints.

comparatively narrow beam, used in closely spaced

arrangements to support floor or roof slab (which require no
reinforcement except that required for temperature and
shrinkage stresses); also, a horizontal structural member such
as that which supports deck form sheathing.

A recess or groove in one lift or placement of concrete which is
filled with concrete of the next lift, giving shear strength to the
joint.

Brace between horizontal and vertical members in a building
frame or formwork to make the structure more stable; in
formwork it acts as a haunch.

Horizontal bracing between shoring members.

Heavy sheathing used as in underground work to withstand
earth pressure. Punjab Communication and Works Department
Standard Specifications for Building Construction Draft 2016
Page 308 of 69.

A layer of weak and nondurable material containing cement and
fines from aggregate, brought by bleeding water to the top of
over wet concrete; the amount is generally increased by
overworking or overmanipulating concrete at the surface by
improper finishing or by job traffic.

The length by which one bar reinforcement overlaps another.

A connection of reinforcing steel made by lapping the ends of
the bars.

The overlapping of reinforcing steel bars, welded wire fabric, or
expanded metal so that there may be continuity of stress in the
reinforcing when the concrete member is subjected to loading.

Usually applied to ties, hoops, and spirals in columns or column-
like members.

A water emulsion of a high molecular-weight polymer used

especially in coatings, adhesives, leveling compounds, and
patching compounds.

In a structural member, the distance from the center of the
tensile reinforcement to the center of action of the compression
zone; also, the perpendicular distance of a transverse force from
a point about which moment is taken.
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Lift:

Limit design:

Linear prestressing:

Lining:

Lintel:

Load factor:

Load-bearing wall:

Load-transfer assembly:

Loading hopper:

Locking device:

Longitudinal cracks:
Longitudinal joint:

Longitudinal
reinforcement;:

Loss Angeles
Abrasion Test:

Loss of pre stress:

Macadam, cement-bound:

The concrete placed between
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two consecutive horizontal
construction joints, usually consisting of several layers or
courses.

A method of proportioning reinforced concrete members based
on calculations of their strength.

Prestressing applied to linear members such as beams,
columns etc.

Any sheet, plate, or layer of martial attached directly to the inside
face of formwork to improve or alter the surface texture and
guality of the finished concrete.

A horizontal supporting member above an opening such as a
window or a door.

A factor by which a service load is multiplied to determine a
factored load used in the strength design.

A wall designed and built to carry super-imposed vertical and
shear loads.

The unit (basket or plate) designed to support or link dowel bars
during concrete operations so as to hold them in place while in
the desired alignment.

A hopper in which concrete or other free flowing material is
deposited for discharge into buggies or other conveyances used
for delivery to the forms or to other. Punjab Communication and
Works Department Standard Specifications for Building
Construction Draft 2016 Page 309 of 691 place or processing,
use, or storage.

A device used to secure a cross brace in scaffolding to the frame
or panel.

Cracks that develop parallel to the length of a member.
A joint parallel to the length of a structure or pavement.

Reinforcement parallel to the length of a concrete member or
pavement

Test for abrasion resistance of concrete aggregates.

The reduction in pre stressing force which results from the
combined effects of slip at anchorage, relaxation of steel stress,
frictional loss due to curvature in the tendons, and the effects of
elastic shortening, creep and shrinkage of the concrete.

A road consisting of broken stone, crushed slag, or gravel and
either a grout or mortar filer; formed by rolling a base of stone,
slag, or gravel to a compacted mass having an even surface,
and then rolling in the cementitious filler.
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Map cracking:

Mat foundation:

Matrix:

Mechanical bond:

Membrane curing:

Mesh:

Micro cracks:

Micron:

Middle strip:

Mixer, efficiency:
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(1) Intersecting cracks that extend below the surface of
hardened concrete; caused by shrinkage of the drying surface
concrete which is restrained by concrete at greater depths
where either little or no shrinkage occurs; vary in width from fine
and barely visible to open and well-defined.

(2) The chief symptom of chemical reaction between alkalis in
cement and mineral constituents in aggregate within hardened
concrete; due to differential rate of volume change in different
portions of the concrete; cracking is usually random and on a
fairly large scale, and in severe instances the cracks may reach
a width of 0.50 inch (12.7mm).

A continuous footing supporting an array of columns in several
rows in each direction, having a slab-like shape with or without
depressions or openings, covering an area at least 75% of the
total area within the outer limits of the assembly.

In the case of mortar, the cement paste in which the fine

aggregate particles are embedded; in the case of concrete, the
mortar in which the coarse aggregate particles are embedded.

(1) In general concrete construction, the physical interlock
between cement paste and aggregate, or between concrete and
reinforcement (specifically, the sliding resistance of an
embedded bar and not the adhesive resistance).

(2) In plastering, the physical keying of a plaster coat to:

(a) another, (b) to the plaster base by means of plaster keys to
the lath, or (c) through interlock with adjacent plaster casts
created by means of scratching or cross raking.

A process that involve either liquid sealing compound (e.qg.
bituminous and paraffinic emulsions, coal tar cutbacks,
pigmented and non-pigmented resin suspensions, or
suspensions of wax and drying oil) or non-liquid protective
coating (e.g. sheet plastics or “waterproof” paper), both of which
types function as films to restrict evaporation of mixing water
from the fresh concrete surface.

The number of openings (including fractions thereof) per unit of
length in either a screen or sieve in which the openings are %
inch (6mm) or less.

Microscopic cracks within concrete.

An obsolete term designating a unit of length equal to one

thousandth of a milimeter or one millionth of a meter;
superseded by micrometer (um).

In flat-slab framing, the slab portion which occupies the middle
half of the span between columns.

The adequacy of a mixer in rendering a homogeneous product

within a stated period; homogeneity is determinable by testing
for relative differences in physical properties or composition of
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Mixing cycle:

Modified cube:
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samples extracted from different portions of a freshly mixed
batch.

The time taken for a complete cycle in a batch mixer, i.e. the
time elapsing between successive repetitions of the same
operation (e.g. successive discharges of the mixer).

A portion of a rectangular beam of hardened concrete previously
broken in flexure; used in determining the compressive strength
of the concrete.

Modified Portland Cement: A Portland cement having moderate heat of hydration.

Modular ratio:

Modulus of compression:

Modulus of deformation:

Modulus of elasticity:

Modulus of rigidity:

Modulus of rupture:

Mohs scale:

The ratio of modulus of elasticity of steel Es, to that of concrete
Ec; usually denoted by the symbol n.

The ratio of compressive stress to cubical compression; always
positive for all physical substances; also known as bulk
modulus; related to Young’s modulus and Poisson’ ratio by the
equation

K =E + 3 (1-2u), where k = bulk modulus, E = Young’s modulus,
and y = Poisson’s ratio of the material under consideration.

(1) A concept of modulus of elasticity expressed as a function of
two-time variables; strain in loaded concrete as a function of the
age at which the load is initially applied and of the length of time
the load is sustained.

(2) The ratio of stress to strain for a material that does not
deform in accordance with Hooke’'s law when subjected to
applied load.

The ratio of normal stress to corresponding strain for tensile or
compressive stress below the proportional limit of the material;
also referred to as elastic modulus, Young's modulus, and
Young’'s modulus of elasticity; donated by the symbol E.

The ratio of unit shearing stress to the corresponding unit
shearing strain; referred to as shear modulus and modulus of
elasticity in shear.

A measure of the ultimate load-carrying capacity of a beam and
sometimes referred to as rupture modulus or rupture strength. It
is calculated for apparent tensile stress in the extreme fiber of a
transverse test specimen under the load which produces
rupture. Note: the actual stress in the extreme fiber is less than
the apparent stress since the flexure formula employed in the
calculation is valid only for stress within the proportional limit of
the material; nevertheless, the nominal rupture strength so
obtained is considered the rupture modulus.

Arbitrary quantitative units, ranging from 1 through 10, by means
of which the scratch hardness of a mineral is determined; each
unit of hardness is represented by a mineral that can scratch
any other mineral having a lower-ranking number; the minerals
are ranked from talc or 1 (the softest), upward through gypsum
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Moist:

Moist-air curing:

Moist room:

Moisture content
of aggregate:

Mold:

Moment distribution:

Monolith:

Monolithic topping:

Moving forms:

Multistage stressing:

Mushroom system of

flat-slab construction:
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or 2, calcite or 3, fluorite or 4, apatite or 5, orthoclase or 6, quartz
or 7, topaz or 8, corundum or 9, and diamond or 10 (the
hardest).

Slightly damp but not quite dry to the touch; the terms “wet”
implies visible free water “damp” implies less wetness than wet
and moist implies not quite dry.

Curing in moist air (not less than 95 percent relative humidity) at
atmospheric pressure and normally at a temperature
approximating 73F (22.8C) temperature and at least 95 percent
relative humidity.

A room in which the atmosphere is maintained at a selected
temperature (usually 23.0+1.7C or 73.4+3.0F) and a relative
humidity of at least 95 percent, for the purpose of curing and
storing cementitious test specimens; the facilities must be
sufficient to maintain free moisture continuously on the exterior
of test specimens; also known as a fog room.

The ratio, expressed as a percentage, of the mass of water in a
given granular mass to the dry weight of the mass.

(1) a device containing a cavity into which neat cement, mortar,
or concrete test specimens are cast.

(2) A form used in the fabrication of precast mortar or concrete
units (e.g. masonry units).

A method of structural analysis for continuous beams and rigid
frames whereby successive converging corrections are made to
an assumed set of moments until the desired precision is
obtained.

A body of plain or reinforced concrete cast or erected as a single
integral mass or structure.

On flatwork: a higher quality, more serviceable topping course
placed promptly after the base course has lost all slump and
bleed water.

Large prefabricated units of formwork incorporating supports,
and designed to be moved horizontally on rollers or similar
devices, with a minimum amount of dismantling between
successive uses.

Pre-stressing performed in stages as the construction
progresses.

A four-way reinforced concrete girder-less floor slab in which the
column reinforcing bars are bent down into the slab around the
column head in radial directions and additional reinforcing bars
bent into rings laid upon the radials, thus forming a spider web
to provide additional reinforcement at the column head and to
support the slab steel; mushroom designs of the true flat-slab
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Natural pozzolan:

Neat cement grout:

Negative moment:

Negative reinforcement:

Neutral axis:

Nominal mixture:

Nominal strength:

Non-bearing wall:

Non-pre-stressed
reinforcement:

Normal consistency:

Normal stress:

Offset:

Offset bend:
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type do not involve drop panels around the capitals of the
columns.

Either a raw or calcined natural material that has pozzolanic
properties (e.g. volcanic ash or pumicite, opaline chert and
shales, tuffs, and some diatomaceous earths).

A fluid mixture of hydraulic cement and water, with or without
admixture; also, the hardened equivalent of such mixture.

A condition of flexure in which top fibers of a horizontally placed
member, or external fibers of a vertically placed exterior
member, are subjected to tensile stresses.

Steel reinforcement for negative moment.

A line in the plane of a structural member subject to bending
where the longitudinal stress is zero.

The proportions of the constituents of a proposed concrete
mixture.

Strength of a member or cross section calculated in accordance
with provisions and assumptions of the strength design method
before application of any strength reduction factor.

A wall that supports no vertical load other than its own weight.

Reinforcing steel, not subjected to either pre-tensioning or post-
tensioning.

(1) the degree of wetness exhibited by a freshly mixed concrete,
mortar, or neat cement grout when the workability of the mixture
is considered acceptable for the purpose at hand.

(2) The physical condition of neat cement pastes as determined
with the Vicat apparatus in accordance with a standard method
of test.

The stress component that is perpendicular to the plane on
which the force is applied; designated tensile if the force is
directed away from the plane and compressive if the force is
directed toward the plane.

An abrupt change in alignment or dimension, either horizontally
or vertically; a horizontal ledge occurring along a change in wall
thickness of the wall above.

An intentional distortion from the normal straightness of a steel
reinforcing bar in order to move the center line of a segment of
the bar to a position parallel to the original position of the center
line; a mechanical operation commonly applied to vertical bars
that reinforce concrete columns.
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Oven-dry:

Overdesign:

Over-sanded:

Overstretching:

Over-vibration:

Panel:

Panel strip:

Partial pre-stressing:

Partial release:

Pavement (concrete):

Pedestal:

Percentage of
reinforcement;:

Permanent form:
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The condition resulting from having been dried to essentially

constant mass, in an oven, at a temperature that has been fixed,
usually between 221 and 239°F (105 and 115°C).

To require adherence to structural design requirements higher
than service demands, as a means of compensating for
statistical variation or for anticipated deficiencies or both.

Containing more sand than would be necessary to produce
adequate workability and a satisfactory condition for finishing.

Stressing of tendons to a value higher than designed for the
initial stress to:

(a) overcome frictional losses,

(b) temporarily overstress the steel to reduce steel creep that
occurs after anchorage, and

(c) counteract loss of pre-stressing force that is caused by
subsequent pre-stressing of other tendons.

Excessive use of vibrators during placement of freshly mixed
concrete, causing segregation, stratification, and excessive
bleeding.

(1) A section of form sheathing, constructed from boards,

plywood, metal sheets, etc., that can be erected and stripped as
a unit.

(2) A concrete member, usually precast, rectangular in shape,
and relatively thin with respect to other dimensions.

A strip extending across the length or width of a flat slab for
structural design and construction or for architectural purposes.

Pre-stressing to a stress level such that, under design load,
tensile stresses exist in the pre-compressed tensile zone of the
pre-stressed member.

Release into a pre-stressed concrete member of a portion of the
total pre-stress initially held wholly in the pre-stressed
reinforcement.

A layer of concrete over such areas as roads, sidewalks, canals,
playgrounds, and those used for storage or parking.

An upright compression member whose height does not exceed

three times its average least dimension, such as a short pier or
plinth used as the base for a column.

The ratio of cross-sectional area of reinforcing steel to the
effective cross-sectional area of a member, expressed as a
percentage.

Any form that remains in place after the concrete has developed

its design strength; it may or may not become an integral part of
the structure.
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Permeability to water,
coefficient of:

Phi (@) factor:

Pigment:

Pile:

Pile bent:

Pile cap:

Pipe column:

Pipe pile:

Pitting:

Placement;:

Technical Specifications for Workmanship.
Chapter 6 Cement Concrete

The rate of discharge of water under laminar flow condition
through a unit cross-sectional area of a porous medium under a
unit hydraulic gradient and standard temperature condition,
usually 20C.

Capacity reduction factor (in structural design); a number less
than 1.0 (usually 0.65-0.90) by which the strength of a structural
member or element (in terms of load, moment, shear, or stress)
is required to be multiplied in order to determine design strength
or capacity; the magnitude of the factor is stipulated in
applicable codes and construction specifications for respective
types of members and cross sections.

A coloring matter, usually in the form of an insoluble fine powder.
A slender timber, concrete, or steel structural element, driven,

jetted, or otherwise embedded on end in the ground for the
purpose of supporting a load or of compacting the soil.

Two or more piles driven in a row transverse to the long

dimension of the structure and fastened together by capping
and (sometimes) bracing.

(1) A structural member that is placed on top of a group of piles
and used to transmit loads from the structure through the pile
group into the soil; the piles may be connected to the cap with
reinforcement to resist uplift or with reinforcement to resist
moment so as to form a bent; also known as a rider cap or girder;
also, a masonry, timber, or concrete footing resting on a group
of piles.

(2) A metal cap or helmet temporarily fitted over the head of a
precast pile to protect it during driving; some form of shock-
absorbing material is often incorporated.

Column made of steel pipe; often filled with concrete.

A steel cylinder, usually between 10 and 24 inches (250 and

600mm) in diameter, generally driven with open ends to firm
bearing and then excavated and filled with concrete, this pile
may consist of several sections from 5 to 40 feet (1.5 to 8m) long
joined by special fitting such as cast steel sleeves and is
sometimes used with its lower end closed by a conical steel
shoe.

Development of relatively small cavities in a surface; in

concrete, localized disintegration, such as a pop-out; in steel,
localized corrosion evident as minute cavities on the surface.

The process of placing and consolidating concrete; a quantity of

concrete placed and finished during a continuous operation; in
appropriately referred to as pouring.
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Placing:

Plain bar:

Plane of weakness:

Plaster:

Plastic consistency:

Plastic cracking:

Plastic hinge:

Plastic limit;

Plasticity:

Plasticity index:

Plasticize:

Plate:

Plum:
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The deposition, distribution, and consolidation of freshly mixed
concrete in the place where it is to harden; inappropriately
referred to as pouring.

A reinforcing bar without surface deformations, or one having

deformations that do not conform to the applicable
requirements.

The plane along which a body under stress will tend to fracture;
may exist by design, by accident, or because of the nature of
the structure and its loading.

A cementitious material or combination of cementitious material
and fine aggregate that, when mixed with a suitable amount of
water, forms a plastic mass or paste which when applied to
surface, and harden to it and subsequently hardens, preserving
in a rigid state the form or texture imposed during the period of
plasticity; also, the placed and hardened mixture.

Condition of freshly mixed cement paste, mortar, or concrete
such that deformation will be sustained continuously in any
direction without rupture.

Cracking that occurs in the surface of fresh concrete soon after
it is placed and while it is still plastic.

Region where ultimate moment capacity in a member may be
developed and maintained with corresponding significant
inelastic rotation as main tensile steel elongates beyond vyield
strain.

The water content at which a soil will just begin to crumble when
rolled into a thread approximately 1/8 inch (3mm) in diameter.

A complex property of a material involving a combination of

gualities of mobility and magnitude of yield value; the property
of freshly mixed cement paste, concrete, or mortar that
determines its resistance to deformation or ease of molding.

The range in water content through which a soil remains plastic;
numerical difference between the liquid limit and the plastic limit.

To produce plasticity or to render plastic. Plasticizer A material
that increases the plasticity of a fresh cement paste, mortar, or
concrete.

(1) In formwork for concrete: a flat, horizontal member either at
the top or bottom, or both, of studs or posts; a mud sill if on the
ground.

(2) In structural design: a member, the depth of which is
substantially less than its length and width.

A large random-shaped stone dropped into freshly placed mass
concrete to economize on the volume of the concrete.
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Point load:

Point of inflection:

Poisson’s ratio:

Polish or final grind:

Polyester:

Polyethylene:

Polymer:

Polymerization:

Polystyrene resin:

Polysulfide coating:

Polyurethane:

Polyvinyl acetate:
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A load whose area of contact with the resisting body is negligible
in comparison with the area of the resisting body.

The point on the length of a structural member subjected to
flexure where the curvature changes from concave to convex or
conversely and at which the bending moment is zero; also called
“point of contra-flexure”, location of an abrupt bend in a plotted
locus of points in a graph.

The ratio of transverse (lateral) strain to the corresponding axial
(longitudinal) strain resulting from uniformly distributed axial
stress below the proportional limit of the material; the value will
average about 0.2 for concrete and 0.25 for most metals.

The final operation in which fine abrasives are used to hone a
surface to its desired smoothness and appearance.

One of a large group of synthetic resins, mainly produced by

reaction of dibasic acids with dihydroxy alcohols; commonly
prepared for application by mixing with a vinyl-group monomer
and free-radical catalysts at ambient temperatures and used as
binders for resin mortars and concrete, fiber laminates (mainly
glass), adhesives, and the like.

A thermoplastic high-molecular-weight organic compound used
in formulating protective coatings or, in sheet form, as a
protective cover for concrete surface during the curing period,
or to provide a temporary enclosure for construction operations.

The product of polymerization; more commonly a rubber or resin
consisting of large molecules formed by polymerization.

The reaction in which two or more molecules of the same
substance combine to form a compound containing the same
elements, and in the same proportions, but of higher molecular
weight, from which the original substance can be generated, in
some cases only with extreme difficulty.

Synthetic resin, varying from colorless to yellow, formed by the
polymerization of styrene on heating with or without catalysts,
that may be used in paints for concrete, or for making sculptured
molds, or as insulation.

A protective coating system prepared by polymerizing a
chlorinated alkyl polyether with an inorganic polysulfide.

Reaction product of an isocyanate with any of a wide variety of
other compounds containing an active hydrogen group; used to
formulate tough, abrasion-resistant coatings.

Colorless, permanently thermoplastic resin; usually supplied as
an emulsion or water-dispersible powder characterized by
flexibility, stability towards light, transparency to ultraviolet rays,
high dielectric strength, toughness, and hardness; the higher the
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Polyvinyl chloride:

Pop-out:

Porosity:

Positive displacement:

Positive moment:

Post-tensioning:

Precast:

Precast pile:

Tensioning:

Preservation:

Pressure line:

Pre-stress:
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degree of polymerization, the higher the softening temperature;
may be used in paints for concrete.

A synthetic resin prepared by the polymerization of vinyl
chloride, used in the manufacture of non-metallic water stops for
concrete.

The breaking away of small portions of a concrete surface due
to localized internal pressure which leaves a shallow, typically
conical, depression; small pop-outs leave holes up to 10mm in
diameter, medium pop-outs leave holes 10 to 50mm in
diameter, large pop-outs leave holes greater than 50mm in
diameter.

The ratio, usually expressed as a percentage of the volume of
voids in a material to the total volume of the material including
the voids.

Wet-mix shotcrete delivery equipment in which the material is
pushed through the material hose in a solid mass by a piston or
auger.

A condition of flexure in which, for a horizontal simply supported
member, the deflected shape is normally considered to be
concave downward and the top fibers subjected to compression
stresses; for other members and other conditions consider
positive and negative as relative terms. Note: for structural
design and analysis, moments may be designated as positive or
negative with satisfactory results as long as the sign convention
adopted is used consistently.

A method of pre-stressing reinforced concrete in which tendons
are tensioned after the concrete has hardened.

A concrete member that is cast and cured in other than its final
position; the process of placing and finishing precast concrete.

A reinforced pile manufactured in a casting plant or at the site
but not in its final position.

Some of the tendons are pre-tensioned and a portion of the
tendons are post-tensioned.

The process of maintaining a structure in its present condition
and arresting further deterioration.

Locus of force points within a structure resulting from combined
pre-stressing force and externally applied load.

To place a hardened concrete member or an assembly of units
in a state of compression prior to application of service loads;
the stress developed by pre-stressing, such as by pre-
tensioning or post-tensioning.

Page 47 of 192



Finance Department, KPK

Pre-stressing steel:

Pre-tensioning:

Pre-tensioning bed:

Principal stress:

Proof stress:

Proportioning:

Pumice:

Pumping (of pavements):

Punching shear:

Purlin:

Putty:

Raft foundation:
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High-strength steel used to pre-stress concrete, commonly
seven-wire strands, single wires, bars, rods, or groups of wires
or strands.

A method of pre-stressing reinforced concrete in which the
tendons are tensioned before the concrete has hardened.

The casting bed on which pre-tensioned members are
manufactured and which resists the pre-tensioning force prior to
release.

Maximum and minimum stresses at any point acting at right
angles to the mutually perpendicular planes of zero shearing
stress, which are designated as the principal plans.

Stress applied to materials sufficient to produce a specified
permanent strain; a specific stress to which some types of
tendons are subjected in the manufacturing process as a mean
of reducing the deformation of anchorage, reducing the
relaxation of steel, or insuring that the tendon is sufficiently
strong.

Selection of proportions of ingredients to make the most
economical use of available materials to produce mortar or
concrete of the required properties.

A highly porous and vesicular lava usually of relatively high silica
content composed largely of glass drawn into approximately
parallel or loosely entwined fibers, which themselves contain
sealed vesicles.

The ejection of water, or water and solid materials such as clay
or silt along transverse or longitudinal joints and cracks, and
along pavement edges caused by downward slab movement
activated by the passage of loads over the pavement after the
accumulation of sage of loads over the pavement after the
accumulation of free water on or in the base course, subgrade,
or subbase.

(1) Shear stress calculated by dividing the load on a column by
the product of its perimeter and the thickness of the base or cap
or by the product of the perimeter taken at one half the slab
thickness away from the column and the thickness of the base
or cap.

(2) Failure of a base when a heavily loaded column punches a
hole through it.

In roofs, a horizontal member supporting the common rafters.

A plaster composed of quick lime or hydrated lime and water
with or without plaster of Paris or sand.

A continuous slab of concrete, usually reinforced, laid over soft

ground or where heavy loads must be supported to form a
foundation.
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Rail-steel reinforcement:
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Reinforcing bars hot-rolled from standard T-section rails.

Ramming: A form of heavy tamping of concrete, grout, or the like by means
of a blunt tool forcibly applied.
Raw mix: Blend of raw materials, ground to desired fineness, correctly

Reactive silica material:

Rebound:

Reinforcement:

Reinforcement ratio:

Relative humidity:

Release agent:

Reproducibility:

Required strength:

Resin:

Restraint (of concrete):

Retardation:

proportioned, and blended ready for burning; such as that used
in the manufacture of cement clinker.

Several types of materials which react at high temperatures with
Portland cement or lime during autoclaving; includes pulverized
silica, natural pozzolan, and fly ash.

Aggregate and cement, or wet shotcrete, that bounces away
from the surface against which shotcrete is being projected.

Bars, wires, strands, or other slender members which are
embedded in concrete in such a manner that they and the
concrete act together in resisting forces.

Ratio of the effective area of the reinforcement to the effective
area of the concrete at any section of a structural member.

The ratio of the quantity of water vapor actually present to the
amount present in a saturated atmosphere at a given
temperature; expressed as a percentage.

Material used to prevent bonding of concrete to a surface.

Variability among replicate test results obtained on the same
material in different laboratories; a quantity that will be exceeded
in only about 5 percent of the repetitions by the difference, taken
in absolute value, of two single test results made on the same
material in two different, randomly selected laboratories; in use
of the term all variable factors should be specified.

Strength of a member or cross section required to resist factored
loads or related internal moments and forces in such
combinations as are stipulated in the applicable code or
specification.

A natural or synthetic, solid or semisolid, organic material of

indefinite and often high molecular weight having a tendency to
flow under stress, usually has a softening or melting range, and
usually fractures conchoidally.

Restriction of free movement of fresh or hardened concrete
following completion of placing in formwork or molds or within
an otherwise confined space; restraint can be internal or
external and may act in one or more directions.

Reduction in the rate of either hardening or setting or both, i.e.
an increase in the tie required to reach time of initial and final
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Retarder:

Reveal:

Rib:

Ribbed panel:

Rigid frame:

Rigid pavement:

Roof insulation:

Rough grind:

Rubbed finish:

Rubble:

Sack rub:

Sandblast:

Sand box (or sand jack):
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setting or to develop early strength of fresh concrete, mortar, or
grout.

An admixture that delays the setting of cement paste, and hence
of mixtures such as mortar or concrete containing cement.

The vertical surface forming the side of an opening in a wall, as
for a window or door; depth of exposure of aggregate in an
exposed aggregate finish.

One of a number of parallel structural members backing

sheathing; the portion of a T-beam which projects below the
slab; in deformed reinforcing bars, the deformations or the
longitudinal parting ridge.

A panel composed of a thin slab reinforced by a system of ribs
in one or two directions, usually orthogonal.

A frame depending on moment in joints for stability.

Pavement that will provide high bending resistance and
distribute loads to the foundation over a comparatively large
area.

Low-density concrete used for insulating purposes only and
placed over a structural roof system.

The initial operation in which coarse abrasives are used to cut
the projecting stone chips in hardened terrazzo down to a level
surface.

A finish obtained by using an abrasive to remove surface
irregularities from concrete.

Rough stones of irregular shape and size, broken from larger
masses by geological processes or by quarrying; concrete
reduced to irregular fragments, as by demolition or natural
catastrophe.

A finish for formed concrete surfaces, designed to produce even
texture and fill all pits and air holes after dampening the surface,
mortar is rubbed over the surface; then, before the surface dries,
a mixture of dry cement and sand is rubbed over it with either a
wad of burlap or a sponge-rubber float to remove surplus mortar
and fill voids.

A system of cutting or abrading a surface such as concrete by a
stream of sand ejected from a nozzle at high speed by
compressed air; often used for cleanup of horizontal
construction joints or for exposure of aggregate in architectural
concrete.

A tight box filled with clean, dry, sand on which rests a tight-

fitting timber plunger that supports the bottom of posts used in
centering; removal of a plug from a hole near the bottom of the
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Sand-coarse
aggregate ratio:
Sand equivalent:

Sand stone;:

Saturation:

Scaffolding:

Scale:

Scour:

Screed:

Screen:

Sealing compound:

Secondary moment:

Section modulus:
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box permits the sand to run out when it is necessary to lower the
centering.

Ratio of fine to coarse aggregate in a batch of concrete, by mass
or by volume.

A measure of the relative proportions of detrimental fine dust or
claylike material or both in soils or fine aggregate.

A cemented or otherwise compacted sedimentary rock
composed predominantly of sand grains.

In general: the condition of coexistence in stable equilibrium of
either a vapor and a liquid or a vapor and solid phase of the
same substance at the same temperature; (2) as applied to
aggregate or concrete: the condition such that no more liquid
can be held or placed within it.

A temporary structure for the support of deck forms, cart ways,
or workers, or a combination of these such as an elevated
platform for supporting workers, tools, and materials; adjustable
metal scaffolding is frequently adapted for shoring in concrete
work.

The oxide formed on the surface of the metal during heating.
Erosion of a concrete surface, exposing the aggregate.
(1) To strike off concrete lying above the desired plane or shape.

(2) a tool for striking off the concrete surface, sometimes
referred to as a strike-off.

Production equipment for separating granular material

according to size, using woven-wire cloth or other similar device
with regularly spaced apertures of uniform size.

A liquid that is applied as a coating to the surface of hardened
concrete to either prevent or decrease the penetration of liquid
or gaseous media, e.g., water, aggressive solutions, and carbon
dioxide, during service exposure.

In statically indeterminate structures, the additional moments
caused by deformation of structure due to the applied forces; in
statically indeterminate prestressed concrete structures, the
additional moments caused by the use of a non-concordant
prestressing tendon.

A term pertaining to the cross section of a flexural member; the
section modulus with respect to either principal axis is the
moment of inertia with respect to that axis divided by the
distance from that axis to the most remote point of the tension
or compression area of the section, as required; the section
modulus is used to determine the flexural stress in a beam.
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Segmental member:

Segregation:

Separation:

Service dead load:

Service live load:

Set:

Settlement:

Setting:

Sharp sand:

Shear:

Shear-head:

Shear reinforcement:

Shear strength:

Shear stress:

Shear wall:
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A structural member made up of individual elements pre-
stressed together to act as a monolithic unit under service loads.

The differential concentration of the components of mixed
concrete, aggregate, or the like resulting in non-uniform
proportions in the mass.

The tendency, as concrete is caused to pass from the
unconfined ends of chutes or conveyor belts or similar
arrangements, for coarse aggregate to separate from the
concrete and accumulate at one side; the tendency, as
processed aggregate leaves the ends of conveyor belts, chutes,
or similar devices with confining sides, for the larger aggregate
to separate from the mass and accumulate at one side; or the
tendency for the solids to separate from the water by
gravitational settlement.

The dead weight supported by a member.

The live load specified by the general building code or bridge
specification, or the actual nonpermanent load applied in
service.

The condition reached by a cement paste, mortar, or concrete
when it has lost plasticity to an arbitrary degree, usually
measured in terms of resistance to penetration or deformation;
initial set refers to first stiffening; final set refers to attainment of
significant rigidity; also, strain remaining after removal of stress.

Sinking of solid particles in grout, mortar, or fresh concrete, after
placement and before initial set.

The lowering in elevation of sections of pavement or structures
due to their mass, the loads imposed on them, or shrinkage or
displacement of the support.

Coarse sand consisting of particles of angular shape.

An internal force tangential to the plane on which it acts.

Assembled unit in the tip of the columns of flat slab or flat plate
construction to transmit load from slab to column.

Reinforcement designed to resist shear or diagonal tension
stresses.

The maximum shearing force a flexural member can support at
a specific location as controlled by the combined effects of shear
force and bending moment.

The stress component acting tangentially to a plane.

A wall portion of a structural frame intended to resist lateral

forces, such as earthquake, wind, and blast, acting in the plane
of the wall.
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Sheath:

Sheathing:

Sheet pile:

Shell construction:

Shock load:

Shooting:

Shore:

Shoring:

Shoring, horizontal:

Shotcrete:

Shoulder:

Shrinkage:

Shrinkage, carbonation:

Shrinkage, plastic:

Shrinkage crack:

Shrinkage cracking:
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An enclosure in which post-tensioning tendons are encased to
prevent bonding during concrete placement.

The material forming the contact face of forms; also called
lagging or sheeting.

A pile in the form of a plank driven in close contract or
interlocking with other to provide a tight wall to resist the lateral
pressure of water, adjacent earth, or other materials; may be
tongued and grooved if made of timber or concrete and
interlocking if made of metal.

Construction using thin curved slabs.

Impact of material such as aggregate or concrete as it is
released or dumped during placement.

Placing of shotcrete.

A temporary support for form work and fresh concrete or for
recently built structures which have not developed full design
strength; also called prop, tom, post, strut.

Props or posts of timber or other material in compression used
for the temporary supports of excavations, formwork or unsafe
structures; the process of erecting shores.

Metal or wood load-carrying strut, beam, or trussed section use
to carry a shoring load from one bearing point, column, frame,
post, or wall to another; may be adjustable.

Mortar or concrete pneumatically projected at high velocity onto
a surface; also known as air-blown mortar, pneumatically
applied mortar or concrete, sprayed mortar, and gunned
concrete.

An unintentional offset in a formed concrete surface usually
caused by bulging or movement of formwork.

Decrease in either length or volume. Note: may be restricted to
effects of moisture content or chemical changes.

Shrinkage resulting from carbonation.

Shrinkage that takes place before cement paste, mortar, grout,
or concrete sets.

Crack due to restraint of shrinkage.
Cracking of a structure or member due to failure in tension

caused by external or internal restraints as reduction in moisture
content develops, or as carbonation occurs, or both.
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Shrinkage limit:

Shrinkage loss:

Shrinkage reinforcement:

Si (System International):

Sieve analysis:

Sieve correction:

Sieve fraction:

Sieve number:

Simple beam:

Skid resistance:

Slab-jacking:

Slender beam:

Slenderness ratio:

Slip:

Slip form:

Sloped footing:
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The maximum water content at which a reduction in water
content will not cause a decrease in volume of the soil masses.

Reduction of stress in pre-stressing steel resulting from
shrinkage of concrete.

Reinforcement designed to
concrete.

resist shrinkage stresses in

The modern metric system;

Particle size distribution; usually expressed as the weight
percentage retained upon each of a series of standard sieves of
decreasing size and the percentage passed by the sieve of
finest size.

Correction of a sieve analysis to adjust for deviation of sieve
performance from that of standard calibrated sieves.

That portion of a sample which passed through standard sieve
of specified size and is retained by some finer sieve of specified
size.

A number used to designate the size of a sieve, usually the
approximate number of openings per linear inch; applied to
sieve with openings smaller than 6.3 mm (1/4 in.)

A beam without restraint or continuity at its supports; also known
as a simply supported beam.

A measure of the frictional characteristics of a surface.

The process of either raising concrete pavement slabs or filling
voids under them, or both, by injecting material (cementitious,
non-cementitious, or as phalitc) under pressure.

A beam, which, if loaded to failure without lateral bracing of the
compression flange, would fail by buckling rather than in flexure.

The effective unsupported length of a uniform column divided by
the least radius of gyration of the cross-sectional area.

Movement occurring between steel reinforcement and concrete
in stressed reinforced concrete, indicating a chorage
breakdown.

A form that is pulled or raised as concrete is placed; may move
in a generally horizontal direction to lay concrete evenly for
highway paving or on slopes and inverts of canals, tunnels, and
siphons; or may move vertically to form walls, bins, or silos.

A footing having sloping top or side faces.
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Sloughing:

Slugging:

Slump:

Slump cone:

Slump loss:

Slurry:

Soffit:

Solid panel:

Soundness:

Spacer:

Spacing factor:

Spall:

Spalling:
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Subsidence of shotcrete, plaster, or the like, due generally to
excessive water in the mixture; also called sagging.

Pulsating and intermittent flow of shotcrete material due to

improper use of delivery equipment and materials.

A measure of consistency of freshly mixed concrete, mortar, or
stucco equal to the subsidence measured to the nearest % in.
(6mm) of the molded specimen immediately after removal of the
slump cone.

A mold in the form of the lateral surface of the frustum of a cone
with base diameter of 8 in. (203 mm), top diameter 4 in. (102
mm), and height 12 in. (305 mm), used to fabricate a specimen
of freshly mixed concrete for the slump test; a cone 6 in. (152
mm), high is used for tests of freshly mixed mortar and stucco.

The amount by which the slump of freshly mixed concrete
changes during a period of time after an initial slump test was
made on a sample or samples thereof.

A mixture of water and any finely divided insoluble material,
such as Portland cement, slag, or clay in suspension.

The underside of a part or member of a structure, such as a
beam, stairway, or arch

A solid slab, usually of constant thickness.

The freedom of a solid from cracks, flaws, fissures, or variations
from an accepted standard, in the case of a cement, freedom
from excessive volume change after setting; in the case of
aggregate, the ability to withstand the aggressive action to
which concrete containing it might be exposed, particularly that
due to weather.

Device that maintains reinforcement in proper position, also a
device for keeping wall forms apart at a given distance before
and during concreting.

An index related to the maximum distance of any point, in a
cement paste orin the cement paste fraction of mortar or
concrete, from the periphery of an air void; also known as
powers’ spacing factor.

A fragment, usually in the shape of a flake, detached from a
larger mass by a blow, by the action of weather, by pressure, or
by expansion within the larger mass; a small spall involves a
roughly circular depression not greater than 20 mm in depth and
150 mm in any dimension; a large spall, may be roughly circular
or oval or in some cases elongated, is more than 20 mm in depth
and 150 mm in greatest dimension.

The development of spalls
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Span-depth ratio:

Specific gravity:

Specific gravity factor:

Spiral reinforcement:

Spirally reinforced
column:
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The numerical ratio of total span to member depth.

The ratio of the mass of a volume of a material at a stated
temperature to the mass of the same volume of distilled water
at a stated temperature.

(1) Apparent specific gravity the ratio of the mass of a volume of
the impermeable portion of a material at a stated temperature to
the mass of an equal volume of distilled water at a stated
temperature.

(2) Bulk specific gravity the ratio of the mass of a volume of a
material (including the permeable and impermeable voids in the
material, but not including the voids between particles of the
material), at a stated temperature to the mass of an equal
volume of distilled water at a stated temperature,

(3) Bulk specific gravity (saturated surface-dry) the ratio of the
mass of a volume of a material, including the mass of water
within the voids (but not including the voids between particles)
at a stated temperature to the mass of an equal volume of
distilled water at a stated temperature.

The ratio of the mass of aggregates (including all moisture), as
introduced into the mixer, to the effective volume displaced by
the aggregates.

Continuously wound reinforcement in the form of a cylindrical
helix.

A column in which the vertical bars are enveloped by spiral
reinforcement, i.e.; closely spaced continuous hooping.

Splice: Connection of one reinforcing bar to another by lapping, welding

Splitting tensile strength:

Splitting tensile test,
(diametric compression
test):

Spread footing:

Stain:

Standard curing:

Standard deviation:

Standard hook:

mechanical couplers, or other means; connection of welded wire
fabric by lapping; connection of piles by mechanical couplers.

Tensile strength of concrete determined by a splitting tensile
test.

A test for tensile strength in which a cylindrical specimen is
loaded to failure in diametric compression applied along the
entire length.

A generally rectangular prism of concrete, larger in lateral
dimensions than the column or wall it supports, to distribute the
load of a column or wall to the subgrade.

Discoloration foreign matter.

Exposure of test specimens to specified conditions of moisture
and temperature.

The root-mean-square deviation of individual values from their
average.

A hook at the end of a reinforcing bar made in accordance with
a standard.
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Static load:

Static modulus of
elasticity:

Steam curing:

Steam-curing cycle:

Steam-curing room:

Stem bars:

Stiffness factor:

Stirrup:

Strain:

Strain, unit:

Strand:

Strength design method:
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The weight of a single stationary body or the combined weights
of all stationary bodies in a structure (such as the load of a
stationary vehicle on a roadway); or, during construction, the
combined weight of forms, stringers, joists, reinforcing bars, and
the actual concrete to be placed.

The value of Young’s modulus of elasticity obtained by arbitrary
criteria from measured stress-strain relationships derived from
other than dynamic loading

Curing of concrete, mortar, grout or neat-cement paste in water
vapor at atmospheric or higher pressures and at temperatures
between about 100 & 420°F (40 & 215°C).

The time interval between the start of the temperature rise
period and the end of the soaking period or the cooling-off
period; also, a schedule indicating the duration of and the
temperature range of the periods that make up the cycle.

A chamber for steam curing of concrete products at atmospheric
pressure.

Bars used in the wall section of a cantilevered retaining wall or
in the webs of a box; when a cantilevered retaining wall and its
footing are considered as an integral unit, the wall is often
referred to as the stem of the unit.

A measure of the stiffness of a structural member; for a prismatic
member, it is equal to the ratio of the product of the moment of
inertia of the cross section and the modulus of elasticity for the
material to the length of the member.

reinforcement used to resist shear and diagonal tension
stresses in a structural member, typically a steel bar bent into a
U or box shape and installed perpendicular to or at an angle to
the longitudinal reinforcement, and properly anchored; lateral
reinforcement formed of individual units, open or closed, or of
continuously wound reinforcement.

The change in length per unit of length, in a linear dimension of
a body; a dimensionless quantity which may be measured
conveniently in percent, in inches per inch, in millimeters per
millimeters, but preferably in millionths.

Deformation of a material expressed as the ratio of linear unit
deformation to the distance within which that deformation
occurs.

A pre-stressing tendon composed of a humber of wires twisted
above center wire or core.

A design method which requires service loads to be increased

by specified load factors and computed nominal strengths to be
reduced by the specified phi (&) factors.
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Strength reduction factor: See (@) factor stress intensity of internal force (i.e., force per

Stress relaxation:

Stress-strain diagram:

Stringer:

Strip foundation:

Stucco:

Stud:

Sulfate attack:

Sulfate resistance:

Surface moisture:

Surface texture:

Tamper:

unit area) exerted by either of two adjacent parts of a body on
the other across an imagined plane of separation; when the
forces are parallel to the plane, the stress is called shear stress;
when the forces are normal to the plane, the stress is called
normal stress; when the normal stress is directed toward the
part on which it acts, it is called compressive stress; when the
normal stress is directed away from the part on which it acts, it
is called tensile stress.

The time-dependent decrease in stress in a material held at
constant strain.

A diagram in which corresponding values of stress and strain
are plotted against each other; values of stress are usually
plotted as ordinates (vertically) and values of strain as abscissas
(horizontally).

A secondary flexural member which is parallel to the longitudinal
axis of a bridge or other structure.

A continuous foundation wherein the length considerably
exceeds the breadth.

A cement plaster used for coating exterior walls and other
exterior surfaces of buildings.

(1) Member of appropriate size and spacing to support
sheathing of concrete forms;

(2) A headed steel device used to anchor steel plates or shapes
to concrete members.

Either a chemical or a physical reaction or both between sulfates
usually in soil or ground water and concrete or mortar; the
chemical reaction is primarily with calcium aluminate hydrates
in the cement-paste matrix, often causing deterioration.

Ability of concrete or mortar to with stand sulfate attack.

Free water retained on surfaces of aggregate particles and
considered to be part of the mixing water in concrete, as
distinguished from absorbed moisture.

Degree of roughness or irregularity of the exterior surfaces of
aggregate particles and also of hardened concrete.

(1) An implement used to consolidate concrete or mortar in
molds or forms.

(2) A hand-operated device for consolidating floor topping or
other unformed concrete by impact from the dropped device in
preparation for strike off and finishing; contact surface often
consists of a screen or a grid of bars to force coarse aggregates
below the surface to prevent interference with floating or
troweling.
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Tamping: The operation of consolidating freshly placed concrete by
repeated blows or penetrations with a tamper.

Temperature cracking: Cracking due to tensile failure, caused by temperature drop in
members subjected to external restraints or by temperature
differential in members subjected to internal restraints.

Temperature stress: Stress in a structure or a member due to changes or differentials
in temperature in the structure or member.

Tempering: The addition of water and mixing of concrete or mortar as
necessary to bring the mixture initially to the desired
consistency.

Template: A thin plate or board frame used as a guide in positioning or
spacing form parts, reinforcement, or anchors, also a full-size
mold, pattern, or frame, shaped to serve as a guide in forming
or testing contour or shape.

Temporary stress: A stress that may be produced in a precast concrete member,
or in a component of a precast concrete member, during
fabrication or erection, or in cast-in place concrete structures
due to construction or test loadings.

Tendon: A steel element such as wire, cable, bar rod, or strand, or a
bundle of such elements, primarily used in tension to impart
compressive stress to concrete.

Tensile strength: Maximum unit stress that a material is capable of resisting under
axial tensile loading; based on the cross-sectional area of the
specimen before loading.

Tension reinforcement: Reinforcement designed to carry tensile stresses such as those
in the bottom of a simple beam

Tetra-calcium A compound in the calcium alumino-ferrite series, having the

alumino-ferrite: composition 4Ca0.Al,OsFe;03, abbreviated C.AF, which is
usually assumed to be the alumino-ferrite present when
compound calculations are made from the results of chemical
analysis of Portland cement.

Texture: The pattern or configuration apparent in an exposed surface, as
in concrete and mortar, including roughness, streaking, striation,
or departure from flatness.

T-head: In precast framing, a segment of girder crossing the top of an
interior column; also, the top of a shore formed with a braced
horizontal member projecting on two sides forming a T-shaped
assembly.

Thermal conductance: The property (of a particular body or assembly) measured by the

ratio of steady-state heat flux in common between two definite
surfaces (time-rate of heat flow per unit area of one surface,
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Thermal conductivity:

Thermoplastic:

Threaded anchorage:

Tie:

Tied column:

Torsional stress:

Transfer bond:

Transfer length:

Transfer strength:

Transverse joint:

Transverse pre-stress:

Transverse reinforcement:

Transverse strength:

Tremie:

Tremie Seal:

Trial batch:
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which must be identified to the difference between the average
temperatures of the two surfaces).

The property (of a homogeneous body) measured by the ratio
of the steady-state heat flux (time-rate of heat flow per unit area)
to the temperature.

Becoming soft when heated and hard when cooled.

An anchorage device which is provided with threads to facilitate
attaching the jacking device and to affect the anchorage

(1) Loop of reinforcing bars encircling the longitudinal steel in
columns.

(2) A tensile unit adapted to holding concrete forms secure
against the lateral pressure of unhardened concrete.

A column laterally reinforced with ties.

The shear stress on a transverse cross section resulting from a
twisting action.

In pre-tensioning, the bond stress resulting from the transfer of
stress from the tendon to the concrete.

The length from the end of the member where the tendon stress
is zero to the point along the tendon where the pre-stress is fully
effective; also called transmission length.

The concrete strength required before stress is transferred from
the stressing mechanism to the concrete.

A joint normal to the longitudinal dimension of a structural
element, assembly of elements, slab, or structure.

Pre-stress that is applied at right angles to the longitudinal axis
of a member of slab.

Reinforcement at right angles to the longitudinal reinforcement.

See flexural strength and modulus of rupture.

A pipe or tube through which concrete is deposited under water,

having at its upper end a hopper for filling and a bail for moving
the assemblage.

The depth to which the discharge end of the tremie pipe is kept
embedded in the fresh concrete that is being placed; a layer of
tremie concrete placed in a cofferdam for the purpose of
preventing the intrusion of water when the cofferdam is
dewatered.

A batch of concrete prepared to establish or check proportions
of the constituents.
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Triaxial Compression Test: A test in which a specimen is subjected to a confining

Triaxial Test:

Tricalcium Aluminate:

Tricalcium Silicate:

Trowel finish:

Troweling:

Troweling Machine:

Tunnel lining:

Two-way reinforcement:

Two-way system:

Ultimate design
resisting moment:

Ultimate load:

Ultimate moment:

Ultimate shear strength:

Ultimate Strength:

Un bonded Member:

hydrostatic pressure and then loaded axially to failure.

A test in which a specimen is subjected simultaneously to lateral
and axial loads.

A compound having the composition 3CaOAl,Oz; abbreviated
CsA.

A compound having the composition 3CaOSiO, abbreviated
CsS, an impure form of which (alite) is a main constituent of
Portland cement.

The smooth or textured finish of an unformed concrete surface
obtained by troweling.

Smooth and compacting the unformed surface of fresh concrete
by strokes of a trowel.

A motor driven device which operates orbiting steel trowels on
radial arms from a vertical shaft.

A structural system of concrete, steel or other materials to
provide support for a tunnel for exterior loads, to reduce water
seepage, or to increase flow capacity.

Reinforcement arranged in bands of bars at right angles to each
other.

A system of reinforcement; bars rods, or wires placed at right
angles to each other in a slab and intended to resist stress due
to bending of the slab in two directions.

The moment at which a reinforced concrete section reaches its
usable flexural strength, commonly accepted for under-moment
at which the concrete compressive strain equals 0.003; an
obsolete term.

The maximum load that may be placed on a structure or
structural element before its failure.

The bending moment at which a section reaches its ultimate
usable strength, most commonly the moment at which the
tensile reinforcement reaches its specified yield strength; an
obsolete term.

The loading at a section that result in the member failing in
shear.

The maximum resistance to a load or combination of loadings a
member or structure is capable of developing before failure.

A pre-stressed concrete member post-tensioned with tendons

that are not bonded to the concrete between the end
anchorages after stressing.
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Unbonded post tensioning: Post tensioning in which the tendons are not grouted after

Un bonded tendon:
Unbraced length
of column:
Undersize:

Unit water content:

Volume change,
autogenous:

Warping:

Warping joint:

Water cement ratio:

Water repellant:

Water void:

Wearing course:

Web reinforcement:

Wedge anchorage:

Weigh batching:

stressing.

A tendon that is permanently prevented from bonding to the
concrete after stressing.

Distance between lateral support.

Particles of aggregate passing a designated sieve.

The quantity of water per unit volume of freshly mixed concrete,
often expressed as pounds or gallons per cubic yard; the
guantity of water on which the water cement ratio is based, not
including water absorbed by the aggregate.

change in volume produced by continued hydration of cement,
exclusive of effects of applied load and change in either thermal
condition or moisture content.

A deviation of a slab or wall surface from its original shape,

usually caused by either temperature or moisture differentials or
both within the slab or wall.

A joint with the sole function of permitting warping of pavement
slabs when moisture and temperature differentials occur
between the top and bottom of the slabs. i.e. longitudinal or
transverse joints with bonded steel or tie bars passing through
them.

The ratio of the amount of water, exclusive only of that absorbed
by the aggregate, to the amount of a cement in a concrete,
mortar, grout, or cement paste mixture, preferably stated as a
decimal by mass and abbreviated w/c.

Property of a surface that resist wetting (by matter in either liquid
or vapor state) but permits passage of water when hydrostatic
pressure occurs.

Void along the underside of an aggregate particle or reinforcing
steel which formed during the bleeding period; initially filled with
bleed water.

A topping or surface treatment to increase the resistance of a
concrete pavement or slab to abrasion.

Reinforcement placed in a concrete member to resist shear and
diagonal tension.

A device for providing the means of a coring tendon by wedging.

Measuring the constituent materials for mortar or concrete by
weight.
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Welded-butt splice:
Welded reinforcement:

Welded-wire fabric:

Welded-wire fabric
reinforcement:

Wet-cast process:

Wetting agent:

Working stress:

Working-stress design:

Woven-wire fabric:

Yield:

Yield point:

Yield strength:

Yoke:
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A reinforcing bar splice made by welding the butted ends.
Reinforcement joined together by welding

A series of longitudinal and transverse wires arranged
substantially at right angles to each other and welded together
at all points of intersection.

Welded-wire fabric in either sheets or rolls, used to reinforce
concrete.

A process for producing concrete items such as pipe that uses
concrete having a measurable slump, generally placed from
above, and consolidated by vibration.

A substance capable of lowering the surface tension of liquids,
facilitating the wetting of solid surfaces and permitting the
penetration of liquids into the capillaries.

Maximum permissible design stress using working-stress
design methods.

A method of proportioning either structures or members for
prescribed service loads at stresses well below the ultimate, and
assuming linear distribution of flexural stresses and strains.

A prefabricated steel reinforcement composed of cold drawn
steel wires mechanically twisted together to form hexagonally
shaped openings.

The volume of freshly mixed concrete produced from a known

guantity of ingredients; the total weight of ingredients divided by
the unit weight of the freshly mixed concrete; also, the number
of units produced per bag of cement or per batch of concrete.

That point during increasing stress when the proportion of stress
to strain becomes substantially less than it has been at smaller
values of stress.

The stress. Less than the maximum attainable stress, at which
the ratio of stress to strain has dropped well below its value at
low stresses, or at which a material exhibits a specified limiting
deviation from the usual proportionality of stress to strain.

A tie or clamping device around column forms or over the top of

wall or footing forms to keep them from spreading because of
the lateral pressure of fresh concrete; also, part of a structural
assembly for slip forming which keeps the forms from spreading
and transfers form loads to the jacks.
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Classes of Concrete

Normal Weight Concrete

The classes of concrete recognized in these Specifications shall be designated: A, B, C, D1,

D2, D3

, Y and Lean Concrete. The Class of concrete to be used shall be as called for on the

Drawings or as directed by the Engineer or specified in the Special Provisions. The following
requirements shall govern unless otherwise shown on the Drawings.

Class Al Concrete shall be used everywhere, for non-reinforced and reinforced
concrete structures, except as noted below or directed by the Engineer. Concrete
placed under water shall be Class A2 with a minimum cement content of 21.85
Ibs/cubic feet of concrete with a slump between 10 and 15 cm. Concrete placed for
piles shall be class A3 with a minimum cement content of 24.97 Ibs/cubic feet.

Class B concrete shall be used only where specified.

Class C Concrete shall be used for cribbing, or as otherwise directed by the Engineer
or specified in the Special Provisions or on the Drawings.

Class D1, D2 or D3, Concrete shall be used for pre-stressed and post-tensioned
elements, as indicated on drawings.

Class Y concrete shall be used as filler in steel grid bridge floors, in thin reinforced
sections, or as otherwise specified in the Special Provisions.

Lean concrete shall be used in thin layers underneath footings and when called for on
the drawings or directed by the Engineer.

The concrete of the various classes shall satisfy the requirements shown in the Table.

. . 28 days Compressive Consistency | Max
Min. Max. size Strengt_h (Range  in Perrﬁissible
Class of | Cement of coarse (Min) (Min.) Slump) water-
concrete | (Ibs/ aggregate . (cylinder) :
cubi | (mm) (cylinder) (Ibs/sq. Vibrated cement
¢ foot) (kg/sg.cm) inch) (mm) ratio
Al 18.73 20 210 3000 25-75 0.58
A2 21.85 25 245 3500 100 — 150 0.58
A3 24.97 38 280 4000 100 — 150 0.58
B 15.60 51 170 2418 25-75 0.65
C 17.17 38 210 3000 25-75 0.58
D1 28.09 25 350 4978 50 -100 0.40
D2 31.21 25 425 6045 50 —100 0.40
D3 34.33 25 500 7112 50 -100 0.40
Y 24.97 13 210 3000 25-75 0.58
Lean 10.92 51 100 1423 - -
Concrete

Lightweight Concrete

Table 1, Classes of Concrete and their strength (Chapter 6)

Lightweight concrete shall conform to the requirements specified in the special provisions or
shown on the plans. When the special provisions require the use of natural sand for a portion
or all of the fine aggregate, the natural sand shall conform to AASHTO M 6 (Annex-Il).
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Materials

Cement

Portland cements shall conform to the requirements of Chapter 3 of Book-1 (Specification for
Engineering Material).

Water

Water for concrete shall conform to the requirement of Chapter 1 of Book-1 (Specification for
Engineering Material).

Aggregates
1. General Requirements
i) 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 coarse aggregate. The extent of these impurities
is determined by various field and laboratory tests as described in the testing requirements of
fine and coarse aggregates

i) 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.

iy  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
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.

iv) Grading
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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.

V) 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 testis required to determine the density. The testing requirements are
discussed in the relevant sections of testing requirements of fine and coarse aggregates.

Vi) 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

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.

iX) 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
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.
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2) 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: -

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

Table 2, Grading of Fine Aggregates (Chapter 6)

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 2.3t03.1

Sodium Sulphate Soundness, AASHTO
T-104, 5 cycles, percent loss 10 Maximum

Clay Lumps and Friable Particles AASHTO

T- 2, 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.

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.

i) 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: -
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Screen No. Percentage by weight, passing screen
8 100

100 15 (Maximum)
Table 3, Grading of Sand (Chapter 6)

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

3) 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 particles, 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-2 ‘Grading of Coarse Aggregates’ and when
tested in accordance with AASHTO T 11 & T 27 shall meet the following grading requirements.

Designated Percentage by Weight Passing Laboratory Sieves, in inches, Having
Sizes Square Openings

2% | 2 1% 1 Ya Ya 3/8 No. 4
¥5" to No. 4 - - - - 100 90~100 | 40~70 | 0~15*
¥4" 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"to No. 4 100 | 95~100 | - 35~70 | - 10~30 | - 0~5
135" t0%a" - 100 90~100 | 20~55 | 0~15 - 0~5 -
2"to 1" 100 | 90~100 | 35~70 | 0~15 - 0~5 - -

Table 4, Grading of Coarse Aggregates (Chapter 6)

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.

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: -
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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.

4) 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.
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Sr Nominal Size Amounts Finer than Each Laboratory Sieve (Square openings) Weight Percentage
No. (Sieves with 4" |31/2% |3 |2% 2" 1% 1’ tZ8 Yo" 3/8” No. 4 | No. 8 | No.
Square 100
Openings)
1 3¥2" to 1v2" 100 {90 to |- 25 to] - Oto15 |- Oto5 - - - - -
100 60
2 2Y2" 1o 12" - - 10090 to|35 +to|0tol5 |- Oto5 - - - - -
100 70
3 2"to 17 - - - 100 90 to|35 to|0Otol5 |- Oto5 - - - -
100 70
4 2"to No. 4 - - - 100 100 - 35 to|- 10 to| - Oto5 | - -
70 30
5 1%4" to ¥4" - - - 100 90 to|20 to|Oto15 |- Oto5 - - -
100 55
6 1v5" to %" - - - 95 to|- 35 to|- 10 to|Oto5 |- -
100 70 30
7 1" to %%" - - - 100 90 to|20 to|0to1l0 |[Oto5 - - -
100 55
8 1" to 3" - - - 100 90 to|40 to|10 to|Otol5 [(Oto5 |- -
100 85 40
9 1" to No.4 - - - 100 95 to|- 25 to| - 0O to|0to5]-
100 60 10
10 ¥4" to 28" - - - 100 90 to|20 to|Otol5 |[Oto5 |- -
100 55
11 %" to No.4 - - - 100 90 to|- 20 to|0 to|Oto5 |-
100 55 10
12 %" to No.4 - - - - 100 90 to|40 to|0 to|0Oto5 |-
100 70 15
13 %" to No.8 - - - - - - - - 100 85 to|0 to|0 to|Oto5
100 30 10

Table 5, Grading Requirements for Coarse Aggregate, ASTM C-33-03 (Chapter 6)




4) 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 Cl, nor sulfates as exceeding the values for the type of the work as
follows: -

Type of Work Chlorides (Parts per million) | Sulphates (Parts per million)
Conventionally 500 1000

Reinforced

Pre-stressed Concrete 500 1000

Table 6, Water Requirement (Chapter 6)

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 thousand (2,000) parts per million of
chlorides nor more than one thousand five hundred (1,500) parts per million of sulfates as
SOs.

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.

i) 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 sieves by weight 3% Maximum
Water soluble Chlorides 0.04%Maximum
Water soluble Sulphates

Pre-stressed concrete 0.05% Maximum
Reinforced concrete 1.0% Maximum
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: -
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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.

(a) Potential Reactivity Tests

e Gel Pat Test

e ASTM Test C 289 (Standard Test Method for Potential Alkali-Silica
* Reactivity of Aggregates- Chemical Method)

e ASTM Test C 227 (Standard Test Method for Potential Alkali-Silica
* Reactivity of Aggregates —Mortar Bar Method)

(b) 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%).

(c) 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.

Lightweight Aggregate
Lightweight aggregate for concrete shall conform to the requirements of ASTM C-330.

Air-Entraining and Chemical Admixtures

e Air-entraining admixtures shall conform to the requirements of ASTM C-260 and
Chemical admixtures shall conform to the requirements of ASTM C-494. Unless
otherwise specified, only approved admixtures should be used.

e Classification of admixtures as per ASTM C-494 is given as under:

1. TypeA Water Reducing (Normal Plasticizing)
2. TypeB Retarding
3. TypeC Accelerating
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4. Type D Water Reducing and Retarding

5. TypeE Water Reducing and Accelerating

6. TypeF High Range, Water Reducing or Super Plasticizing.
7. Type G High Range,

e Admixtures containing chloride ion (CI) in excess of 1% by weight of the admixture
shall not be used in reinforced concrete. Admixtures in excess of 0.1% shall not be
used in pre-stressed concrete.

e A Certificate of Compliance signed by the manufacturer of the admixture shall be
furnished to the Engineer for each shipment of admixture used in the work. Said
Certificate shall be based upon laboratory test results from an approved testing facility
and shall certify that the admixture meets the above specifications.

e If more than one admixture s used, the admixtures shall be compatible with each other
and shall be incorporated into the concrete mix in correct sequence so that the desired
effects of all admixtures are obtained.

e Air-entraining and chemical admixtures shall be incorporated into the concrete mix in
a water solution. The water so included shall be considered to be a portion of the
allowed mixing water.

Mineral Admixtures

Fly ash pozzolans and calcined natural poz zolans for use as mineral admixtures in concrete
shall conform to the requirements of ASTM C-618. The use of fly ash as produced by plants
that utilize the limestone injection process or use compounds of sodium, ammonium or
Sulphur, such as soda ash, to control stack emissions shall not be used in concrete. A
certificate of Compliance, based on test results and signed by the producer of the mineral
admixture certifying that the material conforms to the above specifications, shall be furnished
for each shipment used in the work.

Steel

Materials and installation of reinforcing and pre-stressing steel shall conform to the
requirements 6.19 of these specifications.

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
1st class well burnt bricks to the specified sizes usually 1% inches to 2 inches (40 mm to
50mm). They shall be screened through the appropriate sieves to remove dust and under size
ballast.

1. Placing & Ramming of Brick Bat

Wherever brick bats are 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.
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Stone Ballast
The stone ballast, wherever specified for use in concrete shall be obtained from the approved
guery to the specified sizes usually %" inches to 2 inches. They shall be screened through the
appropriate sieves to remove dust and under size ballast.

1. Breaking

Ballast should be break according to the specified sizes and should be avoided from
larger sizes and very small sizes. Range for size of ballast should be from 1/8” to 2".

2. Screening
Screening of stone ballast should be done under the supervision of engineer in charge
and only that material should be selected which full fill the stone size requirement for
any specified project

3. Stacking
Stacking on dusty, muddy or grassy spots, should be avoided. Stack size should be

normal and contained in specified area. Wooden planks or any other suitable material
should be used to make boundaries of stack pile.
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Proportioning of Concrete
Mix Design

Responsibility and Criteria

> The contractor shall be responsible for the performance of all concrete mixes used in
structures. The mix proportions selected shall produce concrete that is sufficiently
workable and finish able for all uses intended and shall conform to the requirements in
table 1- Portland Cement Concrete Requirements and all other requirements of this
section. For normal weight concrete the absolute volume method such as described in
American Concrete Institute Publication 211.1, shall be used in selecting mix
proportions. For structural lightweight concrete, the mix proportions shall be selected
on the basis of trial mixes with the cement factor rather than the water/cement ratio
being determined by the specified strength using methods such as those described in
American Concrete Institute Publication 211.2.

> The mix design shall be based upon obtaining an average concrete strength sufficiently
above the specified strength so that, considering the expected variability of the
concrete and test procedures, no more than 1 in 10 strength tests will be expected to
fall below the specified strength. Mix designs shall be modified during the course of
the work when necessary to ensure compliance with strength and consistency
requirements.

Trail Batch Tests

For classes of concrete contained in table 1- Portland Cement Concrete Requirements, for
lightweight concrete and for other classes of concrete when specified or ordered by the
Engineer satisfactory performance of the proposed mix design shall be verified by laboratory
tests on trial batches. The results of such tests shall be furnished to the Engineer by Contractor
or the manufacturer of precast elements at the time the proposed mix design is submitted. For
mix design approval, the strengths of a minimum of five test cylinders taken from a trial batch
shall average at least 800 psi greater than the specified strength. If materials and a mix design
identical to those proposed for use have been used on other work, within the previous year,
certified copies of concrete test results from this work which indicate full compliance with these
specifications may be substituted for such laboratory tests. If the results of more than 10 such
strength tests are available from historical records for the past year, average strength for these
tests shall be at least 1.28 standard deviations above the specified strength.

Approval

All mix designs, and any modifications thereto shall be approved by the Engineer prior to use.
Mix design data provided to the Engineer for each class of concrete required shall include the
name, source, type, and brand of each of the materials proposed for use and the quantity to
be used per cubic meter of concrete.

Water Content

For calculating the water/cement ratio of the mix, the weight of the water shall be that of the
total free water in the mix which includes the mixing water, the water in any admixture solutions
and any water in the aggregates in excess of that needed to reach a saturated surface-dry
condition. The amount of water used shall not exceed the limits listed in table 1- Portland
Cement Concrete Requirements and shall be further reduced as necessary to produce
concrete of the consistencies listed in table given below at the time of placement:
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Type of Work Nominal Slump Maximum Slump
Inches Inches

Formed Elements: 1-3 5

Sections Over 12" thick

Sections 12" thick or Less 1-4 5

Cast-in-place Piles and 5-8 9

Drilled Shafts not Vibrated

Concrete Placed under Water 5-8 9

Table 7, Slump Requirements (Chapter 6)

When Type F or G high range water reducing admixtures are used, the above listed slump
limits may be exceeded as permitted by the Engineer. When the consistency of the concrete
is found to exceed the nominal slump, the mixture of subsequent batches shall be adjusted to
reduce the slump to a value within the nominal range. Batches of concrete with a slump
exceeding the maximum specified shall not be used in the work. If concrete of adequate
workability cannot be obtained by the use of the minimum cement content allowed, the cement
and water content shall be increased without exceeding the specified water/cement ratio, or
an approved admixture shall be used.

Cement Content

The minimum cement content shall be as listed in table 1- Portland Cement Concrete
Requirements or otherwise specified. The maximum cement or cement plus mineral admixture
content shall not exceed 30 Ibs./Cft or 800 pounds per cubic yard of concrete. The actual
cement content used shall be within these limits and shall be sufficient to produce concrete of
the required strength and consistency.

Mineral Admixture

Mineral admixtures shall be used in the amounts specified. In addition, when either Types |,
I, IV, or V, cements are used and mineral admixtures are neither specified nor prohibited, the
Contractor will be permitted to replace up to 20% of the required Portland cement with a
mineral admixture. The weight of the mineral admixture used shall be equal to or greater than
the weight of the Portland cement replaced. In calculating the water/cement ratio of the mix,
the weight of the cement shall be considered to be the sum of the weights of the Portland
cement and the mineral admixture.

Air-Entering and Chemical Admixtures

1. Air-entraining admixtures shall conform to the requirements of ASTM C-260 and
Chemical admixtures shall conform to the requirements of ASTM C-494. Unless
otherwise specified, only Type A (Water reducing), Type B (retarding), Type D (Water
reducing and retarding), Type F (Water-reducing, high range) or Type G (Water-
reducing, high range and retarding) shall be used. Admixtures containing chloride ion
(Cl) in excess of 1% by weight of the admixture shall not be used in reinforced
concrete. Admixtures in excess of 0.1% shall not be used in prestressed concrete.

2. A Certificate of Compliance signed by the manufacturer of the admixture shall be
furnished to the Engineer for each shipment of admixture used in the work. Said
Certificate shall be based upon laboratory test results from an approved testing facility
and shall certify that the admixture meets the above specifications.

3. If more than one admixture s used, the admixtures shall be compatible with each other
and shall be incorporated into the concrete mix in correct sequence so that the desired
effects of all admixtures are obtained.
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4. Air-entraining and chemical admixtures shall be incorporated into the concrete mix in
a water solution. The water so included shall be considered to be a portion of the
allowed mixing water.

Water Cement Ratio Law

The first and most important law upon which the design of concrete mixture is based describes
the relationship between the properties of the hardened concrete and the quantity of mixing
water used, and was enunciated in 1918 by Duff Abrams. This law may be stated as follows:
For plastic mixture, using sound and clean aggregate, the strength and other desirable
properties of concrete under given job condition are governed by the net quantity of mixing
water used per bag of cement.

The law, known as the water-cement ratio law, was first established with respect to
compressive strength. Subsequent studies, however, have shown that it applies equally well
to flexural and tensile strength, to the resistance of concrete to wear, and do the bond between
concrete and steel. Still more recent investigations have established that the properties of
water-tightness and resistance to weathering are in the same way controlled by the proportion
of water to cement. It should be noted that in the statement of water cement ratio law, its
application is limited to plastic mixtures and to give job conditions. In the laboratory studies
leading to the discovery of this principle it was found that, the mixtures were of such
consistency that they could be readily molded into a dense, compact mass, the strength result
did not confirm to the general relationship. Likewise, in the studies of water-tightness, it was
found that unless the mixture were easily placeable and were at the same time not so fluid as
to segregate in placing, no regular relationship existed between water-tightness and quantity
of mixing water. The need for this plastic consistency during construction is just as important
as in laboratory studies if the concrete in the Structure is to have the properties for which it is
being designed. The reference to given job condition applies to the various conditions peculiar
to a job, such as the characteristics of the materials in use, the methods or mixing and handling
and the temperature and moisture conditions under which the concrete cures.

It will be seen that the quantity of mixing water governs the quality of the cement paste, upon
which in turn depends the properties of the hardened concrete. The quantity of fine and coarse
aggregate does not affect the strength of the concrete, provided of course the concrete is truly
plastic and workable. As aggregate is cheaper than cement paste, it is economical to use as
much aggregate as possible. However, the greater the quantity of aggregate the greater the
stiffness of the concrete, which makes it more difficult and costlier to place properly in the
forms. This fact must be kept in mind when estimating the economic advantage of adding
aggregate in order to save cement.

Designing a concrete mix; therefore, consists of two operations:

e To select the water-cement ratio which will produce concrete of the desired durability
and strength, and
e To find the most suitable combination of aggregates, this will give the best results.

i Selection of 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. Because of the high strengths that are now obtained
with Portland cement, it is possible to provide ample strength for most exposed structures, if
the requirements of exposure are properly cared for. For this reason, the first step in designing
mixtures should be to select the water cement ratio necessary to meet the degree of exposure.
On any specific job the relationship between the water-cement ratio and strength should be
determined by a series of tests.
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If it is not possible to carry out tests and plot a job curve, the water-cement ratio required for
a given strength may be determined. The engineer must, however, use his discretion as to
what values he would use bearing in mind his particular job conditions. There is generally a
very considerable variation in the strength of concrete obtained in the field, the amount of
variation depending principally upon the accuracy of the batching and control operations and
on the uniformity of the raw material used.

ii. Consistency of Concrete

The next consideration in the design of a concrete mix is its handling and placing
requirements. In describing the character of fresh concrete, three terms are most often used
consistency, plasticity and workability.

Consistency is a general term referring to the state of fluidity from the driest to the wettest
possible mixtures. It requires a qualifying term for definiteness.

The term plasticity is used to describe a consistency of concrete which can be readily molded
but which permits the fresh concrete to change form slowly if the mold is removed. A plastic
mass does not crumble but flows sluggishly without segregation as in water mixtures. Thus,
neither the very dry, crumbly mixes nor the very fluid, watery mixes have plastic consistency.
The term workability is used to describe the case or difficulty with which concrete is placed
between the forms. In this respect the various conditions under which concrete is placed size
and shape of the member, space between enforcement bars or other details interfering with
the ready filling of the forms have to be taken into account. A stiff plastic mixture with large
aggregate which is workable in an open form would not be workable, for example, in a thin
wall with complicated reinforcement details.

Under conditions of uniform operation, however, changes in consistency as indicated by the
slump are useful in showing changes in the character of the material, the proportions, or in the
water-cement ratio.

ii. Unit Water Content

For a given set of materials and water cement ratio, the unit water content (water required per
cubic yard of concrete) is another important, basic factor affecting the quality of concrete. In
1929 F.R McMillan called attention to the fact that the consistency of a concrete mix for given
type and grading of aggregates, is determined by the water-content, and remains very nearly
constant regardless of the richness of cement content.

As it will be seen later, the rule finds application in the adjustment of concrete mixes. When
the trial mix has been brought to the required slumps the water-cement ratio is usually different
froth the one stipulated. As cement content is inversely proportional to the water-cement ratio,
an increase in water-cement ratio will mean that a part of the cement should be replaced by
an equal solid volume of aggregate. The method is reversed if the water-cement ratio is to be
decreased.

Volumetric Proportions (Cement: Sand: Aggregate) 1.

1:1:2
Concrete made by using Ordinary Portland Cement (OPC) and other basic ingredients i.e.
coarse 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.

2. 1:1.5:3
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Concrete made by using Ordinary Portland Cement (OPC) and other basic ingredients i.e.
coarse 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.

3. 1:2:4

Concrete made by using Ordinary Portland Cement (OPC) and other basic ingredients i.e.
coarse 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.

4, 1:3:6

Concrete made by using Ordinary Portland Cement (OPC) and other basic ingredients i.e.
coarse 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
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.

5. 1:4:8

Concrete made by using Ordinary Portland Cement (OPC) and other basic ingredients i.e.
coarse 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.
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Manufacture of Concrete

The production of ready-mixed concrete shall conform to the requirements of ASTM C-94, and
the requirements of the Heading 6.5.1 of these specifications. The production of concrete with
stationary mixers shall conform to the applicable requirements of ASTM C-94 and the
requirements of this article.

Storage of Aggregate

The handling and storage of concrete aggregates shall be such as to prevent segregation or
contamination with foreign materials. The methods used shall provide for adequate drainage
so that the moisture content of the aggregates is uniform at the time of batching. Different
sizes of aggregate shall be stored in separate stock piles sufficiently removed from each other
to prevent the material at the edges of the piles from becoming intermixed. When specified in
table 1 (page 339) or in the special provisions, the coarse aggregate shall be separated into
two or more sizes in order to secure greater uniformity of the concrete mixture.

Storage of Cement

The contractor shall provide suitable means for storing and protecting cement against
dampness. Cement which for any reason has become partially set or which contains lumps of
caked cement will be rejected. Cement held in storage for a period of over 3 months if bagged
or 6 months if bulk, or cement which for any reason the Engineer may suspect of being
damaged, shall be subject to a retest before being used in the work. Copies of cement records
shall be furnished to the Engineer, showing, in such detail, as he may reasonably require, the
guantity used during the day or run at each part of the work.

Measurement of Material

Materials shall be measured by weighing, except as otherwise specified or where other
methods are specifically authorized. The apparatus provided for weighing the aggregates and
cement shall be suitably designed and constructed for this purpose. Each size of aggregate
and the cement shall be weighed separately. The accuracy of all weighing devices shall be
such that successive quantities can be measured to within 1% of the desired amount. Cement
in standard packages (sack) need not be weighed., but bulk cement shall be weighed. The
mixing water shall be measured by volume or by weight. The accuracy of measuring the water
shall be within a range of error of not over 1%. All measuring devices shall be subject to
approval and shall be tested, at the Contractor’s expense, when deemed necessary by the
Engineer. When volumetric measurements are authorized for projects, the weight proportions
shall be converted to equivalent volumetric proportions. In such cases, suitable allowance
shall be made for variations in the moisture condition of the aggregates, including the bulking
effect in the fine aggregate.

Batching and Mixing of Concrete
Batching
The size of the batch shall not exceed the capacity of the mixer as guaranteed by the
manufacturer. The measured materials shall be batched and charged into the mixer by means

that will prevent loss of any materials due to effects of wind or other causes.

Mixing
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1. The concrete shall be mixed only in the quantity required for immediate use. Mixing
shall be sufficient to thoroughly intermingle all mix ingredients into a uniform mixture.
Concrete that has developed an initial set shall not be used. Re tempering concrete by
adding water will not be permitted. For other than transit mixed concrete, the first batch
of concrete materials placed in the mixer shall contain a sufficient excess of cement,
sand, and water to coat the inside of the drum without reducing the required mortar
content of the mix. When mixer performance tests, as described in AASHTO M 157,
are not made, the required mixing time for stationary mixers shall be not less than 90
seconds nor more than 5 minutes. The minimum drum revolutions for transit mixers at
the mixing speed recommended by the manufacturer shall not be less than 70 and not
less than that recommended by the manufacturer.

2. The timing device on stationary mixers shall be equipped with a bell or other suitable
warning device adjusted to give a clearly audible signal each time the lock is released.
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 placed in good working order within 24
hours, further use of the mixer will be prohibited until repairs are made.

3. For small quantities of concrete needed in emergencies or for small noncritical
elements of the work concrete may be hand-mixed using methods approved by the
Engineer. Between uses, any mortar coating inside of mixing equipment which sets or
dries shall be cleaned from the mixer before use is resumed.

Hand Mixing
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. Convenient
sizes of these boxes are given below: -

Capacity (Cube feet) Inside Measure (Inches)
Length Breadth Height
1 12 12 12
1Y 15 15 9%
1% 15 15 11%
1%, 15 15 13%
2 18 18 10%
2Y4 18 18 12
2Y5 18 18 13%
2% 18 18 14%
3 18 18 16

Table 8, Sizes of Box (Chapter 6)

> 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.

> 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. The approximate yield
of concrete per bag of cement and volume of loose materials for various nominal mixes
is given in the following table: -

Page 81 of 192



Nominal | Volume of fine and Yield per | Volume of loose Minimum

mix by coarse aggregate bag of materials for size of mixer

volume per bag of cement cement 1bag batch for 1-
(Cu.ft.) (Cu.ft.) (Cu.ft) bag batch

1:1:2 1%:2 Y 3% 5 3

1:1% :3 1%: 3 % 4%, 678 5

1:2:4 2.5 5% 8% 7

Table 9, Approximate yield of concrete per bag of cement and volume of loose materials (Chapter 6)

> In case concreting has to be done at a faster speed different gang of laborers 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.

Machine Mixing
1. Type and Capacity

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

2. 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 percent of their length and or
thickness.

3. 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.

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

5. 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-10 ‘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%

Table 10, Tolerances for Weights of Concrete Batching Ingredients (Chapter 6)

> 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¥4
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.

6. 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 below: -

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-
Charge's determination as to the type of section and applicable placing temperatures shall
govern. Concrete shall be placed at temperatures as follows: -

a. 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
30°C. 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.

b. 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 centimeters) but less
than 40 inches (one meter) in thickness.

C. Mass Concrete Sections

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

Page 83 of 192



Cool mixing water, ice, pre-cooled aggregate, shading the 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.

> Avoiding the placement of concrete during the hottest part of day.
> Placement only at night.

7. 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.

8. Mixing Time

The mixing periods specified in Table —11 ‘Mixing Periods for Concrete’ 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: -

Capacity of Mixer Mixing Time (Minutes)
Up to 1.5 cubic meters (2 cu.yds) 2.0
from 1.5 to 2.5 cubic meters 2.5
(2.0 to 3.25 cu.yds)

Table 11, Mixing Periods for Concrete (Chapter 6)

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

Transporting Concrete

Concrete should be conveyed according to the requirement of ACI 304. The organization
supplying concrete shall have sufficient plant capacity and transporting apparatus to ensure
continuous delivery at the rate required. The rate of delivery of concrete during concreting
operations shall be such as to provide for the proper handling, placing, and finishing of the
concrete. The rate shall be such that the interval between batches shall not exceed 20 minutes
and shall be sufficient to prevent joints within a monolithic pour caused by placing fresh
concrete against concrete in which initial set has occurred. The methods of delivering and
handling the concrete shall be such as will facilitate placing with the minimum of re handling
and without damage to the structure or the concrete. The following main requirements should
be fulfilled during transporting the concrete:

1) Concrete delivered at the point of placing should be uniform and of proper consistency.

2) There should be no separation of materials in the concrete.
3) Concrete should not dry or stiffen during conveyance.

Page 84 of 192



Segregation

The most important consideration in handling and transporting concrete is to avoid the
segregation of coarse aggregate from the concrete. It is a common fallacy to say that
separation occurring in handling will be eliminated during other operations. Separation must
be prevented and not corrected afterwards. The reason why separation occurs is that concrete
is not a homogeneous product but a collection of materials widely different in particle, size and
gravity. As a result, from the time the concrete leaves the mixer there are internal and external
forces which act to separate the dissimilar constituents. Separation can be prevented by
ensuring that concrete is dumped or dropped vertically. When dropped at an angle the larger
aggregate is thrown to the far side of the container and the mortar is thrown to the near side
thus resulting in segregation that may not be corrected upon further handling of the concrete.
The prevention of separation must first be ensured at the mixer itself. The segregation of
material owing the uncontrolled chuting of the concrete as it is discharged from the mixer is
particularly noticeable with non-tilting mixers where the concrete passes out in relatively small
streams over the discharge chute. This can be prevented by providing a down-pipe at the end
of the chute so that the concrete drops vertically into the center of the receiving container.
With tilting mixers, the batch usually slides out in a bulkier mass and is thus less prone to
segregate.

Methods of Conveyance

Concrete may have to be deposited below or at about the same level as the mixer; or as in
the case of buildings and dams, concrete must be hoisted and distributed above mixer level.
There are many devices for conveying concrete, and they are used either single or in
combination to suit different conditions.

Hand Pans, wheelbarrows and Carts

The most common contrivance used in this country for transporting concrete from the mixer
to the forms is the hand pan (or taghari), which is passed from handy hand. This method is
tedious, slow, wasteful, and with the rising cost of labor is likely to be expensive. Where
concrete is to be deposited at or below the mixer level, it is better to use a steel wheelbarrow.
For placing concrete much below the general ground level, as in basement slabs, foundations
and footings, a wood or steel chute may be used. Such chutes are made with a flared upper
end for convenience in dumping the barrow or cart direct into them. For lifting concrete above
the mixer level special provisions have to be made. In a single-storey structure where the
concrete has to be lifted not more than 10 or 15 feet above the ground level, inclined runways
for wheeling the concrete are easy to build. These runways may be built with one or two
landings to break the slope.

Hoists

For most of the building jobs, however, a hoist of some sort is required. A wooden hoist tower
can be made by carpenters, but steel towers have a longer life and can be erected and
dismantled with ease. Very often, no special tower is required, a cage being formed from the
external scaffolding members to accommodate the hoisting arrangement. Barrows, carts,
skips or other containers may be used to convey the concrete.

Buckets
Steel buckets transported by motor lorries, derricks, or cableways, and frequently by a

combination of these, are the most satisfactory methods of conveying concrete over long
distances and extensive sites like dams and barrages. They are of varying shape and design
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and have capacities ranging from 1 to 8 cubic yards. The larger buckets usually have a
rectangular cross-section, but most buckets are circular. The usual method of releasing
concrete is by tripping a gate or gates fitted at the bottom of the bucket. The bucket is lowered
as closed to the forms as possible or to the surface of the concrete already placed before
releasing the concrete to avoid the impact of concrete falling from a height which may not only
impair the quality of the concrete, disturbing that already placed, but may seriously damage
formwork itself. For use on huge structures, the buckets usually have straight sides and gates
opening to the full area of the bottom of the bucket. For smaller formed sections the bucket is
provided with a regulating gate of smaller size than the section of the bucket which may be
closed at will during unloading so that the remainder of the contents may be deposited
elsewhere. Gates maybe operated by hand or by mechanical or pneumatic means. Where the
buckets are handled by a cableway, mechanically or pneumatically operated gates are the
safest, because they can control the discharge of the concrete in a much better way and thus
prevent sudden jerks on the cableway.

Chutes

Concrete may be distributed by means of long chutes or chute systems for covering fairly large
areas, whether at ground level as in reservoir floors, or at various elevations as in large multi-
storied buildings. This method may, however, be considered most objectionable because of
the tendency of the concrete to segregate and dry. The chutes should be of metal or metal
lined, round-bottomed and of ample size to guard against overflow. The slope of the line of
chutes has to be so adjusted that the concrete flows regularly, though not so fast as to allow
the materials to segregates. The slope depends upon the consistency of the concrete, the
nature of materials, and the design of the chutes, but it is generally not flatter than 1 to 3 nor
steeper than 1 to 2. The addition extra water to the concrete to enable it to flow down the
chutes is, of coarse, not to be allowed. When long chutes are used the concrete is delivered
into a hopper, preferably of the bottom gate type before it is deposited into the forms. In this
way some remixing action takes place to correct any segregation which may have taken place.
If concrete is placed direct in the forms, it should not fall freely more than a few feet and nor
shoot out at an angle.

Conveyor Belts

Belt conveyors should be used to transport plastic concrete that is approximately 48% heavier
than aggregate or other commonly conveyed materials. They should transport plastic concrete
from a supply source, such as a truck mixer or a batching and mixing plant, to the point of
placement or to other equipment that shall be used to place the concrete. It shall require a
constant supply of properly mixed concrete for charging the belt conveyor and a provision for
moving the discharge point during placement so that the plastic concrete shall be deposited
over the entire placement area without the need for re-handling or excessive vibration.
Concrete belt conveyors shall be classified into three types: -

> Portable or self-contained;
> Feeder or series;
> Spreader-radial or side-discharge.

All concrete conveyors shall require charge and discharge hoppers, belt wipers, and proper
combinations of belt support idlers and belt speed to prevent segregation of the concrete.
Normal weight or lightweight aggregate concrete should be placed by a concrete belt
conveyor.

Concrete Pumps
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Pipe diameter shall be selected in view of the type and quality of concrete, maximum size of
coarse aggregate, pumping conditions, ease of pumping, safety etc. Piping routes should be
determined so that the piping distance and the number of bends are minimized. The type and
number of concrete pumps shall be determined in view of pumping load, discharge rate, the
rate of placement and the environment conditions at the job. The Contractor will be responsible
for approval from Engineer in charge.

1. Pumping Equipment

Concrete pumps shall consist of a receiving hopper, two concrete pumping cylinders, and a
valving system to alternately direct the flow of concrete into the pumping cylinders, and from
them, to the pipeline. One concrete cylinder shall receive concrete from the receiving hopper
while the other discharges into the pipeline to provide a relatively constant flow of concrete
through the pipeline to the placement area. The price of concrete pumps shall vary greatly
with maximum pumping capacity and maximum pressure that shall be applied to the concrete.
Pumps should be selected to provide the desired output, volume, and pressure on the
concrete in the pipeline.

Concrete pumps should use hydraulically operated concrete valves that should have the ability
to crush or displace aggregate trapped in the valve area. These pumps shall have an outlet
port 5in. (125 mm) or larger in diameter and if necessary, shall use reducers to reach smaller
pipeline sizes.

Other pumps should use steel balls and mating seats to control the flow of concrete from the
hopper into the pumping cylinder and out of the pumping cylinder into the pipeline. These units
shall be limited to pumping concrete with smaller than 1/2 in. (13 mm) maximum-sized
aggregate. ACI 304.2R shall describe general purpose, medium-duty, and special-application
pumps in detail. These should be trailer- or truck-mounted units.

Truck mounted pumps should also be equipped with placement booms that shall support a 5
in. (125 mm) diameter pipeline that shall receive the discharge from a concrete pump and
place it in the forms. Most booms shall have three or more articulating sections and shall be
mounted on a turret that rotates to enable the discharge of the pipeline to be located where
needed. Booms shall be generally rated according to their vertical reach and range in size
from about 72 ft to 175 ft (22 to 53 m). Safe operating practices should be necessary for the
protection of the pump operator, ready-mixed concrete drivers, and the workers placing and
finishing the pumped concrete.

2. Pipeline and Accessories
a. General

Concrete should be transported to the placement area by pumping methods i.e. pump through
rigid steel tubing or heavy-duty flexible hose.

For placements on grade, rubber hose should be frequently used at the end of a steel tubing
pipeline. Large or elevated placements should be done by placement booms. Following factors
shall disturb the smooth flow of pumped concrete.

> Pipeline surface irregularity or roughness

> Diameter variations
> Directional changes

All components of the pipeline should be able to handle, with an adequate safety factor, the
maximum internal pressure that the concrete pump being used should be capable of
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producing. Straight sections of pipeline shall made of welded or seamless steel tubing, most
commonly 10 ft (3 m) in length. The most common diameters shall be 4 and 5 in. (100 and
125 mm) with most systems in the 5 in. (125 mm) size. Aluminum pipeline should not be used
in concrete pumping.

b. Pipeline components

Concrete pipeline components should be assembled in virtually any order, then should
disassembled and reconfigured in a different manner. To achieve this flexibility, each delivery
line component shall require the use of connecting ends or collars, a coupling, and a gasket.
The coupling connections should require a gasket sealing ring to hold the required pressure
and prevent grout leakage. Connecting ends should use a raised section profile to make a
joint that shall withstand pressures in excess of 2000 psi (14 MPa). They should also withstand
considerable stress from external bending forces. Grooved-end connections should not be
used on pipeline with diameter greater than 3 in. (75 mm). Concrete pumping hose shall be
divided into two classifications: -

Hose should be used at the end of a placement line (discharge hose) and hose shall be used
on a placement boom (boom hose). Discharge hose shall have a lower pressure rating. A
boom hose shall typically connect rigid boom sections and should withstand high pressures.
Three times more pressure should be required to pump concrete through a given length of
hose than needed to pump through the same length of steel line. Pumping pressure must
cause a curved or bent hose to straighten. Injuries resulted from such movement, and sharp
bends should be avoided. To help achieve maximum component life, safe and thorough
cleaning of the pipeline should be necessary at the end of each placement. The pipeline
should be cleaned by propelling a sponge ball or rubber go-devil through the line with air or
water pressure. Arrangements for disposal of this residual concrete should be made before
pumping begins.

3. Proportioning Pump able Concrete
a. Basic consideration

Ready-mixed concrete producers shall supply a concrete mixture that will pump readily if they
shall be informed of the concrete pump volume and pressure capability, pipeline diameter,
and horizontal and vertical distance to be pumped. The shape of the coarse aggregate,
whether angular or rounded, shall has an influence on the required mixture proportions,
although both shapes can be pumped satisfactorily. The angular pieces should have a greater
surface area per unit volume as compared with rounded pieces and thus shall require more
mortar to coat the surface for pumpability.

b. Coarse aggregate

The maximum size of angular or crushed coarse aggregate should be limited to 1/3 of the
smallest inside diameter of the pump or pipeline. For well-rounded aggregate, the maximum
size should be limited to 2/5 of these diameters. The principles of proportioning are covered
in ACI 211.1 and ACI 211.2. Whereas the grading of sizes of coarse aggregate should meet
the requirements of ASTM C 33, it shall be important to recognize that the range between the
upper and lower limits of this standard shall be broader than ACI Committee 304
recommended to produce a pumpable concrete.

C. Fine aggregate

Together with the cement and water, the fine aggregate should provide the mortar or fluid that
shall convey the coarse aggregates in suspension, thus rendering a mixture pumpable.
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Particular attention should be given to those portions passing the finer screen sizes (Anderson
1977). At least 15 to 30% should pass the No. 50 (300 ym) screen and 5 to 10% should pass
the No. 100 (150 pym) screen. According to ACI 211.1, for more workable concrete, it must be
desirable to reduce the estimated Coarse aggregate content by up to 10%. Exercise caution
to ensure that the resulting slump, w/cm, and strength properties of the concrete should meet
applicable project specification requirements.

d. Combined normal weight aggregates

The combined coarse and fine aggregates should occupy about 67 to 77% of the mixture
volume. For gradation purposes, the fine and coarse aggregates should be considered as one
even though proportioned separately. According to ACI 304.2R, an analysis worksheet shall
be made for evaluating the pumpability of a concrete mixture by combining the fine and coarse
aggregate with nominal maximum-sized aggregate from 3/4 to 1-1/2 in. (19 to 38 mm). The
worksheet shall make provision for additional coarse and fine aggregate that should be added
to a mixture to improve the overall gradation and shall recognize possible overlap of some
coarse and fine aggregate components. If a mixture is known to be pumpable shall be
evaluated and graphed first, the curve representing its proportions shall provide a useful
reference for determining the pumpability of a questionable mixture. If that mixture has a curve
running in a zigzag fashion, or has one or more values falling below the boundary line, the
mixture shall be questionable for pumping and may not be pumpable by all types of concrete
pumps. Those pumps with powered valves, higher pressure on the concrete, and the most
gradual and smallest reduction from concrete tube diameter should pump the most difficult
mixtures. Concrete containing lightweight fine and coarse aggregate should be pumped if the
aggregate shall be properly saturated.

e. Water

The amount of water used in a mixture will influence the strength and durability (for a given
amount of cement) and will also affect the slump or workability. Mixing water requirements
shall vary for different maximum sizes of aggregate as well as for different slumps. Slumps
from 2 to 6 in. (50 to 150 mm) shall be most suitable for pumping. In mixtures with higher
slump, the coarse aggregate should separate from the mortar and paste and could cause
pipeline blockage. Slumps obtained through the use of superplasticizers, however, shall be
pumped without difficulty.

The slump at the end of the discharge hose should be maintained within specification
limitations. It must be satisfactory for the concrete to enter the pump at a higher slump to
compensate for slump loss, if the change shall be due to aggregate absorption.

f. Cementitious material

The determination of the cementitious materials content should follow the same basic
principles used for any concrete. The use of extra quantities of cementitious materials as the
only means to correct pumping difficulties shall be shortsighted and uneconomical. Correcting
any deficiencies in the aggregate gradation shall be more important.

g. Admixtures
Any admixture that increases workability in both normal weight and lightweight concretes will
usually improve pumpability. Admixtures shall be used to improve pumpability include regular

and high-range, water-reducing admixtures, air-entraining admixtures, and finely divided
mineral admixtures.
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Increased awareness shall be needed to incorporate entrained air in concrete to minimize
freezing and thawing damage to structures that shall have coincided with increased use of
concrete pumps, as well as the development of longer placement booms. The effectiveness
of the air-entraining agent (AEA) in producing a beneficial air-void system shall depend on
many factors. The more important factors are: -

> The compatibility of the AEA and other admixtures as well as the order in which they
are introduced into the batch;

The mixture proportions and aggregate gradation;

Mixing equipment and procedures;

Mixture temperatures;

Slump

VVYVYY

AEA effectiveness and the resulting dosage of AEA shall also depend on the cement fineness,
cement factor, and water content, and the chemistry of cement and water, as well as that of
other chemical and mineral admixtures shall be used in the concrete. Air content and
admixtures shall refer to ACI 304.2R.

4, Field Practice

Preplanning for concrete pumping shall be essential for successful placements, with
increasing detail and coordination required as the size of the placement and the project
increases. This planning should provide for the correct amount and type of concrete for the
pump being used, provision for necessary pipeline, and agreement as to which personnel will
provide the labor necessary to the complete placement operation. Any trailer- or truck-
mounted concrete pump should be used for pipeline concrete placement. The limiting factor
in this method should be the ability to spread the concrete as needed at the end of the pipeline.
Generally, this should be done by laborers using a rubber hose at the end of a rigid placement
line. The discharge of powered placement booms should be positioned at almost any point
within the radius of the boom and at elevations achieved with the boom from near vertical (up
or down) to horizontal. Their use should generally reduce the manpower required for a given
placement.

Equipment Type and range of | Advantages Points to watch for
work for which
equipment is best
suited

Belt conveyors | For conveying | Belt conveyors have | End-discharge

concrete horizontally
or to a higher or lower
level. Usually
positioned between
main discharge point
and secondary
discharge point.

adjustable reach,
traveling diverter, and
variable speed both
forward and reverse.
Can place large
volumes of concrete
quickly when access is
limited.

arrangements needed
to prevent segregation
and leave no mortar on
return belt. In adverse
weather (hot, windy)
long reaches of belt
need cover.

Belt conveyors

For conveying

Conveying equipment

End-discharge

mounted on | concrete to a lower, | arrives with the | arrangements needed
truck mixers horizontal, or higher | concrete.  Adjustable | to prevent segregation
level. reach and variable | and leave no mortar on

speed. return belt.

Buckets

Used with cranes,
cableways, and
helicopters for

Enables full versatility
of cranes, cableways,
and helicopters to be

Select bucket capacity
to conform to size of the
concrete batch and
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construction of
buildings and dams.
Convey concrete
directly from central
discharge point to
formwork or to
secondary discharge
point.

exploited. Clean
discharge. Wide range
of capacities.

capacity of placing
equipment. Discharge
should be controllable.

Chutes on
truck mixers

For conveying
concrete to a lower
level, usually below
ground level, on all
types of concrete
construction.

Low cost and easy to
maneuver. No power
required; gravity does
most of the work.

Slopes should range
between 1to 2 and 1 to
3 and chutes must be
adequately supported in
all  positions.  End-
discharge
arrangements
(downpipe) needed to
prevent segregation.

Cranes and
buckets

The right equipment
for work above
ground level.

Can handle concrete,
reinforcing steel,
formwork, and sundry
items in bridges and
concrete-framed
buildings.

Has only one hook.
Careful scheduling
between trades and
operations is needed to
keep crane busy.

Drop chutes

Used for placing
concrete in vertical
forms of all kinds.
Some chutes are
one-piece tubes
made of flexible
rubberized canvas or
plastic, others are
assembled from
articulated metal
cylinders  (elephant
trunks).

Drop chutes direct
concrete into form-
work and carry it to
bottom of forms without
segregation. Their use
avoids spillage of grout
and concrete on rein-
forcing steel and form
sides, which is harmful
when off-the-form
surfaces are specified.
They also will prevent
segregation of coarse
particles.

Drop chutes should
have sufficiently large,
splayed-top  openings
into which concrete can
be discharged without
spillage. The cross
section of drop chute
should be chosen to
permit inserting into the
formwork without
interfering with
reinforcing steel.

Mobile batcher
mixers

Used for intermittent
production of
concrete at jobsite, or
where

only small quantities
are required.

A combined materials
transporter and mobile
batching and mixing
system for  quick,
precise  proportioning
of spe- cified concrete.
One-man operation.

Trouble-free operation
requires good
preventive maintenance
program on equipment.
Materials must  be
identical to those in
original mix design.

Non-agitating
trucks

Used to transport
concrete on short
hauls over smooth
roadways.

Capital cost of non-
agitating equipment is
lower than that of truck
agitators or mixers.

Concrete slump should
be limited. Possibility of
segregation. Height is
needed for high lift of
truck body upon
discharge.

Pneumatic
guns
(Shotcrete)

Used where concrete
is to be placed in
difficult locations and
where

Ideal for placing
concrete in free form
shapes, for repairing
structures, for

Quiality of work depends
on skill of those using
equipment. Only
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thin sections and | protective coatings, | experienced nozzlemen
large  areas are | thin linings, and | should be employed.
needed. building walls with one-

sided forms.

Pumps Used to convey | Pipelines take up little | Constant supply of
concrete directly | space and can be | freshly-mixed concrete
from central | readily extended. | is needed with average
discharge point at | Delivers concrete in | consistency and without
jobsite to formwork or | continuous stream. | any tendency to
to secondary | Pump can  move | segregate. Care must
discharge point. concrete both vertically | be taken in operating

and horizontally. Truck- | pipeline to ensure an
mounted pumps can be | even flow and to clean
delivered when | out at conclusion of
necessary to small or | each operation.
large projects. Tower- | Pumping vertically,
crane mounted pump | around bends, and
booms provide | through flexible hose
continuous concrete for | will considerably reduce
tall building | the maximum pumping
construction. distance.

Screw Used for spreading | With a screw spreader | Screw spreaders are

spreaders concrete over large | a batch of concrete | normally used as part of
flat areas, such as in | discharged from a|a paving train. They
pavements and | bucket or truck can be | should be wused for
bridge decks. quickly spread over a | spreading before

wide area to a uniform | vibration is applied.
depth. The spread

concrete has good

uniformity of

compaction before

vibration is used for

final compaction.

Tremies For placing concrete | Can be used to funnel | Precautions are needed

under- water.

concrete down through
the water into the
foundation or other part
of the structure being
cast.

to ensure that the tremie
discharge end is always
buried in fresh concrete

so that a seal is
preserved between
water and concrete

mass. Diameter should
be 250 to 300 mm (10to
12 in.) unless pressure
is available. Concrete
mixture needs more
cement, 390 kg/m3 (658
Ib/lyd3), and greater
slump, 150 to 230 mm
(6 to 9 in.), because
concrete must flow and
consolidate without any
vibration.

Truck agitators

Used to transport
concrete for all uses

Truck agitators usually
operate from central

deliveries
suit job

Timing of
should
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in pavements, | mixing plants where | organization. Concrete
structures, and | quality concrete is | crew and equipment
buildings. Haul | produced under | must be ready onsite to
distances must allow | controlled conditions. | handle concrete.
discharge of | Discharge from

concrete within 112 | agitators is well

hours, but limit may | controlled. There is

be waived under | uniformity and

certain homogeneity of

circumstances. concrete on discharge.

Truck mixers Used to transport| No central mixing plant | Timing of deliveries
concrete for uses in | needed, only a | should suit job
pavements, batching plant, since | organization. Concrete
structures, and | concrete is completely | crew and equipment
buildings. Haul | mixed in truck mixer. | must be ready onsite to
distances must allow | Dis- charge is same as | handle concrete.
discharge of | for truck agitator. Control of concrete
concrete within 112 quality is not as good as
hours, but limit may with central mixing.
be waived under
certain
circumstances.

Wheelbarrows | For shortflat haulson | Very versatile and | Slow and labor

and buggies all types of onsite | therefore ideal in- side | intensive.
concrete and on jobsites where
construction, placing conditions are
especially where | constantly changing.
accessibility to work
area is restricted.

Table 12, Methods and Equipment for Transporting and Handling Concrete (Chapter 6)

Sampling and Testing

Compliance with the requirements indicated in this Section shall be determined in accordance
with the following standard methods of AASHTO or ASTM:

> Sampling Fresh Concrete, AASHTO T 141 (ASTM C 172)

> Weight Per Cubic Foot, Yield and Air Content (Gravimetric) of Concrete, AASHTO T

121 (ASTM C 138).

Sieve Analysis of Fine and Coarse AGGRGATE, AASHTO T 27.

Slump of Portland Cement Concrete, AASHTO T 119 (ASTM C 143).

Air Content of FRESHLY Mixed Concrete by the Pressure Method, AASHTO T 152

(ASTM C 231).

Specific Gravity and Absorption of Fine Aggregate, AASHTO T 84 (ASTM C 128)

Specific Gravity and Absorption of coarse Aggregate, AASHTO T 85 (ASTM C 127).

Unit Weight of Structural Lightweight Concrete, ASTM C 567.

Making and Curing Concrete TEST Specimens in the Laboratory, AASHTO T 126

(ASTM C 192).

Making and Curing Concrete Test Specimens in the Field, AASHTO T 23 (ASTM C

31).

> Compressive Strength of Cylindrical Concrete Specimens, AASHTO T 22 (ASTM C
39).

VVY

VVYVYY

\4

Slump Test
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As mentioned earlier a test that will indicate changes in consistency is the slump test. The
apparatus consists of a metal cone, 4-inch diameter at the top, 8-inch diameter at the bottom
and 12-inch high, and a metal tamping rod 2 feet long and 5/8-inch diameter, bullet pointed at
the tamping end. The cone should be first inspected to make sure that the internal surface is
clean, dry and free from set cement. It is then placed on a smooth, flat, impervious surface
such as a steel plate, the operator holding it firmly in place by standing on the foot pieces. The
cone is then filled with freshly mixed concrete to about one-fourth of its height and tamped
with 25 strokes of the rod. The filling is complete in successive layers similar to the first and
the top struck off level with a trowel. Immediately afterwards, the cone is removed by lifting
vertically, the molded concrete allowed to subside, and the height of the specimen measured
after coming to rest. The consistency is then recorded in terms of inches of subsidence of the
specimen during the test, which is known as the slump. The idea in controlling the slump is to
control directly the consistency and workability necessary for concrete placement, and
indirectly the water-cement ratio; the principle being that repeated batches of the same mix
having the same consistency will have the same water content and consequently the same
water-cement ratio provided factors like batch weights or volumes, aggregate grading, and
temperature of materials are practically uniform. Fortunately, variations in water content have
a much more pronounced effect on slump than variations in the factors mentioned above.
Hence on jobs where grading and hatching are properly controlled, slump variations will reflect
variations in water content and water-cement ratio.

Compressive Strength

Concrete compressive strength requirement consists of a minimum strength at the age of
twenty-eight (28) days and the minimums strength which must be attained before various
loads or stresses are applied to the concrete. The various strengths required are specified in
Table 401-1. 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, AASHTO T 22 ASTM C - 39. A set of six (6) cylinders shall be taken from each fifty (50)
cubic meters of each class of concrete or fraction thereof placed each day, three (3) of the six
(6) cylinders to be tested after even (7) days and three (3) after twenty-eight (28) days.

a) The minimum average 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) percent of the required twenty-eight (28) days.

c) Specimens shall not be tested if any individual diameter of a cylinder differs from any
other diameter of the same cylinder by more than 2 %.

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: -

a) Average test result of the cores shall be less than the minimum required twenty-eight
(28) days strength

b) No individual core shall show a strength less than Ninety-five (95) percent 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. Furthermore, contractor shall
redesign the concrete mix for approval of the Engineer.
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In case, seven (7) days strength shows less than seventy (70) percent of the twenty-eight (28)
days strength (in case of type-I cement), Engineer may stop further work on that particular
portion of concrete, unless twenty-eight (28) days strength gives satisfactory results.

Trial Batches for mix Productions

The placing of concrete shall not begin until trial batches of the mix design to be used have
been produced by the Contractor and tested and approved by the Engineer. The trial mix
proportions shall be such that the average strength of five (5) consecutive test cylinders shall
be 20% higher than the specified twenty-eight (28) days strength and no individual test cylinder
shall be below the specified strength.

When concrete compressive strength is specified as a prerequisite to applying loads or
stresses to a concrete structure or member, test cylinders will be cured under conditions
similar to those at the casting site. The compressive strength of concrete determined for such
purposes will be evaluated on the basis of individual tests.

6.3.6.2.1 Minimum Cube Strength Requirement & Strength corresponding to
Cylinder

Unless otherwise specified concrete mixes shall conform to the strength requirements given
in the following table: -

Nominal Minimum cube strength required (in | General use
Mix psi)
Laboratory Tests | Work Tests
7 days | 28 days | 7 days | 28 days
1:1:2 4000 6000 3000 4500 In paving.
1:1%:3 3350 5000 2500 3750 For reinforced concrete other than
1:2:4 2700 4000 2000 3000 in paving
1:3:6 - 2500 - 2000 For mass concrete
1:4:8 - 2000 - 1500 For Lean concrete

Table 13, Minimum Cube Strength Requirements (Chapter 6)

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

Table 14, 28 Days Cube Strength (Chapter 6)

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.

Evaluation of Concrete Strength
Tests
A strength test shall consist of the average strength of two compressive strength test cylinders
fabricated from material taken from a single randomly selected batch of concrete, except that,

if any cylinder should show evidence of improper sampling, molding, or testing, said cylinder
shall be discarded and the strength test shall consist of the strength of the remaining cylinder.
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For Controlling Construction Operation

For determining adequacy of cure and protection, and for determining when loads or stresses
can be applied to concrete structures, test cylinders shall be cured at the structure site under
condition that are not more favorable than the most unfavorable conditions for the portions of
the structure which they represent as described in Article 9.44 of AASHTO T 23. Sufficient test
cylinders shall be made and tested at the appropriate ages to determine when operations such
as release of false work, application of prestressing forces or placing the structure in service
can occur.

For Acceptance of Concrete

For determining compliance of concrete with a specified 28-day strength, test cylinders shall
be cured under controlled conditions as described in Article 9.3 of AASHTO T 23 and tested
at the age of 28 days. Samples or acceptance tests for each class of concrete shall be taken
not less than once a day nor less than once for each 150 cubic yards of concrete or once for
each major placement. Any concrete represented by a test which indicates a strength which
is less than the specified 28-day compressive strength by more than 500 psi will be rejected
and shall be removed and replaced with acceptable concrete

For Control of Mix Design

Whenever the average of three consecutive tests, which were made to determine acceptability
of concrete, falls to less than 150 psi above the specified strength or any single test falls more
than 200 psi below the specified strength, the Contractor shall, at own expense, make
corrective changes in the materials, mix proportions or in the concrete manufacturing
procedures before placing additional concrete of that class. Such changes must be approved
by the Engineer prior to use.

6.3.7.4 Steam Radiant Heat Cured Concrete

When a precast concrete member is steam or radiant heat-cured, the compressive strength
test cylinders made for any of the above purposes shall be cured under conditions similar to
the member. Such concrete will be considered to be acceptable whenever a test indicates that
the concrete has reached the specified 28-day compressive strength provided such strength
is reached not more than 28 days after the member is cast.
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Protection of Concrete from Environmental Conditions
General

Precautions shall be taken as needed to protect concrete from damage due to weather or
other environmental conditions during placing and curing operations. Concrete that has been
frozen or otherwise damaged by weather conditions shall be either repaired to an acceptable
condition or removed and replaced. The temperature of the concrete mixture immediately
before placement shall be between 50 F and 90 F, except as otherwise provided herein.

Rain Protection

Under conditions of rain, the placing of concrete shall nhot commence or shall be stopped
unless adequate protection is provided to prevent damage to the surface mortar or damaging
flow or wash of the concrete surface.

Hot and Weather Protection

When the ambient temperature is above 90 F, the forms reinforcing steel, steel beam flanges,
and other surfaces which will come in contact with the mix shall be cooled to below 90 F by
means of a water spray or other approved methods. The temperature of the concrete at time
of placement shall be maintained within the specified temperature range by any combination
of the following:

> Shading the materials storage areas or the production equipment.

> Cooling the aggregates by sprinkling with water which conforms to the requirements
of Heading 30-3.2 of these specifications.

> Cooling the aggregates or water by refrigeration or replacing a portion or all of the mix
water with ice that is flaked or crushed to the extent that the ice will completely melt
during mixing of

> the concrete.

> Liquid nitrogen injection.

Cold Weather Protection
Protection during Cure

When there is a probability of air temperatures below 35 F during the cure period, the
Contractor shall submit for approval by the Engineer prior to concrete placement, a cold
weather concreting and curing plan detailing the methods and equipment which will be used
to assure that the required concrete temperatures are maintained. The concrete shall be
maintained at a temperature of not less than 45 F for the first six days after placement except
that when pozzolan cement or fly ash cement is used, this period shall be as follows:

Percentage of Cement Replaced, by Weight, | Required Period of Controlled
With Pozzolans Temperature

10% 8 Days

11-15% 9 Days

16-20 % 10 Days

Table 15, Requirement for an extended period of controlled temperature (Chapter 6)
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The above requirement for an extended period of controlled temperature may be waived if a
compressive strength of 65% of the specified 28-day design strength is achieved in 6 days. If
external heating is employed, the heat shall be applied and withdrawn gradually and uniformly
so that no part of the concrete surface is heated to more than 90 F or caused to change
temperature by more than 20 F in 8 hours. When requested by the Engineer, the Contractor
shall provide and install two maximum-minimum type thermometers at each structure site.
Such thermometers shall be installed as directed by the Engineer so as to monitor the
temperature of the concrete and the surrounding air during the cure period.

Mixing and Placing

When the air temperature is below 35 F, the temperature of the concrete at the time of
placement in sections less than 12 inches thick shall be not less than 60 F. Regardless of air
temperature, aggregates shall be free of ice, frost and frozen lumps when batched and
concrete shall not be placed against any material whose temperature is 32 F or less.

Heating of Mix

When necessary in order to produce concrete of the specified temperature, either the mix
water or the aggregates, or both, shall be heated prior to batching. Heating shall be done in a
manner which is not detrimental to the mix and does not prevent the entrainment of the
required amount of air. The methods used shall heat the materials uniformly. Aggregates shall
not be heated directly by gas or oil flame or on sheet metal over fire. Neither aggregates nor
water shall be heated to over 150 F. If either are heated to over 100 F, they shall be mixed
together prior to the addition of the cement so that the cement does not come into contact with
materials which are in excess of 100 F.

Special Requirements for Bridge Decks

During periods of low humidity, wind or high temperatures and prior to the application of curing
materials, concrete being placed and finished for bridge decks shall be protected from damage
due to rapid evaporation. Such protection shall be adequate to prevent premature crusting of
the surface or an increase in drying cracking. Such protection shall be provided by raising the
humidity of the surrounding air with fog sprayers operated upwind of the deck, the use of
windbreaks or sun-shades, additionally reducing of the temperature of the concrete,
scheduling placement during the cooler times of days or nights, or any combination thereof.
For bridge decks that are located over or adjacent to salt water or when specified, the
maximum temperature of the concrete at time of placement shall be 80 F.

Concrete Exposed to Salts Water

Unless otherwise specifically provided, concrete for structures exposed to salt or brackish
water or concrete placed under water shall be class A2. Such concrete shall be mixed for a
period of not less than 2 minutes and the water content of the mixture shall be carefully
controlled and regulated so as to produce concrete of maximum impermeability. The concrete
shall be thoroughly consolidated as necessary to produce maximum density and a complete
lack of rock pockets. Unless otherwise indicated on the plans, the clear distance from the face
of the concrete to the reinforcing steel shall be not less than 4 inches. No construction joints
shall be formed between levels of extreme low water and extreme high water or the upper limit
of wave action as determined by the Engineer. Between these levels the forms shall not be
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removed, or other means provided, to prevent salt water from coming in direct contact with
the concrete for a period of not less than 30 days after placement. Except for the repair of any
rock pockets and the plugging of form tie holes, the original surface as the concrete comes
from the forms shall be left undisturbed. Special handling shall be provided for precast
members to avoid even slight deformation cracks.

Concrete Exposed to Sulfate Soils or Water

When the special provisions identify the area as containing sulfate soils or water, the concrete
that will be in contact with such soil or water shall be mixed, placed and protected from contact
with soil or water as required for concrete exposed to salt water except that the protection
period shall be not less than 72 hours.
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Form Work

Material Requirements

All material shall comply with the requirements of ACI 347-R 2014 ‘Guide to formwork for
concrete’. Materials and components used for formwork shall be examined for damage or
excessive deterioration before use and shall be used only if found suitable after necessary
repairs. In case of timber form work, the inspection shall not only cover physical damages but
also signs of attacks by decay, rot or insect attack or the development of splits. Forms shall,
be constructed with metal or timber. The metal used for forms shall be of such thickness that
the forms remain true to shape. All bolts should be countersunk. The use of approved internal
steel ties or steel or plastic spacers shall be permitted. Structural steel tubes used as support
for forms shall have a minimum wall thickness of 4 mm. Other materials conforming to the
requirements of ACI 347-R 2014 may also be used if approved by the Engineer. Following
materials should be used for formwork: -

> Timber
> Plywood
> Steel
> Aluminum
> Plastics
> Fabric
> Fiber Glass
Materials Principal uses
Sawn lumber Form framing, sheathing, and shoring
Engineered wood* Form framing and shoring
Plywood Form sheathing and panels
Panel framing and bracing
Heavy forms and falsework
Column and joist forms
Steel Stay-in-place deck forms

Shoring

Steel joists used as horizontal shoring
Expanded metal bulkheads, single-sided forms
Aluminum Form panels and form framing members
Horizontal and vertical shoring and bracing
Reconstituted wood | Form liners and sheathing

panel products
Insulation materials Stay-in-place form liners
or sheathing

Wood fiber or glass

fiber Cold-weather protection for fresh
Other commercial concrete

products

Fiber or laminated Column and beam forms

paper

pressed tubes or Void forms for slabs, beams,
forms girders and precast piles
Corrugated Internal and under-slab
cardboard void forms

Void forms in beams and girders (hormally used with internal “egg-
crate” stiffeners)
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Concrete Stay-in-place forms

Molds for precast units

Ready-made column forms

Glass fiber- Domes and pans for concrete joist construction

reinforced

plastic Custom-made forms for special architectural effects
Form ties

Cellular plastics Form lining and insulation

Stay-in-place wall forms

Other plastics, Form liners, both rigid and
including flexible, for decorative concrete
ABS, polypropylene,

polyethylene, Chamfer and rustication formers
polyvinyl

chloride,

polyurethane

Rubber and Form lining and void forms

rubberized or
architectural fabrics Inflatable forms for dome and culvert construction

Form ties, anchors, Hold formwork secure against loads and pressures from concrete

and hangers and construction activities

Side form spacers Maintain correct distance between reinforcement and form to
provide specified concrete cover for steel

Plaster Waste molds for

architectural concrete
Release agents and | Help preserve form facing and facilitate release
protective form
coatings

Table 16, Form Materials with Data Sources for Design and Specifications (Chapter 6)

Timber

Timber shall be the most common material used for bracing the members called as traditional
formwork. Timber used for formwork should have following requirements: -

It should be well seasoned

Should be light in weight

Easily workable with nails without splitting
It should free from loose knots

VVYVYY

Lumber

1. Size Classification

> Boards: Lumber that shall be less than 2 in. (50.8 mm) thick and 2 in. (50.8 mm) or
more wide. Boards’ thicknesses shall refer to the smallest cross-section dimension of
lumber and the term width refers to the largest dimension. Boards less than 6 in. (152.4
mm) wide shall be classified as strips. Boards shall be used for sheathing, roofing,
siding, and paneling.
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> Dimension lumber: Lumber with a hominal thickness of 2-5 in. (50.8-127 mm) and a
nominal width of 2 in. (50.8 mm) or more. Dimension lumber shall range in size from 2
X 2 in. (50.8 x 50.8 mm) to 4 -16 in. (101.6 x 406.4 mm). Dimension lumber shall be
used for general construction where appearance is not a factor, such as studding,
blocking, and bracing.

2. Mechanical Properties of Lumber
a. Bending Stresses

The lumber shall be stressed internally to resist the external loads. Bending in a member shall
causes tension forces in the extreme fibers along the face farthest from the load and causes
compression in the fiber along the side closest to the applied load. The maximum stress
induced in the fibers, which occurs at the edges, shall be referred as the “extreme fiber stress
in bending.” This stress shall be highly dependent on the parallel-to-grain strength of the wood
in both tension and compression. The allowable bending stresses shall be based on a clear
specimen having no defects. Allowable bending stresses shall then factored to account for
defects.

b. Modulus of Elasticity (MOE)

(MOE) is a relationship between the amount of deflection in the member and the value of load
applied that causes the deflection. The amount of deflection should depend on the size of the
member, the span between the supports, the load, and the particular member specie of wood.
The parallel-to-grain MOE (i.e., the stiffness when wood is pushed or pulled parallel to the
wood grain) should be about 30 times greater than the perpendicular-to-grain MOE.

C. Tensile and Compressive Strengths

Tensile strength shall measure of the ability of wood to resist pulling forces. On the other hand,
compressive strength shall be the measure of the ability of wood to resist pushing forces. For
clear wood (wood without defects), the tensile and compressive strengths for parallel-to-grain
loads should approximately 10 times greater than for loads applied perpendicular to the wood
grain.

Plywood

Plywood shall be used as sheathing that contact concrete for job-built forms and prefabricated
form panels. Most plywood panels shall be made of softwood. Many species of trees shall be
used to make plywood, such as Douglas fir and Southern pine. The grain of each ply shall be
laid at a right angle to the adjacent pieces that should give extra strength and reduces
shrinkage and swelling. Size of Plywood sheets should be 4 x 8 ft (1.22 x 2.44 m). Plywood
called “1/2 in. (12.7 mm) plywood” shall be 1/2 in. (12.7 mm) thick. In contrast to the situation
with lumber, actual and nominal thickness for plywood shall be same; 1 in. (25.4 mm) plywood
shall be 1 full inch (25.4 mm) thick.

Special type of plywood called exterior plywood should be used for formwork. The plywood
boards shall be available in thicknesses from 7mm to 32mm. In general, plywood of size 1220
X 2440 and 18mm thick boards should be sufficient for most of the works.

1. Ply form

Plyform shall be a plywood product specially made for concrete formwork. Plyforms shall be
available in class | and class I, where class | shall be stronger than class Il. Other plyform that
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shall commonly use for formwork includes B-B plyform, high-density overlaid (HDO), and
structural 1 plyform.

Steel

This shall consist of panels fabricated out of thin steel plates stiffened along the edges by
small steel angles. The panel units should be held together through the use of suitable clamps
or bolts and nuts. The panels should be fabricated in large number in any desired modular
shape or size. Steel forms should be largely used in large projects or in situation where large
number of reuses of the shuttering shall be possible.

Steel sections shall be used in the fabrication of different formwork components, namely: -

steel panel forms,

horizontal and vertical shores,

steel pan and dome components used for joist and waffle slabs,
steel pipes for formwork bracing.

YVVVYY

Other heavy forms and formwork shall also made of steel, such as bridge formwork.
Aluminum

Aluminum shall be used for many formwork applications such as lightweight panels, joists,
horizontal and vertical shoring, and aluminum trusses for flying forms. Aluminium Formwork
System shall provide aluminium Formwork for RCC load bearing or RCC framed multi-storied
buildings and shall enable the walls and slabs to be poured in the same operation. The
aluminum formworks should be recycled after smelting. Aluminum formworks are light in
weight and highly precise in assembly. The installation process is easier and the installation
time should be reduced by 30% compared with the wooden formworks. An area of 2,000 m2
aluminum formworks should be completed in about 35 hours.

Fiber Glass

Fiber glass is less expensive than steel and aluminum forms/shuttering. It shall provide smooth
concrete finish. It should have sealed edges to improve water resistance. Large areas or
sections should be made without joints or seams. Fiberglass form work should be used when
repeated usage is possible.

Formwork Design

Forms work shall conform to the various shaped lines, grades and dimensions of the concrete
as shown on the drawings or as established by the Engineer-in-charge. Their material and
design shall be subject to the approval by the Engineer-in-charge before their construction is
started. However, such approval shall not relieve the contractor of the responsibility for the
adequacy of the forms nor from the necessity for remedying any defects which may develop
or become apparent with use. The Engineer-in-charge may at any time condemn any sections
of forms found deficient in any respect, and the contractor shall promptly remove the
condemned forms from the work and replace them at his own expense.

Choose a Formwork System
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Choosing formwork system activity includes the process of selecting formwork systems for
different structural elements. It also includes the process of selecting accessories, bracing,
and a release agent for the selected formwork system. There are several forming systems
used in the construction of reinforced concrete structures. For example, formwork systems for
concrete slabs can be classified as hand-set or conventional systems and crane-set systems.
Conventional systems are still the most common and popular formwork systems. Their
popularity stems from their ability to form different shapes and elements. However,
conventional formwork usually results in high labor and material cost. Nonconventional or
crane-set systems have gained increasing popularity because of low labor costs and their
ability to achieve faster construction cycle.

Before selecting any system of form work contractor will get the written permission from
Engineer in charge and Engineer in charge will propose the best suitable form work system
keeping the requirement of project in mind. It's necessary that Contractor will follow the
technical specifications of the specific project and conditions of contract.

Horizontal form work Conventional

The traditional slab formwork technique shall consist of supports out of lumber or young tree
trunks, that support rows of stringers assembled roughly 3 to 6 feet or 1 to 2 meters apatrt,
depending on thickness of slab. Between these stringers, joists are positioned roughly
12 inches, 30 centimeters apart upon which boards or plywood are placed. The stringers and
joists shall usually 4 by 4 inch or 4 by 6-inch lumber. The most common imperial plywood
thickness shall be % inch and the most common metric thickness shall be 18 mm.

Horizontal form work- Flying / Table form work

A table form/flying form is a large pre-assembled formwork and false work unit, often forming
a complete bay of suspended floor slab. It offers mobility and quick installation for construction
projects with regular plan layouts or long repetitive structures, so is highly suitable for flat slab,
and beam and slab layouts. Table form work consist of decks made of plywood and slab is
lifted with the help of crane. slab formwork "tables" that are reused on multiple stories of a
building without being dismantled so that's why the use of these systems can greatly reduce
the time and manual labor involved in setting and striking the formwork. This type of formwork
reduces the labor cost considerably as compared to conventional formwork.

Formwork Construction

> Forms work to confine the concrete and shape it to the required lines shall be used
wherever necessary. They shall be made of metal, of metal lined timber, or of smooth
planed boards in good condition.

> A smooth finished surface of the concrete shall be required. The forms shall be true in
every respect to the required shape and size, and shall be of sufficient strength and
rigidity to maintain their position and shape under loads and operations incident to
placing and vibrating the concrete.

> All forms when erected shall be tight. Adequate and suitable means for removing the
forms without injury to the surface of the finished concrete shall be provided.

> Chamfer strips shall be placed in the form so as to produce leveled edges on
permanently exposed concrete surfaces if indicated on the drawings or instructed by
the Engineer-in charge.
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> All forms shall be properly secured in position so as to prevent floating, or other
movements, during the placing of concrete. Form supports shall be carried to firm
foundation so that no settlement of the forms is possible during construction.

> Unless otherwise specified sliding forms shall be used for enclosing vertical structures
which maintain a constant section to give a lift of concrete from 2 to 4 feet. In very tall
structures they shall be made to move continuously during concreting operations.

Treatment of Formwork Construction

Unless otherwise specified the faces of this formwork which come into contact with the
concrete shall be treated with parting agents, such as, mineral oils, vegetables oils and soaps,
before reinforcement is placed, in order to prevent concrete from adhering to formwork and to
reduce the risk of damage when the formwork is struck.

Form Coatings and release agents
1. Coatings

Form coatings or sealers shall be usually applied in liquid form to contact surfaces either
during manufacture or in the field to serve one or more of the following purposes: -

Alter the texture of the contact surface;

Improve the durability of the contact surface;
Facilitate release from concrete during stripping; or
Seal the contact surface from intrusion of moisture.

VVYVYV

2. Release agents

Form release agents should be applied to the form contact surfaces to prevent bond and thus
facilitate stripping. They should be applied permanently to form materials during manufacture
or shall be applied to the form before each use. When applying in the field, be careful to avoid
coating adjacent construction joint surfaces or reinforcing steel.

3. Manufacturers’ Recommendations

Manufacturers’ recommendations should be followed in the use of coatings, sealers, and
release agents, but independent investigation of their performance shall be recommended
before use. When concrete surface color is critical, effects of the coating, sealing, and release
agents should be evaluated. Where surface treatments such as paint, tile adhesive, sealers,
or other coatings are to be applied to formed concrete surfaces, be sure that adhesion of such
surface treatments will not be impaired or prevented by use of the coating, sealers, or release
agent. Also, consider bonding requirements of subsequent concrete placements.

Preparation for Concrete Placing

1. No concrete shall be placed till all formwork, reinforcement, installation of parts to be
embedded, bracing of forms, and preparation of surfaces involved in the placing have
been approved by the Engineer-in-charge. No concrete shall be placed in water,
except with the written permission of the Engineer-in-charge, and the method of
depositing concrete shall be subject to his approval. Concrete shall not be placed in
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running water and shall not be subjected to the action of running water until after the
concrete has been cured for 28 days. All surfaces of forms and embedded materials
that have become encrusted with dried mortar or grout froth concrete previously placed
shall be cleaned of all such mortar or grout before the surrounding or adjacent concrete
is placed.

Immediately before placing concrete, all surface upon or against which it is to be placed
shall be free from standing water, mud, debris or loose material. The surfaces of
absorptive materials against or upon which concrete is to be placed shall be moistened
thoroughly so that moisture is not drawn from the freshly placed concrete.

Where surface to be covered by fresh concrete are absorptive and where it will
facilitate are placing and vibrating of concrete in paving and base slabs (which is to be
determined by the Engineer-in-charge), the contractor shall place a “blinding coarse”
consisting of a 2-inch layer of concrete. The "blinding course" shall be spread uniformly
over the foundation to be protected and allowed to set for 24 hours before fresh
concrete is placed.

Concrete surface upon or against which concrete is to be placed and to which new
concrete is to adhere, and have become so rigid that the new concrete cannot be
incorporated integrally with them are defined below as "construction joints". The
surfaces of construction joints shall be clean and damp when covered with fresh
concrete or mortar. These surfaces shall he cleaned by wet sand-blasting or other
approved methods and then washed thoroughly with high pressure air water jets or
other approved means immediately before fresh concrete is placed. Cleaning shall
consist of the removal of all laitance, lose or defective concrete, coatings or foreign
material. All pools of water shall be removed from the surface construction joints before
new concrete is placed.

The surface of all contraction joints or expansion joints as shown on the drawings shall
be thoroughly cleaned of accretions of concrete or other foreign material by scraping,
chipping or by other means satisfactory to the Engineer-in-Charge.

Placing of Concrete

=

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 buckets, where used, shall he capable of promptly discharging the low-slump
concrete mixes specified and the dumping mechanism shall be designed to permit the
discharge or as little as four cubic feet portion of the load in one place.

Each layer or concrete shall be consolidated to the maximum practicable density so
that it is free from pockets of aggregate, and close, snugly against all surfaces, 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 re-vibrate 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. The operation
shall be carried out by a person trained in the job.
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6. 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.

7. 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.

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

Removal of Forms

In all cases the contractor shall satisfy himself that reinforced and prestressed concrete has
thoroughly set before removing formwork and shuttering or supports and shall obtain the
permission of the Engineer-charge before removing formwork, shuttering and supports. The
following minimum times shall elapse after depositing reinforced concrete in forms before the
later may be removed.

Work Cold Weather Hot Weather
Columns, sides to beams 3 days 2 days
Props to slabs and beams 10 days 7 days
Props to beams and slabs in composite action 14 days 10 days

Table 17, Removal of Forms (Chapter 6)

Measurement and Payment
Form work shall be measured in the unit of sq. ft and payment to the contractor will be made

on rental basis as per the rate analysis of this item. Engineer in Charge will be responsible for
the evaluation of work to be paid to contractor.
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Handling and Placing Concrete
General

Concrete shall be handled, placed, and consolidated by methods that will not cause
segregation of the mix and will result in a dense homogeneous concrete which is free of voids
and rock pockets. The methods used shall not cause displacement of reinforcing steel or other
materials to be embedded in the concrete. Concrete shall be placed and consolidated prior to
initial set and in no case more than 1 %2 hours after cement was added to the mix. Re tempering
the concrete by adding water to the mix shall not be done.

Concrete shall not be placed until the forms, all materials to be embedded and, for spread
footings the adequacy of the foundation material have been inspected and approved by the
Engineer. All mortar from previous placements, debris, and foreign material shall be removed
from the forms and steel prior to commencing placement. The forms and subgrade shall be
thoroughly moistened with water immediately before concrete is placed against them.
Temporary form spreader devices may be left in place until concrete placement precludes
their need, after which they shall be removed.

Placement of concrete for each section of the structure shall be done continuously without
interruption between planned construction or expansion joints. The delivery rate, placing
sequence and methods shall be such that fresh concrete is always placed and consolidated
against previously placed concrete before initial set has occurred in the previously placed
concrete.

During and after placement of concrete, care shall be taken not to injure the concrete or break
the bond with reinforcing steel. Workmen shall not walk in fresh concrete. Platforms for
workmen and equipment shall not be supported directly on any reinforcing steel. Once the
concrete is set, forces shall not be applied to the forms or to reinforcing bars, which project
from the concrete, until the concrete is of sufficient strength to resist damage.

Sequence of Placing

Whenever a concrete placement plan or schedule is specified or approved, the sequence of
placement shall conform to the plan. Unless otherwise specifically permitted by such a
placement plan, the requirements of the following paragraphs shall apply.

Vertical Members

Concrete for columns and retaining walls, and other similar vertical members shall be placed
and allowed to set and settle for a period of time before concrete for integral horizontal
members, such as caps, slabs, or footings is placed. Such period shall be adequate to allow
completion of settlement due to loss of bleed water and shall be not less than 12 hours for
vertical members over 15 feet in height and not less than 30 minutes for members over 5 feet
but not over 15 feet in height. When friction collars or falsework brackets are mounted on such
vertical members and unless otherwise approved, the vertical member shall have been in
place at least 7 days and shall have attained its specified strength before loads from horizontal
members are applied.

Superstructure

1. Unless otherwise permitted, no concrete shall be placed in the superstructure until
substructure forms have been stripped sufficiently to determine the character of the
supporting substructure concrete.

2. Concrete for T-beam or deck girder spans whose depth is less than 4 feet may be
placed in one continuous operation or may be placed in two separate operations; first,
to the top of the girder stems, and second, to completion. For T-beam or deck girder
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spans whose depth is 4 feet or more and, unless the false work is nonyielding, such
concrete shall be placed in two operations and at least 5 days shall elapse after
placement of stems before the top deck slab is placed.

3. Concrete for box girders may be placed in two or three separate operations consisting
of bottom slab, girder stems and top slab. In either case the bottom slab shall be placed
first and, unless otherwise permitted by the Engineer, the top slab shall not be placed
until the girder stems have been in place for at least 5 days.

Arches

Concrete for box girders may be placed in two or three separate operations consisting of
bottom slab, girder stems and top slab. In either case the bottom slab shall be placed first and,
unless otherwise permitted by the Engineer, the top slab shall not be placed until the girder
stems have been in place for at least 5 days.

Present Elements

The sequence of placement for concrete in precast elements shall be such that sound well-
consolidated concrete which is free of settlement or shrinkage cracks is produced throughout
the member.

Placing Methods
General

1. Concrete shall be placed as nearly as possible in its final position and the use of
vibrators for extensive shifting of the mass of fresh concrete will not be permitted.

2. Concrete shall be placed in horizontal layers of a thickness not exceeding the capacity
of the vibrator to consolidate the concrete and merge it with the previous lift. In no case
shall the depth of a lift exceed 2 feet. The rate of concrete placement shall not exceed
that assumed for the design of the forms as corrected for the actual temperature of the
concrete being placed.

3. When placing operations would involve dropping the concrete more than 5 feet, the
concrete shall be dropped through a tube fitted with a hopper head, or through other
approved devices, as necessary to prevent segregation of the mix and spattering of
mortar on steel and forms above the elevation of the lift being placed. This requirement
shall not apply to cast-in-place piling when concrete placement is completed before
initial set occurs in the first-placed concrete.

Equipment

1. All equipment used to place concrete shall be of adequate capacity and designed and
operated so as to prevent segregation of the mix or loss of mortar. Such equipment
shall not cause vibrations that might damage the freshly placed concrete. No
equipment shall have aluminum parts which come in contact with the concrete.
Between uses, the mortar coating inside of placing equipment which sets or dries out
shall be cleaned from the equipment before use is resumed.

2. Chutes shall be lined with smooth watertight material and, when steep slopes are
involved, shall be equipped with baffles or reverses.

3. Concrete pumps shall be operated such that a continuous stream of concrete without
air pockets is produced. When pumping is completed, the concrete remaining in the
pipeline, if it is to be used, shall be ejected in such a manner that there will be no
contamination of the concrete or separation of the ingredients.

4. Conveyor belt systems shall not exceed a total length of 550 lineal feet, measured from
end to end of the total assembly. The belt assembly shall be so arranged that each
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section discharges into a vertical hopper arrangement to the next section. To keep
segregation to a minimum, scrapers shall be situated over the hopper of each section
so as to remove mortar adhering to the belt and to deposit it into the hopper. The
discharge end of the conveyor belt system shall be equipped with a hopper, and a
chute or suitable deflectors to cause the concrete to drop vertically to the deposit area.

Consolidation

1.

All concrete, except concrete placed under water and concrete otherwise exempt, shall
be consolidated by mechanical vibration immediately after placement. The vibration
shall be internal except that external form vibrators may be used for thin sections when
the forms have been designed for external vibration.

Vibrators shall be of approved type and design and of a size appropriate for the work.
They shall be capable of transmitting vibration to the concrete at frequencies of not
less than 4,500 impulses per minute.

The Contractor shall provide a sufficient number of vibrators to properly compact each
batch immediately after it is placed in the forms. The Contractor shall also have at least
one spare vibrator immediately available in case of breakdown.

Vibrators shall be manipulated so as to thoroughly work the concrete around the
reinforcement and imbedded fixtures and into the corners and angles of the forms.
Vibration shall be applied at the point of deposit and in the area of freshly deposited
concrete. The vibrators shall be inserted and withdrawn out of the concrete slowly. The
vibration shall be of sufficient duration and intensity to thoroughly consolidate the
concrete, but shall not be continued so as to cause segregation. Vibration shall not be
continued at any one point to the extent that localized areas of grout are formed.
Application of vibrators shall be at points uniformly spaced and not further apart than
1.5 times the radius over which the vibration is visibly effective.

Vibration shall not be applied directly to, or through the reinforcement to sections or
layers of concrete which have hardened to the degree that the concrete ceases to be
plastic under vibration. Vibrators shall not be used to transport concrete in the forms.
When immersion-type vibrators are used to consolidate concrete around epoxy-coated
reinforcement, the vibrators shall be equipped with rubber or other non-metallic
coating.

Vibration shall be supplemented by such spading as is necessary to ensure smooth
surfaces and dense concrete along form surfaces and in corners and locations
impossible to reach with the vibrators. When approved by the Engineer, concrete for
small noncritical elements may be consolidated by the use of suitable rods and spades.

Placing Concrete Underwater

General

> 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.

Only concrete used in cofferdams to seal out water may be placed under water unless
otherwise specified or specifically approved by the Engineer. The minimum cement
content of the mix shall be increased by 10% to compensate for loss due to wash.

To prevent segregation, concrete placed under water shall be carefully placed in a
compact mass, in its final position, by means of a tremie, concrete pump, or other
approved method, and shall not be disturbed after being deposited. Still water shall be
maintained at the point of deposit and the forms under water shall be watertight.
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Cofferdams shall be vented during the placement and cure of concrete to equalize the
hydrostatic pressure and thus prevent flow of water through the concrete.

> Concrete placed under water shall be placed continuously from start to finish. The
surface of the concrete shall be kept as nearly horizontal as practicable. To ensure
through bonding, each succeeding layer of seal shall be placed before the preceding
layer has taken initial set. For large pours, more than one tremie or pump shall be used
to ensure compliance with this requirement.

Equipment

> Tremie: The top section of the tremie shall be a hopper 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 sod 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 of adequate strength to sustain
the greatest length and weight shell be used. A separate lifting device shall be provided
for each tremie pipe with its hopper at the upper end. Unless the lower end of the pipe
is equipped with an approved automatic check valve, the upper end shall be plugged
with a wadding of gunny sacking or other approved material, before delivering the
concrete to the tremie pipe through the hopper. The hopper shall be forced to and out
of the bottom end of the pipe by filling the pipe with concrete. The tremie shall he raised
slowly to cause a uniform flow of the concrete, but it shall not be emptied so that water
enters above the concrete in the pipe. From the time the placing of concrete starts till
it finishes, the lower end of the tremie pipe shall be below the top surface of the plastic
concrete. This shall cause the concrete to build up from below instead of flowing out
over the surface, to avoid formation of laitance layers. If the charge in the tremie is lost
while depositing, the tremie shall be raised above the concrete surface, and if not
sealed by a cheek valve it shall be re-plugged 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 canvas 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 bucket shall preferably be so designed that the
hinged bottom doors shall operate inside a steel skirt, which shall surround the bucket
while the bottom door are shut and shall extend bellow the bucket as the bottom doors
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 normal dive
speed after that shall not exceed 200 feet per minute. After the bucket has reached
the surface on which concrete is to be deposited, it shall be raised slowly 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 sucks; unless otherwise specified. The space to be
concreted shall be filled with sucks of concrete carefully placed in header and stretcher
formation, so that they become interlocked. Sacks used for this purpose shall he made
of jute or other coarse material free from deleterious materials and duly approval by
the Engineer-in-charge. They shall tie filled about two-thirds with concrete and their
openings security tied.
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Cleanup

Dewatering may proceed after test specimens cured under similar conditions indicate that the
concrete has sufficient strength to resist the expected loads. All laitance or other unsatisfactory
materials shall be removed from the exposed surface by scraping, chipping, or other means
which will not injure the surface of the concrete before placing foundation concrete.

Placing Concrete under Sea Water

Unless otherwise specified, concreting under sea water shall be governed by the following
stipulations:
1. The nominal mix employed shall under no condition be leaner than 1: 1: 2,
2. An air entrant agent or admixture duly approved by the Engineer-in-charge shall be
added to give 3% - 6% entrained air in the concrete.
3. Sea water shall not be allowed to come in contact with the concrete till it has hardened
for at least 4 days.
4. Reinforcement or other corrodible metal shall be placed not less than 3" from any plane
or curved surface, and 4" adjacent surface at corners.
5. If specially required the face of concrete shall be protected from severe climatic
conditions or severe abrasion by stone of suitable quality, dense verified shale bricks
or creosoted timber as shown on the drawing or as directed by the Engineer-in-charge.

Placing Concrete in Saline Soil

Unless otherwise specified, concreting in saline soils shall be done keeping in view the
following:
1. 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.
2. Reinforcement or other corrodible metal shall not be placed closer than two inches
from the surface of the concrete.

Compaction

As concrete is being placed it should be compacted thoroughly and uniformly by means of
hand tools, vibrators, or finishing machines to secure a dense structure, a close bond with
reinforcement, and smooth surface. Concrete should be worked well around the reinforcement
and embedded fixtures and into the corners of the forms, but should not be worked more than
necessary, since any disturbance of the concrete in place makes for segregation of materials,
and the water and fine particles move towards the surface. This water may collect under the
bars and the larger pieces of aggregate, thereby weakening the bond and opening channels
for possible leakage through the concrete. Also, excessive working of concrete at formed
surfaces brings undesirable fines and water to the surface brings undesirable fines and water
to the surface. Sufficient equipment and operators should be provided in order that the entire
mixer output can be handled without delay, otherwise the concrete may stiffen too much before
it is thoroughly compacted and the surface is finished.

Hand Compaction
Ordinary hand methods of consolidating concrete consist of ramming, tamping; spading, and
slicing with suitable tools. Tramping of the workmen while handling these tools also plays an

important part in the compaction. Spading is done at or near vertical form faces in order to
secure a smooth surface, but too much of spading will draw out an excess of cement paste
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which will later craze, crack or scale, for compacting dry concrete the surface is rammed with
a heavy flat-bottomed rammer until a thin film of mortar or paste appears at the surface,
showing that the voids of the aggregate have been filled.

Compaction by Vibration

>

Vibration as a means of consolidating concrete has many advantages over hand
compaction methods. Modern high frequency vibrators make it possible to place,
economically mixtures which cannot be placed by hand. For example, a concrete of
still consistence 1% inches slump can be placed in forms containing closely spaced
reinforcement by vibrators whereas a much wetter consistency is necessary, probably
5- or 6-inches slumps, for hand puddling. The action of vibration sets the particles of
fresh concrete into motion, reducing friction between them, and affecting a temporary
liquefaction of the concrete which enables it to settle easily into place.

While vibration in itself does not affect the strength of concrete which is controlled by
the water-cement ratio just in the case of hand compaction, it permits -the use of either
less water or a leaner mix. Concrete of higher strength and better quality can,
therefore, be made with a given cement factor because less mixing water can be used.
Where only a given strength is required, it can be obtained with leaner mixes than
possible with hand placing, thus making for economy. This shows that vibration makes
for improvement in the quality of concrete as well as economy.

In the case of vibration process, stiffer mixtures and also mixtures containing fewer
fine materials can be used than are required to give the cohesive qualities necessary
to prevent segregation in hand-placed mixtures. A larger proportion of coarse and a
smaller proportion of fine aggregate can, therefore, be used. Since coarser gradings
prevents less surface area to be coated with paste, less water or less paste can be
used for a given consistency. Thus, improvement in quality and economy is affected
by harsher as well as stiffer mixtures.

The vibration method can be conveniently used for placing concrete under conditions
where it is difficult to get good results by hand placing. Vibration makes it possible for
the concrete to flow through small openings, and in and around closely spaced
reinforcement.

Shrinkage of a vibrated concrete owing to less moisture is somewhat less than
concrete placed by hand because of the higher aggregate factor or lower water
content. If the potential advantages of vibration are fully realized, volume changes due
to changes in moisture content may be reduced by as much as one-half.

When using vibrators for compacting, care must be taken in the construction of
formwork. It must be stronger than that for hand-rammed work in order to withstand
the hydrostatic pressure which develops when the concrete liquefies under vibration.
For the same reason, the forms must be watertight.

Vibratory Equipment

Most of the high-frequency vibrators now available give at least 3,600 impulses per minute.
Some of them produce twice this number or even more. They may be electrically driven, or
operated from a petrol engine or air compressor. The vibrations are caused by eccentric
weights attached to the shaft or the mortar or to the rotor of a vibrating element. Electric
magnet pulsating equipment is also available.

Vibrators are of the following four general types: -

i). Internal, "spud" or "needle" vibrators consist of a metal spud or rod, which is inserted

into newly-placed concrete and which vibrates while being withdrawn.

ii). Surface vibrators which are mounted on screeds or platforms and are chiefly used for

consolidating road slabs, floors, etc.
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ii).

iv).

>

External or "form" vibrators which are attached to formwork and external shuttering of
walls, columns, etc. The forms transmit the vibrating action of the Concrete.
Vibrating tables, which are used for making precast products.

Any of these types should be applied systematically at short distances on the surface
so that vibrated areas of concrete may overlap without omission of any part. Vibration
should be continued till concrete has been thoroughly compacted and the voids have
been filled, as indicated by the appearance of mortar or paste at the exposed surface
or at limes of contract with the forms. Then vibration should be stopped; otherwise it
would cause coarse aggregate to settle to the bottom and water or paste to rise to the
top. Usually vibration should secure the desired results within 5 to 15 seconds at points
16 to 30 inches apart. It should not be done for longer periods at wider distances.
Internal vibrators should be inserted to the full depth of the layer. They should be
inserted and withdrawn slowly and operated continuously while being withdrawn so
that no hole is left in the concrete. The entire depth of a new layer of concrete should
be vibrated, and ordinarily the vibrator should penetrate the layer below for several
inches to ensure through union of the layers. Concern has sometimes been expressed
of the effects of re-vibration of a lower layer which may be partially hardened and in
which the cement may be setting. Tests, however; indicate that re-vibration of partially
set concrete actually improves its strengths. Apparently, the kneading action on the
concrete further consolidates it.

Form vibrators are particularly effective on column and in the casting of precast units
such as pipes, slabs, piles. The machine is fastened to a wale or gut and transmission
of the vibration around the perimeter of the member is further assisted by means of an
encircling chain where this is practicable. Form vibratos are also used on thin wall
sections where reinforcement, ties and spreaders interfere too much with internal
vibrators. The portable electric or air hammers are especially useful in such work as
architectural concrete where the appearance of the finished work is particularly
important, and also on sections that are too thin for internal vibrators. Vibrating tables
are used for precast units which are made in gang molds fastened to the table. Tables
are available in various sizes and are usually equipped with adjustable eccentrics so
that both the speed and amplitude can be adjusted.

Personal preference and job conditions will affect the selection of the motive power for
operating vibrators. On large jobs both electricity and compressed air are generally
available. For smaller work compact, portable electric generating equipment is
available which will not only furnish power for the vibrators but also for other small tools
and for lighting. Petrol engines are also used to drive vibrators directly and can be very
cheaply operated. On most jobs, power costs of operating vibrators are not important
and personal preference and convenience will therefore generally govern the section.
High frequencies can be secured with all three kinds of power with properly designed
equipment.
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Cover Over Reinforcement

Unless otherwise specified the following minimum thickness of concrete cover, exclusive of
plaster or other decorating finish, shall be provided in all cases:

i. For each end of reinforcing bar, not less than 1 inch or twice the diameter of such bar.

ii. For a longitudinal reinforcing bar in a column, not less than 1% inches or the diameter
of such bar. In the case of columns with a minimum dimension of 7 ¥z inches or less
where bars do not exceed %2 inch diameter, one-inch cover shall be used.

iii. For longitudinal reinforcing bar in a beam not less than one inch or the diameter of
such bar.

iv. For tensile, compressive, shear or other reinforcement in a slab not less than ¥ inch
or the diameter of such reinforcement.

v. For any other reinforcement not less than ¥z inch or the diameter of such reinforcement.

vi. In case of works in saline or corrosive conditions a minimum of 1 % inches cover over
bars, stirrups or links

Construction Joints
General

Construction joints shall be made only where located on plans, or shown in the pouring
schedule, unless otherwise approved. All planned reinforcing steel shall extend uninterrupted
through joints. In the case of emergency, construction joints shall be placed as directed by the
Engineer and, if directed, additional reinforcing steel dowels shall be placed across the joint.
Such additional steel shall be furnished and placed at the Contractor’s expense.

Bonding

1. Unless otherwise shown on the plans, horizontal joints may be made without keys and
vertical joints shall be constructed with shear keys. Surfaces of fresh concrete at
horizontal construction joints shall be rough floated sufficiently to thoroughly
consolidate the surface and intentionally left in a roughened condition. Shear keys shall
consist of formed depressions in the surface covering approximately one-third of the
contact surface. The forms for keys shall be beveled so that removal will not damage
the concrete.

2. All construction joints shall be cleaned of surface laitance, curing compound and other
foreign materials before fresh concrete is placed against the surface of the joint.
Abrasive blast or other approved methods shall be used to clean horizontal
construction joints to the extent that clean aggregate is exposed. All construction joints
shall be flushed with water and allowed to dry to a surface dry condition immediately
prior to placing concrete.

Bonding and Doweling to Existing Structures

When new concrete is shown on the plans to be bonded to existing concrete structures, the
existing concrete shall be cleaned and flushed as specified above. When the plans show
reinforcing dowels grouted into holes drilled in the existing concrete at such construction joints,
the holes shall be drilled by methods that will not shatter or damage the concrete adjacent to
the holes. The diameters of the drilled holes shall be % inch larger than the nominal diameter
of the dowels unless shown otherwise on the plans. The grout shall be a neat cement paste
of Portland cement and water. The water content shall be not more than 4 gallons per 94
pounds of cement. Re-tempering of grout will not be permitted. Immediately prior to placing
the dowels, the holes shall be cleaned of dust and other deleterious materials, shall be
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thoroughly saturated with water, have all free water removed and the holes shall be dried to a
saturated surface dry condition. Sufficient grout shall be placed in the holes so that no voids
remain after the dowels are inserted. Grout shall be cured for a period of at least 3 days or
until dowels are encased in concrete.

Hen specified or approved by the Engineer epoxy may be used in lieu of Portland cement
grout for the bonding of dowels in existing concrete. When used epoxy shall be mixed and
placed in accordance with the manufacturer’s recommendations.

Forms at Construction Joints
When forms at construction joints overlap previously placed concrete, they shall be
retightened before depositing new concrete. The face edges of all joints that are exposed to

view shall be neatly formed with straight bulk-heads or grade strips, or otherwise carefully
finished true to- line and elevation.
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Contraction & Expansion Joints
General

Expansion and contraction joints shall be constructed at the locations and in accordance with
the details shown on the plans. Such joints include open joints, filled joints, joints sealed with
sealants or water stops, joints reinforced with steel armor plates or shapes and joints with
combinations of these features.

Material
Pre-molded Expansion Joint Fillers
Pre-molded fillers shall conform to one of the following specifications:

1. Specification for Preformed Expansion Joint Fillers for Concrete Paving and structural
Construction, ASTM D-1751 Specification for Preformed Sponge Rubber and Cork
Expansion Joint Fillers for Concrete Paving and Structural Construction, ASTM D-
1752, Type Il (cork) shall not be used when resiliency is required.

2. Specification for Preformed Expansion Joint Filler for Concrete, ASTM D- 994.

Polystyrene Board Fillers

Board fillers shall be expanded polystyrene with a minimum flexural strength of 35 pounds per
square inch, as determined by ASTM C-203 and a compressive yield strength of between 16
and 40 pounds per square inch at 5% compression. When shown on the plans, or required to
prevent damage during concrete placement, the surface of polystyrene board shall be faced
with 1/8-inch-thick hardboard.

Contraction Joint Material

Material placed in contraction joints shall consist of asphalt saturated felt paper or other
approved bond-breaking material.

Pourable Joint Sealants

Pourable sealants for placement along the top edges of contraction or filled expansion joints
shall conform to the following: -

1. Hot-poured sealants shall conform to ASTM D-3406 except that when the sealant will
be in contact with asphaltic material, it shall conform to ASTM D-3405.

2. Cold-poured sealant shall be silicone type. The sealant shall be a one-part, low
modulus silicone rubber type with an ultimate elongation of 1,200%.

3. Polyethylene foam strip of dia 45mm or 25mm which one will be mentioned in BOQ,
for use when shown on the plans, shall be of commercial quality with a continuous
impervious glazed top surface, suitable for retaining the liquid sealant at the proper
elevation in the joint while hardening.

Metal Armor

Expansion joint armor assemblies shall be fabricated from steel in conformance with the
requirements of Chapter of Structure Steel. Assemblies shall be accurately fabricated and
straightened at the shop after fabrication and galvanizing as necessary to conform to the
concrete section.
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Water stops

Water stops shall be of the type, size and shape shown on the plans. They shall be dense,
homogeneous, and without holes or other defects.

Bitumen
Bitumen used for joint sealant should be of grade 90/40 (Oxidized Bitumen).
Installation
Open Joints

Open joints shall be constructed by the insertion and subsequent removal of a wood strip,
metal plate or other approved material. The insertion and removal of the template shall be
accomplished without chipping or breaking the corners of the concrete. When not protected
by metal armor, open joints in decks and sidewalks shall be finished with an edging tool. Upon
completion of concrete finishing work, all mortar and other debris shall be removed from open
joints.

Filled Joints

When filled joints are shown on the plans, pre-molded type fillers shall be used unless
polystyrene board is specifically called for. Filler for each joint shall consist of as few pieces of
material as possible. Abutting edges of filler material shall be accurately held in alignment with
each other and tightly fit or taped as necessary to prevent the intrusion of grout,. Joint filler
material shall be anchored to one side of the joint by waterproof adhesive or other methods
S0 as to prevent it from working out of the joint but not interfere with the compression of the
material.

Sealed Joints

Prior to installation of pourable joint sealants, all foreign material shall be removed from the
joint, the filler material shall be cut back to the depth shown or approved and the surface of
the concrete which will be in contact with the sealant cleaned by light sand blasting. When
required, a polyethylene foam strip shall be placed in the joint to retain the sealant and isolate
it from the filler material. The sealant materials shall then be mixed and installed in accordance
with the manufacturer’s directions. Any material that fails to bond to the sides of the joint within
24 hours after placement shall be removed and replaced.

Water Stops

Adequate water stops of metal, rubber, or plastic shall be placed as shown on the plans.
Where movement at the joint is provided for, water stops shall be of a type permitting such
movement without injury. They shall be spliced welded, or soldered, to form continuous
watertight joints. Precautions shall be taken so that the water stops shall be neither displaced
nor damaged by construction operations or other means. All surfaces of the water stops shall
be kept free from oil, grease, dried mortar, or any other foreign matter while the water stop is
being embedded in concrete. Means shall be used to ensure that all portions of the water stop
designed for embedment shall be tightly enclosed by dense concrete.

1. PVC Water Stops
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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-18 ‘Physical Characteristics of PVC Water stop’.

Physical Characteristics Test Method Typical Values
Ultimate Elongation ASTM D 638 350 % min
(CRD C 573)
Tensile Strength ASTM D 638 1750 psi
(CRD C 573) (12.07 Mpa) min
Low Temperature Brittleness ASTM D 746 No Failure
(CRD C 570) @ -35F(-37C)
Stiffness in Flexure ASTM D 747 400 psi
(CRD C 571) (2.76 Mpa) min
Specific gravity ASTM D 792 1.37 max
Hardness, Shore A ASTM D 2240 70 - 80
Table 18, Physical Characteristics of PVC Water Stop (Chapter 6)
2. Metal Water Stops
a. Copper

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

b. Stainless Steel

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

C. 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.

d. Aluminum

Aluminum sheet for water-stops shall conform to the requirements of ASTM B-209.

e. Copper

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

Armor assemblies shall be installed so that their top surface matches the plane of the adjacent
finished concrete surface throughout the length of the assembly. Positive methods shall be
employed in placing the assemblies to keep them in correct position during the placing of the
concrete. The opening at expansion joints shall be that designated on the plans at normal
temperature or as directed by the Engineer for other temperatures, and care shall be taken to
avoid impairment of the clearance in any manner.
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Curing Concrete

Concrete hardens because of chemical reactions between Portland cement and water. This
process, known as hydration of cement, is not fully known but, it is believed that the principal
reaction products are silicate gels which form at the surfaces of the cement grains and in the
spaces between them. So long as the temperatures are favorable and the water necessary
for the chemical reaction is present, the formation of gels proceeds from the surface of the
grains inwards, gradually transforming them completely. The gel structure between the grains
increase in density at the same time. The quality of the concrete, therefore, depends on the
uninterrupted development of the hydration process.

The water used in mixing concrete is actually more than necessary to fill the inter-grain spaces.
However, the loss from evaporation from the time of the initial set of the concrete is normally
so rapid that the hydration process may be seriously affected. The Primary aid of curing is to
prevent or replenish this loss of moisture during the early relatively rapid stage of hydration.
The commonest method is to keep the exposed surface of the concrete continually moist by
spraying, ponding, or covering it with earth, sand, straw or hessian maintained in a moist
condition. Precast concrete is often cured in chambers in which steam is released, keeping
the concrete moist. All these methods are collectively known as moist curing.

Effect of Temperature

The effect of temperature during curing in the rate at which concrete hardens. The best result
is obtained when concrete hardens in a warm, damp atmosphere. If the weather is cold and
the concrete is exposed to a temperature below 40 degrees Fahrenheit, the rate of hardening
will be extremely slow and the concrete will have, for equal periods, considerably lower
strength than concrete cured in a temperature of 70 degrees Fahrenheit. If, on the other hand,
the concrete is exposed to a hot atmosphere and drying winds, there is a danger that the water
required for hydration might evaporate and prevent the hardening of the concrete. Quick drying
out of the concrete will also lead to contraction cracks, since the concrete is not hard enough
at an early age to resist, without cracking, the stresses set up by contraction. Special
precautions are, therefore, necessary during hot weather. Concreting should be done at night,
using cold mixing water, sprinkling or covering aggregate, and avoiding the use of hot cement.
To reduce absorption of mixing water the aggregates, wooden forms, sub-grade, foundation
or other moisture absorbing surface should be well wetted before concreting. To lessen
evaporation, the fresh concrete should be protected from the direct rays of the sun and from
the drying wind. Mat canopies supported on light framework may be used for shading
concrete.

Period of Curing

Specifications generally require that concrete must be kept moist for period of at least 7 days
and preferable 14 days, when ordinary Portland cement is used. Rapidly hardening cements
require less time (about half), and slowly hardening cements require more time, than ordinary
Portland cement. When low-heat cement is used, the curing period must extend to 21 or 28
days.

Moist Curing

Moist curing is by far the easiest and most efficient method and is extensively used. It consists
in the application of water direct to the concrete or by means of continuously saturated
coverings of earth, sand, straw, Hessian, etc. Even when other methods are to be used, moist
curing by means of spraying is usually specified for the first one or two days. Water should be
applied on unformed surface as soon as it can be done without marring the surface and on
formed surface immediately after the forms are stripped. Wooden forms, kept wet, and metal
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forms provide satisfactory protection against loss of moisture. Hence, they should be left on
as long as practicable. The exposed top surface should, however, be kept wet.

Spraying

If properly applied, spraying is a satisfactory method of curing formed or unformed surfaces
and is also extensively employed in the curing yards of precast concrete factories, where
mechanical sprinkles are usually installed. Spraying within the first few hours after concreting
may wash some of the cement; hence Hessian should be used on unformed surfaces for
several hours at least. Hand spraying may not in certain cases be quite satisfactory, because
the surface is likely to get dry.

Ponding

This is a good method to use for flat horizontal surfaces such as floor slabs and pavements.
Little earth dams are built over the surface to form squares which are flooded with water to a
depth of 2 inches or so.

Wet Coverings

These consist of clean sand, straw, matting Hessian, gunny bags, canvas, etc., which must
be kept saturated with water. Wet Hessian is particularly invaluable in that it can, unlike other
wet-curing agents, be applied immediately after the finishing of the concrete without causing
any damage to the surface. It is also very useful for curing vertical surface. In case wet earth
or sand is used, it should be free from large lumps or stones, because they get dry more
quickly.
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Finishing Concrete Surfaces

General

Unless otherwise specified, after concrete has been consolidated and prior to the application
of cure, all surfaces of concrete which are not placed against forms shall be struck off to the
planned elevation or slope and the surface finished by floating with a wooden float sufficiently
to seal the surface. While the concrete is still in a workable state, all construction and
expansion joints shall be carefully tooled with an edger. Joint filler shall be left exposed.

1.

2.

3.

Surface finishes for formed concrete surfaces shall be classified as follows: -

Class 1 Ordinary Surface Finish

Class 2 Rubbed Finish

Class 3 Tooled Finish

Class 4 Sandblast Finish

Class 5 Wire Brush, or Scrubbed Finish

All concrete shall be given a class 1, Ordinary Surface Finish, and in addition if further
finishing is required, such other type of finish as is specified.

If not otherwise specified, exposed surfaces except the soffits of superstructures and
the interior faces and bottoms of concrete girders shall also be given a class 2, Rubbed
Finish.

Class 3, 4, or 5 type surface finishes shall be applied only where shown on the plans
or specified.

Finishing of Roadway Surface

All bridge decks, approach slabs, and other concrete surfaces for use by traffic shall be
finished to a smooth skid-resistant surface in accordance with this article. During finishing
operations, the contractor shall provide suitable and adequate work bridges for proper
performance of the work, including the application of fog sprays and curing compound, and
for inspecting the work.

Straight Edging

1.

After the concrete is placed and consolidated according to Heading 6.7, top surface of
structures serving as finished pavements shall be finished using approved power-
driven finishing machines. Hand finishing methods may be used if approved by the
Engineer for short bridges 50 feet or less in length or for irregular areas where the use
of a machine would be impractical.

All surfaces shall be struck-off by equipment supported by and traveling on rails or
headers. The rails, headers, and strike-off equipment shall be of sufficient strength and
be adjusted so that the concrete surface after strike-off will conform to the planned
profile and cross section.

The rails or headers shall be set on nonyielding supports and shall be completely in
place and firmly secured for the scheduled length for concrete placement before
placing of concrete will be permitted. Rails for finishing machines shall extend beyond
both ends of the scheduled length for concrete placement a sufficient distance that will
permit the float of the finishing machine to fully clear the concrete to be placed. Rails
or headers shall be adjustable for elevation and shall be set to allow for anticipated
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settlement, camber, and deflection of falsework, as necessary to obtain a finished
surface true to the required grade and cross section. Rails or headers shall be of a
type and shall be so installed that no springing or deflection will occur under the weight
of the finishing equipment and shall be so located that finishing equipment may operate
without interruption over the entire surface being finished. Rails or headers shall be
adjusted as necessary to correct for unanticipated settlement or deflection that may
occur during finishing operations. If rail supports are located within the area where
concrete is being placed, as soon as they are no longer needed, they shall be removed
to at least 2 inches below the finished surface and the void filled with fresh concrete.

4. Before the delivery of concrete is begun, the finishing machine or, if used, the hand-
operated strike-off tool shall be operated over the entire area to be finished to check
for excessive rail deflections, for proper deck thickness, and cover on reinforcing steel,
and to verify operation of all equipment. Any necessary corrections shall be made
before concrete placement is begun.

5. The finishing machine shall go over each area of the surface as many times as it is
required to obtain the required profile and cross section. A slight excess of concrete
shall be kept in front of the cutting edge of the screed at all times. This excess of
concrete shall be carried all the way to the edge of the pour or form and shall not be
worked into the slab, but shall be wasted.

6. After strike-off, the surface shall be finished with a float, roller, or other approved device
as necessary to remove any local irregularities and to leave sufficient mortar at the
surface of the concrete for later texturing.

7. During finishing operations, excess water, laitance, or foreign materials brought to the
surface during the course of the finishing operations shall not be reworked into the
slab, but shall be removed immediately upon appearance by means of a squeegee or
straightedge drawn from the center of the slab towards either edge.

8. The addition of water to the surface of the concrete to assist in finishing operations will
not be permitted.

Texturing

The surface shall be given a skid-resistant texture by either burlap or carpet dragging,
brooming, tinning, or by a combination of these methods. The method employed shall be as
specified or as approved by the Engineer. Surfaces that are to be covered with a waterproofing
membrane deck seal shall not be coarse textured. They shall be finished to a smooth surface
free of mortar ridges and other projections. This operation shall be done after floating and at
such time and in such manner that the desired texture will be achieved while minimizing
displacement of the larger aggregate particles.

Surface Testing and Correction

After the concrete has hardened, an inspection of finished deck roadway surfaces, which will
not be overlaid with a wearing surface, will be made by the Engineer. Any variations in the
surface which exceed 1/8 inch from a 10-foot straightedge will be marked. The Contractor
shall correct such irregularities by the use of concrete planning or grooving equipment which
produces a textured surface equal in roughness to the surrounding unground concrete without
shattering or otherwise damaging the remaining concrete.
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Pedestrian Walkway Surface Finish

After the concrete for sidewalks and decks of pedestrian structures has been deposited in
place, it shall be consolidated and the surface shall be struck off by means of a strike board
and floated with wooden or cork float. If directed, the surface shall then be lightly broomed in
a transverse direction. An edging tool shall be used on edges and expansion joints. The
surface shall not vary more than 1/8 inch under a 5-foot straightedge. The surface shall have
a granular or matte texture that will not be slippery when wet. Sidewalk surfaces shall be laid
out in blocks with an approved grooving tool as shown on the plans or as directed.

Finishing Formed Concrete Surfaces

1.

Class -1 Ordinary Surface Finish

Immediately following the removal of forms, fins, and irregular projections shall be
removed from all surfaces which are to be exposed or waterproofed. Bulges and off-
sets in such surfaces shall be removed with carborandum stones or discs.

Localized poorly bonded rock pockets or honey-combed concrete shall be removed
and replaced with sound concrete or mortar. If rock pockets, in the opinion of the
Engineer, are of such an extent or character as to affect the strength of the structure
materially or to endanger the life of the steel reinforcement, he or she may declare the
concrete defective and require the removal and replacement of the portion of the
structure affected.

On all surfaces the cavities produced by form ties and all other holes, broken corners
or edges, and other defects shall be thoroughly cleaned, and after having been
thoroughly saturated with water shall be carefully pointed and trued with a cement:
sand mortar conforming to Chapter-5 of Book-2. For exposed surfaces, white cement
shall be added to the mortar in an amount sufficient to result in a patch which, when
dry, matches the surrounding concrete. Mortar used in pointing shall be not more than
1 hour old. The concrete shall then be rubbed if required or the cure continued as
specified under Heading 6.11.4. Construction and expansion joints in the completed
work shall be left carefully tooled and free of mortar and concrete. The joint filler shall
be left exposed for its full length with clean and true edges.

The resulting surfaces shall be true and uniform. Repaired surfaces the appearance of
which is not satisfactory, shall be “rubbed” as specified under Class 2, Rubbed Finish.

Class-2 Rubbed Finish

1.

After removal of forms, the rubbing of concrete shall be started as soon as its condition
will permit. Immediately before starting this work, the concrete shall be thoroughly
saturated with water. Sufficient time shall have elapsed before the wetting down to
allow the mortar used in the pointing of rod holes and defects to thoroughly set.
Surfaces to be finished shall be rubbed with a medium coarse carborandum stone,
using a small amount of mortar on its face. The mortar shall be composed of cement
and fine sand mixed in proportions used in the concrete being finished. Rubbing shall
be continued until form marks, projections, and irregularities have been removed, voids
have been filled, and a uniform surface has been obtained. The paste produced by this
rubbing shall be left in place.

After other work which could affect the surface has been completed, the final finish
shall be obtained by rubbing with a fine carborandum stone and water. This rubbing
shall be continued until the entire surface is of a smooth texture and uniform color.
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3. After the final rubbing is completed and the surface has dried, it shall be rubbed with
burlap to remove loose powder and shall be left free from all unsound patches, paste,
powder, and objectionable marks.

4. When metal forms, fiber forms, lined forms or plywood forms in good condition are
used, the requirement for a Class 2, Rubbed Finish may be waived by the Engineer
when the uniformity of color and texture obtained with Class | finishing are essentially
equal to that which could be attained with the application of a Class 2, Rubbed Finish.
In such cases, grinding with powered disc grinders or light sandblasting with fine sand
or other means approved by the Engineer may be utilized in conjunction with Class |
finishing.

Class-3 Tooled Finish

Finish of this character for panels and other like work may be secured by the use of a bush
hammer, pick, Crandall, or another approved tool. Air tools, preferably shall be employed. No
tooling shall be done until the concrete has set for at least 14 days and as much longer as
may be necessary to prevent the aggregate particles from being “picked” out of the surface.
The finished surface shall show a grouping of broken aggregate particles in a matrix of mortar,
each aggregate particle being in slight relief.

Class-4 Sand Blasted Finish

The thoroughly cured concrete surface shall be sandblasted with hard, sharp sand to produce
an even fine-grained surface in which the mortar has been cut away, leaving the aggregate
exposed.

Wire Brushed or Scrubbed Finish

As soon as the forms are removed and while the concrete is yet comparatively green, the
surface shall be thoroughly and evenly scrubbed with stiff wire or fiber brushes, using a
solution of muriatic acid in the proportion of one part acid to four parts water until the cement
film or surface is completely removed and the aggregate particles are exposed, leaving an
even-pebbled texture presenting an appearance grading from that of fine granite to coarse
conglomerate, depending upon the size and grading of aggregate used. When the scrubbing
has progressed sufficiently to produce the texture desired, the entire surface shall be
thoroughly washed with water to which a small amount of ammonia has been added, to
remove all traces of acid.

Concrete Coloring

Concrete have color added to provide a look that fits with the architecture of the associated
structure. This can be accomplished through mix-added pigments or post-cure staining, both
of which are discussed below:

Pigments

Concrete coloring using pigments is a simple process, accomplished by adding the pigments
directly to the concrete mix prior to pouring. Pigments are available in liquid form or in “mix-
ready” dissolvable bags. In both cases, the pigments are placed in the mixer with the other
concrete ingredient. The range of colors available is typically confined to “earthy” variants of
browns and tans, although greens, blues and grays can also be purchased. It is important to
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keep pigmented concrete well sealed throughout its lifetime in order to prevent water
infiltration, which may cause the pigment to fade.

oncrete Stain

The color of concrete can also be manipulated through the use of various staining products.
One common method of staining concrete is through the use of acid. Similar to concrete
pigments, the range colors are typically confined to non-bright, relatively subtle tones. Water
based (acrylic) staining provides for a much larger number of colors, including black and white.
Stains can be applied to concrete of any age, though the colors are typically more vibrant if
the stain is applied relatively soon after the concrete has been placed. Application of stain is
typically followed up with installation of a seal over the concrete to protect the surface.

6.11.7 Concrete Polishing

Cured concrete, whether freshly-placed or well-aged, can be provided with a polished surface
for a clean and glossy look, ease of maintenance and a surface that provides additional slip
resistance over that of non-polished concrete.

The polishing process is typically accomplished using concrete floor grinders that are outfitted
with diamond abrasives. The grade of the abrasives, from coarse to fine, will determine the
final smoothness of the concrete surface at the completion of the polishing process. First,
concrete is stripped of any existing sealer or coatings and any visible cracks are repaired. This
is followed by the polishing process using the floor grinders mentioned above. Part way
through the polishing process, chemical hardeners are often added to the concrete to provide
future protection against water infiltration. Finer and finer abrasives are used until the desired
surface finish is achieved. If desired, the final step involves application of a sealing product to
protect the concrete from oil, chemicals, staining and moisture.
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Pre—Cast Concrete Members

General

Precast concrete members shall be constructed and placed in the work in conformance
with the details shown on the plans, specified or shown on the approved working
drawings.

If approved by the Engineer, the use of precasting methods may be used for elements
of the work which are otherwise indicated to be constructed by the cast-in-place
method. When such pre-casting is proposed, the Contractor shall submit working
drawings showing construction joint details and any other information required by the
Engineer.

Pre-Casting Floor

In laying out the work yards the contractor shall provide a pre-casting floor of 3 to 1 concrete-
in-mass at least 6 inches thick to he laid over the entire floor area where pre-casting into be
done. The surface of the floor shall be finished perfectly true and level with a steel troweled
finish so as to produce even and fair beds for the concrete to be made thereon. Precaution
shall be taken to prevent settlement of the floor should settlement take place the floor shall be
re-laid or other means adopted to reinstate the level surface before it is used again. During
the time the floor is in use it shall be kept true, level, clean and dry. Drains shall be provided
to drain away the surplus water quickly and sufficient space shall be provided between the
various molds to allow working room for handling them and clearing debris.

Materials and Manufacturing

1.

The materials and manufacturing processes used for precast concrete members shall
conform to the requirements of the other articles in this section except as those
requirements are modified or supplemented by the provisions that follow.

When precast members are manufactured in established casting yards, the
manufacturer shall be responsible for the continuous monitoring of the quality of all
materials and concrete strengths. Tests shall be performed in accordance with
appropriate ASTM methods. The Engineer shall be allowed to observe all sampling
and testing and the results of all tests shall be made available to the Engineer.
Established, Precast Concrete Manufacturing Plants shall be approved by Building
Research Station of Communication & Works Department for the category of work
being manufactured.

Plant Quality Control personnel shall be certified in by 1.S.0 Quality Control Personnel
Certification Program. Plant Quality Control Managers shall be also certified by 1.S.0.
These requirements may be met by alternative experience and certification considered
to be equivalent.

Precast members shall be cast on unyielding beds or pallets. Special care shall be
used in casting the bearing surface so that they will join properly with other elements
of the structure.

For prestressed precast units, several units may be cast in one continuous line and
stressed at one time. Sufficient space shall be left between ends of units to permit
access for cutting of tendons after the concrete has attained the required strength.
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7. The side forms may be removed as soon as their removal will not cause distortion of
the concrete surface, providing that curing is not interrupted. Members shall not be
lifted from casting beds until their strength is sufficient to prevent damage.

8. When cast-in-place concrete will later be cast against the top surfaces of precast
beams or girders, these surfaces shall be finished to a coarse texture by brooming with
a stiff coarse broom. Prior to shipment, such surfaces shall be cleaned of laitance or
other foreign material by sandblasting or other approved methods.

9. When precast members are designed to be abutted together in the finished work, each
member shall be match-cast with its adjacent segments to ensure proper fit during
erection. As the segments are match-cast they must be precisely aligned to achieve
the final structure geometry. During the alignment, adjustments to compensate for
deflections shall be made.

Molds

Unless otherwise specified, the molds in which the concrete is precast shall consist of mild
steel and shall not be less than 3/16 inches thick for small items and ¥ inch thick for large
items, and suitable arrangements shall be made to prevent them from bulging. In all cases
suitable precautions shall be taken to maintain the molds vertical, rectangular and with true
faces during the time concrete is being filled in and packed. Core pieces of the required shapes
to form chamfers, radii, joggle recesses, cavities, tongues. grooves, and other recesses or
chassis shall be provided and firmly attached to the inside faces of the molds. Wooden molds
may be used for small non-repetitive items.

Design of Molds and Lifting Apparatus approved

The general arrangement of the floor with its mixing machines, methods of supplying materials
to the machines and transporting concrete from them and the detail designs of the molds shall
be duly approved by the Engineer-in-charge. Methods of lifting precast concrete shall also be
approved by the Engineer-in-charge.

Setting up Molds

The floor shall be thoroughly cleaned, dried and cleared of all cement, scum and debris before
setting up the molds. The inside faces of the molds shall be thoroughly cleaned and, if
necessary, scraped. The molds shall be set absolutely square and vertical. Their inside feces
and the floor shall be coated with a vegetable oil or other parting agent duly approved so that
concrete does not stick to them. The molds shall be maintained in a serviceable condition, all
damaged fittings and core pieces shall be replaced when required, and the various parts shall
be checked from time to time to see that no distortion or alternation in size has occurred.

Depositing concrete in Molds

Concrete shall be transported from the mixing machine to the molds as quickly as possible
and shall be deposited and spread in them in layers. Each batch of concrete shall be well
worked in and thoroughly packed against the faces of the molds. On the completion of each
block, its top surface shall be well beaten down and struck off true and level by means of a
long straight edge and finally floated off with a hand float. When the manufacture of an item
has begun the supply of concrete shall be continuous and the item shall be finished off
complete in one operation.
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Removal of Molds

When the concrete has set sufficiently the sides and ends of a mold shall he slackened off
and chased away from the face of the green concrete to allow the circulation of air but this
shall not be done till 24 hours have elapsed since concreting was completed, except when
Items have hollow faces.

Storage and Handling

1.

Extreme care shall be exercised in handling and moving precast prestressed concrete
members. Precast girders shall be transported in an upright position and the points of
support and directions of the reactions with respect to the member shall be
approximately the same during transportation and storage as when the member is in
its final position.

Prestressed concrete members shall not be shipped until tests on concrete cylinders,
manufactured of the same concrete and cured under the same conditions as the
girders, indicate that the concrete of the particular member has attained a compressive
strength equal to the specified design compressive strength of the concrete in the
member.

3. Care shall be taken during storage, hoisting, and handling of the precast units to
prevent cracking or damage. Units damaged by improper storage or handling shall be
replaced at the Contractor’'s expense.

Erection
1. The Contractor shall be responsible for the safety of precast members during all stages

of construction. Lifting devices shall be used in a manner that does not cause
damaging bending or torsional force. After a member has been erected and until it is
secured to the structure, temporary braces shall be provided as necessary to resist
wind or other loads.

2. Precast deck form panels shall be erected and placed so that the fit of mating surfaces
shall be such that excessive grout leakage will not occur. If such fit is not provided,
joints shall be dry-packed or sealed with an acceptable caulking compound prior to
placing the cast-in place concrete. End panels for skewed structures may be sawed to
fit the skew.

Curing

Unless otherwise permitted, precast members shall be cured by either the water method or
the steam or radiant heat method.

Other Respects

>

If the sides or ends of any precast concrete are not true as a result of the bulging of
the mold or faculty setting, all such rounding or inequalities shall be dressed off neatly
and accurately by masons so as to produce true and even faces when it is set in
position. If honeycomb exists in a slight degree only it shall be slopped neatly and
carefully with 2 to 1 cement mortar rubbed in with dry sand by means of a hand float
fair with the general face of the block. Precast concrete that is irreparably out of square
or badly honeycomb shall not be accepted liar use in the permanent work.
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Broken or damaged precast concrete shall not be allowed to be set anywhere in the
permanent work unless approved in writing the Engineer-in-charge and provided that
the concrete shall be good and sound.

No precast concrete shall be lifted off the floor till at least seven days have elapsed
after pre-casting it. Its date of manufacture shall be legibly written on the top directly
after it has been floated off and finished.

The precast concrete after being cured shall be placed in stacks to mature and air
space shall be left around each one of them.

No precast concrete shall be set in the permanent work unless 4 weeks have elapsed
since its date of manufacture.

In all other respects precast concrete shall confirm to 6.1 for Cement Concrete
(General).
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Molded Cement Concrete Article
General

All coping, landing, steps, slabs, ashlar, and other similar things specified or shown on the
drawings to be molded concrete shall consist of well-graded aggregate. The proportions of
Portland cement shall be as specified. Concrete shall be cast in strongly proportions of
Portland cement shall be as specified. Concrete shall be cast in strongly proportioned molds
fitted with all requites for the formation of chamfers, radii, V-grooves, recesses, Lewis holes,
etc., to produce blocks perfect in shape, true to dimensions, having smooth and true faces
and clearly defined chamfers, radii and sharp arises on all exposed edges.

Molding

Concrete shall be deposited slowly in layers, and shall be thoroughly worked in and packed
so as to dispel all air and fill the molds perfectly. The molds shall not he slackened off or
removed till a period of 36 hours has elapsed since the blocks were made. Immediately after
the removal of molds, the back and side joints of the blocks against which the concrete is still
green. No plastering of any exposed face or surface shall be allowed. All molded concrete
shall be kept continuously watered for a period of at least 28 days after the molding.

Carborandum Non-Skid Surface

If so specified, the top surface of coping of all description and the treads of steps shall be
impregnated with carborandum grains dusted through a No. 12 mesh hand-screen upon the
concrete in such a manner as to ensure an even distribution. Rich superficial square yard of
surface so treated shall receive 2% Ibs. of carborandum grains which shall be well worked into
the surface or the concrete by a wooded hand float.

Nipper Holes and V-Grooves

Nipper holes shall not be allowed in any exposed face whatsoever and if Lewis holes are to
be provided, they shall be filled solid with 1 to 2 grouts at the same time as the joints are filled.
Lewis holes shall not be allowed in copings, but V-grooves shall be provided which can be
used for setting with chain clips.

Other Respects

In all other respects molded concrete shall conform to Specification for Precast Concrete.

Measurement and Payment

Concrete shall be measured to the neat lines of the structures as shown on the drawings or
as modified by the Engineer-in-charge for the appropriate parts of the structure in which such
concrete is incorporated. In measuring concrete, the volume of openings, recess ducts,
embedded piping and metal work (each of which large than 36 square inches in cross-section)
shall be deducted. Concrete shall be measured by volume. The unit of measurement shall be
100 cubic feet
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Rate

The unit rate per 100 cubic feet shall include the cost of cement, sand, aggregate, water,
mixing, placing, vibrating, curing, preparing, assembling and removing form, and all other
operations, procedures and requirements necessary to finish the concrete in accordance with
these specifications.
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Mortar and Grout

General

This work consists of the making and placing of mortar and grout for use in concrete structures
other than in prestressing ducts. Such uses include mortar for filling under masonry plates and
for filling keyways between precast members where shown on the plans, mortar used to fill
voids and repair surface defects, grout used to fill sleeves for anchor bolts, and mortar and
grout for other such uses where required or approved.

Materials and Mixing

1.

Materials for mortar and grout shall conform to the requirements of Article 20.3. The
grading of sand for use in mortar when the width or depth of the void to be filled is less
than % inch shall be modified so that all material passes the No.8 sieve.

Type IA, air entraining, Portland cement shall be used when air entrainment is required
for the concrete against which the grout or mortar is to be placed.

Unless otherwise specified or ordered by the Engineer, the proportion of cement to
sand for mortar shall be one to two and for grout shall be one to one. Proportioning
shall be by loose volume.

When no shrink mortar or grout is specified, either a no shrink admixture or an
expensive hydraulic cement conforming to ASTM C 845 of a type approved by the
Engineer, shall be used.

Only sufficient water shall be used to permit placing and packing. For mortar, only
enough water shall be used so that the mortar will form a ball when squeezed gently
in the hand.

Mixing shall be done by either hand methods or with rotating paddle type mixing
machines and shall be continued until all ingredients are thoroughly mixed. Once
mixed, mortar or grout shall not be re-tempered by the addition of water and shall be
placed within 1 hour.

Placing and Curing

1.

Concrete areas to be in contact with the mortar or grout shall be cleaned of all loose
or foreign material that would in any way prevent bond and the concrete surfaces and
shall be flushed with water and allowed to dry to a surface dry condition immediately
prior to placing the mortar or grout.

The mortar or grout shall completely fill and shall be tightly packed into recesses and
holes, on surfaces, under structural members and at other locations specified. After
placing, all surfaces of mortar or grout shall be cured by the water method as provided
in Heading 6.12 of these specifications for a period of not less than 3 days.

Keyways, spaces between structural members, holes, spaces under structural
members, and other locations where mortar could escape shall be mortar-tight before
placing mortar.

No load shall be allowed on mortar that has been in place less than 72 hours, unless
otherwise permitted by the Engineer.

All improperly cured or otherwise defective mortar or grout shall be removed and
replaced by the Contractor at own expense.

Application of Loads
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General

Loads shall not be applied to concrete structures until the concrete has attained sufficient
strength and, when applicable, sufficient prestressing has been completed, so that damage
will not occur.

Earth Loads

Whenever possible the sequence of placing backfill around structures shall be such that
overturning or sliding forces are minimized. When the placement of backfill will cause flexural
stresses in the concrete, and unless otherwise permitted by the Engineer, the placement shall
not begin until the concrete has reached not less than 80% of its specified strength.

Construction Loads

1. Light materials and equipment may be carried on floor slab / bridge decks only after
the concrete has been in place at least 24 hours, providing curing is not interfered with
and the surface texture is not damaged. Vehicles needed for construction activities
and weighing between 1,000 and 4,000 pounds, and comparable materials and
equipment loads, will be allowed on any span only after the last placed deck concrete
has attained a compressive strength of at least 2,400 pounds are square inch. Loads
in excess of the above shall not be carried on bridge decks until the deck concrete has
reached its specified strength. In addition, for post-tensioned structures, vehicles
weighing over 4,500 pounds, and comparable materials and equipment loads, will not
be allowed on any span until the prestressing steel for that span has been tensioned.

2. Precast concrete or steel girders shall not be placed on substructure elements until the
substructure concrete has attained 70% of its specified strength.

3. Otherwise, loads imposed on existing, new or partially completed portions of structures
due to construction operations shall not exceed the load, carrying capacity of the
structure, or portion of structure, as determined by the Load Factor Design methods of
AASHTO using Load Group IB. The compressive strength of concrete (f') to be used
in computing the load-carrying capacity shall be the smaller of the actual compressive
strength at the time of loading or the specified compressive strength of the concrete.
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Measurement and Rate
Measurement

1. Except for concrete in components of the work for which payment is made under other
bid items, all concrete for structures will be measured by ether the cubic foot or cubic
meter for each class of concrete included in the schedule of bid items or by the unit for
each type of precast concrete member listed in the schedule of bid items.

2. When measured by the cubic foot or cubic meter, the quantity of concrete will be
computed from the dimensions shown on the plans or authorized in writing by the
Engineer with the following exceptions.

3. The quantity of concrete involved in fillets, scorings and chamfers | square inch or less
in cross-sectional area will not be included or deducted. Deductions for embedded
materials as reinforcing, structural and prestressing steel, expansion joint filter
material, water stops and deck drains will not be made.

4. When there is a bid item for concrete to be used as a seal course in cofferdams, the
quantity of such concrete to be paid for shall include the actual volume of concrete seal
course in place, but in no case shall the total volume to be paid for exceed the cubical
contents contained between the vertical surfaces 1 foot outside the neat lines of the
seal course as shown on the plans. The thickness of seal course to be paid or shall be
thickness shown on the plans or ordered in writing by the Engineer.

5. The number of precast concrete members of each type listed in the schedule of bid
items will be the number of acceptable members of each type furnished and installed
in the work.

6. Whenever an alternative or option is shown on the plans or permitted by the
specifications, the quantities of concrete will be computed on the basis of the
dimensions shown on the plans and no change in quantities measured for payment
will be made because of the use by the Contractor of such alternatives or options.

7. The number of moulded concrete articles of each type listed in the bid items will be
number of acceptable numbers of each type furnished.

Rate
The unit rates for various types of Portland cement concrete, listed in table 1, shall be full
compensation for all the work specified in this section including testing of concrete and shall

also include all forms, false work, weep holes, drain setting anchor bolts and dowels, surface
finish and cleaning up as shown on the drawings or ordered by the Engineer-in-charge.
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Reinforced and Pre-stressed Cement Concrete

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.
In this type of concrete work, designed and constructed in accordance with ACI code, the
crushing strength of concrete f.' shall not be less than 2500 psi. Requirements for f.' shall be
based on tests of cylinders made and tested as ASTM C39-93a. In all other respects, except
the following it shall conform to 6.1 for Cement Concrete (General).

Material Requirements

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: -

Grade | Strand Dia of strand | Min Breaking | Steel Area  of | Weight of
MPa Designation | mm (in) strength of Strand, Strand
(Ksi) | No. Strand mm2 (in2) kg/1000 m
KN (Lbf) (Ib. /1000
ft)
1725 |6 6.4 (0.250) 40.0 (9,000) 23.2 (0.036) 182 (122)
(250) |8 7.9 (0.313) 64.5 (14,500) | 37.4 (0.058) 294 (197)
9 9.5 (0.375) 89.0 (20,000) | 51.6 (0.080) 405 (272)
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)
1860 |9 9.53 (0.375) | 102.3(23,000) | 54.8 (0.085) 432 (290)
(270) |11 11.11(0.438) | 137.9(31,000) | 74.2 (0.115) 582 (390)
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)
Table 19, Breaking Strength Requirements as per ASTM A-416 (Chapter 6)
Grade | Strand Dia of | Initial Load KN | Min Load at 1% Extension KN
MPa Designation | strand (Ibf) (Ibf)
(Ksi) | No. mm (in) Low Normal
Relaxation Relaxation
1725 |6 6.4 (0.250) 40.0 (9,00) 36.0 (8100) 34.0 (7650)
(250) |8 7.9 (0.313) 64.5 (14,50) 58.1 (13,050) | 54.7 (12,300)
9 9.5 (0.375) 89.0 (2000) 80.1 (18,000) | 75.6 (17,000)
11 11.1 (0.438) | 120.1(2700) 108.1 (24,300) | 102.3 (23,000)
13 12.7 (0.500) | 160.1(3600) 144.1 (32,400) | 136.2 (30,600)
15 15.2 (0.600) | 240.2 (5400) 216.2 (48,600) | 204.2 (45,900)
1860 |9 9.53 (0.375) | 102.3(2300) 92.1(20,700) | 87.0(19,550)
(270) |11 11.11(0.438) | 137.9 (3100) 124.1 (27,900) | 117.2 (26,350)
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13 12.70(0.500) | 183.7 (4130) 165.3 (37,170) | 156.1 (35,100)
15 15.24(0.600) | 260.7 (5860) 234.6 (52,740) | 221.5 (49,800)
Table 20, Yield Strength Requirements as per ASTM A-416

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.

Sampling and 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.

1. 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.

2. 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.

3. 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 Plain & Reinforced Concrete. All anchorages
and couplers for post-tensioning shall be capable of holding the prestressing 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.
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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.

Size of Aggregates

Unless otherwise specified, the nominal size of graded aggregate shall be:
i Floors, piers, abutments, and such like: 1% inches to 3/16 inch.
il Prestressed beams for: 3 inch to 3/16 inch.

Reinforcement

Unless otherwise specified, reinforcement shall confirm to 6.17. 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 identification. The bent bars ready for fixing shall be
correctly marked in order that there is no difficulty in selecting the correct bars. The bars to be
fixed shall be free from dust, oil, paint, rust or loose scale. All bending 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 the
assembling of reinforcement.

6.17.2.3.1 Placing Reinforcement

The number, size, length, form and position of all bars, links, stirrups, distance pieces and
other member of the steel reinforcement shall be in exact accordance with the working
drawings. The contractor shall take particular care that the reinforcement is laid out correctly
in every respect and temporarily suspended by annealed wire or supported on small tapered
concrete blocks in the forms to prevent displacement before or during the placing of concrete.
Pieces of steel or wood shall not be used on the bottom boards or against the sides of moulds
for this purpose. Stirrups and distance pieces shall be kept tight to the bars they embrace or
support. Stirrups shall be kept away from the face of the concrete at the distance shown on
the working drawings.

a. Laps Splices and Development length

Laps in any member shall be staggered. The length of lap splice shall be calculated as
following:

i. Lap Splices in Tension
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The required of lap for tension splices is stalled in terms of the development length 14, the
usual modification. factors are applied except that the reduction factor for excess
reinforcement should not be applied because that factor is already accounted for in the splice
specification.

Two different classifications of lap splices are established, corresponding to the minimum
length of lap required: A Class A splice requires a lap of 1.0l4, and a class B splice requires a
lap of 1.3lg, in either case, a minimum length of 12 in applies. Lap splices, in general, must be
class B splices, according In ACI Code 12.15.2, except that class A splices are allowed when
the area of reinforcement provided is at least twice that required by analysis over the entire
length of the splice and when one-half or less of the total reinforcement is spliced within the
required lap length.

ii. Compression Splices

Compression bars may be spliced by lapping, by direct end bearing, or by welding or
mechanical devise that provide positive connection. The minimum length of lap for
compression splices is set according to ACI Code 12.16:

For bars with fy < 60,000 psi 0.0005 fy dp
For bars with fy > 60,000 psi (0.0009 fy - 24) dn

But not less than 12 in. For f¢’ less than 3000 psi, the required lap is increased by 1/3™. When
bars of different size are lap spliced in compression, the splice length is to be the larger of the
development length of the larger bar and the splice length or the smaller bar. In exception to
the usual restriction on lap splices for large diameter bars, No. 14 and No. 18 bars may be lap
spliced In No. 11 and smaller bars.

iii. Shear Reinforcement

All bent up bars acting as shear reinforcements shall be fully anchored in both flanges of the
beam. The anchorage length shall be measured from the end of the sloping portion of the bar.

b. Hooks

Hooks shall be of such form, dimension and arrangement as to ensure their adequacy without
over stressing the concrete or other anchorage material. They shall normally be of U-type,
unless otherwise specified, and shall be of following dimensions:
> The internal radius of the bend should be at least twice the diameter of the bar
except where the hook fits over a main reinforcing or other adequate anchor bar,
when the radius of the bend may be reduced to that of such bar; and
> The length of straight bar beyond the end of the curve shall be at least four times
the diameter of the bar.

C. Distance between Two Bars
i.  The horizontal distance between two parallel steel bars shall not be less than the three.
following distances, unless otherwise specified:

> The diameter of either bar, if their diameters are equal.
> The diameter of the larger bar, if the diameters are unequal.
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> Y inch more than the nominal; maximum size of the coarse aggregate used in the
concrete.
> A greater distance shall be provided when convenient.

ii. A vertical distance between the two horizontal main steel reinforcement or
corresponding distance at right angle to two inclined main steel reinforcement shall not
be less than % inch or the nominal maximum size of the aggregate whichever is
greater; except where one of these reinforcements is transverse to the other.

d. Reinforcement

e Binding wire for steel reinforcement shall be soft annealed wire of No. 16 gauge and
lashings. It shall be considered enough to secure the bars in position.

e After reinforcement has been placed and fixed in the correct position, no concreting
shall done unless the Engineer-in-charge has inspected and approved it.

e Unless otherwise specified the following minimum thickness of concrete cover,
exclusive of plaster or other decorating finish, shall be provided in all cases.

Minimum cover, in inches

i. Concrete exposed to earth or weather:

a. No.6 through No.18 bars 2

b. Nn.5 bar, W31 or D31 wire, and smaller 1-%
ii. Concrete not exposed to weather or in contact with ground:

Slabs. walls joist:

a. No. 14 and No.18 bars | 1-%
b. No. 11 bar and smaller Ya
Beams, Columns:

Primary reinforcement, ties, stirrups, spirals 1
Shell, folded plate member:

a. No. 6 bar and larger Ya
b. No. 5 bar, W31 or D31 wire and smaller 1-1%

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.

> 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.

> That the actual losses due to friction coincide with the calculated ones for the
prestressing.

> The suitability of the proposed steel for the chosen pre-stressing system.

> 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.

> The suitability of measures taken to protect pre-stressing tendons from corrosion until
the final tensioning is carried out.
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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 prestressing
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 equipment’s 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. 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
equipment’s 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.

1. 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
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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.

Enclosure

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.

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.

Depositing Concrete in Forms

Concrete shall be deposited in the forms in layer or as best sailed to the work in hand.
Concrete shall be well packed and rammed between and around reinforcement. Flat wooden
tools, rammers and spatulas and subsequently vibrators shall be employed to ensure compact
concrete and smooth surface to the face work. Great care shall be exercised to prevent the
displacement or bending or any portion of reinforcement.

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
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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 hundred 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 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.

FT=2(1-2%9
o

Where
FT = total friction loss
F1 = observed tension at the jack
= cross sectional area of the pre’-stressing element
= observed elongation of the element when the force at the jack is F1.
=  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 b be filled with concrete having a compressive cylinder strength of 280 Kg/cm?
(4000 Psi).
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Grouting of Bonded Steel
1. Grout

It shall be a mixture of Portland cement, water and approved admixtures. 