Section 300 Earthwork, Erosion Control and Drainage
305.4.6 Embankment Construction under Water and Waterlogged Areas

305.4.6.1 Embankment Construction under Water

Where filling or backfilling is to be placed under water, only acceptable granular material or
rock shall be used unless otherwise approved by the Engineer. Acceptable granular material
shall be of GW, SW, GF. SP as per 1S:1498 and consist of graded, hard durable particles
with maximurm particle size not exceeding 75 mm. The material should be non-plastic having
uniformity coefficient of not less than 10. The material placed in open water shall be deposited
by end tipping without compaction,

305.4.6.2 Embankment Construction in Waterlogged and Marshy Areas

The work shall be done as per IRC:34.

305.4.7 Earthwork for High Embankment

The material for high embankment construction shall conform to Clause 305.2.1.7. In the
case of high embankments (more than & m), the Contractor shall normally use fly ash in
conformity with Clause 305.2.1.1 or the material from the approved borrow area

Where provided, stage construction of embankment and controlled rates of filling shall be
carmied out in accordance with the Contract including installation of instruments and its
monitoring.

Where required, the Contractor shall surcharge embankments or other areas of fill with
approved material for the periods specified in the Contract. If settlement of surcharged fill
results the Contractor shall bring the resultant level up to formation level with acceptable
material for use in fill.

305.4.8 Settlement Period

Where settlement period is specified in the Contract, the embankment shall remain in place
for the required settlement period before excavating for abutment, wing wall, retaining wall,
footings, etc., or driving foundation piles. The duration of the required settlement period at
each location shall be as provided for in the Contract or as directed by the Engineer.

305.5 Plying of Traffic

Construction and other vehicular traffic shall not use the prepared surface of the embankment
and/or sub-grade without the prior permission of the Engineer. Any damage arising out of
such use shall, however, be made good by the Contractor at his own cost as directed by the
Engineer.
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305.6 Surface Finish and Quality Control of Work

The surface finish of construction of sub-grade shall conform to the requirements of
Clause 502. Control on the quality of materials and works shall be exercised in accordance
with Clause 903,

306.7 Sub-grade Strength

305.71 It shall be ensured prior to actual execution that the material to be used in the
sub-grade satisfies the requirements of design CBR.

306.7.2 Sub-grade shall be compacted and finished to the design strength consistent
with other physical requirements. The actual laboratory CBR values of constructed sub-
grade shall be determined on remoulded samples, compacted to the field density at the field
moisture content and tested for soaked/unsoaked condition as specified in the Contract.

305.8 Measurements for Payment

305.8.1 Earth embankment/sub-grade construction shall be measured separately by
taking cross sections at intervals given in Sub-Section 113.3 after completion of clearing and
grubbing and after compietion of embankment/sub-grade. The volume of earthwork shall be
computed in cubic metres by the method of average end areas.

305.8.2 The measurement of fill matenal from borrow areas shall be the difference
between the net quantities of compacted fill and the net quantities of suitable material brought
from roadway and drainage excavation. For this purpose, it shall be assumed that one cu.m
of suitable material brought to site from road and drainage excavation forms one cum of
compacted fill and all bulking or shrinkage shall be ignored.

305.8.3 The embankment constructed with fly ash will be measured in cu,m, separately
for the fly ash portions and for the soil cover and intervening layers of soll, unless otherwise
specified in the Contract.

305.8.4 Construction of embankment under water shall be measured in cu.m.
305.8.5 Construction of high embankment with specified materal and in specified
manner shall be measured in cu.m.

305.8.6 Stripping including storing and reapplication of top soll shall be measured
in cu.m.

305.8.7 Work involving loosening and recompacting of ground supporting

embankment/sub-grade shall be measured in cu.m,
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305.8.8 Removal of unsuitable material at embankment/sub-grade foundation and
replacement with suitable material shall be measured in cu.m.

305.8.9 Scarifying existing granular/bituminous road surface shall be measured in
sguare metras,

305.8.10 Dismantling and removal of existing cement concrete pavement shall be
measured vide Clause 202 86,

305.8.11 Filter medium and backfill material behind abutments, wing walls and other
retaining structures shall be measured as finished work in position in cu.m.

305.9 Rates

305.9.1 The Contract unit rates for the items of embankment and sub-grade
construction shall be payment in full for carrying out the required operations Including full
compensation for;

i) Coslofarrangement of land as a source of supply of material of required
quantity for construction unless provided otherwise in the Contract:

i)  Setting out;

i) Compacting ground supporting embankment/sub-grade except
where removal and replacement of suitable material or loosening and
recompacting is involved;

) Scarifying or cutting continuous harizontal benches 300 mm wide on
side slopes of existing embankment and sub-grade as applicable:

v)  Costofwatering ordrying of materialin borrow areas and/orembankment
and sub-grade during construction as required,

vi)  Spreading in layers, bringing to appropriate moisture and compacting
to Specification requirements:

vii) Shaping and dressing top and slopes of the embankment and sub-
grade including rounding of corners:

vili) Restricted working at sites of structures:

ix) Working on narrow width of embankment and sub-grade;

%)  Excavationinallsoils from borrow pits/designated borrow areas including
clearing and grubbing and transporting the material to embankment
and sub-grade site with all leads and lifts unless otherwise provided for
in the Contract;

xi)  All labour, materials, tools, equipment and incidentals necessary fo
complete the work to the Specifications;

xil) Dewatering; and
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xiii) Keeping the embankment/completed formation free of water as per
Clause 311.

xiv) Transporiing unsuitable excavated material for disposal with all leads
and lifts.

305.9.2 Clause 301.5.5 shall apply as regards Contract unit rates for items of stripping
and storing top soil including reapplication of topsail.

305.9.3 Clause 301.9.2 shall apply as regards Contract unit rate for the item of
loosening and recompacting the embankment/sub-grade foundation.

305.9.4 Clauses 309.1.1 and 305.8 shall apply as regards Contract rates for items of
removal of unsuitable material and replacement with suitable material, respectively,

306.9.5 The Contract unit rate for scarifying existing granular/bituminous road surface
shall be payment in full for carrying out the required operations including full compensation
for all labour, materials, tools, equipment and incidentals, necessary to complete the work.
This will also comprise of handling, giving credit towards salvage value and disposal of the
dismantled materials with all leads and lifts or as otherwise specified.

305.9.6 Clause 202.7 shall apply as regards Contract unit rate for dismantling and
removal of existing cement concrete pavement.

305.9.7 The Contract unit rate for providing and laying filter material shall be payment
in full for carrying out the required operations including all materials, labour, tools, equipment
and incidentals to complete the work to Specifications.

305.9.8 The Contract unit rate for providing and compacting backfill material behind
abutments and retaining walls shall be payment in full for carrying out the required operations
including all materials, labour, tools, equipment and incidentals to complete the work to
Specifications.

305.9.9 Clause 305.4.6 shall apply as regards Contract unit rate for construction of
embankment under water.

305.9.10 Clause 305.4.7 shall apply as regards Contract unit rate for construction

of high embankment. It shall include cost of instrumentation, its monitoring and settliement
period, where specified in the Contract or directed by the Engineer.

306 SOIL EROSION AND SEDIMENTATION CONTROL

306.1 Description

This work shall consist of measures as shown on drawings or as directed by the Engineer to
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control soil erosion, sedimentation and water pollution, through use of berms, dikes, sediment
basins, fibre mats, mulches, grasses, slope drains, and other devices,

306.2 Materials

All materials shall meet commercial grade standards and shall be approved by the Engineer
before being used in the work

306.3 Construction 'ﬂpa-ratlnnn

Prior to the start of the relevant construction, the Contractor shall submit to the Engineer
for approval his schedules for carrying out temporary and permanent erosion/sedimentation
control works as are applicable for the items of clearing and grubbing, roadway and drainage
excavation, embankment/sub-grade construction, bridges and other structures across water
courses, pavement courses and shoulders, He shall also submit for approval his proposed
method of erosion/sedimentation control on service road and borrow pits and his plan for
disposal of waste materials. Work shall not be started until the erosion/sedimentation control
schedules and methods of operations for the applicable construction have been approved by
the Engineer.

The surface area of erodible earth material exposed by clearing and grubbing, excavation,
borrow and fill operations shall be limited to the extent practicable. The Contractor shall provide
immediate permanent or temporary erosion, slope protection and sedimentation contral
measures to prevent soil erosion and sedimentation that will adversely affect construction
operations, damage adjacent properties, or cause contamination of nearby streams or other
water courses, lakes, reservoirs etc. Such work may involve the construction of temporary
berms, dikes, sediment basins, slope drains and use of temporary mulches, fabrics, mats
seeding, orother control devices ormethods as necessary to control erosion and sedimentation,
Cut and fill slopes shall be seeded and turfed as shown on the drawings.

The Contractor shall be required to incorporate all permanent erosion and sedimentation
control features into the project at the earliest practicable time as outlined in his accepted
schedule to minimize the need for temporary erosion and sedimentation control measures

Temporary erosion/sedimentation and pollution control measures shall be used to control
the phenomenon of erosion, sedimentation and pollution that may develop during normal
construction practices, but may neither be foreseen during design stage nor associated with
permanent control features on the Project

Where erosion or sedimentation is likely to be a problem, clearing and grubbing operations
should be so scheduled and performed that grading operations and permanent erosion or
sedimentation control features can follow immediately thereafter if the project conditions
permil, otherwise temporary erosion or sedimentation control measures may be required
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between successive construction stages. Under no conditions shall a large surface area
of erodible earth material be exposed at ane time by clearing and grubbing or excavation
without prior approval of the Engineer

The Engineer may limit the area of excavation, borrow and embankment operations in
progress, commensurate with the Contractor's capability and progress in keeping the finish
grading, mulching, seeding and other such permanent erosion, sedimentation and pollution
control measures, in accordance with the accepted schedule. Should seasonal limitations
make such coordination unrealistic, temporary erosion/sedimentation contral measures shall
be taken immediately to the extent feasible and justified.

In the event temporary erosion, sedimentation and pollution control measures become
necessary due to the Contractor’s negligence, carelessness or failure to install permanent
controls as a part of the work as scheduled or ordered by the Engineer, these shall be carried
out at the Contractor's own cost. Temporary erosion, sedimentation and pollution control
waork required, which is not attributed to the Contractor’s negligence, carelessness or failure
to install permanent controls, will be performed as ordered by the Engineer.

Temparary erosion, sedimentation and pollution control may include construction work
outside the nght-of-way where such work is necessary as a result of road construction such
as borrow pit operations, service roads and equipment storage sites.

The temporary erosion, sedimentation and poliution control features instalied by the Contractor
shall be acceptably maintained by him till these are needed, unless otherwise agresd by the
Engineer.

306.4 Measurement for Payment

The soil erosion, sedimentation and pollution control works shall be measured in terms of
units specified in the Bill of Quantities for the respective items.

306.5 Rates

The Conftract unit rate for different items of soil erosion, sedimentation and poliution
control works shall be payment in full for carrying out all required operations including full
compensation for all labour, materials, tools, equipment and incidentals to complete the
waorks to the Specifications.

307 TURFING WITH SODS

3071 Scope

This work shall consist of furnishing and laying of the live sod of perennial turf forming grass on
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embankment slopes, verges (earthen shoulders) or other locations shown on the drawings or
as directed by the Engineer. Unless otherwise specified, the work shall be taken up as soon
as possible following construction of the embankment, provided the season is favourable for
establishment of the sod.

307.2 Materials

The sod shall consist of dense, well-rooted growth of permanent and desirable grasses,
indigenous to the locality where it is to be used, and shall be practically free from weeds or
other undesirable matter. At the time the sod is cut, the grass on the sod shall have a length
of approximately 50 mm and the sod shall have been freed of debris.

Thickness of the sod shall be as uniform as possible, with some 50-80 mm or so of soil
covering the grass roots depending on the nature of the sod, so that practically all the dense
root system of the grasses is retained in the sod strip, The sods shall be cut in rectangular
strips of uniform width, not less than about 250 mm x 300 mm in size but not so large that it
is inconveniant to handle and transport these without damage. During wet weather, the sod
shall be allowed to dry sufficiently to prevent tearing during handling and during dry weather
shall be watered before lifting to ensure its vitality and prevent the dropping of the soil in
handling.

307.3 Construction Operations

307.31 Preparation of the Earth Bed

The area to be sodded shall have been previously constructed to the required slope and
cross-sechion. Soil on the area shall be loosened, freed of all stones larger than 50 mm size,
sticks, stumps and any undesirable fareign matter, and brought to a reasonably fine granular
texture to a depth of not less than 25 mm for receiving the sod.

Where required, topsoil shall be spread over the slopes. Prior to placing the topsoil, the
slopes shall be scarified to a depth which, after settlement, will provide the required nominal
depth shown on the drawings. Spreading shall not be done when the ground is excessively
wel

Following soil preparation and top soiling, where required, fertilizer and ground limestone when
specified shall be spread uniformly at the rate indicated on the drawings. After spreading, the
materials shall be incorporated in the soil by using disc harrow or other means to the depths
shown on the drawings.

307.3.2 Placing the Sods

The prepared sod bed shall be moistened to the loosened depth, if not already sufficiently
maist, and the sod shall be placed thereon within approximately 24 hours after the same
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had been cut. Each sod strip shall be |aid edge to edge and such that the joints caused by
abutting ends are staggered. Every strip, after it is snugly placed against the strips already in
position, shall be lightly tamped with suitable wooden or melal tampers so as 1o eliminate air
pockets and to press it into the underlying soil.

On side slopes steeper than 2 (horizontal) to 1 (vertical), the laying of sods shall be started
from bottom upwards. At points where water may flow over a sodded area, the upper edges
of the sod strips shall be turned into the soil below the adjacent area and a layer of earth
placed over this followed by its thorough compaction.

307.3.3 Staking the Sods

Where the side slope is 2 (horizontal) o 1 (vertical) or steeper and the distance along the
slope iz more than 2 m, the sods shall be staked with pegs or nails spaced approximately 500
to 1000 mm along the longitudinal axis of the sods strips. Stakes shall be driven approximately
plumb through the sods to be almaost flush with them.

307.3.4 Top Dressing

After the sods have been laid in position, the surface shall be cleaned of loose sod, excess
soil and other foreign material. Thereafter, a thin layer of topsoil shall be scattered over the
surface of top dressing and the area thoroughly moistened by sprinkling with water.

307.3.6 Watering and Maintenance

The sods shall be watered by the Contractor for a period of at least four weeks after laying.
Watering shall be so done as to avoid erosion and prevent damage to sodded areas by
wheels of water tanks.

The Contractor shall erect necessary warning signs and barriers, repair or replace sodded
areas failing to show uniform growth of grass or damaged by his operations and shall otherwise
maintain the sod at his cost until final acceptance.

307.4 Measurements for Payment

Turfing with sods shall be measured as finished work in square metres.

307.5 Rate

The Contract unit rate for turfing with sods shall mean paying in full for carrying out all the
required operations explained above including compensation for

1)  furnishing all the materials to be incorporated in the Works with all leads
and lifts; and
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iy all labour, tools, equipment and incidentals to complete the work in
accordance with these Specifications.

The Contract unit rate for application of topseil shall be as per Clause 30195
308 SEEDING AND MULCHING

308.1 Scope

This shail consist of preparing slopes, placing topsoil, furnishing all seeds, commercial or
organic fertilizers and mulching materials, providing jute netting, coir netting, or polymer
netting and placing and incorporating the same on embankment slopes or other locations
designated by the Engineer or shown in the Contract documents.

308.2 Materials

308.2.1 Seeds

The seeds shall be of approved quality and type suitable for the soil on which these are to be
applied, and shall give acceptable purity and germination to requirements set down by the
Engineer,

Fertilizers shall consist of standard commercial matenials and conform to the grade specified.
Organic manure shall be fully putrified organic matter such as cow dung.

Muiching materials shall consist of straw, hay, wood shavings, or sawdust and shall be
delivered in dry condition suitable for placing with a mulch blower. They shall be reasonably
free of weed seed and such foreign materials as may detract from their effectiveness as a
mulch or be injurious to the plant growth

308.2.2 Topsoil

Topsocil shall not be abtained from an area known to have noxious weeds growing in it If
treated with herbicide or sterilents, it shall be got tested by appropriate agricultural authority
to determine the residual in the soil. Topseil shall not contain less than 2 percent and more
than 12 percent organic matter,

308.2.3 Bituminous Emulsion
A suitable grade of bituminous emulsion used as a fie down for mulch shall be as described

in the Contract document or as desired by the Engineer, Emulsified bitumen shall not contain
any solvent or diluting agent toxic to plant life.
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308.24 Netting

Jute netling shall be undyed jute yarn woven into a uniform open weave with approximate
25 mm square openings.

Geaonetting shall be made of uniformly extruded rectangular mesh having mesh opening of
20 mm x 20 mm. The colour may be black or green. It shall weigh not less than 3.8 kg per
1000 sgm.

308.2.5 A layer of biodegradable mulching material sandwiched between two layers
of polymer netting or non-woven coconut fibre coir netting can also be used.

308.3 Seeding Operations

308.3.1 Seed-Bed Preparation

The area to be seeded shall be brought to the required slope and cross-section by filling,
reshaping ercded areas and refinishing slopes, medians etc. Topsoil shall be evenly spread
over the specified areas to the depth shown on the drawings, unless otherwise approved by
the Engineer. The seed-bed preparation shall consist of eliminating all live plants by suitable
means using agricultural implements. All stones 150 mm and larger shall be removed. The
soil shall be excavated on the contour to a depth of 100 mm. All clods larger than 25 mm
in diameter shall be crushed and packed. Where necessary, water shall then be applied.
All topsaoil shall be compacted unless otherwise specified or approved by the Engineer.
Compaction shall be by slope compactor, cleated tractor or similar equipment approved by
the Engineer. Equipment shall be so designed and constructed as to produce a uniform
rough textured surface ready for seeding and mulching and which will bond the topsoil to the
underlying material, The entire area shall be covered by a minimum of 4 passes of the roller
or approved eguipment.

J308.3.2 Fertilizer Application

Fertilizer to the required quantities shall be spread and thoroughly incorporated into the soil
surface as a pan of the seed-bed preparation.

308.3.3 Planting of Seeds

All seeds shall be planted uniformly at the approved rate. Immediately after sowing, the area
shall be raked, dragged or otherwise treated so as to cover the seeds to a depth of 6 mm.

The operation of seed sowing shall not be performed when the ground is muddy or when the
soil or weather conditions would otherwise prevent proper soil preparation and subsequent
operations.
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308.2.4 Soil Moisture and Watering Requirements

Soil moisture shall exist throughout the zone from 25 mm to at least 125 mm below the
surface at the time of planting.

Watering of the seeded areas shall be carried out as determined by the Engineer.

308.4 Mulching, Applying Bituminous Emulsion and Jute Netting/Geonetting/
Netting of Coir

Within 24 hours of seeding, mulching material mixed with organic manure shall be placed so
as to form a continuous, unbroken cover of approximate unifarm thickness of 25 mm using an
acceptable mechanical blower. Mulching material shall be held in place and made resistant
to being blown away by suitable means approved by the Engineer. When called for in the
Contract documents, mulch materfal shall be anchored in place with bituminous emulsion
applied at the rate of 2300 litres per hectare. Any mulch disturbed or displaced following
application shall be removed, reseeded and remulched as specified. Jute netting/geonetting
or netting of coir shall be unrolled and placed parallel to the flow of water immediately following
the bringing, to finished grade, the area specified on the drawings or the placing of seed and
fertilizer. Where more than one strip is required to cover the given areas, they shall overlap a
minimum of 100 mm. Jute netting/Geonetting /coir netting shall be held in place by approved
wire staples, pins, spikes or wooden stakes driven vertically into the soil.

308.5 Maintenance

The Contractor shall maintain all seeded and mulched areas until final acceptance.
Maintenance shall include protection of traffic by approved warning signs or barricades and
repainng any areas damaged following the seeding and mulching operations. If mulched
areas become damaged, the area shall be reshaped and then seeded and mulched again as
originally specified.

308.6 Measurements of Payment

Seeding and mulching shall be measured as finished work in square metres.

308.7 Rate

The Contract unit rate for seeding and mulching shall be payment in full for carrying out
all the required operations including full compensation for all materials, labour, tools and
incidentals.
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308 SURFACE/SUB-SURFACE DRAINS

309.1 Scope

The work shall consist of constructing surface and/or sub-surface drains in accordance with
the requirements of these Specifications and to the lines, grades, dimensions and other
particulars shown on the drawings or as directed by the Engineer. Schedule of work shall
be so arranged that the drains are completed in proper sequence with road works to ensure
that no excavation of the completed road works is necessary subsequently or any damage is
caused to these works due to lack of drainage.

308.2 Surface Drains
Surface drains shall be excavated to the specified lines, grades, levels and dimensions to
the requirements of Clause 301. The excavated material shall be removed from the area

adjoining the drains and if found suitable, utilized in embankment/sub-grade construction. All
unsuitable material shall be disposed of as directed.

The excavated bed and sides of the drains shall be dressed to bring these in close conformity
with the specified dimensions, levels and slopes.

Where so indicated, drains shall be lined or turfed with suitable materials in accordance with
details shown on the drawings.

All works on drain construction shall be planned and executed in proper sequence with other

works as approved by the Engineer, with a view to ensuring adequate drainage for the area
and minimizing erosion/sedimentation,

309.3 Sub-Surface Drains

309.3.1 Scope
Sub-surface drains shall be of close-jointed perforated pipes, open-jointed unperforated pipes,
surrounded by granular material laid in a trench or aggregate drains to drain the pavement

courses, Sub-surface drains designed using Geosynthetics and approved by the Engineer
can also be used,

309.3.2 Materials

309.3.2.1 Pipe

Perforated pipes for the drains may be metal/asbestos cementicement concrete/Poly Vinyl
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Chioride (PVC)/Poly Propylene (PP)/Poly Ethylene (PE) and unperforated pipes of metal
vitrified clay/cement concrete/asbestos cement PVC/PP/PE. The type, size and grade of the
pipe to be used shall be as specified in the Contract. In no case, however, shall the internal
diameter of the pipe be less than 100 mm. Holes for perforated pipes shall be on one half
of the circumference only and conform to the spacing indicated on the drawings. Size of the
holes shall not ordinanly be greater than half of D, size of the material surrounding the pipe,
subject to being minimum 3 mm and maximum 6 mm. D,, stands for the size of the sieve that
allows 85 percent of the material to pass through it.

308.3.2.2 Backfill Material

Backfill material shall consist of sound, tough, hard, durable particles of free draining sand-
gravel matenial or crushed stone and shall be free of organic material, clay balls or other
deleterious matter. Unless the Contract specifies any particular gradings for the backfill
material or requires these to be designed on inverted filter criteria for filtration and permeability
to the approval of the Engineer, the backfill material shall be provided on the following lines

I} Where the soil met with in the trench is of fine grained type (e.g.. silt.
clay or a mixture thereof), the backfill material shall conform to Class |
grading set out in-Table 300-3;

i) Where the soil met with in the trench is of coarse silt to medium sand or
sandy type, the backfill material shall correspond to Class Il grading of
Table 300-3; and

i) Where soil met with in the trench is gravelly sand, the backfill material
shall carrespond to Class |1l grading of Table 300-3.

Geosynthetics for use with subsurface drain shall conform to the requirements as per
Section 700.

309.3.3 Trench Excavation

Trench for sub-surface drain shall be excavated to the specified lines, grades and dimensions
shown in the drawings provided that width of trench at pipe level shall not be less than 450
mm. The excavation shall begin at the outlet end of the drain and proceed towards the upper
end. Where unsuitable material is met with at the trench bed, the same shall be removed to
such depth as directed by the Engineer and backfilled with approved material which shall be
thoroughly compacted to the specified degree

309.3.4 Laying of Pipe and Backfilling

Laying of pipe in the trench shall be started at the outlet end and proceed towards the upper
end, true to the lines and grades specified.
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Table 300-3 : Grading Requirements for Filter Material Percent Passing by Weight

Sieve Designation Class | Class Il Class Il
53 mm - 100
45 mm 87-100
265 mm - 100 -
22.4 mm - 85-100 58-100
11.2 mm 100 48-100 20-60
5.6 mm 92-100 28-54 4-32
2.8 mm B3-100 20-35 0-10
1.4 mm 59-06 . 0-5
710 micron 35-80 6-18 -
355 micron 14-40 2-9 -
180 micron 3-15 - -
90 micron 0-5 0-4 0-3

Before placing the pipe, backfill material of the required grading(s) shall be laid for full width
of the trench bed and compacted to a minimum thickness of 150 mm or as shown on the
drawings. The thickness of the backfill material on the sides of the pipe shall be as shown on
the drawings subject to a minimum of 150 mm, The pipe shall then be embedded firmly on
the bed.

Perforated pipes, unless otherwise specified, shall be placed with their perforations down
to minimize clogging. The pipe sections shall be joined securely with appropriate coupling
fittings or bands.

MNon-perforated pipes shall be lald with joints as close as possible with the open joints wrapped
with suitable pervious materal (ke suitable Geosynthetics of not less than 150 mm width) to
permit entry of water but prevent fines entering the pipes. In the case of non-perforated pipes
with bell end, the bell shall face upgrade.

Upgrade end sections of the pipe installation shall be tightly closed by means of concrete
plugs or plugs fabricated from the same material as the pipe and securely held in place to
prevent entry of soil materials.

After the pipe installation has been completed and approved, backfill matenal of the required
grading (s) (see Clause 309.3.2.2) shall be placed over the pipe to the required level in
horizontal layers not exceeding 150 mm in thickness and thoroughly compacted. The minimum
thickness of material above the top of the pipe shall be 300 mm.
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Unless ctherwise provided, sub-surface drains not located below the road pavement shall
be sealed at the top by means of 150 mm thick layer of compacted clay so as to prevent
percolation of surface water.

308.3.5 Use of Geosynthetics in Laying of Pipe and Backfilling

After excavating the trench for subsurface drain, the filter fabric shall be placed, the pipe
installed and the trench backfilled with permeable material according to dimensions and
details shown on the drawings. Surfaces to receive filter fabric prior to placing shall be free
of loose or extranecus material and sharp objects that may damage the filter fabric during
installation. Adjacent rolls of the fabric shall be overlapped a minimum of 450 mm. The
preceding roll shall overlap the following roll in the direction the material is being spread.

Damage to the fabric resulting from Contractor's vehicles, equipment or operations shall be
replaced or repaired by the Contractor at his Cost

309.3.6 Drain Outiet

The outlet for a sub-surface drain shall not be under water or plugged with debris but should
be a free outlet discharging into a stream, culvert or open ditch. The bottom of the pipe shall
be kept above high water level in the ditch and the end protected with a grate or screen. For
a length of 500 mm from the outlet end, the trench for pipe shall not be provided with granular
material but backfilled with excavated soil and thoroughly compacted so as to stop water
directly percolating from the backfill material around the pipe. The pipe in this section shall
not have any perforations

309.3.7 Aggregate Drains

Aggregate drains shall be placed within the verge/shoulders after completion of the pavement.
Depth, thickness and spacing of the aggregate drains shall be as shown on the drawings.

Trenches for aggregate drains shall be excavated to a minimum width of 300 mm and to the
depth shown on the drawings or ordered by the Engineer, The bottom of the trench shall be
sloped to drain and shall be free from loose particles of soil. The trench shall be excavated
50 as o expose clearly the granular pavement courses to be drained.

Aggregate for the drains shall be durable gravel, stone or slag and shall be free from vegetable
matter and other deleterious substances. The grading requirements are given in Table 300-4,
Grading to be adopted shall be indicated in the drawings.
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Table 300-4 : Grading Requirements for Aggregate Drains

Percent Passing by Weight
Sieve Designation Type A Type B
63 mm - 100
37.5 mm 100 85— 100
18 mm - 0-20
8.5 mm 45 - 100 0-5
3.35 mm 2580 =
600 micron 8-45 =
150 micron O-=10 -
TS5 micron 0-5 -

309.4 Measurements for Payment

Measurement for surface and sub-surface drains shall be per running metre length of the
drain.

309.5 Rates

The Contract unit rates for surface and sub-surface drains shall be payment in full for all
items such as excavation, dressing the sides and bottom; providing lining, turfing, pitching,
masonry, concrete and plastering; providing, laying and jointing pipes including wrapping
with geosynthetic fabric; providing, laying and compacting backfill around the pipe, granular
bedding; providing, fixing and painting of cover etc. including full compensation for all
matenials, labour, fools, equipment and other incidentals to complete the work as shown on
drawings with all leads and lifts including removal of unsuitable material. Provision of inlets,
gratings, sumps, outlet pipes, bedding, disbursers etc. wherever required shall be incidental
to construction of drain,

310 PREPARATION AND SURFACE TREATMENT OF FORMATION

Preparation and surface treatment of the formation, shall be carned out only after completion of
any specified sub-grade drainage and unless otherwise agreed by the Engineer, immediately
prior to laying the sub-base or the road base where no sub-base is required. The sequence
of operations shall be as follows:

a) Full formation, after reinstatement of any soft areas to the required
Specifications shall be well cleaned and freed of all mud and slurry.

b} The surface shall be compacted to the required density by a smooth
wheeled roller of 80 to 100 kN weight after spraying requisite amount
of water, if required

c) the formation shall be finished to the requirements of Clause 305 3.8.

89



Section 300 Earthwork, Erasion Control and Drainage

The entire work of surface treatment of formation shall be deemed as incidental to the work
of sub-base/base course to be provided for the same.

3N WORKS TO BE KEPT FREE OF WATER

3111 The Contractor shall arrange for the rapid dispersal of water collected/
accumulated on the earthwork or completed formation during construction or on the existing
roadway or which enters the earthwork or any other item of work from any souree, and where
praclicable, the water shall be discharged into the permanent outfall of the drainage system.
The arrangements shall be made in respect of all earthwork including excavation for pipe
trenches, foundations or cuttings.

311.2 The Contractor shall provide, where necessary, temporary water courses,
ditches, drains, pumping or other means for maintaining the earthwork free from water. Such
provisions shall include carrying out the work of forming the cut sections and embankments in
such manner that their surfaces have at all times a prescribed crossfall and, where practicable,
a sufficient longitudinal gradient to enable them to shed water and prevent ponding.

The works involved in keeping the earthwork or any other item of works free of water shall be
deemed as incidental to the respective item of work and as such no separate payment shall
be made for the same.

312 WATER COURSES AT CULVERTS

3z Excavation carried out in the diversion, enlargement, deepening or
straightening water courses at culverts, where necessary, shall include the operations such
as clearing, grubbing, removal of vegetation, trimming of slopes, grading of beds, disposal of
excavated materials, pumping, timbering etc. necessary for dealing with the flow of water,

312.2 The beds and sloping sides of water courses shall, where shown on the
drawings, be protected against the action of water by rubble paving to form a flat or curved
surface as indicated. The protection shall consist of large smooth faced stones or of blocks
of precast concrete. Stones for rubble paving shall be roughly dressed square. No stone
shall be less than 225 mm in depth nor less than 0.02 cum in volume and no rounded
boulders shall be used. After completion of construction of culverts. temporary diversion of
water course, if any, shall be closed and water course restored for flow through the culvert as
per the direction of the Engineer.

2.3 Measurements for Payment

The work for water courses at culverts as stated above shall be measured in terms of units
specified in the Bill of Quantities for respective items. The temparary diversion of channel to
facilitate construction of culverts, its closure and restoration to original water course shall be
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considered incidental to the work of construction of culverts and no extra payment shall be
made for the same.

3124 Rates

The Contract unit rates for different items of water courses at culverts shall be payment in full
for carrying out all required operations including full compensation for all cost of materials,
labour, tools, equipment and other incidentals to complete the work to the Specifications.

313 ROCKFILL EMBANKMENT

3131 Scope

The work covers embankment constructed with pieces of rock and shall be in accordance with
the lines, grades and cross-sections as shown in drawings or as directed by the Engineer.

There shall be a minimum of 500 mm thick earthen cushion over the rockfill. The construction
of earth filll subgrade does not form part of scope of this work.

313.2 Materials

The size of rock pieces used in rockfill embankments shall be such that they can be deposited
in layers so as to suit the conditions evaluated in the field compaction trials or as directed by
the Engineer. The rockfill shall consist of hard, durable and inert material, preferably maximum
size not exceeding 300 mm and percent finer than 125 mm not exceeding10 percent.

Argillaceous rocks (clay, shales efc,), unburnt colliery stock and chalk shall not be used in
rockfill.

The rock fragments and blinding matenal required for filling the voids shall also satisfy the
above requirements.

313.3 Spreading and Compaction

The material shall be tipped, spread and levelled in layers extending to the full width of
embankment by a suitable dozer. Fragments of rock shall then be spread on the top of layer
to the required extent and layer compacted by minimum of 5 passes of vibratory roller having
static weight 8-10 tonnes. The compacted thickness of each layer shall not excead 500 mm
After compaction of each layer, the surface voids shall be filled with broken fragments. Next
layer, whare required, shall be placed in the same manner, above the earlier compacted
layer.
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The top layer of rockill, on which normal earth fill will rest shall be thoroughly blinded with
suitable granular material to seal its surface.

313.4 Measurements for Payment

Measurement shall be made by taking cross-sections at intervals in the original position
before the work starts and after its completion and computing the volume In cu.m by the
method of average end areas

313.5 Rate

The Contract unit rate shall be paid in full for carrying out all the above operations including
cost of rockfill, broken fragments and blinding material and shall pravide full compensation
for all items as per clause 305.8.

314 GROUND IMPROVEMENT FOR WEAK EMBANKMENT FOUNDATION
USING GEOSYNTHETIC DRAINS AND STONE COLUMNS

3141 Scope

The scope for improving the ground of problematic sub-soil conditions comprises of several
alternatives and combination of mare than one of the following alternatives. The improvement
may be chosen based on the sub-soil conditions

I} Using geosynthetic drains [Prefabricated Vertical Drain (PVD)] with
surcharge involving design and installation of PVD to achieve 50%
consolidation of sub-soil within a prescribed time.

i) Rammed stone columns.
i) Stone columns formed by vibroflot technique.

Where specified in the Contract the scope of the work shall also cover the design of the
ground improvement works by the Contractor,

314.2 Prefabricated Vertical Drain (PVD) with Surcharge

The design and construction of this drain shall generally comply with the requirements of
15115284 (Part 2) and the requirements given below. In the case of conflict between the
requirements of 1S:15284 and this Specification, the requirements of this Specification shall
prevail,
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314.21

314.2.2

Materials

i

i)

i)

Geosynthetic Drain: Geosynthetic strip or band drain shall be
manufactured by an IS0 8001 certified manufacturer. It shall consist of
a corrugated or studded or 3-d mesh consisting of an inner core of thick
polyester fused at intersection, wrapped in a non-woven geotextile.
Band drain shall be of width and thickness as specified in the design
and shall be a minimum of 100 mm width and 5 mm thickness. The core
shall serve as the drainage medium conveying the core water from the
soft subsocil to the drainage layer at the top. The core shall be of three-
dimensional mesh, made of polyester or equivalent. The filter should
be non-woven needle punched adhesive-bonded fabric. The filter and
the core shall be ultrasonically welded together at edges to produce a
fully integrated product. The drain shall meet the properties specified in
Table 700-3

The drains shall be installed to depths and at spacing as per the design
and drawings. The Contractor shall submit to the Engineer the complete
scheme for installation of vertical band drains alongwith the particulars
and test results from the manufacturer showing conformance to the
specifications. Unless specified otherwise, the design of the ground
improvement measures shall be to achieve 80 percent consolidation
in the time prescribed by the employer. The equipment and the
methodology for installation of the drains shall satisfy the specified
requirement of prescribed degree of consolidation and the time for
achieving the same.

Granular Sand Blanket : After installation of the vertical band drains
in the sub-soil, a blanket of well draining granular material/coarse
sand (natural or crushed) conforming to Class | grading given in
Table 300-4 of specified thickness compacted to a density of 75 to
80 percent of maximum dry density obtained by heavy compaction
(15:2720-Part 8) shall be provided. The granular sand blanket shall be
exposed to atmosphere at its periphery for dissipation of pore water
pressure

Geotextile Fabric for Separation and Drainage : The requirements
of synthetic geotextile shall be as given in Table 700-1.

Construction and Installation Requirements

n

Shipment and Storage : The Geosynthetic Band Drain shall be dry
ang wrapped such that it is protected from the exposure to ultraviclet
light during shipping and storage. At no time shall the band drain be
exposed to ultraviolet light for a period exceeding fourteen days. If
stored outdoor, they shall be elevated and protected with a waterproof
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cover. The Geo-synthetic Band Drain shall be labeled as per
ASTM D 4873, "Guide for identification, storage, and handling of
geotextile.

Drain Installation : Band Drains in roll shall be installed using an
installation rig/sticher mounted on a base machine (Hydraulic or
Mechanical). The end of the drain shall be attached to a hollow
rectangular mandrel or shoe, which will be driven into the soft clay by
appropriate mechanism, such as lance. On reaching the refusal strata
{stiff soil), the mandrel with the drain shall be left behind and the lance
withdrawn. The top of the drain above the ground level shall be cut
off at design level (150 mm into the drainage blanket). The rig/ sticher
moves on to the next location,

After installation of vertical band drains, a blanket of granular coarse
sand as mentioned above shall be spread over the entire area and
covered with geotextile layer on top and bottom as directed by the
Engineer.

Installation of geotextile fabric for separation and drainage :

a) Shipment and Storage : The geotextile shall be kept dry and
wrapped such that it is protected from the exposure to ultraviolet
light during shipping and storage. At no time shall the paving fabric
be exposed to ultraviolet light for a period exceeding fourteen
days, Geotextile rolls shall be stored in a manner, which protects
them from elements. If stored outdoor, they shall be elevated
and protected with a waterproof cover, The geotextile shall be
labeled as per ASTM D 4873, “Guide for identification, storage
and handling of geotextiles".

b} Fabric Placement : The geoctextile shall be laid smooth without
wrinkles or folds on the sand blanket in the direction of construction
traffic. Adjacent geotextile rolls shall be overlapped, sewn or
jointed, (Preferably sewn or joined). On curves the geotextile may
be folded or cut & overlap to conform to the curves. The fold or
overlap shall be in the direction of construction and held in place by
pins, staples, or piles of fill or rock. Prior to covering, the geotextile
shall be inspected by the Engineer to ensure that the geotextile
has not been damaged (i.e holes, tears, rips) during installation.
Damaged geotextiles, as identified by the Engineer, shall not
be allowed. The surcharge shall be placed such that atleast the
minimum specified lift thickness shall be between the geotextile
and the equipment tyres or tracks at all times. Tuming of vehicles
shall not be permitted on the first lift above the geotextile
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W)

c) Seaming : A sewn seam is to be used for the seaming of the
gectextile. The thread used shall consist of high strength
polypropylene or polyester. Nylon thread shall not be used. The
thread shall also be resistant to ultraviolet radiation. The thread
shall be of contrasting color to that of the geotextile itself. For
seams which are sewn in the field, the Contractor shall provide
at least a 2 m length sewn seam for sampling by the Engineer
before the geo-textile is installed. For seams which are sewn in
the factory, the Engineer shall obtain samples of the factory seams
at random from any roll of gectextile which is used on the project.
For seams that are field sewn, the seams sewn for sampling shall
be sewn using the same equipment and procedures as will be
used for the production seams. If seams area sewn in both the
machine and cross machine direction, samples of seams from
both directions shall be provided. The seam assembly description
shall be submitted by the Contractor along with the sample of the
seam. The description shall include the seam type, stitch type,
sewing thread and stitch density.

Addition of Surcharge : Addition of surcharge load by approved
embankment material shall be placed over the geotextile layer uplo a
height as per the design requirement, The addition of surcharge shall
be placed with adequate side slope to avoid any slope failure. The
addition of surcharge shall be kept in place for a period as per the
design to achleve desired degree of consolidation. After ascertaining
that the desired degree of consolidation is achieved, the addition of
surcharge which iz not farming part of permanent work/ embankment
shall be removed to the required level as per drawings. Removal of
additional surcharge material shall be done without damaging the road
embankment. After removal of additional surcharge, the damaged
embankment top, if any, shall be made good as Instructed by the
Engineer. The addition and removal of surcharge shall be incidental
to the work except for payment of additional surcharge gquantity
forming part of permanent embankment. The quantity for payment will
be determined based on the settlements readings observed through
instrumentation.

Instrumentation and Monitoring the Behaviour of Sub-Soill
Embankment : Monitoning the behavior of the sub-soill embankment
construction shall form part of the work. The design shall be based
on the gain in the shear strength of the subsoil due to consolidation
process. The following critical parameters shall be monitored

a) Monitoring the Build up and Dissipation of Pore Pressure:
Casagrande open standpipe type plezometers shall be used for
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the measurement of changes in pore pressure. The specifications
for the Casagrande piezometer shall be as follows

The piezometer shall be 38 mm in dia and 300 mm in length;
The air entry value shall be of the order of 0.3 kg/cm®.
The standpipe shall be more than 16 mm in diameter:

The piezometer shall be installed in 150 mm borehole, at specified
depths. Sand cover around the piezometer tip and bentonite seal
above shall be provided, and

Suitable electronic sensor shall be used to record the water level

Piezometers including dummy piezometers shall be installed at
locations specified by the Engineer.

Rate and Magnitude of Vertical Settlements of the Subsoil
under the Surcharge Load : Settlements shall be measured by
installing platform type settlement gauges, which consist of the
following :

Wooden base plate 1000 mm square and 50 mm thick:

Gl pipe of 25 mm dia fitted to the base plate with a suitable sleeve
arrangement and nuts and bolts;

Quter loose fitting sleeve, to prevent soil form coming into contact
with the inner pipe;

The pipe and the sleeve consist of 1.5 m long sections, which can
be screwed on at the top, so that as the surcharge is built up, the
top of the pipe is well clear of the fill;

Settlement gauges shall be installed at the ground level, before the
starting of the fill construction. These shall be installed locations specified
by the Engineer. The readings of setliement gauges also form the basis
to estimate the quantity of surcharge forming part of permanent work
The number of settlement gauges shall be decided by the Engineer
keeping in view this aspect.

c)

Measurement of Shear Strength : The shearstrength parameters
of the subsoil [unconfined compressive strength (UCS)] shall be
measured at locations specified by the Engineer at the end of each
stage of surcharge loading in order to compare the actual details
with the design assumptions. For the recovery of undisturbed
samples from the subsoll for determining UCS, before start
of construction of surcharge, 100 mm dia casing pipe shall be
installed into the ground to 3 m depth, preferably by driving; the
top of the casing pipe shall have provision for adding extensions
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X1)

at top by screw coupling, and as the surcharge construction
proceeds the casing pipe shall be extended This procedure
ensures avolding drilling through the surcharge already placed
as well as any damage to the installed band drains. Undisturbed
samples (UDS) are recovered and UCS is determined in the site
laboratory (sending UDS sample to distant laboratories would
result in loss of water content and disturbance of the samples
leading to erroneous values of UCS). Undisturbed samples shall
be recovered at every 1.5 m depth at the specified locations, so
that complete strength profile of subsoil is obtained.

During the placing of the surcharge and compaction, the Contractor shall
take utmost care so that the monitoring Instruments are not damaged.
Compaction by small vibratory rollers shall be done for 1.5 m around
the monitoring instruments and bigger rollers shall not be used near the
monitoring instruments. Similarly care shall be taken that movement of
dumpers does not damage the monitoring instruments

Frequency of Observations : The readings of the piezometers and
the settiement gauges shall be recorded at the following frequency.

a) Daily reading shall be taken in stretches where filling/ surcharge
operations are in progress. Weekly readings shall be taken in
stretches, where no filling/ surcharge Is being done.

b) Weekly readings shall be taken after the desired fill/ surcharge
height is achieved, till the next stage filing commences. All data
shall be recorded in a register and maintained properly.

¢) The Datafrom the monitoring instruments provides the background
for regulating the rate of placing the fill/ surcharge as well as the
waiting period between stages.

Precautions against Pilferage: The observation data shall be recorded

during construction and for three months thereafter. It is therefore

essential that the instruments are not tampered and stolen. Suitable
precautions shall be taken in this regard by the Contractor.

Drainage of Ground Water : The water which will come out from the
subsoil through vertical drains will be accumulated at temporary ditches
to be dug at nearby areas and the accumulated water will be dewaterad
regularly from the ditches to the outfalls as directed by the Engineer.

Certification from the Manufacturer of Band Drain and Geotextile
Fabric for Separation and Drainage :

a) The Contractor shall provide to the Engineer, a certificate stating
the name of the manufacturer, product name, style number,
chemical composition of the filament or yarns and other pertinent
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information to fully describe the material. Each roll shall be labelled
or tagged to protect product identification as well as inventory and
quality control.

b) The manufacturer shall be responsible for establishing and
maintaining a quality control programme to assure compliance with
the requirement of the specification. Documentation describing the
quality control programme shall be made available upon request.

c) Themanufacturer's certificate shall state that the furnished material
meets minimum averages roll values (MARV) requirements of
the specifications as evaluated under the Manufacturer's quality
control programme. The certificate shall be attested by a person
having legal authority to bind the Manufacturer,

314.23 Measurements for Payment

I} The Geosynthetic Band Drains (or geodrain) shall be measured in linear
metre of its length.

i) The granular sand blanket shall be measured in cubic metre.

i) The geo-synthetic fabric shall be measured in square metre of plan
area of final finished work.

w}  Instrumentation and monitoring the behaviour of sub-soill embankment
shall be measured in number of locations.

v] The additional surcharge quantity forming part of permanent
embankment shall be measured in cum.

The overlaps, patches, sewn seams and securing pins shall not to be measured.

314.2.4 Rate

Rate shall include cost of design, materials, instailation, operations invalved in pre-loading/
additional surcharge, dewatering, labour, plant hire, material storage and handling expenses
for completing the work including submission of construction drawings and provision of
specialist attendance & supervision at site for (i) geodrain; (i) sand blanket; (i) geofabric;
(v} instrumentation and monitering; and (v) permanent embankment part of surcharge as
described above.

314.3 Rammed Stone Columns using MNon-Displacement Method of
Construction
314,31 The design and construction of this column shall generally comply with the

requirements of 15:15284 (Part 2), including the requirements given below. In the case of
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conflict between the requirements of 15:15284 and these Specifications the requirements of
these Specifications shall prevail.

314.3.2 Stone columns shall be formed from well-graded crushed stone and gravel
compacted to a dense state. The size of the well graded crushed aggregate shall vary from
2 mm to 75 mm conforming to the gradation given below,

Size of the Crushed Aggregate " Passing
75 mm 90-100
50 mm 80-90
38 mm 55-75
20 mm 10-20
12 mm 8-13
2 mm =

The crushed aggregate shall be chemically inert, hard and resistant to breakage. The diameter
of the stone columns shall be as shown in the drawings.

314.3.3 Granular Blanket

A compacted and well draining layer of gravel or coarse sand, of specified thickness,
compacted in layers to a relative density of 75 to 80 percent shall be provided above the
existing ground. This blanket shall be exposed to atmosphere at its periphery for pore water
pressure dissipation.

314.3.4 Construction and Installation Requirements

The *Rammed Stone Celumns” shall be constructed by non-displacement technique namely
“Bailer and Casing Method” as given in 15:15284 (Part 1). After ensuring complete removal of
slush deposited during boring operations, a minimum depth of 0.5 m, preferably 0.75 below
the granular blanket shall be compacted by other suitable means such as rolling/ tamping to
the specified densification criteria.

31435 Field Controls
In the above method, the following minimum field controls shall essentially be observed.

The set criteria and the consumption of granular fill form the main quality control measures
for the columns constructed by the non-displacement technique. The set criteria shall be
established as given in 15:15284 (Part 1), For ascertaining the consumption of fill, the diametar
of the column as formed during field trials shall be measured in its uppermost part along the
four diameters and average of these observations taken as the column diameter.
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314.3.6 Field Loading Tests
Initial and routine tests shall be carried out as given in 15:15284 (Part 1)

314.3.7 Recording of Data shail be done as given in 1S:15284 (Part 1)

314.3.8 Load Test Results

The ultimate load capacity of single column shall be determined form load tests. The settiement
of a stone column obtained at safe/ working load from load test results on a single column
shall not be directly used in forecasting the settlement of the structure unjess experience
form similar foundations in similar soil conditions on its settlement behaviour is avallable. The
average seltlement may be assessed on the basis of sub-soil data and loading details of the
structures as a whole using the principles of soil mechanics.

314.3.9 Certification

The Contractor shall be responsible for establishing and maintaining a quality control
programme to assure compliance with the requirements of the specifications.

314.3.10 Measurement for Payment

1) The rammed stone column of the specified diameter shall be measured
In linear metre of its compacted length.
i) The sand blanket shall be measured in cu.m.

iii)  The initial and routine load tests, unless otherwise specified in the
contract, shall be measured in numbers and paid.

314.3M Rate

The rate shall include the cost of providing all materials, tools, equipment, labour, supervision
and incidentals necessary to complete the work as per these specifications.

314.4 Stone Columns using Vibro-replacement (Vibroflot) Method of
Construction
314.4.1 Scope

The scope of the work shall consist of

I} construction of stone columns, complete in-place including layout;

) supplying crushed stone, equipment, electrical power, water and any
other necessary items for stone column and its installation;
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fiiy Control and disposal of surface water resulting from stone column
construction operations;

iv)  Construction and removal of silt settling ponds or similar facilities as
required, and the regrading of the site as required;

v)  Stockpiling and disposal of silt from the site if necessary; and

vi) Load testing of stone columns as specified

31442 The design and construction of stone columns shall comply with 15:15284
(Part 1) subject to certain modifications incorporated in these Specifications or any other
modification suggested by the Enginesr. The construction of sand (or stane} working platform
and necessary access to site shall not form part of the scope of this work. Stone Column with
maximum compacted density shall extend to the full depth of the compressible stratum and
reach the Dense Sand Layer/Stiff Clay Layer.

31443 The Contractor shall (i) meet all applicable laws and regulations concerning
surface runoff, siltation, pollution and general disposal of the effluent from the construction of
the stone columns and general site work, (i) construct and relocate temporary ditches, swales,
banks. dams, and similar facilities as necessary to control the flow of surface water during the
work, remove them when no longer required, and regrade the affected areas for acceptable
drainage as specified for site grading, (iil) construct silt settling ponds as required in locations
indicated or approved, ensure that earth banks and water control devices are safely designed
and prevent inadverient discharge into watercourses off the site, stockpile and dispose of all
silt as approved by the Engineer, (iv) remove settling ponds and other structures when no
longer required and regrade the areas for acceptable drainage as specified for site grading.

314.4.4 Materials

a) Stone Aggregate for Compacted Column : The crushed stone and
gravel for column backfill shall be clean, hard, angular, chemically inert,
resistant to breakage and free from organic, trash, or other deleterious
materials. It shall be well-graded stones of 75 mm down to 2 mm size.
The uniformity co-efficient shall be greater than 3. The Aggregate
Impact Value shall not be more than 30 percent.

b) Drainage Blanket : Sand/crushed stone, which is hard, inert, resistant
io chemical change and free from organic, trash, or other deleterious
materials shall only be used in drainage blanket. The blanket shall be
well graded and free draining granular material of thickness 500 mm or
maore, compacted in layers to a relative density of 75 to 80 percent. This
blanket shall be exposed to atmosphere at its periphery for pore water
pressure dissipation.
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314.45 Construction and Installation

The stone columns shall be installed by Vibroflot method given in 1S:15284 (Part 1). Stones
shall be fed by mechanical means i.e. use of loader/ hopper/ chute etc. The slush, muck and
other loose materials at work site shall be removed/ disposed off suitably by the Contractor as
instructed by the Engineer. The Contractor shall take adequate measures to ensure stability
of bore holes made for installation of stone column.

314.4.5.1 A detailed installation procedure/method statement shall be submitted by the
Contractor including:

i} Typeandnumberof Vibrofiots and general method of aperation including
construction schedule,

i} Mechanical arrangement for placing stones (s) around the probe point

fii) Quality control, Quality Assurance Procedure covering details on
automatic recording devices to monitor and record stone consumption

v} Type of equipment to be deployed
v}  Manpower to be engaged

vi) The proposed sequence and timing for constructing stone columns
along with a bar chart for the entire ground improvement work,

314.4.5.2 Stone column installation procedure shall be as approved by the Engineer
The construction technigue and probe shall be capable of producing andlor complying with
the following:

i}  The holes shall be close to circular,

i) The probe and follower tubes shall be of sufficient length to reach the
elevations shown on the plans. The probe, used in combination with
the flow rate and available pressure 1o the tip jet, shall be capable of
penetrating to the required tip elevation. Preboring of stiff lenses, layers
or strata is permitted.

i} The probe shall have visible external markings at suitable increments
to enable measurement of penetration and re-penetration depths

)  Sufficient quantity of wash water shall be provided to the tip of the probe
to widen the probe hole to a diameter to allow adequate space for stone
backfill placement around the probe. The flow of water from the bottom
Jet shall be maintained at all times during backfilling to prevent caving
or collapse of the hole and to form a clean stone column, The flow rate
will generally be greater as the hole is jetted in, and decrease as the
stone column comes up

102



Earthwork, Erosion Conirol and Drainage Section 300

v) After forming the hole, the vibrator shall be lifted up a minimum
3 m, dropped at least twice to flush the hole out. The probe shall not,
however, be completely removed from the hole

vi) The column shall be formed by adding stone in lifts having each lift
height betweean 600 cm and 1000 cm. The stone aggregate in each
lift shall be compacted by re-penetrating it at least twice with the
horizontally vibrating probe so as to densify and force the stone radially
into the surrounding in-situ soil. The stone in each incremeant shall be re-
penetrated a sufficlent number of times fo develop a minimum ammeter
reading on the mator of at least 40 amps more than the free-standing
{unloaded) ampere draw on the motor, but no less than 80 amps lotal

vii) Stone columns shall be installed so that each completed column will be
continuous throughout its length

314453 Data captured shail be continuously displayed on a LCD unit and graphical
output (plots of depth versus time and power consumption) generated by automated
computerized recording device throughout the process of stone column installation for each
paint shall be submitted to the Engineer.

The equipment to be used shall be instrumented with sensors and the data processed by
a micro-processing unit to enable continuous monitoring and data capture of the following
during construction of each stone column:

a) depth of vibrator and vibrator movemenis (depth of penetration)
b) power consumption (compaction effort)

314.4.5.4 If erosion of upper granular working platform material occurs, the depressions
shall be backfilled with sand/ granular material which meets the specification for the working
platform. Such backfilling shall be at the Contractor's expense. The working surface shall be
cleaned at the completion of the stone column construction of all unsuitable materials washed
up from the stone column holes. Such unsuitable materials Include clay or silt lumps, wood
fragments or other organic matter. If, in the opinion of the Engineer, these materials create
“soft spots™ or zones of compressibility or weakness in connection with the placement of
overlying embankment materials, such unsuitable matenals shall be disposed of in a manner
approved by the Engineer

314455 In the event of obstructions preventing the penetration of the Vibrofloat,
the Contractor shall stop work, move to ancther compaction point and immediately notify
the Engineer. The Engineer may at his option authorize one or several of the following:
(i) position the compaction peint a short distance away from the original position, (i) additional
compaction points to bridge the obstruction, (iii) remove the obstruction, replace removed
soils, and again jet the column hole in the indicated location, (iv) perform other removal or
relocation operations or (v) any other method
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314.4.6 Field Controls

In the above method, the following minimum field controls shall be observed.
a) Vibrofloat penetration depth including the depth of embedment in firm
strata.

b) Monitoring of volume of backfill added to obtain an indication of the
densities achieved, and

€)  Monitoring of ammeter or hydraulic pressure gauge readings to verify
that the maximum possible density has been achieved in case of

Vibrofloated columns.
314.4.7 Recording of Data shall be done as given in 1S:15284 (Part 1),
314.4.8 Field Loading Tests
314.4.81 The Initial load tests shall be performed at a trial test site approved by the

Engineer to evaluate the load-settlement behaviour of the soil-stone column system. The
tests shall be conducted an a single and also on a group of minimum three columns in
accordance with 1S:15284 (Part-1). The number of initial tests shall be as follows:

Single column tests — 1 test per 500 or part thereof stone columns.
Three column group tests — 1 test per 1000 or part thereof stone columns.

314.4.8.2 The Routine load tests shall be carried out on a single job column in
accordance with 1S:15284 {Part-1). The job columns shall be loaded for a test load of
1.1 times the design load intensity with kentledge minimum 1.3 times the design load pattemn.
The number of routine tests shall be as follows:

Single column tests — 1 test per 500 or part thereof stone columns.

314.48.3 The test load shall be applied at increments of one-tenth to one-fitth of the
design load upto a maximum of 1.5 times the design load. Each load stage shall be maintained
till the settlement rate is less than 0.1 mm/30 min.

31448.4 The test load shall be maintained for a minimum period of 24 hours. The
ultimate load on the stane column shall be determined by double tangent diagram. The test
load shall be removed in five to six stages. Each unloading stage shall be maintained till the
rebound attains a rate of 2.0 mm/30 min.

314485 Safe and efficient working of the loading arangements is entirely the
Contractor's responsibility and any impediment resulting in the failure of the test arrangement
may debar the Contractor from payment for the test. Alternatively, it may make the Contractor
liable to repeat the test on separate columnicolumns withaut any extra cost.
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314.4.8.6 The construction of stone columns shall be carried out using the same
procedure as adopted for the test column to the satisfaction of the Engineer. The stone
columns under the test shall be a part of a larger stone column group. The interpretation of the
results shall be free from ambiguity and shall be subject to the Engineer’s approval. No works
shall procead unless the Contractor shall satisfy the Engineer beyond reasonable doubt that
the performance of the stabilized soil material will be compliant with the Specification.

314.489 Tolerances

314.491 Setting Out
Setting out shall be carried out from reference lines and points shown in the drawings.

Immediately before installation of the stone columns, the stone column positions shall be
marked with suitable identifiable markers.

314.4.9.2 Position

Mo vibration center or stone column shall be more than 150 mm off its correct center location
in any direction at the working platform level as shown on the approved plans.

314.49.3 Verticality
Stone Columns shall be constructed as vertical as possible. The axis of the stone column

shall not be inclined from the vertical by more than 1h: 20v as indicated by the tilt of vibrator
and follower tubes.

314.4.10 Personnel

The Contractor shall employ suitable personnel having experience in the construction of
stone columns.

314.4.11 Quality Control

The Contractor shall establish and maintain a quality control programme to assure compliance
with the requirements of the specifications.
314.4.12 Measurements for Payment

{}  The stone column by Vibrofloat method shall be measured in linear
metre of its compacted length.

liy The sand blanket shall be measured in cu.m,
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i)  The initial and routine load tests, unless otherwise specified in the
Contract, shall be measured in numbers and paid.

314.4.13 Rate

The rate shall include the cost of providing all materials, tools. equipment, labour, supervision
and incidentals necessary to complete the work as per these Specifications.
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401 GRANULAR SUB-BASE

401.1 Scope

This work shall consist of laying and compacting well-graded material on prepared subgrade
in accordance with the requirements of these Specifications, The material shall be laid in
one or more layers as sub-base or lower sub-base and upper sub-base (termed as sub-
base hereinafter) as necessary according to lines, grades and cross-sections shown on the
drawings or as directed by the Engineer.

401.2 Materials

401.2.1 The material to be used for the work shall be natural sand, crushed gravel,
crushed stone, crushed slag, or combination thereof depending upon the grading required.
Use of matenals like brick metal, Kankar and crushed concrete shall be permitted in the lower
sub-base. The material shall be free from organic or other deleterious constituents and shall
conform to the gradings given in Table 4D0-1 and physical requirements given in Table 400-2.
Gradings |l and IV shall preferably be used in lower sub-base. Gradings V and VI shall be
used as a sub-base-cum-drainage layer. The grading to be adopted for a project shall be as
specified in the Contract. Where the sub-base is laid in two layers as upper sub-base and
lower sub-base, the thickness of each layer shall not be less than 150 mm.

401.2.2 If the water absorption of the aggregates determined as per 15:2386
(Part 3) is greater than 2 percent, the aggregates shall be tested for Wet Aggregate Impact
Value (AlV) (1S:5640), Soft aggregates like Kankar, brick ballast and laterite shall also be
tested for Wet AlV (1S:5640).

Table 400-1 : Grading for Granular Sub-base Materials

IS Sieve Percent by Welght Passing the IS Sieve
Designation |Grading| |Gradingll |Grading Ill |Grading IV |GradingV |Grading VI
75.0 mm 100 - : . 100 :
53.0 mm 80-100 100 100 100 B0-100 100
26.5 mm 55 -80 70-100 55-75 50-80 55-90 75-100
8.50 mm 35-65 50-80 - - 35-65 55.75
4.75 mm 25-55 40-65 10-30 15-35 25-50 30-55
2.36 mm 20- 40 30-50 - - 10-20 10-25
0.85 mm - - = = 2-10 =
0.425 mm 10-15 10- 15 = = 0-5 0-8
0.075 mm <5 <5 <5 <5 - 0-3
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Table 400-2 : Physical Requirements for Materials for Granular Sub-base

Aggregate Impact Value (AIV) 1S:2386 (Part 4) 40 maximum
or 1S:5640
Liquid Limit 15:2720 (Part 5) Maximum 25
Plashcity Index 1S:2720 (Part 5) Maximum &
CER at 98% dry density 15:2720 (Part 5) Minimum 30 unless otherwise
(at 1S:2720-Part 8) specified in the Contract

401.3 Construction Operations
401.3.1 Preparation of Sub-grade

Immediately prior to the laying of sub-base, the subgrade already finished to Clause 301 or
305 as applicable shall be prepared by removing all vegetation and other extraneous matter,
lightly sprinkled with water, if necessary and rolled with two passes of B0-100 kN smooth
wheeled roller.

401.3.2 Spreading and Compacting

The sub-base material of the grading specified in the Contract and water shall be mixed
mechanically by a suitable mixer equipped with provision for controlled addition of water
and mechanical mixing. So as to ensure homogenous and uniform mix. The required water
content shall be determined in accordance with 1S:2720 (Part 8). The mix shall be spread on
the prepared subgrade with the help of a motor grader of adequate capacity, its blade having
hydraulic controls suitable for initial adjustment and for maintaining the required slope and
grade during the operation, or other means as approved by the Engineer.

Moisture content of the mix shall be checked in accordance with 15:2720 (Part 2) and suitably
adjusted so that, at the time of compaction, it is from 1 to 2 percent below the optimum
maoisture content.

Immediately after spreading the mix, rolling shall be done by an approved roller. If the
thickness of the compacted layer does not exceed 100 mm. a smooth wheeled roller of 80 to
100 kN weight may be used. For a compacted single layer upto 200 mm the compaction shall
be done with the help of a vibratory roller of minimum 80 to 100 kN static weight capable of
achieving the required compaction. Rolling shall commence at the lower edge and proceed
towards the upper edge longitudinally for portions having unidirectional crossfall or on super-
elevation. For carriageway having crossfall on both sides, rolling shall commence at the
edges and progress towards the crown.
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Each pass of the roller shall uniformly overlap not less than one-third of the track made in the
preceding pass. During rolling, the grade and crossfall (camber) shall be checked and any
high spots or depressions which become apparent, corrected by removing or adding fresh
material. The speed of the roller shall not exceed 5 km per hour.

Rolling shall be continued till the density achieved is at least 98 percent of the maximum
dry density for the material determined as per 15:2720 (Part 8), The surface of any layer
of material on completion of compaction shall be well closed, free from movement under
compaction equipment and from compaction planes, ridges, cracks or loose material. All
loose, segregated or otherwise defective areas shall be made good to the full thickness of
layer and re-compacted

401.4 Surface Finish and Quality Control of Work

The surface finish of construction shall conform to the requirements of Clause 502, Control
oti the quality of materials and works shall be exercised by the Engineer in accordance with
Section 2900,

401.5 Arrangements for Traffic

During the period of construction, arrangements for the traffic shall be provided and maintained
in accordance with Clause 112

401.6 Measurements for Payment

Granular sub-base shall be measured as finished work in position in cubic metres.

The protection of edges of granular sub-base extended over the full formation as shown in
the drawing shall be considered incidental to the work of providing granular sub-base and as
such no extra payment shall be made for the same.

401.7 Rate

The Contract unit rate for granular sub-base shall be payment in full for carrying out the
required operations including full compensation for:

iy making arrangements for traffic lo Clause 112 except for initial
treatment to verges, shoulders and construction of diversions,

i)  supplying all matenals to be incorporated in the work including all
royalties, fees, rents where applicable with all leads and lifts;

fil) all labour, tools, equipment and incidentals to complete the work to the
Specifications;

) carmying out the work in part widths of road where directed, and
v)  carrying out the required tests for quality control.
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required operations including full compensation for all components listed in Clause 401.7 {i)
to (v).

404 WATER BOUND MACADAM SUB-BASE/BASE

404.1 Scope

This work shall consist of clean crushed aggregates mechanically interlocked by rolling and
bonding together with screening, binding material where necessary and water laid on a
properly prepared subgrade/sub-base/base or existing pavement, as the case may be and
finished in accordance with the requirements of these Specifications and in close conformity
with the lines, grades, cross-sections and thickness as per approved plans or as direcled by
the Engineer.

404.2 Materials

404.2.1 Coarse Aggregates

Coarse aggregatas shall be sither crushed or broken stone, crushed slag, overburnt (Jhama)
brick aggregates or any other naturally occurring aggregales such as kankar and laterite
of suitable quality. Materials other than crushed or broken stone and crushed slag shall be
used in sub-base courses only. If crushed gravel /shingle is used, not less than 90 percent
by weight of the gravel/shingle pieces retained on 4.75 mm sieve shall have at least two
fractured faces. The aggregates shall conform to the physical requirements set forth in
Table 400-8. The type and size range of the aggregate shall be specified in the Contract or
shall be as specified by the Engineer. if the water absorption value of the coarse aggregate
is greater than 2 percent, the soundness test shall be carried out on the material defivered to
site as per 1S:2386 (Part 5).

Table 400-8 : Physical Requirements of Coarse Aggregates for Water Bound
Macadam for Sub-base/Base Courses

S.No. Test Test Method Requirements
1)**  |Los Angeles Abrasion value IS: 2386(Part 4) 40 percent (Max)
ar
Aggregate Impact value IS: 2386 (Part-4) or | 30 percent (Max)
IS:5640°
2} Combined Flakiness and Elongation|  1S:2386 (Part-1) 35 percent (Max)
| Indices (Total) **

Aggregates which get soflened in presence of water shall be tested for Impact value
under wel conditions in accordance with 15:5840,
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- The requirement of flakiness Index and elongation index shall be enforced only in the
case of crushed broken stone and crushed slag.
In case water bound macadam is used for sub-base, the requirements in respect of Log

Angeles Value and Aggregate Impact Value shall be reiaxed 1o 50 percent and 40 percany
maximum respactively.

T

404.2.2 Crushed or Broken Stone

The crushed or broken stone shall be hard, durable and free from excess flal, elongaled, sofi
and disintegrated particles, dirt and other deleterious material.

404.2.3 Crushed Slag

Crushed slag shall be made from air-cooled blast furnace slag. It shall be of angular shape,
reasonably uniform in quality and density and generally free from thin, elongated and sof
pieces, dirt or other deleterious materials. The weight of crushed slag shall not be less than
11.2 kN per m® and the percentage of glossy material shall not be more than 20. It should also
camply with the following requirements:

i) Chamical stability : To comply with requirements of appendix
of BS:1047
i)  Sulphur content - Maximum 2 percent
fii) Water absorption Maximum 10 percent
404.2.4 Overburnt (Jhama) Brick Aggregates

Jhama brick aggregates shall be made from overbumnt bricks or brick bats and be free from
dust and other objectionable and deleterious materials. This shall be used only for road
stretch when traffic is low,

404.2.5 Grading Requirement of Coarse Aggregates

The coarse aggregates shall conform to one of the Gradings given in Table 400-9 as
specified.

404.2.6 Screenings

Screenings to fill voids in the coarse aggregate shall generally consist of the same material
as the coarse aggregate. However, where permitted, predominantly non-plastic material such
as moorum or gravel (other than rounded river borne material) may be used for this purpose
provided liguid limit and plasticity index of such material are below 20 and 6 respectively and
fraction passing 75 micron sieve does not exceed 10 percent.
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Table 400-8 : Grading Requirements of Coarse Aggregates

T;mdlng Size Range IS Sieve Designation | Percent by weight
No. Passing
1) 63 mm to 45 mm 75 mm 100
683 mm 80— 100
53 mm 25-75
45 mm 0-15
22 4 mm 0-5
— 2) 53 mm to 22.4 mm 63 mm 100
53 mm 85-100
45 mm 85-90
224 mm 0-10
11.2 mm 0-5

Note : The compacted thickness for a layer shall be 75 mm.

Screenings shall conform to the grading set forth in Table 400-10. The quantity of screenings
required for various grades of stone aggregates are given in Table 400-11. The Table also
gives the quantities of materials (loose) required for 10 m? for sub-base/base compacted
thickness of 75 mm.

The use of screenings shall be omitted in the case of soft aggregates such as brick metal,
kankar, laterites, etc. as they are likely to get crushed to a certain extent under rollers.

404.2.7 Binding Material

Binding material to be used for water bound macadam as a filler material meant for preventing
ravelling shall comprise of a suitable material approved by the Engineer having a Plasticity
Index (P1) value of less than 6 as determined in accordance with 15:2720 {Part-5).

The quantity of binding material where It is to be used, will depend on the type of screenings.
Generally, the quantity required for 75 mm compacted thickness of water bound macadam
will be 0,06-0.09 m? per 10 v,
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Table 400-10 : Grading For Screenings
Grading Size of Screenings IS Sieve Percent by Weight |
Classification Designation Passing the Sieve
A 13.2 mm 13.2 mm 00
11.2 mm 85— 100
5.6 mm 15-35
180 micron 0-10
B 11.2 mm 11.2 mm 100
9.5 mm 80 - 100
5.6 mm 50-70 |
180 micron 5-25

Table 400-11 : Approximate Quantities of Coarse Aggregates and Screenings

Required for 75 mm Compacted Thickness of Water Bound Macadam (WBM)
Sub-Base/Base Course for 10 m Area

Screenings
Stone Screening Crushable Type Such
as Moorum or Gravel
Classification RaE ize | Compacied | Loose Grading For WBM Grading Loosa
nge | Thickness | Qty. | Classification | Sub-basei | Classification | Qty,
& Size Base Course & Size
(Loosa
Quantity)
Grading 1 B3 mm fSmm |09 1o |Type A13.2mm| 0.12100.15 | MNotuniform | 0.22to
io 45 1.07 m? 024 m
i m?
«do- -dio- -do- -do- (Type @ 11.2 mm| 0.20to 0.22 ~ho- -
ml
Grading 2 a3 mm TS5 mm -do- -do- 0,98 to 021 =i -do-
lo 22.4 m?
mm

The above mentioned quantities should be taken as a guide only, for estimation of quantities

for construction etc.

Application of binding materials may not be necessary when the screenings used are of

crushable type such as moorum or gravel.
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404.3 Construction Operations

404.3.1 Preparation of Base

The surface of the sub-grade/sub-base/base 1o receive the water bound macadam course
shall be prepared to the specified grade and camber and cleaned of dust, dirt and other
extranaous material. Any ruts or soft yielding places shall be corrected in an approved manner
and rolled until firm surface is obtained.

Where the WBM is to be laid on an exsting metalled road, damaged area including
depressions and potholes shall be repaired and made good with the suitable material. The
existing surface shall be scarified and re-shaped to the required grade and camber before
spreading the coarse aggregate for WBM.

As far as possible, laying water bound macadam course over existing bituminous layer may
be avoided since it will cause problems of internal drainage of the pavement at the interface
of two courses. It is desirable to completely pick out the existing thin bituminous wearing
course where water bound macadam is proposed 1o be laid over it.

404.3.2 inverted Choke/Sub-surface Drainage Layer

f water bound macadam is to be laid directly over the sub-grade, without any other intervening
pavement course, a 25 mm course of screenings (Grading B) or coarse sand shall be spread
an the prepared sub-grade before application of the aggregates is taken up. In case of a fine
sand or siity or clayey sub-grade, it is advisable to lay 100 mm insulating layer of screaning
or coarse sand on top of fine grained soil, the gradation of which will depend upon whether
it is intended to act as a drainage layer as well. As a preferred alternative to inverted choke,
appropriate geosynthetics performing functions of separation and drainage may be used
over the prepared sub-grade as directed by the Engineer. Section 700 shall be applicable for
use of geosynthetics.

404.3.3 Lateral Confinement of Aggregates

For construction of WBM, arrangement shall be made for the lateral confinement of aggregates.
This shall be done by building adjoining shoulders along with WBM layers. The practice of
constructing WBM in a trench section excavated in the finished formation must be completely
avoided.

Where the WBM course Is to be constructed in narrow widths for widening of an existing
pavement, the existing shoulders should be excavated fo their full depth and width up to
the sub-grade level except where widening specifications envisages laying of a stablised
sub-base using in-situ operations in which case the same should be reamoved only up to the
sub-base lavel,

125



Section 400 Sub-Bases, Bases (Non-Bituminous) and Shoulderg

404.3.4 Spreading Coarse Aggregates

The coarse aggregates shall be spread uniformly and evenly upon the prepared sub-grade/
sub-base in the required quantities from the stockpiles to proper profile by using templateg
placed across the road about 6 m apar, in such quantities that the thickness of each
compacted layer is not more than 75 mm. In no case shall these be dumped in heaps diractly
on the area where these are to be laid nor shall their hauling over a partly completed bage
be permitted. Wherever possible, approved mechanical devices such as aggregate spreader
shall be used to spread the aggregates uniformly so as to minimize the need for manug|
rectification afterwards.

No segregation of coarse aggregates shall be allowed and the coarse aggregales, as spread
shall be of uniform gradation with no pockats of fine matenial,

The surface of the aggregates spread shall be carefully checked with templates and all high
or low spots remedied by removing or adding aggregates as may be required. The surface
shall be checked frequently with a straight edge while spreading and rolling so as to ensure
a finished surface as per approved drawings.

The coarse aggregates shall not normally be spread more than 3 days in advance of the
subsequent construction operations,

404.3.5 Rolling

Immediately following the spreading of the coarse aggregates, rolling shall be started with
three wheeled power rollers of 80 1o 100 kN capacity or tandem or vibratory rollers of 80 to
100 kN static weight. The type of roller 1o be usad shall be approved by the Engineer based
on trial run.

Except on superelevated portions and carriageway with unidirectional cross-fall, where the
rolling shall procead from inner edge o the outer, rolling shall bagin from the edges gradually
progressing towards the center. First the edgeledges shall be compacied with roller running
forward and backward. The roller shall then move inward paralle! to the center line of the road,
in successive passes uniformly overlapping preceding tracks by at least one-half width,

Rolling shall be carried out on courses where coarse aggregates of crushed/ broken stone
are used, till the road metal Is partially compacted. This will be followed by application of
screenings and binding material where required in Clauses 404.3.6 and 404 .3 7,

However, where screenings are not o be applied as in the case of aggregates like brick _
metal, laterite and Kankar for sub-base construction, the compaction shall be continued until
the aggregates are thoroughly keyed. Roliing shall be continued and light sprinkling of water

shall be done ill the surface is well compacted.. Rolling shall not be done when the sub- ]
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grade is soft or yielding or when il causes a wave-like motion in the sub-grade or sub-base
COUrse.

The rolled surface shall be checked transversely with lemplates and longitudinally with
3 m straight edge. Any Imegularities, exceeding 12 mm), shall be corrected by loosening the
surface, adding or removing necessary amount of aggregates and re-rolling until the entire
surface conforms to the desired camber and grade. In no case shall the use of screenings be
parmitted (o make up depressions.

Material, which gets crushed excessively during compaction or becomes segragated, shall
be removed and replaced with suitable aggregates.

404.3.6 Application of Screenings

After the coarse aggregates have been rolled to Clause 404.3.5, screenings fo completely
fill the interstices shall be applied gradually over the surface. These shall not be damp or wet
at the time of application. Dry rolling shall be done while the screenings are being spread so
that vibrations of the roller cause them to settle into the voids of the coarse aggregates. Tha
screenings shall not be dumped in piles but be spread uniformly In successive thin layers
either by the spreading motions of hand shovels or by mechanical spreaders, or directly
from tipper with suitable grit spreading arrangement. Tipper operating for spreading the
screenings shall be equipped with pneumatic tyres and operated so as nol to disturb the
coarse aggregates.

The screenings shall be applied at a slow and uniform rate (in three or more applications) so
#s fo ensure filling of all voids. This shall be accompanied by dry rolling and brooming with
mechanical brooms, hand brooms or both. In no case shall the screenings be appiled so fast
and thick as to form cakes or ridges on the surface In such a manner as would prevent filling
of voids or prevent the direct bearing of the roller on the coarse aggregates. These operaltions
shall continue until no more screenings can be forced into voids of the coarse aggregates.
The spreading, rolling, and brooming of screenings shall be carried out in only such lengths
of the road which could be completed within one day's operation.

404.3.7 Sprinkling of Water and Grouting

After application of screenings, the surface shall ba copiously sprinkled with water, swept and
rofled. Hand brooms shall be used to sweep the wet screenings info voids and to distribute
them evenly. The sprinkiing, sweeping and rolling operation shall be continued, with additional
screenings applied as necessary until the coarse aggregates have been thoroughly keyed,
well-bonded and firmly set in its full depth and a groul has been formed of screenings. Care
shall be taken to see that the sub-base or sub-grade does not get damaged due to the
addition of excessive quantities of water during construction.
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In case of lime trealed soil sub-base, construction of water bound macadam on lop of it shall
be taken up after curing as per Clause 402.3.9 and as directed by the Engineer.

Application of binding material : After the application of screenings in accordance
with Clauses 404.3.6 and 404.3.7, the binding material where it is required to be used
(Clause 404.2.7) shall be applied successively in two or more thin layers at a slow and uniform
rate. After each application, the surface shall be copiously sprinkled with waler, the resulting
slurry swept in with hand brooms, or mechanical brooms to fill the voids properly, and rolled
during which water shall be applied to the wheels of the rollers if necessary to wash down the
binding material sticking to them. These operations shall continue until the resulting slurry
after filling of voids, forms a wave ahead of the wheels of the moving roller.

404.3.8 Setting and Drying

After the final compaction of water bound macadam course, the pavement shall be allowed
to dry overnight. Next morning hungry spots shall be filled with screenings or binding material
as directed, lightly sprinkled with water if necessary and rolled. Mo traffic shall be allowed on
the road until the macadam has set. The Engineer shall have the discretion to stop hauling
traffic from using the completed water bound macadam course, if in his opinion it would
cause excessive damage 1o the surface.

The compacted water bound macadam course shall be allowed to completely dry and sel
bafore the next pavement course is lald over il

404.4 Surface Finish and Quality Control of Work

404.4.1 The surface finish of construction shall conform to the requirements of
Clausa B02.

404.4.2 Control on the quality of materials and works shall be exercised by the

Engineer in accordance with Section 200

404.4.3 The water bound macadam work shall not be carried out when the atmospheric
temperature is less than 10°C in the shade.

404.4.4 Reconstruction of Defective Macadam

The finished surface of water bound macadam shall conform to the tolerances of surface
regularity as prescribed in Clause 902. However, where the surface irregularity of the course
exceeds the tolerances or where the course is otherwise defective due to sub-grade soll mixing
with the aggregates, the course 1o its full thickness shall be scarified over the affected area,
reshaped with added material or remaoved and replaced with fresh material as applicable and
re-compacted. The area treated shall not be less than 10 sq.m. In no case shall depressions
be filled up with screenings or binding material,
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404.5 Arrangements for Traffic

During the period of construction, the arra
Clause 112, ngsmenis. for trafiic. shall be dons a3 per

404.6 Measurements for Payment

Water bound macadam shall be measured as finished work In position in cubic metres.

404.7 ‘Rate

The (:nntracft unit rate for water bound macadam sub-base/base course shall be payable in

mmn;rgmg :Iél: %}anrwid operations including full compensation for all components
use . v), includi

o ) uding arrangement of water used in the work as approved



406 WET MIX MACADAM SUB-BASE/BASE

406.1 Scope

This work shall consist of laying and compacting clean, crushed, graded aggregate and
granular matenal, premixed with water, to a dense mass on a prepared sub-grade/sub- base/
base or existing pavement as the case may be in accordance with the requirements of these
Specifications. The material shall be laid in one or more layers as necessary to lines, grades
and cross-sections shown on the approved drawings or as directed by the Engineer.

The thickness of a single compacted Wet Mix Macadam layer shall not be less than 75 mm,
When vibrating or other approved types of compacting equipment are used, the compacted
depth of a single layer of the sub-base course may be upto 200 mm with the approval of the
Engineer.

406.2 Materials
406.2.1 Aggregates
406.2.1.1 Physical Requirements

Coarse aggregates shall be crushed stone. If crushed gravel/shingle s used, not less than
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90 percent by welght of the gravel/shingle pieces retained on 4.75 mm sieve shall have at
least two fractured faces. The aggregates shall conform to the physical requireaments set
forth in Table 400-12

If the water absorption value of the coarse aggregate is greater than 2 percent, the soundness
test shall be carned out on the material delivered to site as per 1S:2386 (Part-5).

Table 400-12 : Physical Requirements of Coarse Aggregates for
Wet Mix Macadam for Sub-base/Base Courses

5. No. Test Test Method Requirements
1) |Los Angeles Abrasion value 15:2386 (Part-4) 40 percent (Max.)
or
Aggregate Impact value 1S:2386 (Part-4) or 30 percent (Max. )
IS; 5640
2) |Combined Flakiness and Elongation| 152386 (Part-1) 35 percent (Max.)*
indices (Total)

To determine this combined proportion, the flaky stone from a representalive sample
should first be separated oul. Flakiness index is weight of flaky stone metal divided by
weight of stone sample. Only the elongated particies be separated out from the remaining
(non-flaky) stone metal. Elongation index is weight of elongated particles divided by tatal
non-flaky particles. The values of flakiness index and elongation index so found are added
up.

406.2.1.2 Grading Requirements

The aggregates shall conform to the grading given in Table 400-13.

Table 400-13 : Grading Requirements of Aggregates for Wet Mix Macadam

IS Sieve Designation Percent by weight passing the IS Sieve
53.00 mm 100
45,00 mm 85-100
26.50 mm -
22.40 mm 60-80
11.20 mm 4050
4.75 mm 2540
2.36 mm 15-30
600.00 micron B-22
75.00 micron 0-5
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Material finer than 425 micron shall have Plasticity Index (Pl) not exceeding 6.

The final gradation approved within these limits shall be graded from coarse to fine and shall
not vary from the low limit on one sieve to the high limit on the adjacent sieve or vice versa

406.3 Construction Operations

406.3.1 Preparation of Base

Clause 404.3.1 shall apply.

406.3.2 Provision of Lateral Confinement of Aggregates

While constructing wet mix macadam, arrangement shall be made for the lateral confinement
of wet mix. This shall be done by laying materials in adjoining shoulders along with that of wet
mix macadam layer and following the sequence of operations described in Clause 404.3.3.

4086.3.3 Preparation of Mix

Wet Mix Macadam shall be prepared in an approved mixing plant of suitable capacity having
provision for controlled addition of water and forced/ positive mixing arrangement like pugmill
or pan type mixer of concrete batching plant. The plant shall have following features:

i)  For feeding aggregates— three/ four bin feeders with variable speed
motor

i}  Vibrating screen for removal of oversize aggregates

i) Conveyor Belt

lv) Controlled system for addition of water

v)  Forced/positive mixing arrangement like pug-mill or pan type mixer

vi) Centralized control panel for sequential operation of various devices
and precise process control

vil) Safety devices

Optimum moisture for mixing shall be determined in accordance with 1S5:2720 (Part-8) after
replacing the aggregate fraction retained on 22.4 mm sieve with material of 4.75 mm to
22.4 mm size. While adding water, due allowance should be made for evaporation losses.
However, at the time of compaction, water in the wet mix should not vary from the optimum
value by more than agreed limits. The mixed matenal should be uniformly wet and no
segregation should be permitted
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406.3.4 Spreading of Mix

Immediately after mixing, the aggregates shall be spread uniformly and evenly upon the
prepared sub-grade/sub-base/base in required quantities. In no case shall these be dumped
in heaps directly on the area where these are to be laid nor shall their hauling over a partly
completed stretch be permitted.

The mix may be spread by a paver finisher. The paver finisher shall be self-propelled of
adequate capacity with following features:

i} Loading hoppers and suitable distribution system, so as to provide a
smooth uninterrupted material flow for different layer thicknesses from
the tipper to the screed.

i) Hydraulically operated telescopic screed for paving width upto to
8.5 m and fixed screed beyond this. The screed shall have tamping and
vibrating arrangement for initial compaction of the layer.

i) Automatic levelling control system with electronic sensing device
to maintain mat thickness and cross slope of mat during laying
procedure

In exceptional cases where it is not possible for the paver to be utilized, mechanical means
like motor grader may be used with the prior approval of the Engineer. The motor grader shall
be capable of spreading the material uniformly all over the surface.

The surface of the aggregate shall be carefully checked with templates and all high or low
spots remedied by removing or adding aggregate as may be required. The layer may be
tested by depth blocks during construction. No segregation of larger and fine particles should
be allowed. The aggregates as spread should be of uniform gradation with no pockets of fine
materials.

The Engineer may permit manual mixing and for laying of wet mix macadam where small
quantity of wet mix macadam is to be executed. Manual mixing/laying in inaccessible/ remote
locations and In situations where use of machinery is not feasible can also be permitted.
Where manual mixing/laying is intended to be used, the same shall be done with the approval
of the Engineer.

406.3.5 Compaction

After the mix has been laid to the required thickness, grade and crossfallicamber the same
shall be uniformly compacted to the full depth with suitable roller. If the thickness of single
compacted layer does not exceed 100 mm, a smooth wheel roller of 80 to 100kN weight
may be used. For a compacted single layer upto 200 mm, the compaction shall be done with
the help of vibratory roller of minimum static weight of 80 to 100 kN with an arrangement
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for adjusting the frequency and amplitude. An appropriate frequency and amplitude may be
selected. The speed of the roller shall not exceed 5 km/h.

In portions having unidirectional cross fall/superelevation, rolling shall commence from the
lower edge and progress gradually towards the upper edge. Thereafter, roller should progress
parallel to the center line of the road, uniformly over-lapping each preceding track by at least
one-third width until the entire surface has been rolled. Alternate trips of the roller shall be
terminated in stops at least 1 m away from any preceding stop.

In portions in camber, rolling should begin at the edge with the roller running forward and
backward until the edges have been firmly compacted. The roller shall then progress gradually
towards the center paralle! to the center line of the road uniformly overlapping each of the
preceding track by at least one-third width until the entire surface has been rolled.

Any displacement occurring as a result of reversing of the direction of a roller or from any
other cause shall be corrected at once as specified and/or removed and made good.

Along forms, kerbs, walls or other places not accessible to the roller, the mixture shall be
thoroughly compacted with mechanical tampers or a plate compactor. Skin patching of an
area without scarifying the surface to permit proper bonding of the added material shall not
be permitied.

Rolling should not be done when the sub-grade is soft or yielding or when it causes a wave-
like motion in the sub-base/base course or sub-grade. If irregularities develop during rolling
which exceed 12 mm when tested with a 3 m straight edge, the surface should be loosened
and premixed material added or removed as required before rolling again so as to achieve
a uniform surface conforming to the desired grade and crossfall. In no case shall the use of
unmixed material be permitted to make up the depressions.

Rolling shall be continued till the density achieved is at least 98 percent of the maximum dry
density for the material as determined by the method outlined in 1S:2720 (Part-8).

After completion, the surface of any finished layer shall be well-closed, free from movement
under compaction equipment or any compaction planes, ridges, cracks and loose material.
All loose, segregated or otherwise defective areas shall be made good to the full thickness of
the layer and recompacted.

406.3.6 Setting and Drying

After final compaction of wet mix macadam course, the road shall be allowed to dry for
24 hours.
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406.4 Opening to Traffic

Mo vehicular traffic shall be allowed on the finished wet mix macadam surface. Construction
equipment may be allowed with the approval of the Engineer.

406.5 Surface Finish and Quality Control of Work
406.5.1 Surface Evenness

The surface finish of construction shall conform to the requirements of Clause 902

406.5.2 Quality Control

Control on the quality of materials and works shall be exercised by the Engineer in accordance
with Section 900.

406.6 Rectification of Surface Irregularity

Where the surface irregularity of the wet mix macadam course exceeds the permissible
tolerances or where the course js otherwise defective due to sub-grade soil getting mixed
with the aggregates, the full thickness of the layer shall be scarified over the affected area,
re-shaped with added premixed material or removed and replaced with fresh premixed
material as applicable and recompacted in accordance with Clause 406.3. The area treated
in the aforesaid manner shall not be less than 5 m long and 2 m wide. In no case shall
depressions be filled up with unmixed and ungraded material or fines.

4086.7 Arrangement for Traffic

During the period of construction, arrangements for traffic shall be done as per Clause 112

406.8 Measurements for Payment

Wet mix macadam shall be measured as finished waork in position In cubic metres.

406.9 Rate

The Contract unit rate for wet mix macadam shall be payment in full for carrying out the
required operations including full compensation for all components listed In Clause 401.7.

407 CRUSHER-RUN MACADAM BASE
407.1 Scope

This work shall consist of furnishing, placing and compacting crushed stone aggregate
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407.4 Opening to Traffic

Mo vehicular traffic shall be allowed on the finished crusher-run macadam surface. Construction
eguipment may be allowed with the approval of the Engineer.

407.5 Surface Finish and Quality Control of Work
The surface finish of construction shall conform to the requirements of Clause 202,

Control on the quality of materials and work shall be exercised by the Engineer in accordance
with Section 500

407.8 Arrangements for Traffic

During the period of construction, arrangements for traffic shall be done in accordance with
Clause 112

407.7 Measurements for Payment

Crusher-run macadam base shall be measured as finished work in position in cubic metres.

407.8 Rate

The Contract unit rate for crusher run macadam base shall be payment in full for carrying out
the required operations including full compensation for all components as in Clause 401.7 (i)
to {v).

408 SHOULDERS, ISLANDS AND MEDIANS

408.1 Scope

The work shall consist of constructing shoulder (hard/paved/earthen with brick or stone block
edging) on either side of the pavement, median in the road dividing the carriageway into
separale lanes and islands for channelising the traffic at junctions in accordance with the
requirements of these Specifications and in conformity with the lines, grades and cross-
sections shown on the drawings or as directed by the Engineer.

408.2 Materials

Shoulder on either side of the road may be of selected earthigranular matenal/paved
conforming to the requirements of Clause 305/401 and the median may be of selected earth
conforming to the requirements of Clause 305.
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Median/Traffic islands shall be ralsed and kerbed at the perimeter and the enclosed area
filled with earth and suitably covered with grass tur/shrubs as per Clause 307 and/or paved
as per Clauses 410,34 or 4103 5.

Paved shoulders shall consist of sub-base, base and surfacing courses, as shown in
the drawings and materials for the same shall conform to relevant Specifications of the
corresponding items. Where paved or hard shoulders are not provided, the pavement shall
be provided with brick/stone block edgings as shown in the drawings, The brick shall confarm
to Clause 1003 of these Specifications. Stone blocks shall conform to Clause 1004 of these
Specifications and shall be of size 225 mm x 110 mm x 75 mm.

408.3 Size of Shoulders/Medians/islands

Shoulder (earthen/hard/paved)/median/traffic island dimensions shall be as shown on the
drawings or as directed by the Engineer.

408.4 Construction Operations

408.4.1 Shoulders

The sequence of operations shall be such that the construction of paved shoulder is done
in layers each matching the thickness of adjoining pavement layer. Only after a layer of
pavement and corresponding layers in paved and earth shoulder portion have been laid and
compacied, the construction of next layer of pavement and shoulder shall be taken up.

Where the materials in adjacent layers are different, these shall be laid together and the
pavement layer shall be compacted first. The corresponding layer in paved shoulder portion
shall be compacted thereafter, which shall be followed by compaction of each shoulder layer.
The adjacent layers having same material shall be laid and compacted together,

In all cases where paved shoulders have to be previded along side of existing carriageway,
the existing shoulders shall be excavated in full width and to the required depth as per
Clause 301.3.7. Under no circumstances, box cutting shall be done for construction of
shoulders.

Compaction requirement of earthen shoulder shall be as per Table 300-3. In the case of
bituminous courses and concrete pavement, work on shoulder shall start only after the
pavement course has been laid and compacted.

During all stages of shoulder construction, the required crossfall shall be maintained to drain
off surface water

Regardless of the method of laying, all shoulder construction material shall be placed directly
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on the shoulder. Any spilled matenal dragged on to the pavement surface shall be immediately
removed, without damage to the pavement, and the area so affected thoroughly cleaned.

408.4.2 Median and Islands

Median and islands shall be constructed in a manner similar to shoulder up to the road level.
Thereafter, the median and islands, if raised, shall be raised at least 300 mm by using kerb
stones of approved material and dimensions and suitably finished and painted as directed by
the Engineer. If not raised, the median and islands shall be differentiated from the shoulder/
pavement as the case may be, as directed by the Engineer. The confined area of the median
and Islands shall be filled with local earth or granular material or any other approved material
and compacted by plate compactor/power rammer, The confined area after filling with earth
shall be turfed with grass or planted with shrubs, or finished with tiles/slabs as provided in
the drawings.

408.4.3 Brick/Stone Block Edging

The brick/stone blocks shall be laid on edge, with the length parallel to the transverse direction
of the road. They shall be laid on a bed of 25 mm sand, set carefully rolled into position by a
light roller and made flush with the finished level of the pavement.

408.5 Surface Finish and Quality Control of Works

The surface finish of construction shall conform to the requirements of Clause 802. Contraol
on the quality of materials and works shall be exercised by the Engineer in accordance with
Section 900.

408.6 Measurements for Payment

Shoulder (earthen/hard/paved), island and median construction shall be measured as finished
work in position as below:

i)  For excavation in cu.m

i)  For earthwork/granular fill in cu.m.

iif} For sub-base, base, surfacing courses in units as for respective items

) For kerb in running metre; length of kerb for median shall be measued
for each side separately

v)  For turfing, shrubs and tile/slab finish in sq.m,

vi) For brick/stone block edging in running metre, the length for brick/
stone block edging for median edging shall be measured for each side
separately.
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408.7 Rate

The Contract unit rate for shoulder (hard/paved/earthen with brick or stone block edging),
island and median construction shall be payment in full for carrying out the required operations
including full compensation for all components listed in Clause 401.7 (i) to (v) as applicable,
The rate for brick/stone block edging shall include the cost of sand cushion.

409 CEMENT CONCRETE KERB AND KERB WITH CHANNEL

409.1 Scope

This work shall consist of constructing cement concrete kerbs and kerbs with channel in the
central median and/or along the footpaths or separators in conformity with the lines, levels
and dimensions as specified in the drawings or as directed by the Engineer

409.2 Materials

Kerbs and kerb with channel shall be provided in cement concrete of Grade M 20in accordance
with Section 1700 of these Specifications.

409.3 Type of Construction

These shall be cast-in-situ construction with suitable kerb casting machine in all situations
except at locations where continuous casting with equipment is not practicable. In those
locations precast concrete blocks shall be used.

409.4 Equipment

A continuous kerb casting equipment of adequate capacity and controls, capable of laying
the kerbs in required cross-sections and producing a well-compacted mass of concrete free
of voids and honeycombs, shall be used.

409.5 Construction Operations

409.5.1 Kerb shall be laid on firm foundation of minimum 150 mm thickness of cement
concrete of M 15 grade cast in-situ or on extended width of pavement. The foundation shall
have a projection of 50 mm beyond the kerb stone. Before laying the foundation of lean
concrete, the base shall be leveled and slightly watered to make it damp.

409.5.2 In the median portions in the straight reaches, the kerb shall be cast
in continuous lengths. In the portions where footpath is provided andfor the slope of the
carriageway is towards median (as in case of superelevated portion), there shail be sufficient
gap/recess left in the kerb to facilitate drainage openings.
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504.5 Protection of the Layer

The bituminous macadam shall be covered with either the next pavement course or weanng
course, as the case may be, within a maximum of forty-eight hours. If there is to be any
delay, by the Contractor the course shall be covered by a seal coat to the requirement of
Clause 512 before opening to any traffic. The seal coat in such cases shall be considered
incidental to the work and shall not be paid for separately.

504.6 Arrangements for Traffic

During the period of construction, arrangements for traffic shall be made in accordance with
the provisions of Clause 112

504.7 Measurement for Payment

Bituminous macadam shall be measured as finished work in cubic metres, or by weight in
metric tonnes, where used as regulating course, or square metres at the specified thickness
as indicated in the Contract or shown on the drawings, or as otherwise direcled by the
Engineer.

5048 Rate

The contract unit rate for bituminous macadam shall be payment in full for carrying out the
required operations as specified. The rate shall include cost for all components listed in
Clause 501.8.8.2.

505 DENSE BITUMINOUS MACADAM

505.1 Scope

The specification describes the design and construction procedure for Dense Bituminous
Macadam, (DBM), for use mainly, but not exclusively, in base/binder and profile corrective
courses. The work shall consist of construction in a single or multiple layers of DBM on a
previously prepared base or sub-base. The thickness of a single layer shall be 50 mm to
100 mm

505.2 Materials

505.2.1 Bitumen

The bitumen shall be viscosity grade paving bitumen complying with the Indian Standard
Specification 1S:73, modified bitumen complying with Clause 501.2.1 or as otherwise
specified in the Contract.

The type and grade of bitumen to be used shall be specified in the Contract.
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505.2.2 Coarse Aggregates

The coarse aggregates shall consist of crushed rock, crushed gravel or other hard material
retained on 2.36 mm sieve. They shall be clean, hard, durable, of cubical shape, free from dust
and soft or friable matter, organic or other deleterious substances. Where the Contractor's
selected source of aggregates has poor affinity for bitumen, the Contractor shall produce test
results that with the use of anti-stripping agents, the stripping value is improved to satisfy the
specification requirements. The Engineer may approve such a source and as a condition for
the approval of that source, the bitumen shall be treated with an approved anti-stripping agent,
as per the manufacturer's recommendations, at the cost of the Contractor. The aggregates
shall satisfy the requirements specified in Table 500-8.

Where crushed gravel is proposed for use as aggregate, not less than 90 percent by weight of
the crushed material retained on the 4.75 mm sieve shall have at least two fractured faces.

505.2.3 Fine Aggregates

Fine aggregates shall consist of crushed or naturally occurring mineral material, or a
combination of the two, passing the 2.36 mm sieve and retained on the 75 micron sieve.
These shall be clean, hard, durable, dry and free from dust, and soft or frnable matter, organic
or other deleterious matter. Natural sand shall not be allowed in binder courses. However
natural sand upto 50 percent of the fine aggregate may be allowed in base courses. The fine
aggregate shall have a sand equivalent value of not less than 50 when tested in accordance
with the requirement of 1S:2720 (Part 37). The plasticity index of the fraction passing the
0.425 mm sieve shall not exceed 4, when tested in accordance with 1S:2720 (Part 5),

505.2.4 Filler

Filter shall consist of finely divided mineral matter such as rock dust hydrated lime or
cement approved by the Engineer. The filler shall be graded within the limits indicated in
Table 500-9.

The filler shall be free from organic impurities and have a plasticity Index not greater
than 4. The Flasticity Index requirement shall not apply if filler is cement or lime. Where the
aggregales fail to meet the requirements of the water sensitivity test in Table 500-8, then
2 percent by total weight of aggregate, of hydrated lime shall be used and percentage of fine
aggregate reduced accordingly.

506.2.5 Aggregate Grading and Binder Content

505.2.5.1 When tested in accordance with 15:2386 Part 1 (wet sieving method), the
combined grading of the coarse and fine aggregates and filler for the particular mixture shall
fall within the limits given in Table 500-10 for grading 1 or 2 as specified in the Contract. To
avoid gap grading, the combined aggregate gradation shall not vary from the lower limit on
one sieve to higher limit on the adjacent sieve
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Table 500-8 : Physical Requirements for Coarse Aggregate for Dense Bituminous Macadam

Property Test Specification Method of Test
Cleanliness (dust) Grain size analysis Max 5% passing 15:2386 Part |
0.075 mm sieve
Particle shape Combined Flakiness and Max 35% 15:2386 Part |
Elongation Indices*
Strength Los Angeles Abrasion Max 35% 15:2386 Part IV
Value or
Aggregate Impact Value Max 27%
Durability Soundness either :Sodium Max 12% 15:2386 Part vV
Sulphate or
Magnesium Sulphate Max 18%
Water Absorption Water Absorption Max 2% 15:2386 Part Il
Stripping Coating and Stripping of Minimum retained | 156241
Bitumen Aggregate Mix coalting 95%
Water Sensitivity Retained Tensile Min. BO% AASHTO 283
Strength**
o To determine this combined proportion, the flaky stone from a representative sample

should first be separated out. Flakiness index is weight of flaky stone metal divided by
weight of stone sample. Only the elongated particles be separated out from the remaining
{non-flaky) stone metal. Elongation index is weight of elongated particles divided by total
non-fiaky particles. The values of flakiness index and elongation index so found are added
up.

- If the minimum retained tensile tes! strength falls below B0 percent, use of anli sinpping
agent is recommended to meet the requiremeant.

Table 500-9 : Grading Requirements for Mineral Filler

IS sieve (mm) Cumulative Percent Passing by Weight of Total Aggregate
0.6 100
0.3 85 - 100
0.075 85 - 100
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Table 500-10 : Composition of Dense Graded Bituminous Macadam

Grading 1 2
Nominal aggregate size* 37.5 mm 26.5 mm
Layer thickness 75— 100 mm 50 - 75 mm
IS Sieve' {(mm) Cumulative % by weight of total aggregate passing

45 100

37.5 86 ~100 100

26.5 63-83 80-100
18 - 71-85

13.2 55-75 56-80
9.5 - -

4.75 38-54 J8-54

236 28-42 28-42

1.18 - -
0.8 - -
0.3 7-21 7=21

0.15 - -

0.075 2-8 2-8

Bitumen content % by mass Min 4.0** Min 4 5**
of total mix
. The nominal maximum particle size is the largest specified sieve size upon which any of
the aggregate Is retained,
1 Corresponds to specific gravity of aggregates being 2.7. In case aggregate have specific

gravity more than 2.7, the minimum bitumen content can be reduced proportionately.
Further the region where highest daily mean air temperature is 30°C or lower and lowest
daily air temperature is — 10°C or lower, the bitumen content may be increased by
(+.5 percent

505.2.5.2 Bitumen content indicated in Table 500-10 is the minimum quantity. The
quantity shall be determined in accordance with Clause 505.3.

505.3 Mix Design

The bitumen content required shall be determined following the Marshall mix design
procedure contained in Asphalt Institute Manual MS-2.

The Fines to Bitumen (F/B) ratio by weight of total mix shall range from 0.6 to 1.2,
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505.3.1 Requirements for the Mix

Apart from conformity with the grading and quality requirements for individual ingredients, the
mixture shall meet the requirements set out in Table 500-11.

Table 500-11 : Requirements for Dense Graded Bituminous Macadam

Properties Viscosity Modified bitumen Test Method
Grade Paving | s climate | Cold climate
Bitumen
Compaction level 75 blows on each face of the specimen
Minimum stability (kN 8.0 12.0 10.0 AASHTO T245
at 800C)
Marshall flow (mm) 2-4 25-4 36-5 AASHTO T245
Marshall Quotient 2-5 25-5 MS-2 and
Srabibity ASTM D2041
Flaw
% air voids 3—5
% Voids Filled with 65=75
Bitumen (VFB)
Coating of aggregate 95% minimum 15:6241
particle
Tensile Strength ratio 80% Minimum AASHTO T 283
% Voids in Mineral Minimum percent voids in mineral aggregate (VMA)
Aggregate (VMA) are set out in Table 500-13
506.3.2 Binder Content

The binder content shall be optimized to achieve the requirements of the mix set out in
Table 500-11. The binder content shall be selected to obtain 4 percent air voids in the mix
design. The Marshall method for determining the optimum binder content shall be adopted
as described in the Asphalt Institute Manual MS-2.

Where maximum size of the aggregate is mare than 26.5 mm, the modified Marshall method
using 150 mm diametre specimen described in MS-2 and ASTM D 5581 shall be used. This
method requires modified equipment and procedures. When the modified Marshall test is
used, the specified minimum stability values in Table 500-12 shall be multiplied by 2.25, and
the minimum flow shall be 3 mm
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Table 500-12 : Minimum Percent Voids In Mineral Aggregate (VMA)

Nominal Maximum Minimum VMA Percent Related to
Particle Size' (mm) Design Percentage Air voids
30 4.0 50
26.5 1.0 120 13.0
37.5 10.0 1.0 12.0
Note ; Interpolate minimum voids in the mineral aggregate (VMA) for designed percentage air

voids values between those listed.

505.3.3 Job Mix Formula

The Contractor shall submit to the Engineer for approval at least 21 days before the start the
work, the job mix formula proposed for use in the works, together with the following details:

i}
i)

i)

v)

v)

i)

Source and location of all materials;

Proportions of all materials expressed as follows:

a) Binder type, and percentage by weight of total mix;

b) Coarse aggregate/Fine aggregate/Mineral filler as percentage by
weight of total aggregate including mineral filler,

A single definite percentage passing each sieve for the mixed

aggregate,

The individual gradings of the individual aggregate fraction, and the

proportion of each in the combined grading;

The results of mix design such as maximum specific gravity of loose
mix (Gmm), compacted specimen densities, Marshall stability, flow, air
voids, VMA, VFB and related graphs and test results of AASHTO T 283
Moisture susceptibility test;

Where the mixer is a batch mixer, the individual weights of each type of
aggregate, and binder per batch;

vil) Test results of physical characteristics of aggregates to be used:

viil) Mixing temperature and compacting temperature.

While establishing the job mix formula, the Contractor shall ensure that it is based on a
correct and truly representative sample of the materials that will actually be used in the work
and that the mix and its different ingredients satisfy the physical and strength requiremeants
of these Specifications.
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Approval of the job mix formula shall be based on independent lesting by the Engineer for
which samples of all ingredients of the mix shall be furnished by the Contractor as required
by the Engineer.

The approved job mix formula shall remain effective unless and until a revised Job Mix
Formula is approved. Should a change in the source of materials be proposed, a new job mix
formula shall be forwarded by the Contractor to the Engineer for approval before the placing
of the material.

505.3.4 Piant Trials — Permissible Variation in Job Mix Formula

Once the laboratory job mix formula is approved, the Contractor shall carry out plant
trials to establish that the plant can produce a uniform mix conforming to the approved
job mix formula. The permissible variations of the individual percentages of the various
ingredients in the actual mix from the job mix formula to be used shall be within the limits as
specified in Table 500-13 and shall remain within the gradation band. These variations are
intended to apply to individual specimens taken for quality control tests in accordance with
Section 9500

Table 500-13 : Permissible Variations in the Actual Mix from the Job Mix Formula

Description Baseai/binder Course

Aggregate passing 19 mm sieve or larger + 8%
Aggregate passing 13.2 mm, 9.5 mm + 7%
Aggregate passing 4,75 mm + 6%
Aggregate passing 2.36 mm, 1.18 mm, 0.6 mm + 5%
Aggregate passing 0.3 mm, 0.15 mm + 4%
Aggregate passing 0.075 mm + 2%

Binder content +0.3%

Mixing temperature + 10%C
505.3.5 Laying Trials

Once the plant trials have been successfully completed and approved, the Contractor shall
carry out laying frials, o demanstrate that the proposed mix can be successfully laid and
compacted all in accordance with Clause 501. The laying trial shall be carried out on a
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suitable area which is not to form part of the works. The area of the laying trials shall be
a minimum of 100 sg.m of construction similar to that of the project road, and it shall be in
all respects, particularly compaction, the same as the project construction, on which the
bituminous material is to be laid.

The Contractor shall previously inform the Engineer of the proposed method for laying and
compacting the material. The plant trials shall then establish if the proposed laying plant,
compaction plant, and methodology is capable of producing satisfactory results. The density
of the finished paving layer shall be determined by taking cores, no sooner than 24 hours after
laying, or by other approved methoed. The compacted layers of Dense Graded Bituminous
Macadam (DBM) shall have a minimum field density equal to or more than 92% of the density

based on theoretical maximum specific gravity (G__) obtained on the day of compaction in
accordance with ASTM D 2041,

Once the laying trials have been approved, the same plant and methodology shall be applied
to the laying of the material on the project, and no variation of either shall be acceptable,

unless approved in writing by the Engineer, who may at his discretion require further laying
tnals.

505.4 Construction Operations

505.4.1 Weather and Seasonal Limitations

The provisions of Clause 501.5.1 shall apply.

505.4.2 Preparation of Base

The base on which Dense Graded Bituminous Material is to be laid shall be prepared in
accordance with Clauses 501 and 902 as appropriate, or as directed by the Engineer.

505.4.3 Geosynthetics

Where Geosynthetics are specified in the Contract, this shall be in accordance with the
requirements stated in Clause 703.

505.4.4 Stress Absorbing Layer

Where a stress absorbing layer is specified in the Contract, this shall be applied in accordance
with the requirements of Clause 517

505.4.8 Prime Coat
Where the material on which the dense bituminous macadam is to be laid is other than a
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bitumen bound layer, a prime coat shall be applied, as specified, in accordance with the
provisions of Clause 502, or as directed by the Enginear.
505.4.6 Tack Coat

Where the material on which the denze bituminous macadam Is to be laid is either bitumen
bound layer or primed granular layer, tack coat shall be applied, as specified, in accordance
with the provisions of Clause 503, or as directed by the Engineer,

505.4.7 Mixing and Transportation of the Mix

The provisions as specified in Clauses 501.3 and 501.4 shall apply. Table 500-2 gives the
mixing, laying and rolling temperature for dense mixes using viscosity grade bitumen. In case
of modified bitumen, the temperature of mixing and compaction shall be higher than the mix
with viscosity grade bitumen. The exact temperature depends upon the type and amount
of modifier used and shall be adopted as per the recommendations of the manufacturer. In
order to have uniform guality, the plant shall be calibrated from time to time.

505.4.8 Spreading
The provisions of Clauses 501.5.3 and 501.5.4 shall apply.

505.4.9 Rolling

The general provisions of Clauses 501.6 and 501.7 shall apply, as modified by the approved
laying trials. The compaction process shall be carried out by the same plant, and using the
same method, as approved in the laying trials, which may be varied only with the express
approval of the Engineer in writing.

505.5 Opening to Traffic

It shall be ensured that the traffic is not allowed without the approval of the Engineer in writing,
on the surface until the dense bituminous layer has cooled to the ambient temperature.

505.86 Surface Finish and Quality Control of Work

The surdace finish of the completed construction shall conform to the requirements of
Clause 802. All materials and workmanship shall comply with the provisions set out in
Section 800 of these Specifications.

505.7 Arrangements for Traffic

During the period of construction, arrangements for traffic shall be made in accordance with
the provisions of Clause 112.
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505.8 Measurement for Payment

Dense Graded Bituminous Materials shall be measured as finished work either in cubic
metres, tonnes or by the square metre at a specified thickness as indicated in the Contract
drawings, or documents, or as otherwise directed by the Engineer

505.9 Rate

The contract unit rate for Dense Graded Bituminous Macadam shall be payment in full for
carrying out all the required operations as specified and shall include, to all components
listed in Clause 501.8.8.2. The rate shall include the provision of bitumen, at 4 percent and
4.5 percent by weight of the total mixture for grading 1 and grading 2 respectively

The variation in actual percentage of bitumen used shall be assessed and the payment
adjusted plus or minus accordingly.

506 SAND ASPHALT BASE COURSE

506.1 Scope

This work shall consist of a base course composed of a mixture of sand, mineral filler where
required and bituminous binder, placed and compacted upon a prepared and accepted sub-
base in accordance with these Specifications and the lines, levels, grades, dimensions and
cross sections shown on the Drawings or as directed by the Engineer.

Note: Sand Asphall Base course is used in special situations like quality coarse aggregates
not being available within economical leads and/or water needed for conventional base
course not being readily available, as in desert areas.

506.2 Materials

506.2.1 Bitumen

The bitumen shall be paving bitumen of viscosity grade VG 30 or VG 20, as specified in the
Contract, conforming to 15:73.

506.2.2 Sand

The sand shall be clean, naturally occurring or blended material free from any deleterious
substances, dry and well graded within the limits given in Table 500-14 and with other physical
properties conforming to the requirements of this Table.
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507 BITUMINOUS CONCRETE

5071 Scope

This work shall consist of construction of Bituminous Concrete, for use in wearing and profile
comective courses, This work shall consist of construction in a single layer of biltuminous
concrete on a previously prepared bituminous bound surface. A single layer shall be
30 mm/40 mm/50 mm thick.

507.2 Materials

507.2.1 Bitumen

The bitumen shall conform to Clause 504 2.1

507.2.2 Coarse Aggregates

The coarse aggregates shall be generally as specified in Clause 504.2.2, except that the
aggregates shall salisfy the physical requirements of Table 500-16 and where crushed gravel
is proposed for use as aggregate, not less than 95 percent by weight of the crushed matenal
retained on the 4. 75 mm sieve shall have at least two fractured faces.

Table 500-16 : Physical Requirements for Coarse Aggregate for Bituminous Concreta

Property Test Specification Method of Test
Cleanliness (dust) |Grain size analysis Max 5% passing | |S:23B6 Part |
0.075 mm sieve
Particle shape Combined Flakiness and Max 35% 15:2386 Part |
Elongation Indices
Strength Los Angeles Abrasion Value or Max 30% 1S:2386 Part IV
Aggregate Impact Value Max 24%
Durability Soundness either-Sodium Max 12% 15:2386 Part V
Sulphate or
Magnesium Sulphate Max 18%
Paolishing Polished Stone Value Min 55 BS 812-114
Water Absorption | Water Absorption Max 2% 15:2386 Part Il
Stripping Coating and Stripping of Minimum retained 156241
Bitumen Aggregate Mix coating 95%
Waler Sensitivity  |Retained Tensile Strength® Min 80% AASHTO 283
* If the minimum retained tensile test strength falls below B0 percent, use of anfi stripping

agent is recommended to mest the requiremeant.
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507.2.3 Fine Aggregates

The fine aggregates shall be all as specified in Clause 505.2.3,
507.2.4 Filler

Filler shall be as specified in Clause 505.2.4.

507.2.6 Aggregate Grading and Binder Content

When tested in accordance with 15:2386 Part 1 (Wet grading method), the combined grading
of the coarse and fine aggregates and filler shall fall within the limits shown in Table 500-17
The grading shall be as specified in the Contract.

Table 500-17 : Composition of Bituminous Concrete Pavement Layers

[ _ Gral:lirl-g 1 2
Nominal aggregate size* 19 mm 13.2 mm
Layer thickness 50 mm 3040 mm
IS Sieve' (mm) Cumulative % by weight of total aggregate passing
45
37.5
26.5 100
18 80-100 100
13.2 59-79 80-100
8.5 52-72 70-88
475 35-55 53-71
236 28-44 42-58
1.18 20-34 34-48
06 15-27 26-38
0.3 10-20 18-28
0.15 5-13 12-20
0.075 2-8 4-10
Bitumen content % by mass Min 5.2* Min 5.4**
of total mix

Notes :

The nominal maximum particle size is the largest specified sieve size up on which any of
the aggregate is retained.

Corresponds to specific gravity of aggregate being 2.7. In case aggregate have specific
gravity more than 2.7, the minimum bitumen content can be reduced proportionately.
Further the region where highes! daily mean air temperature Is 30°C or lower and lowest

daily air temperature is -~ 10°C or lower, the bitumen content may be increased by
0.5 percent
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507.3 Mix Design

507.3.1 Requirements for the Mix
Clause 505.3 1 shall apply

507.3.2 Binder Content

Clause 505.3.2 shall apply.

507.3.3 Job Mix Formula

Clause 505,3.3 shall apply.

507.3.4 Plant Trials — Permissible Variation in Job Mix Formula

The requirements for plant trials shall be as specified in Clause 505.3.4, and permissible
limits for variation as given in Table 500-18.

Table 500-18 ;: Permissible Variations in Plant Mix from the Job Mix Formula

Description Parmissible Variation

Aggregate passing 19 mm sieve or larger + 7%
Aggregate passing 13.2 mm, 9.5 mm + 6%
Aggregate passing 4.75 mm + 5%
Aggregate passing 2.38 mm, 1.18 mm, 0.6 mm + 4%
Aggregate passing 0.3 mm, 0.15 mm + 3%
Aggregate passing 0.075 mm +1.5%

Binder content +0.3%

Mixing temperature + 10°C
507.3.5 Laying Trials

The requirements for laying trials shall be as specified in Clause 505.3.5. The compacted
layers of bituminous concrete (BC) shall have a minimum field density equal to or more than
92 percent of the average theoretical maximum specific gravity (G, ) obtained on the day of
compaction in accordance with ASTM D2041

507.4 Construction Operations

507.4.1 Weather and Seasonal Limitations

The provisions of Clause 501.5.1 shall apply.
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507.4.2 Preparation of Base

The surface on which the bituminous concrete is to be laid shall be prepared in accordance
with Clauses 501 and 802 as appropriate, or as directed by the Engineer. The surface shall
be thoroughly swept clean by mechanical broom and dust removed by compressed air. In

locations where a mechanical broom cannot get access, other approved methods shall be
used as directed by the Engineer.

507.4.3 Geosynthetics

Where Geosynthetics are specified in the Contract, this shall be in accordance with the
requirements stated in Clause 703,

507.4.4 Stress Absorbing Layer

Where a stress absorbing layer is specified in the Contract, this shall be applied in accordance
with the requirements of Clause 517

507.4.5 Tack Coat

The provisions as specified in Clause 504.4.6 shall apply.

507.4.6 Mixing and Transportation of the Mix

The provisions as specified in Clauses 501.3, 501.4 and 504.4.7 shall apply.

507.4.7 Spreading

The general provisions of Clauses 501.8 and 501.7 shall apply, as modified by the approved
laying trials,

507.4.8 Rolling

The general provisions of Clauses 501.6 and 501.7 shall apply, as modified by the approved
laying trials.

507.5 Opening to Traffic
Provisions in Clause 504.5 shall apply.

507.6 Surface Finish and Quality Control
The surface finish of the completed construction shall conform to the requirements of
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Clause 902. All materials and workmanship shall comply with the provisions set out in
Section B00 of these Specifications.

507.7 Arrangements for Traffic

During the period of construction, arrangemants for traffic shall be made in accordance with
the provisians of Clause 112.

507.8 Measurement for Payment

The measurement shall be as specified in Clause 505.8,

507.9 Rate

The contract unit rate shall be all as specified in Clause 504.9, except that the rate shall
include the provision of bitumen at 5.2 percent & 5 4 percent for grading 1 and grading 2 by
weight of total mix respectively. The variation in actual percentage of bitumen used will be
assessed and the payment adjusted plus and minus accordingly.

508 CLOSE-GRADED PREMIX SURFACING/MIXED SEAL SURFACING
508.1 Scope
508.1.1 The work shall consist of the preparation, laying and compaction of a close-

graded premix surfacing maternal of 20 mm thickness composed of graded aggregates
premixed with a bituminous binder on a previously prepared surface, in accordance with the
requirements of these Specifications, to serve as a wearing course.

508.1.2 Close graded premix surfacing shall be of Type A or Type B as specified in

the Contract documents, Type A grading is recommended for use in areas having rainfall
more than 150 cm per year. In other areas Type B grading may be used,

508.2 Materials

508.2.1 Binder

The provisions of Clause 510.1.2.1 shall apply.

508.2.2 Coarse Aggregates

The provisions of Clause 511.1.2.2 shall apply.
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515.10 Rate

The contract unit rate for SMA shall be payment in full for carrying out the required operations
Including full compensation for all companents listed in Clause 501 8.8 2

516 MASTIC ASPHALT

516.1 Scope

This work shall consist of constructing a single layer of mastic asphalt wearing course for
road pavements and bridge decks.

Mastic asphalt is an intimate homogenous mixture of selected well-graded aggregates, filler

and bitumen in such proportions as to yield a plastic and void less mass, which when applied
hot can be trowelled and floated to form a very dense impermeable surfacing.

516.2 Materials

516.2.1 Binder

Subject to the approval of the Engineer, the binder shall be a paving/ Industrial grade bitumen
meeting the requirements given in Table 500-39.

Table §00-39 : Requirements for Physical Properties of Binder

Property Test Method Requirements

Penetration at 25°C 1S:1203 15+£5°
Softening point, *°C 1S:1205 65+ 10
Loss on heating for 5h at 163°C, % by mass Max. 15:1212 20
Solubility in trichloroethylene, % by mass Min, 15:1216 a5
Ash {mineral matter), % by mass Max. 1S:1217 1.0

~ In cold climatic regions (temperature less than 10°C), VG 40 grade bitumen may be

used.
516.2.2 Coarse Aggregates

The coarse aggregates shall consist of crushed stone, crushed gravel/shingle or other
stones. They shall be clean, hard, durable, of fairly cubical shape, uncoated and free from
soft, organic or other deleterious substances. They shall satisfy the physical requirements
given in Table 500-6.
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The percentage and grading of the coarse aggregates to be Incorporated in the mastic
asphalt depending upon the thickness of the finished course should be as specified in
Table 500-40.

Table 500-40 ; Grade and Thickness of Mastic Asphalt Paving and

Grading of Coarse Aggregates
Application Thickness Nominal Coarse Aggregate
Range (mm) Size Content, % by Mass
of Coarse of Total Mix
Aggregate
(mm)
Roads and I:rridga decks 25-50 13 40+10
Heavily stressed areasi e Junctions 40-50 13 45410
and toll plazas
Nominal size of coarse aggregate 13 mm
IS Sieve (mm) Cumulative % passing by weight
19 100
13.2 BB-56
2.36 0-5

Fine Aggregates : The fine aggregates shall be the fraction passing the 2.36 mm and retained
on the 0.075 mm sieve consisting of crusher run screening, natural sand or a mixture of both.
These shall be clean, hard, durable, uncoated, dry, and free from soft or flaky pieces and
organic or other deleterious substances.

Filler : The filler shall be limestone powder passing the 0.075 mm sieve and shall have
a calcium carbonate content of not less than 80 percent by weight when determined in

accordance with 1S:1514.

The grading of the fine aggregate inclusive of filler shall be as given in Table 500-41.

Table 500-41 : Grading of Fine Aggregate (Inclusive of Filler)

IS Sieve Percentage by weight of
aggregate
Passing 2.368 mm but retained on 0.600 mm 0-25
Passing 0.600 mm but retained on 0.212 mm 10 - 30
Passing 0.212 mm but retained on 0.075 mm 10 - 30
Passing 0.075 mm 30-55
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516.3 Mix Design
516.3.1 Hardness Number

The mastic asphait shall have a hardness number at the time of manufacture of 50 to 70 at
25°C prior to the addition of coarse aggregate and 10 to 20 at 25°C at the time of laying after
the addition of coarse aggregate.

The hardness number shall be determined in accordance with the method specified in
15:1185-1978

516.3.2 Binder Content
The binder content shall be so fixed as to achieve the requirements of the mix specified

in Clause 516.3.1 and shall be in the range of 14 to 17 percent by weight of total mix as
indicated in Table 500-42

Table 500-42 : Composition of Mastic Asphalt Blocks without

Coarse Aggregate
IS Sieve Percentage by Weight of Mastic Asphalt
Minimum Maximum
Passing 2.36 mm but retained on 0.600 mm 0 22
Passing 0.600 mm but retained on 0.212 mm 4 30
Passing 0.212 mm but retained an 0.075 mm B 18
Passing 0.075 mm 25 45
Bitumen Content % by mass 14 17

516.3.3 Job Mix Formula

The Contractor shall submit to the Engineer for approval at least one meonth before the start
of the work the job mix formula proposed to be used by him for the work. ind icating the source
and location of all materials, proportions of ail materials such as binder and aggregates,

single definite percentage passing each sieve for the mixed aggregate and results of the
tests recommended In the various Tables and Clauses of this Specification.

516.4 Construction Operations

516.4.1 Weather and Seasonal Limitations

The provisions of Clause 501.5.1 shall apply, except that laying shall not be carried out when
the air temperature at the surface on which the Mastic Asphalt is to be |aid is below 10°C.
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516.4.2 Preparation of the Base

The base on which mastic asphall is to be laid shall be prepared, shaped and conditioned
to the profile required, in accordance with Clause 501 or 902 as appropriate or as directed
by the Engineer. In the case of a cement concrete base, the surface shall be thoroughly
power brushed clean and free of dust and other deletenous matter. Under no circumstances
shall mastic asphalt be spread on a base containing a binder which might soften under high
application temperatures. |f such material exists, the same shall be cut out and repaired
before the mastic asphalt is laid.

516.4.3 Tack Coat

A tack coat in accordance with Clause 503 shall be applied on the base or as directed by the
Engineer.

516.4.4 Preparation of Mastic Asphalt

Preparation of mastic asphalt consists of two stages. The first stage shall be mixing of filler and
fine aggregates and then heating the mixture to a temperature of 170°C to 210°C. Required
quantity of bitumen shall be heated to 170°C to 180°C and added to the heated aggregated,
They shall be mixed and cooked in an approved type of mechanically agitated mastic cooker
for some time till the materials are thoroughly mixed. Initially the filler alone is to be heated
In the cooker for an hour and then half the quantity of binder is added. After heating and
mixing for some time, the fine aggregates and the balance of binder are to be added and
further cooked for about one hour. The second stage Is incorporation of coarse aggregates
and cooking the mixtures for a total period of 3 hours. During cooking and mixing care shall
be taken to ensure that the contents in the cooker are at no time heated to a lemperature
exceeding 210°C.

Where the material is not required for immediate use it shall be cast into blocks consisting
of filler, fine aggregates and binder, but without the addition of coarse aggregate, weighing
about 25 kg each. Before use, these blocks shall be reheated to a temperature of not less
than 175°C and not more than 210°C, thoroughly incorporated with the requisite quantity of
coarse aggregates and mixed continuously. Mixing shall be continued until laying operations
are completed so as to maintain the coarse aggregates in suspension. At no stage during the
process of mixing shall the temperature exceed 210°C.

The mastic asphalt blocks (without coarse aggregate) shall show on analysis a composition
within the limits as given in Table 500-42.

The mix shall be transported to the laying site in a towed mixer transporter having arrangements
for stirring and keeping the mix hot during transportation.

228



Bases and Surface Courses (Bituminous) Section 500

516.4.5 Spreading

The mastic asphalt shall be laid, normally in one coat, at a temperature between 175°C and
210°C and spread uniformly by hand using wooden fioats or by machine on the prepared
surface. The thickness of the mastic asphalt and the percentage of added coarse aggregate
shall be In accordance with Table 500-40 or as specified by the Engineer. Where necessary,
battens of the requisite dimensions should be employed. Any blow holes that appear in the
surface shall be punctured while the material is hot, and the surface made good by further
floating,

Laying surface over existing bridge deck : Before laying bitumen over existing bridge
deck, the existing cross falllcamber, expansion joint members and water drainage spouts
shall be carefully examined for their proper functioning in the bridge deck structure and any
deficiency found shall be removed. Loose elements (n the expansion joint shall be firmly
secured. The existing wearing coat shall be removed, as per Clause 2B09. The cracks in the
concrete surface, if any, shall be repaired and filled up properly or replaced by new concrete
of specified grade before laying the bitumen mastic over bridge deck,

Laying over new bridge deck : New concrete bridge deck which is not in camber/cross fall
shall first be provided with required camber and cross fall by suitable concrete or bituminous
treatment.

Treatment where mastic asphalt is laid over a concrete surface : In case of laying over
concrete surface, following measures shall be taken

1) For proper bond with new concrete deck, surface shall be roughened
by means of stiff broom or wire brush and it shall be free from ridges
and troughs.

2) A thin bituminous tack coat (with bitumen of grade VG 30) shall be
applied on the concrete deck before pouring mastic. The deck shall be
dry. The quantity of bitumen for tack coat shall be as per Table 500-8.

3) After applying tack coat, chicken-mesh reinforcement of 1.5 mm dia
steel wire with hexagonal or rectangular openings of 20-25 mm shall
be placed and held properly in position on the concrete surface before
pouring mastic.

516.4.8 Joints

All construction joints shall be properly and truly made. These joints shall be made by warming
existing mastic asphait by the application of an excess quantity of the hot mastic asphalt mix
which afterwards shall be trimmed to leave it flush with the surfaces on either side.
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516.4.7 Surface Finish

The mastic asphalt surface can have poor skid resistance after floating. in order to provide
resistance o skidding, the mastic asphalt afier spreading, while still hot and in a plastic
condition, shall be covered with a layer of stone aggregate. This aggregate shall be
13.2 mm size (passing the 19.0 mm sieve and retained on the 6.7 mm sieve) or 5.5 mm
size (passing the 13 .2 mm sieve and retained on the 6.7 mm sieve) subject to the approval
of the Engineer. Hard stone chips, complying with the quality requirements of Table 500-16,
shall be precoated with bitumen at the rate of 2 + 0.4 percent of VG 30 grade. The addition
of 2 percent of filler complying with Table 500-8 may be required to enable this quantity of
binder to be held without draining. The chips shall then be applied at the rate of 0.005 cum
per 10 sqg.m and rolled or otherwise pressed into the surface of the mastic layer when the
temperature of the mastic asphalt is not less than 100°C

516.5 Opening of Traffic

Traffic may be allowed after completion of the wark when the mastic asphalt temperature of
the completed layer has cooled to the daytime maximum ambient temperature.

516.6 Surface Finish and Quality Control of Work

The surface finish of the completed construction shall conform to the requirements of
Clause S02.

For control of the quality of materials and the works carmied out, the relevant provisions of
Section 300 shall apply.

The surface of the mastic asphalt, tested with a straight edge 3 m long, placed parallel to the
centre line of the carriageway, shall have no depression greater than 7 mm. The same shall
also apply to the transverse profile when tested with a camber template.

516.7 Arrangements for Traffic

During the period of construction, arrangements for traffic shall be made in accordance with
the provisions of Clause 112.

516.8 Measurement for Payment

Mastic asphalt shall be measured as finished work in square metres at a specified thickness,
or by weight in tonnes as stated in the Contract.

516.9 Rate

The centract unit rate for mastic asphalt shall be payment in full for carrying out the required
operations including full compensation for all components listed under Clause 501.8.2.2,
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801 TRAFFIC SIGNS
801.1 Scope

The work shall consist of the fabrication, supply and installation of ground mounted traffic
signs on roads. The details of the signs shall be as shown in the drawings and in conformity
with the Code of Practice for Road Signs, IRC:67-2010.

801.2 Materials

The various materials and fabrication of the traffic signs shall conform to the following
requirements:

B01.2.1 Concrete

Concrete for foundation shall be of M 15 Grade as per Section 1700 or the grade shown on
the drawings or otherwise as directed by the Engineer

801.2.2 Reinforcing Steel

Reinforcing steel shall conform to the requirement of 1S:1786 unless otherwise shown on the
drawing.

801.2.3 Bolts, Nuts, Washers

High strength boits shall conform to 151367 whereas precision bolts, nuts, etc.. shall conform
to 15:1364.

B01.24 Plates and Supports

Plates and support sections for the sign posts shall conform to 15:226 and 15:2062 or any
other relevant IS Specifications.

801.25 Substrate

Sign panels shall be fabricated on aluminium sheet, aluminium composite panel, fibre
glass sheeting, or sheet moulding compound. Aluminum sheets used for sign boards shall
be of smooth, hard and corrosion resistant aluminium alloy conforming to 1S:736-Material
Designation 24345 ar 1900. Aluminium Composite Material {ACM) sheets shall be sandwiched
construction with a thermoplastic core of Low Density Polyethylene (LDPE) between two
thick skins/sheets of aluminium with overall thickness and 3 mm or 4 mm (as specified in the
Contract), and aluminium skin of thickness 0.5 mm and 0.3 mm respectively on both sides
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The mechanical proportion of ACM and that of aluminium skin shall conform to the requirements
given in Table B0OO-1, when tested in accordance with the test methods mentioned against
each of them.

Table 800-1 : Specifications for Aluminium Composite Material (ACM)

5. No. Description Specification
Standard Test Acceptable Value
A Mechanical Properties of ACM
1) Pee| off strength with retro reflective ASTM D203 Min, 4 N/mm
sheeting (Drum Peel Test)
2) Tensile strength ASTM EB Min. 40 N/mm?®
3) 0.2% Proof Stress ASTM EB Min. 34 N/imm?
) Elongation ASTM EB Min. 5%
5) Flexural strength. ASTM 383 Min, 130 N/mm?
) Flexural modulus ASTM 383 Min. 44.00 N/mm?
i Shear strength with Punch shear ASTM 732 Min, 30 N/mm?
test
B Properties of Aluminium Skin
1) Tensile strength (Rm) ASTM EB Min. 65 N/mm?
2) Modulus of elasticity ASTM EB Min. 70,000 N/mm*
3) Elongation ASTM EB AS50 Min. 2%
4) 0.2% Proof Stress ASTM EB Min. 10 Nimm?
801.2.6 Plate Thickness

Shoulder mounted ground sings with @ maximum side dimension not exceeding 600 mm
shall not be less than 1.5 mm thick with Aluminium and 3 mm thick with Aluminium Composite
Material. All other signs be at least 2 mm thick with Aluminium and 4 mm thick with Aluminium
Composite Material. The thickness of the sheet shall be related to the size of the sign and
its support and shall be such that it does not bend or deform under prevalling wind and other

loads.

801.2.7 In respect of sign sizes not covered by IRC:67, the structural details
(thickness, efc.) shall be as per the approved drawings or as directed by the Engineer.

B01.3 Traffic Signs having Retro-Reflective Sheeting

801.31 General Requirements

The retro-reflective sheeting used on the sign shall consist of the white or coloured sheeting
having a smooth outer surface which has the property of retro-reflection over its entire surface.

326



Traffic Signs, Markings and other Road Appurtenances Section 800

It shall be weather-resistant and show colour fastness. It shall be new and unused and shall
show no evidence of cracking, scaling, pitting, blistering, edge lifting or curling and shall have
negligible shrinkage or expansion. A certificate of having tested the sheeting for co-efficient
of retro-reflection, day/night time colour lumincus, shrinkage, flexibility, linear removal,
adhesion, impact resistance, specular gloss and fungus resistance and its having passed
these tests shall be obtained from a Government Laboratory/institute, by the manufacturer
of the sheeting. The retro-reflective sheeting shall be either of Engineering Grade material
with enclosed lens, High Intensity Grade with encapsulated lens or Micro-prismatic Grade
retro-reflective element material as given in Clauses 801,3.2 to 801.3.7. Guidance on the
recommended application of each class of sheeting may be taken from IRC &7,

801.3.2 High Intensity Grade Sheeting

801.3.21 High Intensity Grade (Type Ill)

This high intensity retro reflective sheeting shall be of encapsulated lens type consisting of
sphercal glass lens, elements adhered to a synthetic resin and encapsulated by a flexible,
transparent waterproof plastic having a smooth surface or as an unmetallised micro prismatic
reflective material element. The retro-reflective surface after cleaning with soap and water
and in dry condition shall have the minimum co-efficient of retro-reflection (determined in
accordance with ASTM D:4856-09) as indicated in Table 800-2.

Table 800-2 : Acceptable Minimum Co-efficient of Retro-Reflection for High
Intensity Grade Sheeting (Type IIl) (Encapsulated Lens Type)
(Candelas Per Lux Per Square Metre)

Observation |Entrance Angle| White | Yellow | Orange | Green | Red | Blue | Brown
Angle in in Degrees
Degrees
D.1°8 -4° 300 200 120 54 54 | 24 14
.38 +30° 180 120 72 32 32 | 14 10
0.2° -4 250 170 100 45 45 | 20 12
0.2° +30° 150 100 60 25 251N B.5
0.5° -4° 85 62 30 15 19| 75| 50
0.5° +30° 65 45 25 10 10 ] 50| 35
A minimum of Coefficient of Retro-reflection (RA) cd/fe/R® (cd-ix-1m?).
B Values for 0.1° cbservation angles are supplementary requirements that shall apply only

when specified by the purchaser in the Contract or order. When totally wet, the sheeling
shall show not less than 90 percent, of the values of retro reflectance indicated in above
Table. At the end of 7 years, the sheeting shall retain at least 80 percent of its original
retro-reflactance.
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801.3.3 High Intensity Micro-Prismatic Grade Sheeting (HIP) (Type IV)

This sheeting shall be of high intensity retro-reflective sheeting made of micro-prismatic
retro-reflective element material coated with pressure sensitive adhesive. The retro-reflective
surface after cleaning with soap and waler and in dry condition shall have the minimum co-
efficlent of retro-reflection (determined in accordance with ASTM D:4956-09) as indicated in
Table 800-3

Table 800-3 : Acceptable Minimum Co-efficient of Retro-Reflection for High
Iintensity Micro-Prismatic Grade Sheeting (Type IV)
{Candelas Per Lux Per Square Metre)

Observation | Entrance | White | Yellow | Orange | Green | Red | Blue | Brown
0.198 ~-4¢ 500 380 200 70 a0 42 25
0.1 +30° 240 175 84 32 42 20 12

0.2° -4" 360 270 145 50 65 30 18
0.2¢ +30° 170 135 6B 25 30 14 8.5
0.5° 40 150 110 60 21 27 13 7.5
0.5¢ +30° 72 54 28 10 13 8 3.5

A Minimum Coefficient of Retro reflection (RA) cdffcift? (cd-Ix-1m?)

B Values for 0.1" observation angles are supplementary requiraments that shall apply only
when specified by the purchaser in the contract or order. When totally wet, the sheeting
shall show not less than 80 percant of the values of retro reflection indicated in above
Table . At the end of 7 years, the shesting shall retain at least 80 percent of its orginal
retro-refiectanca,

801.3.4 Prismatic Grade Sheeting

801.3.4.1 Prismatic Grade Sheeting (Type VIII)

The reflective sheeting shall be retro refliective sheeting made of micro prismatic retro
reflective material. The retro reflective surface, after cleaning with soap and water and in dry
condition shall have the minimum co-efficient of retro reflection (determined in accordance with
ASTM E B10) as indicated in Table BOO-4.

801.3.4.2 Prismatic Grade Sheeting (Type 1X)

The reflective sheeting shall be retro-reflective sheeting made of micro prismatic
retro-reflective material. The retro-reflective surface, afier cleaning with soap and water
and in dry condition shall have the minimum co-efficient of retro-reflection (determined in
accordance with ASTM E 810) as indicated in Table 800-5.
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Table 8004 : Acceptable Minimum Co-afficient of Retro-Reflection for Prismatic Grade

Sheeting (Type VIl) (Candelas Per Lux per Square Metre)

Observation | Entrance | White | Yellow | Orange | Green | Red | Blue | Brown | Fluor- | Fluor- | Fluor-
Angle Angle escent | escent | escent
Yellow! | Yellow | Orange
Green
1 -4t 1000 | 750 ars 100 | 150 | 45 30 800 Bo0 300
[ L +30° 480 345 175 46 BS | 2 14 aro 280 135
020 4" 700 | 525 265 70 | 105 | 32 21 560 420 210
n.2® +30¢ azs 245 120 33 48 | 15 10 260 200 85
0.5° -4° 250 190 94 25 38| 1 7.5 200 150 75
0.5° +30° 115 B8 43 12 17 5 2.5 82 g8 35
A Minimum Coefficient of Retro refiection (R*) edfc/f® (cd-Ix-1md),
B Values for 0.1° observation angles are supplementary requirements that shall apply anly

when specified by the purchaser in the contract or order, When totally wet, the sheeting
shall show not fess than 90 percent of the values of retro reflection indicated in above
Table. At the end of 10 years, the sheeting shall retain at least 80 percent of its original
refro-refliectanca.

Table 800-5 : Acceptable Minimum Co-efficient of Retro-Reflection for Prismatic Grade

Sheeting (Type 1X) (Candelas Per Lux per Square Metre)

Obser-| Entrance | White | Yellow |Orange | Green | Red | Blue | Fluorescent | Fluore- Fluore-

vation Yellow scent | scent
Grean Yellow |Orange

L L B BOD 500 250 G 130 130 |530 400 200

01 l+300 370 280 140 37 74 17 300 220 110

02 -4° 480 285 145 38 78 17 300 230 115

0.2¢ +3(F 215 162 a2 22 43 10 170 130 65

a.5" -4° 240 180 a0 24 48 1 180 145 72

0.5° +30° 135 100 50 14 27 6.0 110 B1 41

1.0° -7 a0 &0 30 a0 18 38 64 48 24

1.0° +30° 45 34 17 4.5 2.0 2.0 36 27 14

A Minimum Coefficient of Retro reflection {RA) cdific/fi® (cd-Ix-1m?).

B Values for 0.1° observation angles are supplementary requirements that shall apply only
when specified by the purchaser in the contract or order. When totally wet, the sheeting
shall show not less than 90 percent of the values of retro reflection indicated in above
Table. At the end of 10 years, the sheeting shall retain al least BO percent of its original
retro-reflectance.

801.2.4.3 Frismatic Grade Sheeting (Type XI)

A Retro-reflective sheeting typically manufactured as a cube corner. The reflective sheeting
shall be retro-reflective sheeting made of micro prismatic retro-reflective material. The retro-
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reflective surface, after cleaning with soap and water and in dry condition shall have the
minimum co-efficient of retro-reflection (determined in accordance with ASTM E 810) as
indicated in Table BO0O-6.

Table 800-6 : Acceptable Minimum Co-efficient of Retro-Reflection for Prismatic Grade
Sheeting Type A (Type XI) (Candelas Per Lux per Square Mefre)

Obser-| Entrance | White | Yellow | Orange | Green | Red | Blue | Brown | Fluore- | Fluore- | Fluare-
vatlon Angle scant | scent | scent
Yellow! | Yellow | Orange
Green
oqee | -4¢ B30 | 820 290 B3 125 | 37 25 alala] 500 250
0198 | +30°0 325 245 115 23 &0 15 10 260 200 100
0.2 47 580 | 435 200 58 &y 26 17 460 350 175
o2 +30% 220 165 T 22 33 10 T.0 180 130 66
.57 47 420 315 150 42 B3 18 13 340 250 125
0.5 + 30" 150 110 53 15 23 7.0 50 120 =14} 45
T.0P -4 120 | 90 42 12 18 50 | 4.0 a6 72 35
1.0° 300 45 34 18 &.0 70 | 20 1.0 36 v 14
A Minimum Coefficient of Retro-reflection (RA) cdfeft (cd-bx-1m®).
B Values for 0.1° observation angles are supplementary requiremants that shall apply only

when specified by the purchaser in the contract or order. When lotally wet, the sheeting
shall show not less than B0 percent of the values of retro reflection indicated in above
Table. Al the end of 10 years, the shasting shall retain at leasl 80 percent of its original
retro-reflectance,

801.3.56 Adhesives

The sheeting shall have a pressure-sensitive adhesive of the aggressive-tack type requiring
no heat, solvenl other preparation for adhesion o a smooth clean surface, in a manner
recommended by the sheeting manufacturer, The adhesive shall be protected by an easily
removable liner (removable by peeling without soaking in water or other solvent) and shall be
suitable for the type of material of the base plate used for the sign. The adhesive shall form
a durable bond to smooth, corrosion and weather resistant surface of the base plate such
that it shall not be possible to remove the sheeting from the sign base in one piece by use
of sharp instrument. The sheeting shall be applied in accordance with the manufacturer's
specifications.

801.3.6 Fabrication

Surface to be reflectorised shall be effectively prepared to receive the retro-reflective sheeting.
The aluminium sheeting shall be de-greased either by acid or hot alkaline etching and all
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scale/dust removed to obtain a smooth plain surface before the application of retro-reflective
sheeting. If the surface is rough, approved surface primer may be usad. After cleaning, metal
shall not be handled, except by suitable device or clean canvas gloves, betwaen all cleaning
and preparation operation and application of reflective sheeting/primer. There shall be no
oppartunity for metal to come in contact with grease, oil or other contaminants prior to the
application of retro-reflective sheeting. Complete sheets of the material shall be used on the
signs except where it is unavoidable. At splices, sheeting with pressure-sensitive adhesives
shall be overlapped not less than 5 mm. Where screen printing with transparent colours is
proposed, only butt joint ‘shall be used. The material shall cover the sign surface evenly and
shall be free from twists, cracks and folds. Cut-outs to produce legends and barders shall be
bonded with the sheeting in the manner specified by the manufacturer.

801.3.7 Messages/Borders

The messages (legends, letters, numerals etc.) and borders shall either be screen-printed
or of cut out from durable transparent overlay or cut out from the same type of reflective
sheeting for the cautionary/mandatory sign boards. Screen printing shall be processed and
finished with materials and in a manner specified by the sheeting manufacturer. For the
informatory and other sign boards, the messages (legends, letters, numerals etc. ) and borders
shall be cut out from durable transparent overlay film or cut-out from the same reflective
sheeting only, Cut-outs shall be from durable transparent overlay materials as specified by
the sheeting manufacturer and shall be bonded with the sheeting in the manner specified by
the manufacturer. For screen-printed transparent coloured areas on white sheeting, the co-
efficient of retro-reflection shall not be less than 50 percent of the values of corresponding
colour in Tables BOO-2 to 800-8 as applicable. Cut-out messages and borders, wherever
used, shall be either made out of retro-reflective sheeting or made out of durable transparent
overlay except those in black which shall be of non-reflective sheeting or opaque In case of
durable transparent overlay.

801.3.8 Colour for Signs

801.3.8.1 Signs shall be provided with retro-reflective sheeting and/or overlay film/
screening ink. The reverse side of all signs shall be painted gray.

801.3.8.2 Except in the case of railway level crossing signs the sing posts shall be
painted in 250 mm side bands, alternately black and white. The lowest band next to be
ground shall be in black.

801.3.8.3 The colour of the material shall be located within the area defined by the
chromaticity coordinates in Table 800-7 and comply with the luminance factor when measured
as per ASTM D-4956.

331



Section 800 Traffic Signs, Markings and other Road Appurtenances

Table 800-7 : Colour Specified Limits (Daytime)

Colour 1 2 3 4 Daytime
Luminance
Factor (Y%)
X | X y X ¥ x y Min. | Max.
White 0.303|0.300]0.368|0.366|0.340|0.393 | 0.274 | 0.329 16 - -
Yellow 0.488 (0412|0557 |0.442|0.479| 0520|0438 |0.472 24 45
Green 0.026 10,399 |0.166 |0.364 | 0.2B6 | 0.446 | 0.207 |0.771| 2.5 1
Red 0648 (0.351|0.735|0.265|0.629|0.281 |06565|0.346| 2.5 1
Blue 0.140 | 0,035 |0.244 | 0,210 | 0.180 | 0.255 | 0.065 | 0.216 1 10
Orange 0.558 | 0.352 |0.636 | 0.364 | 0.570 | 0.429 | 0.506 | 0.404 12 30
Brown 0.430(0.340 |0.610(0.390 | 0.550 | 0.450 | 0.430 | 0.390 1 6
Fluorescent 0.387 (0.610|0.369 |0 546 |0 428 (0,496 |0.460 |0.540| 60 e
Yellow-Green
Fluorescent 0479|0520 0448|0483 (0.512 (0,421 |0.557 |0.442| 45 -
Yellow
Fluorescent 0.583 |0.416 | 0.535 |0.400 | 0.585|0.351 |0.645 10.355| 25 --
Crange

The colours shall be durable and uniform in acceptable hue when viewed in day light or under
normal headlights at night.

801.3.8.4 The Regulatory/Prohibitory and warning signs shall be provided with white
background and red border. The legend/ symbol for these signs shall be in black colour. The
Mandatory sign shall be provided with Blue background and white Symbolfletter.

801.3.8.5 The colours chosen for informatory or guide signs shall be distinct for different
classes of roads. For National Highways and State Highways, these signs shall be of green
background and for Expressways these signs shall be of blue background with white border,
legends and word messages.

801.3.9 Refurbishment

Where existing signs are specified for refurbishment, the sheeting shall have a semi-rigid
aluminium backing or matenals as per Clause B01 2.5, pre-coated with aggressive-tack type
pressure sensitive adhesive. The adhesive shall be suitable for the type of matenal used for
the sign and should thoroughly bond with that material
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801.3.10 Sizes of Letters

801.3.10.1 Letter size should be chosen with due regard to the speed, classification and
location of the road, so that the sign is of adequate size for legibility but without being too
large or obtrusive. The size of the letter, in terms of x-height, to be chosen as per the design
spead is given in Table B00-8.

Table 800-8 : Acceptable Limits for Sizes of Letters

Design | Minimum 'x’ Height | Minimum Sight Distance/ | Maximum Distance
Speed of the Letters Clear Visibility Distance from Centre Line
(Km.fhr.) {mm) {m) (m)

40 100 45 12

50 125 50 14

B85 150 B0 16

80 250 B0 21

100 300 890 24

120 400 115 32

The thickness of the letters and their relation to the x-height, the width, the heights are
indicated in Table IV (a) of the Annexure-4 of IRC:67 to facilitate the design of the informatory
signs and definition plates.

801.3.10.2 For advance direction signs on non-urban roads, the letter size (‘%' height)
should be minimum of 150 mm for Expressway, National and State Highways and 100 mm
for other roads. In case of overhead signs, the size ("X’ height) of letters may be minimum
300 mm. Thickness of the latter could be varied from 1/8 to 1/5 of the letter 'x' size. The size
of the initial uppercase letter shall be 1-1/3 times x-height. In urban areas, letter size shall
be 100 mm on all directional signs. For easy and better comprehension, the word messages
shall be written in upper case letters only.

801.3.10.3 Letter size on definition plates attached with normal sized signs should be
100 mm or 150 mm. In the case of small signs, it should be 100 mm. Where the message
is long, as for instance in "NO PARKING” and "NO STOPPING" signs, the message may be
broken into two lines and size of letters may be varied in the lines so that the definition plate
1s not too large. The lettering on definition plates will be all in upper case letters.

801.3.11 Warranty and Durability

The Contractor shall obtain from the manufacturer a ten year warranty for satisfactory field
performance including stipulated retro-refiectance of the retro-reflective sheeting of micro-

333



Section B0O Traffic Signs, Markings and other Road Appurtenances

prismatic sheeting and a seven-year warranty for high intensity grade and submit the same to
the Engineer. The warranty shall be inclusive of the screen printed or cut out lettersflegends
and their bonding to the retro-reflective sheeting. The Contractor/supplier shall also furnish
the LOT numbers and certification that the signs and materiais supplied against the assigned
work meets all the stipulated requirements and carry the stipulated warranty and that the
contractor/supplier is the authorized converter of the particular sheeting.

All signs shall be dated during fabrication with indelible markings toindicate the start of warranty.
The warranty shall also cover the replacement obligation by the sheeting manufacturer as
well as contractor for replacement/repair/restoration of the retro-reflective efficiency.

A certificate in original shall be given by the sheeting manufacturer that its offered retro-
reflective sheeting has been tested for various parameters such as co-efficient of retro-
reflection, day/nighttime colour and luminance, shrinkage, flexibility, linear removal, adhesion,
impact resistance, specular gloss and fungus resistance; the tests shall be carried out by a
Government Laboratory in accordance with various ASTM procedures and the results must
show that the sheeting has passed the requirements for all the above mentioned parameters.
A copy of the test reports shall be attached with the certificate.

801.4 Installation

801.4.1 The traffic signs shall be mounted on support posts, which may be of Gl pipes
conforming to 1S:1238, Rectangular Hollow Section conforming to 1S:4923 or Square Hollow
Section conforming to 15:3589. Sign posts, their foundations and sign mountings shall be so
constructed as to hold these in a proper and permanent position against the normal storm
wind loads or displacement by vandalism. Normally, signs with an area up to 0.9 sg.m shall
be mounted on a single post, and for greater area two or more supports shall be provided.
Post-end(s) shall be firmly fixed to the ground by means of properly designed foundation.
The work of foundation shall conform to relevant Specifications as specified.

801.4.2 All components of signs {including its back side) and supports, other than the
reflective portion and G.l. posts shall be thoroughly de-scaled, cleaned, primed and painted
with two coats of epoxy/ fibre glass/ powder coated paint. Any part of support post below
ground shall be painted with protective paint.

801.4.3 The signs shall be fixed to the posts by welding in the case of steel posts and

by bolts and washers of suitable size. After the nuts have been tightened, the tails of the bolits
shall be furred over with a hammer o prevent remaoval,

801.5 Measurement for Payment

The measurement of standard cautionary, mandatory and information signs shall be in
numbers of different types of signs supplied and fixed, while for direction and place
identification signs, these shall be measured by area in square metres,
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B01.6 Rate

The Contract unit rate shall be payment in full for the cost of making the road sign, including
all materials, installing it at the site fumishing of necessary test certificates, warranty and
incidentals to complete the work in accordance with these Specifications.

a02 OVERHEAD SIGNS

802.1 Scope

The work shall consist of fabrication, supply and installation of overhead traffic signs on
roads. The details of the signs shall be as shown in the drawings and in conformity with the
Code of Practice for Road Signs, IRC:67-2010

802.2 Height

Overhead signs shall provide a vertical clearance of not less than 5.5 m over the entire width
of the pavement and shoulders except where a lesser vertical clearance is used for the
design of other structures. The vertical clearance to overhead sign structures or suppars
need not be greater than 300 mm in excess of the minimum clearance of other structures.

802.3 Lateral Clearance

802.3.1 The minimum clearance outside the usable roadway shoulder for signs
mounted at the road side or for overhead sign supports either to the right or left side of the
roadway shall be 1.80 m. This minimum clearance of 1.80 m shall also apply outside of an
unmountable kerb, Where practicable, a sign should not be less than 3 m from the edge of
the nearest traffic lane. Large guide signs should be farther removed preferably 8 m or more
from the nearest traffic lane, unless otherwise specified. Lesser clearances, but not generally
less than 1.80 m, may be used on connecting roadways or ramps at inter-changes.

802.3.2 Where a median is 3.6 m or less in width, consideration should be given
to spanning over both roadways without a central support. Where overhead sign supports
cannot be placed at a safe distance away from the line of traffic or in an otherwise protected
site, they should either be so designed as to minimize the impact forces or protect motorists
adequately by a physical barrier or guard rail of suitable design

802.4 Materials for Overhead Sign and Support Structures
802.4.1 Aluminium alloy or galvanized steel to be used as truss design supports

shall conform to relevant IS. These shall be of sections and type as per structural design
requirements as shown on the plans.
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802.7.2 Flat sheet aluminium signs with retro-reflective sheeting thereon shall be
measured for payment by the square metre, complete in place.

802.8 Rate

802.8.1 The Contract unit rate for overhead sign structure shall be payment in full

compensation for furnishing all labour, materials, tools, equipment, excavation for foundation,
concrete, reinforcement, painting of structural steel and sign back, fabrications and installation,
furnishing of necessary test certificates, warranty and all other incidental costs necessary to
complete the wark to these Specifications.

802.8.2 The Contract unit rate for aluminium sheet signs shall include the cost of
making the sign including all materials and fixing the same in position and all other incidental
costs necessary to complete the work to these Specifications.

803 ROAD MARKINGS
B03.1 Scope

The work shall consist of providing road markings of specified width, layout and design using
paint of the required specifications as given in the Confract and as per guidelines contained
in from IRC:35-1997.

B03.2 Materials

Road markings shall be of ordinary road marking paint hot applied thermoplastic compound,
reflectorised paint or cold applied reflective paint as specified in the item and the matenal
shall meet the requirements as specified in these Specifications.

803.3 Ordinary Road Marking Paint

803.3.1 Ordinary paint used for road marking shall conform to Grade | as per
1S:164.

803.3.2 The road marking shall preferably be laid with appropriate road marking
machinery.

803.4 Hot Applied Thermoplastic Road Marking

B803.4.1 Thermoplastic Material

803.41.1 General

The thermoplastic material shall be homogeneously composed of aggregate, plgment, resins
and glass reflectorizing beads. The colour of the compound shall be white or yellow (IS colour
Mo, 356) as specified in the drawings or as directed by the Engineer.
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803.4.1.2 Requirements :

i) Composition: The pigment, beads, and aggregate shall be uniformly
dispersed in the resin. The material shall be free from all skins, dirt
and foreign cbjects and shall comply with requirements indicated in
Table B0OO-9

Table 800-8 : Proportions of Constituents of Marking Material {Percentage by Weight)

Component White Yellow
Binder 18.0 min. 18.0 min.
Glass Beads 30-30 30-30
Titanium Dioxide 10.0 min. - -
Calcium Carbonate and Inert Fillers 42.0 max, See Note below
Yellow Pigments - See Mote below

Note : Amount of yellow pigment, calcium carbonate and inert fillers shall be at the option of the
manufacturer, provided all other requirements of this Specification are met.

iy  Properties: The properties of thermoplastic material, when tested in
accordance with ASTM D36/BS-3262-(Part 1), shall be as below

a)

b)

c

d)

)

f

Luminance :

White: Daylight luminance at 45°-65 percent min. as per AASHTO
M 245

Yellow: Daylight luminance at 45°-45 percent min. as per AASHTO
M 249

Drying time : When applied at a temperature specified by the
manufacturer and to the required thickness, the material shall set
to bear traffic in not more than 15 minutes.

Skid resistance: not less than 45 as per BS:6044.

Cracking resistance at low temperature: The material shall show
no cracks on application to concrete blocks.

Softening point 102.5°C + 9.5°C as per ASTM D 36

Yellowness index (for white thermoplastic paint): not mare than
0.12 as per AASHTO M 249

) Storage life : The matenal shall meet the requirements of these
Specifications for a period of one year The thermoplastic material
must also melt uniformly with no evidence of skins or unmelted
particles for the one year storage period. Any material not meeting the
above requirements shall be replaced by the manufacturer/supplier/
Contractor.
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iv) Reflectorisation : Shall be achieved by Iincorporation of beads, the
grading and other properties of the beads shall be as specified in
Clause 803.4.2.

v)  Marking : Each container of the thermoplastic material shall be clearly
and indelibly marked with the following information:

1) The name, trade mark or other means of identification of
manufacturer

2) Batch number
3) Date of manufacture
4)  Colour (white or yellow)

5) Maximum application temperature and maximum safe heating
temperature.

vi} Sampling and Testing : The thermoplastic matenal shall be sampled
and tested in accordance with the appropriate ASTM/BS method. The
Contractor shall furnish to the Engineer a copy of certified test reports
from the manufacturers of the thermoplastic material showing resulits
of all tests specified herain and shall certify that the material meets all
requirements of this Specification.

B03.4.2 Reflectorizing Glass Beads

803.4.2.1 General

This Specification covers two types of glass beads to be used for the production of
reflectorised pavement markings.

Type 1 beads are those which are a constituent of the basic thermoplastic compound
vide Table 800-9 and Type 2 beads are those which are to be sprayed on the surface vide
Clause 803 6.4,

803.4.2.2 The glass beads shall be transparent, colourless and free form milkiness,
dark particles and excessive air inclusions.

These shall conform {o the requirements spelt out in Clause 803.4.2.3.

803.4.2.3 Specific Requirements

a) Gradation : The glass beads shall meet the gradation requirements for
the two types as given in Table B0OO-10.
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Table 800-10 : Gradation Requirements for Glass Beads
Sieve Size Percent Retained

Type 1 Type 2
1.18 mm O3
B850 micron 5to 20 Oto5
600 micron - Sto 20
425 micron 65 1o 95 --
300 micron -- 30to 75
180 micron 0-10 10 to 30
Below 180 micron -- Oto15

b) Roundness: The glass beads shall have a minimum of 70 percent true
epheras,

€) Refractive index: The glass beads shall have a minimum refractive
index of 1.50.

d) Free flowing properties: The glass beads shall be free of hard lumps
and clusters and shall dispense readily under any conditions suitable
for paint stnping. They shall pass the free flow-test.

803.4.2.4 Test Methods

The specific requirements shall be tested with the following methods:

1}

i)

Free-flow test: Spread 100 grams of beads evenly in a 100 mm diameter
glass dish. Place the dish in a 250 mm inside diameter dessicator which
is filled within 25 mm of the top of a dessicator plate with sulphuric acid
water solution (specific gravity 1.10). Cover the dessicator and lst it
stand for 4 hours at 20°C to 29°C. Remove sample from dessicator,
transfer beads to a pan and inspect for lumps or clusters. Then pour
beads into a clean, dry glass funnel having a 100 mm stem and 8 mm
orifice. If necessary, initiate flow by lightly tapping the funnel. The glass
spheres shall be free of lumps and clusters and shall flow freely through
the funnel.

The requirements of gradation, roundness and refractive index of glass
beads and the amount of glass beads in the compound shall be tested
as per BS:6088 and BS:3262 (Part |).

The Contractor shall furnish to the Engineer a copy of certified test
reports from the manufacturer of glass beads obtained from a reputad
laboratory showing results of all tests specified herein and shall certify
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that the matenal meets all requirements of these Specifications.
However, if so required, these tests may be carned out as directed by

the Engineer.
803.4.3 Application Properties of Thermoplastic Material
B03.4.31 The thermoplastic material shall readily gel screeded/extruded at

temperatures specified by the manufacturers for respective method of application to produce
a line of specified thickness which shall be continuous and uniform in shape having clear and
sharp edges.

B03.4.3.2 The material upon heating to application temperatures shall not exude fumes,
which are toxic, obnoxious or injurious to persons or property.

803.4.4 Preparation

i} The material shall be melted in accordance with the manufacturer's
Instructions in a heater with a mechanical stirer to give a smooth
consistency to the thermoplastic material to avoid local overheating.
The temperature of the mass shall be within the range specified by
the manufacturer, and shall on no account be allowed to exceed the
maximum temperature stated by the manufacturer. The molten malerial
should be used as expeditiously as possible and for thermoplastic
material which has natural binders or is otherwise sensitive to prolonged
heating, the material shall not be maintained in a molten condition for
more than 4 hours.

iy After transfer to the laying equipment, the material shall be maintainad
within the temperature range specified by the manufacturer for achieving
the desired consistency for laying.

803.5 Reflectorised Paint

Reflectorised paint, if used, shall conform to the Specification by the manufacturers and
approved by the Engineer. Reflectorising glass beads for reflectorising paints where used
shall conform to the requirements of Clause 803.4.2

8036 Application

803.6.1 Marking shall be done by machine., For locations where painting cannot
be done by machine, approved manual methods shall be used with prior approval of the
Engineer. The Contractor shall maintain control over traffic while painting operations are in
progress 50 as to cause minimum inconvenience to traffic compatible with protecting the
workmen,
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803.6.2 Where the compound is to be applied to cement concrete pavement, a sealing
primer as recommended by the manufacturer, shall be applied to the pavement in advance of
placing of the stripes to ensure proper bonding of the compound. On new concrete surface
any laitance andfor curing compound shall be removed before the markings are applied.

803.6.3 The thermoplastic material shall be applied hot either by screeding or extrusion
process. After transfer to the laying apparatus, the material shall be laid at a temperature
within the range specified by the manufacturer for the particular method of laying being used.
The paint shall be applied using a screed or extrusion machine.

B803.6.4 The pavement temperature shall not be less than 10°C during application. All
surfaces to be marked shall be thoroughly cleaned of all dust, dirt, grease, oil and all other
foreign matter before application of the paint.

The material, when formed into traffic stripes, must be readily renewable by placing an overlay
of new material directly over an old line. Such new material shall so bond itself to the old line
that no splitting or separation takes place.

Thermoplastic paint shall be applied in intermittent or continuous lines of uniform thickness
of at least 2.5 mm unless specified otherwise. Where arrows or letters are to be provided,
thermoplastic compound may be hand-sprayad. In addition to the beads included in
the material, a further quantity of glass beads of Type 2, conforming to the above noted
Specification shall be sprayed uniformly into a mono-layer on to the hot paint line in quick
succession of the paint spraying operation. The glass beads shall be applied at the rate of
250 grams per square metre area.

803.6.5 Thee minimum thickness specified is exclusive of surface appled glass beads.
The method of thickness measurement shall be in accordance with Appendices B and C of
BS:3262 (Part 3).

803.6.6 The markings shall be done to accuracy within the tolerances given below,
i) Width of lines and other markings shall not deviate from the specified
width by mare than 5 percent.

i) The position of lines, letters, figures, arrows and other markings shall
not deviate from the position specified by more than 20 mm

i) The alignment of any edge of a longitudinal line shall not deviate from
the specified alignment by more than 10 mm in 15 m.

W) The length of segment of broken longitudinal lines shall not deviate
from the specified length by more than 150 mm.

In broken lines, the length of segment and the gap between segments shall be as indicated
on the drawings; if these lengths are altered by the Engineer, the ratio of the lengths of the
painted sections shall remain the same
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803.6.7 Properties of Finished Road Markings

The finished lines shall be free from ruggedness on sides and ends and be parallel to the
general alignment of the carriageway. The upper surface of the lines shall be level, uniform
and free from streaks.

a) The stripe shall not be slippery when wet

b) The marking shall not lift from the pavement in freezing weather,

c) Aferapplication and proper drying, the stripe shall show no appreciable
deformation or discoloration under traffic and under road temperatures
upto 60°C.

d) The marking shall not deteriorate by contact with sodium chioride,
calcium chloride or oil dripping from traffic.

e) The stripe or marking shall maintain its original dimensions and position.
Cold ductility of the material shall be such as to permit normal movement
with the road surface without chopping or cracking.

fi  The colour of yellow marking shall conform to IS Colour No. 356 as

given in 15:164
803.6.8 Measurements for Payment
803.6.8.1 The painted markings shall be measured in sq. metres of actual area marked

(excluding the gaps, if any).

803.6.8.2 In respect of markings like directional armows and lettering, etc., the
measurement shall be by numbers.

803.6.9 Rate

The Contract unit rate for road markings shall be payment in full compensation for furnishing
all labour, matenals, tools, equipment, including all incidental costs necessary for carrying
out the work at the site conforming to these Specifications complete as per the approved
drawing(s) or as directed by the Engineer and all other incidental costs necessary o complete
the work to these Specifications.

B03.7 Cold Applied Reflective Paint

803.7.1 General

The work shall consist of marking traffic stripes using a solvent based cold applied paint,
which shall be applied on the asphalt/cement concrete road surface by brush or by Road
Marker (Spray equipment capable of spraying the paint on the road), Glass beads shall be
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subsequently spread pneumatically on to the paint when it is still wet so that the beads will
be firmly held by the paint after drying. Colour of the paint shall be white or yellow (IS Colour
No. 356) as specified in the drawings or as directed by the engineer.

B03.7.2 Material

803.7.21 The cold applied paint material shall be homogeneously composed or binder,
pigment, extenders and other additives as required for the formulation,

803.7.2.2 Composition

The pigments and extenders shall be uniformly dispersed in the binder medium dissolved
in organic solvents. The material shall be free from skin, dirt and foreign objects and shall
comply with requirements indicated in Table 800-11.

Table 800-11 : Proportions of Constituents ar Paints {Percentage by Weight)

Component White Yellow
Binder 25.0 min 18.0 min.
Titanium Dioxide 20.0 min, -
Calcium Carbonate and Inert Fillers 16.0 min. 29.0 min.
Yellow Pigments - 14.0 min.

803.7.2.3 Properties

Non-Volatile Matter content by weight shall be a minimum of 65 percent as determined
in accordance with test method ASTM D1644. The liquid paint shall have a density of
1.3 glcc minimum as determined in accordance with test method ASTM D1475,

803.7.2.4 Appearance

Drying Time of the paint as determined by the test method ASTM D711 shall be a maximum
of 20 minutes at a wet film thickness of 350 micron. The paint shall set to bear traffic after
40 minutes when the ambient temperature is higher than 24°C, The paint shall not be applied
when the surface temperature of the road is higher than 40°C.

B03.7.2.5 Properties of the Dried Paint Film

When tested using a sand abrasion tester as described in ASTM D868, the quantity of sand
required for removal of a 75 micron thick unbeaded dry film shall be greater than 85 litres.

B03.7.2.6 Elongation

The unbeaded dry film shall pass the test in accordance with ASTM D 1737 and
ASTM D 2205.
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803.7.2.7 Water Resistance

The unbeaded dry film shall pass the test in accordance with ASTM D1647 and
ASTM D2205.

803.7.2.8 Skid Resistance

Skid resistance for the beaded dry film shall be not less than 45 as per BS 6044,

803.7.2.9 Storage Life
The material shall meet the specifications for a period of one year. During this period, the

paint material when stored in an airtight container shall not form skin, The materal shall also
not form a cake at the bottom of the container.

803.7.2.10 Minimum Thickness of the Unbeaded Cold Applied Paint Coat
The minimum thickness of the wet unbeaded coat of paint shall not be less than

400 micron, and the minimum thickness of the dry unbeaded coat of paint shall not be less than
200 microns.

803.7.2.11 Retro-refiective Properties

The co-efficient of retro-reflection as per British Standards BS EN 1436:1898 shall be as
under;

For white paint (Beaded) -300 med/m?/lux on application
-100 med/m?lux after defect liability penod of one year
For yellow paint (Beaded) |-200 mcd/m?/lux on application
-100 med/m*/lux after defect liability period of one year

The luminous Co-efficient as per British Standards BS EN 1436:1998 shall be as under:

Far white paint (Un-beaded) 100 med/m?/lux on application
For yellow paint (Un-beaded) 80 med/m?flux on application
803.7.3 Marking

Each container of the cold-paint shall be clearly and indelibly marked with the following
information;

i} The name, trade/patent mark
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i)  Batch No.
iy Month of Manufacture
Iv)  Colour (White or Yellow)

B03.7.4 Sampling and Testing

The cold applied reflective road marking paint shall be sampled and tested in accordance
with appropriate ASTM/BS test methods.

The contractor shall fumnish lo the Engineer a copy of certified test methods from the
manufacturer of cold applied reflective road marking paint showing the results of

a) No pick up time as per ASTM D 711.

b)  Resistance to wear as per ASTM D 4080 or as per ASTM D 968 from
approved laboratories.

c) material safety data sheet shall be obtained from the manufacturer and
kept with the paint materials.

803.7.5 Reflectorising Glass Beads

B03.7.5.1 General

Reflection shall be achieved by pneumatically spreading glass beads on to the paint when it
is still wet. The beads shall be firmly held by the paint after drying.

803.7.5.2 The glass beads shall be transparent, colourless and free from milkiness,
dark particles and excessive air inclusions. These shall conform to the requirements spelt out
in Clause B03.6.7.3.

803.7.5.3 Specific Requirements

1) Gradation: The glass beads shall meet the gradation requirements as
per No. 4 of BS:6088 as given in Table 800-12.

Table 800-12 : Gradation Requirements for Glass Beads

Sieve Size Percentage Retained
250 micron 0-10

150 micron 80-100
Below 150 micron 0-20

i) Roundness: The glass beads shall have a minimum of 70 percent true
Spheres.
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iii} Refractive Index: The glass beads shall have a minimum refractive
Index of 1.50,

W) Free Flowing Properties: The glass beads shall be free of hard
lumps, clusters and shall dispense readily under any conditions
suitable for paint striping. They shall pass the free flow-test as given in
Clause 803.6.54.

803.7.5.4 Test Methods

The specific requirements shall be tested with the following methods:

)  Free-Flow Test: Spread 100 grams of beads evenly in a 100 mm
diameter glass dish. Place the dish in a 250 mm inside diameter
dessicator which is filled within 25 mm of the top of a dessicator
plate with sulphuric acid water solution (specific gravity 1.10). Cover
the dessicator and let it stand for 4 hours at 20°C to 29°C. Remove
sample from dessicator, transfer beads to a pan and inspect for lumps
or clusters. Then pour beads into a clean, dry glass funnel having a 100
mm stern and & mm orifice. If necessary, initiate flow by lightly tapping
the funnel, The glass spheres shall be free of lumps and clusters and
shall flow freely through the funnel.

i)  The requirements of gradation, roundness and refractive index of glass
beads and the amount of glass beads in the compound shall be tested
as per BS:6088 and BS:3262(Part-1)

liiy The Contractor shall furnish to the Engineer a copy of certified test
reports from the manufacturer of glass beads obtained from a reputed
laboratory showing results of all tests specified herein and shall certify
that the material meets all requirements of these Specifications.
However, if so required, these tests may be carried out as directed by
the Engineer.

B03.75.5 Preparation

The cold applied reflective road marking paint shall be stirred well 1o form homogeneously
with the thinner recommended/supplied by the manufacturer and put into the machine with the
consistency level recommended by the machine manufacturer by using proper viscometers,
The thinner shall not be added more than that recommended by the manufacturer to avoid
bleeding

803.7.5.6 Application

803.7.5.6.1 Marking shall be done by machine. For locations where painting can not
be done by machine, approved manual methods shall be used with prior approval of the
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Engineer. The Contractor shall maintain control over traffic while painting operations are in
progress so as o cause minimum inconvenience to traffic compatible with protecting the
warkmen.

803.7.5.6.2 The cold applied paint shall be applied on the asphalt/cement concrete road
surface by brush or by Road Marker/Spray equipment capable of spraying the paint on the
road surface. Glass beads @ 300 gms per sq.m shall be subsequently spread pneumatically
on to the paint when It is still wet so that the beads will be firmly held by the paint after

drying.

803.7.5.6.3 The pavement temperature shall not be more than 40°C during application,
All surfaces to be marked shall be thoroughly cleaned of all dust, dirt, grease oils and all other
foreign matter before application of paint

803.7.56.4 The material, when formed into traffic stripes, must be readily renewable by
placing an overlay of a new material directly over an old line. Such new material shall so bond
itself to the old line that no splitting or separation takes place.

803.7.5.6.5 Cold applied paint shall be applied in intermittent or continues lines of uniform
thickness of at least 200 micron of unbeaded dry film thickness unless specified otherwise.
When arrows or letters are to be provided, cold applied paint may be applied manually. In
addition to the beads recommended for, a further quantity of 300 gms of glass beads per
sgm. conforming to the specification shall be sprayed uniformly in to a mono-layer on to the
cold paint line in quick succession of the cold paint spraying operation.

803.7.5.6.6 The minimum. thickness specified above in Clause B03.7.5.5.5 is exclusive
of surface applied glass beads.

B03.7.5.6.7 The finished line shall be free from ruggedness on sides and ends and be
parallel to general alignment of the carriage way,

The upper surface of the lines shall be of uniform level and free from streaks.

B03.7.5.7 Properties of Finished Road Marking

As per Clause B03 6.7

803.7.6 Measurement for Payments
As per Clause 803521,

803.7.7 Rate

As per Clause B03.5.3
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B803.8 Audible and Vibratory Pavement Markings

B03.8.1 Description

The work shall involve application of audible and vibratory pavement markings in accordance
with the drawings or the direction of the Engineer.

803.8.2 Materials

Thermoplastic: thermoplastic material shall meet the requirements of Clause 803.4.1 of these
Specifications.

Glass Spheres. Use glass spheres meeting the requirements of Clause B03.4.2 The
Engineer will take random samples of glass spheres in accordance with ASTM D 1214 and
the Department's Sampling, Testing and Reporting Guide schedule.

803.8.3 Equipment

The equipment capable of providing continuous, uniform heating of the striping material
to temperatures exceeding 200°C, mixing and agitating the material in the reservoir shall
be used to provide a homogenous mixture withoul segregation. Equipment will maintain
the striping material in a plastic state, in all mixing and conveying parts, including the line
dispensing device until apphed. Equipment shall be capable of producing a consistent
pattern of transverse bars positioned at regular and predetermined intervals. It shall meet the
following requirements:

a) capable of travelling at a uniform rate of speed, both uphill and downhill,
to produce a uniform application of striping material and capable of
following straight lines and making normal curves in a true arc,

b) capable of applying glass spheres to the surface of the completed stripe
by automatic sphere dispensers attached to the striping machine such
that the glass spheres are dispensed closely behind the installed line.
The glass sphere dispensers should be equipped with an automatic
cut-off control that is synchronized with the cut-off of the thermoplastic
material and applies the glass spheres uniformly on the entire traflic
siripe surface with 50 percent to 80 percent embedment equipped with
a special kettle for uniformly heating and melting the striping material.

c} equipped with special kettle for uniformly heating and melting the
stripping matertal. The kettle must be equipped with an automatic
temperature control device and material thermometer for positive
temperature control and to prevent overheating or scorching of the
thermoplastic material

d) meels the requirements of the fire safety slandards.
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B803.8.4 Application
803.8.4.1 General

Before applying traffic stripes and markings, any material that would adversely affect the
bond of the traffic stripes shall be removed by a method approved by the Engineer.

Before applying traffic stripes to any portland cement surface, a primer, sealer or surface
preparation adhesive of the type recommended by the manufacturer shall be applied.
Longitudinal lines should be offset by at least 50 mm from construction joints of Portland
cement concrete pavement.

Traffic stripes or markings shall be applied only to dry surface, and when the ambient air and
surface temperature is at least 10°C and rising for asphalt surfaces and 16°C and rising for
concrete surface.

Striping shall be applied to the same lolerances in dimensions and in alignment. When
applying traffic stripes and marking over existing markings, ensure that not maore than 50 mm
on either end and not more than 25 mm on either side of the existing line is visible.

803.8.4.2 Thickness

Base lines shall be applied having a thickness of 2 mm to 2.2 mm exclusive of the transverse
audible bars, when measured above the pavement surface at the edge of the base line.

As an alternative to the flat base line, a profiled baseline meeting the following dimensions
may be applied. The profiled baseline shall have a minimum height of 4 mm, when measured
above the pavement surface at the edge of the inverted rib profile. The thickness in the
bottom of the profile marking shall be 0.9 mm to 1.3 mm. The individual profiles shall be
located transversely across the full width of the traffic stripe at approximately 25 mm. On
center, with a bottom width between 2.5 mm and 8 mm.

803.8.5 Dimensions of Transverse Audible Bars

The raised transverse bars shall be applied with a profile such that the leading and trailing
edges are sloped at a sufficient angle to create an audible and vibratory waming,

Transverse bars on shoulder and centerline markings shall have a height of 11 mm to
14 mm, including the base line. The height shall be measured above the pavement surface
at the edge of the marking, after application of drop-on glass spheres. The bars shall have
an approximate length of 65 mm. The bars may have a drainage channel on each bar. the
width of each drainage channel will not exceed 8.5 mm at the bottom of the channel The
longitudinal distance between bars shall be 750 mm

351



Section 800 Traffic Signs, Markings and other Road Appurtenances

803.8.6 Retro-reflectivity

White and yellow audible and vibratory markings shall attain an initial retro reflectance of not
less than 300 mcd/1xm?® and not less than 250 med/1x m?, respectively.

B03.8.7 Glass Spheres

Glass spheres shall be applied to all markings. The manufacturer shall determine if a single
or double application of glass spheres is used and the recommended drop rates for each
application shall be adopted.

803.8.8 Contractor's Responsibility

The Engineer shall be notified by the contractor, prior to the placement of audible and vibratory
markings. The contractor shall furnish the Engineer with the manufacturer's name and LOT
numbers of the thermoplastic materials and glass spheres to be used. He will ensure that
the LOT numbers appear on the thermoplastic materials and glass spheres packages. The
canfractor shall furnish a copy of certified test reports to the Engineer, showing results of tests
specified in these Specifications or as per appropriate ASTM/BS method. The Engineer would
have the night to test the markings within 3 days of receipt of the Contractor's certification. If
the retro reflectivity values measure less than the values shown above, it shall be removed
and the stripping reapplied

B03.B.9 Protection of Newly Applied Audible and Vibratory Markings

Traffic shall not be allowed onto or vehicles permitted to cross newly applied pavement
markings until they are sufficlently dry. Any portion of the pavement markings damaged by
passing traffic or from any other cause shall be removed and replaced.

803.8.10 Observation Period

Pavement markings shall be subject to a 180 day observation period under normal traffic.
The observation period will begin with the satisfactory completion and acceptance of the
pavement marking work. The pavement markings shall show no signs of failure during the
observation period. Any pavement markings that do not perform satisfactorily under traffic
during the 180 day observation period, shall be replaced by the contractor at his own cost.

803.8.11 Measurement for Payment

Audible and vibratory pavement markings shall be measured in linear metre. Payments will be
full compensation for all work specified in this Section, including, all cleaning and preparing of
surfaces, furnishing of all materials, application, cunng and protection of all items, protection
of traffic, furnishing of all tools, machines and equipment, and all incidentals necessary to
complete the work
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804 REFLECTIVE PAVEMENT MARKERS (ROAD STUDS) AND SOLAR
POWERED ROAD MARKERS (SOLAR STUDS)

804.1 Scope
The work shall cover the providing and fixing of reflective pavement marker (RPM) or road

stud, a device which is bonded to or anchaored within the road surface. for lane marking and
delineation for night-time visibility, as specified in the Contract,

B804.2 Material

804.2.1 Plastic body of RPM/road stud shall be moulded from ASA (Acrylic Styrene
Acrylonitrite) or HIPS (Hi-impact Polystyrene) or Acrylonitrile Butadiene Styrene (ABS) or
any other suitable material approved by the Engineer. The markers shall support a load of
13,635 kg tested in accordance with ASTM D 4280,

804.2.2 Reflective panels shall consist of number of lenses containing single or dual

prismatic cubes capable of providing total internal reflection of the light entering the lens face.
Lenses shall be moulded of methy| methecrylate conforming to ASTM D 788 or equivalent.

804.3 Design

The slope or retro-reflecting surface shall preferably be 35 + 5° to base and the area of each
retro-reflecting surface shall not be less than 13.0 sgq.cm.

804.4 Optical Performance

BO4.4.1 Unidirectional and Bi-directional Studs

Each reflector or combination of reflectors on each face of the stud shall have a Coefficient
of Luminous Intensity (C.I.L). not less than that given in Tables B00-13 or BOD-14 as

appropriate.
B04.4.2 Omni-directional Studs

Each Omni-directional stud shall have a C.L.L. of not less than 2 modx,

Table 800-13 : Minimum C.I.L. Values for Category ‘A’ Studs

Entrance Angle Observation Angle C.LL. in mcd/ix
White Amber Red
0°US°LER 0.3° 220 110 44
0° U 10° LAR 0.5° 120 60 24
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Table 800-14 : Minimum C.LL. Values for Category 'B’ Studs

Entrance Angle Observation Angle C.LL. in med/ix
White Amber Red
0° U &° LER 0.3° 20 10 4
0° U 10° LAR 0.5® 15 7.5 3
Note :
1) The entrance angle of ° U corresponds to the normal aspect of the reflectors when the
reflacting road stud is installed in horizontal road surface.
2] The stud incorporaling one or more comer cube reflectors shall be included in
Category A The stud incorporating one of more bi-convex reflectors shall be included in
Category ‘B’
BD4.5 Tests
804.5.1 Co-efficient of luminance intensity can be measured by procedure described

in ASTM E B09 "Practice for Measuring Photometric Characteristics” or as recommended in
BS:873-Part 4. 1873

B04.5.2 Under test conditions, a stud shall not be considered to fail the photometric
requirements if the measured C.I.L. at any one position of measurement is less than the
values specified in Tables BD0-13 or 800-14 provided that

i) the value is not less than 80 percent of the specified minimum, and

i) the average of the left and right measurements for the specific angle is
greater than the specified minimum.

B04.6 Solar Powered Road Markers (Solar Studs)

The solar studs shall be made of Aluminium aslloy and poly carbonate material which shall
be absolutely weather resistant and strong enough to suppornt a load of 13,635 kg tested
in accordance with ASTM D4280. Its colour may be white, red, yellow, green or blue or
combination as directed by the Engineer. Its water resistance shall meet the requirements of
IP 65 in accordance with 1S:120683, 1987 Category 2 for protection against water ingress. The
dimensions of solar studs shall not be less than 100 mm x 100 mm x 10 mm. It shall have
super bright LEDs so as to provide long visibility from a distance of more than 800 m. lis
fiashing rate shall not be less than 1 Hz. Its should be able to give the prescribed performance
in the temperature range of -40°C to +55°C. Iis life shall be not less than 3 years.

B804.7 Fixing of Reflective Markers
804.7.1 Requirements

The enveloping profile of the head of the stud shall be smooth and the studs shall not present
any sharp edges to traffic. The reflecting portions of the studs shall be free from crevices
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or ledges where dirt might accumulate, Marker height shall not be less than 10 mm and
shall not exceed 20 mm. and its width shall not exceed 130 mm. The base of the marker
shall be fiat within 1.3 mm. If the bottom of the marker is configured, the outermost faces
of the configurations shall not deviate more than 1.3 mm from a flat surface. All road studs
shall be legibly marked with the name, trade mark or other means of Identification of the
manufacturer,

B04.7.2 Placement

The reflective marker shall be fixed to the road surface using the adhesives and the procedure
recommended by the manufacturer. No nails shall be used to affix the marker so that they do
not pose safety hazard on the roads. Regardiess of the type of adhesive used, the markers
shall not be fixed if the pavement is not surface dry and on new asphalt concrete surfacing
until the surfacing has been opened to traffic for a period of not less than 14 hours. The
portions of the highway surface, to which the marker is to be bonded by the adhesive, shall
be free of dirt, curing compound, grease, oll, moisture, loose or unsound layers, paint and
any other material which would adversely affect the bond of the adhesive,

The adhesive shall be placed uniformly on the cleaned pavement surface or on the bottom of
the of the marker in a quantity sufficient to result in complete coverage of the area of contract
of the marker with no voids present and with a slight excess after the marker has been lightly
pressed in place. For epoxy installations, excess adhesive around the edge of the marker,
excess adhesive on the pavement and adhesive on the exposed surfaces of the markers
shall be immediately removed.

804.7.3 Warranty and Durability

The contractor shall submit a two year warranty for satisfactory field performance including
stipulated retro-reflectance of the reflecting panel, to the Engineer. In addition, a two year
warranty for satisfactory infield performance of the finished road marker shall also be given
by the contractor who carries out the work of fixing of reflective road markers. In case the
markers are displaced, damaged, get worn out or lose their reflectivity compared to stipulated
standards, the contractor would be required to replace all such markers within 15 days of the
intimation from the Engineer, at his own cost.

804.8 Measurement for Payment

The measurement of reflective road markers/solar powered road studs shall be in numbers
of different types of markers supplied and fixed.

804.9 Rate

The contract unit rate for reflective road markers/solar powered road studs shall be payment
in full compensation for furnishing all labour, material, tools, equipment including Incidental
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costs necessary for carrying out the work at site conforming to the specificalion complete as
per approved drawings or as directed by the Engineer

BOS DISTANCE INDICATOR POSTS
805.1 Scope

The work shall cover the supply, painting, lettering and fixing of distance indicator stones
along the highway to assist the driversiusers in estimating the distance travelled or remains
tc be travelled to reach destination, to identify incident location and to provide assistance
in maintenance and operations. These devices shall show Hectometre, Kilometre and
5" Kilometres as the case may be.

B0S5.2 These posts shall be in accordance with those prescribed in IRC:26 "Type
Designs for 200 Meitre Stones” and IRC:8 “Type Designs for Highway Kilometre Siones”.
They may also be provided in the form of sign systems on highways and roads.

B05.3 The material may be made of local stones, concrete or any other material
available locally and approved by the Engineer for the devices in accordance with the IRG:26
and IRC:B. For the device(s) provided as the sign system, the material shall be same as that
for a traffic sign with retro-reflective sheeting; rectangular in shape (longer side vertical),
with colour scheme as that for Advance Direction/Destination signs. The signs shall contain
250 mm white numerals on a 300 mm wide blue or green background (as the case may be)
with white border. They shall be 600, 900 or 1200 mm in height for one, two or three digits
respectively and shall contain the abbreviation km in 100 mm white letters so that they are
clearly visible to approaching vehicle driver from a distance of at least 100 m. They shall be
mounted at a minimum height and lateral placement as that for delineators. These devices
shall be bedded into the ground with adequate foundations as indicated in the drawings or in
the relevant IRC Specifications or as directed by the Engineer. The orientation and location
of the devices shall be as indicated in the drawings or in the relevant IRC Specifications or
as directad by the Engineer.

805.4 Measurements for Payment

The measurement will be in numbers of 200 metre, kilometer and 5% kilometer distance
indicator posts fixed at site, complete job as per these Specifications or as directed by the
Engineer.

BDS.5 Rate

The Contract unit rate for hectometer/kilometer/5™ kilometer distance measurement posts
shall be payment in full compensation for furnishing all labour, materials, tools, equipment
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and making, painting and lettering and fixing at site and all other incidental costs necessary
to complete the work to these Specifications.

BOG ROAD DELINEATORS
B0E.1 Scope

The work shall cover supplying and fixing roadway indicators, hazard markers and object
markers, Roadway Indicatars shall be properly installed to indicate the horizontal alignment
and vertical profile of the roadway s0 as to outline the vehicle path for safe driving. Hazard
markers shall be installed immediately ahead of obstruction of vehicular path such as just
before a narrow bridge. Object markers shall be erected where obstruction within the roadway
slarts such as chennelising island in approaches to intersections.

B06.2 The design, materials to be used and the location of the road delineators
(roadway indicators, hazard markers and object markers) shall conform to Recommended
Practice for Road Delineators, IRC:79, and to relevant drawings or as otherwise directed
by the Engineer, The steel drums such as empty bitumen drums shall not be used as they
could pose safety hazards, The delineators shall be retro-reflectorised as shown on the
drawings or as directed by the Engineer. The reflectors on the delineators shall be of retro-
reflective sheeting with encapsulated lens and with the visibility of 300 m under clear weather
conditions, when jlluminated by the upper beam of the car headlights.

BOB.3 Installation

The delineators shall be so installed that their posts do not change their arientation and the
reflectorised faces are always perpendicular to the direction of travel.

B806.4 Measurement for Payments

The measurement shall be made in number of delineators supplied and fixed at site.

806.5 Rates

The Contract unit rates of delineators shall be payment in full compensation for furnishing all

labour, materials, tools, equipment including incidental costs necessary to complete the work
to these Specifications.

807 BOUNDARY STONES

807.1 Scope
The work shall cover supply and fixing boundary stones as per designs and Specifications

given in IRC:25 "Type Designs for Boundary Stones® and at locations indicated in the
drawings or as directed by the Engineer, The material to be used shall conform to IRG 25,
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B10.3 Measurement for Payment

The ralling shall be measured in linear metre including end and intermediate posts.

810.4 Rate

The contract unit rate for railing shall be payment in full compensation for furnishing
matenals, labour, tools and equipment required for fabrication, connection, oiling, painting,
galvanising, erection, test and all other incidentals necessary to complete the work to these
Specifications.

B11 CRASH BARRIERS

811.1 Scope

The wark shall consist of construction, provision and installation of crash barriers at locations
as shown in the drawing or as directed by the Engineer, The type of the crash barrier shall be
as specified in the Contract.

811.2 Concrete Crash Barrier

B11.2.1 Materials

811.21.4 All materials shall conform to Section 1000 Matenals for Structures as
applicable, and relevant Clauses in Section 1600 shall govern the steel reinforcement.
811.21.2 The minimum grade of concrete shall be M25.

811.2.2 Construction Operations

811.2.21 The concrete bamers shall be either (i) precast or (ii) constructed by the

‘cast-in-place with fixed forms” method or the "extrusion or slip form" method or a combination
thereof at the Contractor's option with the approval of the Engineer. Where "extrusion or slip
form” method is adopted full details of the method and literature shall be furnished.

811.2.2.2 The concrete barrier may be precast in lengths upto 6 m depending upon the
feasibility of transport and lifting arrangements. Longitudinal roadside concrete barrier shall
be placed on adequate bedding as detailed in the drawing. The top and exposed faces of
the barriers shall conform to the specified tolerances, as defined in Clause B10.2.2 3, when
tested with 3 m straight edge, laid on the surface.

An expansion joint with pre-moulded asphalt filler board shall be provided at the junctions
of crash barrier on structure and crash barrier an the fill. The crash barrier on the fill shall
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be constructed in pieces of length not exceeding 20 m, with pre-moulded asphalt filler board
Jeints.

Backfilling to the concrete barriers shall be compacted in layers to the compaction of the
surrounding earthwork,

811.2.2.3 Tolerance

The overall horizontal alignment of rails shall not depart from the road alignment by maore
than & 30 mm, nor deviate in any two successive lengths from straight by more than 6 mm
and the faces shall not vary more than 12 mm from the edge of a 3 m straight edge. Barriers
shall be at the specified height as shown in the plans above the edge of the nearest adjacent
carriageway or shoulder, within a tolerance of + 30 mm

811.2.3 End Treatment

The road side concrete barrier shall be provided with an end treatment by tapering the height
of terminating end within a length of 8 m to @ m. Median crash barrier shall be terminated
sufficlently away from the median ocpening. It shall be provided with an end treatment, which
shall be obtained by tapering the height of terminating end of the median barrier within a
lengthof EmtoSm

811.24 Measurement for Payment

All barriers shall be measured by linear metres of compieted and accepted length in place,
corresponding end to end along the face of concrete barriers including approach and departure
ends.

811.25 Rate

The Contract unit rate shall include full compensation for furnishing all labour, materials
Including steel for reinforcement tools, equipment and incidental costs necessary for doing
all the work involved in canstructing the concrete barrier complete in place in all respects as
per these Specifications.

811.3 Metal Beam Crash Barrier
811.3.1 Materials
811.3.1.1 Metal beam rail shall be corrugated sheet steel beams of the class, type,

section and thickness indicated on the drawings. Railing posts shall be made of steel of
the section, weight and length as shawn on the drawings. All complete steel rail elements,
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terminal sections, posts, boits, nuts, hardware and other steel fittings shall be galvanized. All
elements of the railing shall be free from abrasions, rough or sharp edges and shall not be
kinked, twisted or bent.

811.31.2 The “W* beam type safety barier shall consist of a steel post and a 3 mm
thick “W" beam rail element. The steel post and the blocking out spacer shall both be channel
section of 75 mm x150 mm & size 5 mm thick. The rail shall be 70 cm above the ground
level and posts shall be spaced 2 m center-to-center. Double “W' beam barrier shall be as
indicated in IRC:5-1998.

The thrie beam safely barrier shall have posts and spacers similar to the ones mentioned
above for "W' beam type. The rail shall be placed at 85 cm above the ground level,

The "W beam, the thrie beam, the posts, spacers and fasteners for steel barriers shall
be galvanized by hot dip process (zinc coated, 0.55 kg per square metre; minimum single
spot) unless otherwise specified. The galvanizing on all other steel parts shall conform to the
relevant IS Specifications. All fittings {bolts, nuts, washers) shall conform to the 15:1367 and
IS:1364. All galvanizing shall be done after fabrication,

811.31.3 Concrete for bedding and anchor assembly shall conform to Section 1700 of
these Specifications.

B11.3.2 Construction Operations

811.3.2.1 The line and grade of railing shall be true to that shown on the plans. The

railing shall be carefully adjusted prior to fixing in place, to ensure proper matching at abutting
joints and correct alignment and camber throughout their length. Holes for field connections
shall be drilled with the railing in place in the structure at proper grade and alignment,

811.3.2.2 Unless otherwise specified on the drawing, railing steel posts shall be given
one shop coat of paint (primer) and three coats of paint on structural steel after erection, if the
sections are not galvanized. Any part of assembly below ground shall be painted with three
coats of red lead paint.

811.3.23 Splices and end connections shall be of the type and designs specified or

shown on the plans and shall be of such strength as to develop full design strength of the rail
elements.

811.3.3 Installation of Posts
811.3.31 Holes shall be dug or drilled fo the depth indicated on the plans or posis

may be driven by approved methods and equipment, provided these are erected in proper
position and are free from distortion and burring or any other damage.
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811.3.3.2 All past holes that are dug or drilled shall of such size as will permit proper
setting of the posts and allow sufficient room for backfilling and tapping.

811.3.3.3 Holes shall be backfilled with selected earth or stable materials in layers not
exceeding 100 mm thickness and each layer shall be thoroughly tamped and rammed. When
backfilling and tamping are completed, the posts or anchors shall be held securely in place.

811.3.3.4 Post holes that are drilled in rock and holes for anchor posts shall be backfilled
with concrete.

B11.3.3.5 Posts for metal beam guardrail on bridges shall be bolted to the structure
as detalled on the plans. The anchor bolts shall be set to proper location and elevation with
templates and carefully checked.

811.3.4 Erection

811.3.4.1 All guard rail anchors shall be set and attachments made and placed as
indicated on the plans or as directed by the Engineer.

811.3.4.2 All bolts or clips used for fastening the guardrail or fittings to the posts shall
be drawn up tightly. Each bolt shall have sufficient length to extend at least § mm through and
beyond the full nut, except where such extensions might interfere with or endanger traffic in
which case the bolts shall be cut off flush with the nut.

811.3.4.3 All raillings shall be erected, drawn and adjusted so that the longitudinal
tension will be uniform throughout the entire length of the rail.

811.3.5 End Treatment for Steel Barrier

811.3.5.1 End treatments shall from an integral part of safety barriers which should

not spear, vaull or roll a vehicle for head-on or angled impacts. The two end treatments
recommended for steel barriers are “Turned-down-guardrail” and “Anchored in back siope”,
as shown on the drawings or as directed by the Engineer.

811.3.6 Tolerance

The posts shall be vertical with a tolerance not exceeding 6 mm in a length of 3 m. The railing
barrier shall be erected true to line and grade.

B11.3.7 Measurements for Payment

B11.3.71 Metal beam railing barriers will be measured by linear metre of completed
length as per plans and accepted in place. Terminals/anchors of various types shall be paid
for by numbers.
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B11.3.7.2 Fumnishing and placing anchor bolts and/or devices for guard rail posts on
bridges shall be considered incidental to the construction and the costs thereof shall be
included in the price for other items of construction.

811.3.7.3 No measurement for payment will be made for excavation or backfilling
performed in connection with this construction.

811.3.8 Rate
The Contract unit rate shall include full compensation for furmishing of labour, materials, tools,

equipments and Incidental costs necessary for doing all the work involved in constructing the
metal beam railing barrier complete in place in all respects as per these Specifications.

B11.4 Wire Rope Crash Barrier

B11.41 Scope

The work shall consist of providing wire rope safety barriers as per designs provided by the
supplier or as shown in the drawings,

811.4.2 Materials and Design
The wire ropes shall be galvanised steel wire, supported by galvanised steel posts at spacing
indicated in the drawings. The supplier shall provide calculations in support of the structural

details to establish the stability of the barrier against an impact of a heavy commercial vehicle
of a gross weight of 36 T, or any weight specified in the Contract.

81143 Measurement for Payment

The wire rope crash barrier shall be measured in linear material including and anchors,

811.4.4 Rate

The Contract unit rate shall include the supply of matenals, labour, fittings, installation and
anchors for the wire rope barriers.

812 ROAD TRAFFIC SIGNALS

8121 Scope

The work shall cover supply and installation of Road Traffic Signals.
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be incorporated in the works. However, in case the original producers give certificate that
they are unable to supply the steel within the required time period or that they are not
producing bars of the required diameter, the Engineer may allow the procurement of steel
from other suppliers, provided that the reinforcement is manufactured from billets procured
from the onginal producers. In such cases, the manufacturer's certificate alone shall not
be considered as sufficient and the steel shall be got tested by the Engineer in the NABL
accredited laboratories only, as a third party check. It shall be ensured that all the test results
conform to 1S:1786 requirements.

Only new steel shall be delivered to the site. Every bar shall be inspected before assembling
on the work and defective, brittle or burnt bars shall be discarded. Bars with cracked ends
shall be discarded.

For the steel procured from original producers alsa, the Engineer / Employer may carry
out occasional checks on materials through thira party as mentioned above, for confirming
the test results shown in the certificates, in case of any doubt regarding the quality of steel
supplied.

1008.3.2 Coating of Reinforcing Bars
1009.3.2.1 Fusion Bonded Epoxy Coated Reinforcement

Fusion bended epoxy coated reinforcement shall conform to 1S:13620 or other international
standards as approved by Engineer. The location of the source of supply of the coated bars
shall be such as to ensure that the bars are not transported for a distance of more than
300 Km.

Additional requirements for the use of such reinforcement bars are given below:
a) Patchup materials shall be procured in sealed containers with certificates
from the agency who has supplied the fusion bonded epoxy bars.

b)  PVC coated G.|. binding wires of 18G shall only be used in conjunction
with fusion bonded epoxy bars.

c)  Chairs for supporting the reinforcement shall also be of fusion bonded
epoxy coated bars.

d) The cut ends and damaged portions shall be touched up with repair
patch up material.

e}  The bars shall be cut by saw-cutting and not by flame cutting.

fy  While bending the bars, the pins of work benches shall be provided
with PVC or plastic sleeves.
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g) The coated steel shall not be directly exposed to sun rays or rains
and shall be protected with opaque polyethylene sheets or such other
approved materials.

h) While concreting, the workmen or trolley shall not move directly on
coated bars but shall move only on wooden planks placed on the
bars.

1009.3.2.2 Hot Dipped Galvanized Bars

Hot dipped galvanized reinforcing steel shall be provided wherever specified. The coating
ghall conform to 15:12594-1888

1009.4 Grey Iron Castings

Grey Iron castings o be used for bearings shall have the following minimum properties:

i)  Minimum ultimate tensile strength 370 MPa

i) Modulus of Elasticity 147000 MPa
iif)  Brinell Hardness 230 MPa

iv] Shear Strength 370 MPa

v) Compressive Strength 1370 MPa

The testing shall be as specified in 15:210.

1009.5 Steel Forgings

Forged steel pins shall comply with clause 3, 3A or 4 of 1S:1875 and steel forgings shall
comply with clause 3, 3A or 4 of |5:2004, Raw materials of the forging shall be as per
IS: 1875 with minimum reduction ratio of 1.8:1. Alternatively, if forging is made from ingot, the
minimum reduction ratio shall be 4:1. Forging shall be normalized.

1009.6 Structural Steel

Unless otherwise permitted, all structural steel shall, before fabrication, comply with the
requirements of the following Indian Standards:

15:226 : Structural Steel (Standard Quality)

15:961 Structural Steel (High Tensile)

152062 Weldable Structural Steel

15:8500 Weldable Structural Steel (medium and high strength
qualities)

446



Pile Foundations Section 1100

Care shall be taken during conerating to prevent the segregation of the ingredients. The
displacement or distortion of reinforcement during concreting and while extracting the casing,
shall also be avoided.

It the concrete is placed inside precast concrete tubes or consists of precast sections, these
shall be free from cracks or other damage before being installed,

The concrete shall be properly graded, shall be self-com pacting and shall not get mixed with
s0ll, excess water, or other extraneous matter, Special care shall be taken in silty clays and
other soils which have the tendency to squeeze into the newly depasited concrete and cause
necking. Sufficient head of green concrete shall be maintained ta prevent inflow of soil or
water into the concrete.

The placing of concrete shall be a continuous process from the toe level to the top of the pile.
To ensure compaction by hydraulic static heads. rate of placing concrete in the pile shaft shall
not be less than 6 m (length of pile) per hour.

1107.3 Casing

When concreting is carried out for a pile, a tempaorary casing should be installed to sufficient
depth so as to ensure that fragments of sail from the sides of the hole do not drop into the
concrete as It is placed. When the bore hole is stabilized using drilling mud, the temporary
casing is not required except near the top.

The metal casing shall be of sufficient thickness and strength to hold its original form and
show no harmful distortion while driving or when adjacent casings are driven.

Cast in-situ concrete driven piles shall be installed using a properly designed detachable
shoe at the bottom of the casing.

Bored cast in-situ piles in soils which are stable, may often be installed with only a small
casing length at the top. A minimum of 2 m length of top of bore shall invariably be provided
with casing to ensure against loose soil falling into the bore. In cases in which the side sail
can fall into the hole, it is necessary to stabilize the side of the bore hole with drilling mud, or
a suitable steel casing. Permanent steel liner shall be provided at least up to maximum scour
level. The minimum thickness of steel liner shall be 8 mm.

Permanent steel liner shall be provided for the full depth of the pile in the following situations
where:

1) The surrounding soil is marine clay
i} Soft soil Is present
i} Surrounding soil has sulphate content equal to or more than 1%
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lv) Surrounding water has sulphate content equal to or more than
2500 ppm

v) Leakage of sewage is expecied

For bored cast in-situ piles, casingfliner shall be driven open ended with a pile driving hammer
capable of achieving penetration of the liner to the depth shown on the drawing or as approved
by the Engineer. Materials inside the casing shall be removed progressively by air lift, grab
or percussiaon equipment or other approved means.

Where bored cast in-situ piles are used in soils liable to flow, the bottom of the casing shall
be kept sufficiently in advance of the boring tool to prevent the entry of soil into the casing,
leading to formation of cavities and settlements in the adjoining ground. The water level in
the casing should generally be maintained at the natural ground water level for the same
reasons. The joints of the casing shall be made as leak-tight as possible to minimize inflow
of water or leakage of slurry during concreting.

The diameter of the boreholes shall not be more than the inside diameter of the liner when the
liners are installed before boring. When the liners are installed after boring, the diameter of
the boreholes shall not be more than the outside diameter of liner + 2 mm, unless otherwise
approved by Engineer.

1107.4 Use of Tremie

The concrete should invariably be poured through a tremie with a funnel, so that the concrete
can be properly deposited in the hole without segregation. For concreting done by tremie, the
following requirements which are particularly applicable shall be ensured:

a) The hopper and tremie should be a leak proof system.

b) Diameter of tremie shall be not less than 200 mm for use with 20 mm
diameter down aggregate.

¢)  The first charge of concrete should be placed with a sliding plug pushed
down the tube ahead of it or with a steel plate with adequate charge to
prevent mixing of concrete and water. However, the plug should not be
left in the concrete as a lump.

d}  The tremie pipe should always penetrate well into the concrete with an
adequate margin of safety against accidental withdrawal of the pipe.
The tremie should be always full of concrete.

e} The pile should be concreted wholly by tremie and the method of
deposition should not be changed part way up the pile, to prevent
laitance from being entrapped within the pile.

f)  All tremie tubes shall be thoroughly cleaned after use.
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manner as not to impair the bearing capacity of piles already in place, the stability of the soil
or the safety of any adjoining buildings. Details of the arrangement for jetting shall be got
approved from the Engineer in advance.

If large quantities of water are used for jetting, provision shall be made for collecting and
draining away of water when it comes to the surface of the ground, so that the stability of the
piling plant is not endangered by the softening of the ground.

Jetting shall be stopped before completing the driving which shall always be finished by
ordinary metheds. Jetting shall be stopped if there is any tendency for the pile tips to be
drawn towards the pile already driven owing to the disturbance of the ground.

1112 RAKER (INCLINED) PILES

The maximum rake to be permitted in piles shall not exceed the following:

I} 1in 6 for all bored piles
) 1in6& for castin-situ piles

iif) 1in 4 for precast driven piles

1113 PILE TESTS

1113.1 Initial Load Test

i) The number of initial tests shall be determined by the Engineer taking
into consideration the bore log and soil profile, design length, pile
diameter and design pile capacity. However, it shall not be less than
two for each category.

i} Initial load test for axial load capacity, including uplift capacity if required,
on trial piles of the same diameter as of the design pile, shall be carried
out after 28 days design strength is achieved. The testing shall be done
as per the procedure laid down in 1S:2911, Part-IV. The load test shall
be conducted for not less than 2% times the design load. The initial
load test shall be cyclic load test for piles deriving strength from end
bearing and side friction. The maintained load test can be performed
for end bearing piles which do not rely on friction and for plles socketed
In rock,

i) It the initial load test gives a capacity greater than 25 percent of the
Capacity calculated by static formula and if it s desired to take benefit
of the higher capacity, another two load tests shall be carried out to
confirm the earlier value and minimum of the three shall be considered
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as initial load test value. The number of Initial tests shall be determined
by the Engineer taking into consideration the bore log and soil profile.

iv) Lateral load tests shall be carried out for estimating the lateral load
capacity of the piles. The test procedure shall be carried out as per
IS 2911 part IV. However the permissible deflection shall be as per
IRC:78.

v)  In particular cases where upper part of pile is likely to be exposed later
due to scour, then the capacity contributed by that portion of the pile
during load test, shall be accounted for,

1113.2 Routine Load Tests

Routine load test shall be carried out at actual locations of foundations of bridges to re-confirm
or modify the allowable loads. The lateral load test may be conducted on two adjacent piles.
However, results of routine load tests shall not be used for upward revision of design capacity
of piles. The minimum number of tesis to be conducted for confirming the capacity shall be
as per Table 1100-3.

Table 1100-3 : Minimum Number of Tests

Total Number of Piles for the Bridge Minimum Number of Test Piles
Upto 50 2
50-150 3
Beyond 150 2% of total piles (fractional number rounded to
next higher integer number)

Note: The number of tests may be judiciously increased depending upon the varabilty of
foundation strata. For determining the number of piles to be tested for the routine test
the total no. of plles under all structures of left and right carriageway and the service road
shall be taken together provided length and diameters of the piles are the same.

11133 Permissible Overload

While conducting routine test on one of the piles belonging to a pile group, if the pile capacity
Is found to be deficient (based on the settiement criteria of 12 mm for piles of diameter up
to and including 600 mm and 2 percent of the plle diameter for piles of diameter more than
600 mm at 1.5 times the design load) an overload up to 10 percent of the capacity may be
allowed.

1113.4 For a quick assessment of pile capacity, strain dynamic tests may be
conducted after establishing co-relation using the results of load tests. However, results of
strain dynamic tests shall not be used for upward revision of design capacity of pile. Detailed
guidelines and references are given in IRC:78. These methods can be followed.
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To have a fairly good idea about the quality of concrete and construction defects like voids,
discontinuities etc., pile integrity tests are extensively conducted. Detailed guidelines in this
connection are given in IRC:78.

1114 PILE CAP

Casting of pile cap should be at a leval higher than low water level unless functionally required
to be below low water level. In such cases dewatering shall be resorted to allow concreting
in dry conditions. Pile caps shall be of reinforced concrete. A minimum offset of 150 mm shall
be provided beyond the outer faces of the outermost piles in the group. If the pile cap is in
contact with earth at the bottom, a leveling course of minimum 80 mm thickness of M 15
nominal mix concrete shall be provided. In marine conditions or areas exposed to the action
of harmful chemicals, the pile cap shall be protected with a coating such as bituminous based
coaltar epoxy or epoxy based coating or with suitable anti corrosive paint. Concrete with high
alumina cement, shall not be used in marine environment.

The attachment of the pile head to the cap shall be adequate for the transmission of loads and
forces. A portion of pile top may be stripped of concrete and the reinforcement anchored into
the cap. Manual chipping may be permitted three days after casting of pile, while pneumatic
tools for chipping shall be permitted only seven days after casting of pile. The top of pile after
stripping shall project at least 50 mm into the pile cap.

The top of concrete in a pile shall be brought above cut-off level to permit remaval of all
laitance and weak concrete before pile cap is laid. This will ensure good concrete at the cut-
off level,

1115 IMPORTANT CONSIDERATIONS, INSPECTION/PRECAUTIONS FOR
DIFFERENT TYPES OF PILES

11161 Driven Cast In-Situ Piles

1115.1.1 Specialist literature and the guidelines from the pile construction industry
shall be consulted regarding the method of installation, equipment and accessories for pile
driving and recording of data.

1115.1.2 During installation of piles, the final "set” of penetration of pile per blow of
hammer shall be checked taking an average of last 10 blows.

1115.1.3 The plle shoes which may be of either cast iron conical type or mild steel
fiat type shall have double reams for proper seating of the removable casing tube inside the
space between the reams,
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1901 DESCRIPTION

This work shall include furnishing, fabricating, transporting, erecting and painting structural
steel, nvet steel, cast steel, steel forgings, cast iron and other incidental metal construction
of the kind, size and quantity in conformity with the drawings and these Specifications or as
directed by the Engineer.

1202 GENERAL

General requirements relating to the supply of material shall conform to the Specifications
of 15:1387, for the purpose of which the supplier shall be the Contractor and the purchaser
shall be the Engineer.

Finished rolled material shall be free from cracks, flaws, injurious seams, laps, blisters, ragged
and imperfect edges and other defects. It shall have a smooth and uniform finish, and shall
be straightaned in the mill before shipment. It shall also be free from loose mill scale, rust,
pits or other defects affecting its strength and durability.

The acceptance of any matenal on inspection at the rolling mill, foundry or fabricating plant
where material for the work is manufactured, shall not be a bar to its subsequent rejection, if
found defective.

Unless otherwise specified, high tensile steel rivets conforming to 15:1148 shall be used only
for members of high tensile steel conforming to 15:961 and shall not be used for members of
mild steel.

Unless otherwise specified, bolted connection of structural joints using high tensile friction
grip bolts shall comply with requirements of 154000,

Cast iron shall not be used in any part of the bridge structure, except where it is subject to
direct compression,

1903 MATERIALS

1803.1 All materials shall conform to Section 1000 of these Specifications, Special
requirements are given below;

Mild steel for bolts and nuts shall conform to 15:226 but have a minimum tensile strength of
44 kg/sq.mm and minimum percentage elongation of 14,

High tensile steel for bolts and nuts shall conform to 15961 but with a minimum tensile
strength of 58 kg/sq.mm.
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Use of high strength friction grip bolts shall be permitted only on satisfactory evidence of
performance to the requirements (not covered by these Specifications) specified by the
Engineer or as laid down in special provisions.

For cast steel, the yield stress shall be determined and shall not be less than 50 percent of
the minimum tensile strength.

Plain washers shall be of steel. Tapered or other specially shaped washers shall be of steel
or malleable cast iron,

Parallel barrel drifts shall have a tensile strength not less than 55 kg/sq.mm with elongation
of not less than 20 percent measured on a gauge length of 4 VS,

(S, = cross-sectional area).

1903.2 Materials for castings and forgings, fasteners, welding consumables and
welding shall be as under -

1903.2.1 Castings and Forgings

Steel castings and forgings shall comply with the requirements of the following Indian
Standards, as appropriate :

I5:1030 Carbon Steel Castings for General Engineering purposes
IS:1875  Carbon Steel Billets, blooms, slabs, bars for forgings
I5:2004  Carbon Steel Forgings for General Engineering purposes
IS:2644  High Tensile Steel Castings

IS:2708 1.5 Percent Manganese Steel Castings

I5:4367  Alloy and tool steel forgings for general industrial use

1903.2.2 Fasteners

Bolts, nuts washers and rivets shall comply with the following or relevant Indian Standards
as appropriate -
15:1148  Hot rolled rivet bars {up to 40 mm dia) for structural purposes
15:1148  High tensile steel rivet bars for structural purposes

IS:1363  Hexagon head bolts, screw and nuts product grade C
(Parts 1 to 3)

IS:1364  Hexagon head bolts, screw & nuts product grade A and B
(Parts 1 to 3)
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IS:1367  Technical supply conditions for threaded steel fastener
(Parts 1 to 18)
15:1929 Hot forged steel rivets for hot closing (12-36 mm dia)
15:2155 Cold forged steel rivets for hot closing (8-16 mm dia)
15:3640 Hexagon fit bolts
IS:3757  High strength structural bolts
15:4000 High strength bolts in steel structures
155369 Plain washers and lock washers — general requiremenis
I5:5370 Plain washers with outside dia = 3 X inside dia
I15:5372 Taper washers for channels (ISMC)
1S:5374  Taper Washers for | beams (ISMB)
I5:5624 Foundation bolts
IS:6610 Heavy washers for steel structures
I5:6623 High strength structural nuts
15:663% Hexagon bolts for steel structures
156648 Hardened and tempered washers for high strength structural
bolts and nuts.
I5:7002  Prevailing torque type steel hexagon nuts
1903.2.3 Welding Consumables

Vielding consumables shall comply with the following Indian Standards as appropnate :

1S:814
(Part 1)

15.814

(Part 2)
15:1385
15:3613

15:6419

158560

Covered Electrodes for Metal Arc Welding of Structural steel for
welding other than sheets

For welding sheets

Low and medium alloy steal covered electrodes for manual Metal
Arc Welding

Acceptance Tesis for wire flux combinations for submerged arc
welding of structural steel

Welding rods and bare electrodes for gas shielded arc welding
of structural steel

Molybdenum and chromium-molybdenum low alloy steel welding
rads and bare electrodes for gas shielded arc welding

587



Section 1800

15:7280

1903.2.4 Welding

Structural Steel

Bare wire electrodes for gas shielded arc welding of structural
stesl

IS:812 Glossary of terms relating to welding and cutting of metals

IS:818 Code of practice for use of metal arc welding for general
construction in mild steel

15:822 Code of procedure for inspection of welds

15:1024 Code of practice for use of welding in bridges and structures
subject to dynamic loading

151182 Recommended practice for radiographic examination of fusion
welded butt joints in steel plates

IS:4853 Recommended practice for radiographic inspection of fusion
welded butt joints in steel pipes

I5:5334  Code of practice for magnetic particle flaw detection of welds

IS:7307  Approval tests for welding procedures : Part 1 fusion welding of
stee|

1517310  Approval tests for welders working to approved welding
procedures : Part 1 fusion welding of steel

IS:7318  Approval tests for welders when welding procedure is not
required : Part 1 Fusion welding of steel

159585 Recommendations for metal arc welding of carbon and carbon
manganesa steals

1903.3 Corrosion resistant steel to be used in aggressive environment shall be

low alloy steels containing a total of 1 percent to 2 percent alloys, in particular copper,
chromium, nickel and phosphorous.

1903.4 Paints

All matenials for paints and enamels shall conform to the requirements specified on the
drawings or other special provisions laid down by the Engineer,

The type of paints which can be used shall be as follows

a) Ordinary |Le. paints based on drying oils, alkyd resin, modified alkyd
resin, phenalic vamish epoxy
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b) Chemical Resistant — one pack type (ready for use) or two pack type

(mixed before use),
c)  Vinyl
d) Chlorinated rubber
e) Bituminous - (1S:8862)
fi  Epoxy - (15:14925)
g) Polyurethane - (15:13759)
h) Zincrich - (15:14589)

Unless otherwise specified, paints shall conform to the relevant Indian Standards. Paints shall
betested for the following qualities as per Specifications given in the relevant IS codes:

- Weight (for 10 litres of paint, thoroughly mixed)
- Drying time

- Consistency

- Dry thickness and rate of consumption

1904 FABRICATION

1904.1 General

All work shall be in accordance with the drawings and as per these Specifications. Fabrication
work shall be taken up only after receipt of approved fabrication/working drawings. It shall
be ensured that all parts of an assembly fit accurately together. All members shall camry
mark number and item number and, if required, senal number. Method of marking shall be
commensurate with the process of manufacture and such as to ensure retention of identity

at all stages.

Unless specifically required under the contract corresponding parts need not be
interchangeable, but the parts shall be match marked as required under Clause 1904.9.

Templates, jigs and other appliances used for ensunng the accuracy of the work shall be of
mild steel, where specially required, these shall be bushed with hard steel. All measurements
shall be made by means of steel tape or other device properly calibrated. Where bridge
matenals have been used as templates for drilling, these shall be inspected and passed by
the Engineer before they are used in the finished structure.

All structural steel members and parts shall have straight edges and plane surfaces. They
shall also be free from twist. If nacessary. they shall be straightened or flattened by pressure
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unless they are required to be of curvilinear forms. Adjacent surfaces or edges shall be in
close contact or at uniform distance throughout.

The Contractor shall submit his programme of work to the Engineer for his approval at
least 15 days before the commencement of fabrication, which shall include the proposed
system of identification and erection marks together with complete details of fabrication and
welding procedures. He shall also submit for approval of Engineer, a Quality Assurance Plan
according to the nature of fabrication work (whether welded or riveted) which should clearly
define the points of checking and inspection during the stages of fabrication as well as supply
of materials.

The Contractor shall prepare shop drawings for fabrication of any member and obtain approval
of the Engineer before the start of work. Complete information regarding the location, type,
size and extent of all welds shall be clearly shown on the shop drawings. These drawings
shall distinguish between shop and field welds.

1904.2 Laminations in Plates

The following areas of plates shall not have laminations;

a) Steel plates and sections in which tension stresses are transmitted
through thickness of plate or in region in which lamination could affect
the buckling behavior and bending compression.

b) On each side of welded bearing diaphragm, strip of flange and web
plate for a length equal to 25 times their thickness.

c) The strip of web plate for a length of 25 times its thickness on each side
of single sided bearing stiffener welded to web.

d) For welded cruciform joints transmitting tensile stress through the plate
thickness, for a length 4 times the thickness of plate on each side of
attachment.

e} For edges of plates where corner welds are provided on the surface of
such plates.

f)  Other areas of plates or sections as may be specified by the Engineer,
1904.3 Straightening and Bending

1904.3.1 The straightening of plates, angles and other shapes shall be done by
methods not likely to produce fracture or any injury to the metal. Hammering shall not be
permitted. Heating, if permitted by the Engineer in special cases, shall be followed by as
slow cooling as possible. Following the straightening of a bend or buckle the surface shall
be carefully inspected for evidence of fracture. Sharp kinks and bends may lead to rejection
of material.
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1804.3.2 Straightening by heating shall be done under controlled procedure.
Temperature of the steel shall not be more than 650°C. Heating and cocling rate shall
be appropriate to the particular type of steel and shall be as agreed and approved by the
Engineer. Accelerated cooling shall not be camied out without the approval of the Engineer.

1904.3.3 Bending and Curving

Steel having yield stress more than 360 MPa shall not be heat curved. Rolled beams and
girders may be curved by either continuous or V-type heating as approved by Engineer.

a) For the continuous method, a strip of sufficient length along the edge
of top and botiom flange shall be heated simultaneously to desired
temperature to obtain required curve.

b} For V-type of heating, the top and bottom flanges shall be heated in
truncated triangular or wedge-shaped areas having their base along
the flange edge and spaced at regular intervals along each flange.
The truncate triangular pattern shall have an angle 15 to 30 with base
not more than 250 mm long. The spacing and temperature shall be
as required lo obtain the required curvature and heating shall be at
approximately the same rate along the top and bottom flanges.

For flange thickness of 32 mm or more, both inside and outside surfaces
shall be heated concurrently.

The heat bending shall be conducted so that the temperature of steel does not exceed 620°C.
The girder shall not be artificially cooled until temperature comes down to 315°C by natural
cogling. The method of arificial cooling shall be as approved by Engineer.

Camber for rolled beams may be obtained by heal curving methods approved by Engineer,
For camber in plate girders, the web shall be cut to prescribed camber with suitable allowance
for shrinkage due to cutting, welding and heat curving.

1904.4 Preparation of Edges and Ends

1904.4.1 All structural steel parts, where required, shall be sheared, cropped, sawn
or flame cut and ground accurately to the required dimension and shape. Material shall be
cleaned and any burrs, scales or abnormal irmegularities shall be remaoved,

1904.4.2 End/edge planing and cutting shall be done by any one of the following
prescribed methods or left as rolled:

a) Shearing, cropping, sawing, machining, machine flame cutting.
b} Hand flame cutting with subsequent grinding to a smooth edge.
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Sheared edges of plate not more that 18 mm thick, which are for secondary use such as
stiffeners and gussets, shall be subsequently ground to smoath profile.

If ends of stiffeners are required to be fitted, they shall be ground, so that the maximum gap
over 60 percent of the contact area does not exceed 0.25 mm.

1904.4.3 Where flame cutling or shearing is done, at least one of the following
requirements shall be satisfied.

a) The cut edge is not subjected to applied stress.

b) The edge is incorporated in weld.

c) The hardness of cut edge does not exceed 350 HV 30,

d) The material is removed from edge to the extent of 2 mm or minimum
necessary, so that the hardness is less than 350 HV 30.

e) Edge Is suitably heat treated by approved method to the satisfaction of
the Engineer and it is shown by dye penetrant or magnetic particle test
that cracks have not developed.

f) ~ Thickness of plate is less than 40 mm for machine flame cutting of
materials conforming to 1S:2062 up to Grade E250 (Fe 410w). The
requirement of hardness below 350 HV 30 of flame cut edges shall be
specified by the Engineer.

The flame cut edges shall be ground or machined over and above the requirements in (a) to
(f), wherever specified by the Engineer.

1904.4.4 Where machining for edge preparation in butt joint Is specified, the ends
shall be machined after the members have been fabricated.

Outside edges of plate and section, which are prone to corrosion shall be smoothened by
grinding or filing.

In the case of high tensile steel at least 6 mm of the material from the flame cut edge shall
be removed by machining.

Longitudinal edges of all plates and cover plates in plate girders and built-up members shall
be machined except in the following cases:

a) Rolled edges of single universal plates or flats
b} Covers to single flange plates.

€) Edges of single plates in compression and edges of single plates of
thickness 25 mm or less, in tension, where machine flame cutting is
acceptable.
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d) Edges of single shaped plates over 2 mm thick not capable of being
machined by ordinary method, which may be machine flame cut and
the end surface ground.

e) Edges of universal plates or flats of the same nominal width used in
tiers, if so authorized by the Engineer.

All edges of splice and gusset plates 12 mm thick and over, shall be machined and those less
than 12 mm thick shall be sheared and ground.

The ends of plates and sections forming the main components of plate girders or of built-up
members shall be machined, machine flame cut, sawn or hand flame cut and ground.

Where ends of stiffeners are required to be fitted, they shall be machined, machine flame out,
sawn, sheared and ground or hand flame cut and ground.

The ends of lacing bar shall be rounded unless otherwise specified.

Other edges and ends of mild steel parts shall be sheared and any burrs at edges shall be
removed.

1904.5 Preparation of Holes

1904.5.1 Drilling and Punching

Holes for rivets, black bolts, high strength bolts and countersunk boltsfrivets (excluding
close tolerance and turn fitted bolts) shall be either punched or drilled. For bolts/rivets less
than 25 mm dia, the diameter of holes shall be 1.5 mm larger while for those of 25 mm dia or
mare, the diameter of holes shall be 2 mm larger than the diameter of the bolt/rivel

All holes shall be drilled except those for secondary members such as floor plates, hand
rails etc. Members which do not carry the main load can be punched subject to the thickness
of member not exceeding 12 mm for material conforming to 15:2062 up to Grade E250
(Fe 410w).

Holes through material of more than one thickness or through main material thickness
exceeding 20 mm for steel conforming to 15:2062 up to Grade E250 (Fe 410w) or 16 mm
for steel conforming to 1S5:2062 up to Grade E300 (Fe 440w) and above, shall either be sub-
drilled or sub-punched to a diameter of 3 mm less than the required size and then reamed
to the required size. The reaming of matenal more than one thickness shall be done after
assembly.

Where several plates or sections form a compound member, they shall, where practicable,
be firmly connected together by clamps or tacking bolts and the holes shall be drilled through
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the group in one cperation. Alternatively, and In the case of repetition work, the plates and
sections may be drilled separately from jigs and templates. Jigs and templates shall be
checked at least once after every 25 operations. All burrs shall be removed.

In the case of repetition of spans, the erection of every span shall not be insisted upon,
except where close tolerance or turned bolts are used, provided that methods are adopted to
ensure sirct interchangeability. In such cases, one span in ten or any number less than ten of
each type shall be erected from pleces selected at random by the Engineer and should there
be any failure of the pieces to fit, all similar spans shall be erected complete. In the event of
spans being proved completely interchangeable, all corresponding parts shall carry the same
mark so that sorting of the materials at site is facilitated.

1904.5.2 Block Drilling
Where the number of plates to be riveted exceeds three or the total thickness is 90 mm or
more, the rivet holes, unless they have been drilled through steel bushed jigs, shall be drilled

out in place 3 mm all round after assembling. In such cases, the work shall be tightly bolted
together.

1904.5.3 Size of Holes
The diameters of rivet holes in millimetres are given in Table 1900-1,

Table 1900-1 : Diameters of Holes for Rivets

Nominal dia of Rivets (mm) Dia of Holes (mm)
12 13.5
14 15.5
16 17.5
18 18.5
20 21.5
22 235
24 255
27 29.0
30 32.0
33 35.0
1904.5.4 Close Tolerance Bolts and Barrel Bolts

For close tolerance or turn fitted bolts, the diameter of the holes shall be equal to the nominal
diameter of the bolt shank + 0.15 mm to - 0.0 mm,
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The members o be connected with close tolerance or turn fitted bolts shall be firmly held
together by service bolts or clamped and drilled through all thicknesses in one operation and
subsequently reamed to required size within specified limit of accuracy as specified in 15:918
tolerance grade H8.

The holes not drilled through all thicknesses in ane operalion shall be drilled to smaller size
and reamed after assembly.

1904.5.5 Holes for High Strength Friction Grip Bolts

All hales shall be drilled after removal of burrs. Where the number of plies in the grip does not
exceed three, the diameters of holes shall be 1.5 mm larger than those of bolts. Where the
number of plies in the grip exceeds three, the diameters of holes shall be as follows, unless
otherwise specified by the Engineer:

- in outer plies 1.5 mm larger than diameter of bolts

- in inner plies not less than 1.5 mm and not more than 3.0 mm
larger than diameter of bolts

1904.5.6 Removal of Burrs

The work shall be taken apart after drilling and all burrs left by drilling and the sharp edges of
all rivet holes completely removed,

1904.6 Rivets and Riveting

1904.6.1 The rniveting shall be done by hydraulic or pneumatic machine unless
otherwise specified by Engineer. The driving pressure shall be maintained on the rivets for a
short time after the upsetting is completed.

1804.6.2 The diameter of ivets shown on the drawings shall be the size before healing.
Each rivet shall be of sufficient length to form a head of the standard dimensions as given in
IS handbook on Steel Sections, Part-l. The underside of the head shall be free from burrs.

1904.6.3 The tolerance on the diameter of rivets shall be in accordance with 15:1148
for mild steel rivets and 15:1149 for high tensile steel rivets. Unless otherwise specified, the
tolerance shall be minus.

1904.6.4 When countersunk head is required, the head shall fill the countersunk hole
and projection after countersinking shall be ground off wherever necessary. The included
angle of the head shall be as follows:
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a) For plates over 14 mm thickness 80 degree
b) For plates upto and including 14 mm thickness 120 degree
1804.6.5 Mild steel rivets shall be heated uniformly to a light cherry red colour batween

650°C to 700°C for hydraulic riveting and orange colour for pneumatic riveting. High tensile
steel rivets shall be heated up to 1100°C. The rivets shall be red hot from head to the point
when inserted and shall be upset in its entire length so as to fill the hole as completely as
possible when hot. After being heated and before being inserted in the hole, the rivet shall be
made free from scale by striking it on a hard surface. Any rivet whase point is heated more
than the prescribed limit, shall not be driven.

Where flush surface is required, any projecting metal shall be chipped or ground off,

1904.6.8 Before riveting is commenced, the parts/members to be riveted shall be firmly
drawn together with balts, clamps or tack welds so that the various sections and plates are
in close contact throughaut. Every third haole of the joint shall have assembly boits till riveted.
Drifts shall only be used for drawing the work into position and shall not be used to such an
extent as to distort the holes. Drifts of a larger size than the nominal diameter of the hole shall
not be used.

1904.6.7 Driven rivets, when struck sharply on the head by a quarter pound rivet testing
hammer, shall be free from movement and vibrations, Assembled riveted joint surfaces,
including those adjacent to the rivet heads, shall be free from, dirt, loose scale, burrs, other
foreign materials and defects that would prevent salid seating of parts.

1904.6.8 All loose or burnt rivets, rivets with cracked or badly formed defective heads
or nvets with heads which are unduly eccentric with the shanks, shall be removed and
replaced. In removing rivets, the head shall be sheared off and the rivet punched out so as
not to damage the adjacent metal, If necessary, the rivets shall be drilled out. Re-cupping
or re-caulking shall not be permitted. The parts not completely riveted in the shop shall be
secured by bolts to prevent damage during transport and handling.

1904.7 Bolts, Nuts and Washers

1904.7.1 Black Bolts (Black All Over)
Black bolts are forged bolts in which the shanks, heads and nuts do not receive any further

treatment except cutting of screw threads. They shall be true to shape and size and shall
have the standard dimensions as shown on the drawings.

1904.7.2 Close Tolerance Bolts

Close tolerance bolts shall be faced under the head and turned on the shank,

586



Structural Steel Section 1900

1904.7.3 Turned Barrel Bolts

The diameter of the screwed portion of turned barrel bolts shall be 1.5 mm smaller than the
diameter of the barrel unless otherwise specified by the Engineer. The diameter of the bolts
as given an the drawing shall be the nominal diameter of the barrel. The length of the barrel
shall be such that it bears fully on all the parts cennected. The threaded portion of each bolt
shall project through the nut by at least one thread. Faces of heads and nuts bearing on steel
work shall be machined.

1904.7.4 High Strength Friction Bolts and Bolted Connections

The general requirement shall be as per relevant IS Specifications mentioned in
Clause 1903.2.2. Unless otherwise specified by the Engineer, bolted connections of structural
jaints using high tensile friction grip bolts shall comply with requirements mentioned in
15:4000.

1904.7.5 Washers

In all cases where the full bearing area of the bolt is to be developed, the bolt shall be
provided with a steel washer under the nut of sufficient thickness to avoid any threaded
portion of the bolt being within the thickness of the parts bolted together and to prevent the
nut when screwed up, from bearing on the bolt.

For close tolerance or turned barrel bolts, steel washers whose faces give a true bearing
shall be provided under the nut. The washer shall have a hole diameter not less than 1.5 mm
larger than the barrel and thickness not less than 6 mm so that the nut, when screwed up,
will not bear on the shoulder of the bolt.

Taper washer, with correct angle of taper, shall be provided under all heads and nuis bearing
on bevelled surfaces.

Spring washers may be used under nuts to prevent slackening of the nuts when excessive
vibralions occur.

Where the heads or nuis bear on timber, square washers having a length of each side not
less than three times the diameter of bolts or round washers having a diameter of 3% times
the diameter of bolis and with a thickness not less than one quarter of diameter, shall be
provided.

1204.7.86 Studs

Ordinary studs may be used for holding parts together, the holes in one of the parts being
tapped to take the thread of the stud, Countersunk studs may be used for making connections
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where the surfaces are required to be clear of all cbstruction, such as protruding heads of
bolts or rivets. Studs may also be welded on the steel work in the positions required.

1804.7.7 Service Bolts

Service bolts shall have the same clearance as black bolts and where it is required that there
should be no mavement prior to final riveting, sufficient drifts or close tolerance bolts shall be
used to locate the work.

1804.7.8 Tightening Bolts

Bolted connection joints with black bolts and high strength bolts shall be inspected for
compliance of codal requirements.

All joint surfaces for bolted connection including bolts, nuts and washers shall be frec of
scale, dirt, burrs, other foreign material and other defects that would prevent solid seating of
parts. The slope of surface of beited parts in contact with bolt head and nuts shall not exceed
1:20 plane normal to bolt axis; otherwise suitable tapered washer shall be used.

All fasteners shall have a washer under nut or bolt head, whichever is turned in tightening.

Each fastener of joint shall be tightened to specified value or to 70 percent of specified
minimum tensile strength by hand wrenches (turn of nut method) or calibrated wrenches,
manual torque wrenches, impact wrench or any other method specified by the Engineer.

When ‘turn of nut' method is used for tightening the bolts in a joint, all bolts shall be first
brought to snug-tight condition |.e. tightening by full manual effort using ordinary wrench or by
a few impacts of any impact wrench. All bolts in the joint shall then be tightened additionally
by applicable amount of nut rotation as specified in 1S:4000.

The Engineer shall observe the installation and tightening of bolts to ensure that correct
tightening procedure is used and all bolts are tightened. Regardless of tightening method
used, tightening of bolts in a joint should commence at the most rigidly fixed or stiffest point
and progress towards the free edges, both in initial snuaging and in final tightening.

The tightness of bolts in connection shall be checked by inspection wrench, which can be
torque wrench, power wrench or calibrated wrench,

Tightness of 10 percent balts, but not less than two bolts, selected at random in each
connection shall be checked by applying inspection torque. If no nut or bolt head is turned
by this application, connection can be accepted as properly tightened, but If any nut or head
has turned, all bolts shall be checked and, if necessary, re-tightened.
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1904.7.9 Drifts

The barrel shall be drawn or machined to the reguired diameter for a length of not less than
one diameter over the combined thickness of the metal through which the drifts have to pass.
The diameter of the parallel barrel shall be equal to the nominal diameter of the hole subject
to a tolerance of +0 mm and - 0.125 mm. Both ends of the drift for a length equal to 1% times
the diameter of the parallel portion of the bar, shall be tumed down with a taper to a diameter
at the end equal to one-half that of parallel portion,

1904.8 Pins and Pin Holes

1904.8.1 Pins

The pins shall be parallel throughout and shall have a smooth surface free from flaws. They
shall be of sufficient length to ensure that all parts that they connect, shall have a full bearing
on them. Where the ends are threaded, they shall be tumed to a smaller diameter at the ends
for the thread and shall be provided with a pilot nut, where necessary, to protect the thread
when being drawn to place. To facilitate insertion and extraction, pins may be chamfered
beyond the required length and provided with suitable holes in the chamfered portion.

Pins more than 175 mm in length or diameter shall be forged and annealed.

1904.8.2 Pin Holes

Fin holes shall be bored smooth, straight and true to gauge at right angles to the axis of the
member and parallel with each other, unless ctherwise required. The tolerance in the length
of tension members from outside to outside of pin holes and of compression members from
inside to inside of pin holes shall be 1 mm. In built-up members, the boring shall be done only
after the members have been finally riveted, welded or bolted unless otherwise approved by
Engineer,

The specified diameter of the pin hole shall be its minimum diameter. The resulting clearance
between the pin and the hole shall not be less than 0.5 mm and not more than 1 mm.

1904.9 Shop Erection and Match Marking

Before being dispatched, the steel work shall be temporarily erected in the fabrication
shop for inspection by the Engineer either wholly or in such portion as the Engineer may
require, so that he may be satisfied in respect of both the alignment and fit of all connections.
For this purpose, sufficient number of parallel drifts and service bolts tightly screwed up,
shall be employed. All parts shall fit accurately and be in accordance with drawings and
specifications.
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where the surfaces are required to be clear of all abstruction, such as protruding heads of
bolts or rivets. Studs may also be welded on the steel work in the positions required,

1904.7.7 Service Bolts

Service bolts shall have the same clearance as black bolts and where it is required that there
should be no movement prior to final riveting, sufficient drifts or close tolerance bolts shall be
used to locate the work.

1904.7.8 Tightening Bolts

Bolted connection joints with black bolts and high strength bolts shall be inspected for
compliance of codal requirements.

All joint surfaces for bolted connection including bolts, nuts and washers shall be free of
scale, dirt, burrs, other foreign material and other defects that would prevent solid seating of
parts. The slope of surface of boited parts in contact with balt head and nuts shall not exceed
1:20 plane normal to bolt axis, otherwise suitable fapered washer shall be used.

All fasteners shall have a washer under nut or bolt head, whichever is turmed in tightening,

Each fastener of joint shall be tightened to specified value or to 70 percent of specified
minimum tensile strength by hand wrenches (turn of nut method) or calibrated wrenches,
manual torque wrenches, impact wrench or any other method specified by the Engineer

When ‘tumn of nut' method is used for tightening the bolts in a joint, all bolts shall be first
brought to snug-tight condition i.e. tightening by full manual effort using ordinary wrench or by
a few impacts of any impact wrench. All bolts in the joint shall then be tightened additionally
by applicable amount of nut rotation as specified in 15:4000.

The Engineer shall observe the installation and tightening of bolts to ensure that correct
tightening procedure is used and all bolts are tightened. Regardless of tightening method
used, tightening of bolts in a joint should commence at the most rigidly fixed or stiffest point
and progress towards the free edges, both in initial snugging and in final tightening.

The tightness of bolts in connection shall be checked by inspection wrench, which can be
torque wrench, power wrench or calibrated wrench.

Tightness of 10 percent bolts, but not less than two bolts, selected at random in each
connection shall be checked by applying inspection torgue. If no nut or bolt head is turned
by this application, connection can be accepted as properly tightened, but If any nut or head
has turned, all bolts shall be checked and, if necessary, re-tightened.
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1904.7.9 Drifts

The barrel shall be drawn or machined to the required diameter for a length of not less than
one diameter over the combined thickness of the metal through which the drifts have to pass.
The diameter of the parallel barrel shall be equal to the nominal diameter of the hole subject
to a tolerance of +0 mm and - 0.125 mm. Both ends of the drift for a length equal to 1% times
the diameter of the parallel portion of the bar, shall be turned down with a taper to a diameter
at the end equal to one-half that of parallel portion.

1904.8 Pins and Pin Holes

1904.8.1 Pins

The pins shall be parallel throughout and shall have a smooth surface free from flaws. They
shall be of sufficient length to ensure that all parts that they connect, shall have a full bearing
on them. Where the ends are threaded, they shall be turned to a smaller diameter at the ends
for the thread and shall be provided with a pilot nut, where necessary, to protect the thread
when being drawn to place. To facilitate insertion and extraction, pins may be chamfered
beyond the required length and provided with suitable holes in the chamfered portion

Pins more than 175 mm in length or diameter shall be forged and annealed.

1904.8.2 Pin Holes

Pin holes shall be bored smooth, straight and true to gauge at nght angles to the axis of the
member and parallel with each other, unless otherwise required. The tolerance in the length
of tension members from outside to outside of pin holes and of compression members from
inside to inside of pin holes shall be 1 mm. In built-up members, the boring shall be done only
after the members have been finally riveted, welded or bolted unless otherwise approved by
Engineer.

The specified diameter of the pin hole shall be its minimum diameter. The resulting clearance
between the pin and the hole shall not be less than 0.5 mm and not more than 1 mm.,

1904.9 Shop Erection and Match Marking

Before being dispatched, the steel work shall be temporanly erected in the fabrication
shop for inspection by the Engineer either wholly or in such portion as the Engineer may
require, so that he may be satisfied in respect of both the alignment and fit of all connections,
For this purpose, sufficient number of parallel drifts and service bolts tightly screwed up,
shall be employed. All parts shall fit acourately and be in accordance with drawings and
specifications.
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The steel work shall be temporarily assembled at place of fabrication. Assembly shall be of full
truss or girder, unless progressive truss or girder assembly, full chord assembly, progressive
chord assembly or special complete structure assembly, is specified by the Engineer,

The camber diagram showing camber at each panel point, method of shop assembly and
any other relevant detail, shall be submitted to Engineer for approval,

The field connections of main members of trusses, arches, continuous beams, spans, bands,
plate girders and rigid frame shall be assembled, aligned and accuracy of holes and camber
checked by the Engineer, Only thereafter shall reaming of sub-sized holes to specified size,
be taken up.

The assembly shall be dismantled only after final drilling of holes has been completed and
the work has been passed by the Engineer. Before dismantling, each part shall be carefully
marked for re-erection with distinguishing marks and stamped with durable markings.
Drawings showing these markings correctly shall be supplied to the Engineer.

Unloading, handling and storage of steel work as per these Specifications shall be the
responsibility of the Contractor, The cost of repairs, removal of rejected material, and
transportation of replacement material to the site, shall be borne by the Contractor.

In cases where close tolerance or turned barrel bolts are used and interchangeability is not
insisted upon, each span shall be erected and its members marked distinctly.

1904.10 Welding

1904.10.1 All welding shall be done with the prior approval of the Engineer and
the workmanship shall conform to the specifications of the relevant Indian Standards as
appropriate.

When material thickness is 20 mm or more, special precautions like pre-heating shall be
taken as laid down in 15:9595. Surfaces and edges to be welded shall be smooth, uniform
and free from fins, tears, cracks and other discontinuities. Surface shall also be free from
loose or thick scale, slag rust, moisture, oil and other foreign materials. Surfaces within
50 mm of any weld location shall be free from any paint or other material that may prevent
proper welding or cause cbjectionable fumes during welding.

The general welding procedures including particulars of the preparation of fusion faces for
metal arc welding, shall be carried out in accordance with 1S:9585.

The welding procedures for shop and site welds including edge preparation of fusion faces

shall be as per detalls shown on the drawings and shall be submitted in writing for the approval
of the Engineer, in accordance with Clause 22 of 15:9585, before commencing fabrication,
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Any deviation from this procedure has to be approved by the Engineer. Preparation of edges
shall, wherever practicable, be done by machine methods.

Machine flame cut edges shall be substantially as smooth and regular as those produced
by edge planing and shall be lefi free of slag. Manual flame cutting shall be permitted by the
Engineer only where machine cutting is not practicable.

Electrodes to be used for metal arc welding shall comply with relevant Indian Standards
mentioned in Clause 1903.2. 3. Procedure test shall be carried out as per 15:3613 to find out
suitable wire-flux combination for welded joint.

Assembly of parts for welding shall be in accordance with provisions of Clauses 14 to 16 of
15:8585.

Welded temporary attachment should be avoided as far as possible. If unavoidable the
method of making any temporary attachment shall be asapproved by the Engineer. Any scars
from temporary attachment shall be removed by cutting and chipping and surface shall be
finished smooth by grinding to the satisfaction of the Engineer.

Welding shall not be carried oul when the air lemperature is less than 10°C, when the
surfaces are wet, during periods of strong winds and in snowy weather, unless the work and
the welding operators are adequately protected.

1904.10.2 Forwelding of any particular type of joint, welders shall undergo the appropriate
welders qualification test as prescribed in any of the relevant Indian Standards 1S:817,
IS:1966, 15:1393, 1S:7307 (Part 1), 1S:7310 (Part |) and 1S:7318 (Part |) to the satisfaction of
the Engineer,

1904.10.3 In assembling and joining parts of a structure or of built-up members, the
procedure and sequence of welding shall be such as to avoid distortion and minimize
shrinkage stress.

All requirements regarding pre-heating of parent matenal and interpass temperature shall be
in accordance with provisions of 159585,

1504.10.4 Peening of weld shall be carmed out wherever specified by the Engineer :
a) |If specified, peening may be employed to be effective on each weld
layer except the first filling layer.

b) After weld has cooled, the peening should be carried out by light  blows
from a power hammer using a round nosed tool. Care shall be taken to
prevent scaling or flaking of weld and base metal from over peening.
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1904.10.5 Where the Engineer has specified that the butt welds are to be ground flush,
the loss of parent metal shall not be greater than that allowed for minor surface defects. The
ends of butt joints shall be welded so as to provide full throat thickness. This may be done
by use of extension pieces, cross runs or other means approved by the Engineer. Extension
pieces shall be removed after the joint has cooled and the ends of the weld shall be finished
smoaoth and flush with the faces of the abutting parts.

1904.10.6 The following joints and welds which do not perform well under cyclic loading,
are prohibited.

a) Butt joints not fully welded throughout their cross-section

b) Groove welds made from one side only without any backing grip

¢) Intermittent groove welds

d) Intermittent fillet welds

2) Bevelgrooves and J-grooves in butt joints for other than horizontal

position

f)  Plug and slot welds

1904.10.7 The run-on and run-off plate extension shall be used for providing full throat

thickness at the end of butt welded joints. These plates shall comply with the following
reguiremeants.

1)  One pair of run-on and one pair of run-off plates prepared from same
thickness and profile as the parent metal shall be attached to start and
finish of all butt welds, preferably by clamps.

i) When run-on and run-off plates are removed by flame cutting, they
shall be cut at more than 3 mm awayfrom the parent metal and the
remaining metal of the platesshall be removed by grinding or by any
other method approved by the Engineer.

1904.10.8 Welding of Stud Shear Connactors

The stud shear connectors shall be welded in accordance with the manufacturer’s instructions
including those relating to pre-heating.

The stud and the surface to which it is to be welded shall be free from scale. moisture, rust
and other foreign material. The stud base shall not be painted, galvanised or cadmium plated
prior to welding.

The welds shall be visually free from cracks and shall be capable of developing at least the
nominal ultimate strength of studs.

802



Structural Steel Section 1900

The procedural trial for welding the stud shall be caried out when specified by the
Engineer,

1904.11 Tolerances

Tolerances in dimensions of componenis of fabricated structural steel work shall be
specified on the drawings and shall be subject to the approval of the Engineer before
fabrication. Unless otherwizse specified, all parts of an assembly shall fit together accurately
within tolerances specified in Table 1900-2

A machined bearing surface, where specified by the Engineer, shall be machined within a
deviation of 0.25 mm for surfaces that can be inscribed within a square of side 0.5 m.

Table 1900-2 : Fabrication Tolerances - Individual Components

1) Length
a) |Member with both ends finished for contact|+ 1 mm
bearing
b} |Individual compenents of members with end|+ 0 mm
plate connection -2 mm
c) | Other members of length
1) Upto and including 12 M + 2 mm
ii) Over 12 M + 3.5 mm
2) | Width
a) | Width of built-up Eirdurﬁ +3mm
b) |Deviation in the width of members required |+ 0 mm
to be inserted in other members -3 mm
3) | Depth
Deviation in the depths of solid web and open web |+ 3 mm
girders -2 mm
4) |Straightness
a) |Deviation from straightness of columns Lf3000 subject to maximum
of 15 mm
where L is length of member
i} in elevation +5mm
-0 mm
il) In plan L/1000 subjectto a
maximum of 10 mm
5) | Deviation of centre line of web from centre line of | 3 mm
flanges in built-up members at contact surface
B) | Deviation from flatness of plate of webs of built-| 0.005 d to a maximum of
up members in a length equal to the depth of the | 2 mm where d is depth of
members the member
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7)

Tilt of flange of plate girders

a) [Al splices and stiffeners, at supports, at the top
flanges of plate girders and at bearings

0.005 b to a minimum of
2 mm where b s width of the
member

b) |atother places

0.015 b to a maximum of
4 mm where b is width of the
membar

8)

Deviation from squareness of flange to web of columns
and box girders

L/1000, where L is nominal
length of the diagonal

Deviation from squareness of fixed base plate (not
machined) to axis of columns. This dimension shall
be measured parallel to the longitudinal axis of the
column at points where the outer surfaces of the
column sections make contact with the base plate

D500, where D is the
distance from the column
axis fo the point under
consideration on the base
plate

10)

Deviation from squareness of machined ends to axes
of columns

B/1000, where D is as
defined in 9 above

1)

Deviation from squareness of machined ends to axes
of beams

/1000, where D is as
defined in 9 above

12)

Ends of members abutting at joints through cleats or
end plates, permissible deviation from squareness of
ends

1/600 of depth of member
subject to a maximum of
1.5 mm

1904.12

Annealing and Stress Relieving

The members to be annealed or stress relieved as indicated in the contract or specified
by Engineer, shall have finish machining, boring, etc., done subsequent to heat treatment
The stress relief treatment shall conform to the following unless otherwise specified by

Engineer;

The temperature of the furnace shall not be more than 300°C at the

The rate of heating shall not be more than 220°C per hour divided by
maximum metal thickness, subject to maximum of 220°C per hour,

After maximum temperature of 600°C is reached, the assembly shall
be held within specified limit of time based on weld thickness. The
temperature shall be maintained uniformly throughout the furnace
during holding period such that temperature at no two points on the

a)

time welded assembly is placed in it.
b)
c)

member will differ by more than 80°C.
d)

The cooling shall be done in closed furnace when temperature is 300°C,
at the maximum rate of 260°C per hour divided by maximum metal
thickness. The local stress relieving shall be carried out if specified and
procedure approved by Engineer.
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1904.13 Rectification of Surface Defects

The surface defects revealed during fabrication or cleaning shall be repaired as specified.
The repair by welding on any surface defect or exposed edge lamination shall be carried out
only with approval of Engineer.

1904.14 Alignment at Splice and Butt Joints

Bolted splice shall ba provided with steel packing plates where necessary, to ensure that the
sum of any unintended steps between adjacent surfaces does not exceed 1 mm for HSFG
bolted joints and 2 mm for other joints,

In welded butt joints, misalignment of parts to be joined shall not exceed the lesser of 0.15
times the thickness of thinner part or 3 mm. However, if due either to different thicknesses
arising from rolling tolerances or & combination of rolling tolerances with above permitted
misalignment, this deviation is more than 3 mm, it shall be smoothened by a slope not steeper
than 1:4.

1805 ERECTION

1905.1 General

These provisions shall apply to erection of steel bridge superstructures or steel main members
of bridge superstructures, which span between supports.

If the substructure and the superstructure are built under separate contracts, the Employer
will provide the substructure, constructed to correct lines, dimensions and elevations properly
finished and will establish the lines and the elevation required for erection purposes.

The Contractor shall erect the structural steel, remove the temporary construction and do all
work required to complete the construction included in the contract, in accordance with the
drawings and the specifications and to the entire satisfaction of the Engineer.

1905.2 Organisation and Equipment

The Contractor shall submit erection plans prepared by the fabricator showing the method
and procedure of erection, compatible with the details of fabrication.

A detailed scheme shall be prepared showing stage-wise activities, with complete drawings
and working instructions. This should be based on detailed stage-wise calculations taking
into account specifications and capacity of erection equipment machinery, tools and tackles
to be used and temporary working loads as per codal provisions.
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The scheme shall also take into account site conditions such as hydrology, rainfall, flood
timings and intensity, soil and subsoil conditions in the river bed and banks, maximum water
depth, temperature and climatic conditions and available working space,

The scheme shall indicate details of materials required with specifications, quantities, type
of storage, etc. It shall also indicate precisely the type of tempaorary fasteners to be used as
also the minimum percentage of permanent fasteners to be fitted during the stage erection,
The working drawings should indicate clearly the temporary jigs, fixtures, clamps, spacer
sUpports, etc,

All components of the bridge shall be got checked for their adequacy to take care of tlemporary
forces to which they are subjected during erection so as to ensure safety of the structure at
all stages of erection.

Unless otherwise provided in the contract, the Contractor shall supply and erect all necessary
falsework and staging and shall supply all labour, tools, erection plant and other materials
necessary to carry out the work complete in all respects.

The Contractor shall supply all rivets, bolts, nuts, washers, et required to complete erection
at site with an allowance for wastage of 121 percent of the net number of field rivets, bolts,
washers required, or a minimum of five numbers of each item.

Service bolts and nuts, washers and drifts for use in erection shall be supplied at 60 percent
(45 percent bolts and 15 percent drifts) of the number of field rivets per span in each size
(this includes wastage). A reduction in the numbers of service bolts, etc., may however, be
specified by the Engineer if more than one span of each type is ardered.

Frior to actual commencement of erection, all equipment, machinary, tools, tackles, ropes, ete.
need to be tested to ensure their efficient working. Frequent visual Inspection of vulnerable
areas Is essential to detect displacements, distress, damages, etc.

Deflection and vibratory tests shall be conducted on supporting structures, launching truss
and also the structure under erection. Any unusual deviation or looseness of fittings, is to be
noted and reviewed.

For welded structures, welders’ qualifications and skills are to be checked as per standard
norms. Non-destructive tests of joints are to be carried out as per desigher's directives,

Precision non-destructive testing instruments should be used for Trequent checking of various
important parameters of the structures and systematic records should be maintained.

Safety requirements shall conform to IS:7205, 1S:7273 and 1S:7269 as applicable and
all aspects of safety commensurate with economy and speed of construction, shall be
considered,
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Erection work should start with complete resources mobilized as per latest approved drawings
and after a thorough survey of foundations and other related structural work. For works of
large magnitude, mechanization is to be adopted to the maximum extent possible.

The structure should be divided into erectable modules as per the scheme. The module
should be pre-assembled in a suitable yard / platform and its matching with members of the
adjacent module checked by trial assembly before erection.

The structure shall be set out to the required lines and levels. The steelwork should be
erected, adjusted and completed in the required position to the specified lines and levels
with sufficient drifts and bolts. Packing materials shall be avallable to maintain this condition,
Quality surveillance checks need to be carried out frequently.

Before starting work, the Contractor shall obtain necessary approval of the Engineer for the
methodology/procedure of erection, drawings of temporary works, use of erection equipments
and the number and character of tools and plant. The approval of the Engineer shall not
relieve the Contractor of his responsibility for the safety of his methodology and equipment or
from carrying out the work fully in accordance with the drawings and specifications.

During execution, the Contractor shall have a competent engineer or foreman in charge of
the work, who has adequale experience in steel erection and is acceptable to the Engineer.

1905.3 Handling and Storing of Materials

Sultable area for storage of structures and components shall be located near the site of work,
The access road should be free from water logging during the working period and the storage
area should be on firm levelled ground,

The store should be provided with adequate handling equipment viz. mobile crane, gantries,
derricks, chain pulley blocks, winch etc,, of capacity as required. Stacking area should be
planned and have racks, stands sleepers, access tracks etc. and proper lighting.

Storage should be planned to suit erection work sequence and avoid damage or distortion of
material. Excessively rusted, bent or damaged steel shall be rejected. Methods of storage and
handling steel, whether fabricated or not, shall be subject to the approval of the Engineer.

Fabricated materials are to be stored with erection marks visible, They should not come into
contact with earth surface or water and should be accessible to handling equipment.

All materials, consumables, including raw steel or fabricated material shall be stored
specification-wise and size-wise above the ground upon platforms, skids or other supports.
They shall be kept free from dirt and other foreign matter and shall be protected as far as
possible from corrosion and distortion. Elecirodes shall be stored specification-wise and shall
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be kept in dry warm condition in properly designed racks. The bolts, nuts, washers and other
fasteners shall be stored in gunny bags on racks above the ground with protective oil coating.
Paint shall be stored under cover in air-tight containers. Small hand tools shall be kept in
containers in covered stores,

157283 and 15:7968 dealing with handling of materials and equipment for safe working should
be followed. Safety nuts and bolts as directed are to be used while working. The Contractor
shall be held responsible for loss or damage to any material paid for by the Emplayer while
in his care or for any damage to such material resulting from his work.

1905.4 Formwork

The formwork shall be properly designed, substantially built and maintained for all anticipated
loads. The Contractor, if required, shall submit plans for approval to the Engineer, Approval
of the plans, however, shall not relieve the Contractor of his responsibility for adequacy and
effective performance of the formwaork.

1905.5 Assembling Steel

The parts shall be accurately assembled as shown on the drawings and match marks shall
be followed. The material shall be carefully handled so that no parts will be bent, broken or
otherwise damaged.

Hammering which will injure or distort the members shall not be done. Bearing surface or
surfaces to be in permanent contact shall be cleaned, before the members are assembled.
The truss spans shall be erected on blacking, so placed as to give the proper camber. The
blocking shall be left in place until the tendon chord splices are fully riveted and all other truss
connections pinned and bolted. Rivets in splices of butt joints of compression members and
nivets in railings, shall not be driven until the span has been sSWung.

All joint surface for bolted connections including bolts, nuts, washers shall be free from scale,
dirt, burrs, other foreign materials and defects that would prevent solid seating of parts. The
slope of surface of bolted parts in contact with bolt head and nut shall not exceed 1 in 20, in
a plane normal to bolt axis: in case it does, suitable tapered washer shall be used,

All fasteners shall have a washer under nut or bolt head, whichever is turned in tightening.

Any connection to be riveted or bolted shall be secured in close contact with service boits
or with a sufficient number of permanent bolts before the rivets are driven or before the
connections are finally bolted. Joints shall normally be made by filling not less than 50 percent
of holes with service bolts and barre! drifts in the ratio 4'1. The service bolts are to be fully
tightened as soon as the joint is assembled. Connections to be made by close tolerance or
barrel bolts shall be completed as soon as practicable after assembly.
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Any connection to be site welded shall be securely held in position by approved methods to
ensure accurate alignment, camber and elevation before welding is commenced.

Field riveting, welding, bolting and pin connections shall conform to the requirements of
Clause 1804 as appropriate.

The correction of minor misfits invelving harmless amounts of reaming, cutting and chipping
will be considered a legitimate part of erection, However, any error in the shop fabrication or
deformation resulting from handling and transportation which prevents proper assembling
and fitting up of parts by moderate use of drifts or by a moderate amount of reaming and
slight chipping or cutting, shall be reported immediately to the Engineer. In such cases, the
method of correction shall be approved by the Engineer and carried out in his presence.

1805.6 Field Inspection

1805.6.1 General

All materials equipment and work of erection shall be subject to the inspection of the Engineer
who shall be provided with all facilities required for this purpose, including labour and tools,
at all reasonable times. Any work found defective is liable to be rejected.

1905.6.2 Mo protective treatment shall be applied to the work until the appropriate
inspection and testing have been carried out. The stage inspection shall be carmied out for all
operations so as to ensure correctness of fabrication and good quality. Girder dimensions and
camber shall not be finally checked until all welding and heating operations are completed
and the member has cooled to a uniform temperature,

1905.6.3 Testing of Material

Structural steel shall be tested for mechanical and chemical properties as per appropnate
Indian Standards as may be applicable and shall conform to requirements specified in 1S,228,
1S:2062, 1S:11587, 15:1977, 15:8500 and 15:961.

Rivets, bolts, nuts, washers, welding consumables, steel forging, casting and stainless sieel
shall be tested for mechanical and chemical properties in accordance with the appropriate
Indian Standards.

Rolling and cutling tolerance shall be as per 1S:1852. The thickness lolerance check
measurements for plates and rolled sections shall be taken al not less than 15 mm from
edge.

Check for laminations in plates shall be carried out for areas specified in Clause 1804.2. by
ultrasonic testing or any other specified method. Flame cut edges without visual signs of
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laminations need not be tested for compliance with Clause 1 804 .2, unless otherwise specified
by Engineer.

Steel work shall be inspected for surface defects and exposed edge laminations during
fabrication and blast cleaning. Significant edge laminations found shall be reported to the
Engineer for his decision.

Chipping, grinding, machining or ultrasonic testing shall be used to determine depth of
imperfection.

1905.6.4 Testing of Connections
1905.6.4.1 Bolted Connections

Bolts and bolted connection joints with high strength friction grip bolts, shall be inspected and
tested according to 15:4000.

Bolted connection joints with black bolts and high strength bolts shall be inspected and tested
for compliance or requirements mentioned in Clause 1904 7.8

1905.6.4.2 Riveted Connections

Rivets and riveted connection shall be inspected as per Clause 1904.6 and tested for
compliance of codal requirements.

The firmness of joint shall be checked by 0.2 mm filler gauge, which shall not go inside
under the rivet head by more than 3 mm. There shall not be any gap between members to
be riveted.

Driven rivets shall be checked with rivet testing hammer. When struck sharply on the head
with the hammer, the rivet shall be free from movement and vibration. All loose rivets and
rivets with cracks, badly formed or deficient heads or with heads which are eccentric with
shanks, shall be cut out and replaced

The alignment of plates at all bolted splice joints and welded butt |oints shall be checked for
compliance with codal requirements.

Testing of flame cut and sheared edges is to be done, where the hardness criteria given in
the code are adopted. Hardness testing shall be carried out on six specimens.

1905.6.4.3 Welded Connections

Welding procedure, welded connections and testing shall be in compliance with codal
requirements.
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Welders qualification test shall be carried out as per requirements laid down In |S5:7318
(Part 1). For approved welding procedures, the approval tests shall be as per requirements
of IS:7310 (Part 1).

All facilities necessary for stage inspection during welding and on completion shall be provided
to the Engineer or his inspecting authority by fabricator,

Adequate means of identification either by identification mark or other record shall be provided
to enable each weld to be traced to the welder({s) by whom its welding was carried out

All metal arc welding shall be in compliance with 15:9595 provisions.

The method of inspection shall be in accordance with 15:822 and extent of inspection and
testing shall be in accordance with the relevant standards or as agreed with the Engineer.

1905.7 Procedure tests for Welds

The destructive and non-destructive test of weld shall be carried out according to 15:7307
(Part 1).

1905.7.1 MNon-Destructive Testing of Welds

One or more of the following methods may be applied for inspection or testing of weld

i)  Visual Inspection : All welds shall be visually inspected, to cover all
defects of weld such as size, porosity, crack in the weld or in the HAZ
(Heat Affected Zone) etc. Suitable magnifying glass may be used for
visual inspection. A weld shall be acceptable by visual inspection if it is
seen that

a) The weld has no cracks.

b) Thorough fusion exists between weld and base metal and between
adjacent layers of weld metal.

c) Weld profiles are in accordance with relevant Clauses of 15:9585
or as agreed with the Engineer,

d} The weld is of full cross section, except for the ends of intermittent
fillet welds outside their effective length.

e) When weld is transverse to the primary stress, undercut shall not
be more than 0.25 mm deep in the part that is undercut. When the
weld is parallel to the primary stress, undercut shall not be more
than 0.8 mm deep in the part that is undercut.

f) The fillet weld in any single continucus weld shall be permitied to
under run the nominal fillet weld size specified by 1.6 mm without
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correction, provided that the undersized portion of the weld does
not exceed 10 percent of the length of the weld. On the web-1o-
flange welds of girders, no under-run is permitted at the ends for
a length equal to twice the width of the flange.

g) The piping porosity in fillet welds shall not exceed one in each
100 mm of weld length and the maximum diameter shall not exceed
£.4 mm, except for fillet welds connecting stiffeners to web, where
the sum of diameters of piping porosity shall not exceed 9.5 mm
In any 25 mm length of weld and shall not exceed 18 mm in any
300 mm length of weld.

h)  The full penetration groove weld in butt joints transverse to the
direction of computed tensile stress, shall have no piping porosity,
For all other groove welds, the piping porosity shall not exceed
ane in 100 mm of length and the maximum diameter shall not
exceed 2.4 mm.

Magnetic Particle and Radiographic Inspection : Welds that are
subject to radiographic or magnetic particle testing in addition to visual
inspection, shall have no crack,

Magnetic particle test shall be carried out according to 15:5334 for
detection of crack and other discontinuity in the weld.

Radicgraphic test shall be carried out for detection of internal flaws
in the weld such as crack, piping porosity inclusion, lack of fusion,
incomplete penetration, etc. This test may be carried out as per 15:1182
and 15,4853,

Ultrasonic Inspection : Ulirasonic testing, in addition to visual
inspection, shall be carried out for detection of internal flaws in the weld
such as cracks, piping porosity inclusion, lack of fusion, incomplete
penetration, elc. Acceptance criteria shall be as per 15:4260 or any
other relevant IS Specification and as agreed to by the Engineer.

Bearing stiffeners or bearing diaphragms adjacent to weids, flange
plates adjacent to web/flange welds, plates at cruciform welds, plates
in box girder construction adjacent to comer welds or other details
where specified by the Engineer, shall be ultrasonically tested after
fabrication.

Liquid Penetration Inspection : The liquid penetrant test in addition
to visual inspection, shall be carried out for detection of surface defect
in the weld, as per I1S:3658.

Non-destructive testing of the following welds shall be earried out using
any of the methods described at (ii), (iii) and (iv) above, as may be
agreed to by the Engineer.
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a) All transverse butt welds in tension flanges

b) 10 percent of the length of longitudinal and transverse butt welds
in tension flanges.

c) 5 percent of the length of longitudinal and transverse butt welds in
compression flanges.

d) Al transverse butt welds in webs adjacent to tension flanges as
specified by the Engineer.

The particular length of welds in webs to be tested shall be agreed with the Engineer, in case
(b) or (c).

Any lamination, lamellar tearing or other defect found shall be recorded and reported to the
Engineer for his decision.

1906.7.2 Testing of Welds for Cast Steel

The testing of weld for cast steel shall be carried out as agreed to and directed by the
Engineer.

1905.7.3 Stud Shear Connectors

Stud shear connectors shall be subjected to the following tests:

a) The fixing of studs after being welded in position shall be tested by
striking the side of the head of the stud with a 2 kg hammer to the
satisfaction of the Engineer.

b) The selected stud head shall not show displacement of more than
0.25 times the height of the stud, from its original position, if struck once
with a 6 kg hammer. The stud weld shall not show any sign of a crack
or lack of fusion.

The studs whose welds have failed the tests given in {a) and (b) =hall be replaced.

1905.7.4 Inspection of Members
1905.7.4.1 Inspection Requirement

The fabricated member/component made out of rolled and built-up section shall be checked
for compliance of the tolerances given in Table 1800-2. Inspection of membericomponents
for compliance with tolerances, and the check for deviations shall be made over the full
length,

During checking, the inspection requirement shall be indicated in such a manner that local
surface irregularities do not influence the results.
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For plate, out-of-plane deviation shall be checked at right angle to the surface aver the full
area of plate.

The cross girder or cross frame deviation shall be checked over the middle third of its length
between each pair of webs and at the end of member for cantilever.

The web of rolled beam or channel section shall be checked for out-of-plane deviation in a
longitudinal direction over a length equal to the depth of the section.

During inspection, the component/member shall not have any load or external restraint.

1905.7.4.2 Inspection Stages

The stages of inspection to be camied out for compliance of tolerances shall include, but not
be limited to, the following :

a) Forcompleted parts, component/members - on completion of fabrication
and before any subsequent operation such as surface preparation,
painting, transportation, erection.

b}  For webs of plate and box girder, longitudinal compression flange
stiffeners in box girders and orthotropic decks and all web stiffeners at
site joints - on completion of site joint.

c)  Forcross girders and frames, cantilevers in orthotropic decks and other
parts in which deviations have apparently increased - on completion of
site assembily.

Where, on checking member/component for out-of-plane or out-of-straightness at right
angles to the plate surface, and any other instances, the deviation exceeds the tolerance,
the maximum deviation shall be measured and recorded. The record shall be submitted to
the Engineer who will determine whether the companent/member may be accepted without
rectification, acceptedwith rectification or rejected.

1906 PAINTING
1906.1 General

Uniess otherwise specified, all metal work shall be given approved shop coats as well as field
coats of painting. The item of work shall include preparation of metal surfaces, application of
protective covering and drying of the paint coatings along with all tools, scaffolding, labour
and materials necessary,

Coatings shall be applied only to dry surfaces and the coated surfaces shall not be exposed
to rain or frost before they are dry. The coatings shall be applied to all surfaces exciuding
shear connectors and inner surfaces of fully sealed hollow sections. While coating adjacent
surfaces, care shall be taken to ensure that primer is not applied on the shear connectors.
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1906.1.1 Types of Paints
i)  Ordinary Paints
These include paints based on drying oils, alkyd resin, modified alkyd
resin, phenalic varnish epoxy, etc.
Ordinary painting can generally be sub-divided Into two types:
a) Pnmary Coals:
This shall be applied immediately after the surface preparation
and should have the properties of adhesion, corrosion inhibition
and imperviousness lo water and air,
b) Finishing Coats :
This shall be applied over the primary coat and should have the
properties of durability, abrasion resistance, aesthelic appearance
and smooth finish.
i)  Chemical Resistant Paints
The more highly corrosion resistant paints can be divided into two main
groups :
a} One pack paints (ready for use)
b) Two pack paints (mixed before use)

The two pack paints shall be mixed together just before use since
they remain workable thereafter only for a restricted period of
time,
iif) Other types of paints as mentioned In Clause 1803.4 of this Section
may aiso be used, subject to approval by the Engineer.

All paints shall conform to relevant IS Standards as appropriate.

19086.1.2 Surfaces which are inaccessible for cleaning and painting after fabrication
shall be painted as specified before being assembled for riveting,

All nivets, bolts, nuts, washers etc,, are to be thoroughly cleaned and dipped into boiling
linseed oil conforming to I1S:77.

All machined surfaces are to be well coated with a mixture of white lead conforming to 15:34
and mutton tallow conforming to IS:887.

In site painting, the whole of the steel work shall be given the second cover coat after final
passing and after touching up the primer and cover coats, if damaged in transit.

1906.1.3 Quality of Paint

Only paints which have been tested for the following qualities as per the specifications given
in the relevant IS codes, should be used :

- Wieight test (weight per 10 litre of paint thoroughly mixed)
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- Drying time

- Flexibility and adhesion

- Consistency

- Dry thickness and rate of consumption

1906.1.4 Unless otherwise specified, all painting and protective coating work shall be
done in accordance with 15:1477 (Part |).

1806.2 Surface Preparation

Steel surface to be painted either at the fabricating shop or at the site of work shall be
prepared in a thorough manner with a view to ensuring complete removal of mill scale by one
of the following processes as agreed to between the fabricator and the Engineer

a) Dry or wet grit/sand blasting
b)  Pickling which should be restricted to single plates, bars and sections
¢} Flame cleaning

Primary coat shall be applied as soon as practicable after cleaning and in case of flame
cleaning, while the metal is still warm.

All slag from welds shall be removed before painting. Surfaces shall be maintained dry and
free from dirt and oil. Wark out of doors in fresty or humid weather shall be avoided.

1906.3 Coatings

Prime coat to be used shall conform to the specification of primers approved by the Engineer.
Metal coatings shall be considered as prime coats. Primer shall be applied to the blast
cleaned surface before any deterioration of the surface is visible. In any case, the surface
shall receive one coat of primer within 4 hours of abrasive blast cleaning.

All coats shall be compatible with each other. When metal based coatings are used, the
undercoat shall be compatible with the concerned metal base. The undercoat and finishing
coat shall preferably be from the same manufacturer. Successive coats of paints shall be of
different shades or colours and each shall be allowed to dry thoroughly befare the next is
applied. Particular care shall be taken with the priming and painting of edges, corners, welds
and nvets. Typical guidelines for epoxy based paints and the conventional painting system
for bridge girders as given below, may be complied with |

a) Epoxy Based Painting

i)  Surface preparation : Remove ociligrease by use of petroleum
hydrocarbon solution (15:1745) and grit blasting to near white
metal surface.

i) Paintsystem : 2 coats of epoxy zinc phosphate primer = 60 micron
Total 5 coats = 200 micron
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b) Conventional Painting System for areas where corrosion is not

severe Priming Coat :
One coat of ready mixed, red lead primer conforming to 15:102

or
One coat of ready mixed zinc chrome primer conforming to 15:104
followed by one coat of ready mixed red oxide zinc chrome primer
confarming to 15:2074

or
Two coats of red oxide zinc chrome primer conforming to 15:2074.
Finishing Coats :
Two cover coats of red oxide paint conforming to 15:123 or any other
approved paint shall be applied over the primer coat. One coat shall be
applied before the fabricated steel work leaves the shop. After the slzel
work is erected at site, the second coat shall be given after touching up
the primer and the cover coals, if damaged in transit.

¢) Conventional Painting System for areas where corrosion is severe

Priming Coat :
Two coats of ready mixed red lead primer conforming to 15:102

or
One coat of ready mixed zinc chrome primer conforming to 15:104
followed by one coat of ready mixed zinc chrome primer conforming to
15:2074.
Finishing Coats :
Two coats of aluminium paint conforming to 15:2339 shall be applied
over the pnmer coat One coat shall be applied before the fabricated
steel work leaves the shop. After the steel work is erected at site, the
second coat shall be given after touching up the pnmer and the cover
coats, if damaged in transit.

1906.4 Painting in the Shop

All fabricated steel shall be painted in the shop after inspection and acceptance with at least
one priming coat, unless the exposed surfaces are subsequently to be cleaned at site or are
metal coated. No primer shall be applied to galvanised surfaces.

<hop contact surfaces, if specifically required to be painted, shall be brought together while
the paint is still wet.

Field contact surfaces and surfaces to be in contact with cement, shall be painted with primer
only. No paint shall be applied within 50 mm of design location of field welds. Paint shall be
completely dry before loading and transporting of the fabricated steel work to site.

Surfaces not in contact but inaccessible after shop assembly shall receive the full specified
protective treatment before assembly.
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