EARTHWORK




ITEM 101 CLEARING AND GRUBBING

101.1.1

101.1.2

101.1.3

101.1.4

DESCRIPTION

This work shall consist of removal to the specified depth, grubbing and disposal of all surface
objects, as and where directed in writing by the Engineer, stumps, roots, bushes and trees with
less than 150 mm girth, vegetation, logs, rubbish and other objectionable material except such
objects as are designated to remain or are to be removed in accordance with other section of
specification.

CONSTRUCTION REQUIREMENTS

Clearing / Grubbing

In roadway cut areas, all surface objects or any object to the depth of 30 Cm. below subgrade
level such as stumps, roots, vegetation, bushes, logs, rubbish shall be cleared and / or grubbed
as directed by the Engineer. In roadway fill areas where clearing and grubbing is required, same
shall be carried out to the depth of 30 Cm below natural surface level as described above.

Operation of clearing and grubbing shall in no way be deemed of effect any level or volume
change of the area.

After clearing and grubbing, the compaction of the area will be restored to its original value
without any extra payment. However Engineer may direct in writing to the Contractor for stripping
(if so required) under item 103 or for compaction under item 104, Compaction of Natural Ground,
if the original compaction is less than the required for respective zone. Payment of these items
will be made separately under the relative items used of such purpose.

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

All trees having girth less than 150 mm measured at (600) mm above ground and falling within
the construction limits shall be felled & removed by the contractor. The excavation and removal of
trees, roots and stumps including backfiling and compacting of holes and restoring the natural
ground to the original condition shall be responsibility of the contractor for which no extra
payment shall be made to him. The trees, stumps & roots remains the property of the Employer,
which shall be delivered at designated place as directed by the Engineer.

Protection and Restoration

The Contractor shall prevent to all pipes, conduits, wires, cables or  structure above or below
ground. No land monuments, property markers, or official datum points shall be damaged or
removed until the Employer / Engineer has witnessed or otherwise their locations and
approved their removal. The Contractor shall so control his operations as to prevent damage to
shrubs, which are to be preserved. Protection may include fences and boards latched to shrubs,
to prevent damage from machine operations. Any damage as a result of contractor's operation
shall immediately be rectified by him at his own expense.



101.1.5

101.1.6

101.1.7

MEASUREMENT AND PAYMENT

Measurement

Clearing and grubbing will be measured for payment only on areas so designated in writing by the
Engineer or shown on the drawings. The quantity to be paid for shall be number of square
meters satisfactorily cleared and grubbed. Any tree having girth of less than 150 mm (measured
600 mm above ground level) shall be measured to be under this item.

Engineer shall ensure that a minimum of 500 SM area is designated for clearing and grubbing in
any stretch of roadway for the sake of ease to construction activities.

Clearing and grubbing carried out by the Contractor in roadway cut areas and borrow pits shall
be measured for payment.

Payment

The quantities determined as provided above will be paid for at the contract unit price for the pay
item mentioned below and shown in the Bill of Quantities, which price and payment shall be full
compensation for clearing and grubbing and restoration of area, to its original condition.

Pay Item Description Unit of
No. Measurement

101 Clearing and Grubbing SM



ITEM 104 COMPACTION OF NATURAL GROUND

104.1

104.2

104.2.1

104.3

DESCRIPTION

The natural ground or surface ready for construction purposes after clearing and grubbing, or
stripping, (if required) will be considered as (natural) Ground for the purpose of this item. The
compaction of natural ground shall be carried out through a written order by the Engineer.

CONSTRUCTION REQUIREMENTS

Up to a depth of twenty (20) cm below the natural ground, all sods and vegetable matters shall be
removed and clear surface shall be broken up by ploughing and scarifying to compact to the
degree as defined below:-

For height of Embankment Percent of Maximum Dry Density
below sub grade level. as determined by AASHTO T-180.*
Oto 30 cm 95
30to 75cm 93
Over 75 cm a0
Below the foundation of structures 95

Compaction of original ground surface in areas of high water levels and
salinity

Compaction of the natural ground surface in such areas will be difficult if not impossible. See
ltems 108, etc. under Formation of Embankment for construction requirements under these
conditions, where compaction of Natural Ground shall not be carried out.

MEASUREMENT AND PAYMENT

104.3.1 Measurement

The measurement shall be made by multiplying the length and breadth of the area
approved in writing by the Engineer to be paid under this item. The measurement of the
item shall be in Square meter.

Any subsidence of levels of Natural Ground due to compaction under this item shall not
be measured for payment, the contractor is expected to take care of such factors while
bidding.

104.3.2 Payment

The payment under this item shall be made for at the contract unit price for Square meter
of compaction of (natural) ground measured as above and shall be deemed to include
cost of scarification, watering, mixing, levelling, rolling, labour, equipment, tools, and
incidentals necessary to complete this item.

Pay Item Description Unit of
No. Measurement

104 Compaction of Natural Ground SM



ITEM108 FORMATION OF EMBANKMENT
108.1  DESCRIPTION

This work shall consist of formation of embankment, including preparation of area for

placing and compaction of embankment material in layers and in holes, pits and other

depressions within the roadway area in accordance with the specifications and in
conformity with the lines, grades, thickness and typical cross-section shown on the
plans r established by the  Engineer.

108.2 MATERIAL REQUIREMENTS

Material for embankment shall consist of suitable material excavated from borrow,

roadway excavation or structural excavation and shall include all lead and lift. Borrow

material will be used only when material obtained from roadway or structural excavation
is not suitable or is deficient for embankment formation and shall include all lead and lift.

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

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

b) CBR of the material shall not be less than five (5) percent, determined in
accordance with AASHTO TA 93. CBR value shall be obtained at a density
corresponding to the degree of compaction required for the corresponding
layer.

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

d) In areas subject to flood and prolonged inundation of the embankment, such as
at bridge sites, the material used in embankment, unless rock, shall be
AASHTO Class Al (a), A1 (b) and A-2-4, soils. Other soils may be used only
with the  written consent of Engineer.

108.3 CONSTRUCTION REQUIREMENTS
108.3.1 Formation of Embankment with Borrow Common Material

Material for embankment, obtained and approved as provided above, shall be placed in
horizontal layers of uniform thickness and in conformity with  the lines, grades, sections
and dimensions shown on the Drawings or as required by the Engineer. The layers of
loose material other than rock shall be not more than 20 cm. thick, unless otherwise
allowed by the Engineer after a trial section is prepared and approved.



108.3.2

The material placed in layers and that scarified to the designated depth for formation of
embankment shall be compacted to the density specified below:

Depth in centimeters Percent of Maximum Dry Density
below subgrade level as determined by AASHTO T-180.*
O0to 30 95
30to 75 93
Over 75 90
e Method 'B' or 'D' whichever is applicable, or corresponding Relative Density in

case of sand fill.

In-place density determinations of the compacted layers shall be made in accordance
with AASHTO T-191 or other approved methods. For all soils, with the exception of rock
fill materials, containing more than 10% oversize particles (retained on 3/4 inch/ 19 mm
sieve), the in-place density thus obtained shall be adjusted to aecount for such oversize
particles or as directed by the Engineer. Subsequent layers shall not be placed and
compacted unless the previous layer has been properly compacted and accepted by the
Engineer.

Material for embankment at locations inaccessible to normal compacting equipment shall
be placed in horizontal layers of loose material not more than 15 centimeters thick and
compacted to the densities specified above by the use of mechanical tempers, or other
appropriate equipment.

The compaction of the embankment shall be carried out at the designated moisture
content consistent with the available compacting equipment.

Embankment material that does not contain sufficient moisture to obtain the required
compaction shall be given additional moisture by means of approved sprinklers and
mixing. Material containing more than the optimum moisture may not, without written
approval of the Engineer, be incorporated in the embankment until it has been sufficiently
dried out. The drying of wet material may be expedited by scarification, disking or other
approved methods.

When materials of widely divergent characteristics, such as clay and chalk or sand,
drawn from different sources, are to be used in the embankment they shall be deposited
in alternate layers of the same material over the full width of the embankment to depths
approved by the Engineer. Rock, clay or other material shall be broken up, and no
accumulation of lumps or boulders in the embankment will be permitted. No surplus
material shall be permitted to be left at the toe of embankment or at the top of cut
sections.

Side slopes shall be neatly trimmed to the lines and slopes shown on the drawings or as
directed by the Engineer, and the finished work shall be left in a neat and acceptable

condition.

Formation of Embankment with Rock Material

Embankment formed of material consisting predominantly of rock fragment of such size
that the material cannot be placed in layers of the thickness prescribed without crushing,



108.3.3

pulverizing or further breaking déwn the pieces, such material may be placed in layers
not exceeding in thickness than the approximate average size of the rocks except that no
layer shall exceed eighty (80) centimeters of loose measurement and compacted by a
vibratory roller with the minimum mass as shown in the following table.

Mass per meter width of | Depth of fill layer Number of passes of
vibrating roll (Kg / M) (mm) the roller on each layer
2300 — 2900 400 5
2900 — 3600 500 5
2600 — 4300 600 5
4300 - 500 700 5
>5000 800 5

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

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

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

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

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

Formation of Embankment on Steep Slopes

Where embankments are to be constructed on steep slope, hill sides or where new fill is
to be placed and compacted against existing pavement or where embankment is to be
built along one half the width at a time, the original slope of the hill side, of existing
pavement or adjacent to half width of embankment shall be cut in steps of twenty (20)



108.3.4

108.3.5

108.3.6

centimeters depth. Benching shall be of sufficient width to permit operation of equipment
possible during placing and compaction of material.

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

Formation of Embankment on Existing Roads

Before fill is placed and compacted on an existing roadway, the existing embankment
and / or pavement may be levelled by cutting, rooting or scarifying by approved
mechanical means to a level to be determined by the Engineer. The earth, old asphalt or
other material arising as a result of this operation will be declared either suitable or
unsuitable, for use in the embankment or other items, by the Engineer. If the material is
declared suitable it will be measured under relative item and if it is declared unsuitable, it
will be measured under item 106a.

Formation of Embankment in Water Logged Areas

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

Sieve Description Percentage of Weight Passing
Mesh Sieve, AASHTO T-27

3inch (75 mm) 100

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

D,s(Working Platform Material)
is less than 5.

Dgs (Natural Ground Material)

Dgs and D35 mean the particle diameters corresponding to 85% and 15%, respectively,
passing (by weight) in a grain size analysis.

Construction of this working table shall proceed from one edge of the soft area by using
the fill as a ramp for further material transport.

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

No density requirements are specified for the working platform, however, subsequent
layers above it shall be compacted to the densities specified in Iltem 108.3.1.

General Requirements

To avoid interference with the construction of bridge abutments and wing walls, the
Contractor shall at points determined by the Engineer, suspend work on embankments
and / or in cuts forming the approaches to any such structure until such time as the



108.4

108.4.1

construction of the later is sufficiently advanced to permit the completion of the
approaches without the risk of interference or damage to the bridge works. The cost of
such suspension of work shall be included’ in the contract unit prices for embankment. In
carrying embankments up to or over bridges, culverts or pipe drainage, care shall be
taken by the Contractor to have the embankments brought to equally on both sides and
over the top of any such structure. Contractor  shall make special arrangements to
ensure proper compaction in restricted spaces and around structures. No compensation
shall be made to the Contractor for working in narrow or otherwise restricted areas.

When as a result of settlement, an embankment requires the addition of material up to 30
cm in thickness to bring it up to the required grade level, the top of the embankment shall
be thoroughly scarified before the additional materials being placed, without extra
payment to Contractor for the scarification.

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

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

MEASUREMENT AND PAYMENT

Measurement

The quantities to be paid for shall be the number of cubic meters calculated on theoretical
designed lines and grades and the ground levels as established under clause 100.9,
compacted in place, accepted by the Engineer formed with material resulting from:

i) Formation of Embankment from Borrow Excavation

Measurement shall be made as under:-

Formation from Borrow = Total Embankment Quantity (minus) Roadway
excavation Quantity (minus) structural excavation
Quantity.

ii) Formation from structural Excavation

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

iii) Formation from Roadway Excavation

This quantity shall be the same as calculated for Roadway Excavation.  The contractor
will be supposed to use material from Roadway Excavation irrespective of haulage



108.4.2

distance. However if contractor, for his own convenience, uses the material from
borrow, the payment will still be made under this item 108 (a) & 108 (b).

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

Payment

a) Formation from Borrow Excavation,

The quantity to be paid for shall be the number of cubic meters placed in embankment,
measured as provided above for material from borrow excavation and such a payment
will be deemed to include cost of excavation, payment of royalty, levies and taxes of
Local, Provincial and Federal Government, cost of hauling including all lead and lift,
spreading, watering, rolling, labour, equipment, tools and incidental necessary to
complete this item.

b) Formation from Structural Excavation.

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

¢) Formation from Roadway Excavation

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

Pay Item Description Unit of
No. Measurement
108a Formation of Embankment CM

from Roadway Excavation
in Common Material

108b Formation of Embankment CM
from Roadway Excavation
in Rock Material

i Hard Rock CM
ii. Medium Rock CM
iii. Soft Rock CM
108c Formation of Embankment CM

from Borrow Excavation



108d

108e

in Common Material

Formation of Embankment
from Structural Excavation
in Common Material

Formation of Embankment
from Structural Excavation
in Rock Material

i Hard Rock
il. Medium Rock
iii. Soft Rock

CM

CM

CM
CM
CM



SUBBASE AND BASE COURSE




ITEM 201 GRANULAR SUBBASE
201.1 DESCRIPTION
This item shall consist of furnishing, spreading in one or more layers and compacting
granular subbase according to the specifications and drawings and / or as directed by
the Engineer.
201.2 MATERIAL REQUIREMENTS

Granular subbase material shall consist of natural or processed aggregates such as
gravel, sand or stone fragment and shall! be clean and free from dirt, organic matter
and other deleterious substances, and shall be of such nature that it can be
compacted readily under watering and rolling to form a firm, stable subbase.

The material shall comply to the following grading and quality requirements:
a) The subbase material shall have a gradation curve within the limits for

grading A, B, and C given below. However grading A may be allowed by
the Engineer in special circumstances.

Grading Requirement for Subbase Material
Sieve Designation Mass Percent Passing Grading
Mm Inch A B
60.000 (2.11,) 100 -
50.000 2 90-100 100
25.000 1) 50-80 55-85
9.500 Cls) - 40-70
4.750 No.4 35-70 30-60
2.000 No.10 - 20-50
0.425 No.40 - 10-30
0.075 No0.200 2-8 5-15

The Coefficient of Uniformity D60/D10 shall be not less than 3, where D60 and
D10 are the particle diameters corresponding to 60% and 10%, respectively, passing
(by weight) in a grain size analysis, curve.

b) The Material shall have a CBR value of at least 50%, determined according
to AASHTO T-193. The CBR value shall be obtained at a density
corresponding to Ninety eight (98) percent of the maximum dry density
determined according to AASHTO T-180 Method-D.



201.3

201.3.1

c) The coarse aggregate material retained on sieve No. 4 shall have a
percentage of wear by the Los Angeles Abrasion (AASHTO T-96) of not
more than fifty (50) percent.

d) In order to avoid intrusion of silty and clayey material from the subgrade in
the subbase, the ratio D15 (Subbase) / D85  (Subgrade) should be less
than 5.

Where D85 and D15 are the particle diameters corresponding to eighty five
(85) % and fifteen (15) %, respectively, passing (by weight) in a grain size
analysis, curve.

e) The fraction passing the 0.075 mm (No. 200) sieve shall not be greater
than two third of the fraction passing the 0.425 mm (No. 40) sieve. The
fraction passing the 0.425 mm sieve shall have a liquid limit of not greater

than 25 and a plasticity index of 6 or less.

f) If over-size is encountered, screening 6f material at source, shall invariably
be done, no hand picking shall be allowed, however hand picking may
be allowed by the Engineer, if over-size guantity is less than 5% of the
total mass.

0) Sand equivalent for all classes shall be 25 min.

CONSTRUCTION REQUIREMENTS

Spreading

Granular subbase shall be spread on approved subgrade layer as a uniform mixture.
Segregation shall be avoided during spreading and the final compacted layer shall be
free from concentration of coarse or fine materials.

Granular subbase shall be deposited on the roadbed or shoulders in a quantity which
will provide the required compacted thickness without resorting to spotting, picking
up or otherwise shifting the subbase material. In case any material is to be added to
compensate for levels, the same shall be done after scarifying the existing material,
to ensure proper bonding of additional material.

When the required thickness is fifteen (15) cm or less, the aggregates may be
spread and compacted as one layer, but in no case shall a layer be less than seven
and z one half (7.5) centimeters thick. Where the required thickness is more than 15
cm, the aggregates shall be spread and compacted in 2 or more layers of
approximately equal thickness, but in any case the maximum compacted thickness of
one layer shall not exceed 15 cm. All subsequent layers shall be spread and
compacted in a similar manner.

Granular subbase shall be spread with equipment that will provide a uniform layer
conforming to the specified item both transversely and longitudinally within the
tolerances as specified in Table for Allowable Tolerances" in  these specifications.
No hauling or placement of material will be permitted when, in the judgment of the



201.3.2

201.3.3

201.34

Engineer, the weather or road conditions are such that the hauling operation will
cause cutting or rutting of subgrade or contamination of sub base material.

Compaction Trials

Prior to commencement of granular subbase operation, contractor shall construct a
trial length, not to exceed, five hundred (500) meters and not less than two hundred
(200) meters with the approved subbase material as will be used during construction
to determine the adequacy of the contractor's equipment, loose depth measurement
necessary to result in the specified compacted layer depths, the field moisture
content, and the relationship between the number of compaction passes and the
resulting density of the material. For details, refer to clause 1.20 (General) of these
specifications.

Compaction

The moisture content of subbase material shall be adjusted prior to compaction, by
watering with approved sprinklers mounted on trucks or by drying out, as required, in
order to obtain the specified compaction.

The subbase material shall be compacted by means of approved vibrating rollers or
steel wheel rollers (rubber tyred rollers may be used as a supplement), progressing
gradually from the outside towards the centre, except on superelevated curves,
where the roiling shall begin at the low side and progress to the high side. Each
succeeding pass shall overlap the previous pass by at least one third of the roller
width. While the rolling progresses, the entire surface of each layer shall be properly
shaped and dressed with a motor grader, to attain a smooth surface free from ruts or
ridges and having proper section and crown.. Rolling shall continue until entire
thickness of each layer is thoroughly and uniformly compacted to the specified
density.

Any area inaccessible to rolling equipment shall be compacted by means of hand
guided rollers, plate compactors or mechanical tampers, where the thickness in loose
layer shall not be more than 10 cm.

If the layer of subbase material, or part thereof does not conform to the required
finish, the Contractor shall, at his own expense, rework, water, and recompact the
material before succeeding layer of the pavement structure is constructed.

Immediately prior to the placing of first layer of base course the subbase layer (both
under the travelled way and the shoulders) shall conform to the required level and
shape. Prior to placing the succeeding layers of the material, the top surface
of each layer shall be made sufficiently moist to ensure bond between the layers. The
edges or edge slopes shall be bladed or otherwise dressed to conform to the lines
and dimensions shown on the plans.

No material for construction of the base shall be placed until the subbase has been
approved by the Engineer.

Compaction requirements

The relative compaction of each layer of the compacted subbase shall not be less
than Ninety eight (98) percent of the maximum dry density determined according to
AASHTO T-180 Method-D. The field density shall be determined according to
AASHTO T-191 or other approved method. For all materials, the field density thus



201.3.5

201.3.6

201.4

201.4.1

201.4.2

obtained shall be adjusted to account for oversize particles (retained on 19 mm sieve)
as 'directed by the Engineer Also for adjustment of any material retained on 4.75 mm
sieve, AASHTO Method T-224 shall be used

Moisture Content Determination

As it is customary in the project laboratories that small samples of materials are
placed in ovens for moisture determination for proctor, following precautions are
necessary to ensure proper compaction results.

a) Same size of sample is placed in oven for moisture determination in case of
laboratory density (Proctor) and field density.

b) Moisture content for calculation of field density and proctor shall be observed on
material passing 4.75 mm sieve.

Tolerance

The subbase shall be compacted to the desired level and cross slopes as shown on
the drawings. The allowable tolerance shall be according to the “Table for Allowable
Tolerances" in these specifications.

MEASUREMENT AND PAYMENT

Measurement

The quantity of subbase to be paid for shall be measured by the theoretical volume in
place as shown on the drawings or as directed and approved for construction by the
Engineer, placed and accepted in the completed granular subbase course. No
allowance will be given for materials placed outside the theoretical limits as shown on
the cross-sections.

Payment

The accepted quantities measured as provided above shall be paid for at the contract
unit price per cubic meter of granular subbase, for the Pay Item listed below and
shown in the Bill of Quantities, which price and payment shall constitute full
compensation for furnishing all materials, hauling, placing, watering, rolling, labour,
equipment, tools and incidentals necessary to complete the item.

Pay Item Description Unit of
No. Measurement

201 Granular Subbase CM



ITEM 202

AGGREGATE BASE COURSE

202.1

202.2

DESCRIPTION

This item shall consist of furnishing, spreading and compacting one (1) or more layers
of aggregate base on a prepared subgrade, subbase, or existing road surface, in
accordance with the specifications and the drawings and / or as directed by the
Engineer.

MATERIAL REQUIREMENTS

Material for aggregate base course shall consist of crushed hard durable gravel, rock
or stone fragments. It shall be clean and free from organic matters, lumps of clay and
other deleterious substances. The material shall be of such a nature that it can be
compacted readily under watering and rolling to form a firm, stable base for both
flexible and rigid pavements.

The aggregate base shall comply to the following grading and quality requirements.

a) The gradation curve of the material shall be smooth and within the envelope
limits for Grading A or B given below.

Grading Requirement for Aggregate Base Material
Sieve Designation Mass Percent Passing Grading
mm Inch A B
50.000 2 100 100
25.000 1 70-95 75-95
9.500 ¥ 30-65 40-75
4.750 No.4 25-55 30-60
2.000 No.10 15-40 20-50
0.425 No.40 8-20 12-25
0.075 No.200 2-8 5-10

The material shall be well graded such that the coefficient of Uniformity D60/D10
shall be greater than four (4).

b) Crushed Aggregate (material retained on sieve NO. 4) shall consist of
material of which at least ninety (90) percent by weight shall be crushed
particles, having a minimum of two (2) fractured faces.

c) The Coarse aggregate shall have a percentage of wear by the Loss Angeles
Abrasion test (AASHTO T-96) of not more than forty (40).
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d) The material shall have a loss of less than twelve (12) percent when
subjected to five cycles of the Sodium Sulphate Soundness test according to
AASHTO T-104.

e) The sand equivalent determined according to AASHTO T-176 shall not
be less than 45 and the material shall have a Liquid limit of not  more than
twenty five (25) and a plasticity Index of not more than 6 as determined
by AASHTO T-89 and T-90.

f) The material passing the 19 mm sieve shall have a CBR value of
minimum eighty (80) percent, tested according to the AASHTO T 193.
The CBR value shall be obtained at the maximum dry density determined
according to AASHTO T 180, Method D.

0) Laminated material shall not exceed 15% of total volume of Aggregate
Base Course.

Filler for Blending

If filler, in addition to that naturally present in the aggregate base material is
necessary for meeting the grading requirement or for satisfactory bonding of the
material, it shall be uniformly blended with the base course material at the crushing
plant or in a pugmill unless otherwise approved. The material for such purpose
shall be obtained from sources approved by the Engineer. The material shall be free
from organic matter, dirt, shale, clay and clay lump or other deleterious matter and
shall conform to following requirement.

AASHTO Sieve Percent Passing
%/g Inch 100

4 85-100

100 10-30
Plasticity Index (AASHTO T-90) 6 maximum
Sand Equivalent (AASHTO T- -

176) 30 minimum

However the combined aggregates prepared by mixing the coarse material and filler
shall satisfy the requirements as mentioned in clause 202.2 above.

CONSTRUCTION REQUIREMENTS

Preparation of surface for Aggregate base course

In case crushed aggregate base is to be laid over prepared sub base course, the
subbase course shall not have loose material or moisture in excess to optimum
moisture content.

Spreading shall conform in all respects to the requirements specified under this
heading in Item 201 - Subbase (201.3.1).

Compaction
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Compaction process shall conform in all respect to the requirements specified under
this heading in Item 201 (201.3.3).

Compaction Requirement

The relative compaction of each layer of the compacted base shall not be less than
100 percent to the maximum dry density determined according to AASHTO T-1 80,
Method D (Modified). The field density shall be determined according to AASHTO
T-191 or other approved method. For all materials, the field density thus obtained
shall be adjusted to account for oversize particles (retained on 19 mm sieve) as
directed by the Engineer. Also for adjustment of any material retained on 4.75 mm
sieve, AASHTO Method T224 shall be used

Completed base course shall be maintained in an acceptable condition at all times
until prime coat is applied. When base course is to carry traffic for an indefinite ~
length of time before receiving surfacing, the contractor shall maintain the surface
until final acceptance and shall prevent revelling by wetting, blading, rolling and
addition of fines as may be required to keep the base tightly bound and leave a slight
excess of material over the entire surface which must be removed and the surface
finish restored before application of prime coat.

Moisture Content Determination

Moisture content determination shall conform in all respects to the requirements
specified under clause 201.3.5 for subbase.

Trial Sections

Prior to commencement of aggregate base course operations, a trial section of two
hundred (200) meters minimum, but not to exceed five hundred (500) meters shall be
prepared by the contractor using same material and equipment as will be used at site
to determine the adequacy of equipment, loose depth measurement necessary to
result in the specified compacted layer depths, field moisture content, and
relationship between the number of compaction passes and the resulting density of
material. For details refer to clause 1.20 (General) of these specifications.

Tolerance

The completed base course shall be tested for required thickness and smoothness
before acceptance. Any area having waves, irregularities in excess of one (1) cm in
three (3) M or two (2) cm in fifteen (15) M shall be corrected by scarifying the surface,
adding approved material, reshaping, recompacting and finishing as specified. Skin
patching of an area without scarifying the surface to permit proper bonding of added
material shall not be permitted. The allowable tolerances shall be according to the
"Table for Allowable Tolerances" in these specifications.

Acceptance, Sampling and Testing

Acceptance of sampling and testing with respect to materials and construction
requirements shall be governed by the relevant, “Table for Sampling and Testing
Frequency” or as approved by the Engineer.

MEASUREMENT AND PAYMENT

Measurement
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The quantity of aggregate base to be paid for, shall be measured by the theoretical
volume in place as shown on the drawings or as directed and approved for
construction by the Engineer, placed and accepted in the completed crushed
aggregate base course. No allowance will be given for materials placed outside the
theoretical limits as shown on the cross sections.

Payment

The accepted quantities measured as above shall be paid for at the contract unit
price per cubic meter of aggregate base, for the item listed below and shown in the
Bill of Quantities, which price and payment shall constitute full compensation for
furnishing all materials, hauling, placing, watering, rolling, labour, equipment, tools
and incidentals necessary to complete this item.

Pay Item Description Unit of
No. Measurement

202 Aggregate Base CM



ITEM 203 ASPHALTIC BASE COURSE PLANT MIX

203.1 DESCRIPTION
This work shall consist of furnishing of plant, labour, equipment and material and
performing all operations in connection with the construction of an asphaltic plant-mix
base course on a previously constructed and accepted subgrade, subbase or base
course, subject to terms and conditions of the Contract, and in strict accordance with
this Section of the Specification, the Drawings and the directions of the Engineer.

203.2 MATERIAL REQUIREMENTS

203.2.1  Mineral Aggregate

Mineral aggregate for bituminous base course shall consist of coarse aggregate, fine
aggregate and filler material, if required, all conforming with the following
requirements:

Coarse aggregate which is the material retained on AASHTO No. 4 sieve shall
consist of crushed rock, crushed gravel or crushed boulder. It shall be clean, hard,
tough, sound, durable, free from decomposed stones, organic matter, shale, clay
lump or other deleterious substances. Rock or boulders from which coarse aggregate
is obtained, shall be of uniform quality throughout the quarry.

The crushing shall be so regulated that at least ninety five (95) percent by weight of
material retained on AASHTO No. 4 sieve shall consist of pieces with at least two (2)
mechanically fractured faces, and when tested for stability of bituminous mix shall
show satisfactory stability.

Fine aggregate which is material passing No. 4 sieve, shall consist of 100% crushed
material from rock or boulder. No natural sand will be allowed in the mix.

When the combined grading of the coarse and fine aggregates is deficient in material
passing No. 200 sieve, additional filler material shall be added. The filler material
shall consist of finely divided rock dust, hydrated lime, hydraulic cement or other
suitable mineral matter. However, in case the coarse aggregates are of quartizitic
nature, then hydrated lime or a better material shall be allowed. At the time of use, it
shall be sufficiently dry to flow freely. Filler material shall conform to following
gradation:

US Standard Sieve Percent Passing by Weight
No.30 100

No.50 95-100

No.200 70-100

The coarse and fine aggregates shall meet the following applicable requirements:

a) The percentage of wear by the Los Angeles Abrasion test (AASHTO T 96)
shall not be more than forty (40).
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203.2.3

b)

c)

d)

f)

)

h)

The loss when subject to five cycles of the Sodium Sulphate Soundness test
(AASHTO T 104) shall be less than twelve (12) percent.

The Sand Equivalent (AASHTO T 176) determined after all processing
except for addition of asphalt cement shall not be less than forty five (45).

Fine aggregates shall have a liquid limit not more than 1 twenty five (25) and
a Plasticity Index of not more than six (6) as determined by AASHTO T 89
and T-90.

The portion of aggregate retained on the 9.5 mm (318 inch) sieve shall
not contain more than 15 percent by weight of flat and / or elongated
particles (ratio of maximum to minimum dimensions = 2.5:1).

Stripping test shall be performed on coarse aggregates as described under
AASHTO T-182 and only that material shall be allowed which qualifies the
test.

The coarse aggregates shall be checked if desired by the Engineer for
cationic and anionic behaviour so that their affinity  with the bitumen to be
used is verified.

Petrographic examination of the coarse aggregate shall be conducted if so
directed by the Engineer.

Asphaltic Material

Asphalt binder to be mixed with the aggregate to produce asphaltic base shall be
asphalt cement having penetration grade 40-50, 60-70 or 80-100 as specified by the
Engineer. Generally it will meet the requirements of AASHTO M-20.

Asphalt Concrete Base Course Mixture

The composition of the asphaltic concrete paving mixtures for base course shall
conform to Class A and / or Class B shown in the following table:

TABLE 203-1

Combined Aggregate Grading Requirements

Mix Designation Class A Class B

Use

Levelling/Base Levelling/Base




Compacted Thickness 70 -90 mm 50 - 80 mm

U.S. Standard Sieve Size Percent passing by weight

2" (50 mm) 100 -
1.1," (38 mm) 90-100 100
1" (25 mm) - 75-90
%," (19 mm) 56-75 65-80
', (12.5 mm) - 55-70
%/s (9.5 mm) - 45-60
No. 4 (4.75 mm) 23-40 30-45
No. 8 (2.38 mm) 15-30 15-35
No. 50 (0.300 mm) 4-10 5-15
No. 200 (0.075 mm) 3-6 2-7
Asphalt Content weight 3 3
Percent of total mix (Minimum) (Minimum)

The asphalt concrete levelling / base course mixture shall meet the following Marshall Test
Criteria.

Compaction, number of blows each end

of specimen ..., 75

Stability ... 1000 Kg (Min.)
Flow, 0.25 mm (0.01in.) ......ccovvvvnnnnnn. 8-14

Percent air voids in mix ..................... 4-8

Percent voids in mineral

AQOregates ......oei i According to Table 5.3 MS-2,
Asphalt institute, sixth edition
1993.



Loss in Stability ..........coooeeiiiiiin s, 25 percent (Max.)

Mixes composed of larger size aggregates with maximum size upto 38 mm (1.5 inches) will
be prepared according to modified Marshall method as per MS-2 Asphalt institute, sixth
edition, 1993 or the latest edition. The procedure is basically the same as the original
method except for following differences that are due to the larger specimen size that is used:

a)

b)

d)

e)

f)

)

h)

203.2.4

The hammer weighs 10.2 kg (22.5 Ib.) and has a 149.4 mm (5.88 inches) flat
tamping face. Only mechanically-operated device is used for the same 457 mm
(18 inches) drop height.

The specimen has a 152.4 mm (6 inches) diameter by 95.2 mm (3.75 inches)
height.

The batch weights are typically of 4 Kg.

The equipment for compacting and testing (molds and breaking heads) are
proportionately larger to accommodate the larger specimens.

The mix is placed in the mold in two approximately equal increments, with
spading performed after each increment to avoid honey-combing.

The number of blows needed for the larger specimen is 1.5 times (75 or 112
blows) of that required for the smaller specimen (50 or 75 blows) to obtain
equivalent compaction.

The design criteria shall be modified as well, the minimum stability shall be 2.25
times and the range of flow values shall be 1.5 times normal-sized specimens.

Similar to the normal procedure, following values shall be used to convert the
measured stability values to an equivalent value for a specimen with a 95.2 mm
(3.75 inches) thickness, if the actual thickness varies:

Approximate Height Specimen Volume Correlation
mm (inches) (Cubic cm) Ratio
88.9 (3') 1608 to 1626 1.12
90.5 (3%1) 1637 to 1665 1.09
921  (3°) 1666 to 1694 1.06
93.7  (3'1) 1695 to 1723 1.03
95.2  (3%,) 1724 to 1752 1.00
96.8 (3 "%1) 1753 to 1781 0.97
98.4 (37lg) 1782 to 1810 0.95
100.0 (3 ™/16) 1811 to 1839 0.92
101.6 (4) 1840 to 1968. 0.90

Job-Mix Formula

At least one (1) week prior to production, a Job-Mix Formula (JMF) for the asphaltic
base course to be used for the project, shall be established jointly by the Engineer



and the Contractor in the project laboratory. Job mix formula shall combine the
mineral aggregates and asphalts in such proportion conforming to specification
requirements.

The JMF shall be established by MARSHALL Method of Mix Design according to the
procedure prescribed in the Asphalt Institute Manual Series No.2 (MS-2), sixth edition
1993, or the latest Edition.

The JMF, with the allowable tolerances shall be within the range specified in Item
203.2.3. Each JMF shall indicate a single percentage of aggregate passing each
required sieve size and a single percentage of bitumen to be added to the aggregate.

The ratio of wt. of filler (passing sieve No. 200) to that of asphalt shall range between
1-1.5 for hot climate areas with temperature more than 40°C.

After the JMF is established, all mixtures furnished for the project represented by
samples taken from the asphalt plant during operation, shall conform thereto
Moreover upon receiving the job-mix, approved by the Engineer, the Contractor shall
adjust his plant to proportion the individual aggregates, mineral filler and asphalt to
produce a final mix that, when compared to job mix formula shall be within the
following limits.
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203.3.1

203.3.2

Maximum Variation of Percentage of Materials

Retained No.4 and larger t 7.0%
Passing No.4 to No. 100 sieve T 4.0%
Passing No.200 * 1.0%
Asphalt Content

Weight percent of total mix * 0.3%

In addition to meeting the requirements specified in the proceeding items, the
mixture as established by the JMF shall also satisfy the following physical property

Loss of Marshall. stability by immersion of specimen in water at sixty (60) degree
centigrade for 24 hours as compared with stability measured after immersion in water
at 60 degrees centigram for 20 minutes shall not exceeds twenty five (25) percent. If
the mixture fails to meet this criterion, JMF shall be modified or an antistripping agent
shall be used.

Should a change of sources of materials be made, a new Job Mix Formula shall be
established before the new material is used. When unsatisfactory results or other

conditions make it necessary, a new Job Mix Formula will be required

CONSTRUCTION REQUIREMENTS

Bituminious Mixing Plant

Plants used for the preparation of bituminous mixtures shall be “Batching Plants”
conforming to AASHTO M 156, and of adequate capacity, coordinated and operated
to produce a mixture within the limits of these specifications. Plant shall have
minimum three cold bins and at least 3.5 decks of hot sieves.

Preparation of Aggregates

Before being fed to the dryer, aggregates for the asphaltic base courses shall be
separated into three or more sizes and stored separately in cold bins. One bin shall
contain aggregate of such size that eighty (80) percent will pass sieve No. 4, and the
other two bins shall contain aggregate of such sizes that eighty (80) percent will be
retained on sieve No. 4. Should fine material, be incorporated in the mix, separate bin
shall be provided in addition to the three bins mentioned above. If filler is used as a
separate component it will also be stored and measured separately and accurately
before being fed into the mixer through filler screw mechanism.

Asphalt cement shall be heated within a temperature range of hundred and thirty five
to hundred and sixty three (135-163) degrees centigrade at the time of mixing.
Asphalt cement heated above maximum shown shall be considered overheated and
shall be rejected and removed from job site.

Dried aggregate weighed and drawn to pugmill shall be combined with proportionate
guantity of asphalt cement according to the job mix formula. Temperature of asphalt,
except for temporary fluctuations, shall not be lower than fifteen (15) degrees
centigrade below the temperature of the aggregate, at the time, the two materials
enter into the pugmill.

For placing the materials in bins or in moving them from bins to the dryer, any
method which causes segregation or uncontrolled combination of materials of
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different grading, shall be discontinued and the segregated or degraded materials
shall be prescreened for reuse.

Each aggregate ingredient shall be heated and dried at temperature not to exceed
hundred and sixty three (163) degrees centigrade. If aggregate contain sufficient
moisture to cause foaming in the mixture or their temperature is in excess of hundred
and sixty three (163) degrees centigrade, they shall be removed from the bins and
returned to their respective stock piles. In no case, shall the temperature of asphaltic
mix exceed 163 degree centigrade when discharged from the pugmill.

Immediately after heating, the aggregates shall be screened to required sizes and
stored in separate hot bins for batching and mixing with bituminous material.

Asphalt plant shall have minimum three and half (3 /,) sieve decks to effectively
control the gradation of hot bins.

Hauling Equipment

Dump truck used for hauling bituminous mixtures shall have tight, clean, smooth
metal beds which have been thinly coated with an approved material to prevent
adhering of material to the beds. Each truck shall have a cover of canvas or of other
suitable material of sufficient size as to protect the mixture from the weather. The
mixture will be delivered on the road at a temperature not less than hundred and thirty
(130) degree C. Drivers of dump trucks will ensure that while reversing the vehicles,
paver is not pushed back producing a hump.

Bituminous Pavers

Bituminous pavers shall be self-contained, power-propelled units, provided with an
automatically controlled activated screed or strike-off assembly, heated if necessary,
capable of spreading and finishing courses of bituminous plant mix material in lane
widths applicable to the specified typical section and thickness shown on the plans.
Pavers used for shoulders and similar construction shall be capable of spreading and
finishing course of bituminous plant mix material in widths shown on the plans.

The paver shall be equipped with a receiving hopper having sufficient capacity for a
uniform spreading operation. The paver shall be equipped with automatic feed
controls, properly adjusted to maintain a uniform depth of material ahead of the
screed.

The screed or strike-off assembly shall be capable of producing a finished surface of
the required evenness and texture without tearing, shoving or gouging the mixture.

When laying the mixtures, the paver shall be capable of being operated at forward
speeds consistent with satisfactory laying of the mixture. The paver shall be operated
at speeds which will give the best result for the type of power being used.

The mixed material shall be delivered to paver in time to permit completion of
spreading, finishing and compaction of mixture during day light hours.

The paver shall be equipped with automatic screed controls with sensors for either or
both sides of the paver, capable of sensing grade from an outside reference line,
sensing the transverse slope of the screed and providing the automatic signals which
operates the screed to maintain the desired grade and transverse slope. The sensor
shall be so constructed that it will operate from a reference line or a ski-like
arrangement.
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The transverse slope controller shall be capable 6f maintaining the screed at the
desired slope within plus or minus 0.1 percent variation.

Manual operation will only be permitted in the construction of irregularly shaped and
minor areas.

Whenever a breakdown or malfunction of the automatic controls occurs, the
equipment may be operated manually or by other methods in order to allow the
contractor to use the asphalt already produced at the plant or in transit, provided this
method of operation will produce results otherwise meeting the specifications.

Reference lines will be required for both outer edges of the travelled way for each
main line roadway for vertical control. Horizontal control utilizing the reference line will
be permitted. The grade and slope for intermediate lanes shall be controlled
automatically from reference lines or by means of a ski and a slope control device or
a dual ski arrangement. When the finish of the grade prepared for paving is superior
to the established tolerance and, when in the opinion of the Engineer, further
improvement to the line, grade, cross sections and smoothness can best be achieved
without the use of the reference line, a ski-like arrangement may be substituted
subject to the approval of the Engineer. The use of the reference lines shall be
reinstated immediately whenever the Contractor fails to maintain a superior
pavement. The Contractor shall furnish and install all pins, brackets, tensioning
devices, wire and accessories necessary for satisfactory operation of the automatic
control equipment.

Rollers

Rollers shall be steel wheel, pneumatic tyre and vibratory, or a combination thereof.
The roller(s) shall be in good condition, capable of reversing without backlash, and
shall be operated at speeds slow enough to avoid displacement of the bituminous
mixture. The number and weight of rollers shall be sufficient to compact the mixture to
the required density while it is still in a workable condition. Vibratory rollers shall be
acceptable for bituminous mixture compaction. The use of equipment, which results
in excessive crushing of the aggregate will not be permitted.

Preparation of Base or Existing Pavement Surface

Before spreading materials, the surface of base or existing pavement on which the
mix is to be placed shall be conditioned by application of a prime or tack coat as
specified.

After a prime coat is applied, it shall be left undisturbed no t less than twenty four (24)
hours. The Contractor shall maintain the primed surface until the mix material has
been placed. This maintenance shall include the spreading of sand or other approved
material, if necessary to prevent adherence of the prime coat to the tyres of vehicles
using the primed surface, and patching any breaks in the primed surface with
additional bituminous material. Any area of primed surface that has become damaged
shall be repaired before the mix is placed, to the satisfaction of Engineer. It shall be
ensured that primed surface is not in tacky condition, when premix is laid.

After a tack coat is applied, it shall be allowed to dry until it is in the proper condition
of tackiness to receive the mix. The lack coat shall be applied only as far in advance
of the placing of mix, as is necessary to obtain the proper condition of tackiness. Any
breaks in the tack coat shall be repaired.
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When the surface of the existing pavement or old base is irregular, it shall be brought
to uniform grade and cross-section by levelling course as directed. The levelling
course mixture shall conform to the requirements of Item 203.2.

A thin coating of bituminous material shall be sprayed on contact surface of curbing,
gutters, manholes, and other structures, prior to the bituminous mixture being placed

against them.

Spreading and Finishing

The mixture shall be laid upon an approved surface, spread and struck off to the
section and elevation established. Bituminous pavers shall be used to distribute the
mixture either over the entire width or over such partial width as may be practicable.

The longitudinal joint in one layer shall offset to that in the layer immediately below,
by approximately 15.0 cm; however, the joint in the top layer shall be at the
centreline of the pavement if the roadway comprises two lanes of width, or at lane
lines if the roadway is more than 2 lanes in width.

On areas where irregularities or unavoidable obstacles make the use of mechanical
spreading and finishing equipment impracticable, the mixture shall be spread, raked
and luted by hand-tools. For such areas the mixture shall be dumped, spread and
screeded to give the required compacted thickness, ensuring even distribution of
coarse and fine material.

When production of the mixture can be maintained and wherever practical, pavers
shall be used in echelon to place the wearing course in adjacent lanes and
compacted to form a surface without lateral joint.

All mixtures shall be spread at a temperature of not less than hundred and thirty (130)
degree C and all initial rolling or tamping shall be performed when the temperature
of the mixture is such that the sum of the air temperature plus the temperature of the
mixture is between 165 degree C and 190 degree C. The mixture shall not be placed
on any wet surface or when weather conditions will otherwise prevent its proper
handling or finishing.

Compaction

After spreading and strike off and as soon as the mix condition permits the rolling to
be performed without excessive shoving or tearing, the mixture shall be thoroughly
and uniformly compacted. Rolling shall not be prolonged when cracks appear on the
surface.

Initial or breakdown rolling shall be done by means of either a tandem steel roller or
three wheeled steel roller. Rolling shall begin as soon as the  mixture will bear the
roller without undue displacement.

The number and weight of rollers shall be sufficient to obtain the required compaction
while the mixture is still in workable condition. The sequence of rolling and the
selection of roller types shall provide the specified pavement density. Initial rolling
with a tandem steel roller or a three-wheeled steel roller shall follow the paver as
closely as possible.

Unless otherwise directed, rolling shall begin at the lower side and proceed
longitudinally, parallel to the road centerline, each trip overlapping one-half of the
roller width, gradually progressing to the crown of the road. When paving in echelon
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or abutting a previously placed lane, the longitudinal joint should be rolled first
followed by the regular rolling procedure. On super elevated curves the rolling shall
begin at the low side and progress to the high side by overlapping of longitudinal
trips parallel to the centerline. Intermediate rolling with a pneumatic tyred roller shall
be done behind the initial rolling. Final rolling shall eliminate marks from previous
rolling. In no case shall the temperature be less than hundred and twenty (120)
degree C. for initial break down rolling while all other compaction operations shall be
completed before the temperature drops down to hundred and ten (110) degree C.

Rollers shall move at a slow but uniform speed with the drive roll or wheels nearest
the paver. Rolling shall be continued until all roller marks are eliminated and a
minimum density of Ninety seven (97) percent of a laboratory compacted specimen
made from asphaltic material obtained for daily Marshall density is achieved.

Any displacement resulting while reversing the direction of a roller, or from other
causes, shall be corrected at once by the use of rakes and addition of fresh mixture.
when required. Care shall be exercised in rolling not to displace the line and grade of
the edges of the bituminous mixture.

To prevent adhesion of the mixture to the rollers, wheels of rollers shall be kept
properly moistened with water or water mixed with very small quantities of detergent
or other approved material. Excess liquid will not be permitted.

Along forms, curbs, headers, walls and other places not accessible to the roller, the
mixture shall be thoroughly compacted with hot hand tampers, smoothing irons or
with mechanical tampers. On depressed areas, tempers be used or cleated
compression strips may be used under the roller to transmit compression to the
depressed area.

Any mixture that becomes loose and broken, mixed with dirt, or is in any way
defective in finish or density shall be removed and replaced with fresh hot mixture,
which shall be compacted to conform with the surrounding area. Any area showing
an excess or deficiency of bituminous material shall be removed and replaced.

Sequence of laying and compaction of premix shall be s 0 managed, that a long time

does not elapse between successive dump trucks, which may cool down the
uncompacted premix, between paver and compacted asphalt below 120° C.

Frequency of Testing for Cores

One core shall be taken for each 100 linear meter of each lane of Asphaltic Base, or
fraction thereof, in special cases. If the core so taken is failed against the specified
97% density, then two (2) additional cores shall be taken in the longitudinal
alignment of the road at an interval of three (3) meters on either side with respect to
the failing core and shall be tested against field density. If all the three cores give an
average of 97% compaction, and the individual compaction of the core is not less
than ninety five (95) percent, then the compaction is acceptable. If average of the
cores further fails against compaction, then retake the cores at a distance of fifteen
(15) meters on either side and compaction shall be checked for all the five cores in
the same fashion. If average of five cores is 97%, the area will be accepted. In case
average is ninety six 96% or more, then Engineer may withhold the payment in full or
partly and observe behaviour during maintenance period, for the release of payment
or otherwise. In case of failure of the average of these five cores giving average
compaction of less then 96%, the failed area shall be removed and subsequently be
replaced by specified mix in an approved manner at the expense of contractor.
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Surface Tolerances

After completion of final rolling, the finished surface shall be tested for smoothness
with three (3) meters straightedge by Engineer at selected locations. The variation of
surface from testing edge of straight edge between any two (2) contacts with the
surface shall at no point exceed six (6) millimeters when placed either parallel or
perpendicular to centreline of roadway.

Any irregularities that exceed the specified tolerances or that retain water on the
surface shall be corrected by removing the defective area and replacing with new

asphaltic base course without additional cost to the Employer.

Base Thickness Tolerances

For determination of thickness, one (1) core for each hundred (100) linear meter of
each lane shall be taken. Unless, otherwise permitted, cores extracted for thickness
measurement shall not be used for density determination and density cores shall not
be used for thickness measurements.

When layer thickness of asphaltic base course is deficient by more than five (5) mm
from that specified in the Drawings, the deficiency shall be removed with satisfactory
base course material and / or made up by additional asphalt concrete wearing course
thickness without extra cost to the Employer. If such remedial action is authorised,
revised thickness determinations shall be made by measurements of new cores taken
after placing of "Asphaltic Wearing Course" material or as directed by the Engineer. If
base course deficiencies are corrected in this manner, full payment for the "Asphaltic
Base Course" will be made to the Contractor, but no additional payment will be
made for the increase in thickness of the "Asphaltic Wearing Course".

Acceptance Sampling and Testing

Acceptance of samples and testing of materials and construction requirements, shall
be governed by the relevant, 'Table for Sampling and Testing Frequency" or as
approved by the Engineer.

Weather Limitations

Hot asphaltic mixtures shall be placed only when the air temperature is four (4)
degrees centigrade or above and no asphalt shall be laid under foggy or rainy
weather or over moist surface.

Trial Section

Contractor shall prepare a trial section before the start of work in light of procedure
given in clause 1.20 (General).

MEASUREMENT AND PAYMENT

Measurement

The quantities for asphaltic levelling 1 base course will be measured by volume in
cubic meters compacted in place. Measurement shall be based on the dimension as
shown on plan or as otherwise directed or authorized by  the Engineer. No
measurement shall be made for unauthorized areas or for extra thickness.
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The quantity of asphaltic material used is included in the asphalt concrete mixture
and will not be measured separately.

Quantities of liquid asphalt, wasted or remaining on hand after completion of the
work, shall not be measured or paid for.

Payment

The quantities determined as provided above shall be paid for at the contract unit
price respectively for each of the particular pay items listed below and shown in the
Bill of Quantities, which prices and payment shall constitute full compensation for all
the costs necessary for the proper completion of the work prescribed in this item.
Asphalt additive or antistripping agent, if allowed and used to meet with. JMF
requirement shall not be paid directly, payment shall be deemed to be included in the
respective pay items of Asphaltic Base Course.

Pay Item Description Unit of
No. Measurement

203a Asphaltic Base Course
Plant Mix (Class A) CM

203b Asphaltic Base Course
Plant Mix (Class B) CM

203c Asphaltic Levelling Course
Plant Mix (Class A) CM

203d Asphaltic Levelling Course
Plant Mix (Class B) CM
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ITEM 302

BITUMINOUS PRIME COAT

302.1

302.2

302.3

302.3.1

DESCRIPTION

This work shall consist of furnishing all plant, labour, equipment, material and
performing all operations in. applying a liquid asphalt prime coat on a previously prepared
and untreated; earth sub grade, waterbound base course, crushed aggregate base
course, tops of roadway shoulders, and as otherwise shown on the plans in strict
accordance with the specification and in conformity with the lines shown on the drawings.

MATERIAL REQUIREMENTS

Asphaltic material shall conform to the requirements of the item 301- “Asphaltic
Materials", either cutback or Emulsified Asphalt, which ever is specified in the Bill of
Quantities.

CONSTRUCTION REQUIREMENTS

Prime coat shall be applied when the surface to be treated is dry; except that when
emulsified asphalt is used, the surface may be reasonably moist. The application is
prohibited when the weather is foggy or rainy, or when the atmospheric temperature is
below fifteen (15) degree C unless otherwise directed by the Engineer. Prior to the
application of the prime coat, all loose materials shall be removed from the surface and
the same shall be cleaned by means of approved mechanical sweepers or blowers
and/or hand brooms, until it is as free from dust as is deemed practicable. No traffic
shall be permitted on the surface after it has been prepared to receive the bituminous
material. Prior to the application of prime coat on bridge decks and concrete pavements,
the surfaces shall be cleaned of all loose material as described in Section 302.3. All
expansion joints shall be cleaned and filled with bituminous material as directed by the
Engineer. Areas to be primed will be classified as under:

0] The top of earth surface or water bound base courses from a point twenty
(20) centimeters outside the edge of the pavement line to 20 cms outside the
line on the opposite side of the roadway.

(i) The top of the shoulders from the inter-section of embankment slope and top
pf subgrade to the edge of the pavement line.

(iii) The bridge wearing surface from curb to curb and end to end of bridge
wearing surface.

(iv) Other surfaces as shown on the plans or ordered by the Engineer.

Primed surface shall be kept undisturbed for at least 24 hours, so that the bituminous
material travels beneath and leaves the top surface in non- tacky condition. No
asphaltic operations shall start on a tacky condition.

Equipment

The liquid asphaltic material shall be sprayed by means of a pressure distributor of not
less than 1000 litre capacity, mounted on pneumatic tyres of such width and number
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that the load produced on the road surface will not exceed hundred (100) Kg per cm
width of tyre. It shall be of recognized manufacturer.

The tank shall have a heating device able to heat a complete charge of asphaltic liquid up
to one hundred eighty (180) degree C. The heating device shall be so that overheating
will not occur. Consequently, the flames must not touch directly on the casting of the tank
containing the asphaltic liquid or gases therefrom. The Contractor will be responsible for
any fire or accident resulting from heating of bituminous materials. The liquid shall be
circulated or stirred during the heating. The tank shall be insulated in such a way that the
drop in temperature when the tank is filled and not heated, will be less than two (2)
degree C per hour. A thermometer shall be fixed to the tank in order to be able to control
continuously the temperature of the liquid. The thermometer shall be placed in such a
way that the highest temperature in the tank is measured. The tank shall be furnished
with a device that indicates the contents. The pipes for filling the tank shall be furnished
with an easily interchangeable filter.

The distributor shall be able to vary the spray width of the asphaltic liquid in steps of
maximum 10 cm, to a total width of four (4) M. The spraying bar shall have nozzles from
which the liquid is sprayed fan-shaped on the road surface equally distributed over the
total spraying width.

The distributor shall have a pump for spraying the liquid driven by a separate motor, or
the speed of the pump shall be synchronized with the speed of the distributor. The pump
shall be furnished with an indicator showing the performance in litres per minute. At the
suction side the pump shall have a filter easily exchangeable. A thermometer shall be
fixed, which indicates the temperature of the liquid immediately before it leaves the
spraying bar.

The distributor shall be furnished with a tachometer indicating the speed in meter per
minute. The tachometer shall be visible from the driver's seat. The function of the
distributor shall be so exact that the deviation from the prescribed quantity to be spread
on any square meter does not exceed 10%. The distributor shall be equipped with a
device for hand spraying of the bituminous liquid, to cover any irregular area or covering
the area improperly sprayed.

Application of Asphaltic Material

Immediately before applying prime coat, the full area of surface to be treated shall be
swept with a power broom to remove all dirt and other objectionable material. If required
by the Engineer, the surface shall be made moist but not saturated. Asphaltic Materials
shall be applied at

temperature stated in Item 301 by approved pressure distributors operated by skilled
workmen. The spray nozzles and spray bars shall be adjusted and frequently checked so
as to ensure uniform distribution. Spraying shall cease immediately upon any clogging
or interference of any nozzle and remedial measures taken before spraying is resumed.

The rate for application of asphaltic material (cut back/emulsified) shall be as
under:
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302.4.1
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TYPE OF SURFACE LITRES PER SQUARE METER

Minimum Maximum

1. Subgrade, Subbase,
Water bound base course, 0.65 1.75
and Crushed stone base course.

2. Bridge, Wearing Surfaces,
Concrete Pavement 0.15, 0.4

However, the exact rate shall be specified by the Engineer determined from field trials.

The test methods shall be determined by the Engineer and performed by the Contractor
in the presence of Engineer.

The prime coat shall be left undisturbed for a period of at least 24 hours, and shall not be
opened to traffic until it has penetrated and cured sufficiently so that it will not be picked
up by the wheels of passing vehicles. The Contractor shall maintain the prime coat until
the next course is applied. Care shall be taken that the application bituminous material
is not in excess of the specified amounts; any excess shall be blotted with sand or
similar treatment. All areas inaccessible to the distributor shall be sprayed manually using
the device for hand spraying from the distributor.

The surface of structures and trees adjacent to the area being treated shall be protected
in such manner as to prevent their being spattered or marred.

Where no convenient detour is available for traffic, operations shall be confined to
one-half the roadway width at a time. The Contractor shall provide proper traffic control
so that vehicles may proceed without damage to the primed area. Work shall not be
started on the portion of the road not covered by previous application until the surface
previously covered has dried and is ready for traffic.

MEASUREMENT AND PAYMENT

Measurement

The unit of measurement shall be square meter as actually covered by prime coat in
accordance with these specifications. No measurement or payment will be made for the
areas primed outside the limits, specified, herein, shown on the plans or designated by
the Engineer.

Blotting material will not be measured for payment and shall be considered subsidiary to
the prime coat.

Payment

The payment for area primed measured as stated above, shall be made for the contract
unit price per SM, which payment shall be full compensation for furnishing all labour,
material, tools, equipment and incidentals and for performing all the work involved in
applying prime coat, complete in place in accordance with these specifications:



Pay Item Description Unit of
No. Measurement

302 Bituminous Prime Coat. SM



ITEM 303

BITUMINOUS TACK COAT

303.1

303.2

303.3

303.3.1

303.3.2

DESCRIPTION

The work covered by this section shall consist in furnishing all plant, labour, equipment
and applying asphaltic material on a previously prepared asphaltic layer, in addition to
performing all operations in connection with the application of a Bituminous tack coat,
complete in accordance with these specifications and to the width shown on the typical
cross- sections of applicable drawings.

MATERIAL REQUIREMENTS

Asphaltic material shall conform to the requirements of item 301, "Asphaltic Materials" for
emulsified asphalt, or cut back asphalt as called for in the Bill of Quantities.

CONSTRUCTION REQUIREMENTS

Immediately before applying the tack coat, all loose material, dirt or other objectionable
material, shall be removed from the surface to be treated by power brooms and/or
blowers, supplemented with hand brooms, as directed by the Engineer. The tack coat
shall be applied only when the surface is dry, however for emulsified asphalt, application
may be made on a reasonable moist surface. Application of tack coat shall be avoided in
case of foggy or rainy weather. Prior to the application, an inspection of the prepared
surface will be made by the Engineer to determine its fithess to receive the Bituminous
binder and no tack coat will be applied until the surface has been approved.

Equipment

Equipment shall conform in all respect to the provision under Item 302.3.1 and shall be
subject to the approval of the Engineer in addition to the maintenance of the same in a
satisfactory working condition at all times. A hand power spray attachment to a bitumen
pressure distributor or other container having an independently operated bitumen pump,
pressure gauge, thermometer for determining the temperature of the asphalt tank
contents and a hose connected to a hand power spray suitable for applying the
Bituminous tack coat in the amounts specified - all to be such as to meet the approval of
the Engineer, shall be furnished .

Application of Asphaltic Material

Asphaltic material shall be applied by means of a pressure distributor, at the temperature
stated in Item 301 for the particular material being used. Rates of application of cut back
shall be within the range of 0.2-0.4 litres per square meter and for emulsified asphalt the
rate shall be within the rage of 0.3 - 0.6 litre per square meter; the exact rate shall be
specified by the Engineer.

Care shall be taken that the application of asphaltic material is not in excess of the
specified quantity; any excess asphalt shall be blotted by sand or similar treatment. All
areas inaccessible to the distributor shall be treated manually using the device for hand
spraying from the distributor. The surfaces of structures and trees adjacent to the areas
being treated shall be protected in such a manner as to prevent their being spattered or
marred.
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Where no convenient detour is available for traffic, operations shall be confined to
one-half the roadway width at a time. The Contractor shall provide proper traffic control
so that vehicles may proceed without damage to the treated area. Work shall not be
started on the portion of the road not covered by previous application until the surface
previously covered has dried and is ready for paving.

Traffic shall be kept off the tack coat at all times. The tack coat shall be sprayed only so
far in advance of the surface course as will permit it to dry to a “lucky" condition. The
Contractor shall maintain the tack coat until the next course has been placed. Any area
that has become fouled, by traffic or otherwise, shall be cleaned by Contractor at his own
cost before the next course is applied.

MEASUREMENT AND PAYMENT

Measurement

The quantities of Bituminous Tack Coat shall be measured in square meter for the actual
area Tacked with asphaltic material on the prepared surface in accordance with this
specification.

Payment

The payment of bituminous Tack coat, measured as stated above shall be paid for at the
Contract unit price per square meter, which payment shall be full compensation for
furnishing all labour, materials, tools, equipment and incidentals and for performing all the
work involved in applying Tack Coat complete in place, as shown on the Drawings and in
accordance with these specification.

Pay Item Description Unit of
No. Measurement

303 Bituminous Tack Coat. SM



ITEM305 ASPHALT CONCRETE WEARING COURSE — PLANT MIX

305.1 DESCRIPTION
This work shall consist of furnishing aggregates and asphalt binder at a central mixing
plant, to a specified mixing temperature, transporting, spreading and compacting the
mixture in an approved manner on primed or tacked base, subbase, subgrade, bridge
deck or concrete pavement in accordance with these specifications and in conformity with
the lines, grades and typical cross-sections shown in the drawings or as directed by the
Engineer.

305.2 MATERIAL REQUIREMENTS

305.2.1 Mineral Aggregates

The Aggregates shall consist of coarse aggregates, fine aggregates and fitter material, if
required and shall be clean, hard, tough, durable and sound particles of uniform quality,
geology, petrology and free from decomposed material, vegetable matter, soil, clay,
lumps and other deleterious substances.

Coarse aggregate which is the material retained on an AASHTO No. 4 Sieve, shall
consist of one hundred (100) % crushed rock or crushed gravel having two (2) faces
mechanically crushed. The type of source shall be uniform throughout the quarry location
from where such a material is obtained. The coarse aggregates shall be free fro" an
excess of flat or/and elongated particles.

Fine aggregate which is the material passing from AASHTO No. 4 sieve, shall consist of
100% crushed material from rock or boulder. Fine aggregate shall be stored
separately, and no natural sand will be allowed in the mix.

When the combined grading of the coarse and fine aggregates is deficient in material
passing the AASHTO No. 200 sieve, mineral filler material shall be added as approved by
the Engineer. The filler shall consist of finely divided mineral matter such as rock dust,
hydrated lime, hydraulic, calcined dust cement or other suitable mineral matter free from
lumps, balls or other deleterious material and shall conform to the following gradation:

Sieve Designation
Percent Passing by Weight
mm Inch
0.600 No.30 100
0.300 No.50 95-100
0.075 No0.200 70-100

The coarse and fine aggregates shall meet the following requirements:

a) The percent of wear by the Los Angeles Abrasion test (AASHTO T 96) shall
not be more than thirty (30).
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305.2.3

b)

f)

)

h)

The loss when subjected to five cycles of the Sodium Sulphate Soundness test
(AASHTO T 104) shall be less than twelve (12) percent.

The Sand Equivalent (AASHTO T 176) determined after all processing except for
addition of asphalt cement shall not be less than 45.

All aggregates shall have a liquid limit of not more than twenty five (25) and
a Plasticity Index of not more than four (4) as determined by AASHTO T-89 and
T-90.

The portion of aggregates retained on the 9.5 mm (3/8 inch) sieve shall not
contain more than 10 percent by weight of flat ~ and/or elongated particles (ratio
of maximum to minimum  dimension = 2.5:1).

Stripping test shall be performed on crush aggregates as described under
AASHTO-182 and only that material shall be allowed which qualifies the test.

The coarse aggregates shall be checked if desired by the Engineer for
cationic and anionic behaviour so that their affinity ~ with the bitumen to be used
is verified.

Petrographic examination of the coarse aggregate shall be conducted if so
directed by the Engineer.

The percentage of particles having certain proportions between their largest and smallest
dimensions (i.e. between the largest distance the particles can fill out between two
parallel planes that will permit the particle to pass), shall be determined in the following

way:

Form a sample of coarse aggregates, all particles passing No. 4 sieve are
eliminated. The sample shall be of sufficient quantity that at least 100
particles remain.

By means of a sliding calliper, the largest and smallest  dimensions, as defined
above, are determined for each particle  and its proportion calculated (with one
decimal).

The total weights of particles having the proportions two and a half (2.5) or
less and three (3) or less, are determined and their percentage in relation to the
total sample are calculated.

Asphaltic Material

Asphaltic binder to be mixed with the aggregate to produce asphaltic base shall be
asphalt cement penetration grade 40-50, 60-70 or 80-100 as specified by the Engineer.
Generally it will meet the requirement of AASHTO M-20.

Asphalt Concrete Wearing Course Mixture

The composition of the asphaltic concrete paving mixture for wearing course shall
conform to Class A and/or Class B shown in the following table:

Table 305-1
Asphalt Concrete Wearing Course Requirements




Mix Designation Class A Class B

Compacted Thickness 50-80 mm 35-60 mm

Combined Aggregate Grading Requirements

Sieve Designation

Mm inch Percent Passing by Weight

25 1 100 -

19 3/4 90-100 100
125 1/2 - 75-90

9.5 3/8 56-70 60-80
4.75 No.4 35-50 40-60
2.38 No.8 23-35 20-40
1.18 No.16 5-12 5-15
0.075 No.200 2-8 3-8

Asphalt Content weight
percent of total mix 3.5 (Min.) 3.5 (Min.)

The asphalt concrete wearing course mixture shall meet the following Marshal
Test Criteria:

Compaction, number of blows 75
each end of specimen

Stability 1000 Kg (Min)
Flow, 0.25 mm (0.01 inch) 8-14
Percent air voids in mix 4-7

Percent voids in mineral aggregates according to table 5.3 MS-2
(Asphalt Institute - USA ), sixth
addition, 1993.

Loss of Stability 20% (Max.)

305.2.4 Job Mix Formula

At least one week prior to production, a Job-Mix Formula (JMF) for the asphaltic wearing
course mixture or mixtures to be used for the project, shall be established jointly by the
Engineer and the Contractor.
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The J MF shall be established by Marshall Method of Mix Design according to the
procedure prescribed in the Asphalt Institute Manual Series No. 2 (MS-2), sixth edition
1993 or the latest Edition.

The JMF, with the allowable tolerances, shall be within the master range specified in
Table 305-1. Each JMF shall indicate a single percentage of aggregate passing each
required sieve and a single percentage of bitumen to be added to the aggregates.

The ratio of weight of filler (Passing No. 200) to that of asphalt shall range between
1 - 1.5 for hot climate areas with temperature more than 40 °C.

After the JMF is established, all mixtures furnished for the project represented by
samples taken from the asphalt plant during operation, shall conform thereto with the

following ranges of tolerances:

Combined aggregates -gradation

Retained No. 4 and larger T7.0%
Passing No. 4 to No. 100 sieves *4.0%
Passing No. 200 +1.0%

Asphalt Content

Weight percent of total mix * 0.3%

In addition to meeting the requirements specified in the preceding items, the mixture as
established by the JMF shall also satisfy the following physical property:

Loss of Marshall Stability by immersion of specimen in water at sixty (60) degree C. for
twenty four (24) hours as compared with the stability measured after immersion in water
at sixty (60) degree C. for twenty (20) minutes shall not exceed twenty (20) percent. If the
mixture fails to meet this criterion, the JMF shall be modified or an anti-stripping agent
shall be used.

Should a change of sources of materials be made a new Job Mix Formula shall be
established before the new material is used. When unsatisfactory results or other

conditions make it necessary, a new Job Mix Formula will be required.

CONSTRUCTION REQUIREMENTS

Construction requirements for this Item shall conform with the same as specified for
Asphaltic Concrete Base Course Plant Mix under Item 203.3, except as modified in the
following sub-items.

Preparation of Base Course Surface

Before spreading materials, the surface of the previously constructed and accepted base
course on which the mix is to be placed shall be conditioned by application of a tack coat,
if directed by the Engineer

Pavement Thickness and Tolerances
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305.4
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The asphalt concrete wearing course shall be compacted to the desired level and cross
slope as shown on the drawing or as directed by the Engineer.

The tolerances in compacted thickness of the wearing course shall be = 3mm from the
desired thickness shown on the drawings. For determination of thickness one (1) core per
hundred meters of each lane will be taken. If the thickness so determined is deficient by
more than three (3) mm, but not more than ten (10) mm, payment will be made at an
adjusted price as specified in table-1, clause 305.4.2.(2) of this specification.

The surface of the wearing course shall be tested by the Engineer using a 5 meters
straightedge at selected locations. The variation of the surface from the testing edge of
the straightedge between any two contacts, longitudinal or transverse with the surface
shall at no point exceed five (5) millimeters. The cross fall (camber) shall be with + 0.2
percent of that specified, and the level at any point shall be within + three (3) mm of the
level shown on the Drawings. All humps or depressions exceeding the specified
tolerance shall be corrected by removing the defective work and replacing it with new
material, by overlaying, or by other means satisfactory to the Engineer.

Acceptance Sampling and Testing

Acceptance of sampling and testing for this Item with respect to materials and
construction requirements, not specified herein, shall be in accordance with the relevant,
Tables for Sampling and Testing Frequency"” in these specifications.

MEASUREMENT AND PAYMENT

Measurement

The quantities of Asphaltic wearing course shall be measured by volume in CM. laid and
compacted in place. Measurements shall be based on the dimension as shown on plans
or as otherwise directed or authorized by the Engineer. A tolerance of + three (3) mm
shall be allowed in compacted thickness of wearing course. However, any asphalt in
excess of 3 mm shall not be paid and any layer deficient by more than 3 mm but not
exceeding 10 mm shall be paid as per clause 305.4.2 (2) of this specification.

The quantity of bitumen material used is included in the asphalt concrete mixture and will
not be measured separately.

Quantities of Bitumen or asphaltic concrete wasted or remaining on hand after
completion of the work shall not be measured or paid for.

Payment

1) The quantity determined as provided above shall be paid for at the contract unit price
respectively for each of the particular pay items listed below and shown in the Bill of
Quantities , which prices and payment shall constitute full compensation for all the
costs necessary for the proper completion of the work prescribed in this item. Asphalt
additive or antistripping agent, if allowed and used to meet with JMF requirement
shall not be paid directly, payment shall be deemed to be included in the respective
pay items of Asphaltic wearing course.



2) Price adjustment. If the thickness determined as per clause 305.3.2 of this
specification is deficient by more than three (3) mm, but not more than ten (10) mm,
payment will be made at an adjusted price as specified in table-1 below:-

Table-1
Deficiency in thickness as determined Proportional Rate of contract
by cores Price allowed
0.0 mm to 3.0 mm 100%
3.1 mm to 50.0 mm 90%
5.1 mm to 10.0 mm 80%
When wearing course is more than ten (10) mm deficient in thickness, the contractor

shall remove such deficient areas and replace them with wearing course of an approved
quality and thickness or the contractor may opt to place an additional layer of wearing
course asphalt, grading with a minimum thickness of 35 mm. The contractor will
receive no compensation for the above additional work.

Alternately, the Contractor may choose to overlay the area in a thickness of 30 mm
(min.) with smooth transition as approved by the Engineer on either side with no extra
compensation.

Pay Item Description Unit of
No. Measurement
305a Asphaltic Concrete for

Wearing Course (Class A) CM
305b Asphaltic Concrete for

Wearing Course (Class B) CM



ANCILLARY WORKS




ITEM 601

CONCRETE KERBS, GUTTERS AND CHANNELS

601.1

601.2

601.3

601.3.1

DESCRIPTION

This work shall consist of kerb, gutter, channel, or combination of kerb and gutter or
channel; constructed of the following materials and in accordance with the specifications
at the location and of the form, dimensions and designs shown on the Drawings or as
directed by the Engineer. The kerb, gutter, channel or in combination may be constructed
by one of the following methods.

i) Cast in place concrete kerbing.
ii) Precast concrete kerbing.
iii) Extruded concrete kerbing.

MATERIAL REQUIREMENTS

The concrete for cast in place concrete kerbs, gutters and channels shall be either Class
W or class 'C' or as indicated on the Drawings and shall conform to the requirements of
that particular class prescribed under item 401.1.1. "Classes of concrete". An air
entraining agent, if required, shall be added during mixing an amount to produce five (5)
to eight (8) percent air by volume in the mixed concrete.

Precast concrete kerbing units shall consist of class 'C' concrete conforming to the
requirement of item 401 and to lengths, shape and other details shown on the Drawings.
Kerbing which shows surface irregularities of more than five (5) mm when checked with
three meter straight edge or surface pits more than fifteen (15) mm in diameter will be
rejected.

Forms to hold the concrete shall be built and set in place as described under item
403-Formwork.

Forms for at least sixty meters of kerb or combination of kerb and gutter or channels shall
be in place and checked for alignment and grade before concrete is placed. Curved
sections shall have forms of either wood or metal and shall be accurately shaped to
radius of curvature shown on the Drawings. Steel Reinforcement if required shall conform
to item 404 "Steel Reinforcement”.

Expansion joint filler shall be either the performed type conforming to requirement of
AASHTO-M 153 or shall be precast fiber board packing.

Joint filler shall consist of one part cement and two parts of approved sand with sufficient
guantity of water necessary to obtain the required consistency. The mortar shall be used
within thirty (30) minutes after preparation.

The Bonding compound when used shall conform to AASHTO M-200.
CONSTRUCTION REQUIREMENTS

Cast-in-Place

a) Excavation and Bedding



b)

c)

d)

Excavation shall be made to the required depth and the base upon which the
kerb or combination of kerb and gutter is to be set shall be compacted to a
minimum density of ninety (90) percent of the maximum dry density as
determined by AASHTO T-191 Method. All soft and unsuitable material shall be
removed and replaced with suitable material acceptable to the Engineer.

Where directed by the Engineer, a layer of cinders or clean sand and gravel, or
other approved porous material having a minimum compacted thickness, of
fifteen (15) cm shall be placed to form a bed for the kerb or combination of kerb
and gutter.

Placing Concrete

Concrete may be placed in the gutter to the full depth required. The top of the
kerb or combination of kerb and gutter shall be floated smooth and the edges
rounded to the radii shown on the Drawings. Before finishing, the surface of the
gutter shall be tested with a three (3) meter straight-edge and any irregularities of
more than five (5) mm in three (3) meters shall be eliminated. In finishing
concrete only mortar normally present in the concrete shall be permitted for
finishing. The use of a separate mortar finishing coat or the practice of working
dry cement into the surface of the concrete will not be permitted.

Joints

The kerb and gutter shall be constructed in uniform sections of not more than
twenty five (25) meters in length except where shorter sections are required to
coincide with the location of weakened planes or contraction joints Of the
concrete pavement or for closures but no section shall be less than two (2)
meters long. The sections shall be separated by sheet templates set
perpendicular to the face and top of the kerb and gutter. The templates shall be
approximately five (5) mm in thickness, of the same width as that of the kerb or
kerb and gutter and not less than five (5) cm greater than the depth of the kerb or
kerb and gutter. Templates shall be set carefully and held firmly during the
placing of the concrete and shall be allowed to remain in place until the concrete
has set sufficiently to hold its shape, but shall be removed while the forms are
still in place. When pre-cut fiber-board packing is used in the expansion joints it
may be used in place of the sheet template referred to above, on the approval of
the Engineer. In this event the fiber board shall be pre-cut to the shape of the
kerb so that its outer edge will be flush with the abutting kerb.

Expansion joints shall be formed in the kerb and gutter at intervals of six (6) to
ten (10) meters in order to coincide with the expansion joints of cement concrete
pavement or as shown on the Drawing.

Dowels at Expansion Joints in Channels

At expansion joints in channels and in the channel portion of kerbs and channel
built monolithically, painted dowel bars with slip sleeve shall be provided as a
load transfer medium at locations shown on the Drawings.
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e)

f)

g9)

h)

The size and spacing of the dowel bars shall be as indicated on the Drawings.
Each dowel shall be set accurately parallel to the top surface of the gutter and
accurately at right angles to the expansion joint.

Contraction Joints

Transverse contraction joints shall be provided opposite to all contraction joints in
abutting concrete pavement and other locations shown on the Drawing spaced to
a maximum of four (4) meters.

The contraction joints shall be provided by forming grooves in the face and
surface of structure at right angle to the kerb alignment and kerb surface. The
grooves shall be rectangular in cross-section, five (5) cm deep by five (5) cm
wide. The grooves shall be formed in the top of all kerbs and in the exposed
roadway face of kerb and in the channel surface of monolithic type kerb and
channels and in the surface of channels. The edges of the joints shall be tooled
and the joints shall be left clean, neat and of specified width and depth.

Removal of Forms and Finishing

The forms shall be removed within twenty four (24) hours after concrete has
placed except that the, form used against the face of the kerb in a combination of
kerb and gutter shall be removed as soon as the concrete has set sufficiently to
hold its shape. Minor defects shall be repaired with mortar containing one part of
portland cement and two parts of the fine aggregate. Plastering shall not be
permitted on the face of a kerb or kerb and gutter and all rejected kerb or gutter
shall be removed and replaced without additional compensation. Ail surfaces
which will be exposed in the finished construction of the kerb and gutter shall be
finished, while the concrete is still "green” by wetting a wood block of float and
rubbing the surface until they are smooth.

Curing

During seventy two (72) hours following placing of concrete, the kerbs, channels
and gutters shall be protected against premature drying by covering with suitable
cotton or Hessian mats and by frequent sprinkling with water, with liquid forming
compounds or with waterproof paper or by any other method as mentioned in
section 401.3.8-Curing, Concrete and approved by the Engineer.

Backfilling

After forms has been removed and concrete has been cured as specified, the
excavation of kerbs, gutters or channels shall be backfilled with suitable earth or
granular material tamped into place in layers of not more than fifteen (15) cms
each until firm and solid.

Pre-Cast

a)

Excavation and Bedding

Excavation shall be made to the required depth as shown on the Drawings. All
soft and unsuitable material shall be removed and replaced with a suitable
material acceptable to he Engineer.
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b)

d)

Bedding shall consist of Class B Concrete conforming to the requirements of

Item 401 and shall be to the section and dimension shown on the Drawings.

Placing

The precast concrete kerbs shall be set in 1:3 of cement sand mortar to the
line, level and grade as shown on the Drawings or as directed by the

Engineer.

Joints

Joints between consecutive kerbs shall be three (3) to five (5) mm wide and filled

with cement mortar to the full section of the kerb.

Backfilling

Backfilling shall meet the requirements of Item 601.3.1 (h).

Extruded Concrete Kerbing and Channels

a)

b)

Excavation and Bedding

Excavation and bedding shall conform to the requirements as described under
item 601.3.1 (a).

Placing

Concrete shall be fed to the machine at a uniform rate. The concrete shall be of
such consistency that after extrusion it will maintain the shape of the kerb section
without support and shall contain the maximum amount of water that will permit
this result. The machine shall be operated under sufficient uniform restraint to
forward motion to produce a we!] compacted mass of concrete which requires no
further finishing other than light brushing with a brush filled with water only. The
forming tube portion of the extrusion machine shall be readily adjustable

vertically during the forward motion of the machine. A grade line gauge
or pointer shall be attached to the machine so that a continual comparison can
be made between the kerb being placed and the established kerb grade as
indicated by an offset guideline.

The top end face of the finished kerb shall be true and straight and the top
surface of the kerb shall be of uniform width, free from bumps or surface pits
larger than fifteen (15) mm in diameter. When a straight-edge three (3) meters
long is laid on the top or face of the kerb. or surface of the gutter, the surface
shall not be more than five (5) mm from the edge of the straightedge except at
grade changes or curves.

Where adhesive is used to bond the kerb to an ~existing pavement, the surface
shall be first thoroughly cleaned of all dust, loose material and oil, the cost of
which shall be included in other items of work.

Joints



601.4

601.4.1

601.4.2

Expansion joints shall be constructed by sawing through the kerb section to its
full depth. The width of the cut shall be such as to admit the joint filter with a tight
fit. Preformed joint filler shall conform to the provisions of Item 601.2 and shall be
inserted and mortared in place.

If sawing is performed before the concrete has hardened, the adjacent portion of
the kerb shall be supported firmly with close fitting shields and the operations of
sawing and inserting the joint filler shall be completed before curing the concrete.

Alternatively pre-cut joint fillers shall be permitted to be placed at the location of
the expansion joints prior to the placing of the extruded kerb with the approval of
the Engineer. The joint fillers shall be set firmly in place in a vertical position to
the line and grade of the kerb profile.

d) Curing and Backfilling

Curing and backfilling shall be as described in item 601.3.1(g) and Item 601.3.1
(h).

MEASUREMENT AND PAYMENT

Measurement

The unit of measurement for concrete kerb, gutter, or combination of kerb and gutter,
channel, or extruded kerbs and channels shall be measured by the linear meter along the
front face of the section at the finished grade elevation. Deduction in length will be made
for drainage structure installed in the kerbings such as catch basins and drop inlets etc.
Measurement will not include any area in excess of those shown on the Drawings except
for any area authorised by the Engineer in writing.

Payment

Measured and accepted quantities shall be paid for at the contract unit price per linear
meter for each of the particular pay item listed below and shown in the Bill of Quantities
which prices and payment shall constitute full compensation for furnishing and placing all
materials for concrete, for reinforcing steel if required on the Drawings for expansion
Joints, material, form for drainage opening, excavation, backfiling and dumping and
disposal of surplus material and for all labour, equipment, tool and incidentals necessary
to complete the item.

Payment for expansion joint filler material used in transverse expansion and contraction
joints in kerbs and channel shall be understood to be included in the price tendered per
linear meter for the kerbs and channels and shall not be paid for separately.

Concrete and mortar required for bedding of precast concrete kerbs as shown on the
Drawings shall not be paid for as separated item, but the cost shall be included in the
contract unit price for precast concrete kerb.

Pay Item Description Unit of
No. Measurement




60la Concrete Kerb, in place, Type

Combination of Kerb and Gutter in

601b Place, Type

Combination of Kerb and Channel in

601c Place, Type

601d Pre-Cast Kerb in Place, Type

601e Concrete Channel, Type

601 Extuded Kerb and Channel, Type



ITEM 607

TRAFFIC ROAD SIGNS AND SAFETY DEVICES

607.1

607.2

607.2.1

607.2.2

DESCRIPTION

This work shall comprise furnishing and installing traffic signs, permanent safety devices
and post assemblies in accordance with these specifications and to the details shown on
the Drawings. All sign faces and lettering shall be in accordance with NHA / NTRC sign
standards or as shown on plans. Prior to manufacture and fabrication of the signs the
contractor shall submit to the Engineer for approval detailed drawings showing letter
sizes, traffic symbols and sign layout. The permanent safety devices shall consist of road
posts and hazard markers and will be provided as per specifications, drawings or as
directed by the Engineer.

MATERIAL REQUIREMENTS

Sign Panel

Sign panels for regulator, warning and informatory signs shall be manufactured from
aluminium alloy conforming to ASTM B 209, alloy 6061T6 or 5052 - H38 plates of three
(3) mm thickness as shown on the drawings.

The blanks shall be free from laminations, blisters, open seams, pits, holes, or other
defects*that may affect their appearance or use. The thickness shall be uniform and the
blank commercially flat. Perform shearing, cutting and punching before preparing the
blanks for application of reflective material.

The blanks shall be cleaned, degreased, and chromate or otherwise properly prepared
according to methods recommended by the sheeting manufacturer.

Reflective Sheeting

Reflective sheeting used on road sign made of flexible white or colored, wide angle
retroreflective sheeting (herein after called sheeting), and related processing materials
designed to enhance night time visibility. The sheeting shall consist of optical elements
adhered to a synthetic resin and encapsulated by a flexible transparent plastic that has a
smooth outer surface.

The sheeting shall have either a precoated pressure sensitive adhesive or a tack-free
adhesive activated by heat applied in a heat vacuum applicator in a manner
recommended by the sheeting manufacturer. Both adhesive classes shall be protected
by an easily removable liner.

The manufacturer of the sheeting being offered shall furnish the process inks, clears and
thinners produced by the sheeting manufacturer recommended for and compatible with
the sheeting to meet the performance requirements of this specification and shall further
be responsible for technical assistance in the use of these inks or alternatively sheeting
can be used on sheeting.

The sheeting manufacturer must provide documented evidence to the satisfaction of the
Engineer that representative production materials of the type to be supplied has been



used successfully in a substantial traffic signing program in similar climatic conditions for
at least three years.

a) Color Requirements. Color shall be specified and conform to the requirements of

Table 1.

Color Specification Limits* and Reference Standards
Reflectance
Limit (Y) Munsell

*%

Table -1

Color X Y X Y X Y X Y Min. | Max. Paper
White 303 | .287 | .368 | .353 | .340 .380 274 | 316 | 27.0 - 5PB 7/1
Yellow | .498 | .412 | .557 | .442 | .479 .520 438 | 472 | 15.0 | 40.0 16/2152Y
7.5R
Red 613 | .297 | .708 | .292 | .636 | .364 | .558 | 352 | 2.5 11.0 3/12
Blue 144 | .030 | .244 | .202 | .190 247 066 | .208 | 1.0 10.0 58 PB
. . . . . . . . . . 1.32/6.8
2.5YR
Orange | .550 | .360 | .630 | .370 | .581 | .418 | .516 | .394 | 14.0 | 30.0 5 5/14
Brown 430 | .340 | .430 | .390 | .550 .450 .610 | .390 3.0 9.0 5YR 3.6
Green .30 .380 | .166 | .346 | .286 | .4288 | .201 | .776 3.0 8.0 10G 3/8
* The four pairs of chromaticity coordinates determine the acceptable color
in terms of the CIE 1931 standard colormeteric system measured with
standard illumination Source C
* Available from Munsell Color Company, 2441 Calvert Street, Baltimore,
Maryland 21218. Catalog No. MCP-90040.
b) Coefficient of Retroreflection. The coefficients of retroreflection shall conform

to the minimum requirements of Table 11.




c)

Table Il

Minimum Coefficient of Retroreflection

(Candelas per Footcandle per Square Foot)

OZinl\éa(t(i)c)m izglaen(c(:s White | Red | Yellow | Green | Blue | Brown | Orange
0.2 -4 250 45 170 45 20.0 12.0 100.0
0.2 +30 150 25 100 25 11.0 8.5 60.0
0.5 -4 95 15 62 15 7.5 5.0 30.0
0.5 +30 65 10 45 10 5.0 35 25.0

For screen printed transparent colored areas on white sheeting, the coefficients
of retroreflection shall not be less than 70% of the values for corresponding color
in the above table.

The sheeting manufacturer shall provide a test report from British Standards
Institution (BSI) or any internationally recognised laboratory stating that the
sheeting meets the requirements according to BSI 873 Part 6. or FP 92 of
FHWA.

The brightness of the reflective sheeting totally wet by rain, shall be at least
ninety (90) % of the above values.

The reflective sheeting shall be sufficiently flexible as to permit application over
and adhesion to a moderately embossed surface. It shall not show damage when
bent ninety (90) degree over a fifty (50) mm diameter mandrill.

The sheeting shall show no cracking or reduction in reflection after being
subjected to the dropping of a twenty five (25) mm diameter steel ball from a
height of two (2) meters onto its surface.

For heat activated material the adhesive shall permit the reflective sheeting to
adhere securely forty eight (48) hours after application, at temperatures of up to
ninety (90) degree Centigrade.

The reflective material shall be weather-resistant and following cleaning, shall
show no definite fading, darkening. cracking, blistering or peeling and not less
than seventy five (75) % of the specified wet or dry minimum brightness values
when exposed to weathering for five (5) years.

Performance Requirements And Obligation. The sign manufacturer shall
submit a certificate from the sheeting manufacturer stating that the sheeting used
for finished retroreflective signs meets all requirements listed herein.

Sheetings processed and applied to sign blank materials in accordance with
sheeting manufacturer's recommendation, shall perform effectively for the
number of years stated in Table Il of this specification. The retroreflective
sheeting will be considered unsatisfactory if it has deteriorated due to natural




causes to the extent that: (1) the sign is ineffective for its intended purpose when
viewed from a moving vehicle under normal day and night driving conditions; or
(2) the coefficient of retroreflection is less than the minimum specified for that
sheeting during that period listed in Table IIl.

Table Il

Minimum Coefficient of Retroreflection Candelas per Foot
Candle per Square Foot (.20 OBS, and —40 Entrance)*

Minimum Minimum
Sheeting Coefficient Coefficient
Color of Retroreflection of Retroreflection
(7 Years) (10 Years)
White 212 200
Yellow 144 136
Green 38 36
Red 38 36
Blue 17 16
Brown 10 09

For screen printed transparent colored areas on white sheeting, the coefficients of
retroreflection shall not be less than 50% of the values for the corresponding color in the
above table.

All measurements shall be made after sign cleaning according to sheeting manufacturer's
recommendations.

Where it can be shown that retroreflective traffic signhs supplied and used according to the
sheeting manufacturer's recommendations have not met the performance requirements
above the sheeting manufacturer shall cover restoration costs as follows for sheetings
shown to be unsatisfactory during.

a) The entire seven years the sign manufacturer and sheeting manufacturer will
replace the sheeting required to restore the sign surface to its original
effectiveness.

b) In addition, during the first five years sign manufacturer and sheeting

manufacturer will cover the cost of restoring the sign surface to its original
effectiveness at no cost to the NHA for materials and labor.

Samples of the reflective sheeting shall be approved by the Engineer prior to the
Contractor placing his order.



607.2.3

607.2.4

607.2.5

607.2.6

607.2.7

Metal Posts

Wide flange of 10 x 10 centimeters metal posts shall be fabricated from structural steel
conforming to the Specifications of ASTM A 283 Grade D.

In lieu of wide flange steel posts the Contractor may use tubular steel posts of minimum
internal and external diameters of sixty three (63) mm and seventy five (75) mm
respectively conforming to the specifications of ASTM A 501.

All posts shall be thoroughly cleaned, free from grease, scale and rust, and shall be given
one coat of rust inhibitive priming paint and two coats of grey paint. Length of the posts
shall be such that their top flushes with the top of the sign penal, where as bottom of sign
panel is at least hundred and eighty (180) centimeters above shoulder level.

Plates

a) Plates shall be non-porous, smooth, flat, rigid, weather proof and shall not rust or
deteriorate otherwise.

It shall be so cut that there are no sharp edges and that the corners are rounded off to a
radius of thirty seven and half (37.5) mm. Any trade mark or other printing shall be
carefully removed with liquid thinner.

b) The High Intensity Grade sheeting for the background should cover the whole
area of the sign plate.

C) Prior to application of the High Intensity Grade reflective sheeting, the sign plate
shall be cleaned and shall be wax-free. They shall be degreased by vapour or by
alkaline immersion and etched by scrubbing with abrasive cleaner. The plate
shall be rinsed thoroughly and dried with hot air before applying the sheets.

d) The sheeting after application to the sign base shall not come off the edges,
which shall be sealed, nor shall it peel off nor warp. The surface shall be smooth
and free from any bubbles, pimples, edge chipping or edge shattering. It shall be
washable and weather-proof.

Nuts and Bolts

All Nuts and bolts and metal washers shall be of heavily galvanized quality ten (10) mm
dia (G.l.) or aluminium alloy. The bolt heads to be such that they do not protrude out too
much nor show very much on the front face of the plate. The heads should be flush with
the plate face and covered with sheeting galvanised according to ASTM A 153.

Rubber Washer

All rubber washers shall have thick walls and shall not get dry and brittle when exposed
to weather at the site after they are in position during the life of the sign.

Caps over the pines




607.2.8

607.2.9

These can be of heavy plastic or of aluminium well fitted so that they cannot be removed,
any good adhesive can be used.

General

a)

b)

c)

d)

Very large signs need not be made of one piece; in that case extended
Aluminium panels shall be used or the various pieces of sheet shall be joined by
angle-irons in anticorodal materials, and, if necessary, with connecting cross
pieces in order to ensure the solidity of the joint and with slanting struts
embedded in the concrete as directed by the Engineer.

All the nuts and bolts and metal washers must be heavily galvanized, or may be
of stainless steel of high quality.

Relevant holes to receive ten (10) mm bolts shall be drilled into the pipes and the
plates and not punched. These to be drilled through the plates before the
application of scotchlite.

After the plates are fixed with nuts and bolts, the nuts shall be Tack Welded to
the bolts against pilferage.

Concrete Foundation Blocks

The concrete for the foundation blocks shall be in situ Class A in accordance with Item
401.1.1 and shall of the size 450 x 450 x 650 mm for category 1 & 2 and 600 x 600 x 750
mm for category 3.

607.2.10Road Posts and Hazard Markers

The road posts and hazard markers used as permanent safety devices shall conform
fully, with the requirements of the statutory instruments, current British standards and
chapter four (4) of the Traffic signs manual. The safety devices shall consist of
delineators and detours of verge master, flex master, edge master, passing place post,
and chevroflex etc. and will be manufactured from highly durable tough plastic material
with standing vehicular impact. These shall be of High Intensity Grade reflective sheeting
for maximum visibility by both day and night and consequently be resistant to impact,
damage and vandalism.



607.3

607.3.1

607.3.2

607.3.3

607.3.4

CONSTRUCTION REQUIREMENTS

Excavation and Backfilling

Holes shall be excavated to the required depth of the bottom of the concrete foundation
as shown on the Drawing.

Backfilling shall be carried out by using the surplus excavated material if approved by the
Engineer and shall be compacted in layers not exceeding fifteen (15) cm in depth.

Surplus excavated material shall be disposed of by the Contractor as directed by the
Engineer

Erection of Posts

The posts shall be erected vertically in position inside the formwork of the foundation
block prior to the placing of the concrete and shall be adequately supported by bracing to
the prevent movement of the post during the setting process of the concrete. The posts

shall be located at the positions shown on the Drawings.

Sign Panel Installation

Sign panels shall be installed by the Contractor in accordance with the details shown on
the Drawings. Any chipping or bending of the sign panels shall be considered as
sufficient cause to require replacement of the panels at the Contractor's expense.

The exposed portion of the fastening hardware on the face of the sign shall be painted
with enamels matching the background colour.

All newly erected traffic road signs shall be covered with burlap or other material until
their uncovering is ordered by the Engineer.

Cateqgories of Signs

Traffic road signs shall be of three categories according to type of construction
a) Warning Signs

Constructed with single post and sign of equilateral triangle shape, as shown in
drawings. category 1.

b) Regulatory Signs

Constructed with single post and sign of circular shape, as shown in the
drawings. category 2.'



607.3.5

607.3.6

c) Informatory Signs
These signs shall be rectangular in shape and constructed with one, two or three
numbers of posts or as shown on the drawings. Dimensions may vary .according
to the requirements, however total area of sign shall be as under:-
Category 3 a = One Sq. meter
Category 3 b = Two Sq. meter
Category 3 ¢ = As shown on drawings

d) Additional Panel

If any panel is required to be installed, it shall be of the sizes 60x30 cm or 90x30
cm.

Installation of Safety Devices

Safety devices comprising of road posts, delineators of various types, fixed 1 portable
safety barriers and hazard markers e.g. verge-master, flex-master chevroflex, bigmax,
edgemaster and passing place post and other etc., shall be installed in accordance with
the techniques and methods laid down in the manufacturer's manual or guide and in
conformity to the line and level and locations shown on the drawings or as directed by the
Engineer to ensure maximum visibility and safety, even in adverse weather conditions.
These shall be constructed strictly with the specifications and full assistance by the
manufacturer for installation with precision. These safety devices shall be used as
delineators at sharp curves of highways verges, high embankments, culverts, bridges, as
a visual and physical deterrent for a prohibiting car parking on grass verges and
protecting kerb-side areas on public and private roads.

Sign Faces
a) Design

All sign faces shall be of the type, colour, design and size as shown in the plans.
Size and spacing of letters shall be as under:

1. The Urdu writing shall be in "Persian" character.

2. The Urdu and English writing shall be about the same in length width and
spacing.

3. English letters are to be in italics except the first letter of the word, which

is to be in capital.

4. Height of Capital letters 21cm
5. Height of italics letters 17 cm
6. Stroke Width and Width of border 3.5cm

7. Space between words and border



10.

11.

12.

13.

14.

15.

16.

17.

(at least) 5cm

Space between Words 5cm
Space one line will occupy 4 cm
Space between digits of numerals 4 cm

Height of numerals same as

capital letters 23 cm

Space between lines (at least) 5cm

Size of letter for km. Height K-23 cm
m-8 cm

Width of letters for km including spacing K-8
m-9.6 cm

Width of dividing line 2.0cm

The size and spacing for Urdu letter and Words will generally conform to
the dimensions shown above for English letters.

The spelling of place names in Urdu and in English shall be as written in
the Survey of Pakistan, maps.

b) Shop Drawings

The contractor shall submit to the Engineer for approval, three (3) copies of
drawings for all special sign faces and all sign faces bearing messages, showing
the design and / or arrangement and spacing of both the Urdu and English sign
messages. Official town names and their spelling shall be as provided by the
Engineer. Size and style of lettering shall be as shown on the plans or as
otherwise approved by the Engineer.

607.3.7 Storage of Signs

'Signs delivered for use on a project shall be stored off ground and under cover in a
manner approved by the Engineer. Any signs damaged, discolored or defaced during
transportation, storage or erection shall be rejected



607.4

607.4.1

607.4.2

MEASUREMENT AND PAYMENT

Measurement

The quantities of traffic road signs and safety devices to be paid for shall be measured in
number of each category of sign supplied and installed at site as directed by the

Engineer.

Payment

The quantities measured as determined above shall be paid for at the contract unit price
for the pay items listed below, and as shown in the Bill of Quantities which price and
payment shall be full compensation for furnishing all labour, materials, tools, equipment,
and for excavation, concreting, backfilling and erection of posts, installation of sign panels
and all incidental costs including sheeting / painting necessary to complete the work as
prescribed in this item.

Pay Item Description Unit of
No. Measurement
607a Traffic Road Signs Category 1, size- Each
607b Traffic Road Signs Category 2, size- Each
607c Traffic Road Signs Category 3, (a) Each
607d Traffic Road Signs Category 3 (b) Each
607e Traffic Road Signs Category 3 (c) SM
607f Additional panel size 60 x 30 cms Each
607g Additional panel size 90 x 30 cms Each
607h Road Posts and Hazard Markers Each



ITEM 608

PAVEMENT MARKING

608.1

608.2

608.2.1

DESCRIPTION

This work shall consist of furnishing non reflective or reflective chlorinated rubber based
or thermoplastic paint material or retroreflective preformed pavement marking (tape)
whichever is called for in the Special Provisions and shown in the Bill of Quantities, for
sampling and packing, for the preparation of the surface and for the application of the
paint to the pavement surface all in accordance with these Specifications.

The paint shall be applied in conformance to the size. shape and location of the markings
as shown in the Drawings.

CHLORINATED RUBBER PAINT

Material Requirements

A standard and acceptable quality of Chlorinated Rubber based paint shall be used. The
paint shall be ready for application and shall be of a smooth quality. The paint shall be
homogeneous, well dispersed to a smooth consistency and shall not cake, liver, thicken,
curdle, gel, settle badly or show any objectionable properties after period of storage not
to exceed six (6) months.

Composition

a) White Traffic Paint

i) | Pigment Titanium Dioxide Rutile and 100%
Extenders

i) | Vehicle Modified Chlorinated Rubber 52+4
Solvents 45 +4
Additives i.e. Flow levelling,
adhesion improving agents, 1-3%
anti-oxidants, siccatives etc.

iii) | Paint Composition Pigements 55 + 4% by
Vehicle, Solvent and Additives Weight
b) White Traffic Paint

i) | Pigment Chrome Yellow and Extenders 100%

i) | Vehicle Same as for white traffice paint | 55 + 4 by Weight

iii) | Paint Composition Pigements 45 + 4% by
Vehicle, Solvent and Additives Weight
b) White Traffic Paint

i) | Pigment Chrome Black and Extenders 100%

i) | Vehicle Same as for white traffice paint | 55 + 4 by Weight

iii) | Paint Composition Pigements 45 + 5% by
Vehicle Weight




608.2.1.1

608.2.2

608.2.3

The volatile material shall be of such character that has a minimum solvent action of
asphalt, and such that the resins and non-volatile components will be entirely dissolved in
the volatile material, and will not precipitate from the solution on standing. The
non-volatile material shall be of such quality that it will not darken or become yellow when
a thin section is exposed to the sunlight.

Other pavement marking paint may be submitted by the Contractor as an alternative to
the above, for the approval of the Engineer.

Ballotini for Reflective Road Paint

The grading of ballotini dispersed in the paint shall be as follows:

Sieve Sizes Percentage Retained
No. 12 0

No. 20 30

No. 30 50

No. 50 80

No. 80 100

Glass beads shall conform with AASHTO Designation M-247. At least ninety (90) percent
glass beads shall be transparent, reasonable spherical and free from flaws.

The proportion of ballotini to paint shall be not less than five hundred (500) grams per litre
of paint.

Photometric Requirements for Reflective Road Paint

Other reflective road paints may be considered for use by the Engineer provided they
have minimum brightness values at two tenth (0.2) degree and half (0.5) degree
divergence expressed as candle power per meter per square meter of surface coating, as
follows:

Colour.
White Yellow
Divergence Angle (Degree) 0.2 0.5 0.2 0.5
Incidence Angles 4(Degree) 237 118 129 75
Incidence Angles 40(Degree) 75 43 43 32

CONSTRUCTION REQUIREMENTS

Traffic markings shall be applied with approved equipment capable of applying the paint
at the specified width and at the specified rate of application. In no case shall the
contractor proceed with the work until the equipment, method of application and rate of
application as established by a test section have been approved by the Engineer



608.3

608.3.1

608.3.1.1

608.3.1.2

The painting of lane markers and traffic strips shall include the cleaning of the pavement
surfaces, the application, protection and drying of the paint coatings, the protection of
pedestrians, vehicular or other traffic on the pavements, the protection of all parts of the
road, structures or appurtenances against disfigurement by spatters, splashes or
smirches of paint or of paint materials, and the supplying of all tools, labour and traffic
paint necessary for the entire work.

The paint shall not be applied during rain, wet weather, when the air is misty, or when, in
the opinion of the Engineer, conditions are otherwise unfavourable for the work. Paint
shall not be applied upon damp pavement surfaces, or upon pavements which have
absorbed heat sufficient to cause the paint to blister and produce a porous paint film.

The application of paint shall preferably be carried out by a purpose-made machine but
where brushes are used only round or oval brushes not exceeding 10 cm. in width will be
permitted. The paint, when applied, shall be so applied as to produce a uniform, even
coating in close contact with the surface being painted.

Traffic paint shall be applied to the pavement at a rate of one (1) litre to two and half (2.5)
square meters or less. Contractor shall provide adequate arrangements that applied paint

is not disfigured by moving traffic, till its complete drying and sticking to road surface.

HOT-APPLIED THERMOPLASTIC ROAD PAINTS

Material Requirements

Aaggregate

The aggregate shall consist of fight coloured silica sand, calcite, quartz, calcined flint, or
other material approved by the Engineer.

Pigment and Extender

a) White Material

The pigment shall be titanium dioxide complying with the requirements of Type A
(anatase) or Type R (rutile) of BS 1851.

b) Yellow Materials

Sufficient suitable yellow pigment shall be substituted for all or part of the
titanium dioxide to comply with the other requirements of this specification.



d)

All Materials

The extender shall normally be whiting (i.e. calcium carbonate prepared from
natural chalk) complying with the requirements of BS 1795. The manufacturer
may substitute lithopone complying with the requirement of BS 296 for any or all
of the whiting.

Binder

The binder shall consist of synthetic hydrocarbon resin, or, with the approval of
the Engineer, gun or wood resin, plasticized with mineral oil.

Composition of mixture.

The proportions of the constituents of the mixed material as found on analysis
shall comply with the requirements of Table 1.

Table 1
Proportions of Constituents of Mixture

Percentage by Mass of Total
Constituent Mixture

Minimum Maximum
Binder (Resin & Oil) 18 22
Pigment 6* -
Pigment and
Extendor 18 22
Ballotini ) 20 -
Aggregate
Pigment 78 82
Extender & Ballotini

*For titanium dioxide only. No minimum is specified for yellow material.

Where specified, 10% in the case of material to which surface ballotini is to be
applied by pressure application.

The grading of the combined aggregate, pigment, extender and ballotini (where
specified) as found on analysis shall comply with the requirements of table 2.



Table -2
Grading of Combined Aggregate, Pigment,
Extender and Ballotini

. Percentage by Mass
Sieve .
Passing Sprayed
2.80 mm 100
600 mm 75-95
608.3.2 Sampling and Testing
e Sampling

For the purpose of carrying out the testing, it is essential that adequate and
representative samples be taken in the manner prescribed in specification BS 3262
at following stages.

a) Atthe manufacturer's plant.
b) After it has been re-melted by the road application contractor.
608.3.3.2 Testing

The samples shall be prepared and tested in accordance with B.S. Specification 3262
(1976) appendix A to H. The test results shall conform the following properties.

e Softening Point

The softening point measured in accordance with appendix C shall be not less than
65°C.

e Colour and luminance
a) White Material

The luminance factor of white material as delivered by the manufacturer shall be
measured in accordance with appendix D and shall not be less than 70 whereas
the luminance factor of material obtained from an applicator or melter on site
after re-melting measured in accordance with appendix D shall not be less than
65.

b) Yellow Material

The Colour of yellow material shall be approximately BS 381 C Colour No. 355,
Lemon. The luminance factor of yellow material as delivered by the manufacturer
shall be not less than 60 whereas the luminance factor of material obtained from
an applicator or melter on site after re-melting measured in accordance with
appendix D shall not be less than 55.



e Heat Stability
a) White Material

When tested in accordance with appendix E, the luminance factor of white
material as measured in accordance with appendix D shall be not less than 65.

b) Yellow Material

When tested in accordance with appendix E, the luminance factor of yellow
material as measured in accordance with appendix D shall be not less that 55.

e Flow Resistance

In testing the flow resistance, a cone made and tested in accordance with
appendix F, shall not slump by more than 25%.

Skid Resistance

When tested in accordance with appendix G, the skid resistance of a newly laid
marking prepared under the stated conditions shall be not less than 45.

608.3.3 Manufacturing Packing, and Storing of Paint
608.3.3.1 Manufacturing

The paint shall be produced in a plant owned and operated by the manufacturer following
a process which has been used by the manufacturer for at least five (5) years to produce
paint. The equipment for mixing and grinding shall be clean, modern, and in good
condition.

608.3.3.2 Packing

e The material shall be supplied in sealed containers which do not contaminate the
contents and which protect them from contamination.

e Each container shall be clearly and indelibly marked with the manufacturer's name,
Batch number, date of manufacture, reflectorisation (if applicable), colour, chemical
type of binder and maximum safe heating temperature.



608.3.3.3

608.3.4

608.3.5

Storing

The material shall be stored in accordance with the manufacturer's instructions and any
material that is in damaged containers of which the seal has been broken, shall not be

used.

Certification

The Contractor shall furnish a certificate from manufacturer that the material he proposes
to use has the required properties, stating the maximum and minimum proportions and
grading of the constituents, the acid value of the binder, the setting time, the maximum
safe heating temperature, the temperature range of the apparatus and the proposed
method of laying.

Application of Material to the Road

a)

b)

Preparation of Site

The thermoplastic paint shall only be applied to surfaces, which are clean and
dry. Immediately before the application of paint, the surface shall be cleaned with
mechanical broom, compressed air or other approved means to remove surplus
asphalt, oils, mud, dust and other loose or adhered material. The material shall
not be applied if the road surface is at a temperature of less than 50 C.

Preparation of Material on Site

The material shall be melted in accordance with the manufacturer's instructions
in a heather fitted with a mechanical stirrer to give a smooth consistency to the
thermoplastic material and such that local overheating will be avoided. 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 material shall be used as expeditiously as
possible, and for thermoplastic material, which has natural resin binders or is
otherwise sensitive to prolonged heating, the material shall not be maintained in
a molten condition for more than 4 hours.

. After transfer to the laying apparatus, the material shall be maintained
within the temperature range specified by the manufacturer and stirred to
maintain the right consistency for laying.

. On concrete carriageway, a tack coat compatible with the marking
material shall be applied in accordance with the manufacturer's
instructions prior to the application of thermoplastic material.



d)

e)

Laying

Carriageway centre lines, lane lines and edge lines shall be laid to a regular
alignment by self propelled machine. Other markings may be laid by hand, hand
propelled machine or self propelled machine as approved by the Engineer. The
surface produced shall be uniform in texture and thickness and appreciably free
from blisters and streaks.

Reflectorization by surface Application

When surface application of ballotini is required, additional ballotini (400 9/M2 to
500 91M2 from the machine) shall be applied by pressure concurrently with the
laying of the line with sufficient, velocity to ensure retention in the surface of the
line. The ballotini so sprayed shall give uniform cover and immediate reflectivity
over the whole surface of the marking.

Ballotini dispensed on the surface of the markings shall conform to the following
grading.

Sieve Percentage by Mass Passing
1.7mm 100
600 u 80 - 100
425 45 -100
300 u 10-45
212 u 0-25
7Su 0-5

Not less than 90%, by mass of the ballotini, shall be of transparent glass,
spherical in shape and not more then ten (10) percent shall be ovate in shape or
have other flaws. The ballotini shall be made of soda glass.

Thickness

Unless otherwise approved by the Engineer, the material shall be laid to the
following thicknesses.

a) Sprayed lines other than yellow. Not less than 1.5 mm.
b) Sprayed yellow edge lines not less than 0.8 mm.
The minimum thicknesses specified are exclusive of surface applied ballotini.

The method of thickness measurement shall be in accordance with appendix H
of BS 3262 (1976).



608.3.6

608.4

608.4.1

608.4.2

608.4.3

Trial Section

In no case shall the contractor proceed with the work until the equipment, method of
application and rate of application conforming the required thickness (as established by a
test section) have been approved by the Engineer.

RETOROREFLECTIVE PREFORMED PAVEMENT MARKINGS

Materials - Requirements

The performed markings shall consist of white or yellow films with pigments selected to
conform to standard highway colours. Ceramic and glass beads shall be incorporated to
provide immediate* and continuing retroreflection. Ceramic skid particles shall be bonded
to a top urethane layer to provide a skid resistant surface.

The preformed markings shall be capable of being adhered to asphalt cement concrete
(ACC) or Portland Cement Concrete (PCC) by a precoated pressure sensitive adhesive.
A primer may be used to precondition the pavement surface. The preformed marking film
shall mold itself to pavement contours by the action of traffic. The pavement marking film
wearing courses during the paving operation in accordance with the manufacturer's
instructions, approved by the Engineer. Following proper application and tamping, the
markings shall be immediately ready for traffic. The bidder, when bidding, shall identify
proper solvents and / or primers (where necessary) for proper application, and
recommendation for application that will assure effective product performance. The
preformed markings shall be suitable for use for one year after the date of receipt when
stored in accordance with the manufacturer's recommendations.

The marking film shall be durable retroreflective plisot polymer pavement marking film for
performed longitudinal markings subject to low to medium traffic volumes and moderate
wear conditions such as repeated shear action from crossover or encroachment on
channelization lines.

The retroreflective pavement marking film shall consist of mixture of high quality
pigmented polymeric materials, with a reflective layer of ceramic and glass beads, and a
layer of skid resistant ceramic ' particles bonded to the top urethane wear surface. The
film shall have a pre-coated pressure sensitive adhesive. The edges of the preformed
tape shall be clear cut and true.

Colour

The daytime colour of the white film shall provide a minimum initial Luminance factor, Y,
of 80, and shall conform to the following chromaticity requirements: X = 0.290, Y = 0.315;
X=(Y.491, Y =0.435; X =0.512, Y=0.486; X = 0536, Y = 0.463.

Measurements shall be made in accordance with ASTM E 1349, using illuminate "C" and
0145 (4510) geometry. Calculations shall be in accordance with ASTM E 308 for the 20
standard observer.

Reflectance

The white and yellow films shall have the following initial minimum reflectance values as
measured in accordance with the testing procedures .of ASTM D 4061. The photometric



608.4.4

608.4.5

608.4.6

608.4.6.1

guantity to be measured shall be specific luminance (SQ, and shall be expressed as
millicandals per square foot per foot-candle (mcd. ftz) ft'l). The metric ' equivalent shall be
expressed as millicandals per square meter per lux (mcd. M'Z). 1X'l)

White Yellow
Entrance Angle 86.00° 86.5° 86.5°
Observation Angle 1.0° 1.0°
Specific Luminance SL [(mcd. ft?). ft'] 300 175

Skid Resistance
The surface of the retoreflective films shall provide an initial minimum skid resistance

values of 55 BPN as measured by the British Portable Skid Tester in accordance with
ASTM E 303.

Patchability

The pavement marking film shall be capable of use for patching worn areas of the same
type of film in accordance with the manufacturer's instructions.

Reflectance Retention

To have a good, effective performance life, the ceramic and glass beads must be strongly
bonded and not be easily removed by traffic wear. The following test shall be employed
to measure reflectivity retention.

Taber Abraser Simulation Test

Using a Taber Abraser with an H-1 8 wheel and a 125 gram load, the sample shall be
inspected at 200 cycles, under a microscope, to observed the extent and type of bead
failure. No more than 15% of the beads shall be lost due to popout and the predominant
mode of failure shall be "wear down" on the beads.



608.4.7

608.4.8

608.4.9

608.4.10

608.4.11

608.5

Beads

The size, quality and refractive index of the ceramic and glass beads shall be such that
the performance requirements for the marking shall be met. The bead adhesion shall be
such that beads are not easily removed when the material surface is scratched.

Bead Retention

The film shall be ceramic and glass bead retention qualities such that when a 2 in x 6 in.
(5.08 cm x 15.24 cm) sample is bent over a 112 in. (1.27 cm) diameter-mandrel, with the
2 M. dimension perpendicular to the mandrel axis, microscopic. examination of the area
on the mandrel shall show no more than 10% of the beads with entrapment by the binder
of less than 40%.

Thickness

The film without adhesive, shall have a minimum thickness of 0.030 in (0.76mm).

Effective Performance Life

The film, when applied according to the recommendations of the manufacturer, shall
provide neat, durable marking that will not flow or distort due to temperature if the
pavement surface remains stable. The film shall be weather resistant and through normal
traffic wear shall show no fading, lifting or shrinkage which will significantly impair the
intended usage of the marking throughout its useful life and shall show no significant
tearing, roll back or other signs of poor adhesion.

Installation
The markings shall be applied in accordance with the manufacturer's instructions.

CEMENTATIONS MARKING COMPOUND

Cementitious marking compound shall be used for Concrete, Surface Dressing and
Bitumen to provide enhanced night and wet, weather visibility. This compound will be
applied at following locations:

o Kerbs - Pavements and car park areas.

e Roundabout - vertical and sloping faces.

e Traffic Islands - vertical edges and bull noses, etc.

e Traffic Dividers - black and white chevrons.

e Concrete wall and faces - on high speed intersections and traffic merging.



608.5

608.5.1

608.5.2

MEASUREMENT AND PAYMENT

Measurement

The quantity of non-reflective or reflective chlorinated rubber based or thermoplastic
pavement marking paint, shall be the no. of linear meters of painted traffic line for the
specified width as indicated in BOQ. The retroreflective preformed pavement markings
(tape) shall be measured in square meters. The arrows shall be measured in number.

The measurement shall be made of painted areas, completed and accepted. No
measurement shall be made of unauthorized areas. Paint that is applied in un-authorized
areas shall be completely removed from the surface of the road to the satisfaction of the
Engineer and at Contractor's expense.

Payment

The quantities measured as determined above shall be paid for at the Contract unit price
respectively for the pay items listed below, which price and payment shall constitute full
compensation for furnishing and placing all materials including sampling, packing and
testing at approved laboratory. The cost shall also include the preparation of the surface,
and for all other costs necessary to complete the work as prescribed in this item.

Pay Item Description Unit of
No. Measurement

Pavement Marking in non-reflective

608a CR / TP Paint for Lines of 12 cm M
width
Pavement Marking in non-reflective

608b CR / TP Paint for Lines of 15 cm M
width
Pavement Marking in non-reflective

608c CR / TP Paint for Lines of 20 cm M
width
Pavement Marking in non-reflective

608d CR /TP Paint for 4.0 M arrows Each
Pavement Marking in non-reflective

608e CR /TP Paint for 6.0 M arrows Each
Pavement Marking in non-reflective

608t CR / TP Paint for various signs SM

608 Pavement Marking in reflective M

9 CR/TP Paint for Line of 12cm width

603h Pavement Marking in reflective M
CR/TP Paint for Line of 15cm width

608i Pavement Marking in reflective M

CR/TP Paint for Line of 20cm width



608

608k

608l

608m

Pavement Marking in reflective
CR/TP Paint for 4M arrows

Pavement Marking in reflective
CR/TP Paint for various signs

Pavement Marking in reflective
CR/TP Paint for various signs

Pavement Marking by retro reflective
performed pavement markings (Tape)

Each

Each

SM

SM



ITEM 609

REFLECTORIZED PAVEMENT STUDS

609.1

609.2

609.2.1

DESCRIPTION

This item shall consist of furnishing and installing reflectorized pavement studs set into
the travelled way of the type in accordance with the specifications and at the locations
shown on the Drawings or as directed by the Engineer.

MATERIAL REQUIREMENTS

Reflectorized Studs

Reflectorized Studs shall be "cat-eyes" either the 'Flush Surface' type of Raised Profile’
type having the following characteristics.

a)

(b)

'Flush Surface' Type

The 'Flush Surface' reflector shall be the short base type having a maximum
base area of 18 cm x 14 cm or as shown In the Drawings.

The base shall be formed in cast-iron with adequate webbing to ensure a firm
key to the road when installed.

The pad shall be highly resilient and durable rubber reinforced with canvas and
shall have an anticipated life of at least five (5) years. The pad shall be so
designed as to produce a self whipping action of the reflector when depressed.

The reflectors shall be made of impact and abrasion resisting glass and shall be
hermetically sealed into a copper socket.

'Raised Profile' Type

The 'Raised Profile’ reflectors shall consist of an acrylic plastic shell filled with an

adherent epoxy compound molded from methyl methacylate into the shape of a
shallow frusturn of a pyramid having base dimension of approximately 10 cm x
10 cm and thickness not more than two (2) cm or as shown on the drawings.

The shell shall contain one or two prismatic reflector each inclined at an angle of
thirty (30) degree to the horizontal and having an area not less than twenty (20)
square cm or as indicated on the plans.

The reflectors shall attain the following standards for their photometric and
physical qualities:

i) Photometric Requirements
The reflectors shall have the following minimum Specific Intensity values

(S.1) expressed as candle power per foot candle of illumination at the
reflector on a plane perpendicular to the incident light.



609.2.2

Adhesive

Colour
Crystal Yellow Red
Divergence Angle 0.20 0.20 0.20
(in Degree) S.I. S.I S.I.
Incidence Angle
0 3.00 1.80 0.75
20 1.20 0.72 0.30

The reflector for testing shall be located with the center of the reflecting
face at a distance of one and half (1.5) m from a uniformly bright light
source having an effective diameter of half (0.5) centimeter.

The width of the photocell shall be 1.27 cms and shall be shielded from
stray light. The distance from the centers of the light source and
photocell shall be 0.53 cms.

Failure of more than four (4) % of the reflecting faces shall be cause for
rejection of the lot.

Strength Requirements

The reflectors shall support a vertical load of 1000 kg when tested in the
following manner.

A reflector shall be centered horizontally over the open end of a vertically
positioned hollow metal cylinder seventy five (75) mm internal diameter,
twenty five (25) mm high and wall thickness of six (6) mm. The load shall
be applied to the top of the reflector through a six (6) mm diameter by six
(6) mm high metal plug centered on top of the reflector.

Failure shall constitute either breakage or significant deformation of the
marker at any load less than one thousand (1000) kg.

When 'Raised Profile' type of reflectors are used, a two-part adhesive having the

following ingredients shall be applied to the stud for bonding to the pavement surface.

Package A Kg / Litre
Epoxy Resin 0.9400
Tianium Dioxide 0.0700
Colloidal 0.0500
Talc 0.3450

Package B Kg / Litre

Modified Asphaltic Amine
Hardener (Reinchold 2611)

0.2400

Modified Asphaltic Amine 0.4720

Hardener (Reinchold 2613) 0.0022




609.2.3

609.3

603.3.1

609.3.2

609.4

609.4.1

Carbon Black 0.0400

Colloidal Silica 0.6500

Talc

Equal volumes of Package A &B should be mixed together until a uniform colour is
obtained. No more than one quart of adhesive shall be prepared at one time.

Cement Mortar

Cement mortar shall consist of one (1) part Portland cement to three (3) parts of fine
aggregates.

CONSTRUCTION REQUIREMENTS

Flush Surface Type

The stud shall be installed into the pavement in accordance with the manufacturer's
instructions but shall also comply with the following requirements:

Cavities in the pavement shall be clearly cut to the dimension of the pavement stud and
shall allow a clearance of one (1) cm around the stud base. The longitudinal center line
axis of the cavity shall be the same as that required for the pavement stud when laid to
correct line and direction.

The walls of the cavity shall be splayed back at an angle of approximately thirty (30)
degree to the vertical to facilitate a "dove-tail" joint after the mortar has set.

The bottom of the cavity shall be leveled with asphalt concrete prior to placing the stud
base, which shall be pounded into position with Pounder Foot attached to a pneumatic
drill.

The depth of the cavity shall be such that when the stud base and reflectors have been
installed the elevation of the floor of the lens socket shall not be greater than two (2) mm
or less than one (1) mm above the pavement surface.

The stud shall be grouted into position with asphalt concrete containing fine aggregate
only or with a cement mortar as described in Item 609.2.3 above when the studs are

installed into a cement concrete pavement.

Raised Profile Type

The pavement studs shall be installed in accordance with the manufacturer's instructions
or to the requirements of the Engineer.

MEASUREMENT AND PAYMENT

Measurement

The quantity of reflectorized pavement studs to be paid for shall be the number of
'Flushed Surface' or 'Raised Profile' type provided and installed as mentioned above.



609.4.2 Payment

The quantities measured as described above shall be paid for at the contract unit price
respectively for the pay items listed below and shown in the Bill of Quantities, which
payment shall constitute full compensation for furnishing and placing all materials,
excavating cavities, preparation of surfaces, applying adhesive and mortar, for all labour,
equipment, tools and incidentals necessary to complete the item.

Pay Item Description Unit of
No. Measurement

6092 Reflectorised Pavement Stud Each
(Flush Surface Type — Single)

Reflectorised Pavement Stud
609b (Flush Surface Type — Double) Each

609c Reflectorised Pavement Stud M
(Raised Surface Type — Single)

Reflectorised Pavement Stud
609d (Raised Surface Type — Double) Each
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