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PAYEMENT
Subgrade Preparation

The subgrade shall be that part of the work which is prepared for the sub-base. It
shall extend to the full width of the roadbed and the base of any structures including
the shoulders and laybys or such limited areas as shown on the Drawings or as
instructed by the Engineer. :

- Work on subgrade preparation shall only be camed out 1mmed1ate1y prior to laying

the sub-base.
Prior Works

Culverts, drain pipes and any other minor structures below the subgrade level,
including fully compacted backfill shall be completed before work is begun on the
subgrade. Ditches, drains, outlets for drainage, and head walls for culverts shall be in
such operative condition as to ensure prompt and effective drainage and to avoid
damage to the Subgradc by Surfacc watcr.

An;,r subgrade areas failing to meet the p]anned elevahon due to settlement Or any
other cause, or which have become damaged since completion of earthwork, shall be
removed, material replaced or added, recompacted and fmlshed to the specxflcd lines,
grades and cross- sectlons as directed by the Engineer.

No work shall be started on the preparatlon of the subgrade before the prior works
herein described have been approved by the Engineer.

Construction

The Contraetor shall provide and use templates and straightedges to check the
accuracy of the work and to ensure adherence to the requ1rements of this

‘Specification.

Degree of Compactnon

All material down to a depth of 20 centimeters below the subgrade leve] shall be
compacted to at least 100 percent of the maximum dry density as determined
according to AASHTO T99. :

- Protection of Compie_fed .Work

Any part of the subgrade that has been completed shall be .protected against drying
out and cracking, and any damage shall be repaired as directed by the Engineer.

Sub-base

This work shall consist of supplying and placing of untreated crushed storie materials
between the subgrade and the sub-base, in accordance with this Specification and in
conformity with the lines, grades, thickness and typlca] cross-sections shown on the
plans or established by the Engineer.
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6.6.1

6.6.2

Sub-base materials shall be crushed stone or crushed or natural gravel, conforming
to the quality requirements of AASHTO M147, except that wear shall not exceed 5%
as determined by AASHTO T96 (using abrasive charge grading A).

The sub-base grading shall conform to grading A of AASHTO M147 and the
aggregate shall not show a loss greater than 10% when subjected to S cycles of the
sodium sulphate soundncss test.

When crushed gravel is used, not less than 50 percent by weight of the partrclcq
retained on the No. 4 sieve shall have at least one fractured face.

The subgrade shall be constrrrctcd, prepared, and finished as provided in t'hi_s
Specification before placing aggregate sub-base course material. The thickness of
the sub-base shall be as shown on the Drawings or as instructed by the Engineer.

Before supply or incorporation of any material into the works the Contractor shall
provide the engineer with details of each nominated material, together with 4 recent

~ certificates (no older than 3 months) from an approved testing facility, which

demonstrate that the material meets the requrrcmcnts of this Spccrfrcatron

Sub base aggregate shall not be spread until the supportmg subgrade has been
approved by the Engineer.

Spreading Sub-base -

The Contractor's method of Sprcading'graﬁular sub-base shall be subject to the
approval of the Engineer. If the Engineer is not satisfied with the Contractor's
method of spreading, he may require the use of a spreader box at no extra cost.

. Spreader boxes shall be self propelled wheel type or tracked vehicles and adjustable

to place the material in layers of the specified thickness without undue disturbance to
the prepared subgrade.

The granular sub-base materlal shall be placed in uniform layers so that thc
compacted depth docs not exceed 15 cm. :

Compactron of Sub- basa

Immcdrate]y fo]lowmg final spreading and smoothmg, each layer shall be compacted
to full width by means of smooth-wheel power rollers, pneumatic-tyred rollers or

" other approved compaction equipment. Rolling, shall progress gradually from the -

low to the high point of the cross section parallel to the centreline of the road and
shall contrnue until the entire surface has been rollcd '

Sub-base material shall be compacted to produce the required density through the

full depth of each layer of at least 95 percent of the maximum density determined in

accordance with AASHTO T180, method D. In place field density determinations
shall be made ‘in accordance with AASHTO T191. The Engineer will make
measurements of test holes at random during progress of the work to confirm
compliance with the Specification and to determine the depth of uncompacted layers
required to producc the dcsrgnated nomlnal depth of sub base. '

Cutting the test holcs and rcfrlhng with matenals proper]y compacted shall be done
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6.7.1

by the Contractor under the supervision of the Engineer, at the Contractor's expense.
A CBR of 30% shall be achieved in the top surface of the final layer of sub-base.

Any irregularities or depressions that develop shall be corrected by loosening the
material at these places and adding or removing material until the surface is smooth
and uniform. At all places not accessible to the roller, the material shall be
compacted thoroughly with approved tampers or compactors, The material shall be
both bladed and rolled until a smooth, even surface has been obtained. Where
surfaces fail to meet the tolerance requirement the Contractor shall remove and
replace the sub-base as directed by the Engineer without any additional cost.

Base course

* This work shall consist of supplying and placing of untreated crushed stone materials
- between the sub-base and the concrete slab or bituminous treated base, in accordance

with this Specification and in conformity with the lines, grades, thickness and typical
cross-sections shown on the plans or estabhshed by the Engineer.

Base course materials shall be crushed stone or crushed or natural gravel,
conforming to the quality requirements of AASHTO M147, except that wear shall

not exceed 5% as determined by AASHTO T96 (using abrasive charge grading A).

The base course grading shall conform to grading A of AASHTO M147 and the

- aggregate shall not show a loss greater than 10% when sub]ected to 5 cycles of the -

sodium sulphate soundness test.

When crushed gravel is used not less than 50 percent by weight of the particles
retained on the No. 4 sieve shall have at least one fractured face.

The sub- base shall be constructed prepared and frmshed as provided in thls
Specification before placing base course material. The thickness of the base course

- shall be as shown on the Drawings or as instructed by the Engmeer

Before supply or incorporation of any material i_nto the WOrks the Contractor shall
provide the engineer with details of each nominated material, together with 4 recent
certificates (no older than 3 months) from an approved testing facility, which
demonstrate that the material meets the requirements of this Specificatiou

Base course aggregate shall not be spread until the supportmg sub-base has been
approved by the Engmeer - .

Spreadmg Base course
The Contractor shall be spread using a spreader box. Spreader boxes shall be self
propelled wheel type or tracked vehicles and adjustable to place the material in

layers of the specified thickness without undue disturbance to the prepared sub-base,

The granular base course material shall be placed in umform layers $0 that the
compacted depth does not exceed 15 cm. :
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Compaction of Base Course

Immediately following final spreading and smoothing, each layer shall be compacted
to full width by means of smooth-wheel power rollers, pneumatic-tyred rollers or
other approved compaction equipment. Rolling, shall progress gradually from the
low to the high point of the cross section parallel to the centreline of the road, and
shall continue until the entire surface has been rolled.

Base course material shall be compacted to produce the required density through the
full depth of cach layer of at Jeast 98 percent of the maximum density determined in
accordance with AASHTO T180, method D and the finished. In place field density
determinations shall be made in accordance with AASHTO T191. The Engineer will
make measurements of test holes at random during progress of the work to confirm
compliance with the Specification and to determine the depth of uncompacted layers
required to produce the designated nominal depth of base course.

Cutting the test holes and r_efi.lling with materials properly compacted shall be done
by the Contractor under the supervision of the Engineer, at the Contractor's expense.

A CBR of 80% shall be achieved in the top surface of the final layer of base course.

Any irregularities or depressions that develop shall be corrected bly loosening the
material at these places and adding or removing material until the surface is smooth -
and uniform. At all places not accessible to the roller, the material shall be

~ compacted thoroughly with approved tampers or compactors. The material shall be

both bladed and rolled until a smooth, even surface has been obtained. Where
surfaces fail to meet the tolerance requirement the Contractor shall remove and
replace the base course as directed by the Engineer without any additional cost.

Bltummous Pavements Generai

_.Thc work described in thls section covers the supplying and laying of new

construction to form the completed pavements as shown on the Drawings and as
instructed by the Engineer.

Bitumen Distributor

: The bitumen distributor shall be self-powered and have pneumatic tyres of such
width and number that the load produced on the road surface shall not exceed 100

kilograms per centimeter of tyre width. It shall be so designed, equipped, maintained,
and operated that bituminous materials at even heat may be applied uniformly on

~ variable width of surface up to 5 meters at readily determined and controlled rates of

from 0.2 to 3.0 It per square meter with uniform pressure, and with an allowable
_variation from any specificd rate not to exéecd (0.1 It per square meter.

Dlstnbutor cqu1pmcnt shall include an mstrumcnt for mcasurmg the speed of travel
accurately at low speeds, the rate of flow of asphaltic material through nozzles, the
temperature of the contents of the tank, and the pressure. These instruments shall be

- 5o located that the operator can easily read them whilst operating the distributor.

* The distributor shall be equ1ppcd with a separate power unit for the pump, and full

circulation spray bars which sha]i be ad]ustablc laterally and vertically. The spray
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6.8.3

6.8.4

6.8.5

6.8.6

bars on the distributor shall be controlled 'by a man riding at the rear of the

_ distributor in such a position that the operation of all sprays is in his fall view. The

distributor shall incorporate one or more hand operated lances but these shall only be
used in areas inaccessable to the main spray bars.

Bitumen Heater

The bitumen heater shall be of the oil jacket type or else incorporate an automatic

agitator to prevent local overheating of the material. The heater should i_ncorpdrate a
thermometer.

Bitumen Mixing Plant General

The bitumen mixing plant shall have sufficient storagc' space for each size of

aggregate. The different aggrepate sizes shall be kept separated until they have been

- delivered to the cold aggregate feeding system. The storage yard shall be maintained

neat and orderly and the separate bins shall be readily accessible for sampling. -

Mixing plants shall be of sufficient capzic'ity'and coérdinated to adequately handle
the proposed bituminous constructions. -

" Plant Scales

Scales shall be accurate to 0.5 percent of any load that may be required and sensitive
to one half the minimum gradatlon which shall not be greater than 3.5 kg. Poises
shall be designed to be locked in any position to prevent unauthorized change of '

‘position. In lieu of plant and truck scales, the Contractor may provide an approved

automatic printer system which shall print the weights of the material delivered,
provided the system is used in conjunction with an approved automatic batching and

- mixing control system. Such weighis shall be evidenced by a weight ticket f6r each

load. Public weighing facilities may be used if tested and sealed by the local
authority, subject to approval by the Engineer of the weighing procedures.

Storage Tanks

Tanks for the storage of bituminous material shall bé equipped to heat and hold the
matena] at the requxred temperatures.

Thc heating shall be accomplished by steam coils electnclty, or other approved
means so that no flame shall be in contact with the tank. The circulating system for
the bituminous material shall be designed to assure proper and continuous
circulation during the operation period. Provision shali bc made for mcasurmg and
samphng storage tanks.

Drier

The plant shall be provided with accurate mechanical means for.uniformiy feeding -

the aggregates into the drier so that uniform production and uniform temperaturc
shall be obtained. -

The plant shall include a drier or driers which continuously agitate the aggregates
during the heating and drying process. For cold type bituminous mix, equipment for
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6.8.8

6.8.9

1 6.8.10

mechanical cooling of the dried aggregate o the temperalufc prescribed for cold
mixtures shall be provided, if required, and shall be capable of supplying prepared
material for the mixer to operate at full capacity.

~ Sereens and Bins

Plant screens, capable of scfeening all aggregates to the specified sizes and
proportions and having normal capacitics in excess of the full capacity of the mixer,
shall be provided. '

The plant shall include storage bins of sufficient capacity to supply the mixer when il
is operating at full capacity. Bins shall be divided into at least 3 compartments and
shall be arranged to assure separate and adequate storage of appropriate fractions of
the mineral aggregates. Separate dry storage shall be provided for filler or hydrated
lime when used and the plant shall be equipped to feed such material into the mixer
or weighing hopper. Each bin shall be provided with overflow pipes, of such size and
at such location as to prevent backing up of material into other compartments or bins.

- Each compartment shall be provided with its individual outlet gate, constructed so

that when closed there shall be no leakage. The gates shall cut off quickly and
completely. Bins shall be so constructed that samples can be readily obtained. Bins
shall be equlpped with adequate tell-tale devices to mdlcale the position of the
aggregates in the bins at the lower quarter points,

Bltummous Control Unit

Satlsfaclory means, either by wexghmg or metering, shall be pr0v1dmg to obtam the

~ proper amount of bituminous material in the mix within the tolerance specified.
' Means shall be prov1ded for checking the quantzty or rate of flow of bituminous
' matcrlal into thc mixer.

An armoured thcrmometer of adcquate range in temperature reading shall be fixed in
the bituminous feed line at a suitable location near the charging valve at the mixer
unit. The plant shall also be equipped with either an approved dia-scale, mercury-
actuated thermometer, an electric pyrometer, or other approved thermometric
instrument so placed at the discharge chute of the drier as to register automatically or
indicate the temperature of the heated aggregates. The Engineer may require
replacement of any thermometer by an approved temperature- recordmg apparatus
for better regulation of the temperaturc of aggregates. :

_ Dust Collector

.Thc plant shall be equipped w1th a dust collector. constructed to waste or return
- uniformly to the hot elévator all or any part of the material collected as directed,
~ without the escape of objectionable dust into the atmosphere.

Truck Scale -

Thé bitumindus mixture shall be weighed on approved scales furnished by the
Contractor or on public scales at the Contractor's expense. Such scales shall be

_inspected and sealed as often as the Engineer deems necessary to assure their

accuracy.
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6.10

6.11

Safety Requirements

Adequate and safe stairways to the mixer platform and sampling points shall be
provided and guarded ladders to other plant units shall be placed at all points where
accessibility to plant operations is required. Accessibility to the top of truck bodies
shall be provided by a platform or other suitable device to enable the Engineer to
obtain sampling and mixture temperature data. A hoist or pulley system shall be
provided to raise scale calibration equipment, sampling equipment and other similar

equipment from the ground to the mixer platform and return. All gears, pulleys,

chains, sprockets, and other dangerous moving parts shall be thoroughly guarded and
protected. Ample and unobstructed space shall be provided on the mixing platform.
A clear and unobstructed passage shall be maintained at all times in and around the
truck loading area. This area shall be kept free from drippings from the mixing
platform,

Fi'eld Laboratory

The Contractor shall provide a weatherproof building for use as a ficld laboratory by
the Engineer. The structure shall have adequate work space for required testing
operations and be provided with necessary heat, water supply, lighting and any other -
utilities as directed by the Engineer. This laboratory shall be maintained for the
exclusive use of the Engineer, and shall be so located that details of the Contractor's
plant are plainly visible from one window thereof. If conditions permit, this
laboratory shall be adjacent to the weight-house.

Addxtlonal Requirements for Batchmg Plants

The equipment shall include a means for accu’réte]y weighing cach size of aggregaté
in a weigh box or hopper suspended on scales and of ample size to hold a full batch

* without hand raking or running over. The gate shall close tightly so that no material

is allowed to leak into the mixer while a batch is being weighed.

The equipment used to measure the bituminous material shall be accurate to plus or
minus 0.5 percent of any load that may be required, and be sensitive fo one half the
minimum gradation, which shall be not greater than 2 kg. The bituminous materlal :
bucket shali be a non-tilting type with a loose sheet metal cover.

The length of the discharge opening or spray bar shall be not less thér_l 3/4 the length
of the mixer and it shall discharge directly into the mixer in the manner specified

below. The bituminous material bucket, its discharge valve or valves, and spray bar
- shall be adequately heated. Steam jackets, if used, shall be efficiently drained and all

connections shall be so constructed that they shall not interfere with the efficient

operation of the bituminous scales. The capacity of the bituminous material bucket
shall be at least 15 percent in excess of the weight of bituminous material required in
any batch. The plant shall have an adequately heated quick acting, non-drip,
charging valve located directly over the bituminous material bucket. The indicator
dial shall have a capacity of at least 15 percent in excess of the quantity of -
bituminous material used in a batch. The controls shall be constructed so that they
may be locked at any dial setting and shall automatically reset to that rcadmg after
the addition of bituminous material to each batch. The dial shall be in full view of
the mixer operator. The flow of bituminous matcrlal shall be automatlcally
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controlled so that it shall begin when the dry mixing period is over. All of the
bituminous material required for one batch shall be discharged in not more than 15
seconds after the flow has started. The size and spacing of the spray bar opening
shall provide a uniform application of bituminous material the full length of the
mixer. The section of the bituminous line between the charging valve and the spray
bar shall be provided with a valve and outlet for checking the meter when a metering
device is substituted for a biturninous material bucket.

The batch mixer shall be an approved type capable of producing a uniform mixture
within the job-mix tolerance. If not enclosed, the mixer box shall be equipped with a
dust hood to prevent loss of dust. The clearance of blades from all fixed and moving
parts shall not exceed 2-5 cm uniess the maximum diameter of aggregate in the mix
exceeds 3.0 ¢cm, in Wthh case the clearance shall not exceed 3.8 cm.

The mixer shall be equipped with an accurate time lock to control the operations of a
complete mixing cycle. It shall lock the weight box gate after the charging of the
mixer until the closing of the mixer gate at the completion of the cycle. It shall lock
the bituminous material bucket throughout the dry and wet mixing periods. The dry
mixing period is defined as the interval of time between the opening of the weigh
box gate and the start of introduction of bituminous material. The wet mixing period
is the interval of time between the start of introduction of bituminous material and
the opening of the mixer gate. The control of the timing shall be flexible and capable -
of being set at intervals of 5 seconds or less throughout a total cycle of up to 3
minutes. A mechanical batch counter shall be installed as a part of the timing device .

- and shall be so designed as to register only completely mixed batches. The setting of

time intervals shall be performed in the presence and at the direction of the Engineer

" who shall then lock the case covering the tlmlng device until such time as a change
18 o be rnade in the timing periods.

Additional Requirements for Continuous Mixing Plants

The plant shall include means for accurately proportioning each size of aggregate.
The plant shall have a feeder mounted under each compartment bin. Each
compartment bin shall have an accurately controlied individual gate to form an
orifice for volumetrically measuring the material drawn from each compartment.
The feeding orifice shall be rectangular with one dimension adjustable by positive
mechanical means provided with a lock. Indicators shall be provided for cach gate to
show the respectlve gate opening in inches or centimeters.

The plant shall include a means of calibration of gatc openings by weighing test

samples. Provision shall be made so that materials fed out of individual orifices may
be bypassed to individual test boxes. The plant shall be equipped to conveniently
handle individual test samples weighing not less than 75 kg, Accurate scales shall be
provided by the Contractor to weigh such test samples

Satisfactory means shall be pr0v1ded to afford positive mtcrlockmg control between
the flow of aggregate from the bins and the flow of bituminous material from the
meter or other proportioning device. This control shall be accomplished by

- interlocking mechanical means or by any other positive method satisfactory to the

Engineer.
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compacted.

The plant shall include a continuous mixer of an approved type, adcquately heated
and capable of producing a uniform mixture within the job-mix tolerances. It shall be

“equipped with a discharge hopper with dump gates which shall permit rapid and

complete discharge of the mixture. The paddles shall be adjustable for angular
position on the shafts and reversible to retard the flow of the mix. The mixer shall
have a manufacturer's plate giving the net volumetric contents of the mixer at the
several heights inscribed on a permanent gauge. Charts or other approved means
shall be provided showing the rate of feed of aggregate per minute at the plant
operating speed. :

Haulihg Equipment

Trucks used for hauling bituminous mixtures shall have tight, clean, smooth metal
beds which have been thinly coated with approved material to prevent the mixture

 from adhering to the beds. Each truck shall have a cover of canvas or other suitable

material of such size as to protect the mixture from the weather. When necessary, so
that the mixture shall be delivered on the road at the specified temperature, truck
beds shall be insulated and covers shall be securely fastened. The Engineer will

* detcrmine the tare weight for each vehicle used in hauling mixtures to the road, as

often as necessary, but in no case less than once during each work shift.
Bituminous Pavers

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

* finishing courses of bituminous plant mix material in widths shown on the Drawings.

The paver shall be equipped with a receiving hopper having sufficient capacity for a
uniform spreading operation. The hopper shall be equipped with a distribution
system to place the mixture uniformiy in front of the screed.

The paver shall employ mechanical devices such as equalizing runners, straightedge
runners, evener arms, or other compensating devices, to maintain trueness of grade

~ and to confine the edge of the pavement to true lines without the use of satisfactory

side forms. The equipment shall include blending or joint levelling devices for
smoothing and adjusting longitudinal joints between lanes. The screed or strike-off
assembly shall effectively produce a finished surface of the required evenness and
texture without tearing, shoving or gouging the mixture. When laying mixtures, the
paver shall be capable of being operated at forward speeds consistent with
satisfactory laying of the mixture. ; ' '

The Contractor shall furnish all necessary small tools and provide means for keeping
them free from accumulation of bituminous material. He shall provide and have
ready for use at all times enough tarpaulins or covers as may be necessary, for use in
any emergency such as rain, chilling wind, or unavoidable delay, for the purpose of

covering or protecting any material that may have been dumped, or spread but not
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6.11.5

6.11.6

6.12

6.13

Rollers

Rollers shall be of the steel wheel and pneumatic tyre types and shall be in good
condition, capable of reversing without back-lash. and shall be operated at speeds
slow enough to minimize 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. The use of equipment which results in
excessive crushing of the aggregate shall not be permitted.

Aggregate Spreader

The aggregate spreader shall be self—prope!led of approved design, and supported by
at least 4 wheels equipped with pneumatic tyres on two axles. The aggregate
spreader shall be equipped with positive controls so that the required amount of
material shall be deposited uniformly over the full width of the bituminous material.
Other types of aggregate spreaders may be used provided they accomphsh
cquwalent results and are approved.

Power Broom and Blower

 Arotary power broom and power blowers shall be provided and maintained in good

working order, including renular cleaning of surfaces in contact with bituminous
matcraa]

Weather

Bituminous material shall not be laid in rain or in foggy weather and unless specified
clsewhere, the surface being covered shall be clean and dry. Bituminous plant mix
shall not be placed when weather conditions prevent the proper handling or finishing
of the material. ' '

Protection of Existing Work

Constructional plant used on pavements under construction shall be suitable in

relation to the material, condition and thickness of the courses it traverses so that
damage is not caused to the sub- grade or the pavement courses already constructed,

Bituminous material shall be kept clean and uncontaminated for so long as it remains
uncovered by succeeding layers or surface treatment, The only traffic permitted
access t0 bituminous material shall be that engaged in laying and compacting the
next course. At his own risk, the Contractor may allow traffic to use the binder
course but this shall be subject to the Engineer's approval and he may require the
Contractor at his own expense, to seal or otherwise protect the binder course. Should
any bituminous material become contaminated, the Contractor shall make good by
cleaning it to the satisfaction of the Engineer and if this proves impractical, he shall
remove and replace the laycr at his own’ expcnsc ' -

Before undertakmg any bltummous spraying, the surfaces of structures, kerbs, trees,

~etc., adjacent to the arcas being treated shall be protectcd in such a manner as to

prevent their bemg spattcred or marred.
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6.15

6.16

6.17

6.18

Layers of Bituminous Courses

A bituminous pavement shall be laid so that the compacted thickness of each layer
does not exceed 105mm. Where any course of material exceeds this thickness, it
shall be laid in 2 or more layers of equal thickness.

Overlay

When the contract calls for the overlay of existing pavement any regulating required
shall be carried out using the lowest layei(s) of material possible. All remedial works
to the pavement shall be executed before commencement of overlay operations.

~ Finished Work Samples

The Contractor shall cut full depth plant mix samples as directed, from the finished
course, for testing by the Engincer. Samples shall be neatly cut by a saw, core driii,
or other approved equipment.

Each sample shall be one slab of at least 15 cm by 15 cm, or a number of cores, each
with a minimum 10 cm, diameter totalling at least 230 square cm. At least one, but
not more than three samples shall be taken for each full day's operations. The
Contractor shall supply and finish new material to backfill voids left by sampling.

- Extra samples shall be taken whenever a substant1a1 change has been appr(wed and

made in the ]ob mix formula

To check the rate of bltummous materia} actually applied, sheets of bu1ld1r1g paper
50 cm by 50 cm previously weighed, shall be laid on the surface to be treated and
weighed again after application of the coat. The Contractor shall supply the material -
for this check and shali re-spray the areas from which the paper is lifted. '

Bascd on the results of the above checks and subsequent laboratory analysis, the

- Engineer may instruct the removal and replacement at the Contractor's expense, of

any material which does not fully comply with this Specification. The Engineer may
also instruct an additional coat of material, or removal of excess material and/or may
reduce the quantity of material approved for payment

S_carify Pavement

This work shall consist of the removal of the ﬁp'per layer or layers of an existihg
asphalt pavement where this is necessary to allow formanon of a joint between
existing and new work :

The work shall be done by machine or by hand in such a manner that the area
scarified does not exceed that instructed by the Engineer. Any damage to asphalt or
kerb designated by the Engineer to remain shall be made good to the Engineer's -
satisfaction. All material removed may be re-used on the site if it meets the
requirements of this Specification, or otherwise disposed of. - '

Patching of Existing Pavements _
This work shall consist of removal and replacement of damaged existing pavement

in localized areas. The Engincer will designate the areas of pavement fo be so treated
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and all work shall be carried out as specified below and shall be paid for on the basis
of the number of square melers so treated.

All material and work for Patching shall comply with this Specification, with the
exception that machine laying of asphalt treated base course is not compulsory, and
all compaction equipment may be varied to suit the size of the area being treated.

The area to be treated shall be marked on the surface and the existing pavement and
subgrade removed to a depth of 50 cm. Pavement to remain shall be cut to form a
vertical face and the edges of the excavation shall be straight and in neat lines. After
preparation of the subgrade in accordance with Clause 6.1, 30 cm of the sub- base as
used for new construction shall be laid in accordance with Clause 6.6.1. The
sub-base shall then be primed in accordance with Clause 6.19 and 20 c¢m of base
course laid in one layer, in accordance with Clause 6.7. Bituminous material in the
existing pavement which will abut with the new base course shall be tack coated in
accordance with Clause 6.20 or else lightly brushed with hot asphalt cement. The
finished, level of the patched area shall be carefully formed to leave a smooth
surface level with the ad}acent existing pavement

Bltumlnous Prime Coat

This work shall consist of furnishing and applying bituminous material to a
prevrously prepared subgrade, sub-base or base course surface in accordance with
this Specification and to the width shown on the typical cross sections or instructed
by the Engineer.

The Contractor shall submit to the Engineer for a'pproval; details of its propoSed

_ materials and methods including recent test results.

6.19.1

6.19.2

Bituminous Prime Coat Material '

Brtummous material shall be of type and grade called for in the Drawmgs and shall

conform to the requrrements of the specifications listed be]ow

. Medium-curing cut back asphalt  AASHTO M 82
- Rapid-curing cut back asphalt AASHTO M 81

The grade (with temperatures of apphcatlon in degrees C shall be MC70 (43 85
degrees) or RC 250 (60 100 dcgrees)

Blotter Matenal

_' Blotter materlal shall be approved clean, dry sand or stone screenings free from any

cohcsrve material. It shall contam no orgamc matter.

The Contractor shall before commenemg the work proper, carry out fleld trials to

| “ascertain the rate of application, The trial methods shall be approved and

6193

performed in the presence of the Engineer.
Weather errtatlons for the Application of Prime Coat

Prlme coat shall be apphed only with the approval of the Engmeer who wrll specrfy
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6.19.4

6.19.5

the grade to be used. The surface to be treated shall be dry or slightly damp, and the
atmospheric temperature in the shade above 13°C and rising or above 15°C if falling,.

Preparation of Surface

Immediately before applying the bituminous material atl loose dirt and other
objectionable material shall be removed from the surface with a power broom and/or
blower as required. If the Engincer so orders, the surface shall be lightly bladed and
rolled immediately prior to the application of bituminous ‘material, in which case
brooming or blowing shall not be required. When so ordered by the Engineer a light
application of water shall be made just before the application of bituminous material.
The area to be treated shall be approved by the Engineer prior to application.

Application of Prime Coat

Bituminous material shall bc'applicd to the widt_h of the section to be primed by

means of a bitumen distributor in a uniform, continuous spre'ad, The rate of
application shall usually be in the range of 1.0 0 2.5 kg/sq.m. as directed by the
Engineer. ' L : .

: Bi.tur_ninous material shall be applied to the width of the section to be primed by

6.19.6

6.20

6.20.1

means of a bitumen distributor in a uniform, continuous spread. The rate of
application shall usually be in the range of 1.0 to 2.5 kg/sq.m, and the Engineer shall
determine the rate and material grade to be used for each material being covered.
Care shall be taken that the application of bituminous material at the junction of
spreads is not in excess of the specified amount. Excess bituminous material shall be
sponged from the surface. S '

Skipped areas or deficiencies shall be corrected. Building paper shall be placed over -

the end of the previous applications and the joining application shall start on the
building paper. Building paper used shall be removed and satisfactorily disposed of.

Application of Blotter Material .

In order to minimize possible damage by raih_ before the surface has cdmple_tely

' dricd, the Engineer may instruct that blotter material should be spread to cover-any

wet bituminous material. Blotter material shall be spread so that no wheels or tracks
shall travel on uncovered wet bituminous material.

Bituminous Tack Coat

“This work shall consist of preparing and treating an existing bituminous or concrete

surface with bituminous material in accordance with this Specification and in
conformity with the details shown on the Drawings or instructed by the Engineer. -

The Contractor shall submit to the Engineer for approval, details of its proposed

materials and methods including recent test results. :
Bituminous Tack Coat Material

Bituminous material shall conform to the 'requircments of the spccificatioﬁ' listed
below. ' o ' S '



1 6.20.2

6.20.3

6.21

© 6,211

- Rapid-curing cut back aéphalt: - AASHTO M 81

The grade (with temperaturcs of application in degrecs C) shall be RC-250 (60 - 100
degrees).

Preparation of Surface

The existing surface shall be patched and cleaned and shall be free of irregularitics to
provide a reasonably smooth and uniform surface to receive the treatment. Unstable,
corrugated or damaged areas shall be removed and replaced or repaired as instructed
by the Engineer. The edges of existing pavements, which are to be adjacent to new
pavement, shall be cleancd o permit the adhesion of bituminous materials. The area
to be treated shall be approved by the Engineer prior to application.

Application of Tack Coat

The bituminous material shall be uniformly 'applied_ivith a pressure distributor

* within the 24 hours preceding placement of the covering course. The Engineer will

specify the rate of the application which shall usually be in the range of 0.4 to 0.8
kg/sq.m.

Care shall be taken that thc'app]icatioh of bituminous material at the junction of
spreads is not in excess of the specified amount. Excess bituminous material shall be
sponged from the surface. Skipped, areas or deficiencies shall be corrected.

The surface shall be aiiowcd to dry unt11 it is in a proper condition of tackiness to
receive the covering course. Tack coat shall be applied only so far in advance of
covering course placement as is necessary to obtain this proper condition of
tackiness. Until the covering course is p}aced the Contractor shall protect the tack
coat from damagc

Seal Coat

This work shall consist of an application of bituminous material with an application

- of cover coat material in accordance with this Specification in conformny w1th the

lines shown on the Drawings or established by the Engineer.

The approximate amounts of materials per square meter for seal coats shall be as

' foIlows

- Bituminous material.......c...co..e.. 07-151 per sq.m.
- Cover aggregate ... 6.5 - 14.0 kg per sq.m.

- The exact s'prf':a;d' rates will be instructed by the Engineer.

Bituminous Seal Coat Matcriai

Bituminous matcnal shall conform to the rcquxrements of the followmg

spec:1f1cat10n

- Rapld-cunng cut back asphalt AASHTO M 81
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6.21.2

6.21.3

6.21.4

6.22

The grade (with temperatures of appilication in degrees C) shall be RC-250 (60 - 100
degrees) or that directed by the Engincer.

Weather Limitations for the Application of Seal Coat

Seal coat shall be applied only when the surface to be treated is dry or slightly damp,'
when the temperature of the road surface is 21 degrees Celsius or more.

Prcparation of Surface

Scal coating operations shall not be started until the surface is thorough]y compacted
by rolling and traffic. Bituminous material shall not be spread until the surface has
been cleaned as required, and the section to be sealed has been approved

Application of Seal Coat

Bituminous material shall be applied by means of a pressure distributor in a uniform,

continuous spread over the section to be treated and within the temperature range
specified. The quantity of bituminous material to be used per square meter shail be
as directed. If the texture of the surface is such that bituminous material penetrates
too rapidly, a preliminary application of from 0.2 to 0.5 liter per square meter of
surface may be required. A strip of building paper, at least 100 cm in width and with
a length equal to that of the spray bar of the distributor plus 30 cm, shall be used at

“the beginning of each spread. If the cut- off is not positive, the use of paper may be
 required at the end of each spread. The paper shall be removed and disposed of in a
satisfactory manner. The distributor shall be moving forward at proper application

speed at the time the spray bar is opened. Any skipped areas or deficiencies shall be
corrected, Junction of spreads shall be carefully made to assure a smooth riding
surface. The length of bituminous material shall not be in excess of that which .
approved spreadmg cqu1pmcnt can 1mmedlatcly cover w1th approved material. '

The spread of blt_ummous material shall not be more than 15 cm wider than the

~ width covered by the cover coat material from the spreading device. Under no -

circumstances shall operations proceed in such manner that bituminous material
shall be allowed to chilt set up, or otherwise impair retention of the cover coat.

The distributor, when not spreading, shall be parked so that the spray bar.o_r
mechanism shall not drip bituminous materials on the surface of the travelled way.

Cover Coat Material

. Cover coat material Shal] be crushed stone, or crushed gravel and shall meet the

requirements for surface course material in Clause 6.25. When crushed gravel is
used, not less than 50 percent by weight of the partlclcs retained on the No. 4 sieve

“shall have at least onme fractured face Aggrcgates shall meet the gradation

requirements of the following table.
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6.22.1

623

Sieve Designation (mm) | Percentage Passing by Weight
12.5 100
9.5 85-100
4,75 10-30
2.36 0-10
0.300 0

Application of Cover Coat

Immediately following the application of the bituminous material, cover coat for seal
shall be spread in quantities as designated. Spreading shall be accomplished in such
a manner that the tyres of the approved aggregate spreader at no Immediately
following the application of the bituminous material, cover coat for seal shall be
spread in quantitics as designated. Spreading shall be accomplished in such a
manner that the tyres of the approved spreader at no time contact the uncovered and
newly applied bituminous material.

If dlrected the cover coat matenal shall be moistened with water to eliminate or
reduce the dust coating of the aggregate. Moistening shall be done the day before the
use of the aggregate.

Immedlatcly after the cover coat material is spread, any deficient areas shall be
covered by additional material. Initial rolling shall begin immediately behind the
spreader and shall consist of one complete coverage with a power roller. Preumatic
tyre rolling shall begin immediately after completion of the initial rolling and shall

. be completed the same day the bituminous material and cover coat materials are

appllcd

After the application of the cover coat materlal the surface shall be lightly broomed
or otherwise maintained as directed for a period of 4 days or as dirccted.
\/Iamtenanca of the surface shall include the distribution of cover coat material After
application of the cover coat material, the surface shall be lightly broomed or

~ otherwise maintained as directed for a period of 4 days or as directed. Maintenance
- of the surface shall include the distribution of cover coat material over the surface to

absorb any free bituminous material and to cover any area deficient in cover coat |
material. The maintenance shall be conducted so as not to displace embedded
material. Excess material shall be swept from the entire surface by means of rotary
brooms. The surface shall be swept at the time determined by the Engineer. The
Contractot shall furnish a pilot car and driver to conduct traffic over completed seal
coat at a maximum speed of 10 kilometers per hour for the first 24 hours after cover
aggregate is applied, if so directed by the Engineer.

Bituminous Plant-mix Maierial

This work shall con31st of aggregatc and bituminous material mixed in a central
plant and spread and compacted on a prepared surface in accordance with this
Specification and in close conformity with the lines, grades, thicknesses and typical -

© cross sections shown on the Drawings or established by the Engineer.
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6.23.1

28 days prior to placcment the Contractor shall submit to the Enginccr. for approval

details of all materials and construction methods to be used for asphaltic concrete
surfacing.

Plant-mix Material Composition

The bituminous material shall be composed of a mixture of aggregate, filler-and
hydrated lime if required, and asphalt cement. The several aggregate fractions shall
be sized, uniformly graded and combined in such proportions that the resulting
composite blend meets the job-mix formula and the following index of retained
strength as determined in accordance with AASHTO T245.

Surface &Binder Course
Stability: kg, 900
Flow: mm 25-40
Voids in total mix: % 3.5
Voids filled with '
Asphalt: % 75 - 85

In cﬁiculating the void characteristics of the mixture the Contractor shall allow for
the asphalt absorbed by the aggregate and use the effective specific gravity of
aggregate and the maximum spec1f1c gravity of the loose paving mixture (AASHTO
T209).

 The several aggregaic and filler fractions for the mixture shal} be sized, graded, and

combined in such proportions that the resulting composite blend meets one of the .
followmg grading requirements. :

Percentage Passmg by Welght

Sieve Designation | Percentage Passing by Weight
. (mm) Grade A Grade B
50.0 - '
37.5 -
25.0 . - 100 -
19.0 - 95-100 - 100
12.5  68-86 95-100
9.5 56-78 74 -92
475 38-60 ~48-70
236 27-47 33-53
118 - 18-37. 22 - 40
~ 0.600 11-28 15 -30
0.300 6-20 10-20
0.075 : 0-8 -~ 4-9

Grade A shall bc used for asphalt bmder course. Grade B shall be used for asphalt
surface course. -

_Bcfore stockpnlmg aggregate, the Contractor shall submlt a prc)poscd ]ob mix

formula in writing, for use by the Engln_ecr in setting the job-mix to be used with the
proposed materials, The formula submitted shall propose definite single values for: .



6.24

- The percentage of aggregate passing each specified sieve

- The percentage of bituminous material to be added, on the total aggregate basis
- The temperature of the mixture leaving the mixer

- The temperature of the mixture delivered on the road

- The grade of bituminous material

No asphalt concrete shall be manufactured until a job-mix formula has bccn
submitted by the Contractor and approvcd by the Engineer.

If a change in sources of material is made, a new job-mix formula shall be
established before the new materials are used, subject to the approval of the
Engineer.

Values shall be proposed within the limits specified for the particular type of

~ bituminous concrete called for, The Engineer will determine a job-mix formula with

single values for the above-mentioned and so notify the Contractor in writing.

The mixture furnished by the Contractor shall conform to this job-mix formula,
within the following range of tolerances and within the grading ranges above.

- Aggregate passing the 4.75 mm and larger sieve ' + 7 percent
Aggregate passing the 2,36 mm through the 0. 150 mm sieve  * 4 percent
Aggregate passing the 0.075 min sieve * 2 percent
Bituminous material : ' ~ 0.4 percent
Temperature lcaving the mixer : 6 degrees C
Temperature delivered on the road :  6degrees C

When unsatisfactory, results make it necessary, the Engineer may establish a new
job-mix formula and so notify the Contractor in writing. Should a change in sources

~ of material be proposed, a new job-mix formula shali be establlshcd beforc the new

material is used.

The plant mixed material shall be tested after blending or mixing at the plant or prior

" to final incorporation in the Wo_rk.
* Coarse Aggregate
. The coarse aggregate (retainéd on the 2.36 mm sieve) shall consist of clean tough,

. durable fragments free from an excess of flat, elongated, soft or disintegrated pieces
‘and free from stone coated with dirt or other objectionable material. The percentage

of wear when tested according'to AASHTO T96, shall be as follows:

For use in asphalt base course - not more than 50
For use in asphalt binder and surface course - not more than 40.

The sodlum sulphate soundness loss shall not exceed 9 pcrcent and the magnesmm
sulphate soundness loss shall not exceed 12 percent. When crushed gravel is used,
not less than 50 percent of the particles by weight retained on thc 4.75 mm sieve
shall have at least one fractured face
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6.25  Fine Aggregate

The fine aggregate (passing a 2.36 mm sievc)' shall have General Characteristics and
Soundness in accordance with AASHTO M 29,

6.26  Filler

Mineral filler, when required, shall consist of limestonc dust, portland cement or
other non plastic mineral matter from sources approved by the Engineer. Mineral
filler shall be dry, free flowing, free from lumps and other objectionable material and
when tested by means of laboratory sicve, shall meet the following gradation

requirements.
Sieve Designation (mm) | Percentage Passing by Weight
10.600 100
0.180 95100
0.075 ' 65 - 100

6.27 Bituminous Material for Surfacé_and Bridge'Course

The bituminous material for surface coursc shall COmply with the following -

requirements:

: Items : .- Regquirement Test Method
Penetration at 25°C, 1/10mm : 60~80 JIS K 2207
| Softening point, "C__ - . . 55.0~65.0 - | JISK?2207
O - - | Ductility at 10°C, cm : L More than 100 JIS K 2207

Penetration Ratio after Heating % . - Less than 110
Thin film over test | Loss of heating % | - Less than 0.6 JIS K 2207
5 Penetration of residue % - More than 55 JIS X 2207
Solubility in trichloroethance % L More than 99.0 . '
Flash point, Cleveland Open Cup °C : More than 260 |  JIS K 2265
Density at 150C, g/cu.cm - : ' More than 1000 | JIS K 2249

'6.28  Pavement on Steel Deck
Bonding
" The surfacc on steel deck slam shall be cleaned by 'ap'pr.oved mechanical sweepers or
blowers and/or hand brooms, until it is as free from dirt and loose material, and has
been approved by the Engineer. ' -
Material and Constructioﬁ |
The bituminous materials shail apply to asphélt rubber liquid bonding agent. The

~ liquid bonding cost spread 0.2 | per square meter two times placing by using roller
bucket equipment. . S

Care shall be taken the applicétidﬁ of material a minimum twelve (12) hours after
spread its material. IR : o -
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6.29

6.30

6.30.1

Water Proofing Asphait Concrete

The bituminous material shall be composed of a mixture of aggregate, filler,
vegitable fibber and asphalt cement,

The coarse and fine aggregate fraction for the mixture of sized and graded, vegitabie
fibber, asphalt cement content and combined the following proportions.

Max size of |- Comb.lncd (%) Air Void Asphalt Filler chltable Asphalt
- Content | Fibber
aggregate | 2.36mm | 7um (%) %) (%) (%) Grade
13mm 20-35 | 813 | - 34 6.5-6.7 | 10.5 0.3 60-80

~ Additional Equipment

In addition to all other requirements for equipment in this Specification the
Contractor shall provide suitable means for keeping all small tools clean and free
from accumulation of bituminous material. He shall provide and have ready for use
at all times enough tarpaulins or covers, as may be directed by the Engineer, for use
in any emergency such as rain, chilling wind, or unavoidable delay, for the purpose
of covering or protecting any material that may have been dumped, or spread but not
compacted.

Preparatio_n of Bituminous Plant-mix Material

The bituminous material shall be heated to the specified temperature in a manner

~ that shall avoid local overheating and provide a continuous supply of the bituminous

material to the mixer at a uniform temperature at all times. The maximum

" temperature of asphalt cement delivered to the mixer shall not be more than 2°C

above the tempcramre as specified in (c) hereof for aggregate. Asphalt cement shall
not be used while it is foaming nor shall it be heated above 175°C at any time.

Preparatlon of Aggregates

The aggregatcs for the mixture shall be dried and heatcd to thc required temperaturc

Flames used for drying and heating shall be properly adjusted to avoid damage to the
agpregate and to avoid soot on the aggregate. Immediately after heating and drying,

- the aggregates shall be screened into three or more fractions as specified and
_conveyed into separate compartments ready for batching and mixing with
- bituminous material. When asphalt cement is used, the temperature of the aggregates

as introduced into the mixer, including the tolerance permitted by the job-mix
formula, shall not exceed that at which the asphalt cement has a Saybolt Furol
viscosity of 100 seconds, determined by AASHTO T72. It shall not be lower than is
required to obtain complete coating and uniform distribution of the aggregate
particles and to provide a mixture of satisfactory workability.



6.30.2 Mixing

6303

The dried aggregate shall be combined in the mixer in the amount of each fraction of
aggregates required to meet the job-mix formula. The bituminous material shall be
measured or gauged and introduced into the mixer in the amount specified by the
job-mix formula.

After the required amounts of aggregate and bituminous material have been
introduced into the mixer, unless otherwise specified, the materials shall be mixed
until a complete and uniform coating of the particles and a thorough distribution of
the bituminous material throughout the aggregate is secured. Wet mixing time shall
be determined by the Engineer for each plant and for each type of aggregate used.

For plant mix bituminous paVcnient the mixture shall be produced as cloSély as
practicable to the lowest temperature that shall produce a workable mix within the
specified temperature range.

Transporting, Spreading and Finishing

. The surface on which the mixture is to be placed shall be cleaned by approved

mechanical sweepers or blowers and/or hand brooms, untij it is as free from dirt and
loose material, and has been approved by the Engineer. No traffic shal] be
permitted on surfaces which have been approved hy the Engmcer

The mixture shall be transported from the mixing plant to the point of use in vehicles
conforming to the requirements of Clause 6.29. No loads shall be sent out so late in
the day as to prevent completion of the spreading and compaction of the mixture
during daylight hours unless with the Engineers approval and satisfactory

~ iltumination is provided. Each vehicle shall be weighed after each loading at the

mixer and a record shall be kept of the gross weight, tare, net weight, and time of
day of each load operation. The mixture shall be delivered at a temperature between

125°C and 160°C for asphalt mix.

The mixture shall be laid upon an approved surface, spread and struck off to the
grade 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 practical,

The longitudinal joint in one layer shall offset that in the layer immediately below,
by approximately 15cm; however, the joint in the top layer shall be at the centre line
of the pavement if the roadway comprises two lanes in width, or at lane lines if the
roadway is more than 2 lanes in width, unless otherwise directed. '

On areas where irregularities; or unavoidable obstacles make the use of mechanical
spread 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.

When productxon of the mixture c_an b_c maintained and whdn practical, pavers shall
be used in echelon to placc the wearing course in adjaccnt lanes.

 The Contractor shali carry out such tests as are necessary to detcrmmc ‘the

uncompacted thickness of mlxture to be laid for compactlon to conforrn to ‘the
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6.30.4

required finished depths. The uncompacted material immediately behind the paver
shall then be measured at frequent intervals and adjustments made to cnsure
conformity with the nominal depths,

Compaction

After the bituminous mixture has been spread, struck off and surface irregularitics
adjusted, it shall be thoroughly and uniformly compacted by rolling. The specific
gravity of the consolidated mixture, as determined by AASHTO T230 shall be not
less than 95 percent of the specific gravity of laboratory compacted specumns
composed of the same materials in hkc proportion.

Laboratory specimens shall consist of cylinders of the mixture compacted by the
procedures of AASHTO T167. For aggregates containing particles with diameters
over 25 mm, 150 x 150 mm cylinders shall be used and the procedures of T167
modified to employ 10 repetitions of a moulding load of 85 kg per square cm with
no appreciable holding time after each application of the fuil load.

‘The surface shall be rb_lled when the mixture is in the proper condition and when the
- rolling does not cause undue displacement, cracking or shoving.

The number, weight and t}?pe of rollers furnished shall be sufficient to obtain the

required compaction while the mixture is in a workable condition. The sequence of

rolling operations and the selection of roller types shall provide the specified
pavement densny

Unless otherwise directed, rolhng shall begm at the sides and proceed longltudmally

parallel to the road centre line each trip overlapping one half the roller width,
gradually progressing to the crown of the road. When paving in echelon or abutting a
previously placed lane, the longitudinal joint should be rolled first followed by the
regular rolling procedure. On superelevated curves the rolling shall begin at the low
side and progress to the high 31dc by ovcrlappmg of long1tud1nal trips paral]el to the
centre line.

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 at least
the minimum density indicated above has been attained. 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 {0 the rollers, the wheels shall be kept properly

- moistened with water or water mixed with very small quantities of detergent or other .

approved material. Excess liquid shall not be permitted. Along forms, headers, walls
and other places not accessible to the rollers, the mixture shall be thoroughly

" compacted with hot hand tampers smoothmg irons or with mechanical tampers. On -

depressed areas, a trench roller may be used or cleated compression strlps 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 shall be removed and replaced with a fresh hot mixture, which shall be

compacted to conform to the surrounding area. Any area showing an excess Of
deficiency of bituminous material shall be removed and replaced. No traffic shall be
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6.30.6

6.31

632

pc'rmittcd on the final course in less than 12 hours after completion unless authorized
by the Engineer.

Joint, Trimming Edges and Clean-up

Placing of the bituminous paving shall be as continuous as possible. Rollers shall not
pass over the unprotected end of a freshly laid mixturc unless authorized by the
Engineer. Transverse joints shall be formed by cutting back on the previous run to
expose the full depth of the course. Where pavers are not used in echelon to place
the wearing course in adjacent lanes and where the edges of the previously laid

wearing course are, in the opinion of the Engineer, in such condition that the quality -

of the completed joint shall be affected, longitudinal joints shall be trimmed to a
vertical face and to a neat line. The exposed edges of the completed mat shall be cut
off true to the required lines. Material trimmed from the edges and any other
discarded or rejected bituminous mixture shall be removed from the roadway and
disposed of by the Contractor as instructed by the Engineer. When directed by the
Engineer, a brush coat of bituminous material shall be used on contact surfaces of
joints just before additional mixture is placed against the previously rolled material.

Surface Tolerance

The variation of the surface from thc testing cdge of a stralghtedge between any two
contacts with the surface shall not exceed the allowable tolerances. For base course
and binder course, the test for conformity shall be made immediately after initial
rolling and variation shall be corrected by removing or adding materials as may be
necessary. Rolling shall then be continued as specified. Removal or addition of
material to the surface course shall not be permitted after rolling has commenced.

Work on surfacé course shall be caréfully confrolled to ensure that material as laid
shall conform with the allowable tolerance.

Overlay and Regulating

Where the contract requires the overlay of an existing pavement this shall be carried
out strictly in accordancc with the Engineer's instructions. The Engineer may instruct
that a layer of the pavement be laid over a partial width or to a restricted length if

- this is neccssary to facﬂltatc the regulation of levels.

Frequency of Tests on Asphaltlc Constltuents

The minimum frequency of testihg of asphaltic constituents shall be:

Characteristic Analysed : Minimum Frequency of Testing
Coarse Aggregate: B P SR
Grading : One each 200 tonne per source .
Particle Shape A One each 200 tonne per source
Wet Strength .. One each 500 tonne per source .
Wet/Dry Strength Variation One each 500 tonne per source
Resistance to Stnppmg o One each 500 tonne per source
PAFV ' _ One each 100 tonne per source
Fine Aggregate: : : One each 200 tonne per source
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Grading

. Filler:
g Particle Size Dlstrlbunon 3 compliance tests per source, then one
per month

Voids
Binders: _
Characteristics in Table 506.1 One test per batch (max 3 days) with
R o approved transport procedures in place
Bitumen Adhesion Agent -
Resistance to Stripping Certificate of compliance with each batch

Note: The above frequencies may be relaxed at Engineers discretion where high compliance with
this Specification is attained, or tightened where variations in quality become apparent.

6.32.1 Frequcncy of Tests on Asphaltic Mixes

The m1mmum frequency of testmg of aSphalth mixes shall be:

Charactenstlc Analysed Minimum Frequency of Testing
Grading of combined aggregate One each 100t, or at least one per day,
' whichever is more frequent

Binder Content One each 100t, or at least one per day,
whichever is more frequent

Air voids in compacted asphalt One each 100t, or at least one per day,
' ' whichever is more frequent

Voids filled with bitumen ' One each 1001, or at least one per day,
' : whichever is more frequent

Voids in mineral aggregate (Dense One each 100t, or at least one per day,
graded asphalt only) whichever is more frequent

Index of retained strehgth One each 100t, or at least one per day,
' . whichever is more frequent '

Marshail Mix Pro.perties o - One per mix for cach combmatlon of
: : ' aggregate source.

Stability, flow,

Stiffness
Relative compaction of asphalt © One per SOOIIn_2 per layer provided a
. ' : : ' minimum of 6 per lot or per day
; o Complctcd work shall not be opcncd to trafflc w1th0ut the prlor consent of the
L Engineer. :



6.32.2 Tolerances for Roadway Construction

6.33

The following tolerances for pavement construction after completion of the work
shall not be cxceeded. All pavement work shall be carried out in the dimensions,
shapes, and levels shown on the drawings. The Enginecer may waive certain
requirements and apply other tolerances as he may deem necessary and as arc
appropriate for the case at hand.

Horizontal Alignment - 50 mm

Vertical Alignment and Elevations .

- Top of compacted subgrade + 25 mm - 50 mm
- Top of compacted granular subbase course + 20 mm - 20 mm
- Top of cpmpacted bit. treated base course © 4+ 15 mm - 15 mm
- Top of compacted bit. binder or surface course + 10 mm - 10 mm
- Top of concrete pavement + 10 mm - 10 mm

~ Thickness of compacted granular subbase = +10% -5%

When a 3 metre straightedge is laid on the surface parallel to and perpendicular to
the centre line, the surface variation from the lower edge of the straightedge shall not
exceed: :

- - Compacted subgradc : ' | : 12 mm .

- Compacted granular subbase course 8 mm
© - Compacted bit base course 6 mm
- Compacted bit binder course I 4 mm
- Compacted bit surface course : 3 mm
- Concrete pavemem _ _ _ 3 mm

The tolerance for absoiute dlmensmns of kerbs shall be m accordance with that

' grven for surtace course above.

Flatness of surfaces as measured using a three metre strarghtedge laid on the- top or
face of the kerb or on the surface of gutters shall not vary more than 3 mm from the
edgc of the straightedge, except at grade changes or curves.

When any tolerances in this Clause are exceeded the Contractor- shall determme the
full extent of the area which is out of tolerance and shall submit to the Engmcer for
his approval the proposed method of rectrfrcatron

When the surface level of a surface course is not in accordance wrth these tolerances
the full depth of the layer shall be removed and replaced with fresh material. The
width to be removed shall be the fall wadth of pavmg laid in one operation and the
minimum length shall be 15 m.

Measurement and Payment
(1) Subgrade

The work for subgrade shall be measured in cubrc metres from Cross- sectrons o
taken as shown on the Drawmg The rate shall include full compensahon for
- benching, spreading, drying, watering, compaction, trimming and furnishing



)

()

labour, materials, tools, equipment and incidentals nccessary to complete the
work to this specification and as directed by the Engineer.

Subbase & Base Course

The work measured for subbase and base course as provided above shall be
paid for at the scheduled rate for the items listed above.  The rate for subbase
and base course shall be made in accordance with Clause 10 (Pavement) of the
Preamble. In addition, the rate for subbase shall include the removal of
overburden and its disposal, the maintenance of the borrow pit and the
construction of access roads where required at the borrow pit.

Asphalt Concrete Pavement

This work, measured above, as specificd in Clause 10 (Pavement) of the
Preambile shall be paid be for at the scheduled rate respectively, for each of the
items listed above. The rates shall be full compensation for furnishing,
mixing and placing all materials, including all labour, equipment, tools and
incidentals necessary to complete the work including the rectification of any

_ defective work. The rate for covering aggregate shall also include for the

producing aggregate, including crushing and screening, and clearing, removal
of overburden and the construction of access roads where required at the river
deposit area. Interim payments may be made on the quantity of cover
aggregate satisfactorily. ' '
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PILING

The work shall consist of cast-in-place concrete piles constructed by either a reverse
circulation drill method or other method and steel casing methods in accordance with
this Specification and with the requirements shown on the Drawings.

Cast-in-place concrete piles shall be constructed, in accordance with the details

~ shown on the Drawings, of concrete Class B-2, mrxed and placed in accordancee this

Specrfrcatron
Reinforcement shail comply with the provisions of this Specification.

The Cast-in-place Concrete Pile Construction Method Statement, including the
detailed programme and procedures, shall contain all information as requested on
material, equipment, methods of wotk etc, and be approved in wrltrng by the
Engincer.

The Contractor shall furnish the Engineer daily w1th a detailed tecord of the
construction of prles ' _

Drilled Holes for Cast-in-place Concrete Piles

* All holes for concrete plles cast in drilled holes shall be drilled to the tips of piles.

The length of piles shall be as instructed by the Engineer. The drilling machine shall
be such that the hole can be maintain d exactly vertical during drllllng operatrons

Completed piles and exrstrng structures very close to the drrlhng area shall be
protected from the influence of piling and the Contractor's proposals for this shall be
submitted to, and approved by the Engineer, at least two weeks before the start of

piling.

Drilled holes shall be protected from collapse by providing a bentonite slurry, _steel
casing pipe or other method approved by the Engineer. If used the steel casing pipe
shall be rrgrd and project at least 50 cm. above ground level ' :

The level of water or bentomte slurry inside the drrlled hole shall always be kept

“approximately 2 m higher than the natural ground water level. Water supplied from a -

municipal water supply system or a river is allowed for this purpose.

All loose material existing at the bottom of the hole after drilling operat_ions have
been completed shall be removed by air lift or suctiou pump before placing concrete.

“Placement of reinforcement shall not commence untll the Engmeer has approved the'

c]eamng and measurement of the bore.
Reinforcement for Cast-in- place Concrete Piles

Remforcement shall be posrtloned as shown on the Drawmgs The connectrng
portions of main bars with hoops shall generally be welded by arc fillet welding.

During the placing of the reinforcement in the hole, the v'erticality nnd position of
the reinforcement shall be carefully controlled to prevent collapse of the drilled hole
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or damage to the walls.
Permanent Steel Casing

Material steel 'pile with rib shall be shop-fabricated and shall have the type, weight,
quality and dimensions specified in JIS A 5525 (Steel Pipe: SKK-41), ASTM AS00
(Steel Pipe Grade B), or as shown on the Drawings.

The Contractor shall submit a certificate by the manufacturer to the Engineer for
1ppr0val prior to furnishing steel pile.

Casting of Cast-in-place Concrete Piles

Concrete shall be placed in one continuous operation from tip to cut-off elevation by
tremie tubes and shall be carried out in such a manner as to avoid segregation. The
tip of the tremie shall generally be 2m lower than the fresh concrete surface.

Concreting of each pile shall not commence until the Engineer has approved the
cleaning of the bore and placement of reinforcement.

Placement of tremie concrete shall not commence until full evidence of successful
trials of tremie concrete placement methods and testing of the concrete is prowded to

the Engmeer

The Contractor shall initially cast an additional length of pile above the finished

- level of the top of the pile and subsequently remove any defective concrete to ensure
satisfactory bonding of the pile head to the footing structure. '

.~ "Cest Drilling

This work shall consist of test drilling using rotary wash drilling for the investigatio'n
of sites on which any structural foundation is to be prov1ded

When testmg is reqmred the Contractor shall take several test bores at each structural
site to get the exact soil profile or as otherwise directed by the Engineer. Where rock

is outcropping on the surface the Engineer may dispense with test bores.

Depth of Bores_

The test bores shall be taken down to the bearing stratum and into it sufficiently to
prove its continuity. Generally this shall be five meters. When bearing stratum has
not been reached within 50 meters of the surface, the test bore may be stopped after
the approval of the Engineer.

Tests Required on All Holes

Standard penetfating tests shall be taken '_at two (2) meter intervals or at each change
of strata whichever is lesser. The static ground water level shall be recorded for each

“hole. In rock core drilling the full core shall be recovered and stored in core boxes
~ for inspection by the Engineer. o '
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Logging of the Bores

If so requested by the Engineer, the Contractor shall supply on the workmg day
following completion of the bore the following information:

- Structure name

- Bore position and code number
- Reduced level of top of the bore
- Date and time of boring

- Diameter of bore

- Type of plant used

- Depth to which bore was cased

- Depth to base of each stratum from the surface

- Description of strata

- Depth and results of tests
- Static water level

- Remarks

All descriptions and classifications of soils shall be in accordance with_"Procedurés
for Testing Soils, ASTM".

Further Tests That May Be Requlred

The Engineer may call for more elaborate tcstlng than described abovc at any
structure site if he finds that the information is not adequate

When mstructed by thc Engmecr undisturbed core samplcs shall be taken in
cohesive soil strata. :

The sampling cyiinder is to be sealed and used for transport of the core from site to
testing laboratory. All laboratory testing shall be the responsibility of the Contractor.

Test Piles

The Engineer may instruct the load tcstmg of cast-in- place concrete plles Details of
the loading test are given in the Specml Specifications. :

The results of the sonic logging of a plle shall be approved by the Engmeer pnor to
the commencement of basc grouting at that pllc

.The Testing Company and their spccmhst Site Engmecr wxll be sub]ect to the .

Engineer’s approval

The load cells and the surrounding section of pile shall be grout filled by prcssurc
- grouting after completion of the tests. Grouting shall not proceed untll the test
- results have been reported and accepted by the Engmeer

_Load Test on Cast in Place_ Pile

The Contractor shall test cast ih'placé piles u'éing' an Osterberg cell to isolate and
obtain ultimate end bearing and side shear data for the bored piles to verify their

capac1ty to carry the ch1gn loads,
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Installation of Osterberg Cell in Cast in Place Pile

Upon reaching the final toe elevation, the pile bottom shall be cleaned and approved
by the Engineer. The cell assembly, bearing plates, related hydraulic supply, and
instrumentation shall be lowered into the pile attached to the reinforcing steel cage.
The bottom of bearing plate shall be a minimum of 500 mm above the bottom of the
pile. '

A cone or funncl, shaped guide system made from rebar will be installed just above
the tremmiec hole to simplify the insertion of the tremmie pipe. The tremmie pipe
base shall be located slightly above the bottom of the pile to allow concrete flow.

Concrete placing procedures shall be required to avoid segregating the concrete
during the first initial pour below the cell assembly plate. The concrete mix should
allow for workability (minimum of 200 mm slump) and have enough retarder to
complete the concreting without an early set,  There are holes cut in the bottom cell
assembly bearing plate to allow the concrete to flow up around and above the cell
assembly bearing plate.

When the concrete is sufficiently high (at least 2m) above the cell assembly the
tremmie can be withdrawn from the cell assembly level. The concrete will then be
placed by pumping (or tremmic) to the cut off level as per standard/approved
concreting procedures, )

Lo'ad Test Procedures

"‘he load tests of cell assembly bearing plate shall be performed in accordance with

ASTM D] 143 Qu1ck Load Test
Test Report

Thc following items at least shall be included in the load test of cell asscmbly
bearing p}ate report, '

- Photos of test '.
- Apparatus of test
- Procedures of test
- Results of tests

. - Interpretation of allowable bearmg capac1ty

- All associated conditions and observations pertaining to the cell assembly bearmg
plate test, including date, list of personnel, weather conditions, and air-
temperature at time of load increments and irregularity in routine procedure.

. Calibration sheets of testing equipment calibrated within 3 months of actual test

and the orlgmal calibration sheets shall be made available for inspection

.Somc Loggmg Test on Cast in Place Plles, Dlaphragm Walls and Barrettes

. The Contractor shall carry out sonic logging testmg to examine the general condition

of bored piles, diaphragm walls and barreties. This system is used in the verification
of concrete integrity, locating defects and evaluating repair effectiveness. The testing
involves lowering ultrasonic probes to access tube bottoms and recording the
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passage of ultrasonic puls.cs from a source in one tube to receivers in other tubes.
Test Equipment for Sonic Logging Test

The sonic logging test system consists of 4 basic components for testing applications.
These four components are:

- a Personal Computer with a high-speed data acquisition card with acquisition and
analysis software;

- Pulser and Apmlificr modules installed;

- a depth measurement wheel asscmbly, and

- three transducers.

These cornponents are interconnected by cables to form a cornpletc system.

The testing with somnic loggmg system is typically done as a two-step process with
the data acqmsrhon/anaiysrs program. The first step is data collection, while the
second step is data processing, display and storage. Both steps are done using the
computer program. :

All component of listing of the sonic logging test shall be submitted to the Engmeer
for approval.

Method of Time Measurement for Sonic Logglng Test

- The sonic ]ogglng test measures the time it takes for an ultrasomc pulse to travel

from a Slgnal source in one access tube to a receiver in another access tube

In uniform, good qualrty concrete, the travel time between equi-distant tubes will be
relatively constant and correspond to a reasonable concrete pulse. velocity from the
bottom to the top of the foundatron

* In uniform, good qualrty concrete, the sonic loggmg test w111 also produce records

with good signal amplitude and energy

Longer travel times and lower amplitude/energy signals 1ndlcate the presence of
irregularities such as poor quality concrete, void, honeycombing and soil intrusions.

-The signal will be completely lost by the receiver and the sonic logging test

recording system for the more severe defects such as void and soil intrusions.
Test Procedure for Sonic Logging Test -

Prror to testmg the tubes are frl]ed with water for 1mprovcd conductrvrty The probes
are Jowered to the bottom of two adjacent tubes and pulled simultaneously at a
steady rate, stating from the bottoms of the tubes, over the depth of measurement. A

~depth wheel controls the resolution of the collected data. Measurements are made

automatically and recorded. The probes are pulled to the top of the shaft, thus gwmg
a compiete assessment of the concrete quality between two tubes.

The sonic loggmg test tests are typrcally performed between all the perimeter tubes

to check the outer perimeter of the shaft. Additional diagonal sonic logging tests are

also performed to check the integrity of the inner core of the shaft.
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7.13.3  Rating Criteria for Sonic Logging Test

The sonic logging rating criteria is based on the percentage reduction of the signal
velocity through the flawed area versus the signal velocity through sound material
immediately adjacent to the flaw. This insures that the signal arrival times used to
calculate the signal velocities are measured through the same amount of material,
which is very important if tube pair not evenly spaced from the shaft top the bottom.

Rating Criteria for Drilled Shaft (Bored Piles) and Diaphragm Walls:

Type Description
Good No signal . distortion and decrease in signal velocity of 10% or
(G) less are indicate of good quality concrete
Slight defect Minor signal distortion and a lower signal amplitude with a
(S) decrease in signal velocity between 10% and 25%. Results
- : indicative of minor contamination or flawed concrete.
Major Defect | Severe signal distortion and much lower signal amplitude with a
I decrease in signal velocity 25%or more. Results indicative of
bentonite slurry contamination or soil intrusion and/or poor
quality concrete.
No Signal No signal was received. Highly probable that a soil mtrusmn or
(NS) other severe defect has absorbed the signal.
Water A measured velocity of 1450 to 1500my/s. This is 1nd1canve of
(W) water intrusion.

The condxtlon rating for the test piles are evaluated agamst acceptability cnterla as
indicated by following table. :

Acccptabxhty Criteria for Dnlled Shafts and Dxaphragm Walls:

Descnpnon Acceptability
At any particular depth, not more than 3 sets of data show condltlon 0K
rating S & other G : :
Atany particular depth, only 1 set of data show condmon rating D 0.K
not more than 1 sct of data show condition rating S & others G B
At any particular depth, 1 set of data show condition rating NS - Not 0.K
At any particular depth, 1 set of data show condition rating D Not 0.K

Note: Condition “Not O.K” may require further testing for accurate delineation of

- defect area and/or recommendation on remedial measures as listed below;

- Cros$holc Tombgfaphy Analysis
- Low or High Strain Integrity Tests
- Coring to requircd depths at selected locations

7.14 Measurement and Payment
(1) Cast -in- place Concrete P:les

,' Measurcment and Payment for cast 1n-p1ace concrete piles shall be based on
the length to be left in place and shall be made in linear metres in accordance
- with sub-clauses 11.1 of the Preamble.
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Pile Load Test and Sonic Logging Test

“The load test piles for cast-in-place concrete and reinforcement will be paid

separately under the corresponding items for the supply, driving, boring and
excavation and cast-in-place reinforced concrete. The length of test piles
shall be specified on the Drawings.

Anchors and anchor piles which are necessary for testing pil.cs will not be
paid for separately but considered as 1ncludcd in the load test item of the Bill
of Quanmles

Measurements for Pile Load Tests and Sonic Logging Test shall be made on
the basis of the number of load tests completed and accepted by the Engineer.
Payment for load tests shall be made for the number stated in the Bill of
Quantities and the schedule rate shall include full compensation for the cost of
materials, labour and equipment, including furnishing, supplying and setting
testing apparatus-and the cost of recording, analysis and reporting of each load
test and incidental items necessary to complete the work in accorddnce with
this Specification and instruction by the Engmeer :
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CONCRETE GENERALLY
General

Concrete work shall consist of the general items pertaining to the required class or
classes of concrete, with or without reinforcement, constructed in accordance with

- this Specification and the lines, levels, grades and dimensions shown on the

Drawings, and as required by the Engineer. Portland cement concrete shall consist of
a mixture of cement, water and coarse and fine aggregates.

The proposed sequence and method of placing all concrete shall be submitted to the
Engineer for approval one month prior to concrete placement.

The placing of any concrete shall not commence until the Engineer has inspected

~and approved the formwork, reinforcement, anchorages, etc. against which the

concrete is to be placed, in these particular sections of work which have been
previously notified to the Contractor.

Concrete Classes and their Use -

The use of each class of concfcte shall be és follows unless otherwise shown on the
Drawings or directed by the Engineer:

Class  Use of Each Class of Concrete

- Precast prestressed concrete segments and box girders

- In-situ prestressed concrete box girders '

- Precast prestressed concrcte I-girders

- Pylons

.- Prestressed concrete hollow slabs

- Reinforced concrete deck slabs

- Diaphragms of prestressed concrete 1- glrder

- Reinforced concrete cantilevered pier heads, pier columns and footmgs for

plers

- Cast-in -place remforced concrete plles o

- Pipe culverts

- Precast reinforced plate concrete for slabs

- Abutments, skirt around footing

- Approach slabs

- Box culverts, retaining walls

- Foundations of street lighting poles

- Concrete foot-paths, kerbs (non- reinforced), manholes and dramagc inlets
. and outlets "~

E - Head walls, apron of pipe culverts _

G - Levelling concrete stone

G

P

L]
—_

moTOwwE®>

[
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N mEmmYEd
A

- Backfill concrete in masonry, protection, and as specified on the Drawmgs
- PPC-Pavement at toll plaza

: Determmmg the Proportlons and Batch Welghts '

No s*n,ctural COncretc shall be placed in the works unt11 the relevant mix has been

approved by the Engineer.

| The proportions and batch weights for concrete shall be determined as prescnbed
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8.4

below, Thc determinations shall be made after the materials furnished by the
Contractor have been accepted.

Trial mixes

The Contractor shall, at least thirty five (35) days prior to the commencement of
concreting, have laboratory trial mixes prepared which shall be witnessed by the
Engineer.

The laboratory trial mixes shall be so designed by the Contractor that the resultant
compressive or flexural strength result as applicable, (Preliminary Test Result), shall
show an adequate working strength margin, in accordance with normal good practice,
so that the probability of site working sirength test values falling below the .
minimum specified strength is reduced to a value not exceeding 5%.

The Engineer will determine the proport.ions on the basis of the trial mixes
conducted with the materials to be used in the work.

The proportions for the trial mixes shall be based on the values given in the table
below adjusted as described in this clause. However the proportions given in the -
table are approximate values for the convenience of the Contractors estimate only,
excepting that it shall be undcrstood that:

- The water cement ratios given sha]] be absolute maximum values.

- The cement contents given shall be absolute minimum values.

- The minimum compresswe strength valucs glven shall be taken to mean the

minimum site working strength,

Once mixes have been produced which have satisfied the trial mix requirements, the
Contractor shall submit full details for each mix, including test results, mix
proportions, aggregate sources, moisture condition, gradings, slumps, methods of
mixing and transport, and quality control to the Engineer for approval. No concrete
shall be used in the Works until the mix demgn has been approved by the Engmeer '

Preparation and testmg of trial mixes shal] be required for each class of concrete
before the concrete can be used in the Works. The plant and methods used for the
final trial mixes shall be those proposed for use in the Works and mixes shall be full
working batches for the plant employed. :

One_batch of the proposed mix in each class of concrete shall be made on each of
three different days. The volume of each batch shall be the full capacity of the mixer.

* Three samples of concrete shall be taken from each batch and each tested in
accordance with the relevant requirements as outlined in Clause 8.5 for each batch of '

concrctc The testing shall be conducted as follows

Slomp: Immedlately upon dlscharge from the mixer and again
o 15, 30,and 45 minutes later.
Bleed: 30, 60, and 90 minutes after dlscharge from the mixer
- Setting time: ' 2tests
Density (fresh concrete): 2 tests



Density (hardened concrete): 2 tests

Compressive strength: 3 cylinders at 1 day (only where called for in the
pecification)
3 cylinders at 3 days (only where called for in the

Specification)
3 cylinders at 7 days
3 cylinders at 28 days
3 cylinders at 56 days
Drying Shrinkage: 3 specimens (only where called for in the Specification)
Adiabatic temperature rise: 1 sample (concrete for pile caps only) (refer to Appcndlx
: A)
Wash out resistance: 3 samples (tremle concrete for bored cast in place piles
only) (refer to Appendix A)
Chemical Content: 1 test

Flastic Modulus: ' 3 tests, conducted to AS 1012, Part 17 in saturated and
- ' dried condition.

‘Each baich shall be tested to establish uhiformity of mixing.

| A_d_ditio_n.ally, the Contractor shall carry out laboratory trials with the proposed mixes -

to establish the influence of temperature on workability and setting time. Concrete
shall be produced at the upper and lower limits of expected fresh concrete
temperature during the works and shall be tested for slump and settmg time in

_ accordanca wzth the abovc

If the concrete fails to meet the requirements of this Spemflcatxon the Contractor

shall re-design the le and re-submit the details as described above to the Engineer
for approval :

When trial mixes satisfying the requirements of this clause have been developed the
Contractor shall submit full details for each mix including calculations, strength
results, gradings of individual aggregates, combined gradings, mix proportions,
water to cement and aggregate to cement ratios, slumps and compaction factors to
the Engineer. Full details shall be submitted to the Engincer preferably one
calendar month, but not less than two weeks before concreting commences.
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8.5 Standard Proportions of Concrete for Use in Structures

CLASS

DESCRIPTION | A B C D-1 | D-2 E F G P

Maximum size of .
coarse aggregate 20 20 20 20 20 20 25 40
(mm)

[R]
w

Slump' (cm) 75+2517.5+2517.5+2.5(7.5+25( 15042, [ 75225150225 504125 [ Max. 5
Maximum .
Water/cement 30 375 424 48.6 50.0 62.0 70.2 88.2 40,0
ratioc W/C (%) '

| Water content W | 150 - | 170 176 185 205 192 207 .| . 163 160
(kg/m’) '

Cement content C| 500 | 450 | 415 | 380 | 410 | 310 | 295 185 | 400
(kg/m’)

Fine aggregate S| 7il 720 705 819 786 865 880 910 791
(kg/m’) - .
Coarse aggrepate | 1082 1100 1147 1044 1004 10620 1130 1205 1077
G ' :

(kg/m’)

Minimum 28 day .
Compressive 50 40 35 30 30 24 20 - 15 -
Strength by eyl . . - | :

test * (30 x 15(D) '
cm) (MPa)

. _ Minimum 28 day.

flexural strength® _ - - - - . - o 45

(MPa)
! Slump shall be determined in accordance with AASHTO T119 or JIS A1101.

Concrete compressive tests shail conform to the requirements of AASHTO T22 and 23

In the event of any dispute regarding conformance with this Specification, the results obtained by thc cylinder test

shall be taken as concluswe unless the Enginecer has previcusly agrecd in writing to the use of cubc tesis for

control purposes, :

3 Flexural strength shail be tested by the thlrd poin§ loadmg method in accordance with AASH'IO T97.

2

The weights of aggregate pcr cubic meter of concrete in thc above table are based on
the use of aggregates which have a bulk specific gravity of 2.65 when in a saturated
surface-dry condition, the use of a uniformly graded natural sand having a fineness
modulus of 2.75, and the use of a umformly gradcd coarse aggrcgatc of the size
indicated.

. For aggrcgates haifing other spccific 'gravitics: the weights shall be corrected by
multlplymg the welghts shown in the table by the specific grawty and leldmg by
2.65.

When angular, manufactured sand or sand having a fineness modulus greater than
2.75 is used, the amount of fine aggregate shall be increased and the amount of -

coarse aggregate decreased. When using sand having a fineness modulus less than
- 2.75, the amount of fine aggregate shall be decreased and the amount of coarse

‘ - ~ aggregate increased. For each change in fineness modulus of 0.10 as compared to
2.70, the percentage of sand shall be changed by 1 percent in relation to the total -

weight of combmcd fine and coarse aggregates. The flncncss modulus of fine
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8.6

8.7

8.7.1

8.7.2

apgregate shall be determined by adding the cumulative percentage, by weight, of
material retained on each of ASTM Standard sieves 9.5, 4,75, 2.36, 1.18, 0.600,
0.300 and 0.150 mm, and dividing by 100.

The correction for fineness modulus shall be made prior to making a correction in
the weights of the above table for variations from 2.65 in specific gravity.

The Contractor may, subject to prior approval by the Engineer, use alternative sizes
of coarse aggregate to those in the above table.

Requiring addltlonal cement above that specified, no compensation shall be made to
the Contractor for the additional cement. Designated sizes of coarse aggregate need
not be separated into component sizes. However, two sizes are preferred when the
maximum size exceeds 2.5 cm. I one or more of the component sizes used fails to
meet the specified grading for its respective size, but a combination of the sizes can

‘be used to meet the specified grading for the combined size, they may be used with -

the written permission of the Engineer.
Proportions and'Batch Weights

The Engineer will designate the weight in kilograms of fine and coarse aggregate (in
a saturated surface-dry condition) per cubic meter of concrete for the specificd class
of concrete and these proportions shall not be changed except as provided in the
paragraphs immediately following. In addition, the Engineer will also designate the
batch weights of aggregate after he has made moisture determinations and corrected
the saturated surface-dry weights for free moisture.

In batching aggregate for structures containing less than 25 cubic meters of concrete,

the Contractor may substitute approved volumetric measuring devices in lieu of
weighing devices. In such event, weighing shall not be required but the volumes of
coarse aggrcgate and of fine'aggregate measured into each batch shall be those
designated by the Engineer.

Ad,]ustment for Variation in Workablhty

If it is found 1mp0551b1e to obtain concrete of the desired placeability and
workability with the proportions originally designated by the Engmeer he will make
such changes in aggregate weights as are necessary, provided that in no case shall

~ the cement content originally designated be changed.

| Adjustment for Variation in Yield

If the cement content of the concrete, determmed by means of the yleid test
AASHTO T21, varies more than plus or minus two (2) percent from the demgnated
value in the above table, the proportions will be adjusted by the Engineer to maintain
a cement content within these limits. The water content shall in no case exceed the
specified amount

_ Adjustment for Excess Water Co'ntent '

If when using the desngnated ccment content it is impossible to produce concrete_
havmg the reqmred consistency without exceedmg the maximum allowable water
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8.8

8.9

8.10

content specified in the above table, the cement shall be increased by the Engineer so
that the maximum water content will not be exceeded.

Adjustment for new materials - No change in the source or character of the materials
shall be made without due notice to the Engineer and no new materials shall be used
until the Engineer has accepted such materials and has designated new proportions
based on tests or trial mixes as provided herein. Should the changes due to the new
materials require an increase in the amount of cement, no additional payment shall
be made to the Contractor for the cost of such additional cement.

Sampling of Concrete

In order to assess compliance of the concrete during construction, the Contractor
shall prepare test specimens which shall be cured and tested at 7 days or 28 days as
determined by the Engineer, or at any other interval that may be deemed necessary to
determine the strength of the concrete. (Site working strength).

Specimens shall be made in pairs and there shall not be less than eight pairs made for
every 100 cubic meters of concrete or fraction thereof placed during one day s work
or as deemed necessary by the Engineer. One specimen from each pair shall be
tested at 7 days and one speczmen at 28 days

- If concrete is placed by means of individual transit mixer batches then each batch

shall be considered to be a sample from which 2 patrs of spec1mens shall be prepared
and tested as for bulk concrete above.

Irrespecttve of the quantity, every day's production of concrete shall be tested both
for strength and for slump and every structure and every component of every
structure shall likewise be so tested for strength and slump. The checkmg and testing

of the concrete shall be the prerogative of the Engineer, and he may increase the

specified strength and condition as reqmred for the project.

The concrete test specimens sha]i be tested by the Contractor at a convemently

located and properly equ1pped laboratory.

The Contractor shall take, on his own responsibility, every precaution to prevent
injury to the test specimens during handling, transporting and storing.

Specimen Preparation

The ultimate compres’sive strength of the concrete shall be determined on specimens

obtained and prepared in accordance with AASHTO Ti41 (ASTM C172) and
AASHTO T23 (ASTM C31). Test cylmders made in the laboratory shall conform to
AASHTO T126 (ASTM C192).

The compression test performcd on cylmders shall be accordmg to spec:flcatlons
AASHTO T22 (ASTM C39). . _

_ Compressnve and Flexural Strength

The average site workmg strength value of any 4 consecutive results of the 28 day
tests shall not be less than the minimum strength specified in Table 10-1-1 for the
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8.10.1

respective class of concrete. In the event of failure to comply with this requirement
all of the concrete in all the batches represented by such specimens, including any
batches within the sequence which were not sampled shall be deemed not to comply
with the strength requirement of this clause. If at any time the average of any 4
consecutive results of 7 day tests falls below 70% of the prescribed minimum value
at 28 days for compressive strength or below 80% of the prescribed minimem value
at 28 days for flexural strength the cement content of the conctete shall be increased
by at least 20 kg per cubic meter of compacted concrete, without extra payment,
until any necessary mix modifications have been agreed following examination of 28
day tests.

Characteristic Strength

The characteristic strength of the various classes of concrete shall be determined as
soon as the first 30 test results of each class become available.

The characteristic strength shall be calculated by the equation.
X,=X,- KS

Where:  X,:  characteristic strength. -

' X,: mean or average of the series of results

K: a factor depending upon the percentage of results that fall
below the characteristic strength -

S:  standard deviation given by the equation

' S=[X-X, %N -1)

Where: X: . the individual result
' N: the total number of results

"The values for thé factor K are:

Percentage of results falling | Value

below the minimum = of K
01 3.09
0.6 2.50
1.0 233
2.5 o 1.96
5.0 ' 1.64

If the characteristic strength so determined falls below the minimum site working

strength the Contractor shall increase the cement content in the same manner as

described in Item (ii) above until such time as adjustments shall be made in the mix
proportions or improvements made in the quahty control measures to raise the

. average strength or rcduce variation to the satlsfactlon of the Engmeer
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8.10.2

1 8.10.3

8.10.4

8.11

8.11.1

8.11.2

Failure to Comply with Compressive Strength Requirements

In the event of compressive strength resulis not complying with the strength
requirements of this clause or in the event of doubtful results, the Engineer will
proceed to check the sample compressive strength by means of crushing tests
performed on test specimens taken with a rotary core borer at suitable points
indicated by the Engineer on the structure already constructed. '

Such tests shall be carried out by an agreed authority having suitable test facilities. If
such tests show strength in compliance with the requirements herein specified, the
concrete shall be considered satisfactory. If such tests do not comply with the
requirements, the Engineer may direct the Contractor to cut out and make good the
defective work at the Contractor's expense

Repairs to concrete shall not be carried out w1th0ut the authorisation of the Englneer
Care of Specimens

The cost of taking specimens and performmg the tests 1neludmg the cost of
pr0v1d1ng stout, substantial packing cases and the cost of shipping or transporting the
test specimens from the site to the laboratory shall be included as part, of the price
tender for Portland cement concrete, The Contractor shall take, on his own
respons1b1hty, gvery precaution to prevent m}ury to the test specimens durmg
handling and transporting.

Records

" The records of all tests shall be kept by the Engmeer but rcsults shall be available at

all times to the Contractor. The Contractor shall be responsible for ‘making such
adjustments as may be necessary to produce specification concrete and the test
results shall inctude whether or not the concrete is satisfactory. -~

Material
Cement

The Contractor shall use on]y one brand of any one type of cement havmg uniform

~ quality for one project.

The cement used in the work shal] be ordmary Portland. (‘ement eonformmg to the
minimum requirements of Vietnam Standard TCVN 2682 - 1992 "Portland Cement"
except that when otherwise shown on the Drawings, or directed by the Engineer,
cement shall conform to the requirements of JIS R5210 "Portland Cement" or
AASHTO - M85 (Type 1).

Admlxtures

. Admixtures shall not be used without the written approval of the Engmeer The
~ Contractor shall submit samples of any proposed admixtures to the Engineer at least

28 days prior to the date of commencement of construction of the particular structure -
or portlon of structure on which he 1ntends to use such admlxtures
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8.11.3

8.114

Water

All water used in concrete shall be subject to the Engineer's approval. Water used in
mixing, curing, or other designated applications shall as a general rule be potable,
otherwise reasonably clean and free from oil, salt, acid, alkali, sugar, vegetable, or
any other substance injurious to the finished product. If required by the Engineer,
water shall be tested by comparison with distilled water,

Comparison shall be made by means of standard cement test for soundness, time of
setting and mortar strength. Indication of unsoundness, change in time of sctting of
plus or minus 30 minutes or more, or decrease of mortar strength more than 10
percent compared with distilled water shall be sufficient cause for rejection of the
water that is being tested. '

- Where the source of water is relatively shallow, the intake shall be so enclosed as to

exclude silt, mud, grass, or other foreign materials.
Fine Aggrégate

The fine aggregate for concrete shall consist of natural sand or, subject to approval
of the Engineer, other inert materials with similar characteristics, having clean, hard
and durable particles and it shall be free from objectionable quantitics of dust silt,
clay, organic matter and other 1mpur1t1es

The fine aggregate shall be unlform]y graded and shall meet the following gradmg
rcquxrements :

Grading of Fine Aggregate

ISieve Size | Cumulative Passing Percentage

(mm) by Weight '
9.5 ' 100

4.75 95-100

236 80-100

1.18 50-85

0.600 E 25-60

0.150 N 10

Sieve analy.'sis_'of fine'aggrcgatc shall be made in accordance with JIS A1102

* (Method of Test for Sieve Analysis of Aggregate) or AASHTO - T27.

~ The gradation 'requirémcnts given above are the extreme limits to be used in
. determining the suitability of material from all possxble sources of supply. The

gradation of materials from any one source shall not vary in composition beyond the
range of values that govern the selection of a source of supply. For the purpose of
determining the degree of uniformity, a fineness modulus determination shall be
made upon representative samples, submiited by the Contractor, from such sources
as he proposes to use. If fineness modulus of fine aggregate varies more than 0.2
from the value used in selecting concrete proportlons the fine aggregate shall be -
rejected unless suitable adjustment of the mlx pmporhons are made with the
approval of the Engmccr



8.11.5

The amount of deleterious substances in fine aggregate shall not exceed the limits
specified in Table 10-1-2. Treatment of other deleterious substances which are not
shown in the above table shall be determined by the direction of the Enginecr.

Tests for material finer than 0.075 mm sieve shall be made in accordance with JIS
A1103 (Method of Test for Amount of Material Passing Standard Sieve 0 074 mm. in
Aggregates) or AASHTO - T11.

Limits for Deleterious Substances in Finc Aggregates

ftem ' Maximum % by Weight
Clay lumps - 1.0
Material finer than 0.075 mm sieve:
Concrete subject to abrasion 30 !
All other concrete _ 50 !

Material coarser than 0.300 mm
sieve floating on a liquid having a _
specific gravity of 1.95 ' 0.5 *

Note: 'In the case of crushed aggregate, if the material finer than 0.075 mm sieve consists of the dust of
fracture essentla]ly free from clay or shale, these percentages may be increased to 5 :md 7 percent
respeclively.

*This reqmremcnt docs not apply to manufactured sand produued from b]ast fumacc slag

CAll finc' aggregate shall be free from injurious amohnts of organic impurities.'

Approximate determination of the presence of injurious organic impurities in natural
sand shall be in accordance with JIS A1105 (Method of Test for Organic Impurities

~ in Sands) or AASHTO T21. Aggregate subjected to the colourimetric test for organic

impurities, and producing a colour darker than the standard, shall be rejected.

However, any sand that fails to meet the above requirement may be used provided

- that the compressive strength of mortar specimens using such sand is more than 95%

of that of mortar specimens using the same sand which is washed by 3% solution of
sodium hydroxide and then by water, and approved by the Engineer. Testing age of -
mortar specimens shall be 7 and 28 days for normal Portland cement.

Compresswc strength of mortar specnmcns shall be dctcrmmcd by AASHTO - T71
"Effect of Organic Impurmes in Fine Aggregatc on Strcngth of Mortar".

Coarse Aggregatc

The coarse aggregate shall consist of one or more of the following: crushed stone,

gravel, blast-furnace slag, or other approved inert materials of similar charactensncs
having clean, hard, durable plcces It shall be free from objectionable quantities of

flat or clongated particles, organic mattcr or other deletcrlous mattcr

The coarse aggregate shall be umformly gradcd and shall meet the followmg gradmg'
requirements: :
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Size of |

i Coarse | Amounis Finer than Each Standard Sieve Percentage by Weight (JIS A1102)
Y- ST et esnseiee :
¢ (mm) 1100 ) 80mm ! 60mm : S0mm ;. 40mm ¢ 25 1 20mm 15 10 ¢ Smm 251
o mm b hhmm G mm_{omm (G owm
v50-5 2 - 1 -+ 100 95-100 ;- D A7-70 - 10-35 7 - 4 05 ¢ -
f40-5 1 - - b -1 100} 95-100 % - i 3570 ¢ P 10-300 0.5 1 -
125-5 ¢ O T S ([ B - 30-70 0 - ! 0-10 1 0-5:
120-5 Lo b o b . b o h100 1904100 0 - 1 20-55: 0-10 ; 0-5
b15-5 P-4 . b - i - 1100 100 3 98- }40-70 % 0-15 % 0-5
L 80-40 | 100 ! 90-100 ; 45-70 i - i 0-15 ¢ - 1 0.5 1100 ;- i -
60-40 ! P10 ¢ 90-100 % 35-70 ¢ 0-15 1 - & 05 - - - .
1s50-25 ¢ - . L 100 C}90-100 3 35-70 ;0 - i - b . n - Po-
t40-200 1 - ! - 1 - 1 100 {90-100 : 0-15 : 0-15 : 0-5 i O0-5 -
___________ O S S AU SN |22 I S SN SOOI SORSRS SORL
Sieve analysis of coarse aggregate shall be made in accordance with JIS AT102
(Method of Test for Sieve Analysis of Aggregate) or AASHTO -T27.
_ ‘The amount of deleterious substance in coarse aggregate shall not exceed the limits
- prescribed in the table below Treatment of the other deleterious substances which are
_not shown in the table shall be determined by the direction of the Engineer.
Limits of Deleterious Substance in Coarse Aggregate
jtem : Maximum % byWeight
Clay lumps _ : - - 025
Soft particles - _ : 5.0
Material finer than 0.075 mm. sieve - 1.0 !
Material floating on a liquid having a specific gravity of 1.95 1.0 °
Note : 'In the case of crushed aggregate, if the material finer than 0.075 mm. sieve consists of the
dust of fracture essentially free from clay or shale, this percentage may be increased to 1.5.
2This requircment does not apply to manufactured sand produced from blast furnace slag.
Test for material finer than 0.075 mm sieve shall be made in accordance with JIS
A1103) (Method of Test for Amount of Material Passing Standard Sieve 0.075 mm
in Aggregates), or AASHTO - T11. Test for soft particles shall be made in
accordance with JIS A1126 (Method of Test for Soft Particles in Coarse Aggregate
by Use of Scratch Tester), or AASHTO - T12.
8.12 - Testof Aggregate

-Bcfore use, results of the forcgomg tests of aggregate from each source shall be
~ submitted to and approved by the Engineer. Tests for aggregate in use shall be made

whcn required by the Engmeer
Expansion Joint Filler (As_phalticlJoi_nt Filief)

Expansion joint filler shall conform to the r'équir.ement.s, of AASHTO - M33.

" The filler for each joint shall bc furnished in a smglc piece for the full depth and

width required for the joint unless otherwise authorized by the Engineer. When the
use of more than one piece is authorized for a joint, the abutting ends shall be
fastened securely, and held accurately to shape by staphng or other positive fastening
satlsfactory to the Engmcer
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8.1

3

Storage of cement

Cement may be shipped from pretested and approved bins at the mill. Cement shall
be stored in a damp-proof warchouse with a floor raised at least 30 em from the
ground so as to permit easy access for inspection and for use in the delivered order.
Bagged cement shall not be piled more than 13 sacks high, Cement which has
become damp, lumpy or otherwise not in proper condition shall not be used. Cement
stored by the Contractor for a period longer than 60 (sixty) days shall require the
Engineer's approval before being used on the work. Subject to the Engineer's
approval of their use, cement of different brands, types, or from different mills shall
be stored separately. The use of cement reclaimed from discarded or used bags shall
not be permitted. :

Storage of aggregate - Fine and coarse aggregates shall be Storcd separately to

prevent contamination by foreign material. Aggregate shall be stored in such a
manner as to keep the moisture content as uniform as possible, and shall be handled
in such a manner as to prevent segregation. Aggregate shall be stored so as to protect

~ from the direct rays of the sun. Aggregate from different sources of supply shall not

be stored in the same place without permission from the Engineer.

8.14  Adhesive
~ Epoxy resin adhesive shall be used for the jointing of precast concrete blocks. It
shall comply with the following requirements.

Item : Unit | Quality Standards ! Testing Conditions ! Cur.".lg
e eeeaeptzeanmamnmn e eee ] e A S ;.. Conditions __;
o External ; : No foreign matter recognized !
. 5 ! appearance i 1as to be harmful shall be: : ;
: E : i mixed in. No separation of ! ;
PR ] ... material shall be observed, i . SNERRR L
P QL Specificgravity | - 1 .2-16 ;.I_{qc.@_lﬁr.nﬂi_:!?!?_r.e..__i-.__..__..__-__._.§
i B 1 Viscosity iocp o i Standard - working | :
- o IxI0osxaet | temperatwre2/ i :
p 8 Pot life ? , hr @2, or more Standard ~ working
- B S L i femperature 2
; é i Minimum v mm : 0.3, or more : Standard . working |
: % i Thickness  of | E _ 5 tcmperature 2 5
A PSlack? e e i
© A o Tensile Strength : kg/ 125, or more .1 Age: 7 days, : Room
ok Coem? ) i Room Temperature ! | Temperature ! |
] >| ................... B T L L A e e - -p- ................. P .......... r
: 5 E Compressive | kg/ : 700, or more ¢ Age: 7 days, : Room
P2 miswength LS SO U : Room Temperature ? | Temperature ! |
i é a Adhesive ' kg/ 1 60, or more _ . ¢ Age: 7 days, : Room :
... isength’ e cerevieieeon, ... Room Temperature | | Temperature ! ;
Note : "Room temperature” refers to the Class-2, Standard Temperature Condnmn spcmflcd in JIS Z8703

(Standard Condition of Testing Location) i.e. 20°C + 2°C.

Standard Working Temperature" refers to 3 categories (summcr type, sprmg-and aulumn type and
winter type) according to workmg temperatures and are respectwely 30C =+ 2°C, 20°C +2°C and
10°C = 2°C, :

WPot life" refers to 70% of the time from mnung to the start of gelation,

*"Minimum slack thickness" refers to the minimum thickness of the adhesive layer formed by the
application of the adhesive to a perpendicular surface to a thickness of approximately 1 mm, and
measured after the adhesive has slackened downward.

*The adhesive strength shall be obtained from a shearing test.



8.15

8.15.1

£.15.2

8.153

Equipment and Tools Generally

Equipment and tools neccssary for handling materials and performing the work, and
satisfactory to the Enginecr as to design, capacity, and mechanical condition, shall be
at the site of the work before work is started.

If any equipment is not maintained in full working order or if the equipment as used
by the Contractor proves inadequate to obtain the results prescribed, such equipment
shall be improved or other satisfactory equipment substituted or added at the
direction of the Engineer.

: Batching Plant and Equipment

All material in the mix shall be proportioned wholly by weight. The batching plant
shall include bins, weighing hoppers and scales for the fine aggregate and for each
separated size of coarse aggregate. If cement is used in bulk, a bin, hopper and scales
for the cement shall be included. The container shall be watertight.

Provision satisfactory to the I:ngmeer shall be made for batching other components
of the mix at the batching plant, which may be cither stationary or mobile type. It
shall be always properly levelled within the accuracy required for the propcr
operatlon of weighing mechanisms.

Bins and Hoppers

Bins w1th adequate separate compartments for fine aggregatc and for cach required

size of coarse aggregate shall be provided in the batching plant. Each compartment
shall discharge efficiently and freely into the welghmg hopper. Means of control
shall be provided so that as the quantity desired in the weighing hopper is being
approachcd the material may be added slowly and shut off with precision. A port or
other opening for removing any overload of the several materials from the hopper
shall be provided. We}ghmg hopper shall be constructed so as to discharge

5 completely

Scales

The scales for weighing aggregates and ccmcnt shall be of cither the beam type or
the springless dial type. They shall be accurate within one-half of 1% under
operating conditions throughout the range of use. Ten weights of 25 kilograms each

- shall be available for checking accuracy. All exposed fulcrums, clevises and similar
workmg parts of scales shall be kept clean. When beam-type scales are used,

provision shall be made for indicating to the operator that the required load in the
weighing hopper is being approached The device shall indicate at least the last 100

kilograms of load and up to 25 kilograms overluad

o All wclghmg and mdlcatlng devices shall be in full view of the operator while

_ chargmg the hopper and hc shall have convenient access to all controls.

: Cemcnt may be measured by wclght or in standard sacks considered to weigh 50 _
“kilograms net. When measured by weight a separate, satisfactory scale and hopper .

shall be prov1ded togethcr with a boot or other approvcd device to transfer the
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8.16

8.16.1

8.16.2

cement from the weighing hopper. Satisfactory mecthods of handling shall be
employed.

Batching shall be so conducted as to result in the weights of material required,
within tolerances of 1% for cement and 2% for aggregates.

Mixers Generally

All concrete shall be mixed in batch mixers. It may be mixed at the site of
construction, at a central plant, or in transit. Each mixer shall have attached to it in"
prominent place a manufacturer's plate showing the capacity of the drum in terms of
volume of mixed concrete and the speed of rotation of mixing drum.

Mixers at site of construction

Mixers at the site shall be approved drum-type capable of combining the aggregate
cement and water into a thoroughly mixed and uniform mass within the specificd
mixing period and of discharging the mixture without segregation. The mixer shall

“be equipped with a suitable charging hopper, water storage, and a Water measuring

device, accurate within 1%. Controls shall be so arranged that the water can be
applied only while the mixer is being charged. The discharge level shall lock
automatically until the batch has been mixed the required time after all materials are
in the mixer. Suitable equipment for discharging the concrete on the roadbed shall be -
provided. The mixer shall be cleaned at suitable intervals, The pick-up and throw-
over blades in the drum shall be replaced when they have lost 10% of their depth.

Central Plant Mixers

_Central plant mixers shall be of approved drum type capable, of éombining the

aggregate, cement and water into the thoroughly mixed and uniform mass within the
specified mixing period and of discharging the mixture without segregation. Central
plant mixers shall be equipped with an acceptable timing device that shall not permit

- the batch to be discharged until the specified mixing time has elapsed. The water
- system for a central mixer shall be either a calibrated measuring tank or a meter and

8.16.3

shall not necessarily be an integral part of the mixer.

The mixers shall be cl_éaned at suitable intervals. They shall be examined daily for
changes in interior condition. The pick-up and throw- over blades in the drum shall
be replaced when they have lost 10% of their depth. -

Truck or Transit Mixers

These shall be equipped with clectri_éally actuated couhters by Whi_c_:h the number of
revolutions of the drum or blades may readily be verified and the counters shall be
actuated at the commencement of mixing operations at designated mixing speeds.

" The mixer when loaded shall not be filled to more than 60% of the drum gross -

volume. The mixer shall be capable of combining the ingredients of the concrete into
a thoroughly mixed and uniform mass and of discharging the concrete with a
satisfactory degree of uniformity. -~~~

. Except when intended for use exclusively as agitators, truck mixers shall be

provided with a -water measuring device to measure accurately the quantity of water
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8.17

8.18

for cach batch. The delivered amount of water shall be within plus or minus 1% of
the indicated amount,

Vibrators

Unless otherwise directed, the concrete shall be consolidated with approved
mechanical vibrators operating within the concrete. When required, vibrating shall
be supplemented by hand spading with suitable tools to assure proper and adequate
compaction.

The vibrators shall be of a type approved by the Engineer, with a minimum
frequency of 3500 impulses per minute and shall be capable of visibly affecting a

“properly designed concrete with a 2 centimeter slump over a circular area of 45
. centimeters radius., The number of vibrators used shall be sufficient to consolidate

the concrete properly within 10 minutes after it is deposited in the forms and in

. addition at least 3 spare vibrators shall be available on standby at the site of the pour

to maintain immediate continuity in case of breakdown.
Forms

Forms shall be made of timber or m'etai, shall conform to the shape, lines and

. dimensions of the members shown on the Drawings, and shall be so constructed as

to prevent deformation due to load, drying and wetting, vibration, and other causes.

Forms shall be properly equipped with braces, ties and other devices, s0 as to

- maintain them in the positions and the shape as shown on the Drawings.

Forms shall be so constructed that they can be removed easily and safely. Joints in
linings or panels shall be either horizontal or vertical as far as p0551ble and shall be
sufﬂczcntly tight to prcvent any leakage of mortar.

Curved forms shall bc of the radius called for on the Drawings and acceptable
ﬂcxible forms Shall be instailed with that radius. -

After forms have been set in the correct location, they shall be inspected and
approved by the Engineer before concrete 1s placed.

Care shal] be exercised to kecp forms frce from dust grease or other foreign matter.
No material or treatment that shall adhere to concrete or discolour concrete shall be
used. All forms shall be treated with an approved form-release-oil prior to placing
reinforcement and in addition, wood forms shall be flushed with water 1mmcd1ately
before placmg concrete. :

For narrow walis columns, etc., where the bottom of the form is inaccessible, lower
form boards or parts thereof shall be left loose so that they may be removed for
cleaning out cxtraneous material immediately before placing concrete.

Forms for cxp()sed surfaces shall be constructed with tnanguiar fillets not less than
25 mm x 25 mm attached so as to prevent mortar runs and to produce smooth
stralght chamfers at all sharp edges of the concrete,
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8.19

8.20

8.20.1

Batching and Transporting Materiais

For mixing at site of construction, aggregates shall be transported from the batching
Plant to the mixer in batch boxes, vehicle bodies, or other containers adequate in
design and construction to properly carry the batch required. Partitions separating
batches shall be adequate and effective to prevent spilling from one compartment to
another while in transit or while being dumped.

© Cement in original shipping containers may be transported on top of the aggregates.

The number of sacks of cement required for each batch shall be placed on the_
aggregates for that batch. Sacked cement shall be emptled into the aggregates prior
to dumping into mixer.

Batches shall be delivered to the mixer separately and intact, Each batch container
shall be dumped cleanly into the mixer without loss of cement or mixing or spilling
of materlai from one batch compartment into another.

Mixing Concrete Generally

Concrete shall be mixed at the construction site, at a central mixing plant, in a truck
mixer, or by a combination of central plant and truck mixing. Handmixing may be
used when approved by the Engineer. No concréte shall be mixed, placed, or finished
when the natural light is insufficient, unless an adequate and approved artificial -

- hghtmg system is operated

Mixing at Site of Concrete Construction

Concrete shall be mixed in a batch mixer of the type and capacuy approved by the
Engineer. Mixing time shall be determined by the Engineer in accordance with JIS
A1119 (Method of Test for Variation in Unit Weight of Air Free Mortar in Freshly
Mixed Concrete). When results of the above tests are not available, the mixing time
shall be longer than 1 1/2 minutes after all the materials have been introduced into
the mixer, but in no case shall the mixing time exceed three times the mixing time
prescribed above. Charging of water into the mixer shall begin before the cement
and aggregates enter the drum. During mixing the drum shall be operated at speeds

~ specificd by manufacturers. Pick-up blades in the drum of the mixer which are worn
- down 2 cm or more at any part must be replaced.

The volume of a batch shall not exceed the manufacturer's rated capacity of the
mixer without written permission of the Engmeer No mixer whose rated capac1ty is
less than a one bag batch shall be uscd :

, Concretc shall be mixed only in such quahtitics as are required for immediate use,

and concrete which is not of the requ1red conmstency at thc tlmc of placcment shafl |
not be used

Retempering of concrete shall not be permitted. Entire content of the mixer shall be
removed from the drum before materials for the next batch are placed therein. Upon
cessation of mixing for a considerable length of time, the mixer shall be cleaned
thoroughly. Upon resumption of mixing, the first batch of concrete material placed in
the mixer shall contain sufficient sand, cement, and water to coat the inside surface
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8.20.2

8.20.3

of the drum without diminishing the required mortar content of the mix,
Central plant mixing

Mixed concrete shall be transported from the central mixing plant to the site of work
in agitator or non-agitator trucks approved by the Enginecr.

Unless othcrwisc'pcrmitted in writing by the Engineer, agitator trucks shall be

equipped with a water tight revolving drum and shall be capable of transporting and
discharging concrete without segregation. The agitation speed of the drum shalf be
between 2 and 6 revolutions per minute. The volume of mixed concrete permitted in

“the drum shall not exceed the manufacturer's rating nor exceed 70% of the gross

volume of the drum. Upon approval of the Engineer, truck mixers may be used in
licu of agitator trucks for transportation of central plant mixed concrete. Gross
volume of agitator bodies, expressed in cubic meters, shall be as determined by the

~mixer manufacturer. The interval between introduction of water into mixer drum and

final discharge time shall be a maximum of 45 minutes unless the use of additives
have been approved. Depending on the type and usage of the approved additives this
interval may be extended up to a maximum of 2 hours. During this interval the
mixture shall be agitated continuously. '

" Bodies of non-agitator trucks shall be smooth and water-tight. Covers shall be

provided when needed for protection against rainfall. The non-agitator trucks shall
deliver comcrete to the work site in a thoroughly mixed and uniform mass.
Uniformity shall be deemed satisfactory if samples from the one-quarter and three-
quarter points of the load do not differ more than 2.5 cm in slump. Placing of
concrete shall be completed within 30 minutes after introduction of mixing water
into the cement and aggregates or if admixture is used at a time to be determined by
the Engineer. . : :

Truck Mixing -

Concrete may. be mixed in truck mixers of approved design. Truck mixing shall be
in accordance with the following provisions. The truck mixer shall be either a closed,
water-tight, revolving drum or an open-top revolving-blade or paddle type. It shall
combine all ingredients into a thoroughly mixed and uniform mass, and shali
discharge the concrete with satisfactory uniformity. A maximum difference of 2.5 cm
between slumps of samples from the one-quarter and thrcc -quarter points of the
discharge load shal] be deemed satlsfactory

Mixing spccd for revolving drum type mixers shall not be less than 4 revolutions per
minute of the drum nor greater than a speed resulting in a peripheral velocity of the
drum of 1 meter per second. For the open-top type mixer, mixing speed shall be
between 4 and 16 revolutions per minute of the mixing blades or paddles. Agitation
speed for both the revolving drum and revolving blade type mixers shall be between
2and 6 rcvolutions per minute'of the drum or mixing blades or padd}cs

- The capacmes of truck mixer shall be in accordance with the manufacturer's ratings

except that they shall not exceed the limitation herein. Standard for normal rated
capacity, expressed as pcrccntagc of the gross volume of the drum, shall not be more
than 50% for truck mixing and 70% for agltatmg
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8.20.4

$.21

- 8.22

8.23

8.23.1

The concrete shall be delivered to the Site of the work and discharge shall be
completed within 45 minutes after the introduction of the mixing water into cement
and aggregates unless the use of additives have been approved by the Engineer.
Depending on the type and usage of the approved additives this interval may be
extended up to a maximum of 2 hours, During this interval the mixture shall be
agitatcd continuously.

When the concrete is mixed in a truck mixer, the mixing operation shall begin within
30 minutes after the cement has been mixed with the aggregates. Except when
intended for use exclusively as agitators, truck mixers shall be provided with a water
measuring device which shall measure accurately the quantity of water for cach
batch. The delivered amount of water shall be within plus or minus 1% of the
indicated amount when the tank, if mounted on the truck mixer, is satisfactorily and
practically level. '

Hand Mixing

Hand mixing shall not bc permltted except in case of emergency, without written
permlssmn from the Engineer. When permitted, it shall be performed only on water
tight mixing platforms made of metal, etc. Concrete shall be turned and returned on
the platform at least six times and until all partlcles of the coarse aggregate are
covered thoroughly with mortar and the mixture is umform :

Retempering Concrete
Ret.emp'c'ring “concrete by adding water shall not be permitted under hny
circumstances. Concrete that is not within the specified slump limits at the time of

placement shall not be used. Admixtures for increasing the workability or for
accelerating the set shall be permitted only with the written approval of the Engineer.

Consistency

~ Slump shall be measured in accordance with AASHTO —T119 orJ IS A1101 and shall

bet n accordance with Clause 8.5.

Concrete Construction Generally

The Contractor shall maintain an adequate number of trained and experienced
supervisors and foremen at the site to supervise and control the work. All
construction, other than the concrete, shall conform to the requirements prescribed in
other sections or clauses for the severa] 1tems of work entermg into the complete
structure.

Preparation of Foundations

' Preparatioﬁ of foundations shall conform to the details as shown on the'Drawin'gs in

accordance with the'requirements of Clause 3.10.2. The elevations of the bottoms of -
footings as shown on the Drawings are approximate only and the Engineer may :
order further excavation as necessary to obtain satisfactory foundations.

Pile foundatlons shall be constructed in accordance with the prov1510ns set out in the

- other relevant Clauses and as shown on the Drawings.
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8.23.2

8.23.3

Falsework

" Falsework shall be built on foundations of sufficient strength to carry the loads

without appreciable settlement. Falsework that cannot be founded on solid footings
must be supported by ample falsework piling provided at the Contractor's expense.

Before constructing forms or falsework the Contractor, if required, shall submit
detailed drawings of proposed forms or falsework for approval by the Engineer, but

“such approval shall not relieve the Contractor of any of his responsibilities under the

Contract for the successful completion of the structure.
Formwork

No formwork shall be fabricated or erected until the 'drawings have been approved
by the Engineer.

Before concrete is placed the Engineer shall inspect all formwork and falsework and
no concrete shall be placed until the Engineer has inspected and approved such

- formwork and falsework. Such approval shall not relieve the Contractor of any of his

responsibilities under the Contract for the successful completion of the structure.

Internal formwork for hollow slab construction shall be made of plywood, thin metal
plate or other materials. These materials shall have sufficient strength to resist the
pressure and the buoyancy' effects of fresh concrete.

.Type and structure of jofnt and cover for the cylindrical form shall be tight to prevent

any leakage of concrete, and shall be approved by the Engineer. Nominal diameter of
cyhndrlcal forms shall be the outer diameter, or the outer diameter of projecting
portion in case of thin metal plate having pIO}CCthR The height of the projection
shall be less than 10 mm.

Internal forms shall be fixed in the correct position such that they shall not displace
or deform during placing concrete. '

U-shape bolts shall be used to f1x the internal forms and the method of supportlng
and fixing the internal forms shall be approved by the Engineer. Care shall be taken

~ to ensure that U-shape bolts and other items can resist the buoyancy forces on the

formwork.

in falscWork bridge camber shall be considered in accordance with the Working

_ Drawmgs prepared by the Contractor and approved by the Engmeer

8234

. Concrete shall not be placed in any forrnwork until such formwork has been

inspected and approved by the Engineer.
Reinforcement

The Engineef shall inspect 'a_nd approve all rei_nforcernent in place before concrete is
placed. An experienced steel fixer shall be present while all concrete is placed to

" ensure that no reinforcement becomes displaced during placing and if it does to

reposmon reinforcement before placmg continues.
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8.24.1

8.24.2

The positioning and fixing of reinforcing in particular sections of the work may be
required to be inspected by the Engineer prior to any concrete being poured in the
section. The Engincer will advise the Contractor of these particular sections at the
time the Contractor is preparing its Quality Plan, and from time to time during the
progress of the works. Ample notice shall be given by the Contractor to allow time
for inspection by the Engincer of such sections.

Welding shall not commence until the welding procedure has been qualified and
reviewed by the Engincer.

Placing Concrete Generally

Concrete shall be placed in such a manner as to avoid segregation and the
displacement of reinforcing bars and shall be spread in horizontal layers where
practicable. Concrete shall be placed where necessary inside forms by hand shovels
and in no instance shall vibrator be so manipulated to transport concrete inside
formwork., Care shall be taken to prevent mortar from spattering forms and -
reinforcing steel and form drying ahead of the final covering with concrete. When
spattering has occurred the forms and steel shall be cleaned with wire brushes or
scrapers before concrete is placed around steel or in forms which have been
spattered. -

Troughs, pipes, or short chutes used as aids in placing concrete shall be positioned in
such a manner that segregation of the concrete shall not occur. All chutes, troughs,

and pipes shall be kept clean and free from coating of hardened concrete or mortar.

- Concrete shall not be droppéd freely over a vertical distance of more than 'l_.5 mcters;

Concrete shall be placed continuously throughout each section of the structure or
between indicated joints if shown on the Drawings or as directed by the Engineer. -

If in an cfncrgency it is nece'ssary to stop placing concrete before a section is
completed, bulkheads shall be placed as the Engincer may direct and the resulting
joint shall be deemed a construction joint, and treated as specified herein below.

Placing Concrete to Concrete Columns

Concrete in columns or bents shall be placed in one continuous operation unless
shown on the Drawings or permitted by the Engineer. '

Plééing Concrete to Slab and Girder Spans

Slabs and girders having spans of 10 méters or less shall be placed in one continuous

“operation unless otherwise stated on the Drawings. Concrete preferably shall be

deposited by beginning at the centre of the span workmg from the centre toward the
ends.

~ Conerete in slab spans shall be placed in one continuous operatlon and in one layer '

for each span, unless othcrwxsc stated on the Drawmgs

Concretc in girders spanning more than 10 meters may be plaécd in two operations,
the first operation being the placing of concrete in the girder stems to the bottom of
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8.24.3

8.24.4

the slab haunches or the bottom of the slab whichever is applicable. A period of at
least 24 hours shall elapse between the completion of placing concrete in the girder
and. the commencement of placing concrete in slab,

The construction procedure for the concrete deck slab on steel box girders shall be so
arranged as to eliminate excessive stress in new or recently placed concrete.

Immediately before placing concrete, the top surface of the previously placed
concrete shall be hammered with a sharp hand tool (scabbled) until the aggregate is
exposed and cleaned. The Contractor shall check all falsework for shrinkage and
settlement, and shall tighten all wedges to ensure minimum deflection of all
formwork.

Placing Concrete 1o Walls, Piers, efc.

Where walls, piers, columns, struts, posts and other such structural members allow
horizontal construction joints, concrete shail not be placed on t0p of other concrete
which has not been allowed to set for 12 hours Or more.

Work shall not be discontinued within 45 centlmeters_ of the top of any face, unless
provision has been made for a coping less than 45 centimeters thick, in which case,

Cif permltted by the Engineer, the construction joint may be made at the undersrde of

the coping.

Placing Concrete to Culverts

| . The slabs of box culverts shall be placed for their full depth in one mass or layer and

8.24.5

allowed to set not less than 12 hours before any additional work is done on them

Before concrete is placed in srdewalls, bottom slabs, shall be cleancd of all shavmgs,
sticks, sawdust ancl other extraneous matenal

The Contractor shall subrnrt to the Engineer for approval his proposals for pouring
culvert walls before commencing culvert construction. Concrete shall not be placed
in layers more than one meter high relative to the concrete already placed.
Deposition shall proceed in a systematic manner,

Depositing Concrete under Water

Concrete shall not be deposited in water except with the approval of the Engineer
and with his immediate supervision, and by the method described in this paragraph.

At least four weeks prior to the prOpoScd date for commencement of supply of the
concrete for tremie operations, the Contractor shall submit to the Engineer for
approval full detarls of its proposed methods

' To prevent segregation, the concrete shall be carefully placed in- a compact mass in
" its final position by means of a tremie tube or pipe and shall not be disturbed after
‘being deposited. Special care must be exercised to maintain still water at the point of

deposit. Concrete shall not be placed in running water. The method of depositing
concrete shall be 80 regulated as to produCc approxrmate]y horizontal surfaces
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8.25

8.25.1

Placement of tremie concrete shall not commence until full evidence of successful
trials of tremie concrete placement methods and the testing of the concrete is
provided to the Engineer.

Concrete seals shall be placed in one continuous operation. When a tremie tube or
pipe is used, it shall consist of a tube or pipe not less than 25 centimeters in diameter,
constructed in sections having flanged couplings fitted with gaskets. The means of
supporting the tremie shall be such as to permit free movement of the discharge end
over the entire top of the concretc and permit its being lowered rapidly when

- necessary to choke off or retard the flow. The tremie shall be filled by a method that

shall prevent washing of the concrete. The discharge end shall be completely
submerged in concrete at all times and the tremie shall contain sufficient concrete to
prevent any water entry. '

| Dewatermg shall proceed only when the concretc seal is con51dcrcd strong enough to

withstand any pressures to be exerted upon it. This time will be decided by the
Engineer. All laitance or other unsatisfactory material shall be removed from the
exposed surface by scraping, jetting, chlppmg or other means which shall not unduly

. injure the seal.

Constr_uction Joints in Concrete

- Construction, joints shall be located where shown on the Drawings or permitted or

instructed by the Engineer. Construction joints shall be perpendicular to the principal
lines of stress and in general shall be located at points of minimum shear.

- At horizontal construc_ti_on joints, details shal]l be as ap-pro'vcd by the Engineer.
- Before placing fresh concrete, the surfaces of construction joints shall be sandblasted
_or washed and scrubbed with a wire brush to expose clean aggregate, drenched with

water until saturated, and kept saturated until the new concrete is placed.
Immediately prior to placing new concrete the forms shall be drawn tight against the
concrete already in place and the old surface shall be coated thoroughly with a
1.5mm thick coating of neat cement mortar. Concrete in substructures shall be placed

- in such a manner that all horizontal construction joints shall be truly horizontal.

Where vertical construction joints are necessary, reinforcing bars shall extend across
the joint in such a manner as to make the structure monolithic. Special care shall be
taken to avoid construction joints through panelled wing walls or other large surfaces
which are to have an archztectural finish. :

'Necessary dowel, load-transfer devices, and bondmg devices shall be placed as'- :

shown on the Drawings or directed by the Engineer.

Expansion Joints in Concrete

Expansion joints shall bc flllcd with an asphaltlc or po]y sulphlde type ]omt filler, 20

mm thick and shall be located and formed as requ1rcd on the Drawmgs L

Cut-off platc for water stops used for the expansion ]omts shall be ﬂcxlblc PVC to

JIS K6773 and shall be placed in accordance with the Drawmgs

The water stops shall be _hcld flrm]y in pla(_:c_: to prcvent displacement during
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8.26

8.27

concreting, If after placing concrete water stops are materially out of position or
shape, the surrounding concrete shall be removed, the water stop reset, and the
concrete replaced, all at the Contractor's expense.

Water stop shall be furnished full length for each straight portion of the joint,
without field splices. Water stop shall be cut and spliced at changes in direction as
may be necessary to avoid buckling or distortion. All field splices shall be performed
by heat sealing or hot-air welding the adjacent surfaces in accordance with the
manufacturer's recommendations to form continuous watertight joints.

Open joints in Conc'rcte

Open joints shall be constructed where shown on the Drawings by insertion and
subsequent removal of a wooden strip, metal plate, or other approved material. The
insertion and removal of the template shall be accomplished without chipping or
breaking the corners of the concrete. Reinforcement shall not extend across an open
joint unless S0 spccified on the Drawings.

Stee! J omts in Concrete

The plates, or other structural shapes shall be accurately shaped at the shop to
conform to the section of the concrete floor. The fabrication and painting shall

. conform to the requirements of this Specification covei'ing those iterns. When called

for on the Drawings or in the Specifications, the material shall be galvanized in lieu
of painting. Care shall be taken to ensure that the surface in the finished plane is true
and free of warping. Positive methods shall be employed in placing the joints to keep
them in correct position during the placing of the concrete, The opening at expansion -

~ joints shall be that designated on the Drawings at normal temperature, and care shall
* be taken 0 avoid impairment of the clearance in any manner.

Anchor Bolts in Concrete

All necéssary anchor bolts in piers or abutments shall be accurately set in holes

formed while the concrete is being placed. Holes may be formed by inserting in the

- fresh concrete oiled wooden plugs, metal pipe sleeves, or other approved devices,

and withdrawing them after the concrete has partially set. Holes so formed shall be

~at least 10 cm in diameter. Bolts shall be set accurately and fixed with grout

completely filling the holes. The grout shall be non-shrink mortar of a type approved
by the Engmccr :

Anchor bolts used i_n'conncction' 'with expansion shoes, rollers, and rockers shall be -
located with due regard to the temperature at the time of erection, Care shall be taken
that full and free movement of the superstructure at the moveable bearings is not

- restricted by improper setting or adjustment of bearings or anchor bolt and nuts.

Shoes 'and-B'earihg Plates m Concrete -

Bridge seat bearing areas. shall preferably be finished high'and ground to level

- required. Shoes and bearing plates shall be set as prt)vi_ded in the drawings.
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