The Contractor shall provide a sufficient number of vibrators with mechanical
means of handling if necessary, to property compact fresh concrete imrmediately after it is

placed in the forms and shall maintain at least one spare vibrator at the form.

In concrete having a placing rate greater than 20 cu.m per hour, compaction shall be

accomplished using vibrators of 100 mm or greater in diameter..

Vibrators shall be manipulated so as to thoroughly work the concrete around the
reinforcement and embedded fixtures, and into corners and angles of the forms. Vibration shall
be applied at the point of placement and in the area of freshly placed conerete. The vibrators
shall be inserted into and withdrawn from the conerete slowly. The vibration shall be of a
sufficient duration and intensity to thoroughly compact the concrete, but shall not be continued
at any one point of the extent that excess water or grout appears. Application of vibrators shall
be at points uniformly spaced and not further apart than twice the radius over which the

vibration is visibly effective.

Vibration shall not be applied directly or through the reinforcement to sections or
layers of concrete which have hardened to the degree that the concrete ceases to be plastic

" under vibration. Vibraiors shall not be used o transport concrete in the forms.

Concrete shall be placed in horizontal layers not more than 450 mm thick except as
hereinafter provided. When less than a complete horizontal layer is placeii in one operation, it
shall be terminated using a vertical bulkhead. Each layer shall be placed and compacted before
the preceding batch has taken initial set to prevent injury to the green concrete and to aveid
surface separation between the batches. The provision for bonding successive courses of

concrete shall all times be subjected $o the Employer’'s approval.

3013 GREEN-CUTTING

When successive lifts of concrete are to be placed, laitance shall be removed from the
surface of the concrete of the previous lift by means ‘of approved manners prior to pouring the
subsequent 1lift, The timing of this operation shall be sueh that individual pieces of conerete
aggregate are exposed but their bond with the underlying concrete will not he affected. If
required by the Employer, the surface shall be cleaned by surface chipping or wire brushing.
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3014 JOINTS IN CONCRETE
(1) General

Construction joints, expansion joints and contraction joints shall be located in the
positions shown on the Drawings or as required by the Employer, The Contractor shall not be
permitted to form any additional joints or deviate from the joints indicated in the Drawings
either in design or location, without the written approval of the Employer. Joints at exposed
surfaces of concrete shall be straight and continuous as shown in the Drawings or otherwise

specified.

To prevent feather-edges, the construction joints at the tops of horizontal lifts near
sloping exposed concrete surfaces shall be inclined near the exposed surface so that the angle

between such inclined surface and the exposed concrete surface will not be less than 50 degrees.

Disturbance of the new surface at a joint during the early stages of hardening except
as specified for green cutting is prohibited and no work or traffic on the new concrete will he
permitted until the concrete has hardened sufficiently to withstand such treatment without

injury.

All surfaces upon which, or against which, concrete is to be placed shall be in a

saturated surface-dry condition prior to heing covered by fresh concrete.
(2) Preparation

Prior.to placement of new concrete, all surfaces upon which, or against which,

conerete is to be placed, inelﬁdiné-surfahes of congtruction joints between successive conerete

" placements, shall be'thofbughly cleaned of all loose particlés, dried mortar or grout or other
deleterious matter. Cleaning shall include through-washing using water and brush. Where
directed by the Employer, all laitance and loose or defective concrete not removed by green
cutting operation, shall be removed by surface chipping or wire brushing. The aggregate of
formed surfaces of construetion joints shall be exposed. On formed expansion and contraction

_ joint concrete surfaces, the aggregate shall remain 'unexposed.
(3) - Cold Joints

Cold joints shall be avoided. In thé event of equipment breakdown, or if for any other

reason continuous placing is interrupted, the Contractor shall thoroughly consolidate the
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concrete to a reasonably uniform and stable sloﬁe while it is plastic and if concreting is not.
resumed with.iri 1 hour it shall be discontinued and not resumed until permitted by the
Employer. When concreting operations are resumcd the usual construction joint treatment
shall be applied on the surface of the concrete at the joint, before being coveled with fresh

mortar and concrete.

3015 CURING OF CONCRETE

| All conerete shall be cured by maintaining its surface in a constantly moist condition
for a period of at least 7 days after placing or until the surface is covered with fresh concrete.

All surfaces shall be protected from the sun’s rays for at least 5 days after placing.

(1) The surface of cbncrete, shall be moistened by covering with waler-saturated
materials or by employing other effective means approved by the Employer which will keep the
surfaces to be cured continuously wet as soon as the conerete has hardened sufficiently to
prevent damage. _ _ ,

KEquipment for curing shall be available at the site before conerete placement is
started and the water used for curing shall meet the requirements for water used for mixing

concrete.

Steel reinforcement projecting from any placement shall be positively tied to prevent
movement and possible debonding during placement and shall be protected from all

disturbance for at least 24 hours after completion of such placement.

3016 TEMPERATURE CONTROL OF CONCRETE IN HOT WEATHER

The Contractor shall apply any or all of the recommendations contained in ACI 305
“Hot Weather Concreting”, to control the temperature of concrete as directed by the Employer
in order to avoid the detrimental effects of high temperatures to _the conerete which becomes

hard or is already hardened.

(1) When the shade air temperature is 35 degrees C and rising, the coarse aggregate
shall be sprayed with water or cooled by appropriate means. Special precautions shall be taken
during the entire cencreting process so that the temperature of the concrete does not exéeed 33

degrees C when it is placed.
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Fresh conerete placed at these temperatures shall be carefully shaded from the sun’s
rays and wind to the satisfaction of the Employer.

(2) No concrete shall be mixed or placed when the shade air temperature reaches 40

degrees C or more unless proper measures are taken for cooling aggregates and mixing water.

All costs of provision for hot weather conereting shall be included in the unit price of

the appropriate concrete works,

3017 TOLERANCES FOR CONCRETE CONSTRUCTION

Permissible surface irregularities for the various concrete surface finishes are
spec1ﬁed in the section 3018 “leshmg’ , and are to be distinguished from tolerances as
specified hereunder. The intent of this section is to establish tolerances that are consistent
with modern construction practice, but which are gOVérned by the effect that permissible

deviation will have upon the striictural action or operational function of the structure.

(1)  Subject to the requirements of section 3018 “Finishing” and except as otherwise
shown on the Drawings or required by the Employer, deviation of concrete from the lines,

grades and dimensions shown on the Drawings will be permitted within the following limits:

a) Variation in lecation from specified position in plan.
X 25 mm
h) Variation from centerline specified in plan for each structure.

For everall length -+ 25mm
Foranyspanlessthan9m £ 10mm

c) Variation from pump, specified batter, or specified curved profile for lines and
surfaces of columns, walls, beams, buttresses, piers and similar members:

For any two successive intermediate points
on the lines or surfaces separated by:

3m : Smm
6 m or more 20 mm

d) | As (b) above, but for surfaces to be in contact with backfill:
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twice the above dimensions

é) Variation from the level or from the elevations spéciﬁed iﬁ plan: |
iﬁmm

f As (d) above, but fér surfaces to be in contact with backfill:
twice the above dimensions

g) Variations in cross-sectional dimensions from those specified for columns,
walls, beams, buttresses, piers and similar members: '

-6 mm, + 12mm

‘h)  Variation in thickness of slabs, walls and similar members from that
specified: ' - '

-6 mm, + 12mm

(2) The Contractor shall be responsible for setting and maintaining concrete forms
sufficiently within the specified tolerance limited and shall ensufe that the concrete is
completed within these limits. Conerete work that exceeds the specified tolerance limits shall

be remedied or removed as required by the Employer.
3018 FINISHING
{1} General

Allowable deviations of concrete from the established lines, grades and dimensions
shown on the Drawings or specified in section 3017 “Tolerances for Concrete Con_structien"', are
defined as tolerances and are to be distinguished from surface irr_eguia;'ities:as definéd.
hereunder. . '

The finished surfaces of conerete shall be true, sound; smooth and free from fins,
offsets, pits, depressions, vqids, plemishes and other defective concrete, and shall be in

aceordance with the requirements for the corresponding class of finish specified herein.

Finishing of concrete surfaces shall be performed only by skilled workmen.
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- Burface irregularities are classified as “abrupt” or “gradual”. Offsets caused by

displaced or misplaced from sheathing, lining or form sections, by loose knots in forms, or

otherwise defective form lumber will be considered as abrupt irregularities and will be

measured divectly. All other irregularities will be considered ag gradual irregularities and will

be measured with a template consisting of a straightedge for plane surface or its equivalent for
curved surfaces. The length of the template will be 1.50 m for testing formed surfaces and 3 m
for testing unformed surfaces. '

{2) Formed Surface Finishes

The classes of finish for formed concrete surfaces are designated by the use of the
gymbols I'1, F2 and F3, and shall be as follows:

a) Finish F1

b)

o

The finish applies to surfaces upon or against which fill material or concrete is
tobe piaced. The surfaces require no treatment after form removal except for
repair of defective concrete and the specified curing, Surfaces to be submerged
or below ground water level shall have all form-tie holes filled as directed by
the Employer, '

Finish F'2

This finish is required on all formed surfaces not permanently concesled by fill
materials or concrete and for which no other finishes are specified. This finish

shall present a uniform appearance and no special surface treatment will bhe

required other than the repair of defective concrete, the filling of fastener

holes, the removal of abrupt irregularities in excess of 6 mm and the reduction

- of gradual irregularities so that they shall not exceed 12 mm for the length
- designated.

Finish F3

The finigh is designated for surfaces prominently exposed to public view where
appearance is of special importance. On completion of the repair of defective
concrete and ﬁlliﬁg of fastener holes, this finish shall present a surface of
uniform appearance and texture. Surface irregularities shall not exceed 6 mm

for gradual irregularities and abrupt irregularities exceeding 3 mm will not
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be permitted. In addition to the repair of defective concrete and the removal of

- fins, offsets and other irregularities, the surface shall, if the Employér

considers it necessary, be sack-rubbed to fill pits and: air holes. Sack—mbbing
shall be done as soon as the forms have been stripped and after any required
patching and correction of major imperfections have boen comploted. The
mortar to be used shall consist of 1 part cement to 2 parts by volume of sand
passing a No. 16 US. Sieve and shall be mixed with water to a creamy
consistency. If required by the Employer, the Contractor shall add white
cement to the mix in order to obtain a color and texture that will mateh the
surrounding concrete surfaces, After surface treatment is completed, the

specified curing shall continue for not less than 14 days.

(3) Architectural Finishes

Formed surfaces which are subsequently to be rendered, plastered or tiled shall be

adequately dressed down, as soon as the forms have been removed, so that surface

irregularities are not de.eper than half the thickness of the rendering ,plaster or mortar for

tiles. Surfaces shall be roughened to allow adequate bond with the mortar or plaster finish.

(4) Unformed Surface Finishes

The classes of finish for unformed conerete surfaces are designated by the use of the

symbols U1, UZ and U3, except those for topping, and shall be ag follows:

a)

Finish Ul (Screeded Finish)

This is a sereeded finish used on surfaces that will be covered by fill materials
or concrete. Finighing operations shall consist of sufficient leveling and
screeding to produce even, uniform surfaces. Surface irregularities shall not

exceed 10 mm.,

Finish U1 is also used as the firg! stages of finighes U2 and 13,
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b) Tinish U2 (Floated FMinish)

This is a floated finish used on surfaces not permanently concealed by fill
materials or concrete. Finishing operations shall consist of sufficient leveling
and screeding to preduce even surfaces in which the surface irregularities
shall not exceed 6 mm. Floating with hand or power-driven equipment shall
be started as soon as the screeded surface has stiffened sufficiently, and shall
be the minirum necessary to produce a surface that is free from screed marks

and is uniform in color and texture,
¢) Finish U3 (Troweled Finigh)

This is a troweled finish used on surfaces where accurate alignment and
-evenness of surface are required for prevention of destructive effects of water
action or as specified on the Drawings. Finish U3 shall be screeded and
floated as indicated for finishes U1 and U2, and shall consist of steel troweling
the floated surface as soon as it has hardened sufficiently to prevent excess of
fine material being drawn to the surface. Stecl troweling shall be performed
with firm pressure, such as will flatten the sandy texture of the floated surface
and produce a dense, uniform surface, free from blemishes and trowel marks.

Abrupt irregularities will not be permitted,
d) Finish for Slabs to Receive Topping

This finish applies to structural slabs on which a separate topping will be

placed.. The finish shall be equal to finish Ul except that before the concrete

has fully hardened, the surface shall be broomed so that the aggregate at the

surface shall become exposed. Alternatively, these slabs may receive Finigh
- U1 and subsequently roughened by chipping or scarifying if approved by the
~ Employer.

Unless otherwise shown on the Drawings or directed by the Employer, all surfaces

which would normally be horizontal and exposed to the weather, shall be sloped for drainage

approximately 10 mm per one meter of width.
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3018 REPAIR OF DAMAGED OR DEFECTIVE CONCRETE
(1) General

Repair of damage or defective concrete shall be performed by skilled workmen only.
No repair work shall be carried out until the Employer has inspected the location of the

propesed repair and has directed the method of repair.

The Contractor shall correet all imperfections on the concrete surface as necessary to.

produce surfaces that conform to the requirements specified in section 3018 “Finishing”.

Unless otherwise approved by the Employer, repair of imperfections in féz;med
concrete shall be completed within 24 hours after removal of forms. Concrete that is
honeycombed, fractured, or otherwise defective, and concrete which, because of excessive
surface depressions, shall be cut out and built up to bring the surface to the prescribed lines,

shall be removed and replaced with drypack mortar or concrete.

The Contractor shall correct abrupt or gradual irregularities which lie outside

specified tolerances by rubbing with a carborundum stone or grinding where directed.

Materials and procedures specified to suit individual types of repair and to reinstate
structural capacity of members may include use, as approved by the Employer,. of a proprietary
non-ferrous non-shrink grout, epoxy or latéx-based bonding agent, epoxy compound aﬁd
cementitious grout, mortar and concrete. The Contractor shall, whenever possible, perform
repair of defects while the concrete is still green. Curing interruptions shall be limited to the

minimum time and area practicable.

The holes left by removal of pipes, tie-rods or other accessories .sh'all be reamed with
suitable toothed reamers before being cleaned and filled with drypack as specified. All bulges
or other projections on exposed surfaces shall be chipped and ground untila true smooth surface

of matching color and texture is obtained.
(2) Drypack

Drypack material shall be placed and packed in thin layers. Each layer shall be
solidly compacted.
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Drypack shall be used for filling holes having at least one surface dimension legs
than the hole depth, for narrow slots cut for repair of eracks, for grout pipe recesses, and for tie-
rod fastener recesses. Drypack shall not be used for filling behind reinforcement or for filling

holes that extend completely through a concréte section.
(3) Mortar

Mortar filling shall be placed under impact by use of a mortar gun, and may be used
for repairing defects on surfaces designated to receive F1 and F2 finishes where the defects are
too wide for drypack filling and too shallow for conerete filing and no deeper than the far side of

the reinforcemep_t that is nearest the surface.
(4} Concrete Placement

Concrete filling shall be used for holes extending entirely through concrete sections,
for holes in which no reinforecement is encountered and which are greater in area than 0.1
square meters and deeper than 100 mm, and for holes in reinforced concrete which are greater
in area than 0.15 square meters and which extend beyond reinforcement. Holes less than 0.15
square meters in reinforced concrete which extend beyond the reinforcement shall be enlarged

to perinit satisfactory filling of the hole with concrete.

~ Defective concrete shall be cut out to a depth of not less than 25 mm in sound
“conerete in all directions so that the edges of each hole are sharp-edged and undercut to provide
a key, and the hole shall be cleaned, brushed and soaked 12 hours before being refilled. The
fillings shall be tightly packed and completely bonded to the surface of the holes. The mix
proportions of the filling materials shall be such {o provide a strong, dense repair which will
avold color variations in surfaces exposed to view, Where required by the Employer, the
Contractor shall supply white cement in sufficient amount, as determined by trial in the
presence of the Employer, which, when blended with nornal cement, will produce a finishrof
sinﬁlar-appearanee to the adjacent concrete. Non-shrink additives shali be used where a
watertight joint is required. The surface of patches shall be smooth and flush with the

surrounding concrete.
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3020 EMBEDDED ITEMS IN CONCRETE

All items which are to be embedded in either primary or gsecondary concrete, shall be
accurately set in place to conform to the required tolerance. All embedded items shall be
thoroughly cleaned of rush, greage, paint, splaélx’ed’ mortar or other coatings that reduce bond.
Prior to concreting, the Contractor shall satis’fy himself that the parts are rigidly held énd set
to the required tolerance, and where so required by the Employer, s 1all take formal delivery of

the parts.

_ The metheds of placement of conerete around the embedded parts shall be approved
by the Employer. The responsibility for maintaining the required tolerance shall lie with the

Contractor.

During concrete placing adjacent to embedded parts, vibrators shall not be allowed to
' touch any metal parts embedded in the concrete, and the concrete shall be placed in such a

manner as not to disturh the embedded parts.

3021 MEASUREMENT ANDPAYMENT

(1) .. Measurement for payment of concrete cast in situ shall be made by volume in cubic
meters of respective classes of concrete placed as computed from the dimensions shown on the

Drawings.

Payment for concrete will be made at the unit price per cubic meter, which unit price
shall include the cost for supply and storage of all necessary materials including cement, coarse
and fine aggregates, water, admixtures and additives, and for testing zll necessary materials,
all measures hecessary for batching and mixing of all materials, transportation of concrete, site
preparation prior to pouring and casting, provision of joints, finishing, protection, curing and
temperature control of concrete, supply and transportation of the specimens, and incidentals in

order to complete the production and placement of concrete,

Measurement and payment for formwork, reinforcing bars and other miscellaneous
materials to be embedded in or installed on the concrete cast in situ shall be separately made as
described in Section 3100 “Formwork”, Section 3200 “Reinforcing Bar” and Section 3300
“Waterstop, Contraction Joint, Expansion Joi_nt Filler and Dowel Bar”, respectively.
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SECTION 3100 FORMWORK

3101 GENERAL

The fabrication, erection and removal of all the formworks shall be carried out in

order to construet the required concrete structures.

This Section covers the requirements for the design, materials, fabrication, erection

and removal of formwork for conerete.

The following standards are referred to in this section:

ACI SP-4 Formwork for Concrete
CCAQT 347 Recommended Practice for Conerete Formwork

3102 LUMBER

All migterials used in the fabrication and erection of forms shall be of adequate
strength and quality for their intended purpose, to meet the approval of the Emp]oyer Suitable
local timbers shall be used.

Forms shall be of straight lumber, shiplap, tongue and groove lumber, or plywood.
Steel forms may be used only with the approval of the Employer. All materials used in
formwork shall be of & type and strength sufficient to withstand the pressures due to the
concreting, and deflection shall be within the tolerances specificd.

" Where finishes I2 or F3 specified, forms may be of plywoeod sheathing or lmmg, or
tongue and groove lumber and shall be appreved by the Employer.

3103 FORM TIES

Internal ties shall be bolts and rods and th’ey shall be straight and so arranged that
when the forms are removed, no metal shall be left closer than 56 mm to any exposed surface for
all finishes. Form ties shall not be fastened to reinforcing steel or embedded parts. Wire ties

will not be permitted.
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3104 FORM OIL COATING

All form surfaces shall be thoroughly cleaned before erection and shall be_ coated
with a non-staining mineral oil or lacquer. All excess oil shall be wiped off prior to c_oncretiﬁg
and no oil shall be permitted on the reinforcing steel or other embedded items. The use of all
form coatings or lacquers shall be subject to the approval of the Employer, and the Contractor
shall be required to provide proof of compatibi}ity between the product to be employed, the
concrete itseif, and any subsequent treatment that the formed surface is to receive. All form

coatings shall prevent ingress of wood resins into the concrete surface.

3108 DESIGN OF FORMS

"The Contractor shall design all formworks and falsework, Notwithstanding any
approval given to the Contractor by the Employer, the Contractor shall remain responsible for

the safety and structural soundnessof all formwork and falsework.

The Contractor shall submit the designs of all formwork and faise\ﬁork to the
Employer f§r his approval. The Shop Drawings submitted for approval shall clearly indicate
the dead and live loadé assumed for the design, the maximum permissible speed of rise of
conérete in the form, the dimensions of all structural members and the capacity of all ties,

anchors and hangers.

3108 CONSTRUCTION OF FORMS

The construction of forms shall adhere to the Contractor’s approved design and shall
conform to the shapes, lines and dimensions of the structure as shown on the Shop Drawings.
Failure or misalignment of the forms and any damage caused thereby shall be corrected by the

Contractor.

At all unformed construction joints, wooden strips of a minimum size of 50 mm by 50
mm shall be secured to the inside of the forms at the location of each joint to ensure a uniform |
finish to the outside edges of any lift of concrete. The upper layer of concrete shall be worked up
to and under these strips 50 és to _provide smooth edges.

Unless otherwise shown on the Drawings, exterior external arises shall be

" ¢chamfered 40 mm and interior external arises shall be chamfered 30 am.
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© 83107 INSPECTION OF FORMS

Temporary openings shall be provided at the base of forms as necessary to facilitate
cleaning and inspection. After inspection, these openings shall be closed in such manner that

leakage during concreting is prevented and that the concrete surface finish is not impaired.

3108 RE-USE OF FORMS

Forms shall be thoroughly cleaned and repaired to the satisfaction of the Employer
prior to re-use. Exce'pt where F1 finish is specified, metal patches shall not be allowed in the

repair of forms.
3108 REMOVAL OF FORMWORK AND FALSEWORK

Forms shall be removed as soon as practicable and the recommendations contained
in ACI 347 shall be used as a general guide for determining the time for stripping. In all cases,

forms shall not be removed until such removal is authorized by the Employer.

Notwithstanding the recommendations of ACI 347, forms or soctions containing

waterstops shall not be removed within 24 hours after the placing of concrete.

The minimum period which shall elapse between the completion of conereting and

the removal of forms shall be as follows:

Forms f{or; Minimum Period
Vertical or near vertical faces of
mass concrete 24 hours
Beam sides, walls and pier 2 days
Beam soffits (props left under) 6 days
Slabs (props left under) 3 days
Props under beams and slabs 14 days
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3110 MEASUREMENT AND PAYMENT

Measurement for payment for formwork for concrete cast in situ shall be the area
shown on the Drawings, measured in square meters, of conerete surfaces formed. Payment for
forinwork will be made at the unit price per square meters, which shall include the supply and
storage of all materials and for all measures necessary for preparation, fabfication,
transportation, placing and erection, supperting, scaffolding, removal, cleaning and

incidentals.

Separate payment shall not be made for respective kinds of formwork to complete the

retevant finishing as specified in Section 3018 “F‘inishing”.
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SECTION 2260 REINFORCING BAR

3201 GENERAL

The furnishing, cutting, bending and erection of all the reinforcing bars shall be

carried out in order to construct the required concrete structures,

This section covers the material requirements, hending and erection of the

reinforcing bars to be used in the concrete,

The following standards are referred to in this seetion:

ACI 318 | Building Code Requirements for Reinforced Concrete

ASTM A 497 Specification for Welded Deformed Steel Wire Fabric fo
Concrete Reinforcement '

TIS 20 - Standard for Stgel Bars for Reinforced Concrete : Round Bars

TIS 24 Standard for Steel Bars for Reinforced Concrete : Deformed
Bars

3202 BAR-PLACING DRAWINGS AND BAR-BENDING DIAGRAMS

. The size and spacing of the reinforcing bar shall be as shown on the Shop Drawings.
The Contractor shall prepare and submit to the Employer, for approval, reinforcement detail
drawings for all structures, including bar-placing drawings, bar bending diagrams and bar lists

before bar cutting and bending commences.

Bar-placing drawings and bhar-bending diagrams to be prepared by the Contractor
ghall conform in general to the concrefe lifts shown on the Drawings. In the event that the
Contractor requests changes in lift heights and the Employer appreves such changes, the
Contractor shall revise or replace bar-placing drawings and bar-bending diagrams to suit the
changed lift. -
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Such bar-bending diagrams and bar-placing drawings revised by the Contractor
shall be submitted to the Employer for his approval prior to concreting at the portion of the
changed lift.

 §203 MATERIALS

Reinforcement shall be of deformed bars and shall conform to TIS 24, Designation SD
30. For bars smaller than 10 mm in diameter, round bars conforming to TIS 24, Designation

SR 24, may be used.

Tie wire shall be heavy black annealed iron wire, Preformed clips or attachments

shall be of proper design and strength so that r_einforci_ng‘bars are rigidly supported in position.

‘3204 PROTECTION

' Reinforeing bars shall be stacked for storage purposes cl_ear of the ground such that it

will not become submerged in standing water.

Reinforcing bar shall be protected at all times from damage. When placing in the
works, it shall be free from dirt, detrimental scale, paint, laitance, mortar, oil or other foreign

substance.

Reinforcing bar embedded or partially embedded in the concrete shall remain
completely undisturbed for a minimum period of 24 hours or longer if the Employer so directs,

after the concrete placement has been completed.

3206 FABRICATION

Reinforcing bar shall be cut and bent ¢old, unless otherwise permitted by the
Employer, to the dimensions and shapes as shown on the app_roved Shop Drawings with
equipment and metheds approved by the Employer. The reinforeing bar partially émbedded in
the concrete shall not be field bent. ' '
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All bars shall be cut from stock length, Bends and hooks shall be made in accordance
with the requirements of ACI 318, The reinforcing bar having cracks or splits on the bends
shall be rejected.

Reinforcing bar shall not be straightened or bent again once having been bent,
excepb otherwise approved by the Employer.

Fabricated reinforcements shall be properly tagged for easy identification.

32086 ERECTION

Reinforcements shall be accurately erected in accordance with the approved Shop
Drawings and shall be securely wire-tied at each intersection. Metal or conerete chairs and
metal spreaders of approved types shall be used where necessary for support or spacing of bars.

The reinforcements shall be erected within the limit of the following tolerances:

Concrete cover 1 -3mmito -+ Smm
Longitudinal location of bends ;25 mm
End of har ¢ k25 mm

All reinforcing bars shall be furnished in the full lengths shown on the approved
Shop Drawings. Splicing of bars will not be permitted without the prior written consent of the
Employér. The splicing shall be by overlapping, as indicated on the Drawings. Splices may
also be made by the use of approved couplings or by special welding techniques as approved by
the Employer.

Welded wire fabric shall be placed and tied as indicated on the approved Shop

Drawings with minimum lap at joints of 150 mm,

Concrete protection for reinforcement shall conform o the requirements of ACI 318,

unless otherwise shown on the Drawings.
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3207 MEASUREMENT AND PAYMENT

Measurement, for payment, of .'reinf'orc'ing.bars will be based on the weig’hﬁ of
reinforcing harg placed in the concrete in accordance with the approved reinforcement detail
drawings. - No measurement for payment will be made for reinforcement used in precast
concrete products and reinforcements used in chairs, hangers, spacers and other suppo'rt for

reinforcement.

Payment for reinforcing bar will be made at the unit price per metrie ton, which shall
include the cost for supply, bending, cutting and erection of reinforcing bar, provision and using
of tie wire, metal and concrete support, spacers and other fixing devices, coupling or welding,

and other incidentals.
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SECTION 3300 WATERSTOP, CONTRACTION JOINT,
EXPANSION JOINT FILLER AND DOWEL BAR

3301 GENERAIL

This seetion covers the requirement for materials and installation of waterstop,

contraction joint, expansi'on joint filler and dowel bars.

3302 WATERSTOP

(1) - Waterstop shall be of central hollow bulb type conforming to JIS K6733, and shall be
extruded from a high grade compound with no reclaimed material. The main constituent shall

be dense, homogeneous and free from porosity or other imperfections.

At least 60 days pnor to mstalhng any waterstop, the Contractor shall Submlt
drawmgs and data to the Employer for approval.

The drawlings'shall show details of the waterstops, including dimensions, shapes,
and details of intersections and splices between waterstops of the same sizes and of different

sizes.

 The Contractor shall submit detailed laboratory test reports on the physical

prdperties of the compound which will be d_sed in the waterstops to be furnished.

2) Measurement, for payment, for furnishing and installing the various sizes of
‘waterstops will be made of the number of linear meter of waterstops in place measured along

the centerline of the waterétop with no allowance for lap at splices and intersections.

_ Payment for furmshmg and installing the various sizes of waterstops will be made at
the unit price per linear meter, which unit price shall include the cost of furnishing all
materials, preparing and submitting drawings and data, making field splices and intersections,
and installing the waterstops; and of furnishing and mstalhng coverings for protecting

waterstops from damage
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3303 CONTRACTION JOINT

(&3] Contraction joints, where specified, shall be formed as deliberate pianas of
discontinuity in the concrete structure. To form such 4 joint the face of concrete slab or block
first formed shall be painted with two coats of approved rubber bitumen paint or oil paint before

the adjeining slab or block is concreted.

(2) Measurement, for payment, of contraction joint will be based on the area of
contraction joint shown on the approved Shop Drawings. Payment for forming contraction joint
will be made at the unit price per square meter, which unit priée sh_all include the cost of

furnishing rubber bitumen paint or oil paint and of painting.

3304 EXPANSION JOINT FILLER

(D Expansion joints shall be formed in the same way as contraction joints buf; in
- addition, an approved compressible sheet or ﬁller shall be supplied and placed in the jeint to
' prov1de freedom for two adjacent conerete slabs or blocks to expand In certam mtuatlons a

highly compressible joint filler of foam rubber or other approved materlal shall be used. The

exposed edges of the joints shall be sealed with an approved synthetic rubber or similar

restlient sealing compound.

(2) ' Measurement, for payment, of expansion joint filler will be made of the area of
material in place. Payment for furnishing and placing joint filler will be made at the unit price
per square meter, which unit price shall inelude the cost of furnishing and placmg joint SB&]EI

joint filler and other materials requlred to complete the expansmn Jomt

3305 DOWEL BAR

a) Dowel bar will be D19 mm reinforcing bar of one meter long in which half length of
the bar is inserted into p25 mm PVC pipe with a cap Dowel bar shall be mstalled as shown on

the Drawings or directed by the Employer

(2) Measurement, for payment, of dowel bar will be made of the number of dowel bars in
place. Payment for furnishing and installing the dowel bar will be made at the unit price jier
number, which unit price shall include the cost of furnishing all materials and installing the

dowel bars, and of protecting the dowel bars from damage.
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DIVISION 4 PILING WORKS -

SECTION 4000 PILING WORKS

4001 GENERAL

This section covers the materials, workmanship, equipment and methods to be
adopted for the piling which shall be driven into the foundations of diversion dam and other

structures as shown on the drawings.

The Contractor shall propose for approval of the Employer the nominated
manufacturers who shall supp]y the prestressed spun concrete (P.C.) piles in accordance with
TIS 398, the reinforced concrete (R.C.) piles conforming to TIS 395 and the steel pipe (8.P.) pile
. conforming to J1S A 5528.

4002 SITE PREPARATION

. The Contractor shall be responsible for construction of any temporary site access and
site grading required for installation of the piles. Construction of temporary access road, site
grading,; drainage, excavation and other site work shall follow the reguirements of Division 2
“Farth and Stone Works”, -

. The Contractor shall submit a schedule indicating the location of all temporary
access roads, temporary grading plans, and drainage for approval by the Eruployer at least two
weeks prior fo the énticipated start of the works. The Employer may limit the amount of
temporary fill placed beneath. structures in order to avoid surface settlement which could

induce.drag_ loads on the pile foundations.

4003 MANUFACTURING AND SUPPLY OF PRESTRESSED SPUN CONCRETE
PILE

‘ ’I‘he prestressed spun concrete pile shall be manufactured by an established pile
manufacturer, and the Employer shall be advised six weeks in advance of commencement of

manufacturing,



Casting beds of concrete or other suitable, rigid construction shall be used. Forms
shall be constructed of heavy gauge steel or other rigid and smooth maferials; shall be

adequately braced; and shall be free from dents, gauges or other irregularities,

Casting beds for fabrication of prestressed members shall have jacking equipment at
one end and a rigid reaction frame or block at the other end. Equipment for measuring stress

and elongation of the prestressing reinforcements shall be approved.

The use of steel forms on concrete founded cas'ting beds is réﬁuired unless otherwise
approved in advance. Outer forms shall enclose all except the top horizonital surface. The side

forms may have a maximum draft on each side not exceeding 20 mm per meter. -

Prestressed piles longer than 20 m shall be designed for a two point pick up. D.esign
bending moments shall be inereased by a minimum of 40 percent to allow for impact during '

handling.

Aggregates and cement shall be as speciﬁed in Division 3 “Conerete Work.”
Maximum size of aggregate shall be 25 ¢m, and the type of cement for the pile shall be TIS 15
Type V. EER ' -

The minimum concrete compressive strengths shall be 500 kgfsq.em at the time of

delivery.

Prestressing reinforcement shall conform to §I8 G 3536 “Uncoated Stress Relieved
Wire and Strand” or ASTM A 416 “Uncoated Seven Wire Stress - Relieving Strand for

Prestressed Concrete”. -

Conerete shall have attained a compressive strength of at least 350 kg/em® before the
pretensioning stress on the prestressing wires or strand is released. Compressive strength
shall be determined first by examining the rate of increase cﬁ' strength as disclosed by the
crushing of the test eylinders made in connection with the establishment of the design mix. In
addition to this advance determination, a running check shall be made throughout the period of

casting the prestressed members,

All precast concrete piles furnished shall be new, undamaged members which have
not been previously rejected for any reason and shali be manufactured especially for the Works.
Members which are damaged or which do not meet the requirements of this section shall be -

refected.
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Piles shall in all cases be stored and handled in accordance with the
recOmme_ndations of the pile manufacturer. Particular care shall be taken to avoid dropping or
severe jarring while in a horizontal position. If for any reason the pile is damaged or the

reinforcement is exposed, its use shall not be allowed,

Concrete piles shall be so proportioned, cast, cured, handled and driven as to resist
without cracking the stresses induced by handling and driving as well as by the design loads as
shown on the drawings. The piles shall have a uniform cross section, the length of which is _

embedded in the bearing soil,

Fach pile shgli be stamped or marked with the date of its manufacturer,
identification of dimensions and identification of manufacturer. Lifting hooks or points, shall

be plainly marked on each pile,

The top of the pile must be perpendicular to the longitudinal axis of the pile, and the
ends of any prestressing or reinforcing steel shall be cut flush with the top of the pile to prevent
direct inipabt. on the steel during driving. Pile top ends shall be planed surfaces which shall be
perpendicular to the long axis of the pile within a tolerance of 10 ram per meter, Pile tips shall

be tapered and include a cast ironcone shaped shoe.

The maximum sweep (deviation from straightness measured along two
perpendiculaxj faces of the pile while not subject to bend forces) shall not exceed 3 mm in any 3
m of its length. All corners shall be chamfered to 40 mm or rounded to 50 mm radius. A
s'mall_er. chamfer or radius, not less than 19 mm may be used if approved by the Employer.

Forms for piles shall be such as to aveid the formation of fing at intersection of surfaces.

The unformed top surface of each pile shall be given a uniformly smooth finish to

mateh the finished surface of the formed surfaces.

The lateral reinforcenient at both ends of the pile shall be spaced sufficiently close to
resist impact stresses due to driving and in no case more than 7.5 em on centers. A minimum

covering of 5 em of concrete shall be provided over all reinforcements.

Pilgs shall be provided at the top with longitudinal reinforcing steel required to
resist uplift load and for unsupported lengths of piles. In the case of reinforeing stoel to resist
uplift leads on the piles the bar design shall be subject to the approval of the Employer for the

required tension load. -
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Following driving, the concrete at the top of the pile shall be broken away to expose
the reinforcing steel which is to be inéorporated in the structural conerete foundation of the
structure. The reinforcing steel in the top of the piling shall not be insialled in drill holes in the
piling nor shall the reinforcing steel be extended by weldin_gs._ The reinforcing steel may be

bent over in the pile concrete to reduce the amount of concrete to be broken away.

4004 SUPPLY OF SHEET PILE, AND STEEL PIPE PILE

All steel sheet pile, and steel pipe (S.P.) pile shall be obtained from sources approved
by the Employer. Before the dispatch of any consignment of steel sheet pile and steel pipe pile,
the Contractor shall hand to the Employer a certificate from the manufacturer that the
consignment complies with the approved spéciﬁcations. Steel sheet piles and steel pipe pile

shall be manufactured to JIS A 5525 and JIS A 5528 respectively.

4005 JOINTING OF PILES

The root edges or root faces of lengths of piles that are to be butt welded shall not
differ by more than 3 mm.. Longitudinal seam welds in lengths of tubular piles forming a
complete pile shall be evenly staggered. Welding shall be in accordance with JIS G 3443 or

equivalent.

Prior to any welding of piles the Contractor shall carry out procedural trials as
agreed with the Employer. The accepted trial welds shall be retained and used as a standard

for all subsequent welds.

4008 PILE DRIVING
(1) Lines and Grandes

The datum elevation and grid system are shown on t.he drawings. Piles shall be
located and staked out by the Contractor and the Contractor shall maintain all location stakes
and shall establish all elevations required, including the elevation of thé_ top of the pile prior to
cutting off any length of pile. All location and survey stakes shall be checked on a regular basis
to insure that f)ile driving operations have not caused movement of the stakes. Eaéh'pile'is-to

be identified By niumber on Shop Drawings.
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Within one working day after all of the piles in a cluster have been driven, the
Contractor shall previde the Employer with a written tabulation indicating the following

information for piles driven in that cluster:

a)  Pile cluster designation
b) Pilenumber
¢)  Elevation of top of pile prior to cutting (measured to nearest 0.02 m)

: Within two weeks after the completion of driving of all piles, or within two weeks of
the completion of excavation required to expose the piles at the cutoff grade, the Contractor
shall provide the Employer with a certified plan showing the as-driven location of all piles

_ driven within the structures.

) Ags-driven pile locations shall be surveyed and shown on the drawing to the nearest
0.01m.

(2) Determination of Pile Length and Pile Load Capacity

.. Design pile dimensions or design loads for piling are shown on the drawings. Design
dimensions include design pile cutoff grade and required pile tip elevation. The required pile

tip elevation shall be continued by load test as specified.

Pile lengths shall be determined as the length from the pile tip elevation (confirmed
by load test) to the design pile cutoff grade plus a length allowance required for reinforcing
steel for uplift load.

- Where pile loads are indicated, the required pile embedment shall be computed from

static formula as directed by the Employer.

Under certain structures, piles maj be required to resist both compression loads and

‘tension loads. The required pile tip elevation for both compression and tension loadings shall
b_'e confirmed by load testing. Only one pile shop shall be used for each design load condition.

' Pile length may be increased or deereased from the lengths shown on the drawings, as a result
..of ioad teét. The final determination of pile length shall be approved by the Employer upon

‘review of the pile load test.



Orderings, manufacturing and delivery of piles shall be planned in such a manner
that changes in length of piles for piles not yet manufactured may be made if driving

experience, as the work progresses, indicates to the E'mployer the need for such changes.
(3} Installation of Piles

Piles shall be driven with approved equipment. The leads of the pile driving rig shall
be fixed at two points; the points shall be at least half the length of the leads apart in order to
maintain the pile and hammer in axial alignment at the correct plan location during the entire

operation. The leads shall extend down to the lowest point at which the hammer must operate.

Driving shall be accomplished using equipment that will hold the pile in the design
alignment (vertical or battered) during the installation of the pile. The alignment of vertical
piles shall be carefully checked by means of & carpenters level 9a bubble level with a minimum
length of 1.2 m, a transit, by sighting the axis of the pile against a string supporting a plumb
bob. Alignment of batter piles shall be checked by transit or other methods approved by the
Employer. ' S ' :

The method of driving shall be such as not to impair the strength of the pile and shall
meet with the approval of the Employer. The Contractor shall submit a written statément
deseribing the proposed equipment and shall obtain from the Employer approval of the same

hefore driving any piles.

The Contractor shall employ cushioning devices as are required to protect the pile

from damage during driving.

Production piling shall be installed using the same equipnie'nt used to install the test

piles including hammer size, drop, cushion block material and driving: cap.
(4) . Driving Criteria

As part of the preparation for pile driving, the Contractor shall mark each pile at 30
em intervals along its entire length. In addition, the footage shall be marked and designated at

1.50 m intervals, starting from the pile tips.

When driving precast concrete piles through soft clay soil.or in _predrﬂled or jetted
holes, the ram velocity and stroke for the given hammer size shall be reduced to avoid eritical

tensile stresses in the pile.



Shattered, crumpled or otherwise damaged pile heads shall be cut back to sound

material before continuing the driving.

Driving of all piles shall be continuous without intermission until the pile has been
driven fo its final elevation. The tops of piles shall be cut off true and level at the elevations
indicated on the drawings. All portions battered, split, warped damaged or imperfect in any

way shall be removed or repaired to the satisfaction of the Employer.

Piles shall be driven to the required tip elevation shown on the drawings and as

confirmed by load test. Piles shall be driven into the same soil stratum as the test pile.

Where piles are driven as bearing piles into the sand stratum found below a depth of
20 meoters the driving resistance of the test pile shall be used to establish the final driving
resistance of the piles. The final driving resistance (number of hammer blows required to drive

the pile in the final 15 cm) shall not be Jess than the final driving resistance of the test pile.
(5) Tolerances and Criteria for Acceptance

Piles shall be cutoff at the required cutoff e]evé_tion. Piles previously driven shall be
protected from damage during construction in the immediate area and any damage to piles that

cannot be repaired to the satisfaction of the Employer shall be cause for rejection of the pile.

"+ A pile shall be placed not more than 3 percent of its length out of plumb from
vertical. The measurement shall be made on that portion of the pile projecting above the cutoff

grade. At least three measurements shall be made to confirm the alignment.

After completion of excavation the plan location of each pile shall be determined at

the design cutoff elevation.

~ A maximim lateral deviation from the correct location ét cutoff elevation equal to
7.5 em will be permitted for piles which have been driven without a follower or for piles which
have been driven with a follower not exceeding 3 m in length. The lateral deviation will be
increased in propertion to the length of the fellower up to a maximum permissible lateral

deviation of 15 cm for piles driven with a follower 5 cm in length.

Where pﬂes as mstalled exceed the specified tolerances, the Employer shall then

verlfy the total loads on individual piles, based on the calculations and survey information, If



the load on any pile exceeds the specified load capacity, corrections shall be made in accordance

with an epproved design provided by the Contractor to the Employer.

 The installation of replacement piles and other corrective measures shall in all eases
be in accordance with the approved designs provided by the Contractor and approved by the

Employer.
{6) Piling Records

The record of all piles installed shall be kept by the Contractor and a copy of the

record of work made each day shall be given to the Employer.

On completion of the piling of any particular section, the Contractor shall deliver to
the Employer a drawing recording the final founding levels of all piles, ‘together with any
results of measurements carried out by the Contractor to prove the bearing capacity of any piles

tested.

4007 MEASUREMENT AND PAYMENT

6N Measurement, for payment, of steel sheet piling will be made of the piling remaining
in place. Payment for supply and driving of steel sheet piles will be made at the unit price per
metric ton, which unit price shall include the cost for supplying and driving the piles. The unit
price shall also include the costs of welding of field connections, cutting of tops, and pulling and

replacing unsatisfactory piling.

2 Measurement, for payment, for supply and driving of R.C. piles, P.C. piles and SP.
piles will be made for the length of the piles actually installed in Tocations as shown on the
approved drawings. No measurement shall be made for the piles cut off or pulled out. Payment
for supply of piles will be made at the unit price per meter, which unit price shall includé the
cost of supplying, transporting and handling the piles and all other costs required for the
complete installation of the piles. Payfnent for driving of piles will be made at the unit price |
per meter, which unit prise shall include the cost of driving the piles, welding for: pile jointing,
capping the pile to provide a tie between‘pile and concrete foundation; pﬁlling and replacing

unsatisfactory piling, and all other costs required for the compléte ingtallation of the piles,



SECTION 4100 SAND MAT AND SAND COMPACTION PILE

4101 GENERAL

The section covers the sand mat and sand compaction pile works including sand
drain in the closure dam except the earth and stone works such as excavation, embankment,

riprap, and sand and gravel bedding.

4102 PREPARATION WORKS BEFORE CONSTRUCTION

Foilowing data shall be prepared and submitted by the Contractor to the Employer

at least three weeks (21 days) prior to the time of construction starting for approval.

- Topographic map of closure dam site and river profiles

a) Surveying area Sta. 0 + 870 to Sta. 1 + 250 with 100 meter widths in upper
_& downstream from station center.

b) Size of drawing is A-1 size and 100 g/sq.m tracing paper.
¢} Temporary benchmarks and 50 ¢m contour line shall be shown on the map.

d)  Records of sounding by echo-sounder and distance meter.

- Construction method & material analyzing data

a) Construction method and schedulé, list of equipment to be used for the sand
mat construction and installation of sand compaction piles.

b) 'Data of grain size analysis of sand materials to be used.

4103 SAND MAT
(1) Material
Materiéls for sand mat shall consist of sand, silty sand, sandy gravel or gravel and

containing not more than 2% of organic matter. The materials shall have particle size gradings

-within the following limits and shall be non-plastie.



Sievé Size . Percentage Passing (by weight)

10 mm 100
5 mm 680 ~ 940
2 mm 40 - 80
1 mm 20 - 60 .
0.3 mm 10 -30
0.074 mm 20

(2) Placing

The materials for sand mat shall be placed in such a manner as will result in

reasonably uniform layers of sand mat of the specified thickness.
(3) Measurement of Payment

Measurement, for payment, of sand mat will be made of the outline of the sand mat
in i)lace and on the basis of the nominal thickness shown on the drawings or prescribed by the

Employer.

No allowance will be made in measurement for payment for settlement, shrinkage

and eonsolidation of the foundation or of the material in the sand mat.

Payment for sand mat will be made at the unit price per cubic"metérl‘, which unit
price shall include all the expenses for 1ab0’f, é’qhip_ment, machinery, i‘ight or royalty of
materials acquisition in quarry or borrow area, extracting; haixling, loading and unloading of
materials, {ransporting and placing of materials by barges or other 'app.rt'wéd inachinefy, and
cleaning and treatment of quarry or borrow area after worked out and incidental works

necessary for the completion of the work.

4104 SAND COMPACTION PILE
{1} Material

Material for sand compaction pile and sand drain shall have particle size gfadin’g

within the following limits and shall be non plastie,
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Sieve Size Percentage Passing (by weight)

B mm 70 -100
2 mm 35 -90
1mm 20 -

0.5 mm 10 -50
0.3 mm 5 -30
0.074 mm 10

(2) Installation of Sand Compaction Pile and Sand Drain

Unless otherwise approved by the Employer, the installation process of sand

compaétion pile and sand drain shall be as follows.

INSTALLATION PROCESS OF SAND COMPACTION PILE AND SAND DRAIN
{Peneﬁratibn of Casing Pipe)

a) Install the casing pipe of 400 mim dla at the speCLﬁed site on the working ground of
pile-driving equipment.

b} Excile the vibrator and- penetrate the casing pipe to the specified lower limit
elevation (BEL. B in the following figure) of the sand compaction pile as shown on the
drawings or prescribed by the Fmployer.

" When there is a hard layer which makes it difficult to penetrate the casing pipe,
water jet or air jet is co-used to foree penetration.

(Installation of Sand Compaction Pile)

e A certain qua.nt.ity of sand is thrown into the casing pipe from upper hopper and
while drawing up the casing pipe up to the height specified (about 3 m) by the
Employer, sand in the easing pipe is forced out into the bored hole by compressed air.

d) The casing pipe is redriven into the hole to the depth specified (about 2 m) by the

Employer and sand is compacted by vibration. Sand is compressed into the
surroundmg subsoil layer.

e) Again feed sand into the casing pipe and draw up the casing pipe to the height
specified by the Employer.
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f) By repeating the above steps (c), &) and &)), complete the sand compaction pile up to
the specified upper limit elevation (EL. A in the following figure) of the sand

compaction pile.
(Installation of Sand Drain)

g) Feed sand into the casing pipe and drawing up the casing pipe to the working ground
of pile-driving equipment whiie forcing out the sand into the bored hole by

compressed air.
SET OF THE CASING PIPE
/WORK?NG GROUND. OF PILE-DRIVING EQUIPMENT,
' > TIME -
S g3
. =g
SPECIFIED UPPER LIMIT EL. A wio
£ &
. : =
E‘/REDRWE CASING PIPE g
— 2 <
fa (=1
) : - Lz
m =4 8
E SPECIFIED LOWER LIMIT EL.8 1 <
S 9, d), €, D g
INSTALLATION PROCESS '
DEPTH OSILLOGRAPH
{(3) Record
The Contiactor shall submit the following data to the Employer.
a) Pilingdepthofeachpile ..................... GL meter
b} Quantity of sand fed into eachpile ............ SL meter (Sand level meter)

¢) Qtherdate requested by the Employser

Oscilographs of GL meter and SL meter shall be attached in the above data.
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(4)  Allowable Accuracy in Piling

- a) The-bot_ﬁom of sand compaction pile installed shall be lower than the specified
lower limit elevation of the pile.

b) The top of sand compaction pile installed shall be higher than the specified upper
limit elevation of the pile.

¢) The location of sand compaction pile installed shall be within 20 em of the
specified location of the pile.

4105 MEASUREMENT AND PAYMENT

The cost required to complete the steps a), b) and g) in the installation process of sand
compaction pile and sand drain indicated in section 4104 (2), but not including the cost of sand
ma.terial, shall be included in the unit price per meter for the pay item No. 3207 in the Bill of
Quantities (Part-1 Main Wbrks), and the cost required to complete the remaining steps ¢), d), e)

and f) shall be included in the unit price per meter for the pay item No. 3208.

The cost of sand material shall be included in the unit price per cubic meter for the
pay item No. 3209,

All other costs necessary to complete the sand compaction pile and sand drain shall
be included in the unit prices for the pay item Nos. 3207 and 3208. Embankment on the closure
dam will be necessary to prepare the working ground of pile-driving equipment. The cost of
construction and removal of the embankment and other required facilities shall be included in

the price for the pay item No. 3101 “Temporary works”.

| .Measurer'nen_t, for payment, of the work inciuded in the pay item No. 3207 done by
the Contfactor will be made on the actual depth, up to the specified Tower limit elevation, of
casing pipé penetrated into the foundation, that shall he “€1” shown on the figure in section
41042, |

- Measurement, for payment, of the work included in the pay item No. 3208 done by
the Contractdr will be made on fhe actual length of sand compaction pile installed between the
.speciﬁed upper limit elevation and the specified lower limit elevation of the sand compaction
pile, that shall be “£2” shown on the figure in section 4104 (2).
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Measurement, for payment, of sand material will be made of the number. of cubic
meter of sand compaction pile and sand drain computed based on the records of GL meter and
SL meter. o
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DIVISION -5 MISCELLANEOUS WORKS

SECTION 5000 PRESTRESSED CONCRETE GIRDER FOR BRIDGE

5001 GENERAL

Pre-stressed concrete girder for bridge shall be installed in the O/M Bridge and Road
Bridge. The girders shall be designed, fabricated and installed as prestressed concrete girder of
the post-tensioning method and shall conform to the provision of this section in addition o all

application provisions of other sections in the Specifications.

5002 DESIGN

The Contractor shall, prior to the fabrication of girders, submit detailed structural
calculations, shop drawings and explanations of the method of prestressing in accordancé with
the conditions indicated below for approvél of the Employer. The design load shall be TL-20
designatedr in the Japanese De¢sign Standard for Road Bridge or approved equivalent. The
girders shall be designed to be safe against loads which may occur during transportation and
installation. Depth of girder and number and location of girders shall be as shown en the

drawings.

5003 SHOP DRAWINGS

It should be noted that the Specifications and the drawings show only the general
~ type of the superstructure members and the governing dimensions and are not intended to
define the exac.t details of the superstructure memhers to be furnished. Before commencement
of manufacturing the superstructure members, the Contractor shall prepare and submit the
design criteria, calculations, detailed dimensional shop drawings for the superstructure
members including arrangements of camber, asphalt concrete surfacing, bearing shoes,
exp'énsion joints, hardrails and embedded steel works at the edges of top surfaces of the
abutments. The C_ontraictor shail be responsible for the adequacy of loeation of all embedded

-components where installed by him. -

All shop drawings shall:be checked by the Contractor before being submitted for

approval of the Employer. The Contractor shall be respongible for the correctness and



completeness of the shop drawings and for shop assembly and field connections, although the

shop drawings have been approved by the Employer.

5004 MATERIALS
(1) Concrete

The (iuality of concrete as ﬁested in accordance with ASTM € 172 and C 31 shall '
indicate compressive strengths at 28 days of not less than 400 kgfem®. The minimum quantity
of cement shall be 400 kg/m® of concrete, sluni';} shall be 5.0 cm and water-cement ratio 0.35 to
0.50 by weight. '

(2) Prestressing Tendon

The steel wires used for the prestressing tendons shall conform to the requirements

designated in the Thailand Industrial Standard or the equivalent.

Prestressing tendons shall be of the quality indicated below and shall be free of

objectionable defects and bends.

Tensile strength not less than 17,500 kg/em?
Yield strength (strength at residual not less than 15,000 kg/em®
strain of 0.2%)

Elongation (measurement not less than 3.5%

length 100 mm)

(3) Anchor Bolt and Base Plate .

Anchor bolts and base plates shall be galvanized. Parts to be embedded in conerete,
however, shall not be galvanized. -

(4) Elastomeric Bearing Pad

The Contractor shall furnish and install the elastomeric bearing pads in bridges as

shown on the drawings or as directed by the Employer.
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After accelerated aging in accordance with ASTM Designation: D 573 for 70 hours at

212°F the elastomers shall not show deterioration changes in excess of the following amounts:

Tensile strength,.percent T 15

Elongation at Break, percent - 40(but not less than 300% total elongation of the
' material)
-Hardness, points + 10

The Contractor shall furnish to the Employer a certification by the manufacturer
that the elastomer, in the elastomeric bearing pads to be furnished, conforms to all of the above
requirements. The certification shall be supported by a certified copy of the results of tests,
performed by the manufacturer upon samples of elastomer to be used in the pads, covering all of

the above mentioned requirements.

.O/M Bridge

Amount of movement 2b.81 mm

Maximum reaction forth at bearing shoe 60 tf

Minimum reaction forth at bearing shoe 48tf
Road Bridge

Amount of movement 20.5 mm

Maximum reaction forth at bearing shoe 48 tf

Minimum reaction forth at bearing 36tf

(6) Expansion Joint

The elastometric expansion joint shall be constructed in the specified position after

assembling the superstructure members of the bridges as shown on the drawings.
(6) Sheaths and Extractable Cores

All sheaths and cores shall be maintained in their correct positions during the
-placing of the concrete. Where members are made up of units stressed together, the ducts in the
joints between the units shall be in alignment. Where sheaths are used, the number of joints
shall _be_kep._t' to a practicable minimum and each joint adequately seale& against the ingress of
any matérial. Joints in adjacent sheaths shall be staggered by at least 300 mm, Sheathg shall
be kept free of any matter detrimehta] to the bond between the sheath and the grout and,

except for material sealing a sheath joint, between the sheath and the concrete.
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" Extractable cores shall be coated with a release agent only with the approval of the
Employer. Cores shall not he extracted until the conerete has hardened suiliciently to prevent
it being damaged. The ends of all duets and tendons shall be respectively sealed and protected

until the tendon is threaded through and the stressing operations are commenced.

5005 FABRICATION
(1) Fabrication Plant

Shop drawings shall be submitted for approval of the Employer prior to fabrication of
member fabricating beds, forms and supports. The fabricating bed shall be sufficiently firm to

prevent misalignment due to concrete placement and vibration.-
(2) Prestressing Tendon

Prestressing tendons shall be processed as necessary for sure anchorage and saws
shall be used for cutting excess and portions. Transportation and storage shall be in such
manner as to prevent bending, thermal changes, loose rusting and damage occurring to the

steel,
{3} Placement of Steel

Steel shall be positioned securely at its designated locations by reinforcement,

stirrups, spacers and hangers in order to prevent movement during placing of concrete,
{4) Tensioning of Prestressing Tendon

Tensioning caleulations and tensioning schedule shall be submifted to the Employer
prior to prestressing. Compressive strength of concrete shall not be less than 340 k'g'/cr_n2 at
tensioning of prestressing tendon. The tensile forces on tensioned steel shall be measured by
both readings on the pressure gauge of tensioning jack and elongation of the tensioned steel.
Tensioning shall be performed as a rule by jacking from both ends. The sequenice of tensioning
shall be according to the tensioning calculations and tensiohing“schedu}e a;'iproved'by ‘the

Employer. Care shall be exercised to prevent uneven tension in tendons within'a single sheath.

In carrying out the work, the following shall be recorded and submitted to the

Employer.
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a) Compressive strength of conerete
b) Reading of pressure gauge of tensioning jack and elongation of prestressing

tendon
¢)  Blip of tendon when anchored

d) Camber and other deformation of beam

(5) Alloﬁrable Tolerance

Beam length £ 10em

" Depth, flange width ~ 5to + 10mm
Flange and web thicknesses -5to + 10 mm
Cross-sectional position of 15 mm

sheath (in every direction)

5006 GENERAL FOR POST TENSIONING

Post-tensioning operations shall be carried out only under the direction of an
experienced and competent supervisor and all personnel operating the stressing equipment
shall have been properly trained in its use. In addition to the normal precautions against
accident which should be taken at all times for the whole of the Works, special precautions
shall be taken when working with or near tendons which have been tensioned or are in the

_process of being tensioned.

5007 JACKS FOR PRESTRESSING

All jacks used for prestressing shall be of the type applicable to the system adopted.
The accuracy of all load measuring equipment shall be checked to the satisfaction of the
Employer at the start of work each day it is to be used and whenever the equipment, is moved to
a different jack.

5008 POST-TENSIONING PROCEDURE

Tensioning shall: be carried out only in the presence of the Employer or his

Representative unless permission has been chtained to the contrary.
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Immediately before tensioning, the Contractor shall prove that all tendons are free
to move between jacking points and that members are free to accommedate the horizontal and

vertical movements due to the application of prestress.

Unless otherwise deseribed in the Contract, concrete shall not be stressed until it has
reached at least the age at which two test cubes taken from it attain the specified ‘tranﬁsfer
strength. The test cubes shall be made and tested in accordance with pr'esdi‘ibed specifications
but shall be cured in similar conditions to the concrete to which they relate. The Contractor
shall cast sufficient cubes to demonstrate that the required strength of the concrete at transfer

has been reached.

Where members consist of jointed elements, the strength at transfer of the jointing

material shall be at least equivalent to the specified transfer strength of the member.

The Contractor shall establish the datum point for measuring éxtension and jack
pressure to the satisfaction of the Employer. The Contractor shall add to the forees described in
the Contract an allowance for anchorage friction, wedge pull-in, jéck:losses and friction due to
duct alignment and curvature. The total forces and caleulated extensions shall be agreed with

the Engineer before stressing is commenced.

Immediately after anchoring, the stresses in the pre-siressing tendons shall not
exceed 70 percent of their ultimate tensile strength. During stressing the value shall not
exceed 90 percent.

The tendons shall be stressed at a gradual and steady rate. 'The force in the tendons
shall be obtained from readings on two load cells or pressure gauges incofparated in the
equipment. The extension of the tendons under agreed total forces shall be within 5 peréent of

the agreed calculated extension.

Stressing shall be from both ends unless otherwise required in the Contract or
agreed by the Employer. When sifessing from one end only, the pull-in at the end remote from
the jack shall be accurately measured and the appropriate allowance made in the measured

extension af, the jacking end.
When the prestressing has been appliéd to the satisfaction of the Ehiﬁldyer, the

tendons shall be anchored, The jack pressure shall then be released in such a way as to aveid
shock to the anchorage or tendons,
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If the pull-in of the tendons at completion of anchoring is greater than that agreed by
the Employer, the load shall be released at a gradual and steady rate and tensioning carried out

afresh,

_ If it is necessary to cut the tendons to-enable the ducts to be grouted, this shall be
delayéd as long as practicable up to the time of grouting. In all other cases, unless agreod
otherwise by the Employer; the tendons shall not be cropped less than 3 days after grouting.
The Contractor shall keep full records of all tensioning operations including the measured
extensions, pressure gauge or load cell readings and the amount of pull-in at each aﬁchorage.
Copies of these records shall be supplied to the Employer within 24 hours of each tensioning

operation.

5008 GROUTING OF DUCTS

_ - Grouting trials shall be undertaken when required.by the Employer. All ducts shall
be thoroughly cleaned by means of compressed air. Duets formed without sheathing shall be
filled with water at least one hour before grouting. Sheathed ducts shall not be filled with
water unless required by the BEmployer. Where ducts have been filled with water it shall be

blown out by compressed air. All anchorages shall be sealed before grouting.

Ducts shall be grouted as soon as practicable after the tendons in them have been
stressed and the Employer’s permission to commence has been obtained, Grout shall he
injected in one continuous operation and allowed to flow from the vents until the consistency is

equivalent to that being injected. The ducts shall be completely filled with grout.

~ Vents shall be sealed consecutively in the direction of flow and the injection tube
sealed under pressure until the grout has set. The filled ducts shall be protected to the
satisfaction of the Employer o ensure that they are not subjected to shock or vibration for 1
day. 2 days after grouting, the level of grout in the injection and vent tubes shall be inspected

and made good if necessary.

_ The Contractor shall keep full records of grouting including the date each duct was
grouted, the.proportions of the grout and any admixtures used, the pressure, details of any
interruptions and topping up required. Copies of these records shall be supplied to the
Engineer within 3 days of grouting. - Where required by the Employer, the Contractor shall

provide facilities and attendance for the radiographic testing of ducts.
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5010 PLANT FOR GROUTING OF DUCTS

The grout mixer shall produce & grout of colloidal consistency. The grout ihjec;tor
shall be capable of continuous operation with a sensibly constant pressure up to 6.9 kgflem® and
shall include a systemn of circulating or agitating the grout whilst_. actual grouting is not in
progress. All baffles to the pump shall be fitted with gleve strainers of 1.0 mm nominal

aperture size.

The equipment shall be capable of maintaining pressire on completely grouted ducts
and shall be fitted with a nozzle which can be locked off without loss of pressure in the duct.
The pressure gauges shall be calibrated hefore they are first used in the Works and thereafter
as required by the Employer. All equipment shall be thor_oughly washed with clean water at

least once every 3 hours during the grouting operations and at the end of use for each day.

5011 GROUT FOR DUCTS
Unless otherwise directed or agreed as a result of grouting trials, the grout shall:

(i)  consistonly of ordinary Portland cement and water.
(i) have a water: cement ratio as low as pessible consistent with the necessary
workability, @nd under no circumstances shall the water: cement ratio exceed 0.45.
(iii)  not be subject to bleeding in excess of 2 percent after 3 hours or 4 percent maximum
when measured at 18°C in a covered glass cylinder approximately 100 mm diameter
with a height of grout of approximately 100 mm, and the water shall be re-absorbed
after 24 hours. '

Admixtures containing chlorides or nitrates shall not be used; other admixtures may
be used only with the. written permission of the Employer and shall be applied strictly in
aecordance with the manufacturr’s instructions. The grout shall be mixed for 2 minimum of 2

minutes and uniil a uniform consistency is obtained.

5012 STORAGE POST-TENSIONED MEMRERERS

When members are stored, they shall be firmly supported at such bearing positions
as will ensure that the stresses indueed in them are always less than the permisgible design

stresses.
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5013 TRANSPORTATION AND INSTALLATION OF GIRDER

In transporting the girder, care shall be exercised as to the method of support to
prevent inclination and twisting. The girders shall be transported in such a manner as to

prevent vibration and development of cracks.

Prior to installation of girders, installation schedule giving details of erection,
sequence of installation and method, together with name, capacity and structural diagram of

installation equipment shall be submitted to the Employer for approval,

Bearing points or lifting points during fabrication, transportation, stoekpiling and
installation shall, as a rule, be at both ends. In the event intermediate supporting points are

required, structural calculations shall be made, and shall be approved by the Employer.

5014 MEASUREMENT AND PAYMENT

* The bridge work shall consist of designing, manufacturing, supplying, finishing,
painting, packing for transport, delivery to the site, storing and handling at the site, erection of
superstructure members of the bridge including expansion joint, bearing shoes, handrails and
steel conduits or cable pits and covers made of checkered plate for electrical wiring, asphalt
concrete surfacing, side walks and rail bases construction, and installation and removal of
temporary facilities. All works shall be done in strict accordance with the drawings, applicable

provisions stipulated in this section hereof and as directed by the Employer.

Construction of the substruciure such as abutments and piers shall be made in

accordance with the other applicable provisions stipulated in the Specifications.

7 Payment for the bridge work will be made after completion of the superstructure in
the locatien shown on the drawings or directed by the Employer. The application of pay item to
the bridge work shall be as follows.

Pay Item Application to Bridge Work

- Construction Work Pay Item No.
O/M Bridge (W = 6.6 m,L = 170 m) 2232
Road Bridge (W = 13 m, L + 227 m) 4228




The prices for the pay item Nos. 2232 and 4228 shall constitute fall compensation for -
the cost of all labor, tools, equipment and materialg required for designing, furnishing,
manufacturing, transporting, installing, painting and maintaining the superstructures and all

other costs necegsary to complete the bridge work.
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SECTION 5100 PAVING WORK

5101 GENERAL

The Contractor shall carry out, as shown on the drawings or as directed by the

Employer, the construction of permanent roads.

_ Items of work pertaining to road construction such as sub-base, base and surface
courses, guard railing, etc., shall be in accordance with the provisions stipulated in this section
as well as the other applicable sections of the Specifications. Gravel pavement shall be

constructed in accordance with section 5103 “Base Course” of the Specifications.

.The Contractor shall stake out the work and secure the Employer’s approval of the
stake—out before proceedlng with constructmn If, in the opinion of the Employer, any
'medlﬁcatwn of the line or grade is advisable, either before or after stake-out, the Employer will
issue detailed instructions to the Contractor for such modification and the Contractor shall
revise the stake-out for further approval. These requirements shall be met without additional

payment.

Sufficient templates and straightedges shall be furnished by the Contractor for use

_in checking the finished surface of the pavement structure. These templates and straightedges

éhall be suBmitted to the Employer for his appro§a1 and shall be maintained by the Contractor

" at all times in a condition te produce the correct cross-sectional profile. They shall be checked

at intervals and, if necessary., repaired or adjusted as directed by the Employer. The furnishing

and mamtenance of the templates and stralghtedges will not be paid for dlrectly, but all costs

therefor shall be mcluded in the apphcable unit prices and prices entered in Division 4 of the
Bill of Quantities {Part-1 Main Works).

The gradation, moisture confrel, density, placing, compaction and asphalt
appiicatibh requireménts for the construction of sub-base course, base course and surface
course shall be as stipulated herein; however, the Employer regerves the right to adjust these
requirements as he deems best, and in such case no change will be allowed in the unit prices for

such work as entered in the Bill of Quantities.
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5102 BSUB-BASE

After completion of the subgrade, the Contractor shall place the laterite sub-base

over the full width of roadway.

(1) Material

Material for subbase shall consist of selected laterite with one of the following

properties:
) . : ~ Percentage Passing (by weight)
Sieve Size
Type C Type D TypeE . TypeF
" (80 mm) 100 100 - -
1” (26 mm) 95-100 95-100 100 100
3/8” (10 mm) 50-85 60-100 . | -
No.4  ( 4.76 mm) 35-65 50-85 . 55-100 70-100
- No. 10 ( 2.00 mm) 25-50 40-70 40-100 55-100
No. 40 { 0.420mm} - 15-30 26-45 20:50 30-70
{ 0.074 mm) - 5-20 8-25 6-20 N 8-25

No. 200

a) 'The fraction passing No. 40 screen shall have a liquid Limit (L.L.) not
exceeding 35%.

b)  Plasticity index (P.)) shall be betwcen 3% and 10%.

¢) The fraction passing through sereen No 200 shal] nnt exceed 2]3 of the fractmn
passing through sereen No. 40,

d) Regarding the partlcle hardness - the loss must not. exceed 50 percent when
tested by the Los Angeles Abx asion Test (ASTM 0131) '

¢} The material ghall be free from mlpurltles such as roots, grass orgamc matter
. or¢lay lumps. '

(2) Placing and Compaction
a) Placing of Sub-base

The Contractor shall carry out the work so as to obtain the true grades, miﬁi_m_ize
degradation, control the moisture content, and ensure a satisfactory sub-base course. The
material, from approved sources, shall be spread in uniform layers of such loose thicknesses
that the finished layer will conform to the specified grading and designate thickness. The

materials shall be spread uniformly from spreader boxes, dump hoards, moving vehicle, or by
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other approved methods., The material shall be mixed with blade graders, or other approved
equipment in such manner as not to disturb or mix material from the lower subgrade. The sub-

base material shall then be leveled to the required contour and graded with blade graders.
Unsuitable material shall be removed and replaced as directed by the Employer.

b) Layer Thickness

The compacted thickness of the sub-base course shall be as indicated on the
drawings. When a compacted layer of 30 ¢m or less is prescribed the material may be placed in
a single layer; when & compacted thickness of more than 30 c¢m is required, no layer shall

exceed 15 ¢m but shall exceed 10 ¢m when compacted.
¢) Compaction

Each layer of the sub-base course shall be compacted by an approved roller. Water
content ghall be maintained during the compacting procedure at optimum value or at the
percentage speéiﬁed by the Employer. In all places not accessible to rollers, the mixture shall
be compacted with mechanicé.l tamp'ers Compaétion shall continue until each layer is
compacted through the full depth to at loast 95% of the max1mum dry density determined by
JIS A 1210 (Standard) Compachon shall be caxned out from the edges towards the center of

the layer being compacted.

The Contractor shall make such adjustmehts in rolling or finishing procedures as
may be directed by the Employer to obtain true grade to minimize segregation and degradation,
to reduce or eccelerate loss or gain of water, and to insure a satisfactbry sub-base course. Any
materials found to be unsatisfactory shall be removed and replaced with satisfactory material

or reworked to produce a satisfactory material.
(3) Measurementand Payment

Measurement, for payment, of the sub-base course will be made on the basis of actual
compacted volume in cubic meter to the design lines, grades and thicknesses as shown on the

drawings or as directed by the Employer.

... Payment for the sub-base course will be made at the unit price per cubic meter,
which unit price shall include the cost of all labor, equipment and materials required for
. obtaining the materials, hauling to the site, placing, spreading, wetting or drying as required,

compacting, shaping, finishing and testing, and all other costs necessary to complete the works.
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5103 BASE COURSE

After completion of sub‘Base, the Contractor shall place the base course over the full

width of roadway. .
(1) Material

_ Material for base course shall consist of a natural or artificial mixture of hard,
durable gravel or crushed stone and binder, free from soft particles and excess clay and shall

have the following grade:

Sieve Size o Percentage Passing (by weight)
(ASTM-E11 -
v (25 mm) 100
3/8” (10 mm) 50- 85
No.1¢ (2,060 mm) 25- 50
No. 40 (0.42 mm) 1530
- No.200 (0.074mm) - . Bb-15 .

a) Lab. C.B.R. value shall not be less thah épébified in the dfaWing '
b) Minimum dry densu;y shall be 95% of the maximum dry densxty
¢} Liguid limit shall not he greater than 25 (or otherwise speclﬁed inthe drawmg)

d) Plasticity indexz shall not he greater than 6 (or otherwise speclfied in the
drawing).

e) 7 Percentage abrasion of coarse size aggregate shall not be greater than 40. 7

(2) Placing
a) Preparation of the Laterite Sub-hase

Prior to constructing the base eourse, the previously constructed sub-base of all
foreign substances shall be cleaned. The surface of the sub-base will be inspected by the
Employer for adequate compaction and accuracy. Ruts or- soft, yiéidi'ng spots that may ajipear
in sub-base areas having inadequate compaction, and deviations of the surface from the
requirements set forth therein shall be corrected to line and grade Vand to all specification

- requirements.
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b)  Placement of Base Course.

The coarse aggregates and binder materials shall be spread in layers of uniform
thickness from spreader boxes or moving vehicles. Aggregates shall be placed in a layer of
uniform thickness on the sub-base course without segregation of sizes, followed by placing
therein uniform layers of the other material to such loose thickness and proportions that, when
mixed together and compacted, the finished layer will conform to the specified gradation, liquid
limit, plasticity index, and designated thickness. Alternate placement of aggregates mnd
binder materialg in windows shall also be permitted. The material shall then be spread in a
layér of uniform thickness. The material shall be mixed with mechanical mixers, blade
graders, harrows, disks, or other approved equipment, in such manner as not to disturb or mix
material from the underlying sub-base course into the overlying layer. Initial mixing shall
continuve uﬁti_l the mixture is uniform throughdut, adding water to the extent necéssary to
prevent segregation during mixing by the sprinkling equipment specified above. Mixing shall
continue until the water is uniformiy diétributed throughout, as determined by the Emplojrer.
Following this mixing procedure the approved mixture shall be leveled to the required contour
and. grades with blade graders. Unsatisfactory areas shall be removed and replaced with

satisfactory material, or the material shall be remixed in the area, as directed.
d} Compaction

Each lajer of the base course shall be compacted as specified in the section 5102, (2),

c).
(3) Measurement and Payment

Measurement, for payment, of the base course and gravel pavement will be made on
the basis of actual placed volume in cubic meters to the design lines, grades and thickness

shown on the drawings or as directed by the Employer.

Payment for the base course and gravel pavement will be made at the unit price per
cubic meter, which unit pric_e shall include the cost of all labor, equipment and material
required for procuring the processed material from commercial quarries or other approved
areas, hauling to the site, placing, spreading, wetting or drying as required, compacting,

finishing and testing.arid all other k_:osts necessary t6 complete the works.
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5104 ASPHALY SURFACE COURSE FOR PAVEMENT -
(HOT MIXTURE METHOD)

(1) General

This work shall consist of constructing asphaltic conerete of one or multiple layers on
a previously prime-coated base course as well as providing a bituminous leveling course where

necessary as directed by the Employer.

Prime coat shall be applied at a time when the surface of base course to be treated is
dry at the ambient temperature. Asphaltic material for the prime coat shall be applied by
means of a distributor at the rate or rates directed by the’ Employer, at a temperature within

the range shown in the Table below.

Spraying Temperature for Asphaltic Prime Coat

Tyype and Grade Distributor Spraying

of Asphalt Temperature, Degrees C
MC-30 30- 90
MC-70 50-110
C88-1 20- 70
C88-1h 20- T0

(2) General Composition of the Mixture

The design of asphalt conerete mixtures shall be uﬁdertaken by the Contractor in
accordance with paragraph 4.1.1.3 of the Standard Specifications of ROYAL IRRIGATION
DEPARTMENT for nghway Constructmn The design of mixtures shall be carried out in a

materials testma laboratery approved by and under the Superwsmn of the Employer

The mixture shall c'on_sivst of mineral aggregate, filler (1-2% of lime or 2-4% of cement
if necessary according to the Employer) aod the asphaltic cement. The t'o_tél' minerol aggregé.te '
shall have a job mix grading within the limits shown in "Table 4.6-1 of th_e__ Sto_.n_dard
Spe'cification for Highway Construction. Gr'édations Outside the.li'in'it speciﬁed :sh:al'l have the
approval of the Employer The ratio of total matenal passmg the No. 200 sieve to aSphalt by 7
weight shall not exceed 1.5 : 1 nor be less than'1: 1.
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" In addition to meeting the job mix formula in section 4.1 of the Standard
Specifications for Highway Construction, laboratory samples shall be prepared according to the
Marshall method (AASHTO T245-78) using 75 blows to compact the sample. The samples shall
be of a'pp'ro'véd material tp the gradétion and asphalt content stated and shall have the
following characteristigs. The Strength Index shall be determined according to the Ontario
Vacuum Immersion Marshall Test or the U.S. Army Corps of Engineers-Asphalt Institute
Immersion Marshall Test.

i) - Marshall Stability (Ibs) not less than 1,500 1b. (680 kg)
ii) Marshall Flow (0.01 ins) riot less than 8 nor greater than 18, (2 mm - 4.5 mm)
ii) ‘Ratio Marshall Stability (Ibs) to Marshall Flow (0.01 ins) shall not be less than 125.
iv) Air voids in Mix:’ Weéring‘ 3-5%; .Binder 4.-7%
V) Voids in mineral aggregate: 14 to 20 percent
“ Vi) Voids filled with asphalt: Wearing 70 - 80%; Binder 65 - 80%

vii)  Strength Index: minimum 75%

'he selected job mix shall conform to the guidelines outlined in Table 4.6-1 of the
Stéh;ia’fd Specifications for Highway Construztion. Asphaltic concrete for leveling course shall
follow the same mix requirements of the lowest layer of asphaltic concrete pavement or overlay

(usually binder course) as shown on the drawings or directed by the Employer.
(4) Asphaltic Material

Bituminous materidls for asphaltic concrete shall be asphalt cement with

- penetration grades of 60 -70% or 80 - 100%, unless otherwise directed by the Employer.
(5) Constriction Method

{(a) - The temperature of the aggregates shall bfe éo controlled that the temperature of
the mixture on being discharged from the mixing plant is between 135° and 175°C.

" The Contractor shall select the minimum temperature which will ensure the
aggregates are properly dried, and which enables him to deliver the mixture to the

paver at or slightly above the required temperature.

(b)  The temperature at which asphalt is fed into the mixer shall be between 0° and
15°C lower than the temperature of the heated aggregates.
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(¢) The temperature at which the mixture is spread shall not be less than 130°C, or

temperature the Employér directs so that a proper compaction is obtained.

(d) The mixture shall be compacted as soon as it will bear the weight of a roller without
causing undus later;al_ displacement of the material. The density of the mixture
:éfter compaction shall not be less.than 98 'peréent of the Marshal.l Density as
determined from daily compacted samples. Thé density shall be checked by 10 cm

diameter cores made with an approved core drill.

(e) The average thickness of the compacted pavement laid in any one day shall not be
less than the thickness shown on the dra_wiﬁg_s. The minimum thickness at any one

point shall be no more than 5 mm below the specified thickness.

(® The surface of the finished pavement s}jlal_l' be tested for evenness bj using a 3.5
meter straightedge. 'The surface will be considered acceptable providing the
deviation from the straightédge, plaéed either longitﬁdinally or tré.nsversely, does
not exceed 3 millimeters between two contact points. Pavement surfaces not
conforming ﬁo this tolerance may be rejected by the Employer. Rejected areas shaﬁ

be removed and repaved at the Contractor’s own expense.
(6) Measurement and Payment

Asphaltic concrete fo be used as a surface course, of thicknesses specified in the
drawings, shall be measured on a square meter basis, the dimensions of which shall comprise
the thickness and width specified on the typiéal cross section and the length of completed and
accepted construction. Side road interSectibhs, curve \lv;ridenirigs, fillets and other smaller areas
required to be paved shall also be measured on a square meter basis. Pavement thickness shall
be within the limit specified in paragraph (5) (¢). Additional payment will not be considered for

thicknesses greater than those specified.

Payment for asphaltic concrete surface shall ke made at the unit prme per square
meter, which unit price shall mclude the cost of ail matenal Iabor equipment and tools
required for constructing and maintaining the asphalt conerete surface. The unit price shall
also include the cost of prime coat and all other materials and b]ﬁeration necesséfy to complete

the work.
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5105 GUARD RAILING

The Contractor shall furnish and install guard railing, ineluding conecrete

foundations for the steel post as shown on the drawings or as directed by the Employer.

Material to be used for the steel guard railing shall conform to the requirements of
JI5 G 3101 (Structural Rolled Steel for General Use) or approved equivalent. Steel pipe used
for the posts shall conform to the requirements of JIS G 3452 (Steel Gas Pipes), or approved
equivalent. Materials for concrete shall conform to the requirements of Division 3 “Concrete

Works” of the Specifications.

The guard railing shall be constructed to the lines and grades, and at the loeations as
shown on the drawings or as directed by the Employer. Posts shall be set plumb in the conerete
footings. Rail elements shall be erected in a manner resulting in a smooth, and continuous
instélll_ation. All bolts, ekcept adjustment bolts, shall be drawn tight. Bolts shall be of
sufficient length to extend beyond the post at least 0.6 em but not more than 1.2 ¢cm. Painting of
all components of the guard railing which has been erected shall be made in accordance with

the applicable provisions stipulated in Division 6 of the Specifications.

Measurement, for payment, of furnishing and installing the guard railing and posts
will be made for the length along the centerline of the railing. '

Payment for fui'nishing and installing the guard railing and posts will be made at
the unit price per linear meter, which unit price shall include the cost of all lahor, equipment
and material-recjuired for installing. the guard railing and posts including earth work for the

posts, concrete footings, painting and all other necessary work.
5106 CONCRETE CURB
(1} Description
Concrete curb shown on the drawings shall be constructed as detailed on the
drawings or directed by the Employer. Conerete type shall be class C and shall be either

precast or cast-in-place with the prior approval of the Employer.

‘This work shall also include curb marking of white and yellow paint where shown on

the drawings or designated by the Employer..
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(2) Materials

Bedding material, shall consist of sand, gravel, crushed stone or other approved

pervious materials of 1 em maximum size.
Base conerste shall be class E and shall conform to the requirements of Division 3.
{3) Measurement and Payment

The gquantity measured for payment shall be the number of linear meters of concrete
curbs of the several types, completed in place and accepted No deduction shall be made for

flattening of curbs for entrances.

Payment for concrete curb will be made at the respective unit prices per linear
meter, which unit prices shall include the costs of furnishing and installing the concrete 6urbs.
The unit prices shall also include all the costs of excavation, backfilling, tamping, bedding

materials, base concrete, formwork, equipment, tools, labor, curb marking and all incidentals

necessary to proper completion of the work.
5107 ROAD MARKINGS

(1) Description

The marking shall _be white or yellow continuous or intermitteht lines, ]ettérs_,"

figures, arrows or symbolis.
(2) Materials
(1) Hot Applied Thermoplastic Materials (Super Imposed Type)

The laid material shall be one of the three types {a), (b) or (c) detaﬂed below as
directed by the Employer. '

a) Non-reflectorized Thermoplastic

The thermoplastic material shall be factory mixed, from an appro\?ed manufacturer

and shall be suitable for the type and location of application. The material shall possess
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adequa:te thermoplastic properties over the range of climatic conditions of the location viz.
1es1stance to spreading under traffic at the highest road temperatm es and retention of
plasticity at the lowest road temperatures and shall give a marking which is effective for at
least eighteen months under normal traffic conditions. The composition of the material with
minimum and maximum proportions and grading of the constituents, the acid value of the
binder, the temperature range of mixing and application, the setting time, the softening point
(°C) and the open flash point (°C) shall all be stated.

The material shall be supplied in containers which do not contaminate the contents
and which protect the contents from contamination and shall be stored in accordance with the

manufacturer’s instructions.
b) - Reflectorized Thermoplastic

‘The material shall be in accordance with (a) above except that ballotini (glass beads)

shall be incorporated in the mixture during the manufacture of the thermoplastic material.
| The quantity of ballotini included shall be between 13 % and 22 % by weight of the total mix
and shall be counted as part of the aggregate. The whole of the ballotini shall pass a No, 12
U.8. sieve an.d not more than 10 % shall. pass a No. 40 U, 8. sieve, The ballotini shall be free of
sharp angular particles and not iess than 80 % shall be of transparent glass, reasonably

spherical and free from flaws.
¢} Reflectorized Thermoplastic with Ballotini Surface

The ma.tenal shall be in accordance with (b) above except that a Iayer of hallotini

"shall be supenmposed in the surface of the hot thermoplastlc 1mmed1ateiy after laying to give
immediate reflectivity. The supenmposed ballotini shall be of the same quality as that
incori)o_l{ai_;ed in the reflectorized thermoplastic but may be smaller in size ; not more than 20 %
shall pass a No.70 U. 5. Sieve. Ballotini shall be applied at & rate of 250-450 grams per square

: meﬁer (0.8-1.5 cunces per square foot) such that the combined total of ballotini incorporated in
' and supenmposed on the thermoplastm shall be between 20 % and 26 % by welght of the

matenal
(ii) Road Marking Paint (Hobapplied'arid Cold-applied)

The paint shall be either hot or cold~applied, and shall be one of the three types (a),
(b), or (¢) detailed below as directed by the Employer. Cold applied paints shall be suitable for
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applying by brush or mechanical means. The following particulars of the paint shall be

supplied :

(i) Composition (analysis by weight),
(i) Application (hot—apblied or cold-applied) |
(iif) 'Type and maximum amount of reducer (thinner)
fiv) Drying time (to touch)
(v) Setiing time (to recoat}

(vi) Recommended coverage (liters or gallons per lineal kilometer of 10 centimeters
strlpe)

(vil) Heatregistance i, e. maximum road temperature

(viii) Details of any primer, undercoat or tack coat require. For hot-applied paints
the following additional information shall be supplied :

(ix) The temperature rage of heating and application

(x) Theopen flash point,

The paint shall be supphed fresh and ready for use in sealed contalners whxch shall

be stored in aceordance with the ‘manufacturer’ s mstructlons
a) Non-Reflectorized Road Paint

The paint’shall be a brand approvéd by the 'Er'hpldyer Speciﬁéally made for road
marking, suitable for the type and location of apphcatwn factory mixed, and shall be suitable
for applying to cement concrete or aspha}t pavement to give a chemically stable, non—bleedmg

film of uniform thlckness with a flat (non- glossy) finish.
v} Reflectorized Road Paint

The paint shall be in accordance Witﬁ .(a) abbve except that 'hallo-tini shall .be
incorporated in the paint during manufacture. The quannt.y of ballotini included sh&‘ll be 330
to 500 grams per liter (4 to 6 pounds per U. 8. gallon of paint), the whole of the hallotml shall
pass a No. 20 U. S. sieve and not more than 5 % shall pass the No. 100 U S. sieve. The ballotini
shall be free of sharp angular fragments and not less than 75 % shall he of transparent glass,

reasonably spherical and free from flaws,
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¢} Reflectorized Road Paint with Ballotini Surface

The paint shall be in accordance with (b) above except that 50% to 70% of the
ballotini shall be incorporated in the paint and 30% to 50% of the ballotini shall be

superimposed on the surface of the freshly applied paint to give immediate reflectivity.

(3) Construction Methods
(1) Thermoplastic Materials
a) - Preparation of Road Surface

The material shall be applied only on a surface which is clean and dry. It shail not be
laid over loose detritus, mud or similar extraneous matter, or over an old paint marking, or
over an old thermoplastic marking which is faulty. In the case of smooth polished surfaces e, g.
smooth concrete, old asphalt surfacings with smooth polished surface stones, and/or where the
‘method of application requires or the Employer directs, a tack coat shall be applied to the
surface prior to the application of the material. The tack eoat and the rate of application shall
be as the manufacturer of thermoplastic material shall recommend, with the approval of the

Employer.
"b) Preparation of Thermoplastic Material

_ The material shall be melted in accordance with the manufacturer’s instructions in a
‘heater fitted with a mechanical stirrer to give a smooth consistency to the thermoplastic such
that local overheating shall be avoided. The temperature of the mass shall be within the range
specified by the manufacturer and shall on no account be allowed to exceed the maximum
temperatﬁre stated by the manufacturer. The molten material shall be used as expeditiously
as possible and for thermoplastics which have natural rosin binders or are otherwise sensitive
to prolonged heating the material shall not be maintained in a molten condition for more than 4

hours,
- ¢} - Laying

Center lines, lane lines and edge lines shall be applied by approved mechanical
means and shall be laid to a regular alignment, Other markings may be applied by hand-

screed, hand-propelled machine or by self-propelled machine as approved or directed by the

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

for laying.

In the case of sereeded application the material shall be laid to a thickness of not less
than 3 mm (approx. 1/8 inch) or more than 6 mm (approx. 1/4 inch) unless specifically
authorized by the Employer when laid over an existing marking. In the case of sprayed
application the material shall be laid to a thickness of not less than 1.5 m unless specifically
authorized by the Employer. In all cases the surface produced shall be uniform and appreciably
free from bubbles and streaks. Where the Employer directs, that ballotini shall be applied to
the surface of the markings, these shall be applied uniformly to the surface of the hot
thermoplastic immediately after laying such that the guantity of ballotini firmly embedded

and retained in the surface.

Road markings of a repetitive nature, other than center lines, lane lines, ete. shall
unless otherwise directed by the Employer be set out with stencils which comply with the size

and spacing requirements of the Employer.
d) Re-Use of Thermoplastic Material

At the end of the day's work as much as possible of the material remaining in the -
heater and/or laying apparatus shall be removed. This may be broken and used again provided
~ that the maximum heating temperature has not been exceeded and that the total time during

which it is in a molten condition does not exceed the requirements (3). GJ. (b).
(ii) Road Marking Pain}
a) Preparation of Road Surface

The paint shall be applied only on a surface which is clean and dry. It shall not bé
laid over loose defritus, mud or similar extraneous matter or over a thermoplastic-mafkiﬁg or
over an old paint marking which is faulty or incompatib.le with the paint being applied. Ifa
primer or undercoat is necessary to ensure proper adhesion of the marking paint to the rbad
surface without bleeding or other discoloration the primer or undercoat shall be fully
compatible with the marking paint and the road surface and shall be applied 6nly if, and at fhe
rate of application, approved by the Employer. |
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b) Preparation of Paint

A cold-applied paint shall be thoroughly field mixed before applying in order to keep
the pigments in uniform suspension. Hot-applied paints shall be heated in a properly designed
heater, preferably thermostatically controlled, to the correct laying temperature at which it

-shall be maintained as required for the method of application. The paint shall on no account be
allowed to exceed thé ma_ximum temperature specified by the paint manufacturer.: The use of

thinners or other additives shall not be permitted unless otherwise agreed to by the Employer.
¢} Laying

Center lines, lane lines and edge lines shall be applied by approved mechanical
means and shall be laid to a regular alignment, Other markings shall be applied by brush,
spréy, sereed; hand-propelled or self propelled machine according to the marking configuration
and the type of paint approved for use or as directed by the Employer. The rate of application of
the paint for each coat shall be that recommended by the manufacturer unless otherwise
directed by the Employer. When more than one coat is used the succeeding coat shall not he

applied until the previous coat has fully set.

Road markings of a repetitive nature, other than center lines, lane lines ete. shall,
unless otherwise direéf:ed by the Employer, be set out with stencils which comply with the size
and spacing requirements of the Employer.

d) Protection of Markings

~ All markings shall be protected from traffic until they have dried sufficiently to show
“no pick up of type marks of traffie dirt.

(iii} Defective Materials or Workmanship

Materials which are defective or have been applied in an unsatisfactory manner or to
incorrect dimensions or in a wrong location shall be removed, the road pavement, made good
and the materials replaced, reconstructed and/or properly located. all at the Contractor’s

expense and to the satisfaction of the Employer.
{iv) Protection of Traffic

The Contractor shall protect pedestrian, vehicular and other traffic adjacent to the

working area against damage or disfigurement by construction equipment, tools and materials
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or by spatters, splashes and smirches of paint or other construction materials and shall during
the course of the work provide and maintain adequate signs and signals for the warning and

guidance of traffie.

(4} Measurement and Payment

- Road marking shail be measured by the area in square meters completed in place

and to the lines shown on the drawings or prescribed by the Employer.
Payment for road marking' will be made at the unit price per square meter, which

unit price shall include the costs of road marking materials, labor, equipment, tools and all

other materials and operation necessary to complete the road marking.
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SECTION 5200 HOUSING WORKS

5201 GENERAL

(1) This section covers the construction of the houses, as clagsified into Main Works in
the Bill of Quantities, in the area of the diversion dam, pumping station, Bang Sang water level

gauging station and Nakhon Nayok water level gauging station.

The Contractor shall supply materials, equipment, and labor to complete the housing

works as shown on the drawings or as directed by the Employer.

The Contractor shall_ submit to the Employer for his approval catalogs, data,
_samples, and/or operation manual of the materials and equipment to be used for the housing
works prior fo commencement of the works in accordance with the provision as specified on the

drawings or as directed by the Employer.

{2) Housing works in each area consist of the following.

a) Diversion Dam Area
One (1) Control house
Six (6) Hoist houses
- One (1) Electric house
" Four (4) Observation houses

b} Pumping Station
Oste (1) Pump house
Two (2) Observation houses

¢) Rang Sang Water Level Gauging Station
One (1) Observation house

d) Nakhon Nayok Water Level Gauging Station
One (1) Observation house

5202 SCOPE OF WORKS

'The scope of the housing works in this section consist of the following and/or as

speciﬁe.d in the drawings.
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(1) Control House

Unless otherwise specified in the Specifications (Part-2 Building Works), the scope of

housing works of the contrel house is as follow.

i
i)

iii)

iv)

v)
vi)

vii)

Earth and stone works and concrete works for the house works.
Foot slabs, cohumns and beams,

Floor, walls, windows, doors shutter, celhng, rooﬁng, fittmgs toilet, electrical work,
water supply system, sewage system drainage system, ete, as specified on the

drawmgs

Lighting famhtxes ventilater fans, lightning apparatus ‘and other facilities as
shown on the drawings.

Outdoor water supply pipe works up to 10 m for the external wall of the house
Cable pits as shown on the drawings or prescribed by the Employer.

All other mateﬁais‘, facilities and works to cornplete the control house.

{(2) Hoist Houses

i}

1i)

iii)

iv)

v)

vi}

Concrete works for the house works
Columns and beans.

Cinder concrete floor of 20 em thick, Floor 'walls, windows, doors, ceiling, roofing,
electrical work, etc. as specified on the drawmgs o

Lighting facilities, lightning apparatus, staircasés shown_ on Dwg No. DDM-1058
and other facilities as shown on the drawings

Cable pits including checkered plates, structural steel, etc. as shown on the drawings
or prescrlbed by the Employer. '

All other materials, facilities and werks to complete the hoist houses

(3) Electric House

i)
i)

iii)

iv)

Earth and stone works and conerete works f'or: the house works.
Foot slabs, cotumns and beams.

Ploor, cinder concrete floor of 40 em thick, walls, windows, doors, shutter, ceiling,
roofing, electrical work, ete. as specified on the drawings.

Lighting facilities, ventilator fans, lighthing apparatus, and other facilities as
shown oh the drawings.
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v)  Cable pits including checkered plates, structural steel, ete. as shown on the drawings
or prescribed by the Employer,

vi)  All other materials, facilities and works to complete the electric house.

{4) -Observation Houses

The observation houses at the sites of diversion dam and pumping station shall be
constructed as shown on the drawings,

1) Barth and stone works aﬁd concrote works for the house works,

ii) " Foot slab’é;, columns and beams,

iii} Floor, walls, staus wmdows doors, handdrails, ceﬂmg, roofing, electrical work
" ete, a3 specified on the drawings.

iv) Lighting faci}iti_esz and other facilities as shown on the drawings.

" v)  Allother materiais, facilities and works to complete the observation houses.
(5) Pumping House

The pump house shall be constructed on the suction sump and the ground as shown

in the drawings,

i) Earthand stone works and concrete works for the house works including piling for
the foundation of septic tank.

| i1) Foo£ slabs, columns, R.C. beams and truss-beams.

iii) Floor, v&allé, windows, doors, shutters, ceiling, roofing, fittings, toilets, electrical
work, water supply system, sewage system including septic tank, drainage
system etc. as specified on the drawings. '

i) 'nghtmg facilities except outdoor hghtmg facﬂtltxes. air condltlons ventilator
fans, lightning apparatus, handrails, crane girders and other facilities as shown
on the drawings.

v) Outdoor water supply and sewage pipe works.

+

vi) Cable pits including checkered plates, structural steel, etc. as shown on the
drawings or prescrlbed by the Employer.

e

vil) Al other materials, facilities and works to complete the pump house
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(6) Bang Sang and Nakong Nayok Water Level Gauging Stations -

\
J

—a

it

iii)

iv)

v)

vi}

Earth and stone works, piling works and concrete works-

TFoot slabs, columns and beams.

Floor, walls, windows, doors, ceiling, roofing, electrical work, etc. as specified on

the drawings.

Lighting facilities, lightning apparatus, handrails and other facilities as shown on

the drawings.

Approach reads and yards, and miseellaneous works

All other materials, facilities and works to complete the water level gauging

stations.

5203 Measurement and Paymént

All the costs of each housmg work spec:ﬁed in sectmn 5202 of the Specx.ficatlons shall

be included in the feIlowmg pay item.

Description of Work Pay ltem No,

1) Diversion Dam Area o

Control House 2237

Hoist Houses 2236

Electric House 2238

Observation Houses 6205
2) Pumping Station Area

Pump Hounz, 5239

Observation Houses 6205
3) Bang Sang Water Level Gauging Station '

Observation House 6201
4) Nakhon Nayok Water Level Gaugmg Station _

: 6202

Observation House
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SECTION 5300 REINFORCED CONCRETE PIPES

5301 MATERIALS -

This section covers the supply and installation of reinforced concrete pipe for the pipe
culve_rt. The rein_forced concrete pipe shall be fabricated by a manufacturer approved by the
Employer and shall correspond to TIS 128, Class 3.

Joints for reinforced concrete pipe shall be the tongue and groove type. The pipes
shall be joined with wire mesh and mortar as shown on the drawings or prescribed by the

Employer.

5302 INSTALLATION OF PIPE

. The pipe shall be furnished, stored, handled in such a way as to prevent any damage

to the ends. Any pipe with a broken tongue shall not be used in the work.

~ All concrete pipe. delivered to the site shall be inspected by the Employer and any
pieces rejected shall promptly be removed from the site.

Field cutting of reinforced conerete pipe end shall be done with a carborundum saw
or similar device approved by the Employer. Cutting of special pipe lengths with only & chisel

or similar tool is prohibited.

Pipe shall be installed as soon as the excavation is completed to the normal grade of
the bottom of the trench. The Coniractor shall immediately place granular material in the
trenéh and the pipe shall be firmly bedded in this material to conform accurately to the line and
grade shown on the drawings. No blocking under pipe will be permitted. Sand bedding is

indicated on the drawings,

Before the pipe is lowered into the trench, the tongue and groove must be cleaned

and free from dirt. Alljoints shall be grouted in the following manner:

' For 600 mm 'diametéf and larger pipe, the interior joints shall be filled with mortar

after the backfilling is completed, The mortar shall consist of one part by volume of cement and
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2 parts by volume of well-graded coarse sand. The mixture shall have a dry, erumbly

consistency and shall be pounded into place and troweled to make a smooth joint.

5303 MEASUREMENT AND PAYMENT

(D

(2)

Measurement, for payment, for supply and installation of reinforced concrete pipe will be
made from end to end of the reinforced concrete pipe installed, and no allowance will be

made for lap at joints.

Payment for supply and installation of reinforced concrete pipe will be made at the unit
price per meter, which unit price shall include the cost of furnishing, transporting,
handling, installing and jointing the pipes and all other costs necessary to complete the

pipeline.

Measurement, for payment, of pipe bedding with a granular material will be made only

“for the quantities actually placed within the limits of the pay lines shown on the

drawings or established by the Employer.-

Payment for pipe bedding with a granular material shall be made at the unit price per
cubic meter for the pay item No. 4216 or No. 5231 in the Bill of Quantities (Part -1 Main
Works), which unit price shall include all the costs of labor, eciuipment, machinery, right
or royally of material acquisition in borrow area, extracting, hauling, loading,
unloading, spreading and compacting of materials, shaping and trimming, and c]éaning
and treatment of borrow area after worked out and incidental works necessary for the

completion of pipe bedding with a granular material.
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SECTION 5400 MISCELLANEOUS

5401 CONCRETE BRLOCK RIVERBED PROTECTION

The conerete block riverbed protection shall be provided on the riverbeds both up and
downstream of the diversion dam so that the riverbeds can be protected from scouring by river
discharge. The concrete block riverbed protection consists of precast conerete block and rock
material filling in the voids between the conerete blocks. Shape and thickness of the concrete
block shall be as shown on the drawings, and the concrete shall be class B specified in section
3007 of the Specifications. Thickness of the rock material filling shall not be less than 60 ¢m
and the rock material shall conform to the gradation requirement specified in section 2302 of
the Specifications,

The Contractor shall submit explanations of the method of manufacturing,

transporting and installing the concrete block riverbed protection for approval of the Employer.

Messurement, for payment, of concrete block riverbed protection will be made of the
areas actually installed as directed. Payment for concrete block riverbed pretection will be
made at the unit price per square meter, which unit price shall include the cost of all labor,
tools, equipment and materials required for furnishing, manufacturing, transporting,
ingtalling and maintaining the concrete blocks. The unit price shall also include the cost of
furnishing, delivery, handling, placing and compacting the rock materials filling and all other

costs necessary to complete the work.

5462 POLYVINYL CHLORIDE PIPE (PVC PIPE)

The pipe shall be fabricated by a manufacturer approved by the Employer and shall
be in compliance with TIS 17 Class PVC 13.5 or JIS K 6741 “Unplasticized Polyvinyl Chloride
(PVC) Pipes”.

" Measurement, for payment, for supply and installation of PVC pipes will be made
fr_om.eh'd to the'end of the PVC pipes actually installed, and no allowance will be made for lap at
joints.’ Payment for supply and installation of PVC pipes will be made at the unit price per
‘meter, Which unit price shall include the cost of furnishing, transporting, handling, installing

and jointing the pipes and all other costs necessary to complete the pipeline,
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54083 TRAYFFIC SIGN

Traffic sign shall be created with approved fittings on posts as shown on the
drawings and shall comply with the requirements of the regulation of the Highway

Department of Thailand. 'The posts shall be installed at the locations as directed by the
Employer.

Measurement, for payment, of traffic sign will be made of the number of the traffic
signs actually installed as directed. Payment for traffic sign will be made at the unit price per
number of the pay item No. 4225 in the Bill of Quantities (Part - 1 Main Works),’ which unit
price shall include the cost of furnishing, handling, electing and installing the .tl_‘_affi_c sign, post
and necessary acéessories; the cost of earth and stone works, and concrete works required for

installation of the post and all other costs hecessary to complete the work.

5404 MANHOLE COVER

Manhole covers and frames shall he ihstalle_d at the designated locations in the

intake and'suction sump of the pumping station, as shown on the drawings.

Measurement, for payment, of manhole covers will be made of the number of
manhole covers installed as directed. Payment for furnishing and installing maﬁh’ole covers
will be made at the unit prices per number, which unit prices shall include the cost of all labor,
tools, equipment and materials required for furnishihg, handling, installing, painting and

maintaining the manhole covers and flames and all other costs necessary to complete the work.

5405 MISCELLANEOUS METALWORKS

Steel handrail, steel floor grating, steel ladder and step, steel weir and steel gas pipe

are classified into miscellaneous metalwork for payment.

~ Measurement, for payment, of miscellaneous metalwork will be made only for the
weight of the miscellaneous metalwork installed as .dirécted. Payment for miscellaneous
metalwork will be made at the unit price per kilogram, ﬁhich unit price shall include the cost
of furnishing, handling, installing, painting or galvanizing and maintaining the miscellaneous
metalwork and all other costs necessafy to complete the work, Payment will be made under the
following pay items in the Bill of Quantities (Part - 1 Main Works). |
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- Bang Pakong Diversion Dam & Diversion Canal ......... Pay lte No. 2239
Pumping Station .............. Pay Item No. 5224

Steel structures assembled by using structural steel, steel gas pipes, fitting , ete. and
installed in sccordance with the written instruction of the Employer will be paid under the
above pay item. No measurement shall be made for the miscellaneous metalwork included in
the works of other pay items.

54068 JETTY CONSTRUCTION

The Contractor shall construct jetties at both up and downstream of the closure dam.
The Contractor shall submit shop drawings for jetty prepared based on the contract drawings

for approval of the Employer.

Measurement, for payment, of jetty construction will be made of the number of jetties
constructed at the locations shown on the drawings or directed by the Employer. Payment for
jetty construction will be made at the unit price per number for the pay item No. 3210, which
unit priece shall include the cost of all labor, tools, equipment and materials required for
designing, furnishing, manufacturing, transporting, installing, painting and maintaining the
jetty. The unit price shall also include the cost of earth and stone works, concrete works, pilling

works and all other works necessary to complete the jetty.

5407 LIGHTING POST

The Contractor shall supply the lighting posts and install them on the concrete

foundation as shown on the drawings.

Measurement, for payment, of lighting posts will be made of lighting post with lamp
actually installed. Payment for lighting post will be made at the unit prices for the following

pay items,

Lighting posts for road lighting - : Pay Item No. 4227
Lighting posts for outdoor lighting system in the pumping station : Pay Item No. 5236

The unit prices for the pay item Nos. 4227 and §5236 shall include the cost of

furnishing, handling, painting and installing the lighting post with lamp and accessories
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necessary to complete the lighting post. The unit prices shall also include the cost of earth and
stone works, concrete works and other works required for the construction of the lighting post

foundation,
The Contractor shall supply and install the cables and all other materials necessary
to complete the road lighting and the outdoor lighting system in the pumping station. These

costs shall be included in the prices for the following pay items.

For road lighting 5 ;. Pay ltem No. 6701
For outdoor lighting system in the pumping station : Pay ltem No. 6401
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DIVISION 6 METAL WORKS

'SECTION 8000 MFKTAL WORKS

8001 GENERAIL

This section covers the metal works for trashrack, handrails, steel ladder, steel step,

staff gauge on concrete surface, and other miscellaneous metal works,

The Contractor shall prepare the Shop Drawing showing the size, welding details,
thickness and gauge of all materials and installation details.

The Contractor shall take all precautions to not damage or alter strength or other

characteristics of adjoining works.

6002 MATERIAL

The metal materials to be used in the works shall be free from harmful defects and

rust, and cut to the correct shapes. The metal materials shall conform to the foliowing

specifications:

Structural steel bars and

ASTM A36 - JIS G3101 “Rolled Steel for

shape “Structural Steel” General Structure”

' Mild steel for railing, posts, ASTM A385 JIS G3454 “Carbon Steel

flanges and sleeves “Welded and Seamless Pipes for Pressure Service”

Steel Pipe” TIS 276 Class 2 “Standard
for Steel Pipes”
-Bteel pipe (mediuﬁ;l wéight) BS 1387 JIS G3452 “Carbon Steel
: . “Steel Tubeg and Pipes for Ordinary Piping”

Tubulars Suitablefor ~ TIS 276 Class 2
Screwingto BS21Pipe  “Standard for Steel Pipe”
Threads”

Castiron ASTM Adg JI8 5501, “Gray Iron

(Class 30) “Gray Iron
Castings”
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Bolts and nuts

Cast steel

Stainless steel pipe

Steel pipe nuts

Stainless steel plate and
sheet

Stainless and Shapes

Aluminum for structural
shapes '

Architectural aldmitlum

Road steel

Square steel columns

ASTM A283 C

ASTM A307

“Low Carbon Steel .
Externally and Internally
Treaded Standard
Fasteners”

ASTM A27°
“Mild-to-Medium-
Strength Carbon-Steel
Castings for General
Application”

ASTM A269, type 304

_ “Seamless and Welded”

ASTM A269, type 304
“Sgamless and Welded
Austenitic Stainless Steel

‘Tubing for Qeneral

Service”

ASTM A480, type 340
“(eneral Requirements
for Delivery of Falt-rolled
Stainless and Heat-
Resisting Stecl Plate,
Sheet and Strip”

ASTM A276, type 340

“Stainless and Heat-
Resisting Steel Barsand
Shapes”

- ASTM B221, alloy 6061,
_temper T6 "Aluminum-

Alloy Extruded Bars,

. Rods, Shapes, and Tubes”

ASTM B221, alloy 6063,
temper T5

“Low and Intermediate ..

. Tensile Strength Carbon-

Steel Plates of Structural
Quality”

AIBI C10156

TIS8 171, TIS 201

“Standard for Bolt, Screw,
Nut and Stud”, and “Standard
for Hexagon Head Bolts”

JIS G5101, “Carbon Steel

~ Castings”

JIS (334638 “Stainless Steel
Boﬂer and Head”

JIS 3459 “Symbol of Class

SUS 304 TP” and “Stainless
Steel Pipes”

JIS (4305 Notation SUS 304
“Cold Rolled Stainless Steel
Sheet and Plate”

- JIS-G3101 “Rolled Steel for

General Structures”

- JIS G4051,815C

“Carbon Stee] Machine
Structure Use”



6603 WORKMANSHIP

Matemal shall be thoroughly siraightened by methods that will not result in injury,
except that bhalp kinks or bends in members to he straightened will be cause for rejection.
Finished members shall be free from kinks or bends. Shearing shall be accurately done, and all
portions of the works neatly finished. Corners shall be square and true, unless otherwise

shown on the drawings. Where re-entrant cuts cannot be made by shearing, a rectangular
' punch may be used. Re-entrant cuts shall be filled, unless otherwise approved by the
E_mplo;,er. Ber_lc_ls, except for minor details, shall he made by approved dies or hending rolls.
Where heating is required, precautions shall be taken to avoid overheating the metal and i$
shall be allowed to cool in such a manner as not to destroy the original proﬁerties of the metal.
Steel with welds will not be accepted, excei)t. where welding is definitely specified, called for on
the drawings, or otherwise approved. All bolts, nuts, and serews shall be tight. The ends of
pipes, except for handdrailing, shall be reamed.

6004 WELDING

Welding of parts shall be in accordance with the Standard Code for Are and Gas
Welding in B\ﬁlding Construction of the AWS and shall only be done where shown on the
drawings, specified, or permitted by the Employer. All welding shall be done only by welders
certified as to their ability to perform welding in accordance with locally accepted testing

requirements. The AWS Code will be used as guide.

.. Welding of pressure ves_sels'shali be in accordance with the ASME, “Boiler and
Pressure Vessel Code” and/or JIS B8243 “Construction of Pressure Vesgelg”,

Welding of steel water pipe shall be in accordance with AWWA C208, “Field
Welding of Steel Water Pipe Joints”.

Damage 1o gé.lvanize_d areas shall be thoroughly cleaned by wire crushing and all
traces of welding flux and loose or crocked zinc coating removed prior to painting. The cleaned
‘area shall be painted with two coats of zinc oxide-zine dust paint. The paint shall be properly
éompounded wifh a éuitaﬁle vehicle in the ratio of one part zinc oxide to four parts zine dust by

weight. As an alternate to the above, the Contractor may submit for approval the use of a

galvanizing rod or galvanizing solder to repair damaged areas.
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6605 FIELD ASSEMBLY

All parts to be installed shall be _cleane& thox';oug_h'ly; all paéking'compo_unds,rust,
dirt, grit and other foreign matter removed; all holes and -grooves for lubrication cleaned; and
all enclosed chambers or passages examined to make sure that they are free from injurious
materials. Where units or items are shipf:ed ‘as assemblies they will inspected by the
Employer, prior to installation. Disassembly, cleaning and lubrication will not be required
except where there is indication that such work is necessary to place the assembly in'a clean
and properly lubricated condition. The top of all steel floor plaﬁng and gratings' shall "Be
installed flush with abutting curb surfaces. Stillson wrenches, cold chisels, or other tools,
likely to cause mJury to the surfaces of rods, nuts, or other parts shaH not be used for the work
of assembling and tightening parts. Bolts and screws shall be tlghtene_d firmly and uniformly,
but care shall be taken not to overstress the threads by using excessive force or wrenches of
excessive length. When a half nut is used for the purpose of locking a full nut, the half nut shall
be placed first and followed by the full nut. Threads of all bolts, nuts, and screws shall be
lubricated by lead and oil before assembly. Driving and drifting bolts or keys will not be
permitted. S '

8006 PAINTING
(1) Shop Priming

All structural steel, miscellaneous ferrous metal and metal castings, shall be shop
primed before delivery to the site. This prime coat is to be applied after fabrication and before

exposure to the weather.
(2) Field Priming

Any structural steel, miscellaneous metal and other metals which arrive at the site
unpainted shall be cleaned and field primed. Surfaces that have been shop primed and have
been damage in shipment and/or in installation or where shop pri'rhe has deteriorated shall be
promptly cleaned and retouched before any successive painting is done in the ﬁeld Shop

primed surfaces damaged by field welding shall be cleaned and field pnmed



(3) Field painting

Successive cost of paint shall be tinted so as to make each coat easily distinguishable
from each other with the final undercoat tinted to the appi'opriate shade of the finished coat.
Finish gurfaces shall not show brush marks or other irregularities. Under coats of metal

surfaces shall be sanded to remove defects and provide a smooth surface,

Painting shall be continuous and shall be accomplished in an orderly manner so as to
_ facilitate inspection. Surfaces of exposed members that will be inaccessible after erection shall
be cleaned painted before erection. Any defective paint changes in color or incompaftible paint

with undercoat shall be seraped off and repainted.

Any- ‘pipe or other metal surfaces to be painted a color other than black that have a
~ coating of tar or asphalt-compound sha_}l be painted with a paint specifically designed to isolate
the finish paint from the tar surface.

6007 STEEL HANDRAIL

The Contractor shall furnish all square metal tubing, flat bars, fittings, bolts, and
other accessories required for the steel handrails. Steel handrails shall be installed by the
Contractor in the manner and at the locations shown on the drawings. Fixed and removable
handrails and safety chains shall be furnished and installed in the locations indicated on the

drawings.

All shop and field connections shall be welded unless otherwise indicated on the
drawings, All welds shall be ground smooth. All handrails shall be galvanized or painted as
indicated on the drawings after fabrication. Galvanized coatings damaged in the field shall be

repaired or replaced as directed by the Employer.

. Handrails shall be carefully adjusted prior to fixing in place te insure proper
mé.tching at abutting join.ts' and correct alignment and camber throughout their length.
Handrails to be set in coﬁcrete shall be assembled and installed when concrete is placed, or
recesses shall be left or holes shall be drilled in the concrete for anchorage, and the handrails

shall be assembled and grouted in position at some later time.
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6008 STEEL LADDER AND STEP

Steel ladders and steps shall be installed as shown on the drawings or as directed by
the Employer. Steel ladders and steps shall be welded assemblies of the structural steel and
round steel bars, and of the dimensions shown on the drawings. Safety cages shall be provided
if directed by the Employer. Ladders ghall be galvanized or painted after fabrication and’

fastened to walls in accordance with the details indicated on the drawings.

Steel ladders and steps shall be completely fabricated in sections convehi_isiat for
handling and transporting. Field anchﬁrs and anchor bolts shall be assembled by bolting or
welding. Anchors and anchor bolts shall be erhbedded in the concrete at the proper positions
while the concrete is placed, or recesses shall be left in the concrete and the anchors and anchor

bolts shall be thoroughly grouted or concreted in place.

Anchor bolts, fasteners, washers and all parts of devices necessary for prc:i;per.
installation, whether or not fully detailed on the drawings, shall be furnished and installed by

the Contractor. All nuts, screw and other fastening devices shall be tight.

6009 STAFFGAUGE
(1} General

The Contractor shall supply and install staff gauges as shown on the drawings or as
directed by the Employer. The location and elevation of staff gauges shall be fixed to the

requirements of the drawings or as directed by the Employer.
(2) Materials

Staff gauge plates shall be made of steel sheet having a minimum thickness of 2
millimeters and surfaces shall be finished by enamel process. Graduation of the plate shall
conform to the details on the drawings. Color shall be white for both faces and all nunierals and -
graduations shall be black, - ‘ o

Enamel faces shall consist of one undercoat and one top coat, applied and stoves, of

uniform thickness, homogeneous and uniform in color with an egg-shell flat finish. All holes
shall be drilled before enamel processing. '
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(3) Fixing

Where indicated on the drawings or otherwise directed by the Employer, staff gauges
shall be mounted. All mounting holes shall be accurately located and fixed as detailed on the

“drawings. The gauge shall present an even surface free from twist, cracks, faults or other
blemishes after complete installation.

6010 ENTRANCE GATE & BARBED WIRE FENCE
(1) Entrance Gate
(i) General

The Centractor shall construct entrance gates which are located at the entrance of
premlses for No. 1 substation on the left abutment of diversion dam and pumping station as
shown on the drawing or prescribed by the Employer.

_ The gate door shall be fabricated of light gauge steel, steel bars and steel wire mesh
as shown on the drawings.

" Anchors for the gate hinges and gate rails shall be installed at the time of concrete
placing. The gate rails shall be made level and care shall be taken to avoid oceurrence of water
pockets.

Name plate shall be provided on the gate wall as shown on the drawings or directed
by the Employer.

The Contractor shall submit shop drawing showing gate door details and form
arrangement of the gate columns and walls for approval of the Employer.

(ii}) Measurement and Pay’menﬁ

Measurement, for payment, of construction of the entrance gates will be made of the
number of the entrance gates installed and accepted.

Payment for the entrance gate will be made at the unit price per number, which unit
price shall include the cost of all labor, tools, equipment and materials required for furnishing,
fabricating, transporting, installing, painting and maintaining the entrance gate. The unit
price shall also include the cost of excavation, backfill and concrete works for the construction
of the gate columns, walls and slabs, and all other costs necessary to complete the work.



(2) Barbed Wire Fences
(i) General

The Contractor shall construct the barbed wire fences as shown on the drawings or as
directed by Employer. Barbed wire fence shall consists of barbed wires and reinforced concrete
fence posts. The fence posts shall be set at intervals specified on the drawings and backfilled

and compacted sufficiently.
(ii} Measurement and Payment

Measurement, for payment, of construction of the barbed wire i_'e_nc_e will be made of
the actual length of barbed wire fence installed in accordance with the drawings or as directed

by the Employer.

Payment for construction of the barbed wire fence will be made at the unit price per
linear meter, which unit price shall include the cost of furnishing and installing the barbed
wire fences and reinforced concrete fence posts, and all other costs necessary to complete the

work.

6011 LOG BOOM
(1) General

A log boom shall be provided in front of the diversion dam and pumping station to
prevent encroachment of drift wood, trash, water hyacinth, ete. as shown on the drawings or

prescrihed by the Employer.

The Contractor shall submit to the':Emﬁloyer for his aﬁprbﬁal the éatalogues and
shop drawings showing complete details, sections and plans of all parts of the log boom and

anchorages, assemblies material lists, ete.

(2) Materials

_ All_ materials to be furnished by the _Contractor ._shal_l be new and shall have the best
quality of their respective kinds. All materials for the log boom shall principally be of anti-
corrosive type. The log boom shall consist of the following components.



» Main wire rope covered with resin or equivalent
- Float including band and ballast
- Link chain
- Guy wire
- Anchor float
-~ Anchor block with hook
- Anchor piles
- Other related connections and accessories to complete the work

Main wire shall be of resin-covered wire rope which shall have the minimum factor
of safety not less than 4.0 against its maximum tensile force. The design load of the wire shall
be 40 kg/m at the minimum in consideration of wind load, trash load, ete., which will act
perpendlcular tothe lme on the anchorage at both end of the wire.

Guy wire shall have the sufﬁcieht strength of the same safety factor as the main wire
for any tensile load from the two main wires and anchor float shall have a sufficient buoyancy
to'lift the end of the guy wire on the reservoir.

(3) Measurement and Payment
Payment for log b&om will be made after completion of the log boom in the location
shown on the drawings or directed by the Employer. The application of pay item to the

construction of log boom shall be as follows.

. Pay item Application to Construction of Log Boom

Construction Work Pay Item No,

Bang Pakong Diversion Dam & Diversion Canal 2235
Pumping Station 5237

The prices for the pay item No. 2235 and 5237 shall include the cost of all labor, tools,
equipment and materials required for furnishing, transporting, assembling, installing and
maintaining the log boom. The prices shall also include the cost of piling, earth and stone
works, concrete works and all other works necessary to complete the log boom,

6012 TRASHRACK
Four (4) sets of trashracks made of rolled steel (JIS (3101 SS-400 or equwalent)

shalI be prowded at the intake of the pumping station with necessary accessories as shown on

the drawmgs
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Height of intake ¢ B.BOm’

Effective width of intake : 4.06m
Piteh of sereen (net opening): 50 mm
Inclination of screen : Approx. 70 degrees

The trashrack shall be provided with sufficient strength to withstand the water level
difference of 1.0 m across the trashrack with a deﬂeétion not more than 1/800 of respective

spans. The thickness of bar shall be as shown on the drawings.
Payment will be made at the price for pay item No. 5238 after installiion of the

transhrack. The price shall include the cost of furnishing, transporting, ass_embling; instélling

and maintaing the trashrack, and ali other costs necessary to completé the transhrack.
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