. - Fine “aggregate for concrete shali consrst of natural sand or, subjecl to the

3.2.2
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Materiats

Supply of Cement
Cement shall be supphed by the Contractor and shall conform to the

_ requirements of AASHTO M 85 (ASTM C 150). The Contractor shall not use
- low heat cement (Type IV) unless ordered or consented to by the Engineer.
. Cement shall be from one manufacturer -and of one brand, type and grind

and shall not be changed during the duration of the Contract without the

- consent of the Engineer. Sulphate resistant cement shall comply with the
_— requirements of AASHTO M 85 for Type |I cement. High sulphate resistant
©« cement (AASHTO M 85 Type V) shall not be used unless otherwrse ordered

or consented to by the Engineer..
Htgh alumma cement (Crment Fondu) shatt not be used wrthout the written

. consent of the Englneer

' Air Entraining cement shall only be used with the prlor ‘consent of the
.- Engineer and shall comp]y with the reqmrements of AASHTO M 85 (ASTM '
‘ 0150) and thls Specmcatlon .

. Blast Furnace cements shall onty be used wrth the pnor consent of the
-~ Engineer and shall comply with the reqwrements of AASHTO M 240 (ASTM
~ G 595) and thls Specification. - - _' . ; :

Fly Ash shall onty be used with the pnor consent of the Englneer and shall

comply with the requirements of ASTM C 618 "Specification for Fly Ash and
. .- Raw or Calcined Natural Pozzotans for use ln Porttand Cement Concrete
. and this Specnfcatton : R _

B -:-'When not othenvise SpeCIfled the Contractor may use any type of Portland

o cement conformmg to AASHTO M 85 except type IV or type V. When an air-

o retralnlng type is used, the Contractor shall maintain a supply of non-air-
- retraining cemeént As well as air retraining admrxtures for USe where .
o adjustment of air content may be requrred >

S Cement sha!l be used in the order in whlch lt is recewed by the Contractor.
~ Cement shall not be used i in thls Contract more than ten (10) weeks after the -

“daté of dlspatch from the cement works. The qualrty of the cement may be

- tested at any trme by the Engtneer

. "-T':;-_-The l:nglneer wni select - the samp!e whlch shaII be supptred by the
SR Contractor free of charge in accordance wuth AASHTO T 1217 (ASTM C
'_183) : i PREST '

Fine Aggregate L

" consent of the. Englneer other inert- materials with similar characteristics,
©" having durable’ particles. Fine aggregate from different sources of supply
~shall not be: mixed or stored in the same pile nor used alternatively in the

ot same class of constructlon wnthout the consent of the Englneer o '

» . The fine aggregate ‘shall not contarn detetenous substances in excess of the
_ followmg percentages S | .
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- AASHTO - Percentage :
Test method bywerght

Clay lumps..'..'._.....;;:...._._,..7.' ' : T‘t12 A

Coal and lignite .. T113 A
Materral passrng No. 200 (75 mrcron) sieve . T11 | o3

Materrats whrch contarn other deleterrous substances (such as shale alkalr

mica, coated grains, soft and flaky partrctes) shali be subject to the'

: Engrneers review and approval ; ;
' _When the fine aggregate is sub;ected to five atternatrons of the sodrum

sulphate soundness lest, using AASHTO T 04 (ASTM G 88), the weighted
. percentage of loss shall be not more than 10 percent Fine aggregate failing -
.. to meet the requirements for soundness may be accepted provided it ¢an be

shown by evidence satisfactory to the Engrneer that concrete of comparable

| - proportions made from similar aggregate from the same source has been =
~ exposed to similar conditions of Weatherrng for a period of at least 5 years -

. without appreciable disintegration. The requirements for soundness may be
- waived in the case of aggregate for use rn structures or portrons of

- structures not exposed of weatherrng

" Al fine aggregate shall be free from i rnrurrous amounts of organrc rmpurrtres

" Aggregates subjected to the colorimetric - test for  organic impurities,
~ AASHTO T 21 (ASTM C 40), and producrng ‘a colour darKer than the

standard shall be rejected unless they pass the mortar-strength test. Should

- the aggregate in tests conducted during progress of the work show a colour
... - darker than that of samples originally approved for the ‘work, its use shall be
.. discontinued unlil tests satisfactory to the Engrneer haVe been made to
- determine whether the’ increased cotour |s rndrcatrve of an rnjunous amount '

of deleterrous substances

. Mortar specrmens contarnrng the frne aggregate when tested accordrng to

. AASHTO T 71 (ASTM C 87), shall- -develop a compressive strength at the -

- - age of 3 days, when using type Ill cement, or at 7 days when using typelor .~
Il cement of not less than 90 percent of the strength developed by a mortar =
preparéd in the same manner with the same cement and graded Ottawa
~sand having a finehess modules of 240 + 0 10 Type 1o and III cements o

shatt conform to AASHTO M 85.

" The frne aggregate shalt be unrformty graded and shall meet the fo!lowrng o

gradrng requrrements

S . : - Percentage by Werght passmg
Sreve desrgnatron R Square-mesh steves
i L B ~(AASHTO.T 27} .
- 3/8mch ....... ieenas Golh 1000 e R
o Nod e L T esA000
~ No.16............ N Tl 45-80
w NoeBO L T T T T 0-30 N
No. 100 ... ... : R S [

' Frne aggregate farlrng to pass the minimum requrrement for material passrng :5 -
. the No. 50 and No. 100 sievés may be used provided an approved morganrc R
~ fine inert material is added to correct the defrmency in gradrng S

The gradatron requrrements grven above are the extreme ||mrts to be used 1n'k

_ determrnrng the su;tabrtrty of materral from aII possrble sources of supply

| | 'r_ss:e -




' ~ The gradation of materials from any one source shall not vary in'oomposition

beyond the range values that govern the selectlion of a source of supply. For
the purpose of determining the degree of uniformity, a fineness modulus

- determination shall be made upon representative samples, submitted by the

Contractor, from such sources as he proposes to use. Fine aggregate from
any one source having a variation in fineness modulus greater than 0.20,
plus or minus, from the average fineness modulus of the representative
sample submitted by the Contractor shall be rejected or may be accepted
subject to such changes in the proportion of the concrete or such changes in
storing or loading of sands as the Engineer may direct.

. The fineness modulus of fine aggregate shall be determined by adding the

3.22.3

cumutative percentages, by weight, of material retained on each of U.S.
Standard Sieves No. 4, 8, 16, 30,_50 and 100, and dividing by 100.

Coarse Aggregate

The coarse aggregate for concrete shall consrst of crushed stone, gravel _
blast-furnace slag, or other approved inert material of similar characterrstlcs

. havmg durable pieces, free from undesirable adherent coatmgs

Crushed stone or crushed gravel shall be used for class K250 and class o

. K350 or stronger concretes

" Unless otherwise consented to by the Englneer concrete in vanous parts of

the struclures shall contain coarse aggregate with the effective maximum

- sizes as shown in tabte 3. 1

. The effectlve minimum size shatl be ten (10) mm for crushed material and ,
fi ive (5) mm for rounded materials unless olherwise direcled by the Englneer :

 The coarse agaregate shall not contain deleterrous substances in excess of

~ the followrng percentages:

AASHTO Percentage
: _ _ - Testmethod = by weight
Clay Iumps TR T2 - 025

Matenal passang No. 200 (75 m) sleve _T11 E 1

Thin or elongated pieces (length greater

than5timesma$(imUmthickness)..;;' : _ - _ 10

o Materials whrch contaln other deletenous substances shall be subject to the.
s Engmeers rewew and approval : : :

__: - The coarse aggregate shall not have a percentage of wear more than 50 at
~ . 500 revolutions as determined by AASHTO T 96 (ASTM c 131)

When the coarse aggregate |s subjected to frve of the sodium sulphate -

- soundness tesl, using the samples described as alternate B of AASHTO T -
- 104, the weighted percentage of loss shall be not more than 12 percent.

Coarse aggregate failing to meet the requirement for soundness may be .

o 'accepted provided it can be shown by evidence satisfactory to the Engineer

that concrete of comparab!e proportions made from similar aggregates from - o

" the same source has been exposed to weathering under conditions similar

- to those occurring at the site of the struclure for a period of at least 5years .-

o without appreciable disintegration. The requnrements for soundness may be

waived by the Engineer when the aggregate is to be used in structures or

: portrons of structures not exposed to weathenng



Coarse aggregate shall conform to the requnremenls of Table 3.5 for sizes
_designated and shall be uniformly graded between the limits specified.

- - Lightweight aggregate, if required or permitted by the Special Specifications,
-~ shall conform to the requ:rements of AASHTO M 195 (ASTM C 330) for

' _Qradlng spemned

Srssito
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Admixtures :

Admixtures may only be used if consented to by the Engineer and then only
in such quantities and manner as he may consent toin writing. :

Such admixtures shall conform with the requirements of:

o AASHTO M 194 (ASTM C 494_)'“Spéciﬁc:ation for ChemicalkAdrﬁ-ixtures

for Concrete™ _
s TypeA- Wéter—recfucing :
o Type 8 - Retarding o
* Type C - Accelerating R
e Type D -Waier-reducing "an_d retérdiné o
« Type E'_Water-r_ed:udhg and accelerating B
_ .'Type_ F'-Wate_r-red:uciné (high réfrige)'jand_: S
o _TYPé_G --Watéf-(educing(high r‘éngé) and 'r:elardirj]g. o 5

+ AASHTO M 154 (ASTM C 260) *Specification for Air-entraining
. Admixtures for Concrete”. ., . Co e

: Adrhikture_és shall not reduce t'hé"slréngth' of bonérété below that é;ﬁééiﬁed. o

~ Shrinkage and dosage sensitivity characteristics will be taken into account; it

* Admixtures shall not contain chlorides, chlorine, sulphides or sulphites; or o

relevant. - -

- any other substance which may be detrimental to concrete or stesl. -

- permitted.

3225

Use calcium chloride or admixtures containing calcium chloride will not be .,
Water =~ L O T A
Concrete shall not be mixed unless the water to be used is approved by the -
Engineer. Water shall meet the suggested requirements of AASHTO T 26.°
Water known to be of potable quality may be used without test, The water

'shall be clear, neither salty nor brackish and free of all substances harmful

~ to concrete and reinforcement. Harmful substances include oils, organic’

- Substances, vegetable malter, acids, alkalis and dissolved salts. The - RO
amounts of chloride and chlorine in the water shall be not greater than 0.1

- Stone for cyclopean concrete, -mortar rubble, dry rubble masonry or.wet -
- stone masonry shall be of suitable quality, sound and durable, and frée from e
segregation, seams, cracks and other structural defects,. or imperfections . . = -
“tending to destroy its resistance to the weather. it shall be free from: -

percent,

Rubble Stone P

- rounded, worn, or weathered, surfaces. All weathered stone shall- be

3.2.27

material which may prevent the proper adhesion of md_r.tar.; RERONE NS

rejected. The stone shall be kept free from dirt, il or any other injurious ;

Samples and _Té.sts S O L L T
Atleast six (6) weeks prior lo commencement of concreting and on request

at any other time during the Contract, the Contractor shall prepare and make .- o



‘avaitable to the Engineer any or all of the following matenals proposed to be

used on the Contract;

1) A 50 kilogram sample of source > rock from each source. The sampte
shall be in the form of spalls of 100 to 800 mm size. -

2) A 30 kilogram sample of each component aggregate together with a
statement of the proportrons in which it is proposed to use them in
concrete L :

: 3) A 10 kllogram butk sampte of cement sampled in accordance wnth ASTM

- G 183, Methods of Samphng Hydraulto Cement

4) A 5 htre sample of water

. Samptes ‘shall be supptled by the Contractor free of charge to the .
: des1gnated office or laboratory. Sampling procedure supplied for the above
“series of tests on aggregates shall be as set out in AASHTO T 2 (ASTM D

- 75). if so directed by the Engmeer addrtlonat quantltles of aggregates sha!l

be submltted for the preparatton of trial mixes. -

i the Contractor proposes to place concrete by pumplng he shali advise the
_ Englneer at the time he submits samples for testmg

During the progress of the work further deliveries of a prevrously accepted'

- material will be accepted subject to their satisfactorily passing the
. requirements of Clause 3.2.2.2 and 3.2.2.3, andfor compresswe tests of the
_desrgned concrete mix as spec;t‘ed in Clause 3. 3 (A : '

3 2 2 8 Handllng and Storage

Aggregates :'f -

Concrete aggregates sha!t be stored on f iem, retahvely level welt drarned

ground so as to prevent mixing of foreign materials with the aggregates.

- Aggregates shall be delivered to the plant in one or more separate size
© 7 ranges correspondlng to the constituents of the Submitted Samples and
- shall be stored in separate areas lo avoid intermixing. Each aggregate shall

be the product of a srngle screen and shalt not be obtalned by mlxlng two or

'__;moresszes _ L

i Cement o RN _
Co Bulk cement shall be stored in blns and srlos Whlch are weather and
_desrgned toallowcomplete dtscharge -

e Bagged cement shall be stored clear of the ground ina waterproof buu!dmg
. Different-types, brands and deliveries of a cement shall be stored and
~“handled to avoid intermingling and contamination and so that the cement in
:_Lused in the sequence recewed Cement from bags whlch have spht will be
”;condemned o T _ ,
ST Any cemént that becomes contamlnated wet or otherwrse defectlve wrll be
"”‘-:‘condemned ‘ AT S
Cement condemned for any reason shall not be. used in the work of th|s .
~+ o2 Contract and, if at the site of the works, shall be removed immedialely from
-+, the works by the Contractor who shall bear atl cosls of its removat and SR
reptacement with fresh cement SR 8

s it. Admtxtures

e Where the use of admlxtures has been consented to buy the Englneer they
' -'_‘-_shall be stored |n such a manner as to prevent contammatlon or freezmg

T83 13 S
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Liquid admixtures shal[ be stored in containers whrch provrde for adequate
stirring prior to discharge into the concrete mixer.

'Batching —

Batchrng o L
Unless otherwise consented to by the Engrneer the measurement and

- batching of materials shall be done at a batching plant.

All materials shall be measured by weighing except when volume batching
is authorised in wiiling by the Engineer and liquid admixtures may be
measured in adjustable liquid measuring device, and cement may be

" measured by bags as packed by the manufacturer, in which case batches

shall be proportloned on the basrs of one or more unbroken bags of cement.
'Batch hoppers scales water meters and admrxtures drspensers shall be

capable individual materials to within one (1) percent. Certified tests of the

accuracy of weighing and measuring equipment shall be carried out

- annually or as directed by the Englneer and the results made avallable for

'&zaa

.. concrete under this Contract, In addition the methods of batching and the
* quality control to be eXercrsed shall also be supplied. if the Contractor .

lnspecllon by the Englneer

Classrf catron of Plants '

. The Gontractor shall nomlnate at the same tlme as the samples of material

referred to in Clause 3.2.2.1 are furnished, the manufacturer and modsl
number of the batch plant(s) proposed to be used for the production of

proposes to use portable mlxers he shall provrde full detalls of the mrxrng

. plant. -

- Table 3 3 ||sts the olassw catron of concrete mlxrng plants and the expected
" slandard deviation of the compressrve strength test results requrred under
' Clause 3.3.7. A TR el L

o The Contractor shall satrsfy the Engmeer that the ptant(s) proposed for use

,3233

-is compalible with the pour sizes shown on the Drawings and that suff crent
_stand by capacrty, if requrred by the Englneer is available. '

Handllng of Materlals .

T Cement

Erther bagged or bulk cement may be used No fractlon of a bag of cement |

: shali be used ina batch of concrete unless the cement is welghed

. All the bulk cement ‘shall be werghed on a suitable weighing device. The
“bulk cement wetghlng hopper shall be properly sealéd and venled to prevent

' :“the escape of cement dust during the operation. The discharge chute shall

~~ not be suspended from the weighing hopper and shall. be so arranged that_ L

_cement will not lodge init nor Ieak from rt
T Water

Untess the water is to be werghed the water measunng eqmpment ‘shall
) 1nclude an auxitiary tank from which the measuring tank shall be filled. The

~ measuring tank shall be equipped with a tap and. valve to provide for.

checking then setting, unless olher means are provided for.readily and

':accuratety determining the amount of waler in the tank. The VOlurne of the_
_ auxmary tank shall be at Ieast that of the measurmg tank : :

T3314t°
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- Congrete’ may be miked at the srte of constructron at a central pornt or by a

Any admixtures whose use has been consented to by the Engineer shall be
added to the water prior to the addrtron of water to the ctry batched matenals

_iii. _ Aggregates :

- Stockprlrng of aggregates shaII be in accordance wrth Clause 32 2.8. All
- aggregates produced or handled by hydraulic methods, and washed

aggregates, shall be stockpiled or binned for at least 12 hours before being
batched. Rail shipment requiring more than 12 hours will be accepted as
adequate binning only if the car bodies permit free drainage. Should the

-~ aggregates contain a high or non-uniform moisture content, a storage or
S stockprle perrod in excess of 12 hours may be requrred by the Englneer

R iv. Brns and Scates

S Where central batchlng plants are employed the ptant shalt rnctude bins,
. weighing hoppers, and scales.for the fine aggregate and for each size of

" coarse aggregate. The shape of the bins shall be such as to ensure that all

- materials are able to the outlet of the bin and no shovelling is required. If

cement is used in bulk, a bin, hopper and, unless otherwise indicated, a

S _scale shall be included. Bins with adequate separate compartments for fine
" aggregate and for each sizé of coarse aggregate shall be provrded in the

batching plant. Where drrected by the Englneer surtabte screens shall be

- fitted to the bins. .

* The Contractor shall furnrsh acceptabte scales or other werghrng devrces -
Weighing hoppers and scales shall be capabte of determlnlng the mass of
g mdrvrduat matenats to wrthrn one (1) percent accuracy L

3234

Batchlng of Concrete Remote from the Mlxer o .
" Where batches need to be hauled to the mixer, bulk cement shall be

- transported either in waterproof comparlments or between the fine and
_coarse aggregates. When cement is placed in contact wilh the moist =

aggregates batches will be re}ected unfess mixed within one and one half

(1142) hours of such contact Bagged cement may be transported on top of
the aggregates L . . _ . o

Batches shati be delwered to the mlxer separate and mtact Each batch shall
be dumped cleanly into the mixer without loss, and when more than one -

. batch is carried on the truck, shatl be dumped wrthout sprtlrng of matenat _
‘ from one batch compartment tnto another S o

3 2 3 5 er Adjustment for Aggregate Morsture Content R

o The moisture content of the fine and coarse aggregates shall be determrned .
S '-kas fr‘equently as reqr.lested by the Engrneer either by a moisture meter or by -
- méthods consented to by the Engineer. Cofresponding corrections shall be
S0 - made- to the quantltres of all aggregates as weII as to the quantrty of water -
"‘..;'used DR T e T

i s.z.it-ff

Ml)(lng and DeINery

General

,combrnatron of - central point ‘and " fruck mixing.: Truck mixing shall be in
1 accordance wrth the appropnate requrrements of AASHTO M 157 o

o * For’ mrxlng at the site or ata centrat pomt concrete shall he m|><ed in a

S batched rnrxer of an approved type. No mlxer havrng a rated capacrty of Iess -

TS3 15



than a one-bag batch shall be used. The volume of concrete mixed per
batch shall not exceed the mixer's nominal capacity as shown on the
manufacturer's standard rating plate on the mixer except that an over-load
of up to 10 percent above the mixer's nominal capacity may be permitted,

. provided concrete test data for strength, segregation,’ and uniform 7
consistency are satisfactory and provided no spillage of concrete takes
place. The batch shall be so charged into the drum that a portion of the -

- water shall enter in advance of the cement and aggregates. The fiow of
. water shall be uniform and all water shall be in the drum by the end of the
- first 15 seconds. of the mixing procedure. ermg time shall be measured
- from the time all materials, except water, are in the drum. Mixing time shall
" be not less than 60 seconds for having a capacily greater than 1.50 cubic

meters, the mixing time shall be not less than 90 seconds. If timing staris the

~ instant the skip reaches its maximum raised posmon 4 seéconds shall be

"-"added to the spaecified maxrng tirne The mlxmg tune ends when the '

‘, The mixer shall be operated at the drum speed as shown on the._" '
.. manufacturer's name plate on the mixer. Any concrete mixed less than the
- ... specified lime shall be dtscarded and disposed of by the Contractor at his

dlscharge chute opens

own expense.

_____

 The timing device on statronary mixers shall be equupped wnh a betl or other i
_ suitable waming device adjusted to give a ctearly audible signal each time -

the lock is released. In case of failure of the timrng device, the Conliractor

will be permrtted to continue operations while it is being fepaired, provided - i
~he furnishes an approved timepiece equrpped with minute and second -
~hands. If the timing device is not placed in good working order within 24 -

: hours further use of the mixer wrll be prohlbrted until repatrs are made.

0242

Retempenng of Concrete EIULh e - .
_ Retempering concrete by addrng water or by other means wrll not be

. ~ permitted. Water shall only be added to bring the slump to the specified

value provided that water content does not cause the design value of the

water-cement ratio to be exceeded. Concrete that is not within the specrf’ ed - .

: slumps Ilmrts at the tlme of ptacement shali not be used

3 2 4 3 Mlxlng in an t:mergency

Where by reason of delay, it i is desrred to hotd a batch in the mixer, mlxang S

Remixing of concrete Wthh has become partlally hardened W|It not be' R
. permitted. Such shall not be used in the Works. -~ = S

.-;‘_-

- may be continued for a maximum of ten (10) mmutes For !onger periods the

. . batch may be held in the mrxer and turned over at mtervals as dlrected by s

- the Engineer. -

_ In the case of breakdown of the mechanlcal mlxmg equment the Engmeer o

may give consent to hand mixing, in small quantities (for mass or reinforced o
- concrete only) so as to reach a support of a suitable Iocation for a

- _construction joint.- Hand mixing may only be carned out under the

supervrsron of the Englneer or hrs representatlve

. Hand maxmg will not be permltted for prestressed concrete

" ‘%"-. Where mixing by hand is permrtted the fo!lownng procedure shall be"_?:_

i_»adopted L

o TS3-16 S
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e Hand mixing shall be done on a suitable watertight p!atform of
. sufficient size to allow the mlxrng of at Ieast two batches
smuttaneousty : :

s+ The amount of cement used shall be ten (10) percent more than the
amount specrtled for machine mrxed concrete of the same class.

. " The fine aggregate and cement shall first be mixed until a uniform
colour is obtained and then spread on the mixing platform in a thin
layer.

+ The coarse aggregate, which shall have been previously drenched
with water, shall then be spread over the fine aggregate and cement
in a thin layer, and the whole mass turned as further water is added

~ with a rose spnnkler

.{ . , After the water is added the mass shall be turned at Ieast three
" times, notincluding shovellmg into barrows or forms unttl the mlxture
is unlform in colour and evenin appearance _

. '7 Hand mrxrng of batches sha!t not exceed 0 2 cubrc metres per batch.

e At teast two test spemmens shall be moulded for 28 days acceptance

. test from hand mixed concrete. These tests shall be’ addttronal to
- those requrred in accordance with Clause 3.3.7 -

3 2. 5 Acceptance of Concrete '

3251

Concrete Controt - General R S _
The Conlractor will be fully responsrble for the supply and delwery of

G concrete under this Contract.

L Concrete shatl be produced from a mrxrng ptant whlch has been consented
. to by the Engineer for the particutar strength grade of required. Where

concrete is to be mixed away from the srte it W|t| be superwsed by the

o Englneer or his representatwe _ S . , -
- The Contractor shall not obtaln supplres of concrete from a plant tor use in

the Works without giving 24 hours nolice to the Englneer on each occasion.

The Engineer will not accept responsibility for any loss or delay to the
~ Contraclor by his failure to prowde nolice to the Englneer

- Concrete shall not be mrxed until consent to do so has been grven by the

.+ . Engineer. Such consent may be withheld or withdrawn for any reason

.. .deemed sufficient by the Engineer, including - unclean excavation or

.. formwork, unsatlsfactory formwork incorrec! reinforcement, inadequate
-~ transporting or compactrng equipment, insufficient Contractors labour,

S rnctement weather or condmons whrch are unsafe :

3252

Consrstency ofConcrete | RO - = o
The concrete 1o be placed :n the work shall be of such consrstency that it

o " can be placed, compacted and worked readily into all corners, angles and -

. 'narrow sections of the forms ‘and around reinforcement without causing - '

iBE ,'segregalron of the materrals of exXcess tree water to collect on the surface.

The Contractor shall state (when submtttlng detaits of the proposed mix

-, design) the stump vatue proposed for each mlx wrthln the hmlts contamed in - .

;Ctause321 A



‘Ihe consistency of the concrete shalt be determrned by a slump test in
accordance with AASHTO T 119 (ASTM C 143). The Contractor shall
provide at his own cost all equipment and facilities for the taking of the

. slump tests, The tests shatt be made in the presence of the Engineer or his
K Representatrve ' _

i _Untess otherwise consented to by the Englneer the slump of the concrete

“shall not'exceed 100 mm for strength grades up to 35 MPa (350 kg/em?) and -

- 80 mm for strength grades of 35 MPa and above.

-3.3.1 -
" The Eng:neer may request that the Contractor submlts for consent,
_ drawings, Specifications, calculations and other information as shall be -
" necessary to salisfy the Englneer as to the suitability and adequacy of the
- falsework, scaffolding and formwork that the Contractor intends to use on

CONCRETE IN STRUCTU RES

Responsrbllzty of the Contractor o

the works of the Contract

-r Consent of the Engtneer shatl not relieve the Contractor of any of his

T responmbttrtres under the Contract
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Formwork R iy

Demgn

"~ Formwork shall be prowded to produce hardened concrete to the Ilnes o

.- levels and shapes shown on the Drawings or specified elsewhere. It shall

have adequate strength to carry all applied {oads, including the pressure of

- fresh concrete, vibration effects, weight of workmen and equipment, without
" undue loss of shape. Forms shall be mortar tight and designed to aflow

" “removal without risk of damage to the completed structure. Joints in the -
formwork shall be perpendrcutar o the main axis of the shape of the

| : concrete untess otherwrse dlrected or approved by the Engtneer

T If required by the Engrneer detailed drawrngs desrgn catcutatrons including

- design assumptions such as rate of pouiing and concrete temperature,
.- description and/or samptes of materials proposed for use shall be submitted o

. for the Englneers consent before manufacture of the formwork rs
commenced. | SR S T :

Formwork shall be SO constructed and be suff crent to toterate hrgh :

“frequency vibration and sha!l be uniform stiffness to avmd causing varying

" vibration amptrtudes over the formWOrk surfaces dunng compactlon of the N

Co concrete

'7 De3|gn of formwork shall be such that |t shatl not be necessary to drop

concrete freely from a greater height than two (2) metres of to move

- concrete along the formwork after deposrtlon

L For beams grrders and srmltar members the de3|gn of the formwork shatt |

" falsework. Removal of all forms shall be possrbte so thaf the load is - _
- _'_jtransterred from the forms and fatsework to the structure smoothty and o

allow removal of the side forms W|thout rnterference with other forms andfor

~gradually, -

o :-"_‘..:Provrswns shatt be made for the accurate tocatton and t" irm support of

frttrngs bolts ducts, anchorages and formers and ho!es as shown on the

TS 3_'—'1'87 o
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Drawings. Temporary fittings used for the support of the formwork shall be
arranged to permlt removal without damage to the concrete.

Forms for edges of concrete shall provrde chamfers and for re-entrant
angles fillets as shown on the Drawings, or if not shown, of 256 mm on each
side with equal angles in all cases. Where shown on the Drawrngs corners

. shall be formed with fillets or curves. -

- Where formwork is mtended for re-use severat trmes the desrgn shaII allow

| 3.'3'.'2'.2

for the detenoratton of the materials i in hand!lng

The use of non removabte formwork will not be permltted unless shown on
the Drawrngs or ordered by the Engmeer ' _

Constructron » . o
Forms shall be of trmber steel precast concrete polystyrene or other

- approved material. Materials used for formwork shall be sound, clean, free
~from imperfections and suffrcrentty uniform’ so that the specified surface
~ finish can be attained. All timber shall be free from khotholes, loose knots,

' cracks, splits, warps and other defects which would affect the strength of the '
' formwork or the appearance of the finished concrete surface.

- Timber forms for exposed surfaces shalt be constructed from ptywood or .
. particle board with hardwood of approved sofiwood studs and wales. -
' _Dressect timber forms may be used only wrth the consent of the Engrneer

- The type and qualrty of materlal selected for formwork and ‘workmanship

" used in construction shall be such that the surface specified shall be -
" obtained. {(See Clause 3.3.8). Forms shall be constructed i in such amanner

_ that stripping shall not result in damage to the concrete ‘

I—ormwork for all exposed surfaces shall - be made frem panets havrng |

- uniform widths of not less than one metre and uniform lengths of not less

“ than two melres, except where the dimensions of the members of the

" member formed are less than the specified panel dimensions. Plywood
Lo panets shall be placed with the grain of the outer plies perpendrcutar to the
.. studding or jorsts unless otherwise permitted by the Engineer. Where =
- plywood form panels are altached directly to the studding or joints the panel

“shall be not less than 15 mm thick. Plywood from panels less than 15 mm

. thick, otherwise conformtng to these. requirements may be used with a .
L continuous’ backmg of dressed material of 20 mm mlnlmum thickness. All
.. form panels.shall be ptaced ina neat symmetncal pattern subject to the -

.~ consent of the Engineer, et 8 R '

Forms for all surfaces which wrtl be comp!etely or permanently hldden below
.5 .the ground may be constrd_cted from dressed or undressed trmber steel,
L plywood or partlcle board. . : : Sl

L The use of wires or-bolts extended to the surface of the concrete erI not be
. permitted- except where shown on the Drawmgs or |f consented to by the .
Ef__Engineer e e | :

- Any embedded tres shatl remain embedded and shaII termrnate not Iess
_ than twenty five (25) mm back from.the formed suifaces. Ties shall be -
f;,'constructed so that the removal of the end fasteners can be accomplished
. without spalling the concrete faces, All recesses shall be filled i in accordance '

- with the requrrements of Clause 36,3 of thrs Specrf catlon o A

" _Ties embedded in parts of the structure below the water shatt have starnless
..o . steel tlps Stalntess steel sectlons of the tie rods shall extend not less than

T_S3"---19 S
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seventy five (756) mm into the concrete from the face of the face recess
formed by the inner spacer. : R :

Erectron of Formwork

- Dimensions and position of forms, espemally those affectrng the constructron

of subsequent portions of the work, shall be carefully checked after the

. forms are erected, Forms shall be atigned accurately and the location of all

fittings, hole formers, etc. checked prior to placing concrete. Overall

accuracy of the formwork shall be to the satisfaction of the Engineer and

~ shall ensure that the requrrements of Clause 3. 3 9 Toterances are mef.

The interior surface of the forms shalt be treated wrth the Ilghtest practical

coaling of an approved non-staining release agent before the steel

reinforcement or other rnsertrons are placed to ensure non- adheston of the

g mortar

| The formwork ‘shall be mspected by the Engrneer and the’ placrng of ;

o reinforcement in the spaces formed shall not commence until consent is
- given by the Engmeer ER :

- The formwork shall be again rnspected by the Engrneer before ptacrng of

~ concrete is commenced. Before consent to commence concreting is given,

ol dirt, chips, hardened concrete or mortar and all forergn matter shall be a

o . "removed from the forms.

~ Such consent will not relreve the Contractor of responsrbrlrty for any defects
" in the formwork, reinforcement, embedded components,” or the formed

- concrete surface whrch may become apparent durrng or after castrng the S

' concrete

: When an tnspectron is requested by the Contractor a notrce of not Iess than .

24 hours shall be grven to the Engrneer '

3324

Removal of Formwork

Al formwork shall remain in’ ptace until removal is authorised by the' .
- Engineer. The formwork shall be undisturbed untll the concrete has ~ -

. adequately hardened and has attalned the necessary strength to carry its

- excessive evaporation. Unless olherwise specified "or ditected by the o
Engineer in writing, forms shall not be removed from the concrete until the

o Forms for columns and other load beanng members shalt always be
- stripped to determine whether they are satrsfactory before removrng R

own weight and construction loads. When required forms shalf remain in
place to protect the concrete agarnst the effects of low temperature or

times specified in Table 3.6 have elapsed These perrods may be extended

by the Engrneer

| . . falsework from any structural members they support

In the case of complrcated shapes where shrrnkage stresses coutd cause

' _'crackrng, the Engrneer may permrt srde forms to be !oosened at an earirer
"--._stage : o o T . T SRR T I _

" In the case of concrete contarning specrat admrxtures strrpprng trmes shatl'
~ be as determinéd by the Engineer who will take'into consideration the age - co
* which such concrete would have the same- s_trength as that contarnrng ERRR

e ordrnary Portland Cement without addrtrves

: To permrt the satrsfactory fi nrshmg of kerbs crash barrrers, posts etc forms

: j for such members shall be reimoved in not less than 12 hours nor more than

48 hours after placmg concrete dependrng on weather condrtrons The

TS3-20
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forms for adjacent perte of the struclure shall be specially designed to permit
this being done without injury to the concrete.

All recesses shall be filled in accordance with the requrrements of Clause
3.5.3 of this Specification,

- Table 3.6 - Tr'm_e_s for Removal of Formwork

. ‘ For Concrete Mix designed on Use of :
.. PositionofForm . .. : :
. positienof form . g;?r'igz';y(:;g{g:‘u"rg - | - High Early Strength
o curing) Portland Cement
Sides of beams, columns, wall etc. when
the height of each day’s pour is:
s . UndetOBm - .. - . o = iday o - 18 hours
o 30160m 0o 3days | - 25days
Ceowsom | e | s
Si'des'_o]'Square Piles * SRR s _'1'2_ho_ur$_ 1 8hous |
Sideselor:lagorraIPi!es' Sooie o 24howrs o b 18 hours
Supporting forms and falsework:
» 4l_}nderdeckelaineofgirderl?:rrdées_ ) _ idays . VTda_-ys.
s+ Under simply supposted stab spans _ 10days o B 1_ddays
¢  Undes the stems of simply - : o R S S
" supporled garders and S'nglespan ) . 2idays . 21 days
'arches : N ST oo :
Supporllng forms and falseﬁodr. under Until 70 perceni of the preslressrng force is apphed to the
preslressedooncrelemembers e ooncre.e un!es:,olhenvrsedrreded S

3 3 2 5 Precast Deck Fermwork

Where shown on the Drawrngs deck formwork shall comprrse precast
concrele slabs. The slabs span between the tops of the beams, are
completely seIf—supportmg, and are not recoverable. The Contractor shall

- supply and erect conventional formwork for the deck overhanging he outer -

'+ beams and where required elsewhere, such as at fhe end of the spans.

i Unless otherwise specified or shown on the Drawrngs the slabs shall be
o manufactured by the Contractor. - D RIS

Before placrng sfabs the seahng along the top ﬂanges of the beams shall be |
brushed clean, then cement mortar placed in a thin layer along each seating -

.| toimprove the bearing of the slabs. The slabs shall be laid before the mortar -
©... commences to set, and shall be butted tightly together. After placing slabs
.. and before. p!acrng rernforcemenl all joints between slabs, and between
.. .beams and slabs, shall be filled with mortar, Immedrately before concrete in - -
- placed in the deck, the whole of the formwork slabs and tops of beams shall

be thoroughly welted and kept wet until covered with coricrete. All costs of

< handling, setting, and stopping for formwork slabs shall be deemed to the
‘ lncluded in the schedule item for deck concrete 3 :

'Nofe The use of precast deck r'ormwork is not applrcab!e to lhrs conlracl



3.3.3 :

3.3.3.1

Joints '

Constructlon Joints

~ Construction joints shall be located where shown on the Drawrngs or

permitted by the Engineer. Construction joints shall be perpendrcular to the

“principal lines of stress and in general shall be located at points of mlnrmum

- " shear.

. At honzontal constructlon jomts gauge stnps 40 mm thick shall be p!aced

inside the forms along all exposed faces to give the joints straight lines.
Before placing fresh concrete, the suifaces of construction joints shall be

~ sandblasted or washed and scrubbed with a wire broom, drenched wilh
~ water until saturated, and kept saturated until the new concrete is placed.

 substructures shall be placed in such a manner that all horizontal

Immediately prior to placing new concrete the forms shall be drawn tight
against the concrete already in place and the old surface shall be coated
thoroughly with a very thin coatrng of neat cement mortar. Concrete in

" construction joints will be truly horizontal and, if possible, in locations such

that they will not be exposed to view in the finished structure. Wheie vertical

- construction joints are necessary, reinforcing bars shall extend across the

_ joint in such a manner as to make the structure monolithic. Special care -
* shall be taken to avoid construction Jomts thorough targe surfaces which are

. to be treated archltecturally

'Necessary dowels Ioad-transfer dewces and bondlng devrces shall be

o placed as shown on the Drawings or directed by the Englneer

3.3.3.2

Expansmn Jomts

_ _'Prowsron for expansron ‘and contractlon in concrete structures shall be as L
" shown on the Drawings. Expansion details are designed and dimensioned - -
for installation at a mean temperature of twenty-seven (27) degrees Celsius.

- Where the ambient temperature is likely to vary by more than five (5)

degrees from twenty—seven degrees Celsius the Contractor shall request the
Engineer to give a direction regardmg any allowance whlch shatt be made in

; settlng the expansron jomt

Jornt gaps shall be constructed as shown on the Drawrngs C

 The supply and installation of deck expansron joints in brsdge decks shatl be C

. in accordance with the technical proposal which shall be provided by the
“.* Contractor to the Engineer for his revrew and appro\ral pnor to their
-procurement and mstallatlon ' S R
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Open Jounts

. Open jomts shall be constructed where shown on the DraWrngs by rnserlton o
= “and subsequent removal of a wooden strip, metal’ plate or other approved

~* ‘material. The msertron -and removat of the template shall be ‘carried out

- without causmg damage to the concrete Rernforcement shall not extend =

" E 'across an open 1omt un!ess s0 shown on the Drawmgs

3334

F!IIed Jornts Ea

. The openmgs for pre formed poured or other expansron ;ornts shall be
constructed ina sm’nlar mannerto open jOlnts R _ _
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‘Where shown on the Drawings, joints shall be filled with purpose-made

elastic joint filler. The Contractor shall submit samples and technical data of

. hlS proposat for Jomt filler not less than 3 months before rts mtended use.

Joint filler shall be pre-formed, highly resrlrent -type sponge or cellular rubber

. conforming to ASTM D 1058, of 10 mm thickness and of density not less
_ than 30 kg/m®. Joint filler shall be held in place against the completed srde of
- an expansron joint by a waterproof cement or other approved means.

Joint fi Iter shall have, but not be tlmrted to, the foltowrng mrmmum properties:

o |t shall exhrbit sustalned adheswn to concrete under wet condttlons and
not become brittle after prolonged hot dry conditions

It shall not rupture as a result of a shear movement of 50 mm e

i . It shall be non- toxtc and non- lnjurlous to concrete -

Al ;ornt surtaces to be frlled shalt be ctean dry and futly cured

_FalseWOrk and Scaffoldlng IR ST _
- The design, erectron and removal of falseWOrk and scaffoldmg and shall

compty with the requrrements of Sectton TS 10 of the Technlcal

B Specrflcatton

3.3.5
3351

~ shown on the Drawings. Any cracked or damaged concrete remaining after - |

;Ptacrng of Concrete AT

_Breakrng Back Concrete and Bondlng of New Concrete R

Where apptrcable concrete in the eb-ustrng structure shall be broken back as

breaking back shall be removed and replaced wrth new concrete to the

satisfaction of the Engrneer

: All faces of concrete agarnst which new concrete is to be ptaced shall be'
-+ scabbled, brushed clean, and then coated with an approved epoxy resin or -

other approved bonding agent immediately ahead of the placing of the new
concrete. Concrete or bondrng agent shall not be placed until the surface

. against which the concrete is to be placed has been rnspected and _
) _approvea by the Engrneer 7' o . _ _

Chrpplng Back Surfaces of E)dstmg Concrete Structures and Bcndlng

" of New Concrete

- Where applrcable exrstlng concrete structures shatl be chlpped back as ,
. shown on the DraW|ngs for a mlntmum depth of 20 mm ln order to expose -
_.__concrete Lol : _ _ -

B ) .‘The chlpped surfaces of exrstlng concrete agalnst whlch new concrete isto

- thoroughly with a very thin coating of neat cément mortar immediately ahead - o

be placed shall be brushed clean and wetted with water then coated

of the placrng ‘of the new concrete. Concrele shall not be placed until the -

o surface against which the concrete is to be placed has been inspected and_
ok approVed by lhe Engrneer B T ST o

. 3._3.§,~3

P!actng of Concrete
General

SR "3'CCOncrete shal! not be placed untrl the forms and any other embedded |tems
- have been mspected by the Englneer and he has been grven hls consent

TS3 23



The Contractor shall submlt a scheme for the order of concretrng the cast in-

- silu sections of the works six (6) weeks prior to placing.

Placmg of concrete shatl conform to the assumptrons made in the desrgn of
the formwork - : S _

If consent is gwen by the Engrneer to pour concrete in other than daytlght
hours, lighting over the area of the pour, mixing plant, conveying equipment
etc. shall be as specified in clause 1.6 of the General Specrf‘ ication.

The worklng surfaces of platforms and conveylng eqmpment shall be
cleaned of ali foreign material and set concrete rmmedrately prior to
commencement of each continuous placing run. . . _

Prior to and dunng the placrng of concrete, the formwork and the space to

be occupied by lhe fresh concrete, and all embedded items including

reinforcement shall be mamtalned ina clean condttldn tree of water mud o

orl and otherdeleterrous matenals : SR o
After mrxrng, concrete ‘shall be placed wnthout detay The methods of

transport, handling and placing shall be such to prevent the segregation or

. loss of the ingredients. Dropping the concrete a helght more than 2 melres
- will not be permitted unless thorough approved pipes or chutes. As far as

_ practrcable these pipes shall be kept full of concrete dunng placing, and their

_ lower ends shall be kept close to the surface of the newly placed concrete

_When wheeled vehicles are used for transponatlon of concrete, ‘a

substantial gangway shall be erected above the reinforcement on supports
resting on the formwork. The location and type of supports shall be to the

~ consent of the Engineer. Gangways shall be kept back from the worklng -
S face a drstance of 2or3 metres e : : B

. Excessrve quantlt[es of concrete shatl not be deposrted at any one pomt and -_

moved or worked along the forms. _ , i Lt ,
: Concrete which has developed its lnltral set or whlch is not placed and

... compacted within 20 minutes after discharge from the mixer shall not be o
- placed in position and shatl be removed from the site rmmechately :

" Belween the ends of members or between specrr ied constructron jornts

" concrete shall be placed in one conlinuous operalion such that the face of S
~ the fresh concrete IS in a ptastlc state when succeedmg concrete is placed S

agamst it. _ . Sa Sl .
" Where requrred by the Englneer concrete shall be p!aced on a spreadrng

platform transport from the mixer. It shall be turned over to ensure a uniforrm - :
~ consistency before it is placed Under no clrcumstances shall concrete be S

L thrown from shovets

Concrete shall not be placed at a rate of Iess than 2 metres per hour -
P :_;‘vertlcaliy without the consent of the Engmeer S :

o ,, Pumprng of Concrete L

The ‘Contractor shall assume aII responsrbltrty and rlsks !nvotved in the -

< pumping of concrete, and the Employer will not consider any claims forextra - =
costs involved. Should the design of a mix suitable’ for pumping require ~ - =
~ cement additional to that specified in Clause 3.2.1 the cost of the additional = =~~~

~ cements shall be bome by the Contractor. Prior to. commencement. of

placing concrete in the forms, the initial dtscharge of concrete shall be o
~ pumped to waste until a consistent workable mix is discharged, to the .~ -
- salisfaction of the: Engtneer Alumlnaum plpes shatl not he. used for the o

delrvery ofconcrete RS
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| 3 3 5 4 Placmg Under Water -
. :‘ i. | General o

Concrete other than seatrng concrete shall be placed under water onty with

~ the permission of the Engineer. Concrete shall not be placed in water

ﬂowrng faster than one metre per second.

When the Contraclor proposes to place concrete under water detalts of the
method, equipment and materials proposed to be used shall be submitted to

' the Engrneer for hrs consent at least six (6) weeks prior to work being
. commenced.

' . ,'_Untess otherv.rlse consented to by the Engrneer concrete shalt onty be
-+, placed by tremie prpe or bottom dump bucket. ' :
A Tremreprpe L _' _ ,

'.Concrete shall be placed through a smooth bore steel tremle tube

sufficiently large to permit the free flow of concrete. Joints between sections

" of the tube shall be threaded, greases and wrapped with an approved tape
to provrde waterproof conneclions. Aluminium tubes shall not be used. -

. 'The methods plant an equrpment usect for concrete placrng shatl be such
" that a continuous supply of concrete is avarlable at the top of the tremie tube
+ . during the entire process of ptacrng concrete. S :

The tremre shall be fi tted wrth a valve or other devrce S0 that at no time shall

. concrete in the tube come in contact with water when it is being filled. The -
.. means of supporting the tremie shall be such as to permit its being lowered
-; rapidly when necessary to prévent or retard the flow of concrete. The
~ discharge end shall be completely submerged in concrete at all times and
- the tremie tube shall always be filled to a height to overcome the head of
s :'water The rate of flow in the tremie shall be controlled by raising and .

. 'Iowenng the tube and thus varyrng the externa! head of concrete at the

" lower and of the tube : :

'-,'At ho stage durrng the concretrng operation shall the tremle be trﬂed to
7 permit continuation of discharge unless sufficient concrele is available at the
o _concretrng point to enable the tube to be recharged |mmed|atety Concrete
" shallbe supplied to the tremie at a uniform rate to provide a continuous flow -
s wrth the tremre tube as fult concrete as reasonably practrcabte *

. In the event that Water enters the tremie tube or the tremre actlon is lost

during casting and if the Engineer considers that as a result thereof a

. reasonable risk exist that the quality of the concrete will be impaired, the
B '__f'fContractor may be drrected to rmmedrately remove all the concrete placed in
: ‘_the current pourrng operatron I : . :

B "The cost of remOVai of the concrete and atl assocrated costs ansrng from
- failure of the tremie shall be borne by the Contractor and no extensrons of
' ‘trme wrll be granted ' . _ o

‘ “'l_:-lf most of the concrete has been placed prror to partral or fuII breakdown of g
';'the tremle action the Engmeer may permit the previously placed concrete to

remain but direct that no further concreling take place. In this case, the

~ Contractor shall carry out any additional sealing which in the opinion of the
. . -Engineer is hecessary,:and’ dewaler and prepare the surface of the _
L prevrously ptaced concrete for re- concretlng S A P '

Bottom Dump Bucket

S rBottom dump buckets shall be of a type that cannot be drscharged untlt it
e rests on. the surface upon whrch the concrete is to be ptaced The bottom

TSS 25 g



doors when tipped open shall open freely downwards and outwards. The
bucket shall be open at the top but the top surface of the concrete shall be
protected from the wash of the water and the bucket shall be lowered and

- withdrawn slowly to avoid backwash. The bucket shall not be raised to such
a height that concrete will fall through water and no agltatron tampmg or
vibration of the concrete will be permrtted durlng the ptacmg

R ~ Pouring Operation

L When concrete is placed by tremle dump bucket it shall be placed in one

~ conlinuous operalion keeping the top surfaces as nearly level as possible
untit it is brought above the water, or to the required height. The work shall

- be caried out with sufficient speed to prevent any one layer of concrete

- taking its initial set before the next layer is placed. No tamping or vibration

~ will be allowed. After dewalering the top of the concrete, all laitance and

. weak concrete shall be removed and the surface shatl be scabbted before

: subsequent placmg of concrete o

3355 Compactlng ] j-' L . D
- During and |mmed|ately after placmg, the concrete shatt be thoroughty
compacted by means of vrbratron as specrfled hereunder o

Gare shall be taken to fil every part of the works, to forco the concrete under
- " and around the reinforcement without drsplacmg it, to work coarse
o aggregate back from the face and to remove air bubbtes and vords

- Vibration shalt not be apphed dlrectty, or through the rernforcement to
- sections or layers of concrete which have hardened to the degree that the -
= concrete ceases to be ptastrc under vrbratron R R :

It shall not be used to make concrete flow in the forms over dlstances 50
o great as to cause segregatron and wbrators sha!t not be used to transport
concrete in the forms. .~ - .0 R -

L Vlbrat|on shatl be apptred at the pornt of deposrt and in the area of freshly _
" deposited concrete, The vibrators shall be inserted and withdrawn from the -
concrete slowly. The vibration shall be ‘of sufficient duration and intensity to
o thoroughly compact the concréte, but shall not be continued so as to cause
" segregation. Vibration shall not at any oné point be to the extent that
localised areas of grout are formed Application of vibrators shall be at
- _points uniformly spaced and not further apart than twrce the radrus over -
- which the vibration is vrsubly effectrve S e L

o Workmen employed in compactrng concrete shall be competent and
© experienced in this work. Any woérkman who is deemed by the Engineer to -
- be unsatrsfactory shall be reptaced |mmed|ately at the request of the
-'-'-Englneer . SIRTE S ERUE PR PRI S A

o Internal thrators A

o tnternal vrbrators shall be of a type and destgn app:oved by the Englneer
" and shall have a minimum frequency of vibration of 7000 reVOluttons per

~_minute. The intensity of vibration shall be such as to visibly affect a mass of -

o concrete of 26 mm sfump over a radrus of at least 500 mm.

S Tabte 3.7. gives the basis for the number of lnternat vrbrators reqmred for
: satlsfactory compactlon S A e e ST



- necessary to ensure smooth surfaces and dense concrete adjacent to

Note (1) Excluding standby capacrly

Table 3.7 - Number of Intemal Vibrators Required

Rate of Placing Concrete - - . [  Number of internal Vibrators'"
3 CUblC metres per hour P s o _ 2 |
6 cubic rne_tres perhour .~ .. | 3
9-cubic metres per hour IECEC I . B 4.
12 cubic metres per hour : 5
15 cubic metres per hour 6

i External vrbrators

lnternal wbratlon shall be supplemented by such external vrbratron as is

- forms. The number and type of external vibrators and their method of use

- shall be as required by the Engineer. External vibrators shall have a

. minimum frequency of vibration of 7000 revolutlon per minute. One

- additional vibrator for every four working units or part thereof shall be

- provided, and kept in readmess for |mmed|ate use should a breakdown
oceur. - : : . :

: 3'.3._5-.6

Deck or Slab Concrete R

) The upper surfaces of the concrete deck slabs shall be carefully screeded to
. the shape and levels shown on the Drawings. ="+ o o

Vlbratrng screeds may be used and shall consist of a screed board wrth one

or more vibrating units fixed to it. Fixed screed suppoit for screed boards

. shall be arranged parallel to the major axis of the deck or slab Such screed -
o supports shall be at centres not greater than 3 m. T

o Screed supports shall be set with sufflcrent camber to ensure thal the
.- finished slab levels are as shown on the Drawmgs or as directed by the
- Engineér. Screed supports shall be set to prowde the specrfled deck
- thickness over the tops of the beams where relevant '

' Screed supports shall be fabncated from materrals and of sizes approved by' '

- the Engineer, and shall be rigidly held in position at a ‘spacing such that -
- there will be negligible deflection during screeding and so that the screed
-+ supports can be removed from the concrete -at the completion of the
- screeding. Alternative screeding arrangements to those specrfled may be

- used subject to the consent of the Englneer N

- Concrete shall be placed evenly and spread to a level slrghtly above the"

finished deck or slabs levels, compacted by vibrators, and then screeded by

- means of a vibrating screed board placed on the screed supporls and at

. right angles to the direction of the screed supports Immediately screeding
7 has been completed the screed supports shall be removed and the surface _

i made good with addltronal concrete and troWetled to shape . ' S

Flnal fnlshmg operatlons to a concrete slab shall conS|st of tloatlng,
- trowelling, and brooming. Any free surface waler shall be removed prior to
.. finishing. Additional materials such as cement stone dust or sand shall not :

' "‘-.=__be used to dry up surface morsture : : : SR

As sodn as the concrete ‘slab surface assumes a surtable condllion the
- surface shall be wood floated ln order to frll in holes remove lumps and B

| smooth off rrdges
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After completion of wood floating, the surface shall be steel trowelled by
hand or with a power trowel filted with rotating steel floats. Power trowelling

- shall be followed by hand trowelling to remove small irregularities and touch

up areas in corners, around openings or holes, and close to obstructions.
The whole surface shall then be roughened wnh a stuff broom to provide

bond for the wearing surface, or to provide skid reSIstance where an -

- asphaltic weanng surface is not to be applied.

Barrows or other conveyances shall not be wheeled drrectty on the concrele
within a period of seven days of casting. If wheeling planks are placed with
care on the slab surface, barrows may be permitted on the wheelmg planks

- notless than 12 hours from the casting of the slab.

The finished slab surface shall comply with the requrrements of Clause

3.3.9, Tolerances. Devialions from the slab surface greater than those _'

: specrf ied above shall be reclified to the satlsfactlon of the Englneer

L Prtces bid for slab concrete shall be based on the thickness and beam hogs =
" as shown on the Drawings. Payment for the actual amount of additional -
" concrete incorporated in slab thickening to offset variations in béam camber

~from that shown on the Drawings, will be made in accordance thh the
B provrsrons of the General Condrtrons of Contract

3357 . N
© " Inthe case of bndges concrete above deck shatl not be ptaced untrt the

Concrete Above Deck

- deck formwork or the falsework for the span has been remOVed

._'Concrete above deck for cast-in- ptace post-tensroned structures shatl not be _- .
placed until completion of the post-tensronrng operatron unless specaf" ed or_ e

:;_'_ consented to by the Engtneer

L 'Forms shall be accurately bunt to the dlmensmns shown on the Drawrngs '
All moutdrngs panel work and bevel strips shall be straight and true with .
neatly milred 1o:nts and all corners in the fi mshed work shatt be true sharp 3

- and clean cut.

The forms for cast -in- place members shall be erected to the specrf ed line
~ and grade, and shall be braced to remaln in correct posrtron dunng the ;

_ _The tops of all posts kerbs and parapets shall be formed by placrng an - -

excess of concrete in the forms and removing or striking off such excess . -

. with a wooden template moved on guides attached to the forms, forcing the -~ -
' coarse aggregate below the mortar surface The use of mortar topprng w:ll 3

placmg of the concrete

- notbe permttted

- The fnrsh shall be as specnfed in C!ause 3.3. 8

3.3.5.8

Rubbte or Cyctopean COncrete : SR

- Rubble or cyclopean concrete shall consrst of concrete contamtng large LA

 embedded stones. It shall be used only with the consent of the Engineer in

massive plers, gravity abutments, heavy footings and gravity walls. The - :
- class of concrete shall be as shown on the Drawrngs or as ditected by the
. Engineer. The slone for this- class of the work shalt conform to the

e reqwrements of Clause

The stone shall be carefulty ptaced not dropped or cast ‘50 as to avmd |n]ury S
to the form or to the partlalty set adjacent concrete Stratrf ed stone shatl be R



placed upon its natural bed. All stone shall be washed and saturated with

. water before placing. -

- The total volume of the stone shall not be greater than one-third of the total

volume of the portion of the work in which it is placed. For wall or piers

- greater than 600 mm thickness, stone having a maximum size of 250 mm

may be used. Each stone shall be surrounded by at least 150 mm of

"concrete and no stong shall be closer than 300 mm to any top surface nor

NS any closer than 150 mm to any coping.
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Note Rubbte or cyclopean concrele is not applrcab!e to thrs contract

Curmg

'Subject to.the consent of the Engineger, curmg shalt be carrred out using one
Sor both ofthe fotlowrng methods T .

Normal Cunng

i Generat

- Exposed concrete surfaces shall be cured by covering wrth an approved

material immediately after finishing and the surface small be kept moist.

- Alternatively, exposed surfaces may be cured by flooding or contlnuous ,
o spnnklrng subjects to the consent ofthe Engrneer R

: Curing shall continue for a penod of not tess than seven days after placrng
Lo the concrete o : , o

- Within 15 mmutes :f the comp!etlon of the frnlshlng of any. sectlon of deck or

slab, the concrete surface shall be protected by surtab!e ‘means from the

- eﬁects of sun and wund

S Freshly finished concrete surfaces shaII be effectrvely protected from rarn or
o damage from other sources until hard set has occurred R

i. Use of Cunng Compounds S

. Moist cunng as specrfed above shall generally be used The use of curing
... compounds will not be permitted on exposed surfaces which requue class 2
~orclass 3 surface finishes. = - = . - :

Cunng compounds shall be in accordance wrtn AASHTO M 148 (ASTM (O

© .- 309) "Standard Specrfrcatrons for Liquid Membrane Formlng Compounds for
- Curing Concrete and shall only be used with the consent of the Engineer.

. Full details of curing compounds shall be submitted to the Engineer prior lo

- their use, including the time and rate of application and documented
-, evidence of the effectiveness of the compound as a curing agent. Such
compounds shali be - plgmented sufflcrentty to allow visual inspection to
~ensure full application on the surface to be coated and the pigrent shall not

be visible after a period of 14 days after apptrcatlon Curing compounds shall

v not have a detetenous effect on the concrete. Compounds shall not darken -

“or yellow’ apprecrably and no compound shall be used whrch wrtt starn the

g surface of the concrete

o Curlng compounds shall be apphed in accordance wrth the manufacturers

instructions. Application of curing compound shall commence after the final

- set has taken ptace and just as the surface fi Im of water disappears. If the
* concréte " stirface is 'dry; it ‘shall be thoroughly welled with water and the

surface film allowed to just: disappear prior to application of the curing

i compound Any damage caused to the apphed coatrng shall be |mmed:ately )
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. repaired by the Contractor. If coaiings are being repeatediy damaged the
- Engineer may direct that moist curing be resumed. - - :

- Curing compounds shall not be applied to construction jdints‘ unless ihe joint

" id to be scabbled or sandblasted at a fater dale.

" Curing compounds ‘shall not be applied to surfaces which are to be

- 3.3.6.2

subsequently coated unless provision is made for removal of the compound
from these surfaces prior to the application of the coating. Curing
compounds to be used on bridge decks which are to be covered by a
biturnen seal or asphalt shall be of a type which will not significantly reduce
the adhesion of the seal or asphalit. ' N

Steam Curing . . e
The plant, and equipment, method of control, and the proposed curing cycle
for any steam curing proposed by the Contractor shall be subject to the

" consent of the Engineer. After the initial maturily period, the concrete shall
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be cured in an atmosphere saturated with water vapour at a pressure not
exceeding atmospheric pressure. - : S R s

Quallty of Concrete  ©

The classes or strenglh grades of concrete to be used in the works shall be

as shown on the Drawings. Test specimen moulds, of a type shown on ihe
Drawings, shall be provided by the Contractor for all tests required to be

. performed by the Contractor or for independent testing by the Employer

- pursuant to clause 1.6.2 of the General Specification. ... -

3372

Sampling of Concrete

Test specimens shall be made and cured in accordance wi_th'AASH'TO T23

(ASTM C 31) “Standard Methods of Making and Storing Specimens of

“concrele in the Field”. Eight test specimens shall be made from each sample
of concrete and there shall be not less than 8 specimens made for every 40
“cubic meties of concrete or fraction thereof placed during one day's run for

. every concrete pay item shown in the Bill of Quantities . Where the rate of
. concrete. placement for any single structure exceeds 100 m*day, the
" number of specimens may be reduced from 8 to 2 per 40 cubic metres at

| the sole discretion of the Engineer. .7

" Additional specimens, as directed by the Engineer or detailed in Section TS

- 7°of this Specification, shall be taken for the assessment of the strength

" where early stripping of forms or the early application of prestress is
7 proposed. - T LI LT T R
~ ‘The Contractor shall provide the necessary curing facilities and shall cure = -
. - the test specimens on site in accordance with AASHTO. T, 23 until they are .
~tested by the Contraclor in accordance with his obligation for testing under
. the contract or delivered to the laboratory for independent testing pursuant
-+ to clause 1.6.2 of the General Specification. = . =~ IR

“ As soon as practicable after the specimens a

i L H : oo

- approved moisture proof containers until testing is to be carried out.

e made they shall be placed in

&=
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: : Specrfred Compressive Strength
Classes of Concrete ol TDays <o 28 Days
1 0o oa S wPay (kgrcm‘) (MPa) (kgrcm)
Lo K125 : - 90 | .- 80 o) 126 - 125
o KAfS o 130 130 | 1756 E
- K225 = SA7.0 | o470 ] 2256 ] 225
Lo K390 - s 260 260 v . 350 - 0 350
e K400 o ]300 300 o0 1400 | - 400
K500 - 380 s 380 ] 500 .| - 500 B

3 3. 7 3 Sampling of Mortar and Grout
- If required by the Englneer test specimens shall be made for the purpose of

determlning the propeities of mortar or grout. The specimens shall be made

- in accordance with Clause 3.3.7.2 above, except that the method of

moulding shall be as directed by the Englneer _
Test specrmens for shnnkage tests shaII be in accordance wrth AASHTO T

3. 3 7. 4 Testmg

The concrete specrmens wrll be tested in accordance wrth AASHTO T 22
(ASTM C 39). : : _

Four of the above erght spemmens shall be tested at 7 days for mformatron

. and the other four at 28 days for acceptance.

A strength test sha!l be defined as the average of the compresswe strengths
of two specimens made from the same composrte sample of concrete end :

- . ltested at 28 days

Where samples are taken from concrete whlch WI|| be prestressed four
specrmens will be tested to assess the concrete: strength pnor to stressmg o

-+ and four specrmens will be tested al 28 days. S

'Should the average strength of the strength test above be tess than the .
- 'specified ' strength, application of prestress or removal of forms (as -
- - appropriate) shall not take place. Alternatively the Engineer may specify an -
.= age at which in his opinion the concrete will have reached the required
-+ strength to” permit -application of prestress - or removal the forms. If the
* - concrete ‘was ‘steam. curéd, the Engineer may request addmonal in
: accordance wath the requnements of Clause TS 3 36.1. Tt .

| The reqwrements for each ctass of concrete are as ShOWn in Table 3 8.
' _' Tab!e 3 8 Compressrve Strength Requrrements o '

- Irrespectwe of the quantlty, every days productlon of concrete shali be I |
-.. - tested both for- strength and for slump and every. structure and every .
SR component of every structure shall hkewrse be S0 tested for strength and
- slump. - SRR . . :

L f"f_;"_';The Englneer may order an rncrease |n the number of tests to be made of
. ..make other.tests as he may deem necessary to ensure that the concrete is .
-, of the specrfed quallty SRR S : :

o - The concrete test specrmens wrll be tested by the Contractor and wrtnessed_-_' =
by the Engrneer ala Iaboratory approved by the Englneer >
e The cost of testlng the spemmens W|Ii be borne by the Contractor S

Concrete test specrmens ‘Shall be prowded by the Contractor further to hrs s
IR obhgatron to allow rndependent testing by the Employer ln accordance w:th o
‘ -'-f‘i_j--ctause 1. 62 of the Generat Spec;ﬂcatmn L _ e
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3.3.7.5 Acceptance of Concrete

The strength requirements of concrete in thrs Specrr catlon wrll be satasf ed
“when, for any given sample, the strength requirements of Clause 3.2.1.4 are
. met and, in addition, no strength test (as defined in Clause 3.3.7.4 above} is
less than the specrf ed Characteristic Strength at 28 days by more than 3.5
MPa (35 kglcm ).

The Contractor may carry out tests on specrmens made by hlm or hrs :

representatives in addition to the number specified above, to determinate
the time at which the various strength requirements will be met. However,

~ acceptance or rejection of the specified strength requirements will be based _'

on test carried out under the supervrston of the Engmeer :

3.3.7. 6 Rejectron of Concrete C

- Should any sampte fail to satrsfy the strength requrrements of consent as
- detailed in Clause 3.3.7.5 above, the Engineer may reject the whote or part

- ofthe concrete represented by the sample.

' In the case of doubtful results the Englneer may proceed to check the

compressrve strengths by means of crushing tests performed on test -
. specimens taken with a rotary core borer at points. indicated by the Engineer -
- on struclures already constructed. if such tésts do not comply with the -
 requirements the Engineer may reject whole or part of the concrete -
- represented by the those tests. These tests shatt compty wrth the -

reqwrements of ASTM C42. -

i if the Contractor disputes any of the above test resu!ts the Englneer may -

require the Contractor to have confirmatory tests ade at the Contractor's

. expense. Such lests shall consist, according to the Engineer's instructions, . -
of crushing tests as described in the paragraph above o_r non- destructtve .

.tests usrng the sclerometer (refer to ASTM C 805)
Each non- destructnve test shall be pertormed as foltows

» Around the po:nt se!ected by the Englneer an area not Iarger than0.4 - <

. - square metres shall be fixed, on which ten (10) blows with the

- sclerometer shall be made and the vatues of rndex read each trme —

_ shatt be recorded; _ R
'- The anthmettc mean of such values shatt be determlned

oVatues whlch dlfter from the anthmetrc mean’ by more than f fteen

- hundredths (15[100) of the totat range of the sclerometer scate sha!l g

be drscarded

-From the va!ues not dlscarded the anthmetlc mean shall be

recalculated and by reference to the calibration table of the
' scterometer scale will grve the compresswe strength of the concrete

> Generatty, for each of type of sclerometer the calibration tabte supptled by :
~+ the manufacturer will be uséd. Nevertheléss the Engineer will have the right, -
“ as desired, to perform- the ‘calibration of the - sclerométer” ‘difectly on .
- _specimens which will afterwards be sub;ected to crushmg tests by S|mpte

- compressron i

' Rejected concrete shall be removed by the Engmeer at hrs own expense |n"'*.

_ accordance with the provrsrons of the. General Condittons of Contract

_ . The records of all tests shall be_kept by the Engineer but results shall bejii-’"’
" available at all times to the Contractor The Contractor. shall be. responsible _
for maklng such adjustments as. may be necessary to produce specrﬁcatlon E
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. concrete and the test results shafl indicate Whether or not the concrete is

- 3.3.8

3381

salisfactory.
Surface Finish

General

- For any particular class of concrete surface finish, the method of
. construclion and the malterials used in the concrete and fomwork shall

remain constant and shall be such as to mest the requirements of this
Specification. Any formwork which in the opinion of the Engineer will not

~impart a surface finish' in accordance wrth the requrrements of this
‘ Specrﬂcatlon will be reJected SRR

“ " The slandard of surface finish is dependent on the quahty of formwork, the

compaction of the concrete, and the manner in which the formwork is
removed. The higher the standard of surface finish requrred the greater care
will be required to be given to these factors. - r S
The followmg surface fi nrshes are specrf ed

'Unformed Surface Flnrsh B o =
-7 Class 1 Surface Finish (Unexposed Formed Surface Flnrsh) v
© Class 2 Surface Finish (Ordinary Formed Surface Finish)

_Class 3 Surface Finish (Rubbed Formed Surface Frnrsh)

o o AII formed concrete shatl recerve at Ieast a Class 1 surface fi nrsh Un[ess
- otherwise consented to by the Engineer the surface of the concrete shaII he
Cfi nished immediately after the removal of forms :

- Except where other sun‘ace finishes are shown on the Drawrngs or ordered
. by the Englneer surface frnlshes Class 1 Class 2 and Class 3 shall be used
=7 as follows: S - :

"Substructures )

L ;_The Back of abutments culverts concrete retamrng wa!ls and wmgwalls
- shall receive Class 1 surface flmsh . :

Al exposed surfaces of abutments wrngwalls concrete retamrng walls and

piers from 300 mm below ground level shall receive Class 2 surface finish,

_:_ except that in cellular structures the faces of wingwalls and ends piers or
- wall only shall receive Ctass 2 ‘surface finish. Upper surfaces of concrete
- beanng pedestals shail receive Class 2 surface f;nrsh

Bndqe Decks and Beams E : o
- The underside of deck betWeen beams and verttca! faces of beams other 4
- than the outer face of outer beams shall receive Class 1 surface finish. The
. .., outer faces and undersides of the beams, the edges and the underside of
S the cantllevered deck-slab, the interior and exterior faces of kerbs and the -
e upper surfaces of the kerbs shali recerve Class 2 surface fi nlsh '

‘4',""Exposed Vrsrble Surfaces _ 4 ' Cl T T g T e _
"7 All $urfacés above the tops of kerbs’ shall recewe Class 3 surface flntsh End
Ui posts ‘shall ‘receive “Class 3 surface finish. Precast parapet units and
. assocrated cast—m pIace concrete shalt recewe Class 3 surface f msh

] Precast Concrete e : '
o Precast parapet unlts shall be gwen a Class 3 surface fmsh

o Other precast unlts shail recelve Cfass 2 surface finish.
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- 3.3.8.4 | SRR SR
" For aClass 1 surface fi nrsh ho defects whrch structuralty affect the concrete

- All precast unils shalt receive this finish wrthln forty erght (48) hours of
- removal of forms. :

3.3.8.2

'Rejectron of Surface Frnrshes R :
Any concrete surface that does not comply wrth the requirements of this

~ Specification shall be subject to one of the followrng alternatives, at the sole
. discretion of the Engrneer : S S :

1) Rejection of the concrete in vtrhich_ case' the concrete 'sha_ll be

~demolished and reptaced

. 2) Approvat of the concrete cast wr!t be W|thhetd subject to remedlal

measures being carried out the satrsfactron of the Engrneer

_'The cost of any demolrtron or restoratron work to be undertaken shall be

- . borne by the Contractor __:':_

3.3.8.3 U

- surface. Care shall be taken to drain or otherwise remove promptly any

Unformed Surface Frnrshes :
i. Surfaces other than Weanng Surfaces

Unformed surfaces shall be compacted and tamped S0 as to flush mortar lo

the surface, screeded off and finally dressed with a wooden float to an even

water Whlch comes to the surface A capprng of mortar will not be permrtted

Al future contact surfaces in composrte constructron shatt be left rough with

0 the coarse aggregate at the surface fi rmty embedded but not forced below
' '_lhe surface . . . .

TR Weanng Surfaces .

‘Where a concrete is shown on the Drawrngs (for examp!e for the deck of a '

bridge), the concrete shall be thoroughly compacted and the surface

,screeded off by a suitable vibrating screed. Immediately following

 dressed with a wooden template or float or by other suitable means ‘The -

compaction and screeding the concrete shall be finished and shall be fi finally

- departures from grade shall not exceed 5mmin any 3 metre fength.

- Where an asphattrc deck Wearlng ‘surface is specified, the surface of the

s concrete, after being compacted screeded and corrected, “shall be dressed - '

" with a wooden float to close drying shrinkage cracks. Unless otherwise

R shown on the Drawings, all deck slabs shall have a broomed finish applied
~ to the top surface while the concrete is still plastic. Broomlng shatl be done -

_' ina drrectron transverse to the Iongrtudrnal axrs of the slab

C!ass 1 Surface Flnrsh

=  or reduce the cover 1o the steél reinforcement will be permitted. A$ soon as

_ suilable stiff cement mortar, having the same proportions of cement and fine -

the formwork is removed, rough or porous areas shall ‘be filled with a

L aggregate as used in the concrete, and shall be brought to an even surface’

.. with-a wooden float. Bolts, wires and other appliances passing through the .

- concrete to hold the formwork shall be cut off set back a minimum.of 25 mm

from the surface of the concrete, and the ends covered with a suitable

- mortar. If concrete spacer blocks are used they shall be ‘manufactured wrth]f'_ -
concrete of the same mlxture as the parent concrete in the slructure e

&
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3.3.8. 5 Class 2 Surface Finish

Surfaces to receive a Class 2 fi msh shall have the treatrment spemf ied above
for Class 1 finishes together with the additional reqmrements helow.

. AClass 2 surface finish shall achieve a concrete surface of rnvanable colour

~and free from any major surface defects. The design of the formwork shall

. be such as to give a deflection under the loads imposed on it of not more

~ than 5 mm between studs of frame supports. The formwork shall be

* assembled by skilled tradesmen from materials which are suitable for this -

standard of formwork. The formwork shall be constructed so as to prevent

water run off carrying stains on to previously cats concrete surfaces. The

- finished concrete surfaces shall be protected from mortar slurry, physical

- damage, spillage and water borne staining. Timber in contact with a

. concrete suiface shall be softwood and any steetl shall be protected to .

- prevent rust staining of the concrete surface. No defect which structurally

- * affects the concrete or reduces the cover to the steel retnforcement or other
- embedded components will be permitted. .- :

" All mortar fins shall be tooled away to expose a surface of dense sound'
' _concrete ‘ : .

_Excesstve colour vanatlons in the frmshed concrete surfaces shatl ber '
remedted at the Contractorsexpense ' : '

Embedded spacers and retnforcement supports Wthh prolect to the surface .

- of the concrete shall generally match the colour of the concrete and be of_ .

' such de3|gn that only a minimal areais exposed after stripping.

- Details of the proposed spacers and supports shalt be submttted to the
Engmeer for hts consent. o . : .

: The use of concrete spacer blocks Wt|| not be permﬂted

If any of the surfaces for which C]ass 2 Surface Finish is specnfted do not L

- exhibit the required finish off the forms they shaII be treated as specrfted for
Class 3 f nlsh below

3. 3 8 6 Ctass 3 Surface thsh

Surfaces to receive a Class 3 finish shall have the treatment spemfed above
.~ for Class 2 finishes together with the addrttonal reqwrements below.

: A Class 3 surtace fi msh shall achleve a concrete surface of uniform colour

" and texture and free from surface defects. The design of the formwork shall o

- be such as lo gtve a deﬂectton under the loads imposed on it of not more
- than the following: - ‘ _ - _

- ‘:0 1 5 mm between adjacent framlng mernbers

; i_ e 3 0 mm over the vertical face for the full depth of a panel or height of a
tlft whtchever is the tesser o ' : _

3 0 mm over a3l metre Iength honzontafly _ L
B Formwork shatl be assemb]ed by skilled tradesmen from matenals whlch are

~suitable for this standard of formwork. Hardwood shall not be used in =
" formwork construction and any steel shall be protected to prevent rust =

o staining of the concrete surface. The formwork shall be constructed s0 as to
- prevent water run off carrying stains on to previously cast concrete surfaces.

| _ The finished concrete surface shall be protected from mortar slurry, physical R A
- damage, spillage and water borne staining. No defect which structurally -

affects the concrete or reduces the cover to the steel reinforcement or other
L embedded components will be permitted. If the concrete surface fi ntsh is not -
T83 35 T : -



of uniform colour and texture remedial measures shall be taken by the

- Contractor to produce the required surface fi nlsh at his own expense and to

the satisfaction of the Engmeer ) o o
After the forms are removed mortar f ns and :rregu!ar shall be removed and

the surface shall be thoroughly wetted. It shall then be rubbed with No. 16 -

carborundum stone or similar abrasive until all form marks are removed and

the surface is umform in texture and the arrises aré true. The paste formed

. in the process shall be uniformly distributed over the surface while it is still

3.3.9

wet and allowed to set. It shall then be rubbed off with dry hessnan or -
' canvas. : :

o Sandb!astlng shali on!y be permllled where enwronmentally acceptable

) Toterances o : : S :
_The tolerances Iisted in Table 3 9 wﬂl be the basns for acceptance of the
-work. Work oul31de the spec;lr ed tolerances may be rejected by the
' Englneer ' ,
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Table 3.9 Tolerances for Concrete Consftruction

 COMPONENT ITEM TOLERANCE
Variation in Cross sectionat dimensions C25mm 1
Varratlon in tength 125 mm
Precast Concrete - Squareness of head 10 tongltudrnal axis +5mm
Piles (including :
Sheet Piles) Variation of the pornt to cenlre of the pile cx5mm
no e Surface |rregular|t|es measured wﬂh 3m strarght " 5m
mm
edge : - B ST
Bow for the Iength in mm (Vanatron from the " | %_*ﬂgﬂ_‘
straight) R . 1000
Variation in dimensions + 50 to — 10 mm
| Misplacement from the specified position 15 mm
Footrnge and Piles Surface rrregutantres measured wrth a 3 m e
Caps ... , . "5 mm
ST strarght edge S : o
Variation of reduced tevets at.the tops of + 25 mm
_ footmgs or pite caps C : ST
~5mmto+10
Vanat:on in top and bottom flange thrckness nm
Variation in wall thickness -Smmlo+ 10
it o ; : mm
Variation in overall depth or width x5 mm

Post Tensioned_
Preslressed .
Concrete Beams

Verralron |n'overall length and Iength between bearings shall not
exceed + 10 mm or i 0.1 percent of the span length whrchever is

the lesser -

Variation in h09 from specified profile shall not exceed 0.1 percent
of the span length. Sag will not be permitted unless specified. The
hog of beams in any one span shatl not Vary from the other by more

than 15 mm.

Bow shatl not exceed 10 mm or 0.1 percent of the span Iength

whrchever is greater

Permrssrble . surface - irregularities . when

measured wuh a3m strarght edge or template - 5:.“’”_‘
ciTTTT _Variation in’dimensioné _‘ S T r5mm
In situ Beams, Misplacement from the specift ed position 5mm -
| Stabs, Columns, _
| Piers, Walls, "7 - Varralron of reduced levels of the tops_ of +5mm
Raifings, Kerbs and columns, piers, wall beams or similar parts S
Other similar parts Varratron of reduced levels of beanng areas - +5mm
S E5mm

L Varrallon frcm plumb over full herght of co!umns



3.3. 10 WaterStops

3.3 10 1 General

: Waterstop shall be provided where concrete structures require water—
tightness- at joints as shown on the Drawings or as directed by the
Engineer. The width of the waterstop shall be within a tolerance of 10 mm of

' the nomlnal W|dth exctuswe of the naltmg stnps :

3.3.10. 2 Matenal

_ The waterstop shatt be extruded from an etastomenc ptast:c compound the
. basic resin of which shall be polyvinyl chloride (PVC). The compound shall
. contain any extruded additional resins, plastwusers or other malerials
" needed to ensure that, when the material is compounded it wall have the
) physmal charactensttcs specn" ed hereln :

Physicel Charaot_eristi_cs L i g L | "'MeihO_d of Test

Tensile __Strength;‘ min R 140 kgflcm’ ' ASTM 0412
Uliimate Elongation, min =~ 300% - - = ASTM D412

Hardness, Durometer (Type-A) . “- 651080  ASTM D 2240

Specifio Grawty 140 02 -
Water Absorptlon max S 015% :
Tensile Strength after Accelerated I PR
Extraction Test, min = = - e .119 kgff_cnt

Ultimate Elongatlon after . : 240¢y L
Accelerated Extractlon Test min . o S 9. '_i
Changes |n Welght Effect of

Alkali Test +5% S

The manufacturers certtf catton of conformlty to the spec:ﬁed requrrements. :
sha!l be submttted to the Engmeer for approvat : :

:3 3. 10. 3 Fabncatton ST e Pl o R S
' a) The 'shapeés and dlmensmns of PVC WaterstOps shall be as shown on o §3
the Drawmgs or as approved by the Englneer - I O R L
) Extruded waterstop shall be dense homogeneous and free form holes R
.. - scratches and other imperfections. The cross-section of PVC waterstop L
.7 shall be uniform along its length and shall be’ transversely symmetrical = -

~ $0 that the thickness at any gwen dlstance from elther edge of the :
: waterstop shall be unlform o : _



3.3.10.4
.a)

Splices

Splices in waterstops or at the intersection of runs of the PVC waterstop
shall be made with fusion-welded butt splices in accordance with the
manufacturer’s instruction. All splrces shall be neat with the ends of the
joined surfaces in alignment and in good contract. The continuity of the
" characteristics patlerns of the cross-sections of the waterstop shall be

- mainlained across the splice. All |ntersect|on splices shall be
prefabrlcated at the manufacturersfactory _

: b).'

The number of sptrces in the waterstop shatl be kept to a minimum and
all splices shall be approved by the Engineer. The equipment used for

making splices and the splicing method shall also be as approved. The

equipment used for making field joints shall be a temperature controlled
apparatus furnlshed by tne Contractor .

The Contractor shall make the splrces in such a manner as to ensure

- that the splices have a tensile strength not less than 80 percent of that of

the unspliced material. The Contractor shall undertake testing to confirm

~ the strength of field splices. The splice shall be watertight, free of air

bubbles and the rib and centre bulb where applrcabte shall match up

exactly and be contrnuous

33105
a)

lnstallatron

To elrmrnate fautly rnstallalron that may result in jornt Ieakage partrcular .
care shall be taken to see that the waterstops are correctly positioned

during installation. Adequate provision shall be made to support the

" waterstops” during the progress of work and to ensuré the proper

embedment in concrete. The method of securing the waterstops will be

lo the approval of the Engineer. The symmetrical halves of the
~ waterstops shall be embedded in the concrete on each side of the joints.
- . Walerstop shall be thoroughly c!eaned of forergn materral before '

_ concrete is placed . A : S ‘
Care shall be exercrsed in placrng and vrbratrng the concrete about the

. waterstop to ensure complete filling of the concrete under and about the

~ waterstop and to obtain a continuous bond between the concrete and -

. - the waterstop at aIl pornts around the perrmeter of the waterstop

Suilable guards shall be provrded to protect exposed prorectrng edges' '
and ends of partially embedded waterstop from mechanical damage at

- all times. The PVC waterstop which will remain exposed for more than 7
10 days shall be covered or shaded to protect ll from the actlon of
_‘__temperature and uttravrolet rays L v :

The Contractor shatl replace or reparr any punctured or damage .

E waterstop

. 33 11' lVl'is'cellane'oos"_ i

33111

to

Sofﬂts -

The sofﬁts of beams and deck edges shall be contlnuous curves or strarght S
-~ lines as shown on the Drawings. All vrsrble |rregularrt|es shall be made good o

the satrsfactron of the Englneer S



3.3.11.2 Anchor Bolts

All necessary anchor bolts as shown in the Drawmgs shall be set either
before the concrete is placed, or in the concrete as it is being placed, or in

- holes formed whrte the concrete is berng placed or in hotes dnlled after the
- concrete has set. R , s

l, if set in the concrete as it is being placed, a bolt shall be p!aced ina section

of standard black pipe, at least 50 mm larger in diameter than the bolt, and

. shall be anchored by passing through a heavy steel washer at the bottom of
- the pipe. Holes may be formed by inserting in the fresh concrete oiled
- wooden plugs, metal pipe sleeves, or other approved devices, and
- withdrawing them after the concrete has partially set. Holes so formed shall
~ be at least 100 mm in diameter. if dntled holes shatt be at Ieast 25 mm

larger in diameter than the bolts used. -

7 Bolts shall be set to be at the tevels as shown on the Drawrngs and
- deviation from line and level shall not exceed 5 mm. The bolts shall be fixed
- with grout completely filing holes. The grout shatl consrst of one part

T Portland cement to one part fine- grarned sand

i Where a group ‘of bolts is installed for anchorage of a fence post or srmrlar

the bolt group shall be installed prior to the placing of concrete. The

concrete over the support base plate area shall be scabbled to remove all - i
' Ialtance and loose or porous materral and Ieft ina roughened state '

: 3 3. 11 3 Brrdge Beanngs |

Bndge beanngs shall be provrded and lnstalted in accordanoe wrth Sectlon -

' TS 11 of this specrt"catlon

_ 3 3 11 4 Plpes Condurts and Ducts -

- Pipes, conduits, and ducts that are to be encased in concrete shatt be

installed by the Contractor before the concrete is placed. Unless otherwise

. - indicated, pipes embedded in concrete shall be standard, lightweight, non-

corrosive pipes. Pipes shall be held or braced rrgrdly durrng concrete
ptacement in order to prevent therr drsplacement S

33115 Btockouts o o _ .
o Block-outs to allow for the subsequent mstatlatron of metal components (e g.

gale guide frames) shall be formed as shown on the Drawrngs and to the S

: tolerances shown in table 3.9. -

34

3.4.1

Where btock—outs are formed the concrete surfaces shatl be chlpped ,
~ roughened and cleaned and kept moist for-at least 4 hours. After such -
- surfaces have been inspected and approved by the Engineer, concrete type =~
- C-2 as specified in table 3.1 shall be placed. Care shall be taken to ensure

that the concrete is tightly bonded to the previously-placed concrete and the_
complete adhesion between the concrete and aII metalwork or other |tems in

the block-out i is obtarned

STEEL*RE‘NFOR?EMENT S

Scope

" This clause covers the suppty, handlrng and ptacrng of steet rernforcement'_ o

for concrete



342

Materials _
Unless shown otherwise on the Drawings, reinforcement shall consist of

- deformed steel reinforcing bars, of a strength grade as shown on the
-Dra\mngs complylng wnth the reqwrements of AASHTO M 31M (ASTM A

- 615),

_.«'Where the use of other reinforcement is shown on the Drawings, such
- reinforcement shall comply wath the reqwrements of the appropriate
" fol!omng standards

.+ AASHTO M 225 (ASTM A 496) Deformed Steel Wire for Concrete

343

Relnfoa'cemenl

) .E'AASHTO M 32 (ASTM A 82) Cold Drawn Steel ere for Concrete

Reinforcement

«  AASHTO M 55 (ASTM A 185) Welded Sleel ere Fabnc for Concrele :
SN Remforcement ' : -

- Steel relnforcement shall be supphed free from loose mlllscale mortar Ioose

or thlck rust, or any other coating.

Order Llsts

Before ordenng matenal a!l order hsts and bendmg dlagrams shall be ,
furnished by the Contractor for the approval of the Engineer, and no material

*shall be ordered until such lists and bending diagrams have been approved.

© Approval -of :order lists  will in no-way relieve the Contractor of his

S responsibility for ascértaining accuracy of such lists and diagrams. Revision
o+ of material futnished in accordance with such lists and diagrams to meet

~ compliance - with the deslgn drawmgs sha!l be at lhe expense of the -

s Contractor P

344

. Protectlon of Matenals s S ' :
S 'Relnforcmg steel shall be protected at all tlmes from damage and shaII be

- stored on blocks to prevent mud caking. Prior to placing concrete,

-'3'.4[5;?;_: PR o |
© .4 -Unless othemnse permllted aII relnforcmg bars reqmrmg bendang shall be

remforcmg steel which is to be embedded shall be free from heavy rust d:rt

B mud loose sca!e palnt 01I or any other foreign substance

Bendlng

o '-';-', bent cold and shall be bent in accordance wilh American Concrete Institute

E procedures unless otherwise detailed. All hooks and bends shall be in

- " accordance ' with P.B.I 1971 N.I. 2 (Indonesian Reinforced Concrete Code).

Bars partially embedded i concrete ‘shall not be benl except as shownon
the drawings or otherwise permitted. Qualified labour shall be employed for

cutting and bending, and proper appliances shall be provided for such work.

“-Should: the  Engineer :consent to the application of heat for field bending _'
RTINS 'relnforcmg bars, precautions shall be taken to assure the physmal properties.
i _:-of the steel will not be matena!ly allered N :

o é..':i;é:’"'. ST
" Al reinforcing steel shall be accurately placed and dunng the placmg of

Placmg and Fastenmg

- ‘concrete, firmly held by approved supports-in the, position shown on the

" Drawings. - Reinforcing - bars ' shall be secureiy faslened together. -

' Relnforcement placed in any member shall be mspecled and approved -
- _'before any concrete is pla_ced - , R .

TS3 41



3.4.7

Spllcmg

- - All reinforcement shall be furnished in the fuII lengths mdlcated on the

- Drawings. Splicing of bars, except where shown on the Drawings, will not be

. permitted without the written consent of the Engineer and then only welded

spliced may be permttted Splices shall be staggered as far as possible.

~In the lapped spltces unless otherwise shown on the Drawrngs bars shall

. be lapped 40 diameters to make the splice. Welding of reinforcing steel
- shall be done only if detailed on the drawings or if authorised by the

Engineer in writing. In such cases, the Contractor shall submit to the

" Engineer for his approval a welding procedure and a list of welders to

348 Substrtutron

~ Substitution of dlfferent size bars wrll be perrmtted only upon the specific

“perform the welding, including their qualrflcatrons and detalls of welder
. quallf catlon testrng 0 be carrted out. - _ ‘

authorisation of the Engineer. If stee! remforcement is substituted, it shall be

e of a stze equrvalent to the destgn srze or larger

3.5

354

Specification, or does. not meet the requwements of this- Spemf ication in -
. regards to surface finishes, .or which is,.in the opinion of the Englneer

f DEFECTIVE CONCRETE

- ( General

Concrete Wthh is not placed and completed in accordance W|th thrs'

o -defective, shall be femoved within the limits assigned by the Engineer, and _
.+ replaced in accordance with the requirements of Section TS 9, Concrete_ R
o Reparrs of this Specrﬁcatron except as modified-below. .

"No repalr to concrete shall be carrled out wuthout the consent of the S
" Engineer. All repairs shall be performed by skilled workmen and ‘shall be
. carried out within 24 hours of the remova! of the forms andfor the defect o

becomlng visible. .

352

| Materrals for the Reparr of Defectlve Concrete

Matenals used shall be the same as those used in the parent concrete |

_* For repalrs o Class 2 and Class 3 fnrshes the proportlons of materlals shall SN
.- be determined by experiment to’ prowde a matching colour at 28 days. Whrte o

e .':_cement shall be substituted for a portlon of the grey cement as requrred

_ : Cement mortar sha!l consrst of one. part cement by votume and ot more -~
- that three parts of trne aggregate by volume and an: approprlate quantrty of -~

water. ©

o Dry pack shall be composed of a le of one part of cement by volume to two JRIE
“and one half parts by volume of sand that will pass a 1.18 mlltlmetre sieve, .
- together with just: enough water to. produce a- mortar which will just stick -
together when moulded into a ball by stight pressure of the hands and not R

- exude water but will Ieave the hands damp

" Al repaifs shall be bonded tightly to the parent matenal be sound and free R
" from shrrnkage cracks and drummy areas after cunng and drylng and haVe e

: _Concrete shall have the same strength as the parent materlal S

Repatrof Defecttve Concrete Y

TS3- 42



the surface finished smoothly and flush wilh the adjomrng‘surfaces Repairs
to Class 2 and Class 3 finishes where permilted shall be carrded out in

_ accordance with the Engineer'’s directions. The area around the defective

concrete shall be marked with saw cuts twenty (20) mm deep, cut on
straight lines. Defective concrete shall be excavated to sound concrete to
the satisfaction of the Engineer. The excavated area shall be primed with an
suitable epoxy adhesive in accordance with the manufacturer's

" recommendation, and built up with dry-pack, cement mortar or concrete to

bring the surface to the tolerances as set out in Clause 3.3.9. Bulges and
abrupt irregularities shall be reduced by bush hammering and grinding until
the surface is within the required tolerances. The treatment of this and

~ adjoining areas shall be subject to the consent of the Engineer. Where

dressing is required, all fins shall be removed and all blowholes and

honeycombing shall be fitled using cement morlar. The area shall be rubbed =
~ down with a cement mortar using only the portion of sand passing the 600

micron sieve and a cement ratio the same as the parent mix but with just
sufficient water for workability. The excess materral shall he rubbed off :

' wrthln hessran 24 hours tater . ‘ _ _ _
Drypack shall be used for fi Ilrng narrow slots cut for the reparr of cracks for

' grouting holes and for filling tie rod fastener recesses. Drypack shall not be - |
" used for trtlmg behind rernforcement : B

Cement mortar flllng placed under rmpact (shotcrete or srmr!ar) may be

- used for the repair of areas which are too wide for drypack, yet too shallow

36.1

for concrete filling and no deeper than the inner face of the rernforcement .

 nearest the surface. o N ;
_i_'.Concrete filling shall be used for holes greater in area than 01 square

metres or deeper than 100 mm, and for holes which are greater in area than
0.5 square metres and which extend beyond rernforcement

. Where requrred cracks shall be sealed and or injected wrth epoxy resin in -
- accordance with the requrrements of Sectrons TS 9 and TS812 of this

Specrflcatron

' 5_Any material sprlled on or starns to adjacent areas of consent shall be
_cteaned to the satrsfactron of the t:ngrneer : :

.MEASUREMENTANDPAYMENTyf?j_

. Concrete

This ctause refers to concrete of the various ctasses as descrrbed in _

o Sectron TS 3 of this Techmcal Specafrcatron

Measurement for payment of concrete will be made in cub.c melres (m3) in
" acéordance with the dimensions shown on the Drawings or as directed and -

i " accepted by the Engineer but the measurément shall not include any

- concrete used for the construction of temporary work. No deduclion will

' ade for the volume occupled by pipes lés$ than 200 mm in diameter nor

- for reinforcing steel, anchors, conduits, weep holes or piling except that

= 'deductrons will be made- for the volume of structural steel, encased in "

concrete. The measurement shall not rnclude any concrele used in the

. construction of cofferdams or falsework, or the volume of forms or falsework

'Requrrements for any increased cement content admrxtures or concrete '

finishing will not be measured separalely

Payment will be made at the rales entered in the Bil of Quantrtres and shall o
'_tnctude the entrre cost of completmg the work mctud:ng materrats labour P
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'_._l:.')osc_rrpti_on o | Unit of Measurement
Concrete, Type B including Formwork . S 'nf_’
Co-no_ret'e. Type C1 including Formwork R m*
. ieve;h“ng(;)ncrete Type E m3 L

362 |
" This clause refers to steel rernforcement as desonbed in Sechon TS 3 of

" equipment, transportation, handling and storage of cement, aggregate, and

admixtures (if any),mixing, placing, finishing and curing concrete,
construction of joints, formwork, falsework and scaffoldrng and any other

- associated costs.
: Categones of work to be pard under thrs clause are as follows

Steel Relnforcement

this Technrcal Specrf oatlon _ r
Measurement shall be made in krlograms of the masses of steef

" reinforcement placed in accordance with the Drawrngs and complying with

.. Payment will be made at the rates entered in the priced Bill of Quantities

and shall include the entire cost of completing the work including materials,

_ labour, equipment, transportation, handling and storage of reinforcement, =

~fabrication, bending, assembling and welding of reinforcement, clips and ties -
—and the like for posrtronlng and fastenrng relnforcrng bars and any other -

the requirements of Section TS 3 of the technical specrﬂcalron The mass so
determined shall be based on the mass per metre as tabulated below. The

lengths to be 'used in calculating the mass for the purpose of payment sha!l
- be as shown on the Drawmgs or ordered in Wntrng by the Englneer

_ No measurement or payment will be made for spllces added by the -
 Gontractor for his convenience nor for sp!rces not shown on the Drawmgs o
and consented to by the Englneer R :

Mass per Metre of Bars for Measurement _

Bar Code | Maéjkpg?{n';“e“e: Bar Code. Maéikgi;n‘;ﬂe“? r
D10 0617 | b9 | - 2230
D2 - 0888 D22 | " 2980
Di3 S 1040 - . | C D25 - . 3.850
D14 1210 D29 - 5.190

o6 | 1880 | b2z | e3t0 - |

D18 | - 2000 | b3 | . - 7es0

= assocrated costs. .

' '_Categorres of work to be pard under thls ciause are as fol!ows

Fi Descrlptron Unrt of Measurement

Deformed Reinforcing Bars "~ - |0 kgl

rfrT33f44‘
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