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SEC TION 9 CONCRETE PRODUCTION AND CONCRETE

- 9.1

944
oA
i+ with the Contractor's proposats approved rn prrncrple rn the Letter of

CONSTRUCT!ON

' CONTRACTOR’S EQU]PMENT AND CONSTRUCTION FACiLITIES

General

The Contractor shatl manufacture concrete at the Srte in accordance

Acceptance

" All concrete work shatt be performed as establtshed on the Draw;ngs or

directed by the Engineer and carried out in the presence of an inspector -

. of the Engineer. Unless specifically provided for otherwise in the
‘,Specrfcatlon concrete shall be produced, placed, cured, finished and
~tested in accordance with the applicable provisions of the Standard

. Specrf cation of JCEA and the Manual of Standard Practrce of ACL.

Not Iess than 60 days before for processmg, the lnstattatron “of .

 Contractor's Equipment for Concrete Works to be used for handling,

o transportlng, storing, proportlonlng and cooling concrete ingredients, and

-~ for mixing, transporting and placing concrete, mortar and shotcrete, the -
" Contractor shall submit flow charts, drawings, and written descriptions to

allow for the full and proper assessment of his proposals for the =

~ production of aggregates and the productton and ptacmg of concrete
- mortar and shotcrete in the Works

} :__:aggregate at a rate whrch is adequate to meet the reqmrements of the =
- '_fConstructton Programme B -
- After comptetron of tnstaltatton the operatron of the Contractors
- Equipment for conciete works and slorage facrhltes shatt be at all times
”subject to the approval of the Engrneer : : o

Approval of Contractors Equ|pment for concrele Works or rts operatron '

or of any construction procedure, shall not operate to waive or modafy

- any provisions or requirements contained in this Speclt‘ catron governing
~ the qualrty of the matenals or the finished work

Untess othenmse approved by the Englneer the Contractor shatt provrde _

_and maintain a cooling plant capable of supplying cooling water for all .
- congrete at the temperalure and in the quantities required to meet the

needs of this Specification. In assessing the capacity. of the plant the
Contractor shall take into account the programme requrrements the size

" of the ptacements ‘the heat’ generatrng capacily “of the mixes he
- proposes to use, the ambient temperatures the solar loadmg and the
_temperature of the avarlab]e river water o R :

< The* Contractor shall install, marntaln and operate at his own expense a

loud ringing telephone system tinklng the pornts of ptacmg concrete wrth ;

. .: the Concrete batchlng




- 914.2

913

944

Transportrng and Handlmg t’.’qu:pment

" The use of transporting and handling equipment mcludrng buckets, chutes

hoppers, agitators trucks or pumps which cannot readily handle and place
concrete of the slumps specified in Clause 9.2 will not be approved.

Alternatwe Typgs Of Equment :__.. -

Where this Specifi ication requires specific types of equrpment to be used or
specific procedures to be followed, such requirements are not to be

_ construed as prohibiting use by the Contractor of alternative types of
- equipment or procedures if it can be demonstrated that equat resutts will be
I obtalned by the use of such atternatwes Lo '

'pPoHuhon e T o L O I e  IPRL S8
- All' proper precaut:ons ‘shall be taken by the Contractor to minimise
* discharge into the Kreo River and local streams and water courses of water -

,contarmng ‘visible suspended matter. In locations where such discharge

945

| b, Separate payment will be made for complymg wrth the provrsrons of Sub—
. Clause 9.1.4. and all costs shall be deemed to be included in the rates

92 -

924

- appears to the Engineer likely to take place, the Contractor shall construct,
~_maintain- and operate suitable settling ponds, separating plants or other _
_effective means that. may be necessary- to prevent such discharge. The o

measures taken shall be in accordance with the Contractor’s proposals as

approved in the Letter of Acceptance and as otherwise modified from time to
. time. by the Englneer in accordance with thls Specrfrcatlon o R

'Payment . . , . , R _
' 'a_.. ‘ The Contractor shaII not be entltted to any addltronal payment over the e

" _3 reason of any fimitations in the batchrng, mrxrng. transportrng and placung o

of concrete requrred under the provrsrons of thls Specrf cat!on

: ":_and tump sum prlces tendered in the Brll of Quantutres L

,COMPomﬂONp;{i:jjf,fff;f;ffedfif

_'.:General , o . , i ,
o _a.‘- Concrete shall be composed of Portland cement f ine: aggregate coarse '_
- aggregate, water and admlxture as. specrf ed atl Weli mixed and brought '

s (] the proper ccnsrstency

b The s source and type of rngredrents used |n the concrete shall not be S
.;,_vaned wrthout approva! A L .

022 T I
UL a Unless otherwise approved or drrected the nomrnat maxrmum size -

.- Maxlmum Stze Aggregate S

N c All concrete and its" constrtuent materlals and aII methods and - I
R procedures shall conform to apphcabte Standards specrﬁed rn Ctause R

' aggregate used in concrete shall be as follows: :

._(i._) - .; 40 -mm - for concrete rn walls slabs and sectrons of medrum";-_'.rf“, o

: thrckness and not hea\nly rernforr‘ed Lo




9.23
- The Contractor shall be responsible for the design of concrete mixes and for

1 9.24
: - Al mixes shall be designed so that :

925

9.2.6 |
o a Concrete shall be tlabte to reject(on if:

(i) 20 mm ~ for heavnly relnforced sectrons precast concrete units
and thln walls or secttons

Reéponsibility for Mig_pesign :

ensuring that all concrete placed in the Works meets the reqwrements of the

: Speclrcatton

Criteria for Destglttng Mixes

“a. The amount of cement and fne aggregate are the minimum necessary

" to obtain concrete having wcrkablhty. density, impermeability, resistance
" to abrasion, durabrllty, tow shrmkage and meetlng the requrrements of
‘Sub-Clause 6. : o _

b. The mean strength comptres wrth the requlrements of Ctause T88 14.

- During the course of the project, the Engineer may approve variations to '_
the mlx desrgn to take account of the coeﬂlcrent of vartatlon achleved

B Approval of Mlx Demgn : _ |
a, Al least 60 days before ptacmg any concrete |n the Works the Contractor' '

. shall submit, for approva| details of his proposed mrxes for the vanous
'classesltypes of concrete speaf ied. SR

B b; Before approvrng the proposed mrxes the Engmeer shall requue the'_
- Contractor to prepare, in the Engineer's presence, trial mixes of the

~ proposed mixes which will then be sampled and tested in accordance
- with Clause 8.14 to verify their compliance with the Specification. The -

~ Engineer may requrre trial mixes to be laboratory sized batches andfor

full productron size batches usmg the Contractor S batchlng plant

_._Reqmred Propertles of Concrete -

. .___(t) f;The charactenstrc strength of the concrete is tess than spemf ed o -

"-'--_or S e
(u) The total alr content is outsrde the range 4+I 1% o
(m) After the concrete has been discharged at the placmg pornl and

,before it has been consolldated the stump is not wrthln the range S

80 +I— 20 mm

| b The Englneer may dlrect the use of a tesser slump whenever concrete of

927 - '
L . a Hardened concrete shatl be habte to re]ect[on |f |t does not comply Wlth." -

: " b. The grade of concrete ‘and iaximum waterlcement ratron applrcabte to -

such lesser slump can be consolidated |nto place by means of the =

o wbratron Spe(:lﬂed in Clause 9 12 Y '1 e

Requlred Propertres of Hardened Concrete RORTE S
R 'the requ:rements of Clause 9, 14

"+ the concrete in various structures shall be as specified in Table 9.2.7.a.

" The Contractor shall design mix proportrons of concrete so as to satisfy -~ - - _
oo the propemes specified in this table. The mix design shall be subject to
v ,approvat |n accordance w:th Sub- Ctause 9 2 5 of thls Clause S

93



TABLE 9.2.7.2 — STANDARD TYPES OF MIX

L Characteristic

e | "SRR |t
A - 060 o e 270
B 0.60 g R
C 060 . ;.. 225
D 060 . . . | .. 180 -

- E ._-_060 I BT 15_0

*' c The various types of mix shall be ptaced in the tocatron specrf ed in
Table 9 2.7.band elsewhere as dlrected R :

e TABLE 9 2.7. b TYPE OF MJX TO BE USED IN STRUCTURES
Type | T
- of . o Location ‘
Mix | o
A Diversio’n'tuhr’iel Iining :

B Rernforced concréte for gallery, hydropower statron R
- inclined intake structure, etc. - - R ‘.

~ G | Concrete in blockouts

D Reinforced concrete for Sprltv\ray, outlet tunnel, concrete
© | plug in diversion tunnel backf Ilmg concrete m adrt other
structures e _ :

f & Plain concrete Ievellrng concrete backf II concrete m
- | defects and faulls in dam foundatron s

9 2 8 Regutatlon of Water Content

" ’a.’ During batching, the Conlractor shatt perrodrcatly measure the mOlSture_ S
- content of the fine aggregate held in the batch bins. Such testing shall be

by an approved drying-out -and weighing procedure or other approved

. procedure. The cost of all equipment for testing and the testing shall be | o
"4 included in the rates tendered in the Bill of Quantltres for the varlous A '

o |teme of concrete constructron in whrch the aggregale |s used _
) b. _The amount of water used in the concrete sha!l be regulated to adjust for'

L any Varratlon of the Vmorsture content or gradrng of the aggregate as they C

_ " enter the mixer.

~ Addition of water to overcome strffenrng of the concrete before placmg o _- S

- will not be permitted. " S
o Concrete shall haVe unrform consrstency from batch to batch

s "Aggregate shall not be batched for concrete or mortar when free water T
N drrpprng from the aggregate ' : R L '




’ 9.3 s

9.3.1
e The cement to be used throughout the Works shatt be obtained from

CEMENT

Generat

. '4 _manufacturers approved by the Engineer

. The cement shall be the low alkali Portland cement conformlng to the
. requirements of JIS R 6210 or ASTM C 150 Type | or approved equivalent

and shall be dry and free from lumps and cakung :
For surfaces exposed to pubtrc view, where colour of the fi nished concrete is -

| _ important, all cement shall be of the same type and colour and from the one

932

ptant

: Testmg Cement SR Y . : _
- The Contractor shall submit a complete test report prepared by the cement

o factory on every 100 tonne lot of the respeclive cement, taking samples in

- such a manner as to represent the average qualily of the lot. Testing of

'- cement shatl be in accordance wrth the appropriate AC! or JIS standard.

o Mammum Storage Perrod ) _ -
. '-Cement that has not been used wnthm 3 months from the date of rnrtral
: ,samplrng shall not be used in the Works unless it has been re- tested and

g approved Such re testmg shatl be at the expense of the Contractor

634

Cement Contarners _'f ‘:, L

o The Contractor shall deliver cement to the Works in bulk except that cement
- for pressure groutrng shalt be delrvered in bags ' Lo

‘-Deltvery ofBquCement 3 ;;"f o _
. Where. cementlls suppt[ed |n bulk contarners the foIIowmg requrrements

o 'shall apply

| ,. a.__AtI conta:ners shall be comptetely weatherproof and mamtamed in good

- ‘gorder and condrtton

ks b. Al apertures in the contarners shatl be fi tted wrth comptetety watertlght

" closures and shall be sealed after - filling. Dependrng on the
. transportatton methods adopted, the Engineer may require to be present

* when these seats are broken at -any. subsequent transfer or delivery
L. peint, S

c._ Al containers shatl be ﬁlted as compteteiy as possrbte

'd."l‘Atl ‘containers- shall be comptetely cteaned ut at each transfer or

- delivery pomt after each and every use and before bemg returned for

o reﬁtlrng



- 9.3.6

: a

- 9.3.7 S - i
© - The fotlowrng requiréments ‘shall appty to-the storage and handlrng ofg _ L

e.

Each and every container dispatched from the manufacturer's works or
any intermediate transfer point shall be accompanied by a delivery
docket signed by a responsible person which shall clearly show the

~ brand and type of cement, the identification number or numbers relating

to the testing and cerlification of the cement, the date of filling the
container and the net mass of the cement in the container. This docket

- shall be carried in a suitable fashion inside the sealed container and
shall be handed over to the Engrneer at any subsequent transfer or

detlvery point.

Cement supptled in bulk shall not be re-bagged for use in the Works
wrthoutapproval ST R .

Dellvery of Bagged Cement - : S
Where cement is supptred in bags the followrng requrrements shalt apply

Cement shall be dehvered in sound undamaged bags uncontamrnated i
" by morsture oil or any other substance B _

-The’ nomlnal mass of a bag of cement shall be 40 kg Where cement rs' B
- . batched by bag, individual bags which vary by more than 5 percent from
~ the nominal mass shall be rejected. Where the average mass of 50 bags -

taken at random from any one consignment is less’ ‘than the nominal

: - mass, the whole consignment shall be rejécted. The Contractor shall
o provrde weighing équipment, calibrated by an approved authorrty, and
,’_shali check each consrgnment in the presence of the Englneer

'Every bag shatl be marked with the manufacturers brand the type of Lo
~ cement, identification number or numbers refating to the testlng and S
+" - cerlification of the cement and the date the bag was filled. - - -

- d_.'_‘_ The contents of broken or damaged bags shall not be re bagged e

Storage and Handtmg of Cement

cement at the Stte or at any rntermedlate transfer or storage pornt

a.

Alt methods for transportrng, handtmg and stonng butk and bagged S
~ cement shall be designed, constructed and arranged so as to ensure the
“use or transfer of Cement in the approxlmatety chronotogrcal orcter of
;_manufacture R IR : ST

Atl storage blns and cement handllng equrpment shall be comptetety -
" weatherproof ‘and substantially dust-free to the satrsfactron of the
Engineer and shall be designed and constructed $0 as to ensure that

there wrtl be no dead storage of cement

- The Contractor shall not set up. cement handtmg facrtrtres where cement' _ .
- dust may come in contact with the electrical and mechanrcat plant stored R
*inthe vrcrnrty and to which cement dust will be deleterrous C R

Al toadlng and unloadrng tar;ltltles for cement shalt be under cover and SR

weatherproof to the satrstactlon of the Engineer.

Al storage bins and sltos shall be drawn down s0 as to be substantralty SR o

e empty at least once every 3 months e

i



- f. - Where cement is handled by pneumatic means which involve contact of

. compressed air with the cement, the temperature of air in contact with
- the cement shall not at any time exceed 38°C. Where necessary, after-

coolers or other means shall be provided to cool the compressed air. All
. compressed air supplies where the air may come in contact with the

' cement shall be fitted with filters for the removal of moisture, oil or any

~ other contaminating substances. Such filters shall be regularly inspected
and maintained by the Contractor,

g. All bagged cement shall be stored at all times, up o its use in the W:orke
.- in completely weatherproof structures, which shall include an approved
raised floor and be adequately ventllated to prevent the accumutatron of

_ moisture.

~h.o Al storage of bagged cements shall be arranged sO as to permit easy

access for mspectnon and defi nlte sdentlf catlon of all cement in the
- storage. : ; LT : Bl

| f.;f: | "Bagged cement shatl be used in the Works in the same order in whrch it

9.3.8

was detrvered to the Slte Store

VII‘Temperature of Cement R _ .
“The’ temperature ‘of the cement as dehvered to the Srte shalt not exceed

- _60°c

9.3.9 '

“oa0

Rejectton : : L
Cement not conformlng to the requrrements of thls Ctause 9 3 shalt not be
used:ntheWorks BRI TR LI S PP AN

Payment ', s

: Direct payment will - not be made for cement used in concrete mortar

o shotcrete, dry- pack or grout other than cement in grouting works specrf iedi in
e Sectron 5 : .

04

'_9.4.’_1"

: ADMIXTUREé

: General

a The Contractor shall furn:sh and use concrete admrxtures so as to
- improve workabrtlty and fi nrshablhty of concrete or mortar. - L

L b - Admixture WI|| be accepted to the manufacturers certmcatron that the '

- admixture comptres with the Specifications . provided herein. - The
. Engineer reserves the right to reject .any admixture proposed by the

e "Contractor when the admixture does not produce concrete with a high
. degree of uniformity throughout the course of the work. The Engineer ..
. “may direct the Contractor to sample and test the ‘admixtures after

A :'-":._ - dehvery at the Srte to check thelr comptrance wnh the Specrf catton

942

Alr-Entrarmng Agent ) . _
a The Contractor shall’ use an approved air- entratnlng agent in al] concrete

“unless otherwisé directed. The ageni used shall conform to ASTM C I

260, JIS A 6204, or approved equivalent, The agent shall be of uniform -

- " consistency ‘and quahty wrthln each contamer and from shrpment to .- -
L shlpment . ,

*['9;7? I
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9.4.4

9.45

~b. The amount of air-entraining agent Used in each concrete mix shall be

such as will effect the entrainment of the percentage of air specified in
Sub-Ciause 9.2.6 in the concrete at the pornt of detrvery and drscharge
" from the mixer. ~°

c. The agent in sotutron sha!t be malntamed at unlform strength and shall
" be added to the batch as a portron of the mrxrng water. .

Expandmg Agent

. a. The Contractor may be dlrected to use an approved expandrng agent in

.a small amount of concrete and mortar used in the works.

b.  The amount of expandlng agent used in the concrete or mortar shall be -

-_ as approved

.Water-Reducmg, Set Controltmg Admlxture ' _ _
" a. The Conlractor may use an approved water—reducrng set controthng '

~admixture, referred to herein as WRA, in all concrete unless olherwise
- directed. The WRA used shall conform to ASTM C 494, JIS A 6204, or
. approved equivalent. WRA set retarding type (ASTM 464 Type D), such

that the temperature of the concrete woutd exceed 30°C, as determmed 8

- bythe Engineer.

b. The WRA shall be of umform consmtency and quahty ‘within each':

- container and from shipment. The quantity of WRA to be used in each
. concrete batch shall be as approved by the Engmeer , :

c. The Contractor shall be responsrble for any drﬁiculty arrsrng or damage ;

- occuiring as a result of the selection and use of a WRA, such as a delay
or difficulty in concrete placing or damage to the concrete during form

- removal. The Contractor shall not be entitled to additional compensatron

* to the unit rates tendered in the Bllt of Quantrtres for concrete by reason
of such drftcuttles ' - : P : -

d. The use of WRA will not be approved to overcome prob!erns assocrated' S
© with inadequate concrele plant capacrty or 1mproperly planned

ptacement operalions.

_Accelerator - : : SR
Admixiures for acceteratrng the strength devetopment of concrete at early R

| ages may be used as approved by the Englneer i

. 9_.4.6

oa7

= Calclum Ch!orrde | LTI LIS o : ,
Ca!crum chlorlde shalt not be used as an admrxture |n any concrete or grout

:, Payment T Y S LN IR R PO E PR PR -
- Air entralnlng agent eXpandrng agent and Water—reductng set controtlrng DR
admixture shall be furnished by the Contraclor and the cost of these . -~

"~ materials and all costs-incidental to their use shall be.included in the rates

_ e tendered in the Brll of Quantrtres for the vanous |tems of concrete-'
R constructron R , , : -



9.6 - - AGGREGATES

9.5.1 General .

a. Fine and coarse aggregates sha!l conform to the reqwrements of this
~ Specification. . - :

b. The term ‘fine aggregate is used to desrgnate aggregate in which the
maximum size of particles is 5 mm. Fine aggregate for concrete, mortar,
shotcrete and grout shall be furnished by the Contractor and shall be a

~ sand manufactured in accordance with Clause 9.6.

L The term coarse aggregate is used to desrgnate aggregate in whlch the
" minimum nominal size is 5 mm and which is reasonably well graded
~ from 5 mm to the largest size required in the work in which the material
“"is being used. Coarse aggregate for concrete shall be furnished by the
* - Contractor and shal] eonsrst of aggregate manufactured in accordance

_ WIth Ctause 9. 6 . _ .

e A least 90 days before ptacrng any concrete the Contractor shall submit,
: »_'_ for approval representatrve samp!es of the proposed aggregatee

962 Tests | | N |
S Aggregate when sampled and tested in accordance w:th Clause 9 14 shall
Do comply wrth the reqmrements of thrs Ctause : .

9563 Frne Aggregate I :
o oo A Flne aggregate shall be ctean hard durabte and of proper gradrng, and
% AR S .. shall be free from objectronable quantities of dint, silt, 6rganic malter or
T - other deleterious materials. The moisture content of fine aggregate as
“delivered 1o thé batching unit shall vary not more than 1.0 percent within
- any one hour and not more than 3 0 percent wrthan the workrng time of
'one shift. - ' S , :

e b ' Frne aggregate as batched shall be wetl graded and shall conform to
. the foltowrng lirnits: ' o

~_Screen Mean Opening L tndivrdual Percent, by Weight,

" US Standard J;s (mm} Retamed on Screen
~3/8inch 210 - R )
Nod | 5 - | .. 0t B
No.8 |- 25 | 7 " 5Bilo1s o
o MNo.i6 | o420 101025
SR v Ne 30 ) 06 et 101030
@ e L iNe B0 ] 03 e e 151035
: D ____@2__1_99#_ U045 S TR {210 20
Pan_: . hoPan o E S -3te7

;G The gradlng of the t" ine aggregate shatl be s0 controlted that any trme the L
o fineness modulus of at'least' 9 out ‘of 10 consecutive test samples of -
¢ finished fine ‘aggregate will not vary more than 0.2 from the average of -
.. finenéss modulus of the 10 test samples. The fneness modutus of fne
o 'gi:‘aggregate shall range between 2 4 and 3.2, ' e

d The minimum specrfc grawty for fne aggregate shall be not tese than '
o .’_2 56 (dry basrs) s , o _ :



~e. The amount of deleterious substances in fine aggregate shall not exceed
the following prescribed limits. _

: Substance - _ Percentage by weight
Nclaywmp - 40 -

Material passing No.200 sieve S SR %))
Material retained on No.50 sieveand = | - = -

... | floating on a liquid havmgaspemfc S :_- o
- gravntyofzo R o e 0

. Fine aggregate producmg a colour darker than the standard in the _
R colonmetnc test (ASTM C 131 JIS 1105) for organic |mpuntres may be -
3 ‘rejected :

,'___'__Where ﬁne aggregate from dnfferent sources ‘are bemg used at the
- batching plant at the same time they shall be so blended to ensure
. unlform gradmg and colour in successnve batches : _ :

'g. Loss of mass of fine aggregate ‘when subjected to five cycles of the
* sodium sulphate soundness test (ASTM C 88 JIS A 1122) shall not
exceed 10 percent :
9.5.4 Coarse Aggregate R L .
) " a._ Coarse aggregate shalt be ctean hard and durable and shatl be free '

- from objectionable quantities of flat or elongated partlctes organlc matter
- or other deleterrous material. :

b "Gradlng of coarse aggregate shall be as follows

. Max. Size of Gradlng (% by welght)
. . Coarse .. : T
Adgregate, (mm) 80-40 mm 40 20 mm 20 10 mm 10-5 mm
40 - - '55-40 | 35-30 |- 25--15
20 - L= 70-30 | 45-20

“¢.” The amount of deleterious substance in coarse aggregate shall not
exceed the fottowrng prescnbed limits: - : :

: Substance BRI 'Percentage by wetght
Ctay ump . Sl e i 0,28 s
SoftParicles T
Material passing No.200 sueve ST TR B 10*
Material retained on N6.50 sieve and ﬂoatmg I :
on a liquid having a specific gravityof 20 =~ | - 1 0
* “Inthe case of crushed aggregate, |fthe material finer than No. 200~ -~ = =~
‘sieve consists of rock dust free from ctay or shale thtS percentage S T e

_-may be lncreased to 1 5.

- -d. Loss of aggregate subjected to Los Angetes abraston test (ASTM C 131 o '
L JISA 1121) shall not exceed 40 percent by Wezght .

e . Loss of mass of aggregate when sub;ected to five cyctes of the sod:um' S
.. .- sulphate soundness test (ASTM C 88 JIS A 1122) shall not exceed 12 R
;.rpercent byWelght ' DR : I O O R
£, The minimum specaf ic grawty (dry bas;S) of coarse aggregate shall not o
. belessthan256 A TR N L T SRR R
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9.6.1

962
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963
o .a

| Payment -

Direct payment will not be made for fine and coarse aggregate used in

concrete, mortar or grout except that payment will be made for fine
. aggregate used in groutrng works as specrr iedin Sectron 5

PRODUCTION OF COARSF AND FINE AGGREGATE

a.

B Source

.Materral for the productlon of coarse and fine aggregate may be
- obtained from the rock quarry de3|gnated on the Drawmgs or other

approved sources

_' Within 60 days of the Commencement Dale the Contractor shall submit
- to the Engineer information pertarnrng to the sources of materials to a

laboratory approved by the Engineer in sufficient quantities for testing.

- The costs of material investigation, sampling, transportatron and testing

shall be borne by the Contractor and lncluded in the rates for various

types ofconcrete in the Bl!t of Quantltres

Clearlng

Before excavatrng materials for the productlon of concrete aggregate)

_the Contractor shall clear trees, roots, brush, sods, clay, unsuitable sand
* and gravel, weathered and unsound rock and other objectronable matter . -
~ from all of those: portrons cf the surface deposrts from whlch aggregates

o are lo be produced e . . _

The areas from whrch aggregates are to be obtalned shall be Iocated )

:.. _and operated 0 as not to detract from the usefulness of the deposits or

- any other property and so as to preserve, insofar as is praclicable, the -
- fulure usefulness or value of the deposits. Materials, including stripping, -
- removed from the deposrts and not used in carrying out the Works shall -

be drsposed of as specrf ted in Sub Clause 3 4, 2 or as dlrected

Processmg

Processmg of the raw materrals may mclude crushmg, screenlng and '

- washing, milling and blending to produce fine and coarse aggregates -

meeling the.requirements of Clause 9.5 and shall be done at an

approved tocatlon and in an approved manner L
’ Water USed for Washrng aggregate shall comply W|th Clause 9 7.

.Aﬂer washmg fine aggregate shaII be stored in stockprles with a free '
- draining base for at least 72 hours and shall be subsequenily handled to -
- ensure that fine aggregate delrvered to the batchrng plant has a unlform o
. and stable moisture content : Syl o '

Where the ‘surfacé “of stockprtes from wh:ch ﬁne aggregate is berng' _
S delivered drrectiy to the batching ptant is substantrally drier of wetter than -
- ‘the bulk of fine aggregate in the’ pile, handling shall be such as to-

- _eXctude thrs surface matenat from the batchlng plant




9.6.4

Payment

“"a. The cost of producing or furnishing aggregates requrred under this

" Specification will be deemed to be included in the rates and lump sums
tendered in the Bill of Quantities for the various items of concrete
construction in which the aggregate is used. Such rates and lump sums
shall also include all expenses of the Conlractor in clearing, stripping,
handling, processing, transporting, purchasmg from approved sources

: and storing the materials. :

b. The Contractor will not be entrtled to any addrtronal payment for

" materials wasted from deposits, including crusher fines, excess material

“"of any of the sizes into which ihe aggregates are required to be

separated by the Conlractor, and materials which have béen drscarded
: by reason of berng above the maximum sizes specrf ed for use.

WATER

__'The water used in concrete in grout in mortar‘ for washlng aggregate and
~ for curing concrete shall be clean and free from objectronable quantitres of

B srlt organlc matter atkali, salts acrds and other lmpuntres T

S 98

‘;'BATCHING AND errue

VGeneral c e , , _ |
- .. Prior to the rnstallatlon of the Contractor s Equrpment for concrete works the _

,,,,,,

o Contractor shall submit to the Engineer for approval drawrngs showing the

- proposed general plant arrangement, together with the general description =~

of the equipment he proposes to use. This’ equment shall be capable of

7 producing the Goncrete comprising the cément, admixtures, agoregates and -
-~ water into a uniform mixture and of discharging the mixture without -
- segregation. [t shall also be capable of ready adjustment to compensate for -
- the varying moisture contents of the aggregates and to change the werghts .

- of the materials bemg batched

- 9.8.2

Measurmg and Tolerances B R ,
“Cement shall be weighed separately on an rndlwdual scale Water shall be S

o weighed separately on an individual séale or may be measured by volume.

All other ingredients “shall be measured by mass excepl that liquid

- admixtures may be measured by mass or volume. If water is measured by
" volume, two (2) flow meters shall be installed in. parallel S0 that no delay

o shall result from faulty operatron of the meters

' - a The constructron and accuracy of the Welghlng and measurrng
L _equrpment will be such that the equrpment will malntaln an accuracy .
' '__wrthln 04 percent of the scale. capacrty Batchrng equrpment shall be

maintained and operated so that the combined inaccuracies in feeding -
and measuring the materials will not exceed 1. 0 percent for water, air- - -

Callbratron . e

B entralnlng agent and cement and 2 percent for each size of aggregate

b. The Contractor shall provrde standard cemlled test we|ghts and any : _'.
* other auxiliary equrpment requrred for checkrng the accuracy of each o

measunng devrce




G,

~ The Contractor shall calibrate each measuring device In the presence of
. the Engineer when and as directed. Such tests shall be made at least
- once every month in the case of equipment for measuring aggregates

“and at least once every 2 weeks in the case ol equrpment for measurrng

- cement, water and admrxtures

" The Contractor “shall lurmsh copres of the complete results of all

calibrations to the Engineer and shall adjust, repair or replace any
measuring device which does not meet the requrrements of paragraph a.

- of this Sub-Clause for accuracy

9 8 4 Batchmg and Werghlng Equrpment

od. Lo _
)y o anew werghrng cycle cannot be started untrl all wergh hOppers

,.a

. .. c-

Materrals shall be werghed mdrwdually and each werghrng devrce shall
be equipped with a visible springless dial which shall regrster the scale

~ load at any stage of the weighing operatron _

. The Contractor shall provrcle all necessary facilities for obtarnrng

-“representatr\re samples of aggregate and cement from the discharge

- slreams between the bin and wergh hoppers or between wergh hoppers
- ._and the mrxers ' : e o

Al gates and closrng devrces shall be posrlrve in actton and shall prevent
' !eakage of malerrals when in the closed posrtlon

Batchrng equrpment shall be rnterlocked so that

3 are completely emptrecl and the drscharge gates closed;

' i the discharge- gates of the weigh-hoppers cannot be opened antil

' the correct masses of materrals are |n and the scales in balance

- "__(ii:i) the drscharge gates cannot be closed untrl aII materrals are’

entlrely drscharged and the scales are back in balance

@) the drscharge valve of the ‘water-measuring devrce cannot be

opened untrl the fi lIrng-valve is closed and

: (v) =':;rccrr:lental overbatchtng of admrxtures is prevented

) Q,s,s B

e. The batch blns will be constructed 50 as to be self- cleanmg durrng draw— ‘

down and the bins shall be drawn down until they are practically empty

", atleast three times per week. Materials shall be deposited in the batch

" bins dlrectly over the discharge gates. The. coarse aggregate shall be

o . fdeposrted in the batch bins through effectrve rock ladders when the

distance through whrch the. aggregate would fall js greater than 1.0 :

 meter. Equipment for conveying batched rnaterials from the batchers or

hoppers to and into'the’ mixer shall-be so ¢onstructed, maintained and - .
 -opérated that thére will be no spillagé or- contaminalion of the batched -

- materials or ovérlap of batchés. Equipment that fails to conform to this

;'Records A o .
= The, batchmg equrpment shall rnclude an accurate automatrc recorder for

: j_-'*requrrement shall beeffectively reparred modrf ed or replaced to the
o satrsfactron of the Engrneer L : _ _

'_r_-.-makrng -a_continuous, visible .record, combined on a single char, of the -
. measurement of each separate concrete: |ngred|ent including all mixing

- water and admixtures. The recording equipment shall include facilities for

" autematically registering on the chart the time of day at intervals of not more
e than 15 mrnutes The recorder shall be so constructed that the Englneer Ca"_ '

—913 )



~ view the recorder chart and make notes on the chart without interfering with
the plant operations. The recording equipment shall be subject to approval
and all graphic records shall be furnished to the Engineer at the completion

) - of each day's production. The records shall become the property of the
. Employer. Communication facilities between the batching plant and the point

986

of concrete placing shall be furnished by the Contractor where necessary or
desrrable as determined by the Engrneer K

erer . Lo
‘a. The batched mgredlents of concrete shall be 0 mrxed ina mechanrcal

- batch mixer as to produce a homogenous mass of uniform consistency.

- Hand-mixing shall not be used for permanent structures and, when used
. for temporary structures |t shall be subject to the approval of the

Englneer

~b. Unless otherwrse drrected or approved the mlxrng trme of each batch

shall éontinue to not less than the number of mlnutes stated |n the

o '2 following table after all rngredrents are in the mrxer

Capacity ofmrxer Mmrmum Time’ omeng

‘ (m°) oL (minutes)

.3t 2 S B 25
1 50r less R B ’1_5

" The minimum mrxrng penods specrred are condrttonal on the materials 3
~.being fed into the mixer.in a manner which will facilitate eﬂrcrent mrxrng e
- and on operation of the mrxer atits desrgned speed '

' *:'_'The central plant mixer or truck mounted mlxer shall not be Ioaded |n S

excess of its rated capacrty

Ld Approval of the mrxer may be wnthheld if

O from 3 tests of any batoh of concrete a range in slump exceedlng :
25 mm or a range in air content exceeding 1.0 percent is given
- between representatrve samples taken at drfferent portrons of the

. mixer d|scharge, or.

o (iij " * for any batch of concrete the dlfference between umt masses of
L airfree mortar in samples taken from the fitst and last portions of .
'~ the batch as dtscharged from the mlxer e:-tceeds 1 0 percent of the

B _mean Value or

. ;:,'(iii') the weight of coarse aggregate per cublc meter i in samples each o
. -~ of 50 litres in volume, taken from the first and last portion of the -
batch as discharged from the mixer vary more than 8 percent from

the average werght of the two coarse aggregate samples

9 8 7 Truck Mounted erer and Agltator Unrts o

Toa. Where the use of truck-mounted mrxer and agrtator unrts is approvad o Do
: . the Contraclor shall maintain at the Site an up-to-date list of the approve .. . "
* truck-mounted ‘mixer and - agitator- units - and shall ensure that only'-

S approved unrts are allowed to enterthe Srte Py mmesln il



b. Truck-mounted mixer and agitator units and the mixing and transportung
of concrete in such units shall be in accordance with the requirements of
the appropriate JIS or ASTM standard. Each unit shall be fitted with an
approved mixer drum revolution recording counter which can be

* manually reset to zero but shall not be capabte of be:ng advanced '

h c. ‘Truck—mounted mixer and agttator unlts will be approved for use only

9.8.8 , _
.. ‘a The Englneer reserves the nght to vary the i mixing trme or to limit the
batch size when the charging and mixing operations fail to produce a

when the units and their operalions are such that they conform to the
~ requirements of this Clause over the full range of slump and aggregate
- size of the concrele mixes for which they are used. .

d. The volume of mixed concrete in the drums of agitator units shall not

exceed the manufacturers ratlng nor exceed 70 percent of the gross
vo!ume of the drum . SO R o

‘Charglng Sequence '

batch of concrete that conforms with the foregoing requrrements with

respect to adequacy of mixing. The concrete of a grven composition, as

"‘_t_drscharged from the - mixer, shall be uniform in composrtron and :
: con5|stency within batches and from batch to batch. S

wl b. Water shall be added before durrng and followrng the mixer- chargmg"

- 9.8.9 Drschargmg Perrod : - - _
. Unless otherwise approved concrete shatl be comp'etely drscharged from _
the truck-mounted mixers or agitator drums within 90 minutes after the -

" mixing water has been added to the dry ingredients. During weather not
- conducive to quick stlffemng of concrete, this period may, if approved by the

Engineer, be extended to: 120 minutes. Any concrete. which requires |

- operations. Excéssive ovér-mixing requiring addition of water to preserve_ _

Lo the requrred concrete consrstency wrlt not be permrlted

... additional water to be added to permit salisfactory discharge or placrng will
.- not be accepted regardless of the time which has elapsed since the mixing
.- water has been added. Such rejected concrete shall be removed from the
'Works wrththe least possrbte delay B SETE ; -

Mlxer Performance Ve el DU S .
Any mixer that at any tlme does not meet the requrrements of th|s Clause

' g " shall be reparred promptly and effectrve!y or shall be reptaced ‘Mixers shall
" be loaded to their rated capaclty or to 'such batch sizes as détermined in -

- "?"accordance with the provisions of Sub-Clause 9.8.8 e>(cept ‘where mixing

~ shalt not be loaded in excess of their rated capacity unless otherwrse. R
. approved, but In ho casé shall mixers be’ ‘overload by more than-10 percent -~ -

mortar or concréte for the concluding phase of concrete placement. Mixers

. of their. rated capacily. Each, statronery mixer shall be equipped with a

: mechanrcal!y operated trmrng and srgnalllng devrce which will indicate and -~ -
. ensure the comptetron of the requrred mrxmg penod and wrll count the . -~

e "af".’,'batches

AT

Delwery Docket

At the pomt of dehvery or ptacmg, the Contractor shall furnrsh the Engrneer

4 with 2 delivery docket, in a form acceptable to the Engineer, stating the -

S _batch number the itern of batchrng. type of concrete and volume of concrete_.' A

915



: _defivered.f IR

9.8;12

9.9.1 _“General

-Payment

Separate payment wrll not be made for complylng WIth the requrrements of
this Clause and all costs shali be deemed to the included the rates and lump

' _sums tendered in the prrced 81I| of Quantrtres for concrete constructlon

""-'PREPARATION FOR PLACING B

" a. Concrete shall not be p!aced untrt all constructron of formwork and -

- falsework, instaltation of reinforcement and parts to be embedded,
preparation of surfaces, methods and equipment_for transporting, -
_ handling, ptacing and finishing concrete the number of vibrators and
“+ method of consolidating the concrete and the method of curing the

7 concrete have been approved for concrete in a nommated sectron of

o work.

el Concrete shall not be placed in water unless the method of deposrtlng '

992

-~ the concrete has been approved T -
e Concrete shall not be placed in runnlng water and shall not be subject to -

B the actron of runnmg water untrl after the concrete has hardened
C. Al surfaces of forms -and- embedded materials -that have become

encrusted with dried mortar or grout from concrete prevrously placed,

= shall be cleaned of all such mortar or grout before the surroundlng or |

5 adjacent concrete is placed

_;.‘Cleanmg Foundatrons f‘

a._'-lmmedrately before concrete is placed alf surfaces of rock foundatron

"' upon-or against which concrete’ is to be placed shall be cleaned of free
- standing water, oil, mud, érganic matter, wooden pigtes, objectronab!e

- coatings, débris, Ioose rock fragments, or other perishable materials by
. the use of high-velocity alr-water ;ets or other effectrve means approved

by the Engrneer :

- b. The surfaces of absorptrve rock foundalrons shall be morstened o

~ thoroughly before pIacmg concrete and standrng water shall be removed IR

. _'c.,;::The surfaces of soil foundatlon upon whrch concrete is to be placed shall '_; o

“ be free from standrng Or running water, wooden pieces or other

: "objectronable materials. For soil foundation, if specified, the fcundatron - B

- shall be in damp condltlon before plactng concrete o

983

placmg fresh c0ncrete R

Cleanlng Prevrously Placed Concrete Surfaces

', a '~ The surfaces of cOnstructron joints, ‘as defi ned in CIaUse 9 19 upon or

:agalnst ‘which new concrete or mortar is to be placed shall be cleaned
“and kept moist by means approvéd by the- Engrneer Cleanmg shall

. consist of the removal of all laitance, loose or defective concrete e
: coatlngs sand currng compounds and forergn rnaterrals S

-._The joint surface shall be kept morst for a perrod of 48 hours pnor to S




- a.

- Separate payment will not be made for comptylng w:th the requrrements of
- this Ctause and all costs shall bé deemed to be included in the rates and .

_ The surfaces of all construction joints, including suifaces of blockouts,

shall be washed thoroughly with air-water jels immediately before
placing adjacent concrete. All pools of water shall be removed from the
surfaces of construction jomts before new concrete is placed. .

Formed and unformed construction ;omts shall be prepared in
accordance with Clause 9.19. . . ; PR :

Where specral bonding treatment is requrred between old and new
concrete, the bonding surface of the old concrete shall be cleaned with 5

percent solution of caustic soda or with dilute hydrochloric acid (diluted

to 10-15 times). The surface shall then be roughened with wire brushes

. and washed with clean water as directed by the Engineer. All portions
" showing drsmtegrateon of the ‘surface shall be removed completely

. beforehand. As soon as the washed surface has dried, a mixture of
. .. approved bonding agent shall be applied to the prepared suiface and the
~new concrete shall be placed on the prepared suiface within the period

- of time when the bonding agent is effective. In the event of delay in

placing the new concrete so as to render the bonding agent ineffective, a .

- fresh coal of bondrng agent shall be apptled by and atthe expense of the'
cContractor. ot e
“The surfaces ‘of ‘all contractron and ‘expansions Jomts as defined in
- Clausé 9.19, shall bé’ cleaned thoroughly of accretions of concrete or

" other fore[gn matenats by spacrng, chipping or other means satisfactory

*"_to the’ Engmeer Confraction joints shall be given a coat of cunng
.f_compound approved by the Englneer to prevent bond

Temperature of Concrete s

_Temperature of concrete when rt is berng placed shatl not exceed 32°C. ‘
" The Contractor shall, where necessary, employ effeclive means such as

 pre-cooling the aggregates refrlgeratmg the mixing water, addmg_

chipped or flaked ice to the mixing water, placing at night or a

~ combination . of ‘these or other approved methods to ensure that the -
- concrete’ does not exceed the temperatures specified. The method of
* cooling shall be in accordance W|th methods approved in the letter of

. Acceptance. © .. : _ , :
If the concrete is ptaced when the weather is such that the temperature
- of the concrele would exceed 30°C, as determined by the Engineer, the
- Contractor shall use WRA (water—reduc:ng admixture), - set-retarding
- type, to mrtlgate unfavourable effects on concrete caused by the high
- -;;__temperature Sodr S _ . . :
?—'Payment

lump sums tendered in the Bl!l of Quantrtres for concrete constructron

'?rRApseosnue_A_Np coN_vEYrNe _PLASTIC C_C_)NVCRET_E :

N a. . Théntethod and equrpment used for transportmg concrete shall be such

" that concrete shall be delivered to the “point of placmg w;thout
L objecttonabte segregatron or Ioss of stump L .



9.10.2
. Plaslic concrete shall be transported to the site of the ptacement in truck-

90403 ¢

b Addttton of water to concrete after |t has been dlscharged from the mixer
- or re tempenng W|ll not bc permltted -

Truck Mounted Mixers and Agrtator Trucks R

mounted mixers and ag|tator trucks complylng with Clause 9. 8

Ch utes

_In general conveyance of concrete by the use of chutes will not be -

have a section ‘with interior rounded corners and shall have a proper fixed

,' stope s0 as to allow the concrete to flow easﬂy and wnthout segregation. The
- lower end of the chute shall be provrded with a drop ¢chute not greater than

1.5 m in height to avoid ‘segregation ot fallmg concrete Chutes shall be

T protected fom the direct rays of the sun.

| 9.10!4

Concrete Pump or Placer

- Conveyance of concrete usmg a concrete pump or placer shall be as

. ~ approved by the Engineer. Delivery pipes shall be so installed as to permit
- easy removal, Before starting pump. or placer operatron about 1.0 m® of

.. mortar as speclfed in Clause 9.11 shall be; pumped through the pipe. The .
- pipe shall be set as slraight as possrbte wrth the minimum number of bends -~

~ and changes in direction. Air boosters shall not be used e:-'cept in conditions ..
* where the oullet of papes is completety embedded at Ieast 2 0 meters |n s

' fresh concrete

0.1

PLAC!NG CONCRETE

General

- . The Contractor shall place all concrete in structure as shown on the
 Drawings or directed by the Engineer in accordance with this Clause 9.11 or

.- as approved by the Engineer. The Contractor shall advise the Engineer

when concrete will placed and concrete shall onty be placed in the presence _

. ofthe Englneer .

- 9’.:11.2

Concretmg durmg Hot Weather

* The Contractors attentton is drawn to the recOmmendatlon cOntalned in

. Manual of Concrete Practice Part 2-1980, ‘Hot Wealher Concreting —
- American Concrete Institute 305R-77". The Contraclor shall adopt any or all

- of these recommendations as necessary to manufacture and place concrete :
- in accordance wath this Spectfrcatton e '

9.11.3

o i“'

Jornt Concrete

- Unless otherwise dlrected or approved concrete placements shall be B
- started with an approved over-sanded mix containing 20 mm maximum size

' aggregate maximum water/cement ratio 0.47 by mass, having a maximum

“slump of 100 mm, and shall be placed about 40 mm deep on the Jomt at the >

' rbottom of the placement

e

S
ik




9116 L
ST j'; « In placing unformed concrete on slopes so steep to make mtemal wbratlon
- of the concrele:impracticable, the concrete shall be placed ahead of an o

SR [ 1 ‘concrete is - placed: monohth:cally “around openrngs havrng Vertucal

: 9114

Deposrtmg Concrete -

‘a_. Where two different types of concrete are shown on the Drawings

adjacent to one another without an intervening movement joint, the two
~ typés shall be placed at the same time. Where the surface of division
. between the two types is vertical or inclined the two types of concrete

-~ shall be placed together using a separator which shall be withdrawn as

~ the concrete is placed. Alternatively, the concrete may be placed in
alternatéd batches of one type and then other without a separator,
provided approved measures are taken to prevent excesswe mtermlxrng

- i of the two types.

b, 'Whenever practrcabte concrete shall be deposrted dlrected in its final -

. position and shall not be dropped, chuted or caused to flow in a manner

- to permit or cause segregation. Methods and equipment employed in

-~ depositing concrete in forms shall be such as will not result in clusters or

groups of coarse aggregate being separated from. the mass. The

j Contractor shall provide approved chutes and baffles to confine and

_ _control the fal!mg concrete. The vertical free drop of concrete shall not
" éxceed 1.5 m. The movement of concrete wathm the forms by use of .

e vibrators will ot be permltted

G In the event of continuous placmg belng mterrupted for any reason the o

- Contractor shall thoroughly consolidate the concrete at such joints to a

* - reasonably umform and stable slope while the concréte is plastic and
~any cohcréle which is unconsolidated and no-longer plastic shall be

- removed by the Contractor-at his own expense. The Conlractor at the
“+ surface of such cotd jomts shall be ctean and damp when covered with

e fresh concrete

) 9.’11}5 g T
T Except as intercepted by joints, all formed concrete shatl be placed in

Concrete Placed in Horlzontal Layers T g

continuous approximately horizontal layers the depths of which generally

... shall not exceed 500 mm. The Engineer.may direct thinner layers where
. concrete in 500 mm_layers cannot be ptaced in accordance W|th the

' reqmrements of thls Specaf catron

Ptacmg Unformed Concrete on Slopes

- unvibrated slip-form screed extending approximately 800 mm back from its

leading edge. Concrete ahead of the slip-form screed shall be consolidated

- by inlernal vibrators 50 as to ensure compteted fi Illng 'under the slip- form_
screed Vibrators shati conform to the reqwrements of Clause 9 12 '

Placmg Concrete Monohthlcally Around Opemngs f'

~dimensions greater than 600 mm, of if concrete in decks, floor slabs, beams, -
s gitders: or -other -similar parts of structures -is: placed monohthrcally wnth
. i:“‘::supportlng concrete, the fottowrng mstructlons shall be stnct[y observed




a. Placing of concrete shall be delayed not less than 30 minutes nor more
- than 1 hour at the top of openings and at the bottom of bevels under

. decks, floor slab, beams, girders or other similar parts of stfuctures when

" bevels are specified and at the bottom of such structural members when
" bevels are not specified, but in no c¢ase shall the placing be delayed
such that the vibrating unit will not of its own weight readily penetrate
" concrete placed before the delay. When consolrdatrng concrete placed

B ~after the delay, the vibrating unit shall penetrate and re-vrbrate the

concrete placed before the delay

| b The last 600 mm or more of concrete placed |mmedrately before the

“¢.  The surfaces of concrete where delays oceur shall be clean and free -

. delay shall be placed with as low a slump as practrcable as determlned
‘ by the Englneer and shall be thoroughly consolrdated '

from’ loose and forergn materral when concrete placrng rs started after

| - the delay

'dfu 'Concrete placed over openings and in decks floors beams g:rders and

JRRE practicable and the Contractor shall ensure thal fhorough consolrdatlon

9.1 ._8 : S
. S a. ~In placlng mass concrete the Contractor shall when drrected mamtaln '
... the exposed area of fresh concrete at the practlcal minimum, by first

.- other similar parts of structures shall be placed with as low a slump as

, of the concrete is effected -

Placmg Mass Concrete o :

S building up the concrete in successive approximately horizontal layers to

_b. Clusters of large aggregate ‘shall be scattered before new concrete is .
. placed over them..Each deposit of concrete shall be vrbrated completely =

o the full width of the block and to full height of the lift over a restricted

~area atone end in srrmtar progresswe stages to the full area of the block. .

SR before another deposit of concrete is placed over it.

e Once placement of mass concrete has commenced, placement shall not -

- _‘_d. 'Concrete buckets shall be capable of promptly dlscharglng the low
: slump, mass concrete mixes specified, and the dumplng mechanism

EEY

_be interrupted by drvertrng the placrng equrpment to other uses.’

shall be designed to permit the discharge of as little as 0.5 m* portion of

- the load in one place. Buckels shall be suitable for the attachment and S
s use of drop chutes where requrred rn conf ned locatrons : :

Placmg Concrete in Tunnels General

" Concrete in lunnels shall be placed by a dlsplacement type pump or by ': ) ,
- pneumatic placrng equipment or by any other approved method. The

equipment used in placrng the concrete, and the method of its operatron

shall be such as‘will permit introduction of the ‘concrété’ into the:fofms
. without high velocity dischargé and resultant segregation. After the concrele -
. has been built up to the crown of the tunnel lining at the start of a placement, - :
o the end of the discharge line shall be kept buried at feast 2 min the concrete .
-+ during . placement of the top placement to:ensure complete filling. ‘The
discharge liné shall be marked so as to indicate the depth of burial at any
" time. Concrete shall be forced into the top placement to fill completely the
~crown at the tunnel. Placrng equipment shall be operated by experienced ~ -~
_operators only. Cold jomts in tunnel placements shall be avorded where R

practrcable




9.114 10 Preparattons for Concretmg in Tunnels and Around Steel
Condu:t S :

S a

Where water ftows or seeps to the area agamst which the concrete is to
be _placed, it shall be excluded from the space to be filled with concrete

by caulking, dtverttng by pipes, pans and other means, and pumping
S from sumps, until the concrete has set sufficiently to be unaffected by
. actton of the water through percotatron hydrostatro pressure or abrasion.

The Contractor shall clean up and prepare the concrete surfaces of the

~tunnel fining against which concrete is to be placed in accordance with -
" Clause 9.9. Such joints shall be reated as construction joints in
_ accordance with Clause 9.19 and shatl be prepared in accordance wrth
" Sub-Clause 9. 19.1.e, para. 2. : _

Before concretlng behrnd steel condurt all objectlonable material shatl

. be removed from the outside surface which shall be maintained clean
until concrete is ptaced Field welding of any joint shall be completed and
5 ‘approved before. concretrng All temporary timber struts, loose material .
. and debns shall ‘be. removed from outsrde the steel condurt before '

concretrng ' : -

The’ Contractor shatl adequately support and anchor the steel condurt
with approved steel or concrete cradles or other approved steel or

. congrete supports Site weldrng of supports to the outside of the pipe - -

shell ‘will not be allowed. Temporary internal stiffeners of the steel

. conduit, if required, shall not be removed for at Ieast 24 hours after

ptacrng concrete. surround. -

The Contractor shall adequately support and anchor forms in the tunnet

. by an approved method

o ,_gend metal pipe or

- 9 11 11 Ptacmg Concrete |n Dlversmn Tunnets Piugs :
' Cootlng of thé concrete in the diversion tunnel plugs w:ll be reqwred as -
-+ shown on the Drawings or directed by the Engincer. The cooling system
* shall consist of blacK steel pipes embedded shall commence at the time

- of placing the concrete in the plug and shall continue until the concrete
: temperature of the last concrete p!acement has been reduced to 26°C

or as dlrected by the I:nglneer

The concrete in the dlversron tunnel plug shatt be constructed in Ilfts as
shown on the Drawungs or directed with a minimum of 72 hours belween
. successive lifts; The temperature of the concrete deposrted rn the forms

. shall be less than 32°C. ; - Jnoo _ .

“The Contractor ‘shall coot the concrete in the dwerston tunnet plug by
fumtsh;ng and tnstatltng a system ‘of black steel cooling pipes as shown _ -

. 'on'the Drawings or directed -and circulating water through the plpes in
‘:taccordance wrth thts Sub Ctause or as drrected ’ o o

) - The system of prpes shall be macte up of separate cucmts of

. “hoopéd pipework with a horizontal spacing of 1,500 mm and a
L -'_verttcat spacmg of 2, 000 mm approxrrnetety or as dlrected

;.,;'The p]pe or, tublng shall be mstalted on the tunnel mvert and on
 the suirface of éach lift of concrete so as to form grtd ike cootlng o

o colls covering the full area of the tunnel invert or lift. -

The coottng p]pe or tubrng shalt be 25 mm outstde drameter plarn S
bmg in accordance w:th Jis C 8305 Ltght L

921




. Gauge Conduit Tublng or approyed equivalent. .The. lengths of
pipe or tubing shall be joined together with expansion type

- couplings. Pipe nipples used for surface connections shall be

 galvanised. All Ppipe, tubing, and fittings for the cooling systems to
be embedded in the concrete of the diversion tunnel plugs shall
"~ be furnished by the Contractor, and shall be cut; bent, fabricated

~ and coupled by the Contractor. All pipé and tubrng shall be clean
and free from scale, inside and outside, and shall be SO

I mamtalned untll itis embedded in the concrete

i) Al pipe or tubrng shall be supported and securely held in place by
metal ties in a manner approved by the Engineer. All materials
required to support and secure the coolrng systems in place shalt
be furnished by the Contractor o _ S

V) _" Al coolmg systems shall be washed ctean and shall be tested for

leakage in the presence of the Engineer at a pressure of 3.5

- kgffom? or 1.5 times the Wcrrkrng pressure, ‘whichever is greater, -

and shall be watertight at the pressure before bemg embedded in

© " ¢oncréte. The Contractor shall protect the cootlng systems from

- displacement or damage during the placing of concrete and other
: work following the placmg and testmg of the cooling systems. -

| - (vi) Removable nrpples shall be p!aced where the inlet and outlet -
o _'ends the coolmg coils extend through the formed surfaces of the

" concrete, The Contractor shall cap and otherwise sultably protect

* . the end of coils from. damage until the coollng operatrons are :

- completed and the tubing filled wrth grout.

d Coolrng shall commence at the time of placing the concrete in the plug L
and shall continue until thé concrete temperature has been reduced to SR

and malntained at 26°C or as directed by the Engrneer B

The arrangement h0usmg, Iot:atlon and’ capacuty ‘of the pumpmg plant ST
.= and equipment, pipe headers, conneclions to the embedded tubing, and = -
- outlet piping shall be such as to insure dependable and conlinuous ~
- operation and shall-be subject at all times to the approval of the =

. Engineer. The connection to the individual embedded coils shall be such . -

" that the flow of water throtigh each coil may be controlled positively at .

| * any time without interfering with the flow through the other coils of the

. system. Provision shall be made in the Iayout of the pipe connections for

~ reversing the diréction of flow of water through the embedded coils. The .. .
-+ direction of flow through thée: coollng coils shall bé reversed not more
~* ‘than-once each 24 hours. The intaké for the: cooling water shall be

. screened and shall be kept clear of mid and debris, ard all necessary .

- precautions shall be taken to prevent any part of the coolrng system from S

. becoming clogged or otherwise inoperative, -~ .= .

- .The Contractor shall provrde all necessary facrlltres such as catwalks L
ladders, and platform, for easy and convenient-access for- observrng the =
-~ cooling operations, unless otherwise directed by the Engineer; the =~ - =
" forégoing facilities shall be teft m place untrl all groutrng operattons have IR

been completed. -

The Conlractors coollng system shall be capable for provrdlng a flow_ o
raté of up to 20 lrtreslmlnute contmuously m each coollng coil system

" The Contractor shall use “cool river water, or chilled or iced water as e

approved to control the temperature of the plug concrete placements

- The Contractor shall ensure that the circutation’ is dontroliéd such that [ o
maxrmum temperature of the concrete stch that maxrmum temperature CEei
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of the concrete doe_s not exceed 60°C and the final cooled concrete is

- reduced to 26°C or as directed by the Engineer. The maximum rates of

~cooling shall not exceed those specified in the following table:

MAXIMUM COOLING RATES

Days After Placing | Maximum Rate of Cooling
- Concrete . . (°CiDay)
2.5 | 20
Ts-10 | 0.8
o10=20 |0 0 08
20-30. | . . 03 a
30-40 - | . 02
Greater than 40 _ 04

- The Contractor - shall furnish, install -and test nickle resistance -
thermometers in the concrete placements in accordance with Clause

. 13.9 as shown on the Drawings or directed for the purpose of momtorrng
‘ and controtlrng the concrete temperature and coolrng operatrons

The Contractor shall read the thermometers in the presence of the _
~ Engineer at a frequency dlrected by lhe Engmeer and submrt records to . -

the Engineer.

On comptetron of the coollng of the tunnel ptug concrete and the

. grouting of the joints of the tunne! plugs in accordance with Clause 5.10,

- and the cooling pipes and thermometers have served théir purpose, then _

.+ thé embedded pipes shall be filled with grout in accordance with _Clause i

-~ -5.6. The grout shall be forced into the pipes with only.sufficient pressure

. to ensure that the pipes are completely and solidly filled. All pipes or

- o+ ¢ nipples shall be:.removed to at least 30 mm below the surface of the - =
-+ concrete and the holes left shall be completely f Iled wrth dry pack in

T accordance wrth Clause 9 1? - R I

Ut ::'Payment | AR e -
S UNEE .Payment for furnlshlng and mstalllng the cootrng system will be - -

- made at.the rate per tonne tendered therefor in the Bill of
' Quantrtles in accordance with Sub- Ctauseﬁ 3.4. -

(i) Payment for thermometers shatt be in accordance wrth Clause'

139

(ii_i;)‘r" Payment wrll not be made for crrcutetmg water through the o

.. systems and the cost of circulating water through the system shall

7 ".:"?'_:r-,be iricluded in the rate for the concrete for diversion tunnel plugs . =

Cin accordance with Sub-Clause 9.30.3 para. b..:Such costs shall -
- include all works |n relation to- provision and disposal of cooling -
- ;water pumping, coohng the water, as required, reading -

thermometers and recordrng temperatures and all other works o

L assomated therewrth

(h'r)' : The entire cost of rnjectlng grout and repalrrng concrete surfaces'

i .- required by this Sub-Clause 9.11,11 shall be included in the rate
... per cubic meter tendered in the Bill of Quantrtres for concrete plug
s dn diversion tunnel in whlch cootlng water and thermometer prpes '
are. embedded e e e
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9.11. 12 Placmg Concrete in Adits

a. This Sub- Clause refers tothe concretmg of 4 abandoned inspection
- aditsin the vicinity of the dam axis.

b. Preparations

i)} Where water ﬂows or seeps to the surfaces against which
- concrete is to be placed it shall be excluded by caulking, directing
" by pipes, pans, purping from sumps or other means until the
concrete has set sufficiently to be unaffected by the action of the

water through percotatton hydrostatlc pressure on abrasion

' (i) Adit surfaces against which concrete is to be placed shall be
' swept free of dust and Ioose particles :

: '(iii) - Grout tublng for the groutmg to be carrred out tn accordance Wlth.
o Clause 511 shall be mstalled

e, Placement

(i) concrete in adlts shall be constructed in |tﬂS as shown on the
- _{-Drawmgs or directed wrth a  minimum of 22 hours between s
B successrve lifts. - . S e

o (ii) - Oon complet[on of connectmg groutmg shall be carned OUt in
R ;_- accordance wrth Clause511 : :

9. 11 13 Embeddlng Steel Conduit

. The Gontractor shall furnish and rnstall the steel condurt 1n the outlet tunnel' o
' and secure it in the positions specrf ed in Sectton 12 of the Technlcal - .
- Specrf‘catron and as shown on the Drawungs G S (:3

F Shoutd vords remarn between the embedded metatwork and the concrete e
they shall be filled with grout at a pressure determined by the Engineer but
- not exceeding 2 kg/cm?® Grouting shall be carried out by thé Contractor . -
-+ .. through holes provided for the purpose-or drilled and tapped in locations
- directed by the Engineer through the steel conduit or through pipes
~ embedded for the purpose in the concrete. Grouting shall be performed in
- accordance with the requirements of Section 5 of this Specification. Holes -
- provided in the steel conduit and holes drilled and tapped at the direction of
.- the Engineer in accordance with the requireménts of this Sub-Clause and
- Clause 5.11 shall be made good by the ContraCtor at his own expense.

9 11 14 Placlng Concrete in Blockouts and under Baseplates S

a. The Contractor shall place blockout concrete in btockouts. constructed .
-+ 'as shown on the Drawings or directed, after the installation and -
. adjustment of Water Control Plant and other metalwork has been -~ . ..
. completed - and -approved. Blockout _¢oncrete includes ~concrete )
- designated on ‘the | Drawmgs as’ second stage concrete tor Plant or '

EE 'metelwork embedment R R e e L . SRR

b Before concrete i$ placed in the btockouts the concrete surfaces of the
" blockouts shall be foughened by chipping or other approved methods
~ and in such a manner as not to loosén, crack or shatter any part of the -

“concrete beyond the roughened surface. L :

¢ After being r0ughened the surface of the cOncrete shall be cleaned in o
" accordance with Clause 9.9 and shall be sound and hard and insucha ~ -~
* condition as to ensure a good mechamcal bond between the exrstlng SRR
X and the neWConcrete T : : '
o "'_9-24 n
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9.12

~ All concrete whlch is not hard, dense and durable, as determined by the

Engineer, shall be removed to the depth required to secure a surface
satisfactory to the Engineer. : -

The Contractor shall place the concrete in blockouts in such a way as to
ensure salisfactory bond with the exusttng concrete, to secure complete

“contact with metalwork to be embedded in the blockout concrete and to

avoid displacement of the Plant or metalwork being embedded. Where

o _ directed, concrete placed in blockouts shall contain an approved
expanding agent in accordance with Clause 9.4 or the placing of -

concrete shall be delayed after the concrete has been mnxed to reduce

- subsequent shrinkage.

The Contractor shall place dry- pack or non- shrlnk mortar or grout under .
metalwork, baseplates, plant and equipment bases after the baseplates

- have been levelled and aligned correclly and the baseplates rigidly

" secured in place by the anchor bolts and nuts. All spaces under the

S N

e baseptates shatl be comptetety fi Iled wrth dry pack or non- shrmk mortar
oor grout ' -

'CONSOLIDATION

Each layer of- concrete sha!l be lmmedlately consolldated wnth the
suitable appliances so that the concréte is compacted to the maximum .

i practicable density and closes snugly around all surfaces of forms and

"~ embedded materials. Subsequent layers of concrete shall not be placed

unt|I the Iayers prevrow;ly placed have been consolldated as specnﬁed

In generai concrete shal] be consolldated wath etectnc or pneumatlc

- power driven mternal type vrbrators operatmg at a speed of at least
" 7,000 revolutions per mintte when immersed in concrete. The vibraling
* head shall bé vertically inserted in concréte and at least 50 mnt into the
- underlying layer. Where it is"difficult 'to use internal vibrators concrete

may bé consolidated with an: external-type vibrator, The external-type

 vibrator shall be operated at a speed of 8,000 revolutlons per minute and
be large’ enough to effect consolidation. - * _

In consohdatmg each tayer of concrete the lmmerston type vibrator shall
- be operated in a near vertical posmon and the vibrating head shall be
allowed to penetrate. and re- wbrate the.concrete in the upper portion of

- the underlymg layer. In the area where newly placed concrete in each -

. layerj joins previously placed concrete in the same layer, more than usual -
Y vibration shall be performed, the' vibrator penelrating deeply at close

irtervals over the areas of ¢ontact of these:layers. Layers of concrete -

" - shall not be placed until layers previously placed have been vibrated

. thoroughly .as. specified. Contact of the vibrating head with surfaces of
_the forms. ‘shall be avo:ded Dlrect vrbratlon of the remforcement wrll not

: 7be permltted R : -

" The total consolldatmg capac;ty, in CubIG meters of concrete per hour of o
gl vibrators in” effective’ operatlng condition and employed ‘on concrete -
= gompaction in theWorks, shall be baséd on a rated capacily of 70 -
- percent of the manufacturer’s recommendation of each type of vibratorin =~ -
1 i operation’ ‘and the total compactmg capacity $o computed shall be not
- iiless than the maxinium rate at'which concréte is placed-in the Works.
o, Fof-'every 3'vibrators'in-use ‘'on a ¢oncreté placemént, the Contractor -
.-~ shall provide one. additional’standby: wbrator of sm‘nlar compactmg o
e capacny in good worklng order ‘ U
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