8.5  Standard Proportions of Concrete for Use in Structures

CLASS

DESCRIPTION | A B ¢c {pb-1|D-2] E F ]l P

Maximum size of _ . : _ _
.| coarse aggregate 20 20 20 20 20 20 25 40 25

Stump! (cm) 75+2517.52257.5225175225] 15.042. [ 7.5£2515.0225]50+125 | Max. 5
Maximum _ . : : :
Water/cement 30 37.5 42.4 48.6 50.0 62.0 70.2 88.2 40.0
ratio W/C (%) '

Water contentW | 150 | 170 | 176 | 185 | 205 | 192 | 207 | 163 | 160
(kg/m?) ' ' ' :

Cement content C| 500 | 450 | 415 | 380 | 410 | 310 | 295 185 | 400
(kgm’) - --

Fine aggregate S| 711- | 720 | 705 | 819 | 786 | 865 | &0 | 910 | 791
(kgh') B 0 |
|Comse apgregate] 1082 | 100 | 1147 | do4s | 1008 | 2020 | 130 | 1205 | 1077

(kg/ma)

Mlmmum 28 day _ : . '
Compressive 50 .40 a5 30 30 24 20 5 ] -
Strength by cyl. S - A ' : :

test * (30 x 15(D) :
cm) {MPa)
Minimum 28 day : S _ _ o
flexural strength’® - - - - . oo R 4.5
(MPa) : : ‘ SN .

1

Stump shall be determined in accordance with AASHTO T119 or JIS A1101, :
Concrete compressive tests shall conform to the requiréments of AASHTO T22 and 23 :

" In the event of any dispute regarding conformance with this Specification, the results nbtamed by the cylinder test
shall be taken as conclusive, unlcss the Engincer has previously agrccd in wntmg lo the use of cube tests for
control purposes,

Flexural strength shall be tested by the third point loadmg methud in accordance with AASHTO T97.

2

' T_hc wcights of aggregate per cubic meter of concrete in the abovc table arc based on
the use of aggregates which have a bulk specific gravity of 2.65 when in a saturated -
surface-dry condition, the use of a uniformly graded natural sand having a fineness
modulus of 2.75, and the use of a umformly graded coarse aggregate of the size
1nd1cated '

For aggregates having other spccaflc gravmcs thc wclghts shall bc corrected by o
- multiplying the wclghts shown in the table by the spcmflc grav1ty and d1v1d1ng by -
- 2.65. : _ a

When angular manufactured sand or sand having a fineness modulus greater than

- 2.75 is used, the amount of fine aggregate shall be 1ncrcased and the amount of
* coarse aggregate decreased. When using sand having a fineness modulus less than
2.75, the amount of fine aggregate shall be decreased and the amount of coarse
aggregate increased. For each change in fineness modulus of 0.10 as compared fo
2.70, the percentage of sand shall be changed by 1 percent in relation to the total
weight of combined fine and coarse aggregates. The fineness modulus of fine
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~ aggregate shall be determined by adding the cumulative percentage, by weight, of

material retained on each of ASTM Standard sicves 95 4.75, 2.36, 1.18, 0.600,
0.300 and 0.150 mm, and drv1d1ng by 100.

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

The Contractor 1nay, subject to prior approval by the Engmeer use alternative sizes
- of coarse aggregate to those in the above table. :

Requiring additiona] cement above that specified, no compensation shall be made to
the Contractor for the additional cement. Designated sizes of coarse aggregate need

~ not be separated into component sizes. However, two sizes are preferred when the

© maximum size exceeds 2.5 cm. If one or more of the component sizes used fails to

8.6

8.7

871

8.7.2

meet the specified grading for its respective size, but a combination of the sizes can

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

the written permtssron of the Engineer. -

" Proportions and Batch Weights

- The Engineer will designate the weight in kilograms of fine and coarse aggregete (in

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

' the saturated surface- dry welghts for free m01sture

in batchmg aggregate for structures contarnmg less than 25 cubic meters of concrete

the Contractor may substitute approved volumetric measuring devices in lieu of

weighing devices. In such event, weighing shall not be required but the volumes of
coarse aggregate and of fine aggregate measured into each batch shall be those

: demgnated by the Engmeer

| Adjustment for Varlatlon in Workablllty

If it is found 1mpossrble to obtain concrete of the des1red placeability and

- workability with the proportions originally designated by the Engineer, he will make
- such changes in aggregate weights as are nccessary, provided that in no case shall

the cement content originally designated be changed.
Adjustment for Variation in Yie]d

If the cement content of the concrete, determmed by means of the yield test,

- AASHTO T21, varies more than plus or minus two (2) percent from the designated
- value in the above table, the proportions will be adjusted by the Engineer to maintain

a cement content w1th1n these limits. The water content shall in no case exceed the
spec1f1ed amount, o

Ad]ustment for Excess Water Content

If, when usmg the designated cement content it is 1mp0551b1e to produce concrete
having the required consistency without exceeding the maximum allowable water
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8.8

8.9

8.10

content qpecrfred in the above table, the cement shall be increased by the Engmecr 50
that the maximum water content will not be exceeded. :

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

‘materials require an increase in the amount of cement, no additional payment shall -

be made to the Contractor for the_cost of such additional cement.
Sampling of Concrete .

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

Specimens shall be made in parrs and there shall not be less than erght parrs made for
every 100 cubic meters of concrete or fraction thereof placed during one days work
or as deemed necessary by the Engincer. One specrmen from each pair shall be -

tested at 7 days and one specrrnen at 28 days

If concrete is placed by means of mdtvrdual transit mixer batches then cach batch
shall be considered to be a sample from which 2 pairs of specimens shall be prepared

" and tested as for bulk concrete above

Irrespectrve of the quantrty, every days productlon of concrete shall be tested both

for strength and for slump and every structure and every component of every

structure shall likewise be so tested for strength and slump. The checkmg and testing
of the concrete shall be the prerogative of the Englneer and he may increase the
specified strength and c0nd1t10n as required for the project.

The concrete test spec1mens shall be tested by the Contractor at a convemently
located and properly equipped labomtory

~ The Contractor shall take, on his own rcsponsibility, every precaution to prevent

injury to the test spe'cimen_s during handling, transporting and storing.

Specimen Preparation -

The ultimate corrrpressive strength of the concrete shall be determined on specimens
obtained and prepared in accordance with AASHTO T141 (ASTM C172) and
AASHTO T23 (ASTM C31). Test cyhnders made i in the laboratory shall conform to
AASHTO T126 (ASTM C192) -

The compression test perforrned on cylmders shall be accordmg to specrfrcatrons

AASHTO T22 (ASTM C39).

Compressive and Fle_xural Strength -

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

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

Characteristic Strength

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

" The charactcriétic strength shall be calculated by thc'cquatioh{

X X, - KS '
. charactenshc strength.
- X,,- mean or average of the senes of results
" K:  a factor depending upon the percentage of rcsultq that fall
' below the characteristic strength
S:  standard deviation given by the equatxon
S=[X - X, 1#(N - 1)

' Where: X :

| Where: X the 1nd1v1dual result
' N:  the total number of results

The values for the factor K arc'

Percentagc of rcsults fallmg Value
below the minimum of K

0.1 -1 3.09

0.6 | 2.50

1.0 2.33

25 1.96

5.0 L 1.64

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

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

~ described in Item (ii) above until such time as adjustments shall be made in the mix

proportions or improvements made in the quality control measures to raise the
average strength or reduce variation to the satisfaction of the Engineer.



8.10.2

Failurc to Comply with Compressive Strength Requirements

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

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

“defective work at the Contractor's expense.

- Repairs to concrete shall not be carried out without' the authorisation of the Engineer.

§.10.3

 8.10.4

8.1

8.11.1

8.11.2

Care of Specimens

" The cost of taking specimens and performing the tests includiﬁg the cost. of

prowdmg stout, substantial packing cases and the cost of shipping or transporting the
test specimens from the site to the laboratory shall be included as part of the price

. tender for Portland cement concrete, The Contracior shall’ take on his own
'resp0n81b111ty, every precaution to prevent injury to the test Specnnens during

handling and transporting.
_'Recofds

The records of all tests shall be kept by the Engineer'but results shall be available at

all times to the Contractor. The Contractor shall be responsible for making such N
~ adjustments as may be necessary to produce specification concrete and the test

results shall include whether or not the concrete is satisfactory.

.M.aterial

Cement

‘The Contractor shall use only one brand ot any one typc of cemcnt having uniform -

quality for one pr()]cct

The cement used in the work shall be ordinary Portland. Cement conforming to the
minimum requirements of Vietnam Standard TCVN 2682 - 1992 "Portland Cement”
cxccpt that when otherwise shown on the Drawings, or directed by the Engineer,
cement shall conform to the requirements of JIS R5210 "Portland Cement" or
AASHTO - M85 (Type l)

Admlxturcs

" Admixtures shall not be used without the written approval of the Ehginccr. Thc__.
- Contractor shall submit samples of any proposed admixtures to the Engineer at least

28 days prior to the date of commencement of construction of the particular structure
or portion of structure on which he intends to use such admixtures. ~



8.11.3

8.11.4

Watcr

Al water used in concrete shall be subject to the Engineer's approval, Water used in
mixing, curing, or othet designated applications shall as a general rule be potable,

- otherwise reasonably clean and free from oil, salt, acid, alkali, sugar, vegetable, or

any other substance injurious to the finished product. If required by the Engineer,
water shall be tested by comparison with distilled water.

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

Where the source of water is relatlvely shallow, the intake shall be so enclosed as to
exclude silt, mud, grass or other foreign materlals

Fme Aggregatc

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

: ciay, orgamc matter, and other 1mpur1t1cs

: {‘he fine agglegatc shall be uniformly gradcd and shall meet the following gradmg '

rcqu1rements

Grading of Fine Aggregate

I Sieve Size | Cumulative Passing Percentage
~ (mm) by Weight -

9.5 _ 100

4.75 95-100

2.36 80-100

118 50-85
- 0.600 | 25-60

0 150 - .10

g .SICVC analys;s of fme aggregate shall be made in ‘accordance with JIS A1102

(Method of Test for Sieve Ana1y51s of Aggregate) or AASHTO - T27.

" The gradatlon requlrcmcnts glvcn abovc are the extreme llmltS to be used in

determining the suitability of material from all p0331ble sources of supply. The
gradanon of materials from any one source shall not vary in composition beyond the
range of values that govern the selection of a source of supply. For the purpose of

determining the degree of uniformity, a fineness modulus determination shall be

made upon representative samples, submitted by the Contractor, from such sources

~as he proposes to use. If fineness modulus of fine aggregate varies more than 0.2

from the value used in sélecting concrete proportlons, the fine aggregate shall be
rejected unless suitable adjustment of thc m:x proportmns are made with the

. approval of the Engineer.



8.11.5

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

Tests for materral finer than 0. 075 mm sieve shall be made in accordancc wrth JIS
A1103 (Method of Test for Amount of Material Passrng Standard Sieve 0.074 mm. in
Aggregates) or AASHTO - T11.

. Limits for Delctcrious Substanoes in Fine Aggregates -

. Item Maximum % by Weight

Clay lumps 10
Material finer than 0.075 mm sieve: .

Concrete subject to abrasion : 30 !
All other concrete . 50 !

Material coarser than 0.300 mm
sieve floating on a liquid having a
| specific gravity of 1.95 - o 0.5

2

~ Note: 'In the case of crushed aggregate, if the material finer than 0.075 mm sieve consists of the dust of
fracture essentially free from clay or sha!c, Ihesc pcrccntagcs may be increased to 5 and 7 pcrccm_
rcspcct:vcly

*This requirement ducs not app]y to manufaclurcd sand produccd from blast furnace slag

AlI fine aggregate shall be free from injurious amounts of organic 1mpur1tres
Approximate determination of the presence of injurious organic impurities in natural
sand shall be in accordance with JIS A1105 (Method of Test for Organic Impurltles o
in Sarids) or AASHTO T21. Aggregate subjected to the colourimetric test for organic
rmpurrtrcs and producmg a colour darkcr than the standard, shall be re]cctcd

However any sand that fails to meet thc above requrrement may be used provrdcd
that the compressive strength of mortar specimens using such sand is more than 95%
of that of mortar specimens using the same sand which is washed by 3% solution of
sodium hydroxide and then by water, and approved by the Engineer. Testing age of
mortar specamens shall be 7 and 28 days for normal Portland cement.

Comprcesrvc strength of mortar specimens shall be determined by AASHTO — T71 .
"Effect of Organic Impurities in Fine Aggregate on Strength of Mortar". '

Coarse Aggregate '

The coarse aggregate shall con81st of one or more of the followmg crushed stonc

gravel, blast-furnace slag, or other approved inert materials of similar characteristics

having clean, hard, durable pieces. It shall be free from objectionable quantltrcs of
flat or elongatcd particles, organrc mattcr or other deleterious matter. _' '

The coarse aggregate shall be uniformly graded and shall mect the followrng gradmg
requirements: ' :



..........................................................................................................................

100 80 mm &0mm . 50 mm 40 mm 25 + 20mm 15 10 5 mm 2.5
dmm o4 h b mm pomm fomm mm__
100 © 95-100 1 37-70 10-35 - 0-5
100 ! 95-100 ! P35-70 ! 1 10-30 1 0.5 © -
Sr . 180 b 95- f - 130-70 - . 0-10 ! 0-5
- b . v . %o100 904100 % - 20-55 ¢ 0-10 ! 0-5
oo - b - b oo E 100 ) 1000 1 90- 1 40-70 ) 0-15 % 0-5
Y100 } 90-100 ! 45-70 & - % 0-15 1 - % 0.5 L1000 ¢ - L - -
oo 100t o90-100 1 35-70 1 0-15 ¢ - b 0.5 1 - .1

- i100 1 90-100 % 35-70 : - T
- : 5'100 590100.0155_0-1550-550-55 S

Sicvc. anaIysis. of coarse aggregate shall be made in accordancc with JIS A1102
(Method of Test for Sieve Analysis of Aggregate) or AASHTO -T27.

The amount of deleterious substance in coarse aggregate shall not exceed the limits
prescribed in the table below Treatment of the other deleterious substances which are
not shown in the table shall be determined by the direction of the Engineer.

Limits of Deleterious Substance in Coarse Aggregate

Item Maximum % byWeight
Clay lumps ' 0.25

Soft particles 5.0
Material finer than 0.075 mm. sieve 10 !
Material floating on a liquid having a specific gra\uty of 1.95 : 1.0 *

Note : 'In the case of crushed aggregate, if the material finer than 0.075 mm. sieve consists of the
- dust of fracture essentially free from clay or shale, this percentage may be increased to 1.5,
*This l‘chHGmBnl does not apply to manufactured sand pmduced from blast furnace qlag

. Test for matenal finer than 0. 075 mm sieve shall be madc in accordance with JIS

8.12

A1103) (Method of Test for Amount of Material Passing Standard Sieve 0.075 mm
in Aggregates), or AASHTO - T11. Test for soft particles shall be made in
accordance with JIS A1126 (Mcthod of Test for Soft Parncles in Coarse Aggregate
by Use of Scratch Tester) or AASHTO - T12.

 Test of Aggregate

‘Before use, results of the foregoing tests of aggregate from each source shall be

submitted to and approved by the Englnccr Tests for aggregate m use shall be made
when required by the Engmccr

' .Expansion Joint Filler (Asphaltic Joint Fillcr)

Expansmn ]omt flllCl‘ shall conform to the rcqulrcmcnts of AASHTO Ma33.

The flllcr for each joint shall bc furmshcd in a smglc piece for the full dcpth and

‘width reqmrcd for the joint unless otherwise authorized by the Engineer. When the

use of more than one piece is authorized for a joint, the abutting ends shall be
fastened securely, and held accurately to shape by staphng OF othcr posmvc fastening
satlsfactory to the Engineer.



8.13

8.14

Storage of cement

Cement may be shipped from pretested and approved bins at the mill. Cement shall
be stored in a damp-proof warehouse with a floor raised at least 30 cm from the
ground s0 as o permit easy access for inspection and for use in the delivered order,
Bagged cement shall not be piled more than 13 sacks high. Cement which has
become damp, lumpy or otherwise not in proper condition shall not be used. Cement
stored by the Contractor for a period longer than 60 (sixty) days shall require the
Engineer's approval before being used on the work. Subject to the Engineer's
approval of their use, cement of different brands, types, or from different mills shall
be stored separately. The use of ccmcnt reclaimed from discarded or used bags shall
not be permltted : : :

Storage of aggregatc - Fine and coarse aggrcgateq sha]l be stored separately to

prevent contamination by foreign material. Aggregate shall be stored in such a

 manner as to keep the moisture content as uniform as possible, and shall be handled

in such a manner as to prevent segregation. Aggregate shall be stored $0 as to protect
from the direct rays of the sun. Aggregate from different sources of supply shail not
be stored in the same piacc without pcrmlssmn from the Engineer.

' Adheswe '

- Epoxy resin adheswc shall be. used for thc ]omtmg of precast concrete blocks (.

shall comply with the followmg rcqmrcments

: "Room temperature” refers to the Class-2, Standard Temperature Condition s;mcnfxcd in JIS Z8703

Item Unit l 5 (_)t{a{x}y_-Stant:}ards - : Testing Condltlons (J;‘:ﬁs fnq ,
------- fnﬁy_&ié{'l—l-'a.lm"“" ' No foreign matter recognized ; T
! appearance ; ‘'as to be harmful shall be ; ;
‘ i : mixed in. No separation of ! : :
] .........material shall be observed. |
i-.S.p?p_lifsqufavzuz__§____:____§__2..—._1-_6_ _________________________ { Room temperature ” | ;
! Viscosity Vocp ¢ Standard ~ working | . :
S el P1x10-5x 100 femperatured/ P
: Pot life v hr 1 2, ormore i Standard workmg . ‘
U SO e tem et e e '_‘_‘3_1_“295?2‘.159 ___________ s :
Mmlmum .+ mm : 0.3, or more _ i Standard  working |
i Thickness  of ; E | temperature ? E '
i Slack® deeeeenns e e S e eaieas Do ;
: Tensile Strength | kg/ ! 125, or more : Age: 7 days, i Room ;
e LM .. : Room Temperature | : Temperature ! ;
i Compressive | kg/ 700, or more ) Age: 7 days, i Room ;
 strength I o SRS i Room Temperature | Temperature ! }
i Adhesive ' kg/ 1 60, or more . Age: 7 days, ! Room i
istength® E __-qr.!f__-’_--__._-.____________-_--__-.___-.-:_13_99!9_T9mne_r_at.qr.e.‘..iﬂ_'l_‘Gr.rzpp_r@_t}l_rp_f_i

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

*"Standard Working Temperature" refers 1o 3 categories (summer type, spring-and- autumn lype and
winter type) according to workmg temperatures and are respectively 30°C x 2°C 20°C +2°C and
10°C = 2°C.

3pot life" refess to 70% of the time from mlxmg to the start of gelation,

- *"Minimum slack thickness" refers to the minimum thickness of the adhesive layer formed by the

application of the adhesive to a perpendicular surface to a thickness of approx;matcly 1 mm, and
measured after the adhesive has slackened downward.
*The adhesive strength shall be obtained from a shearing test.



8.15

8.15.1

- 8.15.2

Equipment and Tools Generalty

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

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

Batchmg P]ant and Equipment

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

for the cement shail be included. The container shall be watertight.

Prov1510n satlsfactory to the Engineer shal] be made for batching other componcnts
of the mix at the batching plant, which may be either stationary or mobile type. It

“shall be always properly levelled wuhm the accuracy required for the proper
~* operation of weighing mechanisms. - :

Bins and Hoppers

Bins with _adctlua'té'éeparate compartments for fine aggregate and for each required

size of coarse aggregate shall be provided in the batching plant, Each compartment
shall discharge efficiently and freely into the weighing hopper. Means of control
shall be provided so that as the quantity desired in the weighing hopper is being
approached, the material may be added slowly and shut off with precision. A post or

- other opening for removing any overload of the several materials from the hopper

8.15.3

shall be provided. Weighing hopper shall be constructcd so as to dlscharge
completely.

Scales

The scales .f_or weighing éggfégatcs and cement shall be of either the beam 'type or

| " the springless dial type. They shall be accurate within one-half of 1% under

operating conditions throughout the range of use. Ten weights of 25 kilograms each
shall be available for checking accuracy. All exposed fulcrums, clevises and similar

_workmg parts of scales shall be kept clean. When beam-type scales are used,

provision shall be made for indicating to the operator that the required load in the

“weighing hopper is being approached. The device shall 1nd1cate at least the last 100

kllograms of load and up to 25 kilograms overload.

- All weighing and indicating devmcs shall be in full view of the operator while

chargmg the hoppcr and he shall have convenlent access to all controls.

(,ement may be measured by welght or in standard sacks considered to wc1gh 50

~ kilograms net. When measured by weight a separate, satisfactory scale and hopper
- shall be provided together with a boot or other approved device to transfer the
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'8.16

8.16.1

8.16.2

8.16.3

'ccment from the wmghmg hopper. Satlsfactory mcthods of handlmg shall be

employed.

Batching shall be so conducted as fo result in the weights of material required,

~ within tolerances of 1% for cement and 2% for aggregates.

Mixers Generally

All concrete shall be mixed in batch mixers. It may be mixed at the sitc of

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

Mixers at site of construction

Mixers at the site shall be'app.ro'ved drum-type capable of combining the aggregate

" cement and water into a thoroughly mixed and uniform mass within the specified

mixing period and of discharging the mixture without segregation. The mixer shall
be equipped with a suitable charging hopper water storage, and a Water measuring
device, accurate within 1%. Controls shall be so arranged that the water can be
applied only while the mixer is being charged. The discharge level shall lock

* automatically until the batch has been mixed the required time after all materials are -

in the mixer. Suitable equipment for discharging the concrete on the roadbed shall be
provided, The mixer shall be cleaned at suitable intervals. The pick-up and throw-

“over blades in the drum shall be replaced when they have lost 10% of their depth.

Central Plant Mixers -

Central plant mixers shall be of approved drum type capable, of combining the

aggregate, cement and water into the thoroughly mixed and uniform mass within the

specified mixing period and of discharging the mixture without segregation. Central

~ plant mixers shall be equipped with an acceptable timing device that shall not permit

the batch to be discharged until the specified mixing time has elapsed. The water
system for a central mixer shall be either a calibrated measuring tank or a meter and -
shall not necessarily be an integral part of the mlxer

"The mixers shall be clcancd at suitable intcrvals They shall be examined daily for

changes in interior condition. The pick-up and throw- over blades in the drum shall _

‘be replaced when they have lost 10% of their depth

Truck or Transit Mlxers

These shall be equipped with clcctrlcally actuated counters by whlch thc nurnber of
revolutions of the drum or blades may readily be verified and the counters shall be
actuated at the commencement of mixing operations at designated mixing speeds.

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

volume. The mixer shall be capable of combining the ingredients of the concrete into
a thoroughly mixed and umform mass and of dlschargmg thc concrete w1th a
satlsfactory degrf;c of umformny : :

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

~ provided with a -water measuring device to measure accurately the quantity of water - -
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8.18

for each batch. The dellvered amount of water shall be within plus or minus 1% of
the indicated amount.

Vibrators

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

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

properly designed concrete with a 2 centimeter slump over a circular area of 45
centimeters radius. The number of vibrators used shall be sufficient to consolidate
the concrete properly within 10 minutes after it is deposited in the forms and in
addition at least 3 spare vibrators shall be available on standby at the site of the pour

to maintain immediate continuity in case of breakdown.

Forms

Forms shali be made of tunber or metal shall conform to the shape, lmes and

: dlmensmns of the members shown on the Drawings, and shall be so constructed as

fo ptevent deforrnatlon due to load, drying and wettlng, vibration, and other causes

Forms shall be propetly equlpped with braces, ties and other devices, so as to
maintain them in the positions and the shape as shown on the Drawings.

Forms shall be so constructed that they can be removed easily and safely. Joints in
~ linings or panels shall be either horizontal or vertical as far as poss1ble and shall be

sufficiently tight to prevent any leakage of mortar.

Curved forms shall be of the radius called for on the Drawings and acceptdble o

flex1b1e fors shall be installed w1th that radlus

* After forms have been set in the correct location, they shall be mspected and

approved by the Engineer before concrete is placed

Care shall be exer01sed to keep forms free from dust, grease or other fore1gn matter.
No material or treatment that shall adhere to concrete or discolour concrete shall be
used. All forms shall be treated with an approved form-release-oil prior to placing
reinforcement and in addition, wood forms shall be ﬂushed with water immediately
before placmg concrete -

For narrow walls columns etc where the bottom of the form is maccessxble lower

form boards or parts thereof shall be left loose so that they may be removed for

cleamng out extraneous material 1mmed1ately before placmg concrete.

" Forms for exposed surfaces shall be constructed with tnangular fillets not less than
- 25 mm x 25 mm attached so as to prevent mortar Tuns and to produce smooth

stra1ght chamfers at all sharp edges of the concrete,”
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Batching and Transporting Materials

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

Cement in ongmal shlppmg containers may be transported on top of the aggregates.
The number of sacks of cement required for each batch shall be placed on the
aggregates for that batch. Sacked cement shall be emptled into the aggregates prior

to dumping into mixer, :

Batches shall be delivered to the mixer separately and intact. Each batch container
shall be dumped cleanly into the mixer without loss of cement or m1x1ng or spilling
of material from one batch compartment into another

' Mlxmg Concrete Generaliy

Concrete shall be mixed at the construction site, at a central mixing'pfant in a truck
mixer, or by a combination of central plant and truck mixing. Handmixing may be
used when approved by the Engineer. No concrete shall be mixed, placed, or finished

 when the natural light is insufficient, unless an adequate and approved artxﬁmal_

lighting system is operated
Mixing at Site of Concrete Construction

Concrete shall be mixed in a batch mixer of the type-a:nd capacity approved__by the
Engincer. Mixing time shall be determined by the Engineer in accordance with JIS

~ A1119 (Method of Test for Variation in Unit Weight of Air Free Mortar in Freshly

Mixed Concrete). When results of the above tests are not available, the mixing time
shall be longer than 1 1/2 minutes after all the materials have been introduced into
the mixer, but in no case shall the mixing time exceed three times the mixing time
prescribed above. Charging of water into the mixer shall begin before the cement

and aggregates enter the drum. During mixing the drum shall be operated at speeds

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

The volume of a batch shall not exceed the rnanufacturers rated capacnty of the
mixer without written permission of the Engineer. No mixer whose rated capac1ty is
less than a one bag batch shall be used. .

Concrete shall be mixed only in such quantltles as are reqmred for 1mmed1ate use,
and concrete which is not of the requlred con31stency at the time of placement shall
not be used.

Retempering of concrete sha]!: not be permitted. Entire content of the mixer shall be
removed from the drum before materials for the next batch are placed therein. Upon
cessation of mixing for a considerable length of time, the mixer shall be cleaned

N thoroughly. Upon resumption of mixing, the first batch of concrete material placed in

the mixer shall contain sufficient sand, cem_ent, and water to coat the inside surface
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of the drum without diminishing the required mortar content of the mix.
Central plant mixing

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

Unless otherwise permitted in writing by the Engineer, agitator trucks shall be
equipped with a water tight revolving drum and shall be capable of transporting and

. discharging concrete without segregation. The agitation speed of the drum shall be

between 2 and 6 revolutions per minute. The volume of mixed concrete permitted in

~ the drum shall not exceed the manufacturer's rating nor exceed 70% of the grdss

volume of the drum. Upon approval of the Engineer, truck mixers may be used in
lieu of agitator trucks for transportation of central plant mixed concrete. Gross

_volume of agitator bodies, expressed in cubic meters, shall be as determined by the
- mixer manufacturer. The interval between introduction of water into mixer drum and

final discharge time shall be a maximum of 45 minutes unless the use of additives
have been approved. Depending on the type and usage of the approved additives this -

_interval may be extended up to a maxunurn of 2 hours During this interval the

mlxture shall be agltatcd contmuously

Bodles of non- agltator trucks shall be ‘smooth and water~t1ght Covcrs shall be
provided when needed for protection against rainfall, The non-agitator trucks shall

“deliver concrete to the work site in a thoroughly mixed and uniform mass.
Uniformity shall be deemed satisfactory if samples from the one-quarter and three-
~quarter points of the load do not differ more than 2.5 c¢cm in slump. Placing of

concrete shall be completed within 30 minutes after introduction of mixing water
into the cement and aggrcgates orif admlxturc is uscd at a time to be detcrmmed by

| ~ the Engineer.

8.20.3

Truck Miking .

_Cdncrctc may. be mixed in truck mixers of approved design. Truck mixing shall be
* in accordance with the following provisions. The truck mixer shall be either a closed,

water-tight, revolving drum or an open-top revolving-blade or paddle type. It shall
combine all ingredients into a thoroughly mixed and uniform mass, and shall
discharge the concrete with satisfactory uniformity. A maximum difference of 2.5 cm

- between slumps of samples from the one-quarter and three-quarter points of the

dischargc load shall be deemed satisfactory.

M1x1ng speed for revolving drum type mixers shall not be less than 4 revolutlons per

~ minute of the drum nor greater than a speed resulting in a pcnpheral velocity of the

drum of 1 meter per second. For the open-top type mixer, mixing speed shall be
between 4 and 16 revolutions per minute of the mixing blades or paddles. Agitation

" speed for both the revolving drum and revolving blade type mixers shall be between

2 and 6 revolutions per minute of the drum or mixing blades or paddles.

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

- except that they shall not exceed the limitation herein. Standard for normal rated
~ capacity, expressed as percentage of the gross volume of the drum, shall not be more

than 50% for truck mmng and 70% for agltatlng
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8.23.1

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

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

“practically level.
: Harrd Mixing

_ Hand mrxrng shali not be permrtted exccpt in case of emergency, without written

permlssron from the Engineer. When permitted, it shall be performed only on water
tight mixing platforms made of metal, ctc. Concrete shall be turned and returnéd on
the platform at least six times and until all partlcles of the coarse aggregate are

covered thoroughly with mortar and the mrxture is unlform ' .

Retempermg Concrete '

'Retempermg concrete by addmg “water shal] not be ‘permitted “under any .

circumstances, Concrete that is not within the spec1f1ed slump limits at the time of
placement shall not be used. Admixtures for increasing the workability or for

accelerating the set shall be permitted only with the written approval of the Engineer.

Consistency

| Slump shall be measured in accordance with AASHTO -T119 or JIS AllOl and shali

be in accordance with Clause 8.5.
Concrete Construction_Generally

The Contractor shall maintain an adequate number of trained and experienced
supervisors and foremen at the site to supervise and control the work. All
construction, other than the concrete, shall conform to the requirements prescrrbed in
other sections or clauses for the several items of work entenng into the complete -
structure

Preparation of Foundations
Preparation of foundations shall conform to the details as shown on the Drawings in
accordance with the requirements of Clause 3.10.2. The elevations of the bottoms of

footings as shown on the Drawings are approximate only and the Engineer may
order further excavatlon as necessary to obtam satrsfactory foundatrons

Pile foundatrons shall be constructed in accordance with the pr0v1srons set out in the_
other relevant Clauses and as shown on the Drawmgs
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Falsework

Falsework shall be built on foundations of sufficient strength to carry the loads
without appreciable settlement. Falsework that cannot be founded on solid footings
must be supported by ample falsework piling provided at the Contractor's expense.

' Before'const'ructing forms or falsework the Contractor, if required, shall submit

detailed drawings of proposed forms or falsework for approval by the Engineer, but
such approval shall not relieve the Contractor of any of his responsibilities under the
Contract for the successful completion of the structure.

Formwork

No formwork shall be fabricated or erected until the drawings have been approved

by the Engmeer

Before concrete is placed the Engineer shall inspect all formwork and falsework and

- no concrete shalfl be placed until the Engineer has inspected and approved such

formwork and falsework. Such approval shall not relieve the Contractor of any of his
respon31b111t1es under the Contract for the successful completion of the structure

Internal formwork for hollow slab construction shail be made of piywood thin metal

~plate or other materials. These materials shall have sufficient strength to resist the

pressure and the buoyancy effects of fresh concrete.

Type and structure of ]omt and cover for the cylmdrrcal form shall be tight {0 prevent |

- any leakage of concrete, and shall be approved by the Engineer. Nominal diameter of

cylrndrlcal forms shall be the outer diameter, or the outer diameter of projecting
portion in case of thin metal plate having projection. The height of the prOJectron
shall be less than 10 mm.

Internal forms shall be frxed in the correct posmon such that they sha]l not displace
or deform during placing concrete.

U-shape _bolts shall be used to fix the'intemal forms and the method of supporting

~ and fixing the internal forms shall be approved by the Engineer. Care shall be taken

8234

to ensure that U-shape bolts and other items can resist the buoyancy forces on the
formwork. R : :

~ In falsework, brldge camber shall be considered in accordance with the Working

Drawings prepared by the Contractor and approved by the Engmeer

' C_oncrete shall not be placed in any formwork until such formwork has been

inspected and approved by the Engineer.
_Reinforcement

The Engineer shall inspect and approve all reinforcement irr place before concrete is

~ placed. An experienced steel fixer shall be present while all concrete is placed to

ensure that no reinforcement becomes displaced during placing and 1f it does to
reposition relnforcement before placing continues.
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The positioning and fixing of reinforcing in particular sections of the work may be
required to be inspected by the Engincer prior to any concrete being poured in the
section. The Engineer will advise the Contractor of these particular sections at the
time the Contractor is preparing its Quality Plan, and from time to time during the
progress of the works. Ample notice shall be given by the Contractor to allow time
for inspection by the Engineer of such sections. '

Welding shall not commence until the .Wolding procedure has been qualified and
reviewed by the Engineer. -

Placing Concrete Generally

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

Troughs, pipes, or short chutes used as aids in placmg concrete shall be p031t10ned in

- such a manner that segregation of the concrete shall not occur. AN chutes, troughs, -

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

| f‘oncrctc qhall not be dropped frcely over a vertical distance of more than 1.5 mcters

* Concrete shall bc placed continuously throughout each sectlon of thc structure or

8.24.1

8.24.2

between indicated joints if shown on the Drawings or as directed by the Engineer.

If in ‘an emergency it is necessary to stop placing concrete before a section is
completed, bulkheads shall be placed as the Engineer may direct and the resulting
joint shall be decrned a construction joint, and trcatcd as specified hcrcm bclow

Placing Concrctc to Concrctc Columns

Concrete in columna or bents shall be placcd in one continuous Opcratron unlcss
shown on the Drawmgs or pcrmlttcd by the Engmccr

Placmg Concrctc to Slab and Girder Spans _

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

. operation unless otherwise stated on the Drawings. Concrete prcfcrably shall be

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

Concrete in slab spans shall be placcd in one continuous operation and in one layer
for each span, unless otherwise stated on thc Drawmgs

Concrete in gtrdcrs Spanmng more than 10 meters may be placed in two ope’rations,

~ the first operation being the placing of concrete in the girder stems to the bottom of
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8.24.5

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

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

Imrnediately before placing concrete, the top surface of the previously | placed
concrete shall be hammered with a sharp hand tool (scabbled) until the aggregate is

exposed and cleaned. The Contractor shall check all falsework for shrinkage and
. settlement, and shall tighten all wedges to ensure minimum deflection of all

formwork

PlaCmg Concrete to Walls, Piers, etc.

Where walls, piers, columns, struts, posts and other such structural members allow

horizontal construction joints, concrete shall not be placed on top of other concrete
whxeh has not been allowed to set for 12 hours or more.

Work shall not be discontinued w1thm 45 centimeters of the top of any face, unless

- provision has been made for a coping less than 45 centimeters thick, in which case,

if permltted by the Engineer, the constructlon joint may be made at the underside of
the coplng :

Placmg Concrete to Culverts

The _slab“s of box culverts shall be placed for their full depth'in one mass or layer and
allowed to set not less than 12 hours before any additional work is done on them.

Before concrete is placed in sidewalls, bottom slabs, shall be cleaned of all shavi.ngs_,'

sticks, sawdust and other extraneous material.

The _Contrat:tor shall submit to the Engineer for approval his proposals for ponring |
culvert walls before commencing culvert construction. Concrete shall not be placed
in layers more than one meter hlgh relative to the concrete already placed.

: Deposmon shall proceed ina systemanc manner.

Deposnmg Co_ncrete under Water

Concrete shail nnt be'deposited in water except' with the appioVal of the Engineer

- and with his immediate supefvision, and by the method described in this paragraph.

At least four weeks prior to the proposed date for commencement of supply of the
- concrete for tremie operations, the Contractor shall submlt to the Engineer for
' approval full details of its proposed methods :

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

- deposit. Concrete shall not be placed in running water. The method of depositing
concrete shall be so regulated as to produce approximately horizontal surfaces. =
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Placement of tremie concrete shall not commence until full evidence of successful
trials of tremie concrete placement methods and the testing of the concrete is

~ provided to the Engineer.

Concrete seals shall be placed in one continuous operation. When a tremie tube or

- pipe is used, it shall consist of a tube or pipe not less than 25 centimeters in diameter,

constructed in sections having flanged couplings fitted with gaskets. The means of
supporting the tremie shall be such as to permit free movement of the discharge end

- over the entire top of the concrete and permit its being lowered rapidly when

necessary to choke off or retard the flow. The tremic shall be filled by a method that
shall prevent washing of the concrete. The discharge end shall be completely

- submerged in concrete at all times and the tremie shall contain sufficient concrete to

prevent any water entry.

_DeWatering shall proceed only when the concrete seal is considered strong enough to

withstand any pressures to be exerted upon it. This time will be decided by the
Engineer. All laitance or other unsatisfactory material shall be removed from the
expoqed surface by scraping, ]ettmg, chipping or other means which shall not unduly
injure the seal.

- Constructlon Jomts in Concrete o

- Comtructlon joints shall be located where shown on the Drawmgs or permltted or

instructed by the Engineer. Construchon joints shall be perpendicular to the prln(:lpal -
lines of strcss and in general shall be 1ocatcd at pomts of m1n1mum shear. '

At _honzonta] constructlon ]omts, detalls shall be as approved by the Engine’cf.
Before placing fresh concrete, the surfaces of construction joints shall be sandblasted

- or washed and scrubbed with a wire brush to expose clean aggregate, drenched with

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

Where vertical construction joints are necessary, reinforcing bars shall extend across

the joint in such a manner as to make the structure monolithic. Special care shall be - -

taken to avoid construction joints through panelled wmg walls or other large surfaccs
which are to have an architectural finish, :

Necessary dowel, load- transfer dewces, and bondlng devices shall be placed as
shown on the Drawmgs or directed by the Engmecr

Expansmn Jomts in Concrete

Expam;lon ]omts shall be fllled w;th an asphaltlc or poly—sulphlde type joint filler, 20
mm thick and shall be located and formed as reqmred on the Drawmgs '

Cut off pIate for water stops used for the expansion joints shall be flcx1ble PVC to
JIS K6773 and shall be placcd in accordance with the Drawmgs :

“The water stops shall bc held flrmly in place to prcvent dlsplacement dunng '
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_ concreting, If after placing concrete water stops are materially out of position or

shape, the surrounding concrete shall be removed, the water stop reset, and the
concrete replaced, all at the Contractor's expense.

Water stop shall be furnished full length for each straight portion of the joint,
without field splices. Water stop shall be cut and spliced at changes in direction as
may be necessary to avoid buckling or distortion. Al field splices shall be performed

~ by heat sealing or hot-air welding the adjacent surfaces in accordance with the

manufacturer s recommendations to form contmuous watertight joints.

Open Joints in Co_ncrete

‘Open joints shal_l be constructed where shown on the Drawings by' insertion and

subsequent removal of 2 wooden strip, metal plate, or other approved material. The
inscrtion and femoval of the template shall be accomplished without chipping or
breaking the corners of the concrete. Reinforcement shall not extend across an open

* joint unless so specified on the Drawings.

Stee! Joints in Concrete

The plates, or other structural shapes shaH be accurately shaped at the shop to

- conform to the section of the concrete floor. The fabrication and painting shall

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

~ joints shall be that designated on the Drawings at normal temperature, and care shall

be taken to avoid impairment of the clearance in any manner,

Anchor Belts in Concrete

Al necessary anchor bolts in piers or abutments shall be accurately set in holes

formed while the concrete is being placed. Holes may be formed by inserting in the
fresh concrete oiled wooden plugs, metal pipe sleeves, or other approved devices,

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

at least 10 cm in diameter. Bolts shall be set accurately and fixed with grout
completely filling the ho]es The grout shall be non-shrink mortar of a type approved

"~ bythe Englneer

8.27

Anchor bolts used in connection w1th expansmn shoes, rollers, and rockers shail be
located with due regard to the temperature at the time of erection. Care shall be taken

~ that full and free movement of the superstructure at the moveable bearings is not

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

Shoes and Bearmg Plates in Concrete

Bridge scat beanng areas shall preferably be finished high and ground to level
_required. Shoes and bearing plates shall be set as provided in the drawings.
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Prainage Holes and Weep Holes in Concrete

Dralnage holes and weep holes shall be constructed in the manner and at the
locations indicated on the Drawings or required by the Engrneer Ports or vents for
equalizing hydrostatlc pressure shall be placed below low water.

Forms for weep holes through concrete shall be PVC pipe. Exposed surfaces of weep
drain pipe shall be ﬂush wrth the concrete

Pipe, Conduits and Ducts in Concrete

'P:pes, ondurts and ducts that are to be encased in concrete shall be installed by the

Contractor before the concrete is placed. Unless otherwise indicated, pipe embedded
in concrete shall be standard, light-weight, non-corrosive pipes. Pipes shall be held
or braced rrgrdly durmg concrete placement in order to prevent their dlsplacement

Loads to Plers and Abutments

No superstructure load shall be placed upon finished bents, piers, or abutments until
the Engineer so directs, but the minimum time allowed for the hardening of concrete

~ in the substructure before any load of the superstructure is placed thereon shall be 7

days when normal Portland cement is used
Placement of C_oncrete in Hot Weather

Concrete shall not be placed in the Works if the air temperature in the shade
measured one metre above ground level is above 35°C. Steel formwork,
reinforcing steel and any other steel surface that comes in contact with the concrete
shall be cooled to 35°C before the concrete is placed, ' ' '

The temperature of concrete placed in the Works, measured lmmedlately prror to
placrng, shall not exceed 32°C. '

- Concrete placmg shall not be commenced in condrtrons where the rate of

evaporation at the site of the concrete pous, as determined from Figure 1 (attached at
the end of this Part of the Specification) exceeds 1.0 kg/m®/hour, one hour prior to
the batching of the first load of concrete. If the rate of evaporation rises to above
0.75 kg/m’hr during the progress of a concrete pour, suitable measures shall be
taken to prevent excessive moisture loss Wthh may include:

- The form shall be contmuously sprayed_ with cold water (conforming to the
: requirements of Clause 8.11.3 of this Specification) in advance of the c’oncreting
and excess water shall be removed from the 1nsrde of the forms rmmedrately prror '
to the placement of concrete.
- The reinforcement, and the formwork if metal forms are used shall be protected
from the effects of hot winds and direct sunlight,
- Suitable barriers shall be prov1ded to protect the freshly placed concrete from

" wind, until curing commenced.

- Shading of aggregate stockpiles.

- Shading of the container/pipeline in whrch the concrete is transported to the
forms,
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- 01ephanc Alcohol (MBT or similar) as an additive to reduce surface drying
beforc ‘;ettlng of plastic concrete.

Placement of Concrete in Wet Weather

Concrete shall not be placed during rain or when the Engineer considers that rain is

" imminent,

Suitable equipment shall be provided at the concrctihg site to allow finishing and
curing . operations to be completéd should rain interrupt placing of concrete.
Provision shall also be made for the full protection of sections of concrete recently

- poured. The equipment shall be kept on site and be capable of being fully

operational at short notice. Equipment which causes damage to the concrete shall
not bc used. ' '

_ Concrete atfected by rain shall be removed and replaccd with sound concrete at the
g Contractor s Cost. :

Curmg Concrete Generally

Immediately after forms have been removcd and fmlshmg complctcd all concretc _
shall be cured by one of the foliowing methods. The Engineer will specify the

concrete surface which may be cured by elther method.

- Curing Concrete using Water Method

" The entire exposed surféocs_';other than slabs shall be protccted'from the sun and the

whole structure shall be covered with wet burlap, cotton mats, or other suitable

fabric for a period of at least seven days. These materials shall be kcpt thoroughly

wet for the entire curing penod Curbs, walls, and other surfaces requiring a rubbed
finish may -have the covering temporarily removed for finishing, but the covering
must be restored as soon as possible. All concrete slabs shall be covered as soon as
possible with sand, earth or other suitable material and kept thoroughly wet for at

~ least seven days. This covering material shall not be cleared from the surface of the
concrctc slabs for a perlod of twcnty one days.

If wood forms are allowed to remain in place during the curing pcrlod thcy shall be
' kept moist at a]l times to prevent them from shrmklng

Curmg Concretc usmg Membrane Formmg Curmg Compound

All surfaccs shall be given the required surface finish prior to apphcatlon of the
compound Durmg the fmlshlng period, the concrete shall be protccted by the water

. method of cunng

Curmg compounds shall conform to JIS and the matenal and method of application
shall be sub]ect to the approval of the Engmeer -

' 'Thc use of curmg compounds shali be limited to the fOIIOW1ng generic types:

- Wax cmuls:on o

- Hydrocarbon resin



Wax emulsion curing comp0unds. shall not be applied to the top surfaces of thc
bridge deck.

The coring compound shall have an Efficiency Index of not less than 95%.

The curing compound shall not discolour concrete surfaces due to the compound or
have interaction between it and any additive, form coating, or release agent.

The intenSity of application of the c_ilr_rling compound shall be shall be not less than
that recommended by the manufacturer. Two coats shall be applied at the full rate.

. The curing compourrd shall be applied to unformed surfaces immediately after the
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" surface is firm and free of bleed water, and to formed surfaccs w1thm half an hour of

rcmoval of formwork from thc section.

The curing. compound shal} be apphed as a fine spray by a prcssurrscd sprayer to
give a uniform cover. The sprayer shall incorporate a device for continuous

_ agitation and mixing of the compound in its container during spraying,

The application rate shall be chccked by calculatmg the arn'oun.t of curing compound
falling on felt mats, each approxrmateiy 0.25 m in area, placed on the concrete
surfacc : :

Membrane curing compound shall be applied after the removal of forms, or after the |
disappearance of surface water. It can be sprayed or applied to the concrete surface .
by means of an applicator in one or more coats at the rate instructed by the

~manufacturer,  Should the membrane scal be broken or damaged before the

expiration of the curing period, the damaged area shall be 1mmed1atcly repaired by
the application of additional membranc matcrra]

The Contractor's prOposaIs for the use of hquld mcmbrane curing compound and the 7
locations shall be subJect to the approval of the Engineer.

Steam Curing of Concrete

Concrete may bc steam cured for the purposc of obtalnrng hrgh carly strcngth The
steam shall be at 100% relative humidity to prevent loss of moisture and to provide
moisture for proper hydration of the cement. Applrcatron of the steam shall not be
drrcctly on the concrete. :

Two to four hours after placmg concrete and after the concrete has undergone initial
set, the first application of steam shall be made. If retarding admixtures have been
used, the dclay beforc application of the steam shall bc mcrcased to four to six hours

Water curing methods shall be used from thc trmc the concrctc is placcd untll steam
is first applled

| -The steam shall be at 100% relatrve humrdrty to prevcnt loss of mmsturc and to

prov1de moisture for proper hydratron of the cement.

During the application of the steam, the ambrcnt air ternperature shall increase at a
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rate not to exceed 22°C per hour until the maximum temperature is reached and shall
be held until the concrete has reached the desired strength.

In discontinuing the steam application, the ambient air temperature shall not
decrease af a rate to exceed 22°C per hour until a temperature has been reached 10°C
above the temperature of the air to which the concrete shall be exposed. The
maximum curing temperature shall be from 60°C to 67°C.

¥ steam 'curing'is to be employed the folloWing particulars shall be submitted by the
Contractor with its concrete mix proposals for subsequent approval by the Engineer:

- Any addltrves to be used in the concrete to be steam cured. -

- The duration of the presetting period (ie the interval between placing the last
concrete and commencement of steam curmg) This period shall not be less
than three hours '

- The rate at which the temperature of the air space surroundmg the umts shall be

~ raised.

- The maximum temperature of the air space during the application of steam The
nominated temperature shall be maintained within +3°C.

- The maximum and minimum temperatures occurring, and the variation of

~ temperature w1th time, shall be recorded using a suitable therrnograph ;

The steam mlets shall be placed in such a manner and/or the concrete members shall
be protected in such a way that steam will not be blown d1rect1y agalnst the concrete,
' '_or cause uneven heatmg of the members at any pomt '

The enclosmg arrangements shall be completely airtight durmg the whole perrod of
steam curing to prevent steam escaping of the entry of cool air at any time, and so
that the variation of temperature throughout the steam chamber at any time shall not
gxceed 6°C. : | o

Curing of associated concrete test cylinders shall be achieved by placing the
- cylinders within the enclosure in a position adjacent to the lower face of the
‘structural units which they represent. The cylinders shall be located midway
between steam entry points and shall be distant at least half the width of the
‘structural unit from these points. - The cylinders shall not be placed on top of the
. structural units or on the steam jet lines and shall not be in line with any steam jet.
The test cylrnders shall be marked to identify them with partrcular structural units.

Steammg shall be contlnued untll at least 7 days strength (under normal curmg) is
obtained.

After complenon of curing the steam supply shall be cut off and the members shall

~ be allowed to cool gradually and evenly for a period of 8 hours to avoid concrete

. cracking. Special care shall be exercised to prevent any rain falling on the concrete
: dunng the coohng penod S

Steam cured sections shall not be llfted within 36 hours after the completion of
_ concretmg unless otherwrse agreed with the Engmeer for pretensroned members

Temperature shall be Tecorded by means of recordmg thermometers supplled and
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installed by the Contractor. They shall be maintained in good condition and
regularly calibrated. The temperature sensitive parts of the thermometers shall be
so positioned under the steam covers as to cause the thermometers to record the
minimum temperature under the covers. - One recording thermometer shall be used
for cach unit or group of units in line up to a total length of 25 m. For greater
lengths, additional recording thermometers shall be used and the distance between
the temperature sensitive parts of the thermometer shall not exceed 25 m.

The recording thermometers shall be Set_in operation immediately upon completion
of the casting and screeding, the temperature sensitive part of each thermometer
being mstailed in posmon at the same time.

" Charts shall not be removed from any recordmg thermometers, nor thc recordlng
~ thermometers dlsturbed or moved in any way until after the removal of the steam

covers,
The following information shall be recorded on the char_t':

- Date on which steaming commenced
- Description of concrete unit

- Temperature correction, if any

-~ Time correction, if any

- Time of completion of placing concrete

- Temperature of concrete when placed

- Ambient temperature at time of removal of steam covers

- Name of Contractor or Manufacturer

- Name Of Engineer

18334

Thermal Curmg of Prle Caps

The Contractor sha]i pr0v1de 50 mm polystyrene 1nsulatr0n to thc top of the pile cap

N - which is maintained in place for at least 150 hours M01st curing of thc top surfacc

shall also be conductcd

The poo]ing of large volumes of water on the surfaéc, especially if flowing, will lead
to cooling which will have a detrimental effect. Therefore, the polystyrene

~ insulation shall be covered by polythene sheeting and provision shall be made for the

834

application of a trickle feed of water {maintained at 27°C, +/- 2° temperature). The
formwork to the sides of the pile cap shall also be maintained in place for 150 hours.
If stcel Sldc formwork is used it shall also be insulated usmg SOmm polystyrenc

Tlme of Removal of Formwork and Falsework

e Formwork and falsework shall not be _rernoved without the approval of the Engincér. )

The Engineer's approval shall not relieve the Contractor of responsibility for the

- safety of the work. Blocks and bracing shall be removed at the same time as the

forms and in no case shall any portion of the wood forms be left in the concrete,
Falsework removal for continuous or cantilevered structures shall be as directed by

the Engineer or shall bc such that the structure is gradually subjected to its working
stress.
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When the time for removal of forms and supports is determined based on concrete
~ strength tests, such removal shall not begin until the concrete has attained the
percentage of the specrf:ed design strength shown in the table below.

If field operatlons are not controlled by compressive strength tests, the time shown
below for removal of forms and supports shall be used as a minimum:

Standard Early -Strength | Percentage of
Concrete Concrete Design Strength
Centering under  girders, beams, 14 days 7 days 80%
frames or arches . _
Floor slabs ' 14 days _7days 70%
Walls _ ' ' : Iday 12 hours o
~ |Columns . 2days . 1 day
Side of beams and all other vertical 1 day 12 hours
Surfaces

In continuous structures, falsework shall not be released in any span until the first

- and second adjoining spans on each side have reached the strength specified herein
or in the special provisions. When cast-in-place post tensioned bridges are
constructed, falsework shall remain in place until all post tensioning has been
accomphshed :

Falsework under all spans of continuous structures shall be completely released
before concrete is placed in ra1lmgs and bridge parapets. :

Forrns and falsework shall not be released from under concrete w1thout ﬁrst

determining if the concrete has gained adequate strength without regard to the time
" element, In the absence of strength determinations, the forms and falsework are to

remain in place until removal is perm1tted by the Engineer. -

The forms for footmgs constructed within cofferdams or CI’le may be left in place
when, in the opinion of the Engineer, their removal would endanger the safety of the
* cofferdam or crib, and when the forms so left intact will not be exposed to view in
~ the finished structure. All other forms shall be removed whether above or below the
ground line or water level.

" All formwork shall be removed_ from the cells of concrete box'g'irders within which
utilities are required, and all formwork except that necessary to support the deck slab
shall be removed from the remammg cells of the box girder. S

To fac1htate fmlshmg, ‘forms used on ornamental work railings parapets, and
exposed vertical surfaces shall be removed at least 12 but not more than 48 hours
B later dependmg upon weather cond1t1ons :

In order to dete_rmme the condmon of _concrete in columns, forms to columns shall
always be removed before releasing supports from beneath beams and girders

ii . _ : Falsework suppomng the deck of rigid frame structures shall not be removed until
o fill has been placed behmd the ver’ucal legs :
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8.35

8.36

8.37

8.37.1

8372

8.37.3

Patching of Concrete

]mmedlately folIowmg removal of the forms all projecting wires or metal dev1ces
that have been used for holding the forms in place shall be removed or cut back at
least 2.5 cm beneath the surface of the concrete. :

Fins or runs of mortar and all irregularitics caused by form joints shalI be removed
Small holes, depressions, and voids that show on the concrete shall be filled with

- non-shrink cement mortar and epoxy resin adhesive shall be used in accordance with
~ this Specification to prepare the surface of the area to be patched. '

The surface of this mortar shall be floated with a wooden float before initial set takes -

~ place. It shall be uniform in colour with the surrounding concrete and neat and
- workmanlike in appearance.

Cause for Rejection of Concrete

Honeycombing shall be sufficient cause for rejection of portions of the structure
containing this honeycombing, The Contractor, on receipt of written orders from the
Engmeer shall remove and rebu11d such pornons of the structure at his own expense.

I‘mlshmg Concrete Generally

All concrete surfaces exposed in the cornpleted work shall comply W1th the
requnrements of Ordmary Flmsh herein except where otherwise shown or specified.

Finishing Concrete Decks _'

. Immedlately after placing concrete, concrete decks shall be struck off with templates

to provide proper transverse sections and shall be hand finished smooth to the
concrete levels. Finish shall be slightly but uniformly-roughened by brooming. The
finished surface shall not vary more than 10 millimeters from a 4 meter straightedge
placed parallel to the centreline of the roadway and 10 millimeters from a transverse
template cut to the true cross section of the roadway.

Finishing Curb and Footpath. Surface

. Exposed faces of kerbs and footpath shaH be ﬁmshed true to lines and grades The '

kerb surface shall be wood floated to a smooth but non- slxppery finish. Footpath

surfaces shall be slightly but umformly ronghened by broommg across the direction
of travel. : .

Ordinary Finish to Conerete

~ An ordmary finish is defmed as the finish left on a surface after the removal of the

forms when all holes left by form ties have been filled, and any minor surface
defects have been repaired. The surface shall be true and even, free from depressmns
or projections and of reasonably umfonn coiour

Repalred surfaces, the appearance of Wthh is not satlsfactory, shall be ' 'rubbed” as -
spe(:lfled in Rubbed finish. :
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8.37.5'

838

839

The concrete in bridge scats, caps, and tops of walls shall be struck off with a
straightedge and floated to truc grade. Unless shown on the Drawings the use of
mortar toppmg for concrete surfaces shall not be permitted.

Rubbed Firush to Concrete

After the removal of forms the rubbing of concrete shall be started as soon as its

condition shall permit.

Immediately before starting this work the concrete shall be kcpt thoroughly saturated
with water. Sufficient time shall have elapsed before the wetting down to allow the
mortar used in patching to set thoroughly. Surfaces to be finished shall be rubbed

with a medium coarse carborundum stone, using a small amount of mortar on its

face. The mortar shall be composed of cement and fine sand mixed in the same
proportions as those used in the concrete being finished. Rubbing shall be continued
until all form marks, projections and irregularities have been removed, all voids
filled, and a uniform surface has been obtained. The paste produced by this rubbing
shall be left in place. After all concrete above the surface being treated has been cast,
the final finish shall be obtained by rubbing with a fine carborundum stone and water.
This rubbing shall be contmued until the entlre surface is of a srnooth texture and
uniform colour

. After the final rubbmg has been completed and the surface has dried, it shal! be '

rubbed with burlap to remove loose particles and laitance. The final surface shall be
free from all unsound patches paste, powder and ob]cct}onable marks.

Baeknil to Concrete

Al spaces Wthh have been excavated and the volumes of which are not occupled by .
~ the concrete structure shall be backfilled and compactcd in accordance w1th the

prov:swns of this Specification.

I there is likelihood of water accumulatmg behind any wali the backﬁl] shall not be
placed until after the retaining, diaphragm, or spandrel walls arc 28 days old. No fill
shall be placed over arches and slabs until the concrete is 28 days old or until test

'specunens indicate the concrete has attained the required 28 day strength.

Loadings on Concrete

Trafflc or heavy constructlon equipment shalI niot be allowed on reinforced concrete |
structures until 28 days have elapsed from the last placing of concrete or when tests

. -of extra test specnnens show that the concrete has attained its specified 28-day

strength

Preparation of Concrete Surfa.ces to Receive Adhesive

* The block surface to which adhe'swe is to be applied shall be wire brushed till
- smooth, removmg any sheath ends that may be projecting beyond the Jomtmg
- surface. o _

After treating the jointing surface to a smooth and flat surface, dust and dirt shall be -
removed using compressed air or other means. If any form of releasing agent or
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8.39.2
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. 8.40 -

grease has been deposited, the surface shall be degreased using an organic solvent.

After separating the form from the PC block, the surface to receive adhesive shall be
covered with a sheet cover, etc., as protection against rainwater, in order to maintain

the bonded blocks in a dried condition. If bonding work must be performed when the
- PC blocks to be bonded are in a wet condition, forced drying by means of a torch

lamp, gas burner, etc., must be performed.

'Application of Adhesive

. On completron of surface treatment the base agent and hardener shall be mixed '

accordmg to the specified mix proportlon and thoroughly stirred.

" The adheswe is to be applied thoroughly to both bondmg surfaces usmg a rubber, or

metallic spatula The optimum coat thickness for each concrete surface is about Irom
and the adhesive should ooze out beyond the joints when the blocks are jomted and :
prestressmg 1s introduced. - : '

" The air temperature during block jointing should preferably be in the range from 5

- 35 degrees Celsius and work should proceed so that the first prestressing should be -

- completed at least within the adhesive's pot life time. Since with the introduction of

prestressing, the adhesive will ooze out beyond the joints, and at the same time, will
be pushed inside the sheath, it is advisable to leave an uncoatecl area of 10 - 20 mm
around the sheath :

Satmractory results can be obtained also by covermg the sheath holes bv means of
gum tape, etc. - : s :

Curing of Adhesive

For at least 24 hours after bonding, the ]omted section should be protected agamst
rainwater or excessive impact. :

Cleaning Up at Conclusion of Concreting

Upon com'pletion of structure and before final acceptance the Contractor shall
remove all falsework, falsework piling, etc., down to 1.0 meter below the finished
ground line, Excavated, or useless materials, rubbish, etc. shall be removed from the

 site and the site shall be left in a neat and presentable condrtron satrsfactory to the

Engrneer
Tolerancee for Concrete Stmctures

The fo]lowrng tolerances of c_:oncrete structures after co'rnpletion of the Work shall
not be exceeded. All concrete work shall be executed in the required dimensions,
shapes, positions and levels shown on the drawings. The Engineer may apply other

' tolerances as he may deem necessary and as are approprlate for the case at hand.

- Level and Posrtlons

~Top of Iean concrete under foundatrons = : +10 mm, -20 mm.
Plan position of substructures _ S +10 mm
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Span Iength -25 mm, +30 mm,

- Plumb Alj gnment and Appearance

Plumb alignment for substructures and walls 0.2%

. Appearance of Covered, Vertical Surfaces

Tolerance for offsct at form joints 3mm
Tolcrance on flatness - " Smmover2m

- Appearancc of Exposed Vertical Surfaces

Tolerance for joint offsets : : - 0 mm (nominal)
Tolerance for flatness . Smmover2m
- Dimensions

Tolerance for dimensions of piers, walls glrders . 3
abutmcnts, slabs, etc. _ _ +10 mm

- Flatness of Slabs

Bridgc deck slabs, top and bottom slabs of culverts 10 mm over 4 m

; - - Concrete Cover and Space for Reinforcing Steel
Concrete cover for superstructures ' 0 mm, + Smm
- Concrete cover for other structures _ + 10mm
Space S - o + 10 mm

- Posi{ion for Préstrcssing Tcndon.s. :
Horizontal and vertical _ - %10 mm,
841  Reinforcing Steel Bars o

This work shall cbnsisf of furnishing, fé\bricating, and placing reinforcing steel bars
of the type and size provided in accordance with as this Specification and in
conformlty with the Drawings or as directed by the Engineer.

Relnforcmg steel shall conform to the reqmremcnts of thc foilowihg specificationé
- except that the weights of the standard bar sizes shall be taken as per Table 10-2-1
~ and 10-2-2, irrespective of the specification used in manufacture.

- Bar spcci_fied as being 9 mm diameter or less: :
ST1 0136-80 (Grade BITP 24); or

JIS G3112 (Grade SR 24); 0r .
'AASHTO M31 (Grade 40) or equivalent
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8412

Bars specified as being 10 mm diarneter or more:

SH 0136-80 (Grade BITD 3.0); or

HS G3112 (Grade SD 390); or

(Vina Kyoei) JIS Grade SD295A, SD390
AASHTO M31 (Grade 60) or equivalent

Reinforcing bars shall be kept off the ground and clear of saline river water and
stored within a building or provided with suitable cover.

Reinforcing Steel Bending .

Reinforcing bars shall be accurately forme_d'to the shapes and dimensions indicated _
in the design, and shall be fabricated in a manner that shall not injure the material.

Uniess otherwise perm'ittged,.ali' reinforcing bars reqdiringbendihg'sha]l_ be bent cold. |
When reinforcing bars are bent by heating, the entire operation shall be approved by

- the Engineer. Should the Engincer approve the application of heat for field bending

reinforcing bars, precautions shall be taken to ensure that the physical properties of

- the steel shall not be materially altered.

| Remforcmg bars that cannot be stralghtened by means of fabrication shall not be

used. Bars partially embedded in concrete shall not be bent except as shown on the
Drawings or otherwrse permitted. S

' Quahfled personnel shall be employed for cutting and bendmg, and proper

applrances shall be prov1ded for such work.

_If it is necessary for the Engmeer to ascertain the quality of reinforcing bars, the

Contractor shall test remforcrng bars at his OWN expense, by means as directed by K
the anmeer

Reinforcing Steel Fixing.

Reinforcing bars before bemg p0s1t1oned shall be cleaned and free from rust, dirt,
mud and loose scale and from paint, oil, or any other foreign substance that destroys
or reduces the bond.

Reinforcing bars shall be accurately plaeed in proper position so that they shall be -
firmly held during placing concrete. Reinforcing bars for erecting shall be used when
needed. _

Bars shall be tied at all intersections by using annealed i 1ron wire 0. 9 mm or larger
diameter or suitable chps

Dlstances from the forms shall be mamtamed correctiy by means of metal hangers,
mortar blocks, metal supports or other supports approved by the Engrneer

Reinforcing bars shall be inspected by the Engmeer after placing. When a long' time
has elapsed after placing reinforcing bars, they shall be cleaned and inspected again
by the Engmeer before placmg concrete.



8.41.3

- 8.42

Splicing of Reinforcement

When it is necessary to splice reinforcing bar at points other than shown on the
designs, positions and methods of splicing shall be determined based on strength
calculations approved by the Englneer

In lapped splices, the bars shall be lapped the required length and wired together at
several points by using annealed iron wire larger than 0.9 mm.

* Exposed remtorcmg bars mtended for bonding w1th future extensions shall be

effectively protected from injury and corrosion.

Welding of reinforcing steel shall be done only if detailed on the Drawing.s or if

authorized by the Engineer in writing.

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

: ‘Substitution of different size bars shall be perinitted only upon the specific
" authorization of the Engineer. If stecl is substituted, it shall be of a size equivalent to
. the design size or larger. -

Concrete Works for Pylons

This section covers the construction and monitoring of pylon works above the main
pier, including provision for all materials, construction, necessary equipment, testing,
pylon deflection momtormg, and prov1d1ng, operatmg and maintaining passenger

" hoists.

8.42.1

'Pylon Concrete

The provmons of this Spec1flcat1on shall be apphcable for all pylon and CTOSS
bracing concrete work unless otherwise noted in this Spec1flcat10n section or
apphcable drawings.

Concrete used for pylon works shall class B in accordance w1th this Spec1flcat10n

- but shall be "high fluidity" concrete

Admixtures in accordance w1th ASTM C1017 shall be used to prov1de a "high

fluidity" com:rete mix.

A concrete mix demgn in accordance with the prov131ons thlS Spec1f1cat10n, shall be

provided by the Contractor with-a slump corresponding to the "high fluidity" of the
mix, concurrent w1th the use of an approved ASTM C1017 admixture.

The Contractor shall properly control the use and apphcatlon (1ncludmg admixture

. application and mix transport times) of "high fluidity" concrete, so as to assure

concrete quality and a "high fluidity" slump during p]acement and finishing.

Concrete testing shall be in accordance wuh prowsxons of '{hIS Spec1f1cat10n and the

_ followmg



8.42.2

8.42.3

- ”lhe method of performing s]ump tests shall be in accordance with ASTM C 143
and =

- Slump flow tests shall be carried out for hrgh ﬂuldrty concrete. The test method
shall be proposed by the Contractor or as directed by the Engincer. The test
method shall include slump (height after subsidence), slump flow (horizontal
direction, JIS B 7516), spreading time up to 500 mm or to an cstablished flow
length, settling time of flow (JIS Z 8401) and inspection for segregation.

Pylon Construction

- The pylon structure is sensitive to environmental loads throughout the construction

period, particularly in the transverse direction. On the Drawings, pylons are detailed

~for construction by the use of the whole scaffolding method with nominated -

construction joint locations, Other alternatives such as a slip-form method etc, may

~ be acceptable subject to the Bngmeer 8 approval,

It shall be the Contractor s reSpOnSIblllty to:

- verify the structural édequacy of the pylon at each stage of construction,
- to employ suitable and acceptable pylon construction methods,

- - to provide acceptable equipment for constructlon and monitoring the ponn work '

“and

- fo provrde sultable constructlon ]omts at proper locat1ons

: Factory fabricated stecl frames as shown on the drawmgs shall be provrded in

accordance with the provmons of this Specrfrcatlon

The reinforcement details shown on the Drawmgs assume thc crossbcams are
cast-in-situ. The Contractor may propose an alternative pre-cast constructlon method

_ that wrll be subject to the Engmeer ] approval

Pylon Constructlo_n Method Statc_ment

Based on the construction sequence concept shown on the Drawings, t_hc Contractor
shall submit to the Enginecer for review and approval, details of the construction

~ methods he intends to employ. These shall be provided with Working Drawings

provided in accordance with the provisions of this Spoc1frcat10n The submission
shall include but not necessarily be limited the following:

- A detaﬂed stagmg sequencc, location of all constructron joints; -

- High fluidity concrete details for mrxmg, testing, placing and curmg,
- Formwork details;

- Temporary bracket details;

- Structural steel detail;
- Reinforcement details;
- ' temporary bracing arrangements;

- crossbeam castings;

- stay cable anchorage details;
- structure steel strut details;

- tower crane details with safety attachments such as groundmg, groundmg rods
- foundatron rcqmremcnts and
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- 8.43

8.43.1

8.43.2

- construction geometry contro} procedures,
Construction Joints in Pylon

Construction joints shall be provided in accordance with applicable provisions of
this Specification and the following:

- the joints shall be made on a horizontal linc;

- assembled forms around all joints shall be checked for proper fixing pl‘lOI to
concrete placement and

- joints shall be completely bonded between the initial and precedmg pouss with an
approved mortar placed at the joint surface.

Deflection Control in Pylon

During the period of the construction until the daie of Provisional Hand-over, the
Contractor shall monitor and control the detlection of all pylons.

Deflection Criteria for Pylon

- Prior to the commencement of pylon construction the Contractor shall establish

deflection criteria and allowances which shall be submitted to and approved by the
Engineer. The cnterla and allowances shall take into c0n51derat10n the followmg

' crlterla

- The Contractor shaI] maintain a minimum horlzontal deﬂectlon of the pylon
-during construction.
- The established allowed dcflectlon shalI have n no effect on the brldgc structure.

© - Bending tensile stresses in pylon concrete shall be kept within allowable -hmlts

during 1nsiallat10n of box girders and stay cables prestressing.
- Pylon construction tolerances shall be in accordance with the fo]lowmg
Global, horizontal- -longitudinal: 50 mm
Global, horizontal-transverse: 25 mm

- For analysis a final creep coefficient based on seventy (70) years shall be used,

unless otherwise reqmred by the Engineer.

Dcﬂm_tctlon Momtonng in Pylon

:Pridr to the comfriencemént of any Pylon work, the 'Contractor shall establish and
submit to the Engineer for review and approval a deflection monitoring system,

including embedded monitoring inserts in the pylon concrete, for mcasurmg stress
and establishing pylon deﬂecnons : :

Usmg the approved deﬂection monitoring system the Contractor shall establish, with |
the approval of the Engineer, proper monitoring sequences, times and procedures for
trcss mcasurcmcnts for deﬂection calcu]ations and deflection control.

Thc dcﬂccnons at the each construction stage and dcﬂectlon forecast for the
proceeding stage shall be analyzed and submitted to the Engincer for review and
approval along with deﬂectmn survey data and calculations.
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Passenger Hoists to Pylons General Requirements

The Contractor shall provide passenger hoists (construction and access elevators) for

“each pylon, which shall be utilized by the Engmeer and the Contractor during

constructron

Passenger hoists ‘(eleuator systems) shall be provided, installed and maintained in
accordance with ASME A17.1, the United States Natronal Electrical Code (NEC)
and applicable Burldmg Codes .

Passenger hoists shall extend along the height of all pylons w1th a travelmg distance
of approximately 78 meters from pile caps.

.The Contractor shall be responsible for providing all ne(:essalry passenger hoist

equipment and incidentals as well as installation, adjustments, painting, hubrication,
maintenance and testmg to provide suitable, safe and properly operatmg passenger

: ho1sts

Passenger hoists shall be provrded and mamtamed dunng constructron until the
eomplenon of pylon work or until otherwise reqmred by the Engmeer

_ Passenger horsts shall mclude all necessary apparatus and provisions for the safe

operation and control of the elevator system mc]udmg one or more elevator control
100mS. : :

Passenger hoists shall be .provide‘(‘l with adequate primary and emergency power

“supply including all necessary conduits, boxes, wiring, cables, equipment, materrals
~ and incidentals. . .

All components of each passenger hoist system shall be properly sized and selected
to provide a smooth acceleration and deceleration without any oscrllatlon vrbratron
and/or power cuts occurrmg durmg operatron

A quahty maintenance service performed on a darly base cons1stmg of regular

8.44.1

examinations, adjustments and lubrication of the elevator eqmpment as well as initial
and periodic testing of electrrc currents for elevator operation.

‘Additional Requrrements Passenger Hoists to Pylons .

- Each complete passenger hoist system shall include the following:

A passenger hoist car wrth a capacrty of at least 1,000~ -kg zmd an operatlng speed of
approximately 50 meters per minutes w1th adequate lighting.

Platforms along the length of the passenger horst at requlred intervals so as to
provide necessary maintenance, servrce and inspection. The Engrneer shal] approve
all platforrn locations. :

Properly framed and enclosed and supported horstway and platfonns with adequate -
ventilation. . '

All necessary guide mast brackets and supports. -
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A fused disconnect sw_itch. or circuit breaker with feeder or branch wiring to a
- controller for each passenger hoist in accordance with the requirements of the United
States National Electrical Code (NEC).

A 220-volt, 50 Hertz, single-phase power supply, with feeder wiring to each
controller for car lights. '

‘A convenience outlet and light fixture in each elevator pit with a switch located

ad]acent to an access door.

A commumcatmg or signaling system within the hoxst car to an accessible point
'outside the hoistway in a central communication exchange location.

A transfer switch for cach feeder for switching from normal power to emergency
- power and a contact on each transfer switch closed on normal power supply with two
“wires from this contact to one elevator controller. '

" Means for abeorbing powe'r regencrated by the elevator System when running with

overhauling loads such as full load down or provisions for a manually operated
emergency access ladder

Hoistway guards and protection that shall include panels surrounding each hmstway

opening,

Shop A'nd'Working Drawingé for PaS_senger_ Hoists to Pylons

- In accordance with the provisions of this Specification the Contractor shall submit to

the Engineer for review and comment all manufacture's information and data for all

N materia!s plant and equipment to be provided for each passenger hoist system.

The Contractor shall prepare and submit to the Engineer for review and comment
complete Shop and Working Drawings for each passenger hoist system, ‘which shall

- be approved (prior to submission to the Engineer) by a registered, electrical,

mechanical and structural engineer and be endorsed by the Contractor's safety officer.
The Contractor's Working Drawings, or a supplement thereto, shall fully describe
passenger hoist operation and maintenance procedures and requirements.

' Precast Concrete (PC-Box) Segments

Thls Spee1f1cat1on sectlon descrlbes requlrements and prOCedures for furmshlng

~ constructing and installation of PC box segments for cable stay bridges as well as

geometrlc control for bndge and stay cable constructlon

"Except as otherw1se spemﬁed mdlcated on the drawmgs, or approved by the

Engineer the fol_lowmg materials may be used for PC segmental box girders:

- Non-grout external PC cables: 15.2 mm nominal diameter, JIS G SWPR 7B -
- Longitudinal PC Bars: 32 mm normnal diameter, JIS G 3109 Grade B SBPR
930/1180 '

Al requ1rements procedures, materlals furmshmgs and installations shall be in
- accordance w1th Drawmgs th1s Specification sectlon apphcable sections of the
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General and Technical Specifications and Division II Construction Specifications,
Guide Specifications for Design and Construction of Segmental Concrete Bridges,
AASHTO", and PTI Gmde Specification, Acceptance Standards for Post-Tensioning

- Systems".

Construction of PC box segment shall be carried out under the geometric control
analysis by personnel that are specialists and experienced in the use of the type of
equrpment proposed.

- Necessary structural precautions shaH be prov1ded for when working with or near

strands that have been tens10ned or are in the process of being tensioned.

| Unless otherwise approved by the Engmeer, the formwork systems shall not separate -
- castings between segment bodies and deviators of external cable, or segment bodies

and blisters of the anchorage parts of internal cables They shall not in any way

_ effect the full bondrng of segments.

: Safety nettmg shall be provrded in accordance with safety requiremenfs and shall be

fully explained in the Contractor's safety plan provrded in accordance wrth'
requlrements of this Specrflcatron ' S :

Equrpment Llstmg for PC Segments i

The Contractor shall submit to the Engmeer for Teview and approval a complete
listing of all equipment proposed to be used for PC Box Girder Segmental
Constructlon

| Personnel Listing for PC Segments

“The Contractor shall submit to the Engin_eer review a.nd'approval a eomplete listing

of personnel proposed to be employed on the PC Box Girder Segmental work, noting -
names and positions of all individuals. Attached to the listing the Contractor shall
provide details of experience, training and education of all listed personnel.

. Shop and Working .Drav.vings. for PC Segments

The Contractor shall submit to the Engineer for review and oval complete detailed
shop and working drawings with structural analysis and applicable schedules and -
tables for all segments. Dimensions and complete descriptions of all devices such as
sheath guide pipe, necessary inserts and anchorage not spec:1f1ed or detalled on the

- Drawings shall be mdrcated

Method Statement for PC Segments

The Contractor shall submit to the Engmeer for review and approval a complete

method statement for the fabrication, construction and erection all of PC box
segment work. 'The method statement shall mclude but ot ‘mecessary be llmrted to
the followrng

- Contractors detalls of proposed manufacture storage transport erectron and

construction.

- Sequence of proposed operations,
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- Geometric control procedures, including equipment to be used, means and
- methods, geometric control documentation including casting control, casting
curve data and structural calculations. -

- Formwork, including systems and materials.

- Precast manufacturing methods, including cquipment to be used and ca%tmg beds.

- Erections positioning of segments (taking into account the achieved, as-cast
alignments) so as to produce the required alignment upon completion.

-~ A summary of all calculation loads and assumptions including calculations of the
required cambers taking into account the effects of creep, shrmkage ‘and
temperature.

- Full details and calculations for temporary structures mcludmg erection carriers
and temporary bracing.

- Proposed method for the calculatron of the jacking forces and extensions for the
stay cables.

- A step-by-step confirmation of the strength and servrceabrlrty of the structure at
each stage construction.

- Joint installation procedures and materrals, mcludmg Jourts between ends of the

- . pier tables and the succeeding segments,
- Procedures, including proposed equipment for positioning and ahgnmg
~cantilevered precast sections.

.-, Full details of support brackets for temporary construction.

- Provrsrons for vertical offsets of the erectron nose measured from a
correspondmg point in the previous segment.

- Consxderatlons for loads and effects of mdterrals to be emptoyed

- PC Segment Handling, Tra’nsport and Storage Proce_dures

The Contrec‘_tor-s}'ta]l submit full details of his proposed lifting, handling and
transport and storage methods and procedures for precast PC box segments to the
Engineer for review and approval. These shall be provided together with proposed

- procedures for limiting torsion stress of the members (to a safe value agalnst

cracking) while in transit.

Epoxy Material for PC Segments

- The Contractor shall submit full details of the epoxy material proposed for use for

review and approval by the Engmeer Such shall include, but not necessary be

- limited to:

- the manufdcturer S name, address and contact numbers,

- manufactures data noting pass usage of the material for similar dpp]lcatrons

- material components and composition of each component

- manufacture instructions for storage, handlmg, mixing and apphcatlon of the
- material

- appllcatlon temperatures and Condltlons, requ1rements and restraints,

- material creep, tensile strength and water resistance characterrstrcs and
- - certified past test reports on the materla} '

For each manufactured Jot of material the Contraotor shall furnish to the Engineer

certified reports (by an independent laboratory approved by the Engrneer) of all tests

' performed on the materral(s)
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The Contractor shall submit to the Engineer, samples of the all material components,
which shall be provided in containers and boxing supplied by the manufacture.

Non-(}roﬁt External Cable and PC Bar for PC Segments
The Contractor shall submit to the Engineer for review and approval

- certlflcd test certificates from an approved testing laboratory verxfylng the -
physical properties of the proposed material,

- manufacture certifications noting all details of the design and the steel quahty and

- data and information certifying the history of previous use on similar type work,
demonstrating proper functioning and durability of the proposed material.

If deemed necessa'ry by'the Engineer for approval, the Contractor shall carry out
additional testing by an approved testing laboratory at his own expense according to

a testing program supphed by the Englneer

PC Segment Data and Informatmn

~ After comp]etmn and storage of each PC box segmcnt the Contractor shall prov1de

to the Englneer a certification detalhng

. - the d1mensmns, :

- the force and strain in strands : ' _
the strength and age of the test cylinders cast and the minimum age in hours of
the concrete at the time stress were applied to the members, '

Submittals

The Contractor shall submit to the I:ngmeer for apprmal and propt)sal mformatlon '
and comment or review and consent in the following item works.

- for the approval of the Engmeer detalls of the curmg method(s) and procedures to
be uséd for PC Box Segments. '

- for information and comment all "field cured" concrete cylmder test results as
used for establishing the commencement of prestressing operations

- information and comment all "field cured" concrete test results as used for
estabhshmg the removal of precast PC Box Segments from forms

- for review and consent falsework plans for cast in situ PC box segments.

- for approval, proposed temporary restraints for fixing of pier table segments.

- for review and consent detailed plans for PC Box Segment mstallanon falsework
- - - PC Box Segment Joint records and information
- Before the start of casting operations the Contractor shall submlt a gecmetrlc

control plan in accordance with requirements of thls Spemflcatlon for review and
approval by the Engineer. :

- Prior to casting any PC Box scgment the C(mtractor shall submit details of the

set-up, formwork, equipment and geometry control for the Engineer's approval
- casting control surveys and data for each PC segment casting.
- erection sequence drawings and tables of ant:cnpated cablc tensxons w1th
_ calculations, data of box girder. : -
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Material Tests and Data for PC Segments

In accordance with requirements of Specification, the Contractor shall submit test
reports, manufacture's data and certifications and other pertinent information and

“data to substantiate that all proposed materials to be used on prefabricated segments

meet or exceed this Specification requirements, The Engineer before incorporation

~into the work shall approve all materials.

Concrete for PC Segments

No concrete shall be cast until the Engineer has approved the Contractor's shop
drawings, concrete mix designs, methods of concrete placing, concrete curing and
protection procedures, formwork, method of application of prestressing forces, and
methods of handling and erecting segmental section members and 1nspect10n all
preparations has been accomphshed

Prestressmg Remforcement for PC Segments

The prestressing rernforcement and all accessorres shall be supphed from a Slngle'

' approved manufacturer

Nan-Shrrnk Materral for PC Segments
Non- shrmk grout shall conform to the requrrements of A%TM C1107- 91a

Joint Epoxy for PC Segments

Jomts between abuttmg precast segments shall be made using an approved normal

set epoxy bondlng agent.

The epoxy- bondlng agent shall conform to and meet the requrrements of ASTM

- C881 Type VI unless otherwise modified herein.

The epoxy-bondmg agent sha]l be of two compon_ents, a resin and a hardener. The
two components shall be distinctly pigmented, so that mixing produces a third color

similar to the concrete in the segments.

~ The composmon of the components shall be therrnosettrng and 100 percent ‘solid.

They shall not contain solvents or any non-reactive organic ingredients, except for

o prgments that are requrred for coloring.

The epoxy-bondmg agent shall be rnsensrtrve to damp condltrons durlng appllcatlon
and after curmg It shall: : :

1

exhibit a hlgh b(_)ndmg strength to cured concrete,
have good water resistance, '

have low creep characteristics and

- have a tensrle strength greater than the concrete.

.The components shall be pre- packaged in two parts They shall be in sealed

containers and be pre-proportioned in the proper reaction ratios, ready for combining
and mixing in accordance with the manufacturer's instructions.
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Each container shall bear a !abel clearly indicating:

- the manufacturers name,

- the type component (resin or hardencr)

- the range of substrate (concrete surface) tempcrature over which apphcanon is
suitable,

- the date of formulation,

- the shelf life of the material and

- the manufacturers lot number.

- Material from contamers which are damaged or have prcvxously been opcncd sha]l

not be used.

The combining of epoxy rbonding agent components from bulk supplies will not be
permltted Only full containers of components will be mixed lmmcdlatcly after
opnmng

Manufacturc s instructions shall be provided clearly noting:
- the safe storage rcquircmc_nts, procedures and cautions,
- proper handling requirements and procedures,

- material mixing procedures and reqmrements and
- material apphcatlon proccdures requlrements condltlons and cautlons

Bondmg Agent

Temperaturc Rangc for Bonding Agcnts for PC chments

~ The epoxy bonding agent shall be formulated to provide applu,atlon tcmpcraturc '

ranges, which are suitable for erection of segments with substrate tcmperatures
between 5 degrees, centigrade and 40 degrees centigrade. There shall be a minimum
of two, and preferably three, formulations dividing the overall range mto equal
subrangcs that overlap by 15 degrees centigrade.

Physical chmrcments for Bonding Agcnts for PC chmcﬁts

The epoxy-bonding agent (proportioned and mixed in accordance with the
manufacturer's recommendations) shall meet the physical requirements.as noted
below. Prior to testing and before test specimen mixing, epoxy-bonding agent
components shall be conditioned to the mix sample temperature.

- Consistency -
Mixed cpoxy bohdihg agent shall be tested for conformahcé to the 'prcscr.ibed'
_ con31stency in accordance with ASTM C881, at the maximum tcmperature of :

the tcmpcraturc range for the formulatlon being tcsted

- Gcl Time
Mixed epéxy bonding agent shall be tested for conformance to the prescribed

gel time in accordance with ASTM C881, at the maximum tcmpcraturc of the
temperature range for the formu]atlon bemg tested.
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Contact Time

This property is the allowable workable period of time between mixing of the
components of the epoxy bonding agent and the application of a minimum 0.4
MPa compression force over the cross section of the joining segments.

The contact time of the epoxy bonding agent, determined in accordance with
the test procedure set out below, shall be: Normal - Set Epoxy 60 Minutes,
Mmlmum :

' The test proccdure for determining contact time shall be in accordance with
the test procedure used for determining the compressive and shear strength of
the cured epoxy-bonding agent modified as follows:

Soaking of the concrete specimens prior to application of the epoxy
bonding agent shall be for 24 hours in water that is at the maximum
temperature of the application temperature range for the formulation
being tested. :

~ Joining of the stoped surfaces shall be delayed from the time of epoxy
mixing for: Normal - Set Epoxy 60 Minutes

During the delay period between the mixing of the epoxy and the joining of
the sioped surfaces, the specimens shall be uncovered and maintained at the
maximum temperatnre of the apphcatlon range for the formulation being
tested. :

_The Jomed specimen shall be cured at the maximum temperature of the
apphcatlon temperature range for the formulatlon being tested

The formulatton of epoxy bondmg agent being tested will be acceptabie if the
specimen when tested sustains the followmg compressive stress: Normal - Set
Epoxy 10 MPa at 48 Hours.

| Compresswe Yield Strength

The compressive yield strength of the epoxy-bonding agent shall be at least 20
- MPa at 24 hours and 60 MPa at 48 hours as determined in accordance with
ASTM C881 with the modification that the epoxy-bonding agent shall be
poured into specimen molds within ten minutes after the start of component
mixing.

Bond Strength '

The bond strength of the epoxy- bondmg agent shall be at Ieast 10 Mpa at 48
hours and 50 Mpa at seven days, as determined in accordance with ASTM
C882 with the modification that test specimens shall be conditioned by
soaking for a period of at least 24 hours in water that is at the minimum
temperature of the apphcatton temperature range for the fonnulatlon being .
tested ‘
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