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Marshall Method of Mix Desigg

Table °.¥ Minimum Percent voids in mineral aggregate (VMA)

Minimum VMA. Percent

Nominal Maximum Particle size (V, %) Design Air voids percent

Mm Inch Y. £ o,
1A N°1 1 Y0 YY.0 Yyo
Y.r N° A 14, Y., "o,
£Ve N° ¢ B 1V, VAL
q.0 /A Ve ‘e, ‘Y

\Y.o WA 2 VE Vo .
V4., ¥/ VY. 'Y, Ve
Yo,. V.. K 'Y, 'y .
.. \,0 Voo 1. VY.
s Y.» .0 Va0 AR
1y Yo 40 Yo o ..

‘. Standard specification for wire cloth sieves for testing purposes, ASTM E)
(AASHTO M4Y),

Y. The nominal maximum particle size is one sixe larger than the first sieve to
retain more than '+ percent.

Y. Interpolate minimum voids in the mineral aggregate (VMA) for design air void
values between those listed.
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CONCRETE WORKS (Additional Specifications)

These additional specifications are complementary for the arabjc specifications related to concrete works
shown in this volume and shall be read in conjunction with them.

MATERIALS
\ FINE AGGREGATES

.V Fine concrete ageregates shall conform to AASHTO M1 and shall consist of natyra]
sand or crushed rock having hard and durable particles or, if approved by the Engineer,
other inert materials having similar characteristics, 1«9 passing %.° mm sieve and
"% to V4% passing *.)° mm sieve. It shall not contain harmful materials such as iron
pyrites, coal, mica, shale or similar laminated materials such as flat and elongated
particles or any materials which my attack the reinforcement in such 2 form or in
sufficient quantity as to adversely affect the strength, durability and texture of the
concrete.

.Y The Contractor shall, when directed by the Engineer, wash the fine aggregates to

remove deleterious substances or for consistency of concrete colour. Such washing
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shall be carried out using fresh water. The water shall be replaced regularly as deemed
hecessary to maintain its chloride and/or sulfate content Jow,

\.Y  The fine aggregate for concrete shall be in accordance with the reqnirements of ASTM

CYY. The finc aggicgate shall be well graded from fine to coarse and shall meet the
grading requirements shown in table V.V

Table 1.7\, REQUIREMENTS FOR GRADATION OF FINE AGGREGATE

Sieve designation Percentage by weight

Passing sieve

¥/An Voo

No. ¢ 0. 4.,
No. A Av 2 Vo
No. 11 o . Ae
No. . Yo_".
No. °. Yoo,
No. Y« Y_o .
No. Y.. | t-A

The fineness modulus of fine aggregate shall not be less than ¥.¢ nor more than T,

The sand equivalent of any used sand (crushed or natural SAND) shall pot be less than
Voo,

gradation.

L.£. Sodium or magnesium  sulfate soundness AASHTO T):¢: max %, % loss

respectively.

Y. COARSE AGGREGATES

Y.} Coarse concrete aggregates shall conform to AASHTO MA+ and shall consist of
gravel, crushed gravel, or crushed stone free from coating of clay or other deleterious
substances. It shall not contain harmful or any other materials which may attack the
reinforcement in such a form or in sufficient quantity as to adversely affect the strength
and durability of the concrete. If necessary, coarse aggregate shall be washed t,
remove deleterious substances, or for consistency of concrete colour.

V.Y Sodium or magnesium sulfate soundness AASHTO TV +¢: o cycles: max 1%, 19 loss
respectively.

V.Y Abrasion, in accordance with AASHTO T44 Max ¥+ 9% Joss.
Y.£  Content of clay lumps and friable particles AASHTO TY VY. Ay max 1% by weight,

Y.° Soft fragments and shale AASHTO MA -+ : max ©% by weight.
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Y.1  Flakiness index, BSAYY: ¥+ 9% max. Elongation index, BS A\Y: t'.04 max.
V.Y Coal and Lignite, AASHTO T) \Y-AY: . o0, max.
Y.A The grading of coarse aggregate shall comply with AASHTO MY

V.1 The coarse concrete aggregate, when tested according to AASHTO TY Y, shall meet the
following gradation requirements and shall be graded within the limits stated in Table
¥.4.),

Table ¥.9.1: LIMITS OF GRADATION FOR COARSE AGGREGATES

AASHTO | # Percent Passing by Weight for
Sieve mm Grading ' Grading | Grading Grading
Size I I1 111 Y%

I Ve Voo R i -
Y y/vn 1 . Voo . .
Yo o. 9..90 90_Y.. ' Yoo -
IRVAR YV e, - - BEEEEE Ve
\n Yo.. Yi..le Yo_v. - q0_Y..
v/ B B B Yov. R
y/Yn \Y o Yo T, YooY, - Yo,
/AN i - - Veo¥, -
No. ¢ £ Ye - .0 T Yo
T No A Y| - _ B o
IjNO_Y.. ceve ] ) <Y ] =]

Y.V« The type of grading for coarse concrete aggregates shall depend on the maximum
size of aggregate, which shall not be larger than one-fifth (1/°) of the narrowest
dimension between sides of forms, nor larger than two-thirds (Y/7) of the minimum
clear spacing between reinforcin g bars, which ever is Jeast.

Y)Y Before batching, all types of coarse aggregate shall be separated into fractions
having uniform gradin g as determined by the Engineer.

Y)Y However, the number of fractions and their gradings shall be fixed on the basis of
the maximum size of the aggregates in the cement concrete as proposed below:

- For fractions up to 1-1/¢" between Y/A" and Y/¢v
(r.‘°mm) (‘n_a_.'\ﬂ'n mm)

. for fractions up 1-1/Y" to ¥ between Y/¢" and 1.1 /¢
(T’V‘c-vo mm) (‘Jq'- _Y\_D mm)

r. COMBINED AGGREGATES

v Combined aggregate is composed of a mixture of coarse aggregates and fine
aggregates. They shall be used only in proportions with the prior approval of the
Engineer.

Ty In no case shall materials passing the No. V.. (*.*Ye mm) sieve exceed "% by
weight of the combined aggregate.
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vy The combined concrete aggregate gradation used in the work

except that when approved or directed by the Engineer. Grading ¥ of Tabje Lt A
shall be used for curbs, i

vt Changes from one gradation to another shall not be made during the progress of
work, unless approved by the Engineer.
Yo for the proportion of each fraction of coarse aggregate and for the proportion of fine
and coarse aggregate, the combined gradings in Table Y.Y.\ shall be utilized as a
guideline for the mix proportion design as to guarantee the maximum densities of the
concrete. Before batching, however, the Engineer or his representative shai] check
only the compliance of the grading of the fine and coarse aggregate with the
requirements of the Specifications, since the grading of each fraction ultimately
remains the sole responsibility of the Contractor.
Table ¥.7.\: LIMITS OF GRADATION FOR COMBINED AGGREGATES
AASHTO Percent Passing by Wei ght for
Sieve mm | Grading | Grading Grading | Grading Grading
Size \ Y Y { 2
B ™ Ve e - - - -
Y y/¢n Sy Ah-d0 Voo - - B
AR o, YA_q. AA_q2 J Ve Ve -
ik TV.e. T1-A)Y SVEAT [ ALY 1r.9A Yoo
Ve Yo, IRZ °1.vo | 3v.A. Y. _AA AY_31
AL 14, . V1Y EV-1Y | evovy T..v4 VYA
NG \Y.o rY.or TLaA [ 6T, AT AT
/A" i YY-£A Ve.ofr Tl.es .07, £ALTA
No. ¢ R Ya_TA YY_iY YY_iv YA£9 Yi oo
No. A Y.r .Yy AT VYoY. [N Yé_¢.
No. 1 YA €19 oY) XY VYo YA
No. ¥+ e r.yeo Y €14 o_Y) VoYY
No. ©- Y. Y21 Yar YoV Y.\o £y
No. Y+ e (XY V-A VA V-9 Yoy,
| No. Y.. ..+Vo Y Y Y s

£ ADMIXTURES

i

£Y

The use of any material added to the c
The Contractor shall submit certificates
meets all of the requirements indicated be]

In addition, the Engineer may require the Contractor to su
an approved laboratory showing that the material to b

oncrete mix shail be approved by the Engineer.
indicating that the material to be furnished
ow.

bmit complete test data from
¢ furnished meets all of the

requirements of the cited specifications. Subsequent tests shall be made of samples
taken by the Engineer from the supply of the material being furnished or proposed for

approved.
£Y  Pozzolanic admixtures shal] be fly ash or raw or calcined natural pozzolans me ting

the requirements of ASTM C ") A with the exception of loss of ignition, where the
maximum should be less than 1%.
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Air-entraining admixtures shall meet the requirements of ASTM C Y1. ang shall be
added to the mixer in the amount necessary to produce the specified air content. The
air-entrainment agent and the water reducer admixture shall be compatible.

Water-reducing, set controlling admixtures shall meet the requirements of ASTM C
£1¢, Type A, water reducing or Type D, water-reducing and retarding.  Water-
reducing admixtures shall be added at the mixer separately from air-entraining
admixtures in accordance with the manufacturer's printed instructions.

., PLASTICISER

ou

\

Concrete for use in certain construction shall contain an approved Superplasticising
agent, when so directed by the Engineer. The superplasticiser shall be stored and used
strictly in accordance with the manufacturer’s instructions and must he fully
compatible with all proposed concrete mix constituents. The optimum dosage of the
additive shall be determined by site and laboratory trails to the Engineer’s approval.
The Contractor shall submit to the Engineer full details of his proposed mix design
which must ensure that the minimum strength requirements as specified for the
particular use of the concrete are achieved. Only when the Engineer has approved the
proposed mix design may such a mix be used in full compliance with the
Specifications.

The Contractor’s mixing and transporting plant shall be so designed that accurate
metering of the superplasticising agent is possible and so that the additive may be
inroduced immediately before placing.

. CONCRETE STRENGTH REQUIREMENTS

1

i

Design Mixes

Mixes for the classes of concrete shown in Table 5.0\ shall be designed by the
Contractor according to ACI recommendations, regulations and methods and to be
submitted for approval when specified for use in any part of the Works. The quantity
of water used shal]l not exceed that required to produce a concrete with sufficient
workability to be placed and vibrated in the particular locations required. Unless
otherwise approved by the Engineer, the mix designs shall be on the basis of
continuously graded aggregates and all mix designs shall be submitted to the Engineer
for approval.

Table 1.).): CONCRETE CLASS AND MINIMUM REQUIRED STRENGTH

Class of Concrete Cyiinder Works Equivalent Maximum Size of Minimum
Strength@ YA Works Cube Aggregate mm  Cement Content
days Kg/em' Strength@ YA Kg/m"
days Kg/cm'
VY./Yo Vi \£. Yo Y.
Ve Yo V€. VA Yo Yo.
AZVAR . Yy, e Yvo
Yi./0. Y. Yi. °. T
Y\./Yo Yy Y. Yo rYo
YA, Yy, Y1, Y. rYo
Yo./Y. Yo. ™. . Yo
You/r. Yo. Y. v Yo
AN Y. _ YA Y Tvo
Y . o, Y £Yo
NAN. . 1 Vv ey
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1.¥

Design Compressive Strength

The required compressive design strength of the group of six test cylinders at YA days
shall be at least (f + 1.%¢ s) N/mmY, where s=standard deviation calculated of the
group and F = specified compressive strength. For the design mix however a minimum
value of £ N/mmY for s is to be adopted. The test results should further be of such
consistency that the actuals of the group is less than ¥.2 N/mmY or according to table
1Ay

Table %.1.¥: DESIGN STRENGTH AND PRELIMINARY TEST

Class of Cylinder Equivalent
Concrete Strength Cube Strength
(kg/em') (kg/em’)

\Y./Yo 12 .
ERTAL Yy, Y.
W Yi. Yoo
Y./, Y4, ™
YV./Yo Ya. ™.
YV Y. ™.
You/¥. rYo £en
Yo./r. Ve £
BETAR Y40 €9,
Yl/x. £t oo,

iy Samples Curing

1.7

iry
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The cylinders (or cubes) shall be cured in the same manner and environment as the
members they represent. The cylinder (or cube) strength shall be accepted as
complying with the specified requirement for work cylinder (or cube) strength as
shown in Table 1.V )

Control tests

- Air content tests should be made often enough at the point of delivery to
ensure proper air content. particularly if temperature and aggregate grading
change.

- The number of strength tests made wili depend on the job specifications and
the occurrence of variations

Strength tests on each class of concrete placed each day shall be taken not Jess
than once a day, nor less than once for each )+ + mY of concrete, nor less than
once for each ©-+ . sq.ft of surface area for slabs or walls (ACI ™A). The
average strength of three cylinders is required for each test. Additional
specimens may be required where high strength concrete is involved or where
structural requirements are critical. The specimens shall be laboratory cured,
Specification may require that additional specimens be made and field cured,
as nearly as practical, in the same manner as the concrete in the structure,
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Additional groups of test cylinders may be required at the start of the concrete
works and when the aggregate sourse of characteristics, or the mix design is

changed.

The six test cylinders mentioned above shall be used for the YA-days test, and
additional test cylinders may be prepared for the Y-days test. When a
satisfactory relationship between the Y-days and the YA-days strength has been
established and approved, the V-days results may be used as an indication of
the YA-days strength.

The compressive strength of the field-made test specimen, tested at the end of
VA days, can be considered satisfactory if the averages of all sets of three
consecutive strength tests equal or exceed the specified YA days strength.
(Refer to the plans)

The Y-days strength results shall not be less than Y +% of the required YA days
strength, but these test results will not replace the results of the YA days test.

If these strength criteria are not met, and if the structural adequacy remains in
doubt, the Engineer may order tests on cores drilled from the area in question,
in accordance with ASTM C £Y, or he may order load tests or take other action
appropriate to the circumstances.

If cores are drilled and tested for compressive strength, the concrete wil] be
considered structurally adequate, if the average of ¥ cores is at least A>% and
no single core has a strength of less than Y% of the strength specified under
(b) hereof.
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