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Indian Standard

RECOMMENDED GUIDELINES FOR
CONCRETE MIX DESIGN

0. FOREWORD

0.1 This Indian Standard was adopted by the Indian Standards Institution
on 30 July 1982, after the draft finalized by the Cement and Concrete
Sectional Committee had been approved by the Civil Engineering Division
Council.

0.2 Considerable need has been felt for formulating standard recormmend-
ations for guidelines on proportioning of concrete mixes. The need has
been further emphasized by the importance given to design mix concrete
according to IS : 456-1978*. Having recognized this need, Cement and
Concrete Sectional Committee decided to evolve a standard recommended
guidelines for concrete mix design.

0.3 The proportioning of concrete mixes consists of determination of the
quantities of respective ingredients necessary to produce concrete having
adequate, but not excessive, workability and strength for the particular
loading and durability for the exposure to which it will be subjected.
Emphasis is laid on making the most economical use of available materials
so as to produce concrete of the required attributes at the minimum cost.

0.4 Concrete has to be of satisfactory quality in both the fresh and hardened
states. The task of proportioning concrete mixes is accomplished by the
use of certain established relationships which afford reasonably accurate
guidance for selecting the best combination of ingredients so as to achieve
the desirable properties of the fresh and hardened concrete. Out of all the
physical characteristics of concrete, compressive strength is often taken as
an index of its quality in terms of durability, impermeability and water-
tightness and is easily measurable, Therefore, the mix design is generally
carried out for a particular compressive strength of concrete, coupled with
adequate workability, so that the fresh concrete can be properly placed
and compacted. In addition, the mix proportions are also checked against
the requirements of adequate durability for the type of exposure condition
anticipated in service.

*Code of practice for plain and reinforced concrete ( third revision ).
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0.5 The basic assumption made in mix dcsign is that the compressive
strength of workable concrete is, by and large, governed by the water-
cement ratio. Another most convenient relationship applicable to normal
concretes is that for a given type, shape, size and grading of aggregates,
the amount of water determines its workability. However, there are
various other factors which affect the properties of concrete, for example,
the quality and quantity of cement, water and aggregates; batching; trans-
portation; placing; compaction; curing; etc. Therefore, the specific relation-
ships that are used in proportioning concrete mixes should be considered
only as a basis for trial, subject to modifications in the light of experience
as well as for the particular materials used at the site in each case.

0.6 This standard does not debar the adoption of any other accepted
methods of mix design.

0.7 For the purpose of deciding whether a particular requirement of this
standard is complied with, the final value, observed or calculated, expres-
sing the result of a test or analysis, shall be rounded off in accordance
with IS: 2-1960. The number of significant places retained in the rounded
off value should be the same as that of the specified value in this standard.

1. SCOPE

1.1 This standard lays down the recommended procedure for designing
concrete mixes for general types of construction using the concreting
materials normally available. The design is carried out for a desired
compressive strength and workability of concrete, using continuously graded
aggregates. This standard does not include the design of concrete mixes
for flexural strength or when gap-graded aggregates or various admixtures
and pozzolana are to be used.

1.2 All requirements of IS: 456-1978% and IS: 1343-1980%, in so far as
they apply, shall be deemed to form part of this standard except where
otherwise laid down in this standard.

2. DATA FOR MIX DESIGN
2.1 The following basic data are required to be specified for design of a
concrete mix:

a) Characteristic compressive strength ( that is, below which only a
specified proportion of test results are allowed to fall ) of concrete
at 28 days (fox )»

b) Degree of workability desired,

*Rules for rounding off numerical values ( revised ).
fCode of practice for plain and reinforced concrete ( third revision ).
$Code of practice for prestressed concrete ( first revision ).

4
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c¢) Limitations on the water-cement ratio and the minimum cement
content to ensure adequate durability (see Appendix A of
IS: 456-1978* ),

d) Type and maximum size of aggregate to be used, and
¢) Standard deviation (s ) of compressive strength of concrete,

Nore '~ Standard deviation of concrete of each grade shall be determined separ-
ately according to IS : 456-1978%, When results of sufficiant sumher of tests (at
least 30) are not available, then, depending upon the degree of quality control
expected to be exercised at the site, the value of standard deviation given in Table 1
may be adopted for guidance.

TABLE 1 SUGGESTED VALUES OF STANDARD DEVIATION

GRrADE OF Stanpanp Duviarron ron DirrsaeNT DEGREE OF
CONCRETE CoNTROL N N/mm 2
‘Very Good Good Fair
¢l) (2) (3) 4)

M 10 2:0 23 33
M 15 25 35 45
M 20 36 46 56
M 25 43 53 63
M 30 50 60 70
M35 53 63 73
M40 56 66 76
M45 60 70 80
M50 ' 6°4 7-4 84
M 55 67 77 87
M 60~ 68 78 88

Nore— Appendix A provides guidance regarding the different degrees of quality
control to be expected, depending upon the infrastructure and practices adopted at
the conatruction site.

2.2 Target Strength for Mix Design — In order that not more than the
specified proportion of test results are likely to fall below the characteristic
strength, the concrete mix has to be designed for a somewhat higher target
average compressive strength (fox ). The margin over the characteristic
strength depends upon the quality control (expressed by the standard

*Code of practice for plain and reinforced concrete ( third revision ).

5
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deviation ) and the accepted proportion of results of strength tests below
the characteristic strength ( fox ), given by the relation:
foa=fouttxs
where
Jfox = target average compressive strength at 28 days,
fex = characteristic compressive strength at 28 days,
s == standard deviation, and

t = a statistic, depending upon the accepted proportion of low
results and the number of tests; for large number of tests,
the value of ¢ is given in Table 2.

Nore — According to IS :456-1978* and IS : 1343-1980%, the characteristic
strength is defined as that value below which not more than 5 percent (1 in 20)
results are expected to fall. In such case, the above equation will reduce to:

fck =fck 4+ 165

TABLE2 VALUES OF¢

( Clause 2.2)
ACCEPTED PrROPORTION 3
or Low REsuLTs
linb 084
1in 10 128
1in 15 1-50
1in 20 1-65
1in 40 1-86
1in 100 2:33

3. SELECTION OF MIX PROPORTIONS

3.1 Selection of Water Cement Ratio — Since different cements and
aggregates of different maximum size, grading, surface texture, shape and
other characteristics may produce crncretes of different compressive
strength for the same free water-cement ratio, the relationship between
strength and free water-ccment ratio should preferably be established for
the materials actually to bu used. In the absence of such data, the prelimi-
nary free water-cement ratio (by mass) corresponding to the target
strength at 28 days may be selected from the relationships shown in Fig. 1.

*Code of practice for plain and reinforced concrete ( third revision ).
tCode of practice for prestressed concrete { first revision ).

6
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WATER-CEMENT RATID

F1o. 1 GeneraLIsED RELATION BETWEEN FREE WATER-CEMENT
RaT1io AND CoMPRESSIVE STRENGTH OF CONCRETE

3.1.1 Alternately, the preliminary free water-cement ratio (by mass)
corresponding to the target average strength may be selected from the
relationships shown in Fig. 2 using the curve corresponding to the 28 days
cement strength to be used for the purpose,

Nore — The method described in Appendix B involving determination of com-
pressive strength of concrete cubes cured by accelerated method, may be used for
rapid estimation of free water-cement ratio.

3.1.2 The free water-cement ratio selected according to 3.1 or 3.1.1
should be checked against the limiting water-cement ratio for the require-
ments of durability, and the lower of the two values adopted.

7
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28-0DAY CONCRETE STRENGTH, N/mm?
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WATER-CEMENT RATIO

26-Day Ktrengthof Gement, Tesied docerding do IS : 4081-1968

A = 31-9-36-8 Nfmm3 ( 325-875%gfcms )
B = 36:8-41'7 N/mui® { §75:425 kegfcnia)
C = 41:7-46'6 N/mm3 ( 425-475 kg/cm3 )
D = 46:6-51 5 N/mms ( ¢75-525 kg/cm?)
E = 51'5-56'4 N/men# ( 525-575 kg cm? )
F = 56'4-61'3 N/mm32 ( 575-625 kg/cm? )

F1e.2 Rmmavion Brywrsw Free WaTer-CraenT RaTio AND
Conammre Srvanern ror Drrexent CEMENT STRENGTHS

3
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3.2 Estimation of Air Content — Approximate amount of entrapped air
to be expected in normal ( non-air-entrained ) concrete is given in Table 3.

TABLE 3 APPROXIMATE AIR CONTENT

Nlnnarvarsr A s orerrrar Qrowm Tawmn sparn Aro AQ YRV MIATAN A v
ANUBLIINALL AVAAALMU I JiL0 AUNTIVAER S L 1) {31y av L anuviiyLAUL
OF AGGREGATE oF Vorume oF CONCRETE

mm
10 3-0
20 2:0
40 1-0

1T TPraw tha 2asian A =
Jodcl. I'or tne ucaucu vvuusa l.

iy,
volume, of concrete and the rano of
t

....

TABLE 4 APPROXIMATE SAND AND WATER CONTENTS PER CUBIC
y sl v 5

AT rEiws

WMATIIEVEEY SRES LY vEn WISAEE LAES A Weames o R Y]
WVILERE U GUNURLLILLE FOUR URADED UX iU vl Jd

NomiNnar MaxiMom WarTer CONTENT®, PER SAND AS PERCENT OF
S1ZE OF AGGREGATE Curic METRE 0F CONCRETE TOTAL AGEGREGATE BY
mm kg ABSOLUTE VOLUME
10 208 40
20 186 35
40 165 30

*Water content éorresponding to sagurated surface dry aggregate,

TABLE S APPROXIMATE SAND A.N.'D WATER CONTENTS PER CURIC
METRE OF CONCRETE FOR GRADES ABOVE M 35
( Clanses 3.3.1, 3.3.3, 3.3.4 and Tabie 6)
NoMINAL MAXIMUM ‘WaTeER CONTENT®, PER SAND A8 PERCENT OF
SIZE OF AGGREGATE Cusic MeTRE 0OF CONCRETE TOoTAL AGGREGATE BY
mm kg ABSOLUTE VOLUME
10 200 28
20 180 25

*Water content corresponding to saturated surface dry aggregate.
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3.3.2 Table +4 is to be used fur concretes grade up 1o M 35 and is based

on the following conditions:

Al erichad ( angiilan | ranrea acoragnta sanfarming a4 TQ ¢ 2004
ﬂ) AL UDLIIVU \ ausulal; wualou assl\-salb, \—VllIUllllllls v ANS ST
v
1970%,

b) Fine aggregate consisting of natural sand conforming to grading
zone 11 of Tabie 4 of 1S : 383-1970%,

c) Water-cement ratio of 0 6 ( by mass ), a

d} Workability corresponding to compactin f'armr of 0:80,

(1) OLILY COYTCS Pon npac ng tactor

3.3.3 Table 5 is to be used for concretes of grades above M 35 and is
based on the following conditions:

a) Crushed (angular) coarse aggregate conforming to IS: 383-
1970%,

b) Fine aggregate consisting of natural sand conforming to grading
zone II of Table 4 of IS : 383-1970%,

¢) Water-cement ratio of 0 35 ( by mass ), and

d) Workability corresponding to compacting factor of 0-80.

3.3.4 For other conditions of workability, water-cement ratio, grading
of fine aggregate, and for rounded aggregates, certain adjustments in the
quantity of mixing water and fine to total aggregate ratio given in Tables 4
and 5 are to be made, according to Table 6,

Nore — Aggregates should be used in saturated surface dry ( SSD ) condition.
If otherwise, when computing the requirement of mixing water, allowance shall be
made for the free ( surface ) moisture contributed by the fine and coarse aggregates.
The amount of mixing water obtained from Tables 4 and 5 shall be reduced by an
amount equal to the free moisture contributed by the coarse and fine aggregates.
On the other hand, if the aggregates are dry, the amount of mixing water should be
increased by an amount equal to the moisture likely to be absorbed by the aggre-
gates. The surface water and percent water absorption of aggregates shall be deter-
mined according to 1S : 2386 ( Part I1I )-1963%.

24 Calonlation of Cameont f‘nnfnnf —_ 'T‘]np cement ¢
2 A0 ¢ < SR al Clinehy ¢

volume of concrete may be calculated from the free water-cement ratio
see 3.1 and 3.1.1 ) and the quantity of water per unit volume of concrete
see

3

o

The cement content so calculated shall be checked against the
minimum cement content for the requirements of durability and the
greater of the two values adopted

*Specification for coarse and fine aggregates from natural sources for concrete ( second
revision ).

{+Methods of test for aggregates for concrete : Part III Specific gravity, density, voids,
absorption and bulking.

10
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«TABLEG6 ADJUSTMENT OF VALUES IN WATER CONTENT AND
SAND PERCENTAGE FOR OTHER CONDITIONS

( Clauses 3.3.4 and 4.1 )

CHANGE IN CONDITION STIPULATED ADJUSTMENT REQUIRED IN
For TABLES 4 AND 5 - —_— A
Water Content Percent, Sand in Total
Aggregate
(1 (2) (3)

For sand conforming to grading 0 + 1'5 percent for Zone I
Zone I, Zone III or Zone IV of ~ 1'5 percent for Zone 111
Table 4 of 1S : 383-1970* — 30 percent for Zone IV

Increase or decrease in the value of -+ 3 percent (]
compacting factor by 0°1

Each 0'05 increase or decrease in 0 =+ 1 percent

free water-cement ratio
For rounded aggregate : — 15kg/m8  — 7 percent

*Specification for coarse and fine aggregates from natural sources for concrete ( second
revision .

3.5 Calculation of Aggregate Content

3.5.1 With the quantities of water and cement per unit volume of con-
crete and the ratio of fine to total aggregate already determined, the total
aggregate content per unit volume of concrete may be calculated from the
following equations:

_ € 1 f I
V_[W-{-Sc p.?’:]x o5 2nd

C 1 Ca 1
V=[W+Tg:+ 1—p" Sca]x 1000
where

V = absolute volume of fresh concrete, which is equal to gross
volume ( m?® ) minus the volume of entrapped air,

W == mass of water { kg ) per m3 of concrete,

C = mass of cement ( kg ) per m3 of concrete,

S, = specific gravity of cement,

p = ratio of fine aggregate to total aggregate by absolute
volume,

fa» €a = total masses of fine aggregate and coarse aggregate (kg )
per m3 of concrete respectively, and

Sta, Sca = specific gravities of saturated surface dry fine aggregate and
coarse aggregate respectively.

11
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3.6 Combination of Different Coarse Aggregate Fractions — The
coarse aggregate used should conform to IS: 383-1970* Coarse aggrc-
gates of different sizes should be combined in suitable proportions so as to
result in an overall grading conforming to Table 2 of IS : 383-1970% for
the particular nominal maximum size of aggregate.

3.7 Calculation of Batch Masses — The masses of the various ingredients
for concrete of a particular batch size may be calculated.

3.8 An illustrative example of concrete mix design is given in Appendix C,
4. TRIAL MIXES

4.1 The calculated mix proportions shall be checked by means of trial
batches. Quantities of materials worked out in accordance with 3.1 to 3.7
shall comprise Trial Mix No. 1. The quantity of materials for each trial
shall be sufficient for at least three 150 mm size cube concrete specimens
and concrete required to carry out workability test according to 1S: 1199-
1959%.

Workability of the Trial Mix No. 1 shall be measured. The mix shall
be carefully observed for freedom from segregation and bleeding and its
finishing properties. If the measured workability of Trial Mix No. 1 is
different from the stipulated value, the water content shall be adjusted
according to Table 6 corresponding to the required change in compacting
factor. With this adjusted water content, the mix proportions shall be
recalculated keeping the free water-cement ratio at the pre-selected value
which will comprise Trial Mix No. 2. In addition, two more Trial Mixes
No. 3 and 4 shali be made with the water content same as Trial Mix No. 2
and varying the free water cement ratio by 4- 10 percent of the pre-selected
value. For these two additional Trial Mixes No. 3 and 4, the mix propor-
tions are to be recalculated for the altered condition of free water-cement
ratio with suitable adjustments in accordance with Table 6.

The procedure for trial mixes is explained by an illustrative example
in Appendix D, where the starting mix is arrived at according to 3. Mix
No.2to 4 normally provides sufficient information, including the relation-
ship between compressive strength and water-cement ratio, from which
the mix proportions for field trials may be arrived at. Using the relation-
ship so obtained between the compressive strength and water-cement ratio,
any change needed in the water-cement ratio to get the required target
compressive strength may be easily obtained. The concrete mix proportions
shall, however, be recalculated for this changed water-cement ratio, taking

*Specification for coarse and fine aggregates from natural sources for concrete
{ second revision ),

tMethods of sampling and analysis of concrete,

12
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the yater content same as that determined in Trial Mix No. 2. If the
size and snecial renmremcnt of the work so warrant, the trial may be
extended to cover larger ranges of mix proportions as well as other vari-
ables, such as alternative sources of aggregates, maximum sizes and grading

of aggregates, and different types and brands of cements.

APPENDIX A
( Note Below Table 1)

Degree of Control Conditions of Production

Very good Fresh cement from single source and regular tests, weigh-
batching of all materials, aggregates supplied in single
sizes, control of aggregate grading and moisture content,
contro] of water added, frequent supervision, regular

v ol e al sl al RO Y. SUE UK N D SR
WUrKaDlll y 4llu Sucngil e, ala ucia  laporatory
facilities.
Good Carefully stored cement and periodic tests, weigh-

batching of all materials, controlled water, graded
aggregate supplied, occasional grading and moisture tests,
periodic check of workability and strength, intermittent
supervision, and experienced workers.

Fair Proper storage of cement, volume batching of all aggre-
cates allowine for bulkine of sand. weigh-batchine
sal\/a auuvvlus 4VUE uuunl.us Vi oaliud, 'V\,lsll'ualbllllls Ul

cement, water content controlled by inspection of mix,
and occasxonal supervision and tests.
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APPENDIX B
( Clause 3.1.1 )

METHOD OF RAPID ESTIMATION OF WATER-
CEMENT RATIO

B-1. Use of Fig, 2 will necessitate testing of the cement for its 28 day com-
pressive strength according to 1S : 4031-1968* and another 28 days are
needed to obtain the compressive strength of concrete according to the
trial mixes. As an alternative, a rapid method of concrete mix design
which will take only 3 days for trials is described in B-2. The procedure
is based on the use of accelerated curing ( boiling water ) method for deter-
mination of compressive strength of concrete according to IS : 9013-1978%.

B-2. PROCEDURE

B-2.1 Determine the accelerated strength ( boiling water method ) of a
¢ reference ’ concrete mix having water-cement ratio = 0'35 and work-
ability ( compacting factor ) = 0°80 with the cement proposed to be used,
on 150 mm cube specimens. Theé nominal maximum size of aggregate of
the “reference’ concrete shall be 10 mm and fine aggregate used shail con-
form to Zone II of Table 4 of IS : 383-1970%.

B-2.2 Corresponding to this accelerated strength, determine the water-
cement ratio for the required target strength of the concrete mix from
Fig. 3.

B.2.3 Work out the remaining mix proportions according to 3.2 to 3.7 and
check the workability of the trial mix,

B-2.4 Determine the accelerated compressive strength of the trial mix
( boiling water method ) and estimate the 28 day compressive strength
with the help of correlations between accelerated and 28 day strengths of
concrete, of the type of Fig. 2 of 1S: 9013-1978%,

*Methods of physical tests for hydraulic cement.
¥Methods of making, curing and determining compressive strength of acceleratede
cured concrete test specimens.

$Specification for coarse and fine aggregates from natural sources for concrets
{ second revision ).

14
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28-DAY COMPRESSIVE STRENGTH OF CONCRETE, N/mm?

10-0

0-30 0-35 0-40 0:45 0-50 0-55 0-60 0-65
WATER-CEMENT RATIC

Accelerated Sirength ( Tested According to IS : 9013-1978 ) of Reference Mix

A = 123-15°2 N/mm3 ( 125-155 kg/cms )
B = 15:2-18-1 N/mm3 ( 155-185 kg/cm? )
C = 18:1-21°1 N/mm3 ( 185-215 kg/cm? )
D = 21'1.24-0 N/mm? ( 215 245 kg/cm3 )
E = 24'0-27-0 N/mm$ ( 245-275 kg cm3 )

= 27-0-29'9 N/mm3 ( 275-305 kgjcm$)

Fic. 3 RELATION BerweeN Free WATeErR-CEMENT RATIO AND
CoMPRESSIVE STRENGTH OF CONGCRETE FOR DIFFERENT CEMENT
StrENaTHS DETERMINED ON REFERENCE CONCRETE MixEs
( AucsnERATED TEsT-Bomwine WaTer MeTizop )

15
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APPENDIX C
( Clause 3.8 )

ILLUSTRATIVE EXAMPLE ON CONCRETE MIX DESIGN

C-0. An example illustrating the mix design for a concrete of M 20 grade
is given below:

C-1. DESIGN STIPULATIONS

a) Characteristic compressive strength requi- 20 N/mm?
red in the field at 28 days
b} Maximum size of aggregate 20 mm ( angular)
c) Degree of workability 0:90 compacting
factor
d) Degree of quality control Good
e) Type of exposure Mild

C-2. TEST DATA FOR MATERIALS

a) Cement used—ordinary Portland cement
satisfying the requirements of IS : 269-1976*

b) Specific gravity of cement 3-15
c) Specific gravity
1) Coarse aggregate 2-60
2) Fine aggregate 2:60
d) Water absorption
1) Coarse aggregate 0'5 percent
2) Fine aggregate 1:0 percent

e) Free ( surface ) moisture
1) Coarse aggregate Nil ( absorbed
moisture also
nil )
2) Fine aggregate 20 percent
f) Sieve analysis
1) Coarse aggregate

#Specification for ordinary and low heat Portland cement ( third revision ).

16
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C Cropa Analvsis of Coasse orcontage of n:ﬂ}mnl Remark
1S Sieve  Analvsis of Coarse Percentage of D nark
Sizes Aggregate Fraction Fractions
mm ( Percent Passing ) — A -
I 11 I 11 Combined

60 per- 40 per- 100 percent
cent  ‘cent

26 100 100 60 40 160 Conforming
10 0 71-20 0 285 285 to Table 2
475 9-40 37 37 of IS : 383-
2-36 0 1970*

2) Fine Aggregate
1S Sieve Sizes Fine Aggregate Remark
{ Percent Passing )
475 mm 100 Conforming to grading
Zone 111 of Table 4 of
IS : 383-1970*

2:36 mm 100
118 mm a2
600 micron 60
300 micron 12
150 micron 2

C-3. TARGET MEAN STRENGTH OF CONCRETE

C-3.1 For a tolerance factor of 1'65 and using Table 1, the target mean
strength for the specified characteristic cube strength is 20 - 46 X 165 =
27:6 N/mms.

C-4. SELECTION OF WATER CEMENT RATIO

C.4.1 From F1g 1, the free water-cement ratio rcquircd for the target
mean strength of 27-6 N/mm? is 0:50. This is lower than the maximum

v;lue of 0-65 prescribed for ¢ Mild’ exposure in Appendix A of 1S : 456-
1978f.,

C-5. SELECTION OF WATER AND SAND CONTENT

C-5.1 From Table 4, for 20 mm nominal maximum size aggregate and
sand conforming to grading Zone II, water content per cubic metre of
concrete = 186 kg and sand content as percentage of total aggregate by
absolute volume = 35 percent.

*Specification for coarse and fine aggregates from natural sources for concrete
( second revision ).

tGode of practice for plain and reinforced conctete ( third revision ).
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For change in values in water-cement ratio, compacting factor and
sand belonging to Zone 111, the following adjustment is required:

Change in Condition Adjusiment Required in
( Ref Table 6) P ——— A -
Water Content Percentage
Percent Sand in Total
Aggregate
For decrease in water-cement ratio 0 — 20
by (0:60 — 0-50 ) that is 0'1
For increase in compacting factor + 3 0
(09~ 08) thatis 0'10
For sand conforming to Zone 11T of 0 — 15

Table 4 of IS : 383-1970 —_—
Total + 3 percent — 35

Therefore, required sand content as percentage of total aggregate by
absolute volume = 35 — 35 == 31'5 percent

186 x 3
100
C-6. DETERM INATION OF CEMENT CONTENT

Whater cement ratio = 050

Required water content = 186 4 = 186 4 558 = 191'6 1/m?

Water = 1916 1
191-6
Cement =55 = 383 kg/ms

This cement content is adequate for mild exposure condition, accor-
ding to Appendix A of IS : 456-1978%,

C-7. DETERMINATION OF COARSE AND FINE AGGREGATE
CONTENT

{C-7.1 From Table 3, for the specified maximum size of aggregate of
20 mm, the amount of entrapped air in the wet concrete is 2 percent.
Taking this into account and applying equations from 3.5.1,

. . 383 1 fa 1
098‘“"“(‘9‘“??: +m-m)xm

and0'98m3-=(191'6+ -g%%-}- S T )x L

2:60 1 000
or fp = 546 kg/m3, and
¢y = 1187 kg/m3

4Code of practice forplain and reinforced concrete (third sevision ).
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The mix proportion then becomes:

Water Cement Fine Aggregate Coarse Aggregate
191+6 1 383 kg 546 kg 1187 kg
or 0:50 1 1-42 3-09

C-8. ACTUAL QUANTITIES REQUIRED FOR THE MIX PER BAG
OF CEMENT

C-8.1 The mixis 0:50: 1: 142 : 3:09 ( by mass ). For 50 kg of cement,
the quantity of materials are worked out as below:

a) Cement = 50 kg

b) Sand = 710kg

c) Coarse aggregate = 154'5 kg ( Fraction I = 927 kg,
fraction II = 61-8 kg )
d) Water
1) For water-cement ratio of 0:50 quantity = 25-0 litres
of water

2) Extra quantity of water to be added for = ( 4 )0:77 1
absorption in case of coarse aggre-
gate, at 0'5 percent by mass

3) Quantity of water to be deducted for = (— ) 1-42 1
free moisture present in sand, at 2 per-
cent by mass
4) Actual quantity of water to be added = 2504 077 — 142
, = 24351
e) Actual quantity of sand required after = 710 4 1-42
allowing for mass of free moisture
= 72'42 kg
f) Actual quantity of coarse aggregate required:
1) Fraction I = 92'7 — 046 = 92:24 kg
2) Fraction IT = 61'8 — 0°31 = 61-49 kg

Therefore, the actual quantities of different constituents required for
the mix are:
Water : 2435 kg
Cement : 50-00 kg
Sand : 7242 kg
Coarse aggregate: Fraction I = 9224 kg
Fraction II = 6149 kg
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APPENDIX D
( Clause 4.1 )

ETAILS OF TRIAL MIX

D-1. A typical test programme to establish concrete making properties of
materials obtained from the site of construction by means of laboratory
trials is given below:

Mix No. 1 { derived according to procedure given in 3 ) consists
of the calculated batch quantities required per m3 of concrete, Since
in actual trial, the mix did not have the desired workability of 0°90
in terms of compacting factor, and the mix was undersanded with
31'5 percent sand, adjustments in water and sand contents have been
made in subsequent Mix No, 2. Mix No. 3 and 4 have higher and
lower water-cement ratio than Mix No. 2 ( by 4 10 percent ), but
the water content is held constant, Details of the four trial mixes
and observations on the mixes are given in Table 7.

TABLE 7 TYPICAL TEST RESULTS OF TRIAL MIXES

Mix Quantitizs oF MaTErias reg CUBIO ConcrETE CEARACTERISTIOS
No. MEeTRE oF CONCRETE r A 2
- e A —~—~ Workability Visual  28-day
Cement  Water Sand Coarse in Terms of Obser- Compress-
Aggregate Type Compacting vation ive
—~——Hmeoe——e=,  Factor for the Strength
I 11 Mix
m @ (3) 4 (5) (6) N (8) 9
kg 1 kg kg kg N/mm?$
1 383 191-6 546 712 475 080 under- —
( W[C* = 0°50) {315 sanded
percent )
2 3946 197-3 564 687 458 091 Cohesive 288
(W/C* = 0'50) (33
percent )
3. 3587 1973 591 688 459 090 Cohesive 26-0
{ W/C* = 0'55) (34
percent )
4. 4384 197-3 535 682 455 0-89 Cohesive 31-2
{WjC* = 045 ) {32
percent )

*Water-cement ratio,
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