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General Principles of Mix Design

It is often said that the design of a concrete mix is
more of an art than a science. This is because of the
numerous variables involved. Some of the principles
underlymg mix design are listed below.

i. The lower the water-cement ratio the hlgher is
the strength, provided the resulting mix can
be properly compacted.

ii. In mixes leaner than 1:3 (cement aggregate)
an increase in strength of as much as 14%, can
be realized by careful grading of the aggregate—
coarse as well as fine,

Bulkmg of sand which occurs at low percen-
- tages of moisture has to be allowed for in
arriving at the quantity ot mixing water,

iv. The densest concrete is genmally the strongest
but it may not have such good workability as.
may be obtained by a slight change in pro-
portlons of sand and aggregate.

v. Fora given grading of aggregates eind specified

: workability, the water required for a unit
volume of concrete is constant irrespective of
the cement content of the mix.

vi. With a given grading and proportion of aggre-
gatesy workability can sometimes be increased
by increasing the cement content and hence
the water content per unit volume of the mix.
It must, however, be noted that this can be
done only within limits. If the cement con-
tent is very low, the mix becomes porous. If,
on the other hand, mix is too rich, there will
be excessive shrinkage. Hence, it is specified
in I.S. 1343-1960 that for prestressed concrete
work the number of bags of cement per 100

*“ cu, ft,, shall notbe less than 21 bags or 2352

. Ibs., nor more than 30 bags or 3360 lbs.




TOTAL PRLRCENTAGE PASSING

igo
80
eo
-
GO0
so
407
30

20

10

v.’im-x;_

.-
A .
Ay .
§
L7 *
/ Jluh. AGGREGATE o 7 g
e A A :
/ -
: :
COMBINED AGQREGATE 4 *!
Y £ AGGREGATE ’
| 4//’
L
/ru lLERS /
= \DEJAL CURVE.
o |
( /
wT Ye S Yy 3l 1?{'
SIZE OF sitve OpENING (Tucuss)
: FIG. |
IDEAL GRADING CURVE  (FULLERS IDEAL CURVE)
OF THE 'COMBINED AGGREGATE FOR BEST STRENGTH,
33&}:‘1’% Ll 2| V2| % | %he |No. | Nota|Ne2s No.50 Nc-lOO‘
PERCENTAGE 450|715 | 63 | 54 | 44 |35 [30 |28 |21 |18 |10

VALUES FOR PLOTTING FULLERS

IDEAL _CURVE

e Ll bl ¢ ter e i S~ Al TR 1

:
;

«
3

L il Y

B i e i e —



s directly proportional to cement

atio over a small range provided the
sequently the unit water content -
aintained constant.

mum size of aggregate is reduced it
d necessary to inerease the per-

general principles, mix-design for
usually carried out in two steps :

Lab

Mix Design |

ix is usually specified by its
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e cube strength for which the mix
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=6000+2.33 X 600=7400 p.s.i.

methods available for designing

absolute volume method and the
being particularly suitable for use
ed in this digest.

rading (Fuller’s Method)

lysis of coarse and fine aggregétes
d in LS. 383-1952 shall be carried

of the sieve analysis are plotted
‘xaph,marking percentages passing as
 and sieve apcrtures of the complete
S sieves _ranging from No, 100 to
um size of the aggregate, as

Fuller’s-ideal grading curve given in figure 1
is next plotted on the same graph.

iii,

Trial proportions of coarse to fine aggregates
are fixed in the ratio of AB to BC illustrated
in Fig. 1. The intercepts are usually chosen
-at an aperture representing one-half  the
maximum size of the aggregate. Thus for 13"
aggregate, the intercepts are measured at an

aperture of 3",

iv.

v. Mixing coarse and fine aggregates in pro-
portions arrived at in step (iv), the grading
curve of the mixture is worked out and plotted
in the same graph. _

Minor adjustments, if found necessary, are
- next made so that the grading curve of the
- mixture approximates as closely as possible to
the Fuller’s ideal grading curve, -

vi,

The water-cement ratio for the average strength
desired is read off from Table 1. :

vii.

The aggregate-cement ratio for the required
average strength is obtained from Fig. 2, con-
sistent' with an assumed compacting factor
taken from table 2 for the particular type of
work,

viii,

Making use of the information obtained in
steps (vii) and (viii) and the ratio of the coarse
to fine aggregates arrived at in step (vi), the
quantities of the coarse aggregate, .fine aggre-
~ gate, cement and water are worked out and the
trial mix made. : :

X. The trial mix is examined to see if it is work-
able. 1f not, the aggregate cement ratio is
altered keeping the water-cement ratio

- unaltered. :

When a mix with satisfactory workability is -
obtained, cubes are made and tested to see
‘whether the mix ‘develops the required
strength, ;

xi,

The Absolute Volume Method

The absolute volume method can best be  under-
stood by following the worked example given
below : : ;

Example;-—Design a most suitable concrete mix to have
a minimim cube strength of 5300 p.s.i. at 28 days for
a post tensioned prestressed concrete bridge girder.
Good ¢ontrol is available at the site. Crushed stones
of maximum size of 3/4 in. and clean river sand are
available. The specific gravity of cement is 3.15 and



the properties of aggregates are as follows : P

Serial ! Max. size Fineness Bulk Specific Moisture . o

No. Material T’.’ pe inch Modulus density gravity content Absorption ;

; ol 9

‘1. Coarse aggregate  Crushed stone 3/4 in, — 100 1bs.[cft: 2.€9 5% 0.5% ;

2. Fine aggregate River Sand 3/16 2.8 = 2.64 1% 0.7%

The proportions are computed as follows : ' ii. The maximum variation of the cube strength -

SRR : corresponding to the difference between the &

i, For the good degree of control available at average and the minimum cube strength, :

: S ; : =2.33 x Standard Deviation
site, Standard Deviation is read from Table 5 —2.33 %600

as 600 1bs per sq. in. =1400 p.s.i. |
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cube strength to be aimed at is w_orl_{ed
minimum cube strength--variation
rom (i) + =5300--1400

: —6700 p..i.

r.cement ratio for the average strength
o . K
45 1bs. per cwt. of cement.

ing on the workability desired, the
m slump for the particular type of work
m Table 2 as 3 inches against item (iii).
oh frequency vibrators are invariably used
trength mixes, the actual slump to be
according to the note under Table 2

ximate quantity of mixing water for
y arrived at is read from table 3,
ribes 308 1bs. of mixing water per
d of concrete for 3j4 in, maximum

é te. :

nd (vi) the required cement content
rd of concrete is worked out as

_ 308x112
%
=766 1bs.

itity of coarse aggregpate per unit
of concrete is estimated from Table 4.
ne aggregate having fineness modulus
d maximum size of aggregate being
Table 4 indicates 0.67 c. ft. of coarse
on a dry rodded basis per cubic foot
Therefore, coarse aggregate per
f concrete is 0.67x27=18.09 c. ft.
ght of 1809 Ibs on the basis of the given
ed bulk density of 100 Ibs, per c. ft.

quantities of cement, water and
ggregate established and the approxi-
trapped casual air content (as opposed
%ﬁélygntrained air) also read off from
quantity of sand is calculated as

_ 766
3.15x62.4
=13.90 c. ft.

olume of water =%—g%=- 4,93 ¢, ft.

d volume of cement

\

800 |

| ﬂmm— 10.82 c. ft.
ime of entrapped .
cu. yard of F=0.02x27=0.4
J c. ft.

-

lid volume of materials other than sand
one cubic yard of mix is obtained by
ddition of the quantities computed in a,

and d = 20.19 c. ft, :

.s.i, is obtained from Table 1, as

f.  Solid volume of sand obtained by sub-
tracting the solid volume of other
materials from the total volume of
concrete = 27~20.19

S = 6.81c. ft.
g Required weight of = 6.81x2.64%62.4
- sand in the mix .
_ = 1123 1bs.

- X, The estimated batch quantities per cubic yard
of concrete are : ; '
‘a. Cement 766 1bs,

b. Water 308 1lbs.

¢. Sand (dry) 1123 1bs.

d. Coarse aggregate 1809 lbs.

Corrections for the moisture content of the

xi.
- aggregates are next made as follows,

Sand contains 5% moisture and coarse aggregate
contains 1%, moisture, ,

a. The amount of moist sand to be weighed

= 1123x 1.05
= 1178 lbs.
b. Moist coarse aggregate ] =1809x1.01
to be weighted is -
: = 1827 1bs.

The free water on aggregates in excess of their
absorption must be considered as providing a part of
the water required for the mix. Since the absorption
‘percentages of sand and coarse aggregate are respecti-
vely 0.7% and 0.5%, and the total moisture contents’
“are 1%, and.5%,. :

a, the free water 1:1%_0,7%=0.3%
content of sand

b. the :free water _ :
content of coarse =5%—0.5%=4.5%
aggregate : : 5

weight of mixing water ) 0.3 i
contributed by sand =_"_X1i234__.x 1809
and coarse aggregate 100 100

: =85 Ibs.
~ the extra quantity of '
mixing water to be =308—85
added is J
=223 1bs.

xiii, Therefore the final quantities per cubic yard of
. concrete incorporating the moisture corrections
for the aggregates are : :

a. Cement 766 |lbs,
b. Water 233 1lbs.
c. Sand 1179 1lbs,
d.  Coarse aggregate 1827 lbs.

Proportion by weight is 1:1.54:2.375
say 1:1.5:2.4 with water-cement ratio of.-0.4.

As far as possible, weigh batching should be employed.
If more water is required than indicated, the cement
factor must be increased maintaining the water-cement
ratio constant. :




TABLE 2

Recommended Slumps (or Compacting Factor) for
Various Types of Construction

? ‘TABLE 1

Compressive Strength of Concrete for various water-

ement ratios* 3
cement ratio _Slump, inches*

: Compacting
factor

Min.

Max.

Type of construction
Probable average cube strength at

W/C Ratio 8 days p.s.i. : : R
; (i) Reinforced foundation, ]
e T S i) wlalls aFd footings 5 2 Il
(i) Plain footings, caissons : %
0.35 7500 and sub structure walls 4 1 0.85 to 0.92
; (iii) Slabs, beams, reinforced
0.44 6250 walls and building
; columns 5 3 J
0.53 5000 . (iv) Pavements 3 1
; ) %0.78 to 0.85
0.62 4000 (v) Heavy mass construction 3 1 J

e

* When high frequency vibrators are used, the values of
slumps given should be . reduced to about one-third and the corres-
ponding compacting factors for use in. Fig. 3 are given in the
table. ;

* These average strengths are for concretes containing not
more than the percentages of entrapped air shown in table 3.

; TABLE 3 ;
Approximate Mixing Water Requirements for Different Slumps and Maximum Size of Aggregate®

Water, 1bs. per cubic yard of concrete for indicated max. size of aggregate (in inches)

Slump, inches £ : —— -

38 They 2 1 Ty 0 3
1to2 350 333 308 300, 275 258 242
Jto4d 383 367 342 325 300 283 260 .
6to7 408 383 358 342 316 300 283
Approximate amount of en- . . e
trapped air, percent 3 2.5 2 1.5 ; St] 0.5 0.3

* These quantities of mixing water are for use in computing cement factors for trial batches.
shown, the cement factor estunated from tite quantities should be increased to maintain desired water-cement ratio, except as otherwise
indicated by laboratory tests for strength, If less water is required than shown, the cement factor, estimated from these quantities, should
not be decreased except as indicated by laboratory tests for strength. ;

_ TABLE 4
. - Volumes of Coarse Aggregate Per Unit Volume of Concrete*

If more water is requived. than

e

Volume of dry rodded coarse aggregate per unit volume of concrete for different fineness modulii of sand

Max. size of : & ; e A e S B e
aggregate in

2.40 2,60 2.80 3.00

3/8” 0.51(0.46) 0.48(0.44) 0.46(0.42) 0.44(0.40)
¥ 0.61(0.55) 0.58(0.53) 0.56(0.51) 0.54(0.49)
3 0.72(0.65) 0.69(0.63) 0.67(0.61) 0.65(0.59)
1 0.77(0.70) 0.75(0.68) 0.73(0.66) 0.70(0.64)
13" 0.84(0.76) 0.81(0.74) 0.79(0.72) 0.77(0.70)
% 0.87(0.79) 0.85(0.77) 0.83{0.75) 0.80(0.73).
3 0.92(0.84) 0.90(0.82) 3 0.88(0.80) 0.86(0.78)

it

" % Volumes are based on aggregates in dry rodded condition as describzd in method of
(See LS. 383). The quantities indicated in brackets are for ordinary reinforced concrete work where greater workability. at lower
strength is desired. ;

test for unit weight of aggregate -




TABLE 5*

"da'rﬂ Deviation of Concrete Strengﬂls for Various Degrees of Conirdl

Standard Deviation . 2.33x Standard
g ~(lbs persq.in) - Deviation@
: superwswn and control over mix pro- TG _
ons; specified-water-cement ratio. 400 930
ightly Jess strict than for excelleni” but: Lk 3 R
still a high standard of supervision. : _ . 500 - 1,160
_o_x;able control,  but with' perhaps  less £ :
stant supervision. . 600 1,400
mal Standard for good average work., 8007 s 1,860
. le ok no supervision. 3 . 1,000 il 3 2,330
mpt at correct proportioning. ; } ‘ 1,200 2,790

the paper “The Application of Statistics to Concrete Quahly by F. R. Himsworth Proceedings of the
ign-and Quality Control, Cement and Concrete Association, 1954,

of + figure in this column will include practically ail remh'.r (iiteorenmﬂy 989%) so long as conditions are stable,
J,;d or aity gross errors in proportioning. ;

There is a demand for short notes, summarising
available information on selected building topics for the
use of Engineers and Architects in India. To meet the . :
" need this Institute is bringing out a series of .Bur'lding .
Digests from time to time and the present one is the :
ninth in the series.
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