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PROPORTIONING OF FLY ASH CONCRETE MIX

lntrdduction

. Fly-ash is a finely divided residue resulting
from the combustion of pulverised coal in boilers.
It is transported from the boiler by flue gases and
collected by means of electrical precipitators ‘or
mechanical collectors or.a combination of both.
It is a pozzolanic material @nd consists of small
spheres of glassy phase of complex chemical com-
position together with small quantities. of quartz,

mullite, haematite, magnetite'and unburnt carbon. .

It is generally finer than portland cement and has
been, therefore, used at the construction sites for
replacing a part of the cement in mass concrete
constructions. A

When fly ash is used as a part replacement of
cement, as is normally done in mass concrete, the
strength of the concrete at 28 days is lower than
that of the corresponding normal portland cement
concrete without fly ash. 1t is only at later ages
that the strength becomes equal. While this pattern

“of strength devleopment can be tolerated in mass

concrete construction, it is not acceptable in buil-
ding works where concrete is designed on the basis
of a minimum 28 days strength requirement. Inves-
tigations carried out at the CBRI have shown, that
equal strengths at 28 days can be attained by pro-
perly proportioning fly “ash concrete mix. The
properties of Indian fly ashes and the method of
proportioning fly ash concrete mix for attaining
equal 28 days strength are described in this digest.
The recommended mix proportion of different fly
ash concrete mixes are also listed.

Properties of Indian Fly Ashes

- IS:3812 (Part I) 1966 ““Specifications for fly ash
Part I, For use as Pozzolana” has laid down
chemical and physical requirements for fly ash for
use as a pozzolana as part replacement of cement.
Tests carried out at CBRI have shown that most
of the Indian fly ashes pass the specified require-
ments and can be used to replace upto 20 per cent
cement by weight. Test data on some of the Indian
fly ashes are shown in Table 1. '

Table 1

Properties of some Indian Fly Ashes

. Properties

Test Resulis Specified requirements as per

Range l 18:3812 (Part I)-1966
. Chemical Composition percent by weight :
' Si0,, +ALO,+Fe,0, - 5 76.90—91.91 700  Minimum
Si0,, * 35 46.0 —62 0 35.0 Minimum
MgO, 5 0.2 — 2.0 5.0 Maximum
S0, 3 traces— 0.3 3.0 Maximum
4 Loss on ignition oh 0.81—10.8 12.0 Maximum
- Physical Properties. :
() Fineness— Specific surface in Cm2/g by Blaine’s ; ;
permeability method. 3267—6842 = 3200 Minimum
(if) Reactivity, BEi :
47.4—83.5 40 Minimum

(a) Lime reactivity strength, Kgfcm?

2 : (b Co_ri';pressi've‘.strengtl_i'.o"f bement mortar
- cubes at the age of 28 days using mixiure B*

. (iii) Drying shrinkage at 28 déys,'héing mixture B*

percent,

(iv) Soundness by autoclave test—expansions. of
specimens prepared using mixture B, percent

80.4—94.5 Not less.than 80 perée'nf of the
strength of corresponding plain
cement mortar cubes. -
0.1—0.2 0.15 Maximum

0.02—0.07 0.8 Mazximum




—_—

Method of Proportioning (iv) Add water 8 per cent less than the water
required to keep water/cement plus fly-ash

: ratio equal to the water/cement ratio decided
(a) Structural concrete mix ‘ for the corresponding straight cement con-
A : crete without fly ash. Any correction for

The, concrete mix should be proportioned on moisture content of the sand and coarse

absolute volume basis. The proportions of different - aggr.ega:ﬁ shouldt'zta.lso fb‘!z,;tpplied_for _ deter-

ingredients are then adjusted as follows:— : r;nlnlng e auantid iy er.

,('i) Substitute 20 percent of cement with 27.5 (v) Place the concrete by vibration.. If .vibra-
' percent of fly ash, by weight. ‘ tion is not possible use admixtures such as

o viscolex, Bondex, Celex, Retardex produced
(i) Reduce the quantity of sand in the concrete i e couttry: :
mix by an amount equal to the weight of

fiy gl ~ The mix proportions of different fly ash con-
s S b L §o crete mixes corresponding ™ to different: ‘grade of
¢ (iif)., Increase the quantity of coarse aggregate in plain cement concrete mixes-are shown'in-Table 2,
. the concrete mix by an amount eqial to the These are recommended for use in - building con-

' weight of fly-ash added. : : struction.

Table 2

PR

i o Mix Prqpbftions of Some Structural Concfete Mixes with Flyash'

Quantities of Materials (in Kg) for cubic meter of concrete

" Grade _(')'t_"‘_Cdncrrré-t.g'.r- T

of concrete =
C'emex.i't--" © | Flyash ’ + Sand - - | Coarse Aggregate Water !

M 150 247.2 85.0! . 680.00 1190.0 1680

M 200 312.5 ke s 12020 1946
MEOS0 e 4330 . 148.8 . 3140 ' 1200.0 2140

Note: —For calculating the nominal mix proportions by volume dc;term'me the loose bulk dénsiti{ of ﬂYaSﬁ,
- sand and coarse aggregate at site and then divide the batch mix by loose bulk density to find the :
. -mix proportion by volume. The bulk density of cement may be taken as 90 lbjoft. (1442 kg[cum)- -

Results of various tests made in fly ash con- base under floors and foundations, Due to lack _Of
crete mixes at CBRI have shown  that small fines these mixes generally have poor workability
difference in the relative fineness and content of which leads to bleeding of mixing water and segres
unburnt fuel in various Indian fly ashes do not gation of aggregafes. Addition of fly ash as a part
affect the attainment of equal strengths at 28 days replacement of sand by weight.in these mixes

and the flyash concrete compares favourably in been found to eleminate these defects and decreas®
strength with . the corresponding plain cement water requirement for-the same: workabilitys The

Jatter results in an increase in strength, Whic can
be advantageously utilised in using still Jeaner
mixes. The mix proportions of 'lean“f:QﬂGfee
mixes with fly ash recommended for use 1 place
Sy - s , i of some commonly used mix proportions are, shown
Lean concrete mixes are used in laying sub- in Table 3. 5 3L

concrete at later ages also.

(b) Lean concrete mixes




Table 3

Mix Proportions of Some Lean Concrete Mixes with Fly ash .

. Commonly used mix proportions, by volume |

Equivalent mixes with fly ash, by yolume,

;ﬁ Cement . : Sand Gravel , Cement Fly ash l Sand . ! - Gravel
1 3 6 130 e s R0 S
1 4 8 2.0 el i de Tos
1 5 10 2.5 4.0 11

_': Example ii. Adjust the water requirements so that it is 8

_ It is proposed to replace 20 percent cement
- in M150 grade concrete niix (roughly correspon-
- ding to 1:2:4 concrete).

- 1.5 cubic meter of dry loose materials are
- normally required to produce 1 cubic meter com-
. pacted concrete. Quantity of cement required in
1:2:4 nominal concrete mix

;i;-?i-=0 214 cum.

~ Assuming water/cement ratio of 0.55, sand of
fineness modulus 2.63 and maximum .size of the

-cubic: meter of concrete, determined according to
ACI:613-54 is

Cement - 309 kg
Sand | T8Tkg
Gravel 1135 kg
Water 170 kg

With 20 percent of cement by weight replaced
!)y fly ash, the proportions of different ingredients
n the fly ash concrete mix would be as follows:

Substituting 20 percent of the cement with 27.5
percent fly ash,

Cément = 309x0.80 = 247.2kg
Fly ash = 309x0.275

85 kg

coarse aggregate 20 mm, the mix proportions per -

percent less than the amount of water required

to keep water/cement + fly ash ratio equal to
the water/cement ratio.

The quantity of water required

Water = (247.2485) % 0.55% 0.92
= 168 kg,

ClaIcuIating the absolute volume of the materi-
als, )
(8

Cexﬁcnt =_g.412_ =0.07£35 cum

3.15x 103 -
Flyash = 27 ___—0.
y 515508 0.0401 cum
Water =1£8 =0.1680 cum
108
: 001x1
Air =__—_"" _ =0.01
7 (1%assumed) R0 cun
Total = 0.2966 cum

Total (coarse and fine) aggregate=1-0.2966
=0.7034 cum. In the corresponding plain
cement concrete mix, the ratio of sand to total
aggregate by weight

787

§ s N e e e S .4
78741135 a0y
.. Specific gravity of mixed aggregate

=2.67 X0,4087+2.65 X 0.5913=2.658=2.66
: (say)




- Weight of mixed aggregate Weight of coarse aggregate=1870—680

=1190kg
—0.7034 % 2.66 X 10°=1870 kg.
. R e ST Estimated batch quantities per . cubic -
weight of sand S e - of fly ash concrete corrosponding 1::0_ ﬁitgr
i24 —1870% 0.4087=765 kg.' it , ‘ wgrade. plain’cement concretes. 0
" (iii) ‘Reduce the quantity of sand and incregtéc the ._ | Vo G i
<. = ‘quantity of coarse aggregate 'in the ‘concretg: < - ‘fge-"me-n@ f59E ER 2472kg |
mix by a quantity equal to weight of fly ash =
added." G M A SR8
Weight of sand required in the fly ash k;onerete pand A 630 kg :
TRIXTL s R ! Coarse aggregate = ‘1190kg
i :765“‘85 7. =680kg : ; Ty Water. . : 3 &= 168 kg or litres

There is a demand for short notes summarising available infor mat-
ion on selected building topics for, the use of Engineers and Architects
in India. To meet the need, this Tnstitute is bringing out a series of

 Building Digests from time'to time and the. present one Is the 79th in
the series. Readers are requested to send to the Institute their experie-
nce of adopting the suggestions given in this Digesi. :
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