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Effect of Flyash in Enhancing the Strength and
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Synthetic foaming agents are produced from chemical
synthesis. In many past works, it has been noticed that
optimized usage of foam are ranging from 15% to 20% and
most preferred is synthetic foams due to the cheaper and
easily producible. So an attempt is made to enhance the
strength and durability properties of foam concrete using
synthetic foaming agent along with the addition of mineral
admixtures such as flyash. These foam concrete properties
are compared with the control specimen made up of M30
grade concrete.

Abstract:The major negative aspect of conventional concrete is
having heavy density of 2400 kg/m 3 and the design of buildings
especially high rise structures made up of these concrete leads to
high cost, high man power and high lifting devices etc. As
indicated in the past researches, there are several ways in
reducing the dead weight of the members. Foam concrete is one of
the types which is gaining attraction in nowadays and the research
towards this concrete in improving the strength and durability
characteristics has many wide openings in the research point of
view. This paper made an attempt to investigate the strength and
durability aspects of foam concrete. In order to produce the
synthetic foam, the chemical such as toluene diisocyanate and
polyol are used in the ratio of 1:1.1. In order to enhance the
abovesaid properties, the mineral admixture of 25% of flyash is
added in the foam concrete. Based on the experimental findings, it
is understood that the foam concrete with flyash can able to
achieve 85% of the strength and durability properties.

II. MATERIAL USED
The materials used in this study were ordinary Portland
cement of 53 grade, fine aggregate, coarse aggregate, flyash
and chemicals such as toluene diisocyanate and polyol to
prepare the synthetic foams. As per the standards of IS:8112,
the cement materials and as per IS: 383, the aggregates are
tested before mix preparation. Class ‘C’flyash collected from
Tuticorin power plant are used in this experimental study.
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I. INTRODUCTION
III. EXPERIMENTAL INVESTIGATION

The major drawback of the conventional concrete is very

By using IS 10262 – 2009, the M30 grade was designed for
the conventional concrete (CC) and the mix ratio adapted for
this experimental work is 1: 1.98 : 2.74 : 0.5. Since there is no
standard guidelines are available for the design of foam
concrete, 1:3 mortar mix (FCM1) is taken for the study based
on the past literature works along with foaming agents of
15%. In the foam concrete mix (FCM1), 25 % of cement is
replaced with the mineral admixture of flyash and this foam
concrete mix is designated as FCM2. The concrete mix
proportion details for CC, FCM1 and FCM2 are shown in
table 1. The preparation of conventional concrete is as usual
dry mixture of concrete ingredients and calculated water is
added slowly to prepare a wet mix. For the preparation of
foam concrete, the synthetic foams are prepared by the
reaction of two chemicals namely toluene diisocyanate and
polyol in the ratio of 1 : 1.1. In order to prepare the FCM1
mix, all the ingredients were first mixed in the dry condition
in the concrete mixer machine for about one minute. Then
75% of calculated amount of water was slowly added to the
dry mix in machine to achieve a through wet mix mortar.
Then the calculated quantity of prepared synthetic foam is
added in the wet mortar. After that, the mixer machine is
allowed to rotate for standard 4 minutes to get a uniform foam
concrete mix (FCM1). In the same way, FCM2 mix is
obtained by adding flyash in the dry state and repeats the
same manner in the mixer machine. Table II indicates that
cube specimen of 150 mm x
150 mm x 150 mm is taken for
the compression test and water

large density and due to that there might be a chance of
uneconomical large sections in the design of structural
elements. In the past literatures, it has been understood that
there are several methods are available to reducing the
density of concrete. They are light weight cellular concrete,
low density cellular concrete, light weight aggregate
concrete, autoclaved aerated concrete, aircrete, foam
concrete etc. But the practical implementations of those
methods are still in inception and still researches are carried
out to improve the property of light weight / reduced density
without compromising the strength and durability aspects. In
order to reduce the density, the main thing to be implemented
is to reduce / avoid the coarse aggregates in to the concrete
which is called foam concrete. The wide range of advantages
of the foam concrete are low density with high strength, high
fluidity, well bonded body, self leveling and self compacting,
reliability in life, resistance for climatic conditions, acoustic
insulation and super fire resistant etc. Generally, the foam
concrete is made up of cement, sand, water, foaming agent,
mineral admixtures etc. The foaming agents are mainly
classified into natural and synthetic. In natural foaming agent
are made from coconut/palm fatty alcohols, corn, saponins,
tannic extracts from leather industry and sulfite lye etc.
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absorption test. Totally for those 2 tests, 36 cube specimens
are casted and allowed to be cure under water for the period
of 7 days and 28 days. For split tension test, 18 cylinders of
size 100 mm x 200 mm are casted for both 7 days and 28
days. For flexure test, 18 prism specimens of size 500 mm x
100 mm x 100 mm are casted against 7 days and 28 days.

Table- III: Experimental test results
Age of
Test

Curing

FCM 1

FCM 2

-

133

195

223

(a)

7

2321

2001

1803

(b)

28

2450

2107

1911

(d)
7

(e)22.29

13.73
(f)

16.43

Strength (N/mm
)
(g)

(h)
28

(i)33.17

20.49
(j)

25.56

(k)
Split Tensile

(l)
7

(m)
1.59

1.40
(n)

1.48

Strength (N/mm
)
(o)

(p)
28

(q)
2.38

2.09
(r)

2.21

Slump (mm)
Density

Table- I: Concrete Mix proportion details

3

-

197

-

(a)
FCM1

670

2010

-

-

335

100.5

Flexural (s)

(t)
7

(u)
3.92

1.78
(v)

2.12

(b)
FCM2

502.5

2010

-

167.5

335

100.5

Strength (N/mm
(w) 2)

(x)
28

(y)
4.53

3.12
(z)

3.78

(bb)
7

(cc)
9.15

13.26
(dd)

11.80

(ff)
28

(gg)
7.96

11.79
(hh)

10.22

(c)
Compressive

Foam
(Litres)

Water
(Litres)

1082

FA
(kg/m3)

787

CA
(kg/m3)

C
(kg/m3)

CC

394

FA
(kg/m3)

Concrete
Mix
Designations

(kg/m )

2

2

Water

Table- II: Specimen details

Description

Compression
Test

Split
Tension
Test

Flexural
Test

(aa)

Absorption(ee)
(%)

Water
Absorption
Test

CC

3

3

3

3

FCM1

3

3

3

3

FCM2

3

3

3

3

Total

9

9

9

9

Compressive Strength (N/mm2)

(c)

CC

(days)

Total Specimens – 36 each for 7 days and 28 days

35
30

7 days

25

28 days

20
15
10
5
0
CC

IV. RESULT AND DISCUSSIONS

FCM1

FCM2

Fig. 1. Compressive strength for Foam Concrete Mixes

Table III shows the various test results such as slump,
density, compressive strength, split tensile strength, flexural
strength and water absorption test of the control specimen
and foam concrete mix with and without flyash. The slump
measured is 133 mm for the control specimen and 195 mm
and 223 mm for the foam concrete mix 1 and 2 respectively.
This slump test shows that the workability is changed from
the medium range to higher range due to the presence of foam
and flyash content. During the slump test, it is observed that
the foam concrete is flowing uniformly in all sides under
gravity. More over the presence of flyash, influences the
workable rate to the further extent. This result is evidence
that, to conclude the foam concrete is high workable one. The
density of the conventional concrete (Control specimen) is
2301 kg/m3. By introducing the FCM 1, the density is
reduced to 14% and for FCM2 it is further reduced to 18%.
It’s clearly indicating that, by using foam concrete, it is
possible to reduce its self weight to around 20%. Once the
self weight is less to some extent, the economical section can
be proceeding further in the design of the structures. By
which the materials as well as cost is in the control. In the
strength studies, it is observed from figure 1, the compressive
strength of the control specimen is 33.17 N/mm2. For foam
concrete mixes FCM1 and FCM2, the compressive strength
obtained is 20.49 N/mm2 and 25.56 N/mm2 respectively for
28 days curing.

From figure 1, it is understood that the foam concrete mix
(FCM1) without fly ash, the compressive strength has got
reduction of 39% than the controlled specimen. The reason
behind can be the minimum composition of the filler
material. In the foam concrete mix, by the addition of mineral
admixture such as flyash, the compressive strength has got
some advantage of enhancing 20%. These fine particles
(flyash) will occupy the voids and there by good bonding can
be achieved in the concrete. These foam concrete mixes
(FCM2) have achieved the compressive strength of about 80
% to 85 % of M30 grade with the maximum reduction of self
weight around by 23%. In considering the reduction of self
weight and high workable point of view, this foam concrete
mix (FCM2) is better, since it has not compromised much of
the compressive strength.
From figure 2, it is observed that there is not much deviation
for the conventional concrete and foam concrete. The split
tensile strength is 2.38 N/mm2, 2.09 N/mm2 and 2.21 N/mm2
for the conventional concrete, FCM1 and FCM2 respectively
for the 28 days curing. The tensile strength difference is only
13 % for the conventional concrete and FCM1. By
considering flyash presence in
the FCM2, the difference
observed is least i.e 7%.
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conventional concrete as seen figure 4. The rate of water
absorption is decreased around 13 % for foam concrete mix
FCM2 due to the influence of flyash. These finest particles
will occupy the pores and voids of the concrete and thereby it
participating in the gel formation along with other
constituents of concrete. By this way, foam concrete mix
FCM2 is impermeable than the mix FCM1. As in overall, the
7 days and 28 days behavior are almost same for both
conventional concrete and foam concrete mixes. As age of
curing days increased, all the characteristics related to
strength and durability properties, are also got enhanced due
to the hydration process.

7 days
28 days

CC

FCM1

FCM2

Flexural Strength (N/mm2)

Fig. 2. Split tensile strength for Foam Concrete Mixes
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V. CONCLUSIONS
1) Foam concrete shows more workable than conventional
concrete. While further adding admixture flyash in to
foam concrete, remarkable improvement is seen in the
workability. Therefore the degree of workability is
changed from medium to high.
2) Around 20 %, it is possible to reduce the self weight by
the foam concrete and thereby the cost is optimized
through some economical sections in the member
design.
3) In foam concrete (FCM1), compressive strength
achieved is around 61% of the conventional concrete. In
order to enhance the strength aspects, flyash can be
introduced in to the foam concrete (FCM2) and thereby
the strength is increased upto 85% with the reduction of
23 % density.
4) Water absorption rate of foam concrete is around 33 %
higher than conventional and foam concrete with flyash,
the rate of water absorption is reduced to around 13%.
5) Still the research on foam concrete is widely open in
varying the percentage of foam, type of foam and type of
admixtures to enhance the strength and durability
properties.

7 days
28 days

CC

FCM1

FCM2

Fig. 3. Flexural strength for Foam Concrete Mixes
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The conventional concrete has the flexural strength in 28
days is 4.53 N/mm2where as the foam concrete mix FCM1
and FCM2 has 3.12 N/mm2 and 3.78 N/mm2 respectively. By
comparing conventional concrete and foam concrete mix
FCM1 the flexural strength has the reduction of 30 %. In
comparing with foam concrete mix FCM2, the reduction is
around 16% as seen from figure 3. As theoretically, for a
concrete the flexural strength is around 12 % to 20 % of the
compressive strength. Here in this experimental study, the
flexural strength of the conventional concrete is 14 % of
compressive strength and flexural strength of both foam
concrete mixes will be around 15 % of its compressive
strength. This shows that there is a well correlation between
the theoretical part and this experimental study. In the
durability point of view, the water absorption rate of the
conventional concrete is 7.96% where the foam concrete mix
FCM1 and FCM2 has 11.79 % and 10.22 % respectively for
the age of 28 days. For foam concrete mix FCM1, the water
absorption rate is 33 % higher than conventional concrete and
for mix FCM2, the rate is around 22 % higher than
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