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Abstract: Foam concrete is a kind of air inflated lightweight 

concrete, which doesn’t contain coarse aggregate and can be 

regarded as an air inflated mortar. Foam concrete is made by 
adding foam into the cement slurry, the main use of foam in the 
cement mortar is to create air voids which act as a ball bearings 
inside the concrete mix. Foam is prepared by using foam 
generator or it can be made by sonication process of hydrogen 
peroxide. In this research work foam is formed by the sonication 
process of hydrogen peroxide separately then the foaming agent is 
diluted with water and air inflated to create the foam. Bottom ash 
from thermal power plant is collected and added in different 
proportions in the concrete mix to study the mechanical behaviour 
of the foam concrete. Mechanical properties such as compressive 
strength, split-tensile strength, flexural strength and thermal 
conductivity tests are carried out under controlled environment. 
The targeted design densities of all the specimens were expected to 
be 1600 kg/m3. The binder to filler ratio used in this study is 1:1, 
with the sand being completely replaced with bottom ash and Fly 
ash. 

 
Keywords: Foam concrete, consistency, thermal conductivity, 

sound absorption  

I. INTRODUCTION 

Increase in construction activities increases the use of binding 
and filler materials, binder and filler plays a major role in the 
concrete mix because binder holds all the necessary 
ingredients which are required for the strength property of the 
elements [1]. Cement is one of the mainly used binder in the 
modern world and the aggregates are made by quarrying of 
hard rocks on the earth’s surface. Concrete mix made by 

conventional materials have high density and large weight, to 
reduce the dead weight and maintain the same density is a 
challenging work [2]–[4]. Light weight element can be done 
by reducing the high specific area materials such as 
conventional coarse aggregate and maintain a moderate 
density to withstand the concrete under durability actions [5].  
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This type of issue can be overcome by Foam concrete which 
maintain the same density and reduced dead weight of the 
elements by neglecting the use of coarse aggregate in the 
concrete mix [6]. Foam concrete is made by injecting air 
bubbles inside the concrete mix during pre-hardening stage of 
the mix. Foam used in the concrete has the tendency to absorb 
the humidity during pre-hardening stage of the concrete mix 
till it exposes to the external atmospheric action [7]. Foam 
concrete mix consists of cement, fine aggregate, water and 
special foam. Foam is created with the help of foam generator 
separately, then it is mixed in the fresh state of the concrete 
mix the entrained air creates voids in the form of ball bearings 
inside the concrete [8]. Due to zero coarse aggregate content 
and increase in air voids the mix possess high flow ability and 
maintain the slurry as a light weight medium. The density of 
light weight concrete should lies between 800 kg/m3 to 1800 
kg/m3, because of its density it possesses high sound and 
thermal insulation property [9].  

II.  EXPERIMENTAL PROGRAM 

    Three sets of concrete specimens are made to study the 
behavior of foam concrete, first set consists of foam concrete 
with density 1200kg/m3, second set consists of foam concrete 
with density 1400kg/m3, and the third set consists of foam 
concrete with density 1600kg/m3. To create different sets of 
concrete, bottom ash is used as a replacement of filler at 
different ratios. 

A. Materials 

    As per Indian standard IS 269, ordinary Portland cement is 
used in all the mix proportions the physical characteristics of 
cement are determined under controlled environment as per 
code. Specific gravity, Consistency, Fineness of cement are 
3.15, 30% and 0.5%. The chemical composition of the cement 
are shown in table 1. Filler used in this study is Bottom ash 
obtained from the thermal power plant. The specific gravity of 
bottom ash is 2.43 and the fineness of bottom ash is obtained 
from the particle size distribution. The fineness of bottom ash 
is less than 1.18mm from the semi-log graph as shown in 
figure 1. The chemical composition of bottom ash is shown in 
table 2.  

Table- I: Chemical composition of cement 
Main oxides Percentage 

CaO 58.2 
SiO2 18.2 
Al2O3 6.6 
Fe2O3 2 
Na2O 0.3 
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K2O 0.5 
MgO 4.8 

SO3 2.5 

Loss of ignition 1.1 
 

Table- II: Chemical composition of Bottom Ash 
Oxide 

 

Bottom ash 

Cao 1.8 

SiO2 48.2 

Al2O3 23.1 

Fe2O3 18.7 

MgO 0.5 

TiO2 1.9 

P2O5 0.3 

SO3 0.26 

Na2O 0.33 

K2O 2.5 

Loss of ignition 0.75 

 

 
Fig. 1. sieve analysis of Bottom Ash  

B.  Mixing and Specimen Preparation 

All the mixes in this study are made as per the Indian standard 
specification, cement and filler material bottom ash of 
different proportions are mixed at dry state. Mixing of binder 
–filler mix and water are done till the mix completely get 
consistent. At the same time foam is created by means of 
sonication process, sonication is the process of creating 
turbulence in hydrogen peroxide, the blades spin at a rate of 
100 rpm to 200rpm. The process is repeated until the foam is 
created. Required amount of prepared foam is added to the 
cement slurry and mixed completely till the foam get spreader 
throughout the mix. 

III. MIX PROPORTIONS 

     The targeted density of the concrete mix as ‘ρ’ kg/m
3, is 

given by the following equation  
                                                  ρ = b + f + w + fc            (1) 

 where, ρ is the density of foam concrete in kg/m3, b is the 
binder content in kg/m3, f is the filler content in kg/m3, w is the 
water content in l/m3, fc is the foam content required for the 
preparation of foam concrete. 
The above equation can be rewritten as 

ρ = s + w                        (2) 

 where, s is denoted as solid content expressing in terms of 
kg/m3 it is the combination of total volume of binder and filler 
required for the mix preparation as shown in equation (3), this 
is done because the foam used for the mix was negligibly 
smaller when compared to other mix ingredients. 
s = b + f                          (3) 

IV. HARDENED PROPERTIES 

A. Compressive Strength 

      Compressive strength test is performed after 28 days of 
curing as per IS 2250, the specimen size adopted for this test 
is 50mm x 50mm x 50mm. The specimen is air dried for 24 
hrs. After the curing period of 28 days before the test is 
performed. Specimen is placed at the compression testing 
machine as shown in figure 2, load is applied gradually until 
the specimen is fractured. Maximum load carrying capacity of 
the specimen is noted and the compressive strength result is 
obtained from the following equation, σ = P/A, where P is the 

maximum load that the specimen has observed in N and A is 
the cross-sectional area of the specimen in mm2

, σ is the 

compressive strength in N/mm2. 

 
Fig. 2. Foam concrete specimen befor testing 

Mixes with cement: filler ratio of 1:1 was adopted and design 
target densities of 1200 kg/m3, 1400 kg/m3 & 1600 kg/m3 
were selected for each mix. Due to the filler size water-solids 
ratio (w/s) was taken instead of water-cement ratio. The w/s 
ratio changes for each mix and the volume of foam is directly 
proportional to the w/s ratio. 

Table- III: Compressive Strength Result 

Density 1200 1400 1600 

Days kg/m3 kg/m3 kg/m3 

7 1 Mpa 2 Mpa 8 Mpa 

14 4 Mpa 6 Mpa 20 Mpa 

28 10 Mpa 12 Mpa 28 Mpa 
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B. Split Tensile Strength 

    Split Tensile strength is carried out for the specimen of size 
150mm in diameter and 300mm in height, the specimen is 
placed in the compression testing machine in a horizontal 
manner and the load is applied gradually till the specimen 
fails, the breaking load is noted. 

 
Fig. 3. Split Tensile test on Foam concrete specimen 

 
Table- IV: Chemical composition of Bottom Ash 

Density 1200 Kg/m3 1400 Kg/m3 1600 Kg/m3 

28th day 1.1 Mpa 1.2 Mpa 1.6 Mpa 

C. Flexural Strength Test 

Flexural strength test was carried on the foam concrete 
specimen with the dimension of 700mm length, 100mm 
breadth and 100mm depth. Figure 4. Shows the placing of 
specimen in Universal testing machine. Two – point loading 
system is adopted for the specimen and the load is applied 
gradually till the specimen fails. The following formula is 
used to determine the flexural strength of the foam concrete.  

                          δ = 3PL/b                                              (4) 

Where; 
δ = Flexural strength, N/mm

2 
P = Maximum applied load indicated by the testing machine 
L = Span length, mm 
B = Breadth of the specimen 

 

 
Fig. 4. Flexural Strength test on Foam concrete specimen 

 
Table- V: Flexural strength test result 

Density 1200 1400 1600 

Days kg/m3 kg/m3 kg/m3 

28th day 1.17 Mpa 1.24 Mpa 1.41 Mpa 

D. Thermal Conductivity 

   Thermal conductivity of foam concrete is done by placing a 
sample of size 700mm x 700mm x 10mm between the hot and 
cold plate, a heated wire is inserted between the specimen and 
cold plate to measure the values of T5 and T6 which shows 
the temperature of cold plate.  
The temperature of the hot plate increases gradually at a rate 
of 2oc per minute till the temperature of hot plate becomes 
constant. Thermal conductivity of foam concrete can be 
calculated using Equation 5.  
      K =QL/2A(Th – Tc) W/mK                                           (5)  

     Vi =outer heater input (volts) 

      I= Amplitude 

      L= Thickness  

      A= Area 

      Th =Hot plate temperature (T1+T2+T3+T4) 

      Tc=Cold Plate Temperature (T5+T6) 

      Q=ViI(W) 

       K= Conductivity 

 
Fig. 5. Thermal conductivity test 

 

 



 
Assessment of Physical and Mechanical Behaviour of Foam Concrete using Bottom Ash and Fly Ash 

 

395 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: F3683049620/2020©BEIESP 
DOI: 10.35940/ijitee.F3683.049620 
Journal Website: www.ijitee.org 
 

Author-1 
Photo 

 
 

Table- VI: Thermal conductivity Test result 

 

V.  CONCLUSION 

    The Density of Foam Concrete is varied by adding foam 
content in the range of 15%, 25% and 35%, it shows that 15% 
foam volume has the density of 1600 kg/m3, 25% foam 
volume has the density of 1400 kg/m3, and 35% foam volume 
has the density of 1200 kg /m3. 
     It shows that strength is directly proportional to density of 
sample, table 3. Shows that compressive strength of concrete 
increase when the density of concrete increases and also 
strength of foam concrete after 28 days of curing shows 28 
Mpa in the mix ratio of 1:1. 
    Thermal conductivity of conventional concrete is 1.5 W/m 
K at 2400 kg/m3, whereas thermal conductivity of foam 
concrete is 0.167 W/m K at 1600 kg/m3, 0.198 W/m K at 1400 
kg/m3, 0.211 W/m K at 1200 kg/m3, it is observed that the 
heat conductivity of the concrete specimen is inversely 
proportional to the density of the concrete. 
     Increase in foam volume results in decrease in concrete 
density, foam volume of 15% with bottom ash has an effective 
strength of 28Mpa. Thereby concluding that volume of foam 
less than 15% has increase in density and Targeted strength 
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