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Abstract— This project deals with the study of Cellular 

lightweight concrete using Fly ash as a full replacement for 

fine aggregate. Foamed concrete is a type of aerated light 

weight concrete which does not contain coarse aggregate. 

Cellular light weight concrete with wide range of concrete 

densities (600kg/m3, 900kg/m3) was studied. In this project, 

Synthetic based foaming agent is used to produce uniformly 

distributed air voids in concrete thus making the concrete 

light in weight. Here 4 cubes, 3 cylinders, 1 beam were casted 

for each of the two different densities. Thus the results are 

discussed elaborately with respect to Dry density, Water 

absorption, specific strength, Fire resistance in addition to 

Compressive strength and Split tensile strength. Finally Cost 

comparison between Foamed concrete and Conventional 

concrete is carried out to determine the economy of 

construction.  This study also aims to provide information 

about the possible applications of cellular light weight 

concrete in construction industry today. 

Key words: Foamed concrete, Fly ash, Fire resistance, 
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I. INTRODUCTION 

In the past few decades the use of foamed concrete has been 

increasing due to its very advantages. Growing energy 

savings and environmental friendly considerations are the 

factors which drives more and more builders towards it. The 

mechanical property of light weight concrete is low because 

of its low density, but it can be of much use when considered 

for non load bearing elements like partition walls and 

sunshades.  

Using lightweight concrete reduces the dead load 

and the cost of construction making the structure more 

economical. The main advantages of having low density 

concrete are reduction of dead load, lowers haulage and 

handling costs. The total load on a structure plays a major role 

in design of a structure and that load can be reduced by using 

cellular lightweight concrete. 

The objective of the study is to 

 To study the influence of Physical and Mechanical 

properties of foamed concrete. 

 To determine the Density and Strength of foamed 

concrete with Fly ash as a replacement for Sand. 

 To study the Flexural Behaviour of foamed concrete with 

that of conventional concrete. 

 To work out the cost comparison between Conventional 

and Foamed concrete.  

  Foamed concrete is a type of lightweight concrete 

whose density ranges from 400 kg/m3 to 1600 kg/m3. This 

density variation depends on the air-voids produced due to 

the foam added to the cement slurry. The minimum 

requirement of foam that is to be entrained into the mortar is 

20%. It has been examined from the study that cellular 

lightweight concrete found to have good flowability, low 

cement content and excellent fire resistance.  

Foamed concrete is produced by two steps. The first 

step is to produce the base mix with the help of mix design 

and the second step is to produce stable foam by Pre foaming 

method i.e., foaming agent along with water in the 

concentration of 1:30 is added in foam generator where 

compressed air at high pressure is produced. This process 

results in production of stable foam. There will be about 40 – 

80 % of air content in total foam volume. This stable foam is 

generated by Foaming agent which is of two types they are 

protein based foaming agent and synthetic based foaming 

agent. It is found that synthetic based foaming agent is used 

commonly used and produces a stable of 0.1 – 1.5mm 

diameter. 

 
Fig. 1: 

A. Materials used: 

Cement, Fly ash, Water, Foaming agent are the constituent 

used for producing cellular light weight concrete. 

Ordinary Portland cement of 53 grade conforming 

IS: 12269-1987, Class F fly ash is used as a full replacement 

of sand, water must be potable Synthetic based foaming agent 

of concentration 1:30 is used. Basic test for the material is 

conducted and results are compared with the Indian Standard 

codes. Basic test includes Specific gravity, Fineness test, 

Standard consistency, Initial setting time are conducted for 

cement and are tabulated in table 1. 

S.No. Characteristics 

Requirement 

As per IS: 12269-

1987 

Result 

1. Specific gravity 3.12 – 3.19 3.14 

2. Fineness < 10% 7.3% 

3. 
Standard 

consistency 
26% – 33% 30% 

4. Initial setting time > 30 mins 
40 

mins 

Table 1: Properties of cement 
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B. Mix design: 

Till now there are no guidelines or proper method for 

proportioning of foamed concrete. The most important 

criteria for the mix design of foamed concrete are the plastic 

target density. The general method of mix design is done by 

various trial and error procedures in site. 

    Water + Cement + Fly ash + Foaming agent is the 

mix used in this paper. Here two different densities 

(600kg/m3, 900kg/m3) of concrete are produced to determine 

their characteristics based on the addition of stable foam. 

 Density 

(kg/m3) 

Cement 

(kg) 

Fly ash 

(kg) 

Foaming 

agent Water 

(l) Agent 

(g) 

Water 

(l) 

900 200 450 1000 40 200 

600 200 350 1400 60 180 

Table 2: Mix design for foamed concrete 

 
Fig. 1: Schematic Representation 

C. Casting of Specimen: 

Production of foamed concrete includes series of steps;  

Step 1: Assembling of Mould 

Initially the mould is assembled for the concreting 

to be done. Then the inner side of the mould is applied with 

waste oil in order to avoid the difficulties during demoulding. 

Step 2:  Batching 

As per the mix design, the materials of concrete is 

done by weigh batching which is the most accurate and 

common method used. 

Step 3:  Mixing Of Concrete 

 For production of foamed concrete, mixing of 

materials must be done properly. As per the design mix the 

quantity of material required must be added to the mixer 

along with stable foam. Foam must be added according to the 

target plastic density. 

 
Fig. 2: Mixing of foam with slurry 

Step 4: Placing Of Concrete 

 It is not enough that the concrete mix must be 

correctly designed, batched, mixed and transported, it is 

utmost important that concrete must be placed in systematic 

manner to yield the expected result. 

Step 5: Curing Of Concrete 

 Since the density of concrete is very low, 

demoulding of concrete after 24 hours may result in change 

in shape of concrete. Therefore, demoulding must be done 

after a minimum of 3 days. As low density concrete floats, 

curing is done by using wet gunny bags.  

 
Fig. 3: Curing of concrete 

D. Tests on Concrete: 

The tests comprised of fresh concrete testing and hardened 

concrete testing. 

1) Fresh Concrete testing methods 

 Fresh Density Test 

2) Hardened Concrete testing methods 

 Compressive strength 

 Split tensile strength 

 Flexural strength 

 Dry density 

 Water absorption 

 Fire resistance 

 Specific strength 

E. Test procedures: 

1) Fresh Density Test: 

A fresh lightweight concrete is filled in a 1 litre capacity 

container and kept in weighing machine. By slightly tapping 

at the sides of the container, compaction is done. Excess 

concrete is struck off and the container is wiped off. The 

weight thus obtained gives the fresh density of concrete. 

 
Fig. 4: Fresh density test 

2) Dry Density: 

The specimen after demoulded must be cured for 28 days in 

water. This cured specimen is kept in oven for drying at 

110oC for not less than 24 hours. The dry density of sample 

is calculated by 
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3) Water Absorption: 

The water absorption is determined for a specimen of 

dimension of 150mm x 150mm. The specimen is immersed 

in water for 24 hours and then weighed to get the saturated 

weight. This specimen is then dried in oven at 110oC for 24 

hours to determine the mass of the oven dried sample. The 

water absorption calculated as 

 
Where, 

A= Mass of oven dried sample, kg 

B= Mass of saturated sample, kg 

4) Fire resistance: 

Fire resistance test was done by performing compression test 

on cubes which were kept in oven at 800oC for nearly 8 hrs 

and the cube is allowed to cool down. An axial compressive 

load with a specified rate of loading was applied to 150mm 

cube until failure occurred. The results are concluded by 

comparing the ultimate load the concrete cube can withstand 

at normal temperature and at very high temperature i.e., 

800oC. 

 
Fig. 5: Concrete in oven 

5) Specific strength: 

The specific strength is a material’s strength (force per unit 

area at failure) divided its density. It is also known as the 

strength to weight ratio or strength to density ratio. The SI 

unit for specific strength is N-m/kg. The specific strength also 

requires a measure of the tensile and/or yield strength of the 

material.  This can be done using a tensile test machine.  In 

this method the sample would be stretched until it failed with 

a computer calculating the stresses at failure.  

 
6)  Compressive Strength: 

 The Compression test was conducted in Compressive 

testing machine. 

 An axial compressive load with specified rate of loading 

was applied to 150mm cube until failure occurred. 

 The test was performed on the cured specimen. The 

maximum load carried by the specimen was recorded. 

 Mean value obtained from three cubes was then taken as 

cube compressive strength for the concrete mix. 

 

 

 

 
Where, 

        σc = compressive strength, N/mm2 

                 P = maximum load , N 

   Width       = width of specimen, mm 

   Thickness = thickness of specimen, mm 

 
Fig. 6: Compressive strength test 

7) Split tensile strength: 

 Split tensile strength was conducted in Compressive 

testing machine by applying the compressive force along 

the length of a cylindrical concrete specimen. 

 An axial compressive load with specified rate of loading 

was applied to a cylinder with 150mm diameter and 

300mm length until failure occurred. 

 
Fig. 7: Split tensile strength test 

 The test was performed on the cured specimen. The 

maximum load carried by the specimen was recorded. 

 Mean value obtained from three cubes was then taken as 

cube compressive strength for the concrete mix. 

 
   Where, 

           T = splitting tensile strength, N/mm2 

P = maximum load carried by specimen, N 

             l = length of specimen, mm 

            d = diameter of specimen, mm 

8) Flexural Strength: 

 The flexural strength test was conducted in Universal 

testing machine. 

 A center-point loading with a specified rate of loading 

was applied to prism with dimension of 150 mm x 150 

mm x 600 mm until failure occurred. 

 An offset of 100mm from both sides of prism was 

marked and the prism was placed on the support block. 

 Test specimen was loaded gradually with constant rate of 

loading of 0.1 mm/min until the specimen fails.  
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 The maximum load carried by the specimen was 

recorded and flexural strength was calculated based on 

Formula. 

 Mean value obtained from three prisms was then taken 

as flexural strength for each lightweight foamed concrete 

mix.    

 
    Where, 

          fb = flexural strength, N/mm2 

          P = maximum load carried by specimen, N 

          L = length of specimen, mm 

          d = thickness of specimen, mm 

 
Fig. 8: Flexural strength test 

F. Results and Discussion: 

1) Compressive strength: 

 
Fig. 9: Compressive strength 

From this study, it is concluded that the compressive 

strength of cellular light weight concrete decreases with 

increase in foam volume. Though the compressive strength is 

less, the results are in accordance with the Indian codal 

provisions i.e., IS 2185 (Part 4): 2004. 

2) Split tensile strength: 

 
Fig. 10: Split tensile strength 

The above graphs show the splitting tensile strength 

variations of various target densities (600 and 900 kg/m3). It 

can be clearly seen that the splitting tensile test results 

improved with the increasing densities. 

3) Flexural Strength: 

The performance of foamed concrete under flexure is not 

satisfactory. Though the above mixes can be used for other 

non structural applications such as partition walls, sunshades 

which in turn reduces the cost due to reduction in 

reinforcement steel and aggregate used in the structural 

elements due to lesser dead loads. 

 
Fig. 11: Flexural strength 

4) Dry density: 

From this study, it is evident that when the foam volume is 

greater than 50% the value of dry density decreased. And also 

the variations between fresh and dry densities do not exceed 

10%. 

 
Fig. 12: Dry density 

5) Water absorption: 

 
Fig. 13: Water absorption 

The water absorption test was done for the four 

target density specimens. The highest value 13.6% is 

obtained for 600 kg/m3 specimen which clearly shows that 

the lower density specimen have higher water absorption 

value and also it is concluded that when the foam volume is 

greater than 50%, the water absorption value increases. 



Experimental Investigation on Cellular Lightweight Concrete 

 (IJSRD/Vol. 5/Issue 02/2017/242) 

 

 All rights reserved by www.ijsrd.com 901 

6) Specific strength: 

 
Fig. 14: Specific strength 

From the above results, it is clearly evident that the 

specific strength increased significantly with both increase in 

days and also density. 

7) Fire resistance: 

 
Fig. 15: Fire resistance 

The strength variation between compressive 

strength at normal temperature and high temperature in 

foamed concrete is very less when compared to that of 

conventional concrete. This shows that, foamed concrete is 

performing considerably well in heat condensation which is 

appreciable in comparison with conventional concrete. 

8) Stress strain relationship: 

 
Fig. 16: Stress strain relationship 

From this graph, it is evident that the stress strain 

relationship curve for foamed concrete is not linear as in case 

of conventional concrete. But with increasing densities this 

graph have shown good variations. 

 
Fig. 17: Load deflection curve 

9) Cost Comparison: 

Cost comparison between Conventional concrete and 

Foamed concrete is done for a Partition wall of dimensions 

1m x 1m x 0.1m.  

S.No. Materials 
Weight 

(kg) 

Price 

(rs) 

Total cost 

(rs) 

1. Cement 47.34 7 331.38 

2. Fine Aggregate 82.37 1.62 133.44 

3. 
Coarse 

Aggregate 
110.30 0.512 56.5 

Total Cost Rs. 521 

Table 3: Cost estimation of conventional concrete 

S.No. Materials 
Weight 

(kg) 

Price 

(rs) 
Total cost (rs) 

1. Cement 20 7 140 

2. Fly ash 45 1.2 54 

3. Foaming agent 0.1 140 14 

Total Cost Rs. 208 

Table 4: Cost estimation of foamed concrete 

Hence for a wall of dimensions 1m x 1m x 0.1m, Rs. 

521 is approximately required when made with conventional 

concrete. The same wall when made with foamed concrete 

only Rs.208 is needed. Hence foamed concrete is economical.  

II. CONCLUSION 

1) The volume of foam plays a major role in determining 

the target density of the concrete. 

2) The obtained test results thus satisfy the Indian codal 

provisions i.e., IS 2185(Part 4):2004. 

3) It has been observed from the various test conducted that, 

 600kg/m3 density concrete can be used for fire 

protection and void filling. 

 900kg/m3 density concrete can be used to 

produce building blocks and non structural 

building elements. 

4) From the above results, it has been concluded that 

Mechanical properties of Foamed concrete is directly 

proportional to the density of the concrete. 
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5) From the cost comparison study, it is concluded that the 

foamed concrete is more economical for non structural 

elements when compared to conventional concrete. 
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