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Abstract— Foam concrete is a type of aerated lightweight 

concrete foam concrete does not contain coarse aggregate and 

can be regarded as an aerated mortar. Foam concrete is 

produced when pre-formed foam is added to slurry, the 

function of foam is to create an air voids in cement–based 

slurry. Foam is generated separately by using foam generator; 

the foaming agent is diluted with water and aerated to create 

the foam. The cement paste or slurry set around the foam 

bubbles and when the foam being to degenerate, the paste has 

sufficient strength to maintain its shape around the air voids. 

The foam concrete mixture becomes too stiff with lower 

content, causing bubbles to break, whereas the mixtures 

becomes too thin to hold the bubbles with high water content, 

leading to the separation of bubbles from the mixture, water-

cement (w/c) ratio usually ranges from 0.4–1.3. Foam 

concrete can be designed to have any density within the dry 

density range of 300–1850 kg/m3. In this investigation two 

foam concrete mixtures are produced with and without 

reinforcement and attempts have been made for selecting the 

proportions of foam concrete mix for the target plastic density 

of 1900 kg/m3. The specimens are prepared and tested for 

mixtures, then their physical (Density) as well as specific 

structural (Compressive Strength) properties were 

investigated, Specific Strength and Percentage Strength gain 

for foamed concrete is compared with normal weight 

concrete and the results are reported. The design and 

experimental investigation on behavior of reinforced foam 

concrete beam. Based on the result Ductility and Moment 

curvature curve was found out for beam.  

Key words: Density, Stiffness, Workability, Reduction of 
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I. INTRODUCTION 

Foam concrete is a mixture of cement, fine sand, water and 

special foam which once hardened results in a strong, 

lightweight concrete containing millions of evenly 

distributed, consistently sized air bubbles or cells. The 

density of FC is determined by the amount of foam added to 

the basic cement and sand mixture. Foam concrete is both fire 

and water resistant. It possesses high (impact and air-borne) 

sound and thermal insulation properties. 

Foam concrete is similar to conventional concrete as 

it uses the same ingredients. However, foam concrete differs 

from conventional concrete in that the use of aggregates in 

the former is eliminated. The difference between foam 

concrete and normal concrete is the use of aggregate in the 

foam concrete is eliminated and been replaced by the 

homogeneous cells created by air in the form of small bubble 

which utilize a stable air cell structure rather than tradition 

aggregates. 

It can be categorized as cellular material because it 

contains a higher amount of pores. Based on its morphology, 

foam concrete can be easily known as cellular material and 

the behavior must be same as cellular solid behavior. 

Foam concrete is produced when foam is added to 

cement-based slurry. The foaming agent is diluted with water 

and aerated to create the foam. The cement paste or slurry sets 

around the foam bubbles and when the foam being to 

degenerate, the paste has sufficient strength to maintain its 

shape around the voids. The quality of foamed concrete is 

depends on the quality of foam, so that the foam is very 

important factor for the foamed concrete. 

To ensure that the desired percentage of air is 

entrained in the mixture pre-foaming, where the foaming 

agent is aerated before being added to the mixture, is 

recommended. 

To study the influence of Physical and Mechanical 

properties of foamed concrete. 

To study the flexural behavior of foamed concrete 

with that of conventional concrete. 

To work out the deflection comparison between 

reinforced conventional and foamed concrete. 

A. Materials used 

The materials used for making foam based foam concrete 

specimens are light weight foaming agent as the source 

material, fine aggregate the filler 

1) Foaming agent: 

A foam is a substance formed by trapping pockets of gas in a 

liquid or solid. A bath sponge and the head on a glass of beer 

are examples of foams. In most foams, the volume of gas is 

large, with thin films of liquid or solid separating the regions 

of gas. 

Solid foams can be closed-cell or open-cell. In 

closed-cell foam, the gas forms discrete pockets, each 

completely surrounded by the solid material. In open-cell 

foam, gas pockets connect to each other. A bath sponge is an 

example of an open-cell foam: water easily flows through the 

entire structure, displacing the air. A camping mat is an 

example of a closed-cell foam: gas pockets are sealed from 

each other so the mat cannot soak up water. 

Foams are examples of dispersed media. In general, 

gas is present, so it divides into gas bubbles of different sizes 

separated by liquid regions that may form films, thinner and 

thinner when the liquid phase drains out of the system films. 

When the principal scale is small, i.e., for a very fine foam, 

this dispersed medium can be considered a type of colloid. 

Foam can also refer to something that is analogous to foam, 

such as quantum foam, polyurethane foam (foam rubber), 

XPS foam, polystyrene, phenolic, or many other 

manufactured foams. 

Foaming agent used in the investigation is animal 

protein based. Foaming used in the study was manufactured 

by Acuro Organics’ Ltd, New Delhi Bee Chemicals. 

Specifications of foaming agent as given by the supplier are 
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given in the following table. The properties of foaming agent 

were analyzed in accordance with the procedure laid down 

and were presented in Table I. 

Parameter Values 

Physical state White Colour 

pH 9 - 10 

Specific gravity 1.22 

stability Stable under normal conditions 

Table 1: Foaming Agent 

2) Sand: 

In the present investigation, the sand, which was available 

near trichy, which belong zone II was used as fine aggregate 

and the following tests were carried out. 

Properties Value 

Specific gravity 2.89 

Size Passing through 4.75 mm Sieve 

Table 2: Properties of Sand 

3) Water: 

In the present investigation, portable water was used as said 

IS 56-2000 for the plain and reinforced cement concrete. 

4) Cement: 

Portland pozzolana cement of 43 grade conforming IS: 1489-

1991, water must be potable protein 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 III. 

Sl.No. Characteristics 

Requirement 

As per IS: 1489- 

1991 

Result 

1. Specific gravity 3.12 – 3.19 3.12 

2. Fineness < 10% 4% 

3. 
Standard 

consistency 
26% – 33% 31% 

4. Initial setting time 20 - 30 mins 
27 

mins 

Table 3: Properties of Cement 

B. Mix Design 

Since there are no standards for mix proportioning of foam 

concrete, this project is carried out with the formulation of the 

design procedure. Let W, C, S be the weight of water, cement, 

sand in kg/m3 and Q be the Volume of foam in liters/m3. The 

Possible parameters are chosen in such a way that it must 

have effect on compressive strength with basic scientific 

reason. 

From the literatures we came to know that density is 

the primary factor to be considered. The compressive strength 

decreases exponentially with reduction in density of foam 

concrete. The reason behind is that the other parameters like 

sand cement ratio and foam percentage has indirect effect on 

density of the mix. It is concluded that density should be used 

for mix designing. So first stage of mix design is target 

density rather than target mean strength in conventional 

concrete. 

Weight based mix proportion is meaningless in 

proportioning materials for foam concrete, as hardened 

density varies by up to 10% depending on its free pore 

saturation level, it can be difficult to establish a true unit 

volume of foamed concrete [ASTM C869 / C869M-11] .Thus 

foamed concrete is proportioned on a volume basis. 

Assuming W/C and Sand/cement ratio, the cement content is 

obtained 

Target density = cement content(C) + Water content 

(w)+Fine Aggregate (F) 

To get the volume of foam: 

V ( concrete) = V(foam) + V(cement) + v(sand) + v(water) 

1 m3            = V(foam) + Wc/(Sc x Dw) + Ww/(Sw x Dw) + 

Ws/(Ss x Dw) 

Where, 

Wc- Weight of cement 

Ws- Weight of sand 

Ww-Weight of water 

Dw- Density of water 

Sc- Specific gravity of cement 

Sw- Specific gravity of water 

Ss- Specific gravity of sand 

The proportion of each materials to be added is 

obtained from two different companies for manufacture of 

foam concrete. The volume of foam is calculated using the 

above equations. The general method of mix design is done 

by various trial and error procedures in site. 

1) Selection of mix proportion: 

 To achieve high ductility of FC, the mix design should 

be based on the following consideration. 

 The binder ratio should be least as possible. 

 The workability of concrete mix should be enough to 

obtain good compaction. 

 The transition zone between fine aggregate and binder 

should be strengthened 

Density 

(kg/m3) 

Cement 

content 

(kg/m3) 

Sand 

content 

(kg/m3) 

Water 

(kg/m3) 

`Foam 

volume 

(kg/m3) 

1000 320 790 120 507 

1400 400 800 200 373 

Table 4: Mix-Design for Control Specimen 

C. Casting of Specimen 

Production of foamed concrete includes series of steps; 

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. 

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. 

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. Foam for foamed concrete is made from a 

concentrated Foaming Agent. 
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Fig. 1: Making of foam 

The foam is made using a foam generator. In the 

foam generator the foaming agent is diluted in water to make 

a pre-foaming solution and then the pre-foaming solution is 

expanded with air into foam. The bubbles are stable and able 

to resist the physical and chemical forces imposed during 

mixing, placing and hardening of the foamed concrete. 

Between 75 and 85% of the bubbles are of 0.3 to 1.5 mm in 

diameter 

 
Fig. 2: mixing of foam concrete 

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. 

 
Fig. 3: mould with reinforcement 

 
Fig. 4: placing of concrete 

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. curing process is done in curing tank. 

.  

Fig. 5: 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 

1) Fresh Density Test: 

A fresh lightweight concrete is filled in a mould container and 

kept in weighing machine. By slightly tapping at the sides of 

the mould, compaction is done. Excess concrete is struck off 

and the mould is wiped off. The weight thus obtained gives 

the fresh density of concrete. 

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 

Dry density = dry mass of specimen / volume of specimen 

3) Water Absorption: 

The water absorption is determined for a specimen of 

dimension of 150mm x 150mm x 150 mm. 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 

Water Absorption = (B-A/A) x 100 
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Where, 

A = Mass of dried specimen, kg 

B = Mass of saturated sample, kg 

4) Compressive strength 

The compressive strength of concrete is one of the most 

important properties of concrete. In this test 

150x150x150mm concrete cubes were cast, by using 25 MPa 

concrete. The mixing was done by cubes were demoulded and 

placed under water and cured for 28 days. Then the cubes 

were tested for their crushing strength at 7,14 and 28 days. As 

per IS:4031:1968, load was applied at the rate of 140kN/min. 

σc = P/A 

Where, 

σc = Compressive strength, N/mm2 

P  = Load , N 

A = Area of specimen, mm2 

 
Fig. 6: Compressive strength test 

5) Split tensile test 

The test is carried out in a cylindrical specimen of 150mm 

diameter and 300mm length. The cylindrical specimen is 

placed horizontally between the loading surface of a 

compression testing machine and the load is applied until 

failure of cylinder, along the vertical diameter. The split 

tensile strength is given by the formula 2P / (πdl) and the 

stress value is in N/mm2. Where P – The ultimate load at 

which the cylinder fails. d, l – The diameter and length of the 

cylinder 

Split tensile strength = 2 P / ( Π d l) 

Where, 

P = Compressive load on cylinder 

l  = length of the cylinder       = 300mm 

d  = diameter of the cylinder    = 150mm 

 
Fig. 7: Split tensile strength test 

6) Flexural strength: 

Concrete is relatively strong in compression and weak in 

tension. Direct measurement of tensile strength of concrete is 

difficult. Concrete beams of size 500x100x100mm are found 

to be dependable to measure flexural strength property of 

concrete. The systems of loading used in finding out flexural 

strength are central point loading and third point loading. The 

testing machine may be of any reliable type of sufficient 

capacity for the tests and capable of applying the load at the 

rate specified. Flexural strength is expressed as modulus of 

rupture which is given by M/Z. Where M – the maximum 

moment that the beam can carry and Z – The modulus of 

section 

 
Fig. 8: Flexural strength test 

E. RESULTS AND DISCUSSION 

1) Compressive strength: 

Sl. 

no. 

Age 

(Days) 

Compressive Strength (N/mm2) 

MS 1 MS2 CS 

1 7 7.41 8.28 12.54 

2 14 9.25 10.70 18.65 

3 28 12.64 13.52 26.87 

Table 5: Compressive Strength of Concrete 

From this study, it is concluded that the compressive strength 

of foam 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 

 
Fig. 9: compressive strength 

2) Split tensile strength: 

Sl.no. 
Age 

(days) 

Split tensile strength (N/mm2) 

MS 1 MS 2 CS 
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1 7 0.45 0.53 0.72 

2 14 0.74 0.77 1.54 

3 28 1.23 1.29 2.96 

Table 6: Split Strength of Concrete 

 
Fig. 10: Split tensile strength 

3) Flexural Strength: 

The performance of foamed concrete under flexure is 

satisfactory. Though the above mixes can be used for 

structural applications such as beams, sunshades which in 

turn reduces the self-weight due to reduction in aggregate 

used in the structural elements due to lesser dead loads. 

II. EXPERIMENTAL RESULTS FOR R.C.C BEAMS 

A. Load and Deflection for Conventional RCC Beam 

The deflection was measured at three points using the dial 

gauge, one at the mid span and other two at one-third point 

from the support. The deflection increased according to load 

increases. 

Sl.No. 
Load 

kN. 

Deflection 

in mm (at centre) 

1 5 0.95 

2 10 1.68 

3 15 2.76 

4 20 3.94 

5 25 4.73 

6 30 5.83 

7 35 7.85 

8 38 9.23 

Table 7: Load and Deflection for Conventional RCC Beam 

 
Fig. 11: Load deflection curve for conventional concrete 

beam 

B. Load and Deflection for Reinforced Foam Concrete 

Beam 

The deflection was measured at three points using the dial 

gauge, one at the mid span and other two at one-third point 

from the support. The deflection increased according to load 

increases. Load and Displacement values for reinforced foam 

Concrete Beam are shown below in tables. 

Sl.No. 
load 

kN 

Deflection 

in mm (at centre) 

1 0 0 

2 5 0.5 

3 10 1.7 

4 15 3.5 

5 20 5.1 

6 25 6.5 

7 28 7.18 

Table 8: Load and Deflection for RFC Beam for MS1 

 
Fig. 12: Load and deflection curve for RFC beam for MS1 

Sl.No 
Load 

kN 

Deflection 

in mm (at centre) 

1 0 0 

2 5 1.5 

3 10 2.7 

4 15 3.54 

5 20 4.78 

6 25 5.52 

7 30 7.19 

Table 9: Load and Deflection for RFC Beam for MS2 

 
Fig. 13: Load and deflection curve for RFC beam for MS2 
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Sl.No. 
Load 

kN. 

Deflection 

in mm (at centre) 

1 0 0 

2 5 0.5 

3 10 1.40 

4 15 2.30 

5 20 3.75 

6 25 4.95 

7 30 6.55 

8 32 8.45 

Table 10: Load and Deflection for RFC Beam for MS3 

 
Fig14. Load and Deflection curve for RFC beam for MS3 

C. Comparison between conventional and main specimen 

 
Fig. 15: Comparison load and deflection curve for rfc beam 

for all beams 

III. CONCLUSION 

 The Density of Foamed Concrete is inversely 

proportional to the percentage of foam that is added to 

the slurry/mortar. 

 The Compressive Strength and Density of Foam 

Concrete increases with age. 

 The Compressive Strength of Foamed Concrete 

increases with increase in the Density. 

 Fine aggregate had a beneficial effect on significantly 

increase in Compressive Strength of Foamed Concrete. 

 De-moulding of higher density foamed concrete panels 

is possible after 24 hours but it requires minimum 3 days 

for lower density foamed concrete panels. 

 The starting of Strength gain for foamed concrete is on 

higher side than that of normal weight concrete and 

Strength gain beyond 28 days is faster than normal 

weight concrete. 

 This study has shown that the use of foaming agent in 

Foam Concrete, can be greatly reduce the weight. 

 The mixed proportion for foamed concrete used in this 

report be used for structural purpose because 

reinforcement is used to beam it improves the Strength. 

 Improved structural efficiency in terms of strength to 

density ratio resulting load reduction on the structure and 

substructure. 

 Strength to Density ratio is much higher for foam 

concrete mix compared to conventional concrete. 

 The study demonstrated that the design provisions 

contained in IS 456-2000 are applicable to reinforced 

foam concrete beam. 

 Strength and density is smaller compared to the 

conventional concrete 
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