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Abstract:  Foamed concrete is an inexpensive, sustainable product with competence as promising construction material. FC has 

become popular due to its varying densities enabling dead load reduction, leading to saving in substructure construction. The 

quantity of foam included in the cement slurry is the principal source of the density of foam concrete. Twelve mixes of different 

densities (400kg/m3, 700kg/m3 and 1000kg/m3) with/without additives (fly ash, silica fume and polypropylene fiber) are casted 

and tested for compressive strength at age of 28 days. The SF and FA are replaced at a level of 15% and PPF is included at a 

volume fraction of 0.45. Tests were conducted on cubical specimens for different mix combinations and compared with control 

FC. The foam concrete strength declines with reducing density.  The experimental results reveal an enrichment in the compressive 

strength with addition of polypropylene fibers. In addition, the compressive strength is improved with addition of fly ash and 

silica fume. 

 

Index Terms - Foamed Concrete (FC), Cellular Light-weight Concrete (CLC), Polypropylene fiber (PPF), Fly ash, Silica 

fume 
 

I. INTRODUCTION 

Foamed concrete (FC), otherwise said to be CLC (Cellular Light-weight Concrete) has come into limelight with its eco-

friendly and cost-saving techniques. The accelerated demand in the construction merged with sustainability has led foamed 

concrete gain its prominence. The potentiality of FC varies from providing sound and thermal insulations, and also for load-

bearing structures by means of density ranging from 400 to 1800 kg/m3. This density property is governed by addition of foam 

into cement slurry, with and without aggregates. From the viewpoint of materials, CLC is diversified to conventional concrete 

with no coarse aggregates, thereby generating the lightweight property to it. The reduced load by virtue of its regulated self-

weight and its exceptional self-flowability, self-compactability properties has made foam concrete as renowned construction 

material, particularly in underground engineering. This contribution is due to the foam developed utilizing foam generator and 

then mixing it with cement slurry.  Fiber addition does not modify the insulation properties of FC but improves its compressive 

strength. FC supports in utilization of waste disposal from thermal power plants by substituting cement with fly ash. With an 

escalation in environmental concerns, foamed concrete can be suggested as an option fulfilling sustainability criteria. Similarly, 

disposal of silica fume, which is by-product of electric arc furnace, can be hazardous causing environmental concern. These 

waste products, fly ash and silica fume can become an added advantage to the construction industry due to their pozzolanic 

properties. The primary purpose of this study is to investigate the compressive strength of FC for different density ranges 

excluding and including addition of fibers and pozzolanic materials.  

II. MATERIALS 

Cement: -  

53 grade ordinary Portland cement is used for the all the specimens casted to conduct the experiment.  

 

Foaming agent: - 

Foamed concrete can be produced by two methods.  (a) Pre-foaming (b) Mixed-foaming. The available foams have two 

sources (a) Protein based (b) Synthetic based. In this study, protein-based foam is adopted and foam concrete is prepared using 

pre-foaming method.  

 

Water: - Water used in the conduct of experiment is normal drinking water. 

 

Binders: - Fly ash and Silica fume are used in different mixes as binders.  

(a) Fly ash: - Class F fly ash from Ramagundam thermal power plant is used.  

(b) Silica Fume (SF): - The used SF is manufactured by Sika. It is an extremely fine black greyish pozzolanic powder 

whose particle size is almost less than 1µm. 

Polypropylene fibers (PPF): - It is a light-weight synthetic fiber whose specific gravity is 0.90 
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Table – 1: Specific Gravity of materials used 

Materials used Specific Gravity 

Cement 3.11 

Foaming Agent 0.97 

Flyash 2.10 

Silica Fume 2.21 

Polypropylene fibers (PPF) 0.90 

III. MIX DESIGN 

Standard method of mix design is not available for foamed concrete. The proportion of the mixes is preferred based on 

the density requirement. While the foam concrete mix proportions are finalized, the target density, water-binder ratios are 

considered. The fly ash or other pozzolana-cement ratios, the fiber volume fractions are also to be planned for, if applicable.  

IV. EXPERIMENTAL PROGRAMME 

There are three modules in the study carried out. In the first one, plain foam concrete prepared using cement, foaming 

agent and water is mixed with PPF. In the second section, 15% flyash replacing cement, is also included as an ingredient along 

the basic constituents of FC and PPF. In the third module, 15% of Silica fume replaces cement and is thoroughly mixed with 

plain PF and PPF.  Cubes were casted and tested for all the three segments for varying target dry densities as 400kg/m3, 

700kg/m3 and 1000kg/m3. The water binder ratio used in the study is kept constant as 0.35 and the volume fraction of 

polypropylene fibers is maintained as 0.45 for all the cases. Cubical specimen of size 150 mm is casted and examined for 

compressive strength on the 28th day as an average of three specimens.  

 

Table 2: - Mean Compressive Strength at 28 days 

Mix 

parameters 

Mix 

Description 

Target 

Density 

Mean Compressive 

Strength (N/mm2) 

FC FC-400 400 0.95 

FC-700 700 2.84 

FC-1000 1000 4.53 

FC + PPF  PF-400 400 1.98 

PF-700 700 4.27 

PF-1000 1000 11.64 

FC + PPF + 

15% FA 

FAPF -400 400 1.51 

FAPF-700 700 3.92 

FAPF-1000 1000 10.33 

FC + PPF + 

15% SF 

SFPF-400 400 1.21 

SFPF-700 700 3.06 

SFPF-1000 1000 9.29 

 

  

Graph 1: - Mean Compressive Strength at 28 days 

 

 

- 

0.95

1.98
1.51 1.21

2.84

4.27
3.92

3.06

4.53

11.64

10.33

9.29

0

2

4

6

8

10

12

14

FC FC + PPF FC +PPF + 15% FA FC + PPF + 15% SF

M
ea

n
 C

o
m

p
re

ss
iv

e 
S

tr
en

g
th

 (
N

/m
m

2
)

Mix description

Target dry density 400 kg/m3 Target dry density 700 kg/m3 Target dry density 1000 kg/m3
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V. CONCLUSIONS 

1. The density of FC is altered by the quantity of foaming agent in the mix. 

2. Reduction in density of FC drops the value of its compressive strength. 

3. Compressive strength enhances with incorporation of polypropylene fibers. 

4. When Silica fume replaces cement, there is an improvement in the compressive strength but marked improvement may be 

obtained in the long run due to its pozzolanic effect. 

5. The strength improvement with addition of fly ash is evident in higher density FC. This is because the volume of foam 

regulates the strength of FC. 

6. There is a minimal reduction in the compressive strength by addition of 15% fly ash and 15% silica fume to FC + PPF 

concrete.   
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