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Abstract 

Aerated concrete is a lightweight, cellular material consisting of cement or lime and sand or other silicious material. It is made 

by either a physical or a chemical process during which either air or gas is introduced into a slurry, which generally contains no 

coarse material. Usual methods of aeration are by mixing in stabilized foam or by whipping air in with the aid of an air 

entraining agent. Aerated concrete has many advantages when compared with conventional concrete such as reduced dead load, 

lower coefficient of thermal expansion, good sound insulation as a result of air voids with in aerated concrete. In this study 

aluminium powder is used as the air entraining agent. This study aims to develop an aerated concrete with partial replacement of 

cement with fly ash and fine aggregate with rubber powder. Rubber powder used for this study is made from used tyres of 

vehicles. The work also includes the evaluation of mechanical properties of aerated concrete. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Lightweight concrete (LWC) is of extreme importance to the construction industry. Lightweight concrete can be defined as a 

type of concrete which includes an expanding agent in it, that increases the volume of the mixture while giving additional 

qualities such as lessen the dead weight. It is lighter than the conventional concrete. The other main specialties of lightweight 

concrete are its low density and thermal conductivity. So, its advantages are that there is a reduction of dead load, faster building 

rates in construction and lower transport and handling costs.  

Aerated concrete is a lightweight, cellular material consisting of cement and/or lime and sand or other silicious material. It is 

made by either a physical or a chemical process during which either air or gas is introduced into a slurry, which generally 

contains no coarse material. Usual methods of aeration are by mixing in stabilized foam or by whipping air in with the aid of an 

air entraining agent. They are usually made by the addition of about 0.2 percent aluminum powder to the mix which reacts with 

alkaline substances in the binder forming hydrogen bubbles. Aerated concrete has a substantial advantage in facilitating the 

manufacturing process and reducing the cost of products. The properties of aerated concrete are studied in this work.Currently, 

waste materials resulting from various physical and chemical processes are the most important challenge in the industrial 

and developing countries. Extensive investigations on wastage recycling are being implemented to minimize the environmental 

damages. In this regard, construction investigators, like other recycling and production industries, have also achieved advances 

in using these waste materials. One of the non-recyclable materials enters the environment is automotive used tyres. 

Investigations show that used tyres are composed of materials which do not decompose under environmental. In this study fly 

ash is used as a supplementary cementing material and waste rubber from used tyres is used as a partial replacement solution for 

fine aggregate. 

II. OBJECTIVES OF THE STUDY 

 To find out the optimum percentage replacement of cement with fly ash. 

 To find out the optimum percentage addition of aluminium powder. 

 To find out the optimum percentage replacement of fine aggregate with rubber powder. 

 To develop an aerated concrete with partial replacement of cement with fly ash and fine aggregate with rubber powder. 

 To investigate the density and compressive strength of the aerated concrete. 

III. SCOPE OF THE STUDY 

 Study is limited to cement to fine aggregate ratio of 1:2. 

 Study is limited to the partial replacement of cement with fly ash and fine aggregate with rubber powder. 

 Study is limited to the use of aluminium powder as the air entraining agent. 
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 The addition of aluminium powder is limited from 0.25% to 2% by weight of cement. 

 The replacement of cement with fly ash is limited from 15% to 30% by volume of cement. 

 The replacement of fine aggregate with rubber powder is limited from 5% to 15% by weight of fine aggregate. 

IV. METHODOLOGY 

1) Finding the optimum percentage of fly ash as cement replacement. 

2) Finding the optimum percentage of air entraining agent for aerated concrete. 

3) Finding the optimum percentage of rubber powder as fine aggregate replacement. 

4) Finding the compressive strength and respective densities of aerated concrete. 

 Percentage of cement replacement with flyash : 15, 20, 25,30 % by volume of cement  

 Addition of aluminium powder: 0.1, 0.25, 0.50, 0.75, 1.0, 1.25, 1.5, 1.75, 2.0 % by weight of cement 

 Percentage of fine aggregate replacement with rubber powder: 5,10, 15 % by weight of fine aggregate 

 Test days:  7 and 28 days. 

V. MIX PROPORTIONING 

The study on the properties of aerated concrete is confineed only to 1:2 cement:fine aggregate  ratio. 

VI. MATERIALS 

 Cement 

Ordinary Portland cement of 53 grade conforming to IS specification [16] is used in this study. The results of various tests 

conducted on cement [17] are tabulated in Table 1. 
Table – 1 

Physical Properties of Cement 

SI.NO. Properties Values IS Specifications 

1 Specific gravity 3.12 3.12 - 3.14   [17] 

2 Standard consistency 32% 26% - 33%  [17] 

3 Initial setting time 76 min > 30 min      [16] 

4 Final setting time 360 min < 600 min    [16] 

5 Fineness 3.07 % < 10%          [16] 

6 Average compressive strength (MPa) 53.2N/mm2 ≥ 53N/mm2   [16] 

 Fine Aggregate 

Fine aggregate is the inert or chemically inactive material, most of which passes through a 4.75 mm sieve and contains not 

more than 5% coarser material. Fine sand conforming to IS code [18] is to be used in this study. Various tests were conducted 

on fine aggregate according to IS code [19] and are tabulated in Table 2.  
Table – 2 

Physical Properties of Fine Aggregate 

SI.NO. Properties Values IS Specifications 

1 Specific gravity 2.75 2.6 – 2.8 [19] 

2 Water absorption 4 % < 12%    [19] 

3 Fineness modulus 3.98 2 – 3.5    [19] 

4 Grading zone Zone II [19] 

 Fly Ash 

Fly ash, the most widely used supplementary cementations material in concrete, is a byproduct of the combustion of pulverized 

coal in electric power generating plants. The particle sizes in fly ash vary from less than 1μm (micrometer) to more than 100 

μm with the typical particle size measuring under 20μm. Fly ash selected for this study is low calcium (ASTM Class F) Fly 

ash. The specific gravity of Fly ash as provided by supplier is 2.2. 

 Rubber Powder 

Rubber Powder selected for the study is made from used tyres of vehicles. With the increasing number of cars and trucks all 

over the Powder for the study is collected from MIDAS Tyres, Kottayam. 
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 Aluminium Powder 

Aluminium powder is a commonly using aerating agent. Aluminium powder used for the study are has a particle size of 

200 mesh. The manufactures are NICE CHEMICALS Pvt Ltd, Kerala. It is a fine, uniform, smooth metallic powder free from 

aggregates. Aluminium powder creates air pores in the concrete and thus makes the concrete aerated. 

 Water 

The water used in this study was potable water. The water used for concreting should have the pH value lying between 6 and 

8 and should be free from organic matter. 

 Super plasticizer 

Super plasticizer is a chemical admixture. The purpose of adding superplasticizer is to produce more workable and flowable mix 

using lower water content. The permeability of the concrete is also reduced with introduction of superplasticizer because of 

lower water content ratio that produces capillary pores. The superplaticizer used in the study is MasterGlenium SKY 8233 

supplied by BASF. 

VII. RESULTS AND DISCUSSIONS 

 Percentage Variation of Fly Ash 

 Density 

The wet and dry densities of specimens with different percentages of cement replacement using fly ash are calculated at 7 and 28 

days of curing. Table 3 shows wet and dry densities of specimens with various percentages of fly ash.  
Table – 3 

Wet and Dry Densities of Specimens with Various Percentages of Fly Ash 

Mix ID Fly Ash (% by vol of cement) Wet Density (kg/m3) 
Dry Density (kg/m3) 

7 days 28 days 

CM 0 % 2246.78 2129.47 2119.45 

F15 15 % 2044.92 1894.54 1881.75 

F20 20 % 2017.91 1872.21 1859.11 

F25 25 % 1981.53 1846.72 1835.62 

F30 30 % 1973.25 1828.65 1817.34 

Table 3 shows that there is a decrease in density of concrete as the percentage of fly ash content increases. This reduction in 

densities is due to the low specific gravity of fly ash. It indicates that fly ash can be added to the concrete to reduce the density of 

concrete. 

 Compressive Strength 

The specimens with varying dosages of fly ash content were tested for compressive strength at 7 and 28 days of curing and the 

results are tabulated in Table 4. 
Table – 4 

Compressive Strength of Various Percentages of Fly Ash 

Mix ID Fly Ash (% by vol of cement) Compressive Strength (N/mm
2

) 

7 Days 28 Days 

CM 0 % 27.22 40.22 

F15 15 % 16.76 23.33 

F20 20 % 18.84 29.18 

F25 25 % 14.81 18.70 

F30 30 % 9.97 12.27 

From Table 4, mixes having 20% cement replacement with fly ash had higher strength than other mixes. This higher strength 

at 20% is due to the pozzolanic activity of fly ash.  

 Percentage Variation of Aluminium Powder 

 Density 

The wet and dry densities of specimens with different dosages of aluminium powder were calculated at 7 and 28 days of curing.  

Table 5 shows wet and dry densities of specimens with various percentages of aluminium powder.  
Table – 5 

Wet and Dry densities of Specimens with Various Percentages ofAluminium Powder 

Mix ID 
Aluminium Powder 

(% by wt. of cement) 

Wet Density 

(kg/m3) 

Dry Density (kg/m3) 

7 days 28 days 

CM 0 % 2246.78 2129.47 2119.45 

Al 0.25 0.25 % 1941.18 1797.96 1785.64 
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Al 0.5 0.5 % 1927.49 1778.34 1765.96 

Al 0.75 0.75 % 1901.56 1762.41 1749.36 

Al 1.0 1.0 % 1877.29 1744.42 1736.57 

Al 1.25 1.25 % 1858.14 1730.75 1722.29 

Al 1.5 1.5 % 1837.27 1710.67 1701.33 

Al 1.75 1.75 % 1811.35 1684.97 1676.96 

Al 2.0 2.0 % 1779.63 1657.96 1650.43 

Table 5 shows that, with different percentage addition of aluminium powder, there is a reduction in density compared to 

conventional concrete. This reduction in density is due to the presence of tiny air bubbles, which are created on addition of 

aluminium powder.  As the percentage of aluminium powder addition increases, the weight of concrete get decreased which 

makes it more light weight. 

 Compressive Strength 

The specimens with varying dosages of aluminium powder were tested for compressive strength at 7 day and 28 days curing and 

the results are tabulated in Table 6. 
Table – 6 

Compressive Strength of Various Percentages of Aluminium Powder 

Mix ID 
Aluminium Powder 

(% by wt. of cement) 
Compressive Strength (N/mm

2
) 

7 Days 28 Days 

CM 0 % 27.22 40.22 

Al 0.25 0.25 % 17.91 22.12 

Al 0.5 0.5 % 14.11 18.1 

Al 0.75 0.75 % 11.59 15.78 

Al 1.0 1.0 % 10.05 14.07 

Al 1.25 1.25 % 8.47 11.92 

Al 1.5 1.5 % 7.32 10.54 

Al 1.75 1.75 % 6.18 8.83 

Al 2.0 2.0 % 5.5 7.97 

From Table 6 , it can be noticed that as aluminium powder addition increases strength decreases. Mixes with 0.25% 

aluminium powder addition had higher strength than other mixes.  

 Replacement of Fine Aggregate with Rubber Powder 

In this, specimens are casted with varying the percentage of rubber powder keeping fly ash at 20% replacement and aluminium 

powder at 0.25% and 0.5% addition. 

Percentage Replacement of Sand with Rubber Powder keeping Fly Ash at 20% Replacement and Aluminium Powder at 0.25% 

and 0.5% Addition 

 Density 

The specimens are cast with different percentages of rubber powder, keeping fly ash at 20% and aluminium powder at 0.25% and 

0.5% addition. Table 7 shows wet and dry densities of the specimens at 7 and 28 days of curing.  
Table – 7 

Wet and Dry Densities of the Specimens with Different Percentages of Rubber Powder (Fly Ash 20%) 

Mix ID 
Aluminium Powder 

(% by wt. of cement) 

Rubber Powder 

(% by wt. of sand) 

Wet Density 

(kg/m3) 

Dry Density (kg/m3) 

7 days 28 days 

FA1 R5 

0.25% 

5 % 1777.05 1650.81 1639.54 

FA1R10 10 % 1728.95 1598.77 1591.09 

FA1R15 15 % 1707.23 1580.02 1574.63 

FA2 R5 

0.5% 

5 % 1753.45 1620.44 1614.67 

FA2R10 10 % 1709.14 1579.89 1575.11 

FA2R15 15 % 1697.63 1567.76 1562.61 

From Table7, it can be observed that the densities of aerated concrete decreases with the increase of rubber powder content for 

both 0.25% aluminium content and 0.5% of aluminium content. The addition of rubber powder contributes towards reduction in 

the weight of the specimens. This reduction is due to the low density of rubber powder. 

 Compressive Strength 

The specimens with varying percentage of sand replacement with rubber powder, keeping fly ash at 20% and aluminium powder 

at 0.25% and 0.5% were tested for compressive strength at 7 and 28 days of curing and the results are tabulated in table 8.  
Table – 8 

Compressive Strength of Various Percentages of Rubber Powder (Fly Ash 20%) 

Mix ID 
Aluminium Powder 

(% by wt. of cement) 

Rubber Powder 

(% by wt. of cement) 
Compressive Strength (N/mm

2
) 

7 days 28 days 

FA1 R5  5 % 6.85 8.96 
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FA1R10 0.25% 10 % 4.58 6.23 

FA1R15 15 % 3.7 5.03 

FA2 R5 
 

0.5% 

5 % 5.503 7.425 

FA2R10 10 % 3.62 5.04 

FA2R15 15 % 3.26 4.48 

From Table 8, it can be noticed that, with the addition of rubber powder, the aerated concrete specimen shows significant 

decrease in compressive strength. This reduction in strength is due to the less bonding property of rubber. Mixes with 5% sand 

replacement with rubber powder had highest strength than other mixes. Mixes with 0.25% aluminium content gave higher 

strength than mixes with 0.5% aluminium content. 

VIII. CONCLUSIONS 

From the study of aerated light weight concrete it is found out that fly ash and rubber powder which are waste products have 

sufficient potential as the replacement for cement and sand respectively for making light weight blocks with lesser density and 

better strength. Following are the conclusions derived from experimental results: 

 It is possible to produce concrete with strength up to 29 MPa by partially replacing cement with fly ash up to 20%. Also, it 

reduces the density of concrete by 12%. 

 By varying the quantity of aluminium powder, the density and compressive strength of aerated concrete decreases with the 

increase in aluminium powder addition.  

 When the fly ash content was increased in the mix, the density of aerated concrete decreased due to the low specific gravity 

of fly ash. 

 Replacement of sand with waste rubber powder, makes the aerated concrete much less denser. Compressive strength also get 

reduced with increase of rubber powder content. Optimum replacement percentage obtained is 5% by weight of sand.  

 Aerated concrete with fly ash and rubber powder gives much less denser concrete with strength in the range of 5 to 10 MPa. 

 Fly ash and rubber powder used in concrete production enables the large utilization of waste product, which can reduce 

energy costs in processing of natural materials, reduced land disposal and reduced greenhouse gases. 
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