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Abstract— Wood ash bricks can be extensively used in all 

building constructional activities similar to that of burnt clay 

bricks. But they are weaker than normal clay bricks. Wood 

ash is the by-product of the combustion from the wood fire 

boilers at a typical paper mills and other wood burning 

facilities. Fly ash is the by-product of coal combustion 

collected by the mechanical or electrostatic precipitator (ESP) 

before the fuel gases reach the chimneys of thermal power 

station in very large volumes. Fly ash one of the numerous 

substances that causes air, water and soil pollution, disrupt 

ecological cycles and set of environmental hazards. The 

primary raw material used for bricks is the soil, which is often 

taken from prime agricultural land. The primary object of 

present study is to investigate the compressive strength and 

water absorption on with different percentages of fly ash, 

wood ash by keeping rice husk as constant. As the percentage 

of fly ash and wood ash increases there was increase in the 

compressive strength and percentage of water absorption 

decreases. 
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I. INTRODUCTION 

A. General Introduction 

In India, bricks are usually made up of clay, and are generally 

produced in traditional, unorganized small scale industries. 

Bricks are important building material and about 140 billion 

bricks are annually produced by these industries. Brick 

making consumes larger amount of clay which leads to top 

soil removal and land degradation. Large areas of lands are 

destroyed every year especially in developing countries due 

to collection of soil from a depth of about 1 to 2 m from 

agricultural land. An important step in brick making is firing 

of bricks in brick kilns which cause serious environmental 

pollution and health problems. Brick burning largely 

influence the concentrations of greenhouse gases in the 

atmosphere. This causes serious air pollution and also 

workers in brick industries are prone to respiratory diseases 

such as silicosis, pneumonocosis and musculo-skeletal 

disorders. To avoid all this environmental threats an attempt 

was made to study the behaviour of bricks manufactured 

using, different waste materials like wood ash flyash and rice 

husk. 

 Wood ash is a by-product created during the 

combustion of wood products for energy production at pulp 

and paper mills, sawmills and wood- product manufacturing 

facilities. Wood ash is composed of both organic and 

inorganic compounds. The physical and chemical properties 

of wood ash, which determines its beneficial uses, are 

influenced by species of the wood and the combustion 

method. Due to high strength, practically no breakage during 

transport & use and to uniform size of bricks mortar required 

for joints & plaster reduces almost by 50%. 

 Rice milling generates a byproduct known as husk. 

This surrounds the paddy grain. During milling of 

paddy about 78% of weight is received as rice, broken rice 

and bran. Rest 22% of the weight of paddy is received as 

husk. This husk is used as fuel in the rice mills to generate 

steam for the parboiling process. This husk contains about 

75% organic volatile matter and the balance 25% of the 

weight of this husk is converted into ash during the firing 

process, is known as rice husk ash (RHA).  This RHA in 

turn contains around 85% - 90% amorphous silica. 

 Fly ash is the by-product of coal combustion 

collected by the mechanical or electrostatic precipitator (ESP) 

before the flue gases reach the chimneys of thermal power 

stations in very large volumes. All fly ash contain significant 

amounts of silicon dioxide (SiO2), aluminium oxide 

(Al2O3), iron oxide (Fe2O3), calcium oxide (CaO), and 

magnesium oxide (MgO) however, the actual composition 

varies from plant to plant depending on the coal burned and 

the type of burner employed. Fly ash also contains trace 

elements such as mercury, arsenic, antimony, chromium, 

selenium, lead, cadmium, nickel, and zinc. 

B. Requirements of Wood Ash Bricks as per is 12894:2002 

1) General Requirement 

 Visually the bricks shall be sound, compact and uniform 

in shape. The bricks shall be free from visible cracks, 

war-page and organic matters. 

 
Fig. 1: 

 Hand-moulded bricks of 90 mm or 70 mm height shall 

be moulded with a frog 10 to 20 mm deep on one of its 

flat sides; the shape and size of the frog shall conform to 

either Fig. A or Fig. B. Bricks of 40 or 30 mm height as 

well as those made by extrusion process may not be 

provided with frogs. 

 The bricks shall be solid and with or without frog 10 to 

20 mm deep on one of its flat side. The shape and size of 

the frog shall conform to either Fig. A or Fig. B. 

 The bricks shall have smooth rectangular faces with 

sharp corners and shall be uniform in shape and colour. 

 The bricks are manufactured and tested as per IS 12894-

2002. 

2) Dimensions 

The standard modular size of clay bricks size of wood ash 

bricks 
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Leng

th (L) 

Mm 

Widt

h 

(W) 

Mm 

Heig

ht 

(H) 

mm 
 

Length(

L) 

mm 

Width(

W) 

mm 

Height(

H) mm 

190 90 90 190 90 90 

Table 1: 

C. Comparison of Wood Ash Brick & Clay Bricks 

Sl 

N

o 

PARTICULAR

S 

WOOD ASH 

BRICKS 

CLAY 

BRICKS 

1 Colour 
Varying colour 

as per soil 

Uniform 

pleasing colour 

like cement 

2 Porous Less porous More porous 

3 
Thermal 

conductivity 

1.25 to 1.35 

W/m² ºC 

0.9 to 1.05 

W/m² ºC 

4 Plastering Required Required 

5 
Compressive 

strength 
4.85 N/mm² 4.34 N/mm² 

6 
Water 

absorption 
18%-26% 12% to 20% 

7 
Air Emission 

 

Source of 

Emission: 

 

1.Handling of 

sand and 

soil; 

2.Handling of 

coal; 

3.Combustion 

of coal; 

4.Removal of 

bricks 

from kiln; 

5.Removal and 

handling of ash 

from 

kiln; 

6.Transportatio

n of 

bricks 

 

 

Source of 

Emission: 

 

1.Handling of 

sand and 

soil; 

2.Handling of 

coal; 

3.Combustion 

of coal; 

4.Removal of 

bricks 

from kiln; 

5.Removal and 

handling of ash 

from 

kiln; 

6.Transportatio

n of 

Bricks 

8 
Heat Emission 

 

Brick firing is 

carried 

Out at 1000ºC. 

Residual heat 

of the process 

is partly used 

to raise the 

temperature of 

bricks waiting 

for firing and: 

Emission into 

atmosphere 

along with 

gases through 

stack. 

Brick firing is 

carried 

Out at 1000ºC. 

Residual heat 

of the process 

is partly used 

to raise the 

temperature of 

bricks waiting 

for firing and: 

Emission into 

atmosphere 

along with 

gases through 

stack. 

9 

Loss of soil / 

Agriculture 

Land 

Comparatively 

less when 

compared to 

clay bricks. 

 

180 billion 

tons of bricks 

are consumed 

annually, 340 

billion tons of 

clay about 

5000 acres of 

top layer of 

soil dug out for 

brick 

manufacture. 

 

Table 2: 

D. Chemical Properties of Wood Ash 

COMPOUNDS PERCENTAGE (%) 

SiO2 65.3 

Fe2O3 2.24 

CaO 9.98 

MgO 5.32 

Na2O 2.60 

K2O 1.90 

Al2o3 4.25 

Table 3: 

E. Physical Properties of Wood Ash 

Colour Brick red 

Specific Gravity 2.16 

Mean size 170μm 

Bulk density 720 kg/m3 

Table 4: 

F. Chemical Properties of Fly Ash 

COMPOUNDS PERCENTAGE (%) 

SiO2 45.98 

Al2O3 23.55 

Fe2O3 4.91 

CaO 18.67 

MgO 1.54 

Na2O 0.24 

K2O 1.80 

SO3 1.47 

Loss of ignition 2.31 

Cl 0.0053 

Free lime 0.64 

Table 5: 

II. EXPERIMENTAL INVESTIGATIONS 

A. Introduction 

This chapter deals with the experimental investigation, which 

includes the details of tests conducted to study the various 

physical properties such as compressive strength and water 

absorption test. 

B. Raw Materials 

1) Wood Ash 

Wood ash is the residue powder left after the combustion of 

wood, such as burning wood in a home fireplace or an 

industrial power plant. 
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Fig. 2: 

 
Fig. 3: 

2) Rice Husk 

Rice milling generates a byproduct known as husk. This 

surrounds the paddy grain. During milling of paddy about 

78% of weight is received as rice, broken rice and bran. Rest 

22% of the weight of paddy is received as husk. 

 
Fig. 4: 

3) Fly Ash 

Fly ash refers to the ash produced during combustion of coal. 

Pulverized fuel ash commonly known as fly ash. Fly ash is 

finely divided residue resulting from the combustion of coal 

and transported by the flue gases and collected by 

electrostatic precipitator. 

 
Fig. 5: 

4) Clay Soil 

Clay is a finely-grained natural rock or soil material that 

combines one or more clay minerals with possible traces 

of quartz (SiO2), metal oxides and organic matter. Geologic 

clay deposits are mostly composed of phyllosilicate 

minerals containing variable amounts of water trapped in the 

mineral structure. Clays are plastic due to particle size and 

geometry as well as water content, and become hard, brittle 

and non–plastic upon drying or firing. 

5) Water 

Water is an important ingredient of brick as it actually used 

for manufacturing of brick. Since it helps to bind all the raw 

materials for giving proper mix, water used for making brick 

should be free from impurities. 

C. Tests Conducted 

 Compressive strength test/Crushing strength test 

 Water absorption test 

D. Specimens 

The fly ash, lime bricks of mould19cm x 09cm x 09cm size 

with varying mix proportions of Wood ash, Rice husk ash, 

Fly ash and Clay ratio and constant water to BFS ratio of 0.4 

were casted in the lab. A total of 12 bricks specimens were 

casted & tested in the lab. 

Mix proportion of foam brick 

Taking a mix proportion of 1:4 

Size of the brick = 19cmx9cmx9cm 

Size of the brick = 0.19mx0.09mx0.09m 

= 0.001539m3 

For four brick   = 4x0.001539 

= 0.006156m3 

=  
0.006156

(7.5+1.4+1+0.1)
 

= 0.0006156m3 

8.0:1.3:0.6:0.1 

Clay = 0.0006156 x 8.0 

=4.924kg 

Fly ash = 0.0006156x1.3 

=0.800kg 

Wood ash = 0.0006156x0.6 

=0.369=0.50kg 

Rice husk=0.0006156x0.1 

=0.0615kg 

E. Table Showing Brick Specimens with Various 

Proportions 

Sl. 

No. 

Types of 

Brick 

Grade 

 

Clay: Fly ash: Wood ash: 

Rice husk 

1 
Wood ash 

brick 
A 80%:13%:06%:01% 

2 
Wood ash 

brick 
B 75%:16%:08%:01% 

3 
Wood ash 

brick 
C 70%:19%:10%:01% 

4 
Wood ash 

brick 
D 65%:22%:12%:01% 

Table 6: 

F. Table Showing Quantity Required For Brick 
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Mix proportion 8.0:1.3:0.6:0.1 7.5:1.6:0.8:0.1 7.0:1.9:1.0:0.1 6.5:2.2:1.2:0.1 

Vol of 1 brick (in )m3 

 
0.001539 0.001539 0.001539 0.001539 

Vol of 4 brick (in m3) 0.006156 0.006156 0.006156 0.006156 

Clay 

(in kg) 

 

4.924 4.62 4.31 4.00 

Fly ash(in kg) 

 
0.800 1.00 1.17 1.35 

Wood ash (in kg) 

 
0.369 0.50 0.62 0.74 

Rice husk (in kg) 0.0615 0.0615 0.0615 0.0615 

Table 7:

III. RESULTS & DISCUSSIONS 

A. Determination of Compressive Strength of Wood Ash 

bricks 

1) Tests 

Wood ash brick of size 19cmx9cmx9cm was casted and kept 

drying for 5-7 days. 

2) Measurement of Compressive Strength 

The bricks after acquiring the required drying condition, 

Place the specimen with flat faces horizontal in the 

compression testing machine. 

 The load was applied axially at the uniform rate. The 

max. Load in newton (N) before the failure occurs divided by 

the gross area of the block in Sq.mm. was taken as the 

compressive strength of the mould. 

3) Formula 

 
4) Observation Table 

Sl 

No. 

Dimensions of bricks 
Avg. area of bed surface 

(mm²) 

Max. load at failure 

(KN) 

Av. Load at failure 

(KN) 

 

Compressive 

Strength 

(N/mm²) 
Length 

(mm) 

Width 

(mm) 

Height 

(mm) 

A 190 90 90 17100 

25.00 
 

27.00 

 

1.59 
29.00 

28.00 

B 

 

 

190 

 

90 

 

90 

 

17100 

 

35.00 
 

34.60 

 

2.02 

 

36.00 

33.00 

C 
190 

 

90 

 

90 

 

17100 

 

40.00 
 

40.33 

 

2.35 

 

41.00 

40.00 

D 190 90 90 17100 

34.00 
 

33.00 

 

1.90 
32.00 

33.00 

Table 8:

 
Fig. 6: Compressive Strength vs Wood Ash Bricks Mix 

Proportions 

 

 

 

WOOD ASH BRICKS: 

Grade Clay:Flyash:Wood ash:Rice husk 

a 80%:13%:06%:1% 

b 75%:16%:08%:1% 

c 70%:19%:10%:1% 

d 65%:22%:12%:1% 

Table 9: 

B. Determination of Water Absorption 

1) Procedure 

Take the weight of dry specimen as (M1) and Immerse 

completely dried specimen in clean water at a temperature of 

27 ± 2 °C for 24 hours. 

 Remove the specimen and wipe out any traces of 

water with a damp cloth and weigh the specimen as (M2), 

Water absorption, percent by mass, after 24-hour immersion 

in cold water is given by the following formula: 
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2) Observation Table 

Sample 

 

Weight 

(dry) 

gm. 

Weight 

(wet after 24 

hr) gm 

% of water 

absorption 

 

A 1924.50 2490 29.39 

B 1815.00 2323.80 28.03 

C 1858.50 2366.60 27.34 

D 1394 1732.50 24.28 

Table 10: 

IV. CONCLUSION 

1) Clay brick manufactured with fly ash, wood ash, rice 

husk had similar appearance when compared to 

conventional clay brick. 

2) There is an increase in compressive strength of brick by 

addition of flyash, wood ash and rice husk. 

3) Maximum compressive strength was obtained was 

2.35N/mm2 for the proportion 70%:19%:10%:01% 

(Clay:Fly ash:Wood ash:Rice husk) 

4) The optimum percentage of replacement for material was 

70%:19%:10%:01% (Clay:Fly ash:Wood ash:Rice husk) 

5) The water absorption of bricks decreases with increase in 

the percentage of wood ash. 

6) Use of wood ash & fly ash in manufacturing bricks 

reduces the disposal problem & environmental pollution 
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