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ABSTRACT 
One of the reasons for the environmental pollution is the unscientific processes and disposal 
of waste materials. The best way to dispose the waste materials is to use them in the 
construction. Among many materials, coal ash and granite dust are by-products of industries 
which have high potential to use in making building blocks.  Use of coal ash reduces the 
cement composition which in turn reduces the burden on the raw materials for the 
manufacturing of cement. It also saves the fuel used in the kiln in turn conserving the 
energy and reduces the carbon dioxide emission thus reducing the air pollution. In the 
present study, an attempt has been made to explore the potential of these two materials.  
Coal ash was obtained from brick industry where coal is used as fuel in the kiln and granite 
dust obtained from granite processing unit. They were characterised for different properties. 
They were used in making of stabilised mud blocks which is a better alternative for regular 
burnt bricks in masonry by using 5 to 12% of cement. The compressive strength and other 
properties were determined at 7 and 28 days. Various tests like block density, wet and dry 
compressive strength, water absorption, efflorescence, dimensionality, durability, stress-
strain characteristics of blocks and prisms were conducted. It was found that stabilised mud 
blocks with 4% Ce + 4% CA was considered optimum as it satisfied the minimum strength 
criteria of class 30 grade as per IS 1725-1982. Thus coal ash and granite dust can be 
recommended to make stabilised mud blocks. 
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INTRODUCTION 
Construction industry has grown exponentially 
in the last few decades. It is responsible for the 
development of infrastructure of any country. 
In developing countries like India there is an 
acute shortage of good quality low cost 
housing units. It is fact that more than 60% of 
its population are living in sub standard 
houses. Building techniques like reinforced 
concrete framed construction and brick 
masonry construction are sometimes not cost 
effective and are responsible for large amounts 
of carbon foot prints. Ideally, low-cost housing 
must rely on locally available raw materials.1 
In masonry construction a wide range of 
building units are available. Masonry is widely 
used to construct both small and large 
structures because of its structural versatility 

and attractive appearance.2 Some of the 
commonly used masonry units are burnt clay  
bricks including country made, table moulded 
and wire cut bricks, solid and hollow concrete 
blocks, size stones, laterite blocks, etc. Soil or 
earth as a building material is available in many 
parts of the world.3 Mud construction is one of 
the oldest forms of construction. In developing 
countries, mud construction is an economical, 
co-friendly and efficient means for house 
construction with the least demand of resources. 
But, traditional mud construction techniques 
suffer from water attack or erosion by rain and 
shrinkage cracks. Therefore, they need to be 
continuously maintained in order to keep them in 
good condition. This drawback is overcome by 
adding a small percentage of stabilizing agent 
like cement and compacting the uniform *Author for correspondence 
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mixture.4-6 This results into high density block 
under optimum water content. This can be 
achieved by using a hydraulic or manually 
operated block pressing machine. The blocks are 
usually cured till the age of 28 days. Earth blocks 
manufactured by this technique are called 
Stabilized Mud Blocks (SMB). This type of 
block is an eco-friendly, cost effective, energy 
efficient and low carbon emission alternative for 
masonry wall construction.7 SMB equivalent to 
or better than burnt clay bricks in terms of 
strength and performance are being produced and 
used. Masonry buildings of up to 4 storey height 
have been built using SMB. Dry stacked earth 
stabilized interlocking block masonry replaces 
the conventional burnt clay brick and mortar 
construction masonry by interlocking blocks 
masonry construction.8 Compressed earth blocks 
are cost effective and energy efficient alternative 
materials to the normal burnt clay bricks used for 
construction of buildings.9-14 SMB have been 
used for masonry construction in Australia, 
France, India, Columbia, Chile, Venezuela, 
Bolivia, Zambia, Brazil and other countries.15 
Brick manufacturing industries requires 
inflammable materials in order to burn table 
moulded or wire cut clay bricks. Materials like 
fire wood, rice husk, saw dust, coal, etc. Are 
example for the fuels used in brick 
manufacturing industries. Coal is the most 
commonly used fuel in kilns of brick industry. 
Indian brick industry with an estimated coal 
consumption of 15 - 20 million tons per year is 
the third largest consumer of coal in the country 
after power plants and steel industry. Burning of 
coal results in the release of several air pollutants 
to the atmosphere and particulate matter such as 
pulverized fuel ash, these pollutants are harmful 
to human health, animal and plant life. 
Surrounding water bodies, vegetation and ground 
water is polluted due to unscientific dumping of 
coal ash. Coal ash obtained from thermal power 
plants are extensively used in various 
construction activities such as construction of 
roads and embankments, structural fills, 
reinforced fills, etc. It also has good pozzolanic 
properties which enable its use in areas such as 

production of cement, concrete and its 
products. In the past two or three decades, lots 
of R and D work has been carried out all over 
the world, by scientists and engineers, to seek 
and establish usage of ash in variety of areas. 
Due consideration is to be given to the large 
quantity of coal ash generated from brick 
industries and experimental research work has 
to be carried out to find its suitability to be 
used in various construction practices so as to 
reduce the environmental impacts due to 
dumping of coal ash. From the commercial and 
industrial point of view the quantity, 
composition and the feasibility of ash in coal 
are of considerable importance.16 
Granite industries or granite factories carry out 
the process of cutting huge granite rocks to 
desired shapes and sizes, these processes lead 
to generation two types of waste, one is solid 
wastes which are rejected pieces of granite 
from which desired shapes or sizes of granite 
cannot be extracted, and the other is cutting 
and polishing dust which is carried by the 
water sprinkled to cool and lubricate the 
cutting blades and stored in sedimentation 
tanks. The stone slurry generated during the 
processing will be around 40% of the final 
product.17 These wastes are usually dumped 
around the factories. With the cities growing 
bigger each day, the separation between 
industrial area and city limit is reducing. 
Exposure to these granite fines leads to health 
hazards like respiratory and allergy problems 
to the people living near industrial areas. It 
also affects the vegetation and causes air and 
water pollution. Therefore disposal of granite 
industry wastes is a major problem. Attempts 
have been made to find out solutions for 
disposing of these wastes by finding new ways 
of utilizing them in construction industry. They 
can be used to fill up abandoned mines, 
research work has been carried out to check 
the suitability of granite fines to be used as 
filler material in concrete. The larger pieces of 
rejected solid granite can be crushed in to the 
sizes of coarse aggregate using crushers and 
can be used as partial replacement for coarse 
aggregate in concrete or road construction 
which consumes large quantity of virgin 
aggregates. 
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MATERIAL AND METHODS 
Locally available soil inside our college 
premises has been used to for this experimental 
work. Preliminary investigation and rough 
assessment showed that the red loamy soil is 
satisfactory to be used in the production of 
stabilized mud blocks.18 The top soil containing 
organic matter is dug out and the soil below 2ft 
of ground level is excavated and processed by 
sieving  it   through 4.75mm   sieve,   the  gravel  

content retained on the sieve is rejected. Basic 
physical properties of soil are tested as per IS 
code19 ,to confirm its suitability for making 
stabilized mud blocks and the results obtained 
are tabulated in Table 1. Particle size distri-
bution curve is plotted for the results obtained 
from sieve analysis and the same is shown in 
Fig. 1. the soil can be classified as well graded 
soil as it contains a good representation of 
particles of all sizes 

Table 1 : Physical properties of soil  

S/N Characteristics Value Units 
1 Specific gravity 2.32 - 

2 
Bulk density - - 

 Loose soil density 1.48 g/cm3 

Compacted soil density 1.63 g/cm3 
3 Sand fraction (4.75mm -75µ) [wet sieve analysis] 54 % 
4 Fineness modulus 2.94 - 
5 Plastic limit 28 % 
6 Liquid limit 35 % 

 

 
Fig. 1 : Particle size distribution curve of soil 

Granite Cutting Dust (GCD) was procured 
from industrial area of Hassan district. In 
this study GCD is used to increase the sand 
fraction of the soil, hence the granite dust 

finer than 75µ is rejected and only the 
coarser fraction is used. The physical 
properties of GCD are tested as per IS code20 
,and the results are tabulated in Table 2 and 
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Table 3. Particle size distribution curve is 
plotted for the results obtained from sieve 
analysis and the same is shown in Fig. 2. 
From Fig. 2, it is clear that the granite 

cutting dust can be classified as uniformly 
graded fine particles as particles of size 
greater than 1.18mm are missing and its 
fineness modulus is in the range 2.2 - 2.6. 

Table 2 : Physical properties of GCD 

S/N Characteristics Value Unit 
1 Specific gravity 2.52 - 

2 
Bulk density 
Loose GCD density 
Compacted GCD density 

- 
1.90 
2.10 

- 
g/cm3 

g/cm3 

3   Fineness modulus 2.26 - 

Table 3 : Sieve analysis of GCD  

Sieve size 
(mm) 

Mass of GCD 
retained(gm) 

% mass 
retained 

Cumulative % 
mass retained 

% mass 
passing 

     4.75 0 0 0 100 
     2.36 0 0 0 100 
     1.18 50 5 5 95 
     0.60 402 40.2 45.2 54.8 
     0.30 366 36.6 81.8 18.2 
     0.15 122 12.2 94 6 
     0.075 50 5 99 1 
     Pan 10 1 100 0 

 

 
Fig. 2 : Particle size distribution curve of GCD 

Ordinary portland cement of 53 grade is used in 
the present experimental investigation as a 
stabilizer for soil. Basic tests are conducted on 
cement as per IS code21 and the results obtained 
are tabulated in Table 4. From Table 4, it is clear 

the tested cement satisfies all the criteria of Is 
code.22 Coal ash used in the present experimental 
study is procured from the brick manufacturing 
kilns of Lakkondhalli, near Hoskote, Bangalore 
rural district, Karnataka, India. 
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Table 4 : Test results of cement 

S/N Characteristics Unit Value 

1 Fineness (Retained on 90µ IS sieve) % 3 

2 Soundness mm 2 

3 Standard consistency % 31 

4 
Setting time 
Initial setting 
Final setting 

- 
min 
min 

- 
105 
250 

5 28 days compressive strength N/mm2 54.22 

6 Specific gravity - 3.15 

Initially the coal ash consisted of lumps of burnt 
coal and some brick powder, as coal ash is used 
for cement replacement all the lumps are broken 
down and passed through 90µ IS sieve. Coal ash  

obtained after sieving is in amorphous form and 
suitable to be used as a pozzolana. Suitable 
physical tests are done on coal ash and the 
obtained results are tabulated in Table 5. 

Table 5 : Physical properties of coal ash 

S/N Physical properties 

1 Colour Brownish white 

2 Physical nature Amorphous 

3 Specific gravity 2.49 

4 Grain size < 90µ 

The chemical composition of coal ash is 
provided in Table 6. The primary constituents of 
coal ash are the oxides of silicon, aluminium, 
iron. It confirms to the specifications of Siliceous  

Pulverized Fuel ash Pozzolana23, hence the coal 
ash can be assumed to have good pozzolanic 
property. Water is one of the important 
elements in SMB production. 

Table 6 : Chemical composition of coal ash 

S/N Parameters % by mass Std. as per IS:3812-
2003 (part 1) 

1 Silica (SiO2) 48.48% ≥35% 

2 Combined oxides 
(SiO2+Al2O3+Fe2O3) 

87.82% ≥70% 

3 Calcium oxide (CaO) 4.48% - 

4 Magnesium oxide (MgO) 1.14% ≤5% 

5 Sulphuric anhydride (SO3) 0.38% ≤3% 

For the present study clean potable water is 
used to prepare coal ash based stabilized mud 
blocks and to cure the   blocks for    28    days    
under    wet  burlap. It is very important to use 
potable water because if saline water is used to  

prepare or cure the blocks it may induce 
efflorescence. In order to produce stabilized 
mud blocks of good quality, the  selected  soil  
should have a sandy fraction (4.75mm - 
0.075mm)  of  more  than  65%.13 If a soil does  
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not satisfy the above requirement it has to be 
suitably modified by mixing the soil with 
coarser materials like sand or quarry dust.The 
sand fraction can be found out by conducting 
wet sieve analysis.15 The sandy fraction of the 
soil used in this study is found to be 54% and 
granite cutting dust has been used to increase 
the sand fraction. A modified soil with the 
mixture of soil and GCD in the ratio 2:1 that is 
two parts soil and one part GCD    has been 
found to have a sandy fraction of 68%. Hence 
this modified soil ratio (Soil : GCD  2 : 1) 
has been used to produce SMB. 
For a soil which is non expansive and 
containing a sand fraction of more than 65% 
about 7% to 10% of stabilizer is sufficient for 
producing SMBs with wet compressive 
strength of 3 to 5 N/mm2. Hence 8% cement 
stabilizer by weight of modified soil is fixed as 
stabilizer percentage. Stabilized mud blocks 
with different combinations of stabilizers are 
prepared  by  replacing  each percent of cement  

by coal ash as stabilizer. The performance of soil 
based building block depends to a considerable 
extent on its density. For this purpose soil is 
subjected to adequate pressure at suitable water 
content. In general, water content of about 10-
12% of dry materials by weight is commonly 
used to make SMB.13 By trial and error method 
10% water content was found to be satisfactory 
for machine pressing of the blocks. A minimum 
dry density of 1.85 g/cm3 is required for SMB, 
hence the amount of dry materials required are 
calculated so that compaction of materials in the 
machine mould will yield blocks with dry 
density higher than the minimum requirement. A 
block of 230×108×100 mm requires 4,964 grams 
of dry materials after considering 8% wastage.  

RESULTS AND DISCUSSION 
The block density test is carried out after 28 
days of curing. The block density results for 
different combinations of stabilizers have been 
tabulated in Table 7. 

Table 7 : Block density results of coal ash based SMB 

Stabilizer combination Block density in (g/cm3) 

8%Ce + 0%CA 2.003 

7%Ce + 1%CA 2.000 

6%Ce + 2%CA 1.978 

5%Ce + 3%CA 1.971 

4%Ce + 4%CA 1.960 

3%Ce + 5%CA 1.950 

2%Ce + 6%CA 1.930 

1%Ce + 7%CA 1.920 

0%Ce + 8%CA 1.900 

SMB (ref) 4%Ce 1.943 

From Fig 3, it is found that there is a slight 
decrease in the block density values with 
increase in replacement of cement by coal 
ash, this may be mainly due to the reduction 
of cement content. Block density values 
ranges between 1.900 g/cm3 for 8% coal ash 
as stabilizer to 2.003 g/cm3 for 8% cement as 
stabilizer. A difference of 5.14% is observed 
in   block  density  for  blocks stabilized with  

8% cement and 8 % coal ash. All block 
density values are well above the minimum 
permissible value of 1.85 g/cm3.18 The 
reference block with 4% cement has a block 
density value of 1.943 g/cm3. A slight 
increase of 0.9% in block density is observed 
for coal ash based stabilized mud block with 
4% Ce + 4% CA when compared with 
reference SMB with 4% cement as stabilizer.  
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Fig. 3 : Block density results for varying coal ash content 

Compressive strength is considered as the most 
significant engineering property of a masonry 
unit, it is the first thing considered while 
selecting a block unit for construction of 
masonry structures. SMB is most vulnerable in 
wet state or in saturated state, hence wet 
compressive strength is a very important 
property of SMB. The different grades of SMB 
are classified on the basis of wet compressive 

strength of the block. Compressive strength 
tests were conducted on the stabilized mud 
blocks manufactured using coal ash as cement 
replacement. For 7 days and 28 days of curing, 
and dry compressive strength is found out for 
28 days of curing. The wet compressive 
strength test results obtained are tabulated in 
Table 8 and values are represented using bar 
graphs (Fig. 4). 

Table 8 : Wet compressive strength results of coal ash based SMB 

Stabilizer combination (7 days) Wet 
compressive 

(28 days) Wet compressive 
Strength (N/mm2) 8%Ce + 0%CA 4.226 5.434 

7%Ce + 1%CA 4.023 5.132 
6%Ce + 2%CA 3.925 4.823 
5%Ce + 3%CA 3.489 4.159 
4%Ce + 4%CA 3.287 3.824 
3%Ce + 5%CA 2.415 2.750 
2%Ce + 6%CA 1.940 2.079 
1%Ce + 7%CA - - 
0%Ce + 8%CA - - 
SMB (ref) 4%Ce 2.885 3.355 

From the given below graph, it can be noted 
that the wet compressive strength has 
gradually decreased for every percentage 
replacement of cement with coal ash. This 
reduction of strength is due to the decrease in 
cement content, which acts as a binder material 
in stabilized mud blocks. Coal ash                  
based   stabilized   mud   blocks  with stabilizer  

combination 1%Ce + 7%CA and 0%Ce + 8%CA 
have no wet compressive strength. These blocks 
with less than 2% cement content disintegrated 
after immersion in water for 24 hours. Coal ash 
based stabilized mud blocks with the stabilizer 
combination 4%Ce + 4%CA is selected as 
optimum combination of stabilizer, it has a wet 
compressive strength of 3.824 N/mm2.  
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Fig. 4 : Wet compressive strength for 7 days and 28 days curing 

The blocks of this stabilizer combination 
satisfies all the specifications of class 30 
grade of SMB as provided in IS Code.24-27 

The percentage of strength gained for 7 days 

curing has been calculated by dividing 7 
days strength by 28 days strength and 
multiplying the ratio with 100. The results 
are tabulated in Table 9. 

Table 9 : Percentage of total strength gained for 7 days curing 

Stabilizer 
combination 

7 days wet 
compressive strength 

(N/mm2) 

28 days wet 
compressive strength 

(N/mm2) 

% Strength 
gain for 7 days 

curing 
8%Ce + 0%CA 4.226 5.434 77.77 
7%Ce + 1%CA 4.023 5.132 78.39 
6%Ce + 2%CA 3.925 4.823 81.38 
5%Ce + 3%CA 3.489 4.159 83.89 
4%Ce + 4%CA 3.287 3.824 85.96 
3%Ce + 5%CA 2.415 2.750 87.82 
2%Ce + 6%CA 1.940 2.079 93.31 
1%Ce + 7%CA - - - 
0%Ce + 8%CA - - - 
SMB (ref) 4%Ce 2.885 3.355 85.99 

Considering 28 days wet compressive strength as 
final strength, percentage of strength gained for 7 
days curing is found out and represented in      
Fig. 5. By studying the graph it is found that the 
percentage strength gain for 7 days varies from 
77.77% to 93.31% for various combinations of 
cement and coal ash, the median value for the 
same is found to be 85.54%. As the percentage 
of coal ash increases there is an increase in 
strength gain percentage. This clearly shows that 
in early stages, rate of gain of strength                
for   coal  ash   based  SMB  is  higher  compared  

to cement based SMB. This may be mainly due 
to the presence of more SiO2 and Al2O3 
content present in coal ash compared to cement 
which leads to the formation of tri calcium 
silicate (C3S) and tri calcium aluminate (C3A) 
and are the compounds responsible for early 
strength. However, there is negligible 
difference in percentage strength gain in 7 days 
for SMB with 4% Ce + 4% CA and reference 
SMB with 4% cement as stabilizer. The wet 
and dry compressive strengths are tabulated              
in Table 10. 
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Fig. 5 : Percentage strength gain for 7 days curing 

Table 10 : Wet and dry compressive strength for 28 days curing 

Stabilizer combination Wet compressive strength 
(N/mm2) 

Dry compressive strength 
(N/mm2) 

8%Ce + 0%CA 5.43 9.66 
7%Ce + 1%CA 5.13 9.25 
6%Ce + 2%CA 4.82 8.92 
5%Ce + 3%CA 4.15 7.38 
4%Ce + 4%CA 3.82 6.50 
3%Ce + 5%CA 2.75 4.42 
2%Ce + 6%CA 2.07 3.62 
1%Ce + 7%CA - 2.81 
0%Ce + 8%CA - 2.50 

SMB (ref) 4%Ce 3.35 5.83 

From Fig. 6, it can be noted that the 28 days 
wet compressive strength is about 60% of     
dry    compressive    strength. Wet compressive  

strength ranges from 2.079 N/mm2 to 5.434 
N/mm2 and dry compressive strength ranges 
from 2.5 N/mm2 to 9.663 N/mm2. 

  
Fig. 6 : Wet and dry compressive strength for 28 days curing 
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The compressive strength results of coal ash 
based SMBs with optimum stabilizer 
combination i.e. 4%Ce + 4%CA is compared 
with the results of reference SMB with just 
4%Ce as stabilizer, to find the influence of 
addition of  coal ash in strength gaining 
property. An increase of 13.9% is observed in 
7 days wet compressive strength is for SMB 
with optimum stabilizer combination 
4%Ce+4%CA when compared with reference 
SMB 4%Ce. An increase of 14% and 11.4% is 
observed in wet compressive strength and dry 
compressive strength respectively for 28 days 
curing, when SMB with optimum stabilizer 
combination 4%Ce+4%CA is compared with 
reference SMB 4%Ce. 

CONCLUSION 
Coal ash from brick manufacturing industries 
can be satisfactorily used as a supplementary 
stabilizing agent with cement as main 
stabilizer. Though the block density and 
compressive strength values gradually 
decreases for each percentage replacement of 
cement by coal ash due to the reduction of 
cement content, the blocks with coal ash 
content were found to have smoother finish 
and well defined corners and edges. Coal ash 
based stabilized mud blocks with the stabilizer 
combination 4%Ce + 4%CA has a wet 
compressive strength of 3.8 N/mm2 and dry 
compressive strength of 6.508 N/mm2. The 
blocks of this stabilizer combination satisfies 
all the specifications of class 30 grade of SMB 
as per IS Code. An increase of 14% and 11.4% 
is observed in wet compressive strength and 
dry   compressive strength respectively for 28 
days curing, due to the addition of coal ash 
with cement. Coal ash based stabilized mud 
blocks with less than 2% cement content (i.e. 
stabilizer combination 1%Ce + 7%CA and 
0%Ce + 8%CA) have no wet compressive 
strength, but these blocks have dry 
compressive strength of 2.818N/mm2 and 
2.5N/mm2 respectively. Coal ash based SMB 
finds a good solution for the scientific disposal 
of the waste material (coal ash). 
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