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Abstract - The manufacturing process uses techniques and equipment similar to those used in clay brick factories. The 
bricks produced were up to 10.60% lighter than clay bricks. The bricks manufactured from fly ash possessed compressive 
strength more than 5 N/mm2 which is more than normal clay bricks. This exceeds some of the best of load carrying clay 
bricks and is several times better than acceptable commercially available common clay bricks. . Fly ash bricks absorb less 
quantity of water which is under I.S. requirement. Fly ash clay bricks give nil efflorescence. The values of these 
characteristics for fly ash bricks are excellent and have exceeded those pertaining to clay bricks. Moreover, fly ash bricks 
have been produced with a naturally occurring reddish colour similar to that of normal clay bricks when added with the clay. 
This paper deals with bricks made up of fly ash, clay and water also the paper represent the process of manufacturing and 
various tests recommended for such bricks 
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I. INTRODUCTION 
 
Fly ash is a coal combustion by-product – a finely 
divided residue resulting from combustion of coal in 
power plants. In the thermal power stations, coal is 
pulverized into fine powder and pumped into the 
boiler along with compressed air. Coal powder is 
fired to generate heat, which in turn produces steam 
to run the turbine. After burning, the coarse ash or 
‘bottom ash’ gets collected below the boiler. The 
finer particles of coal are collected in the Electro-
Static Precipitators (ESP) and the waste that remained 
as a residue is known Fly ash, which is quite harmful 
to the environment as well as for the living beings, it 
is said that when a person smokes 50 cigarettes at a 
time and on other side if he smell few amount of fly 
ash the resultant effect of both will be the same.The 
need for locally manufactured building materials has 
been emphasized in many countries of the world. 
There is imbalance between the expensive 
conventional building materials coupled with 
depletion of traditional building materials. To address 
this situation, attention has been focused on low-cost 
alternative building materials. Bricks are masonry 
units composed of inorganic non-metallic material 
and are widely used as building components all over 
the world. The bricks could be sun-dried or burnt. 
Burnt bricks are usually stronger than sundried 
bricks, especially if they are made of clay or clayey 
material. There are different categories of the bricks, 
depending upon the admixtures and raw material used 
for making bricks [3] 
 
Fly ash is one of the numerous substances that cause 
air, water and soil pollution. It disrupts ecological 
cycles and set off environmental hazards. It also 
contains trace amounts of toxic metals which may 
have negative effect on human health, plants and the 
land where the fly ash decomposed and not reused. 

The disposal of this waste material is a matter of great 
concern from the environmental and ecological point 
of view. So, it is very necessary to utilize the huge 
quantity of fly ash.   
 
The ever increasing volume of fly ash quantities in 
the world has not even remotely matched by its 
utilization. The most important and popular use of fly 
ash in India has been the partial replacement of 
Portland cement, Clay and manufacturing of building 
materials. India shares most of the Western countries 
in similar methods and traditions as far as residential 
buildings are concerned. These include bricks as the 
main constituent. Production of building materials, 
particularly bricks using fly ash is considered to be 
one of the solutions to the ever-increasing fly ash 
disposal problem in the country. It is therefore natural 
that the brick industry presents an opportunity for the 
efficient utilization of the vast quantities of fly ash. In 
this dissertation we made the bricks with use of fly 
ash and clay. Fly Ash bricks can be extensively used 
in all building constructional activities similar to that 
of common burnt clay bricks. The fly ash bricks are 
comparatively lighter in weight and stronger than 
common clay bricks. Fly ash is being accumulated as 
waste material in large quantity near thermal power 
plants and creating serious environmental pollution 
problems, its utilization as main raw material in the 
manufacture of bricks will not only create ample 
opportunities for its proper and useful disposal but 
also help in environmental pollution control to a 
greater extent in the surrounding areas of power 
plants.  In view of superior quality and eco-friendly 
nature, and government support the demand for Fly 
Ash Bricks has picked up. Also 180 billion tons of 
common burnt clay bricks are consumed annually 
approximately 340 billion tones of clay- about 5000 
acres of top layer of soil dug out for bricks 
manufacture, soil erosion, emission from coal burning 
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or fire woods which causes deforestation are the 
serious problems posed by brick industry. The all 
above problems can be reduced some extent by using 
fly ash bricks [4], Further researches went in the 
materials of the brick finally there got an alternative 
solution of using fly ash in the clay bricks, generally 
size adopted for bricks is 230x115x75 mm. 
 
II. METHOD OF MANUFACTURING OF FLY 
ASH CLAY BURNT BRICK 
 
The method used for the manufacturing process of fly 
ash clay burnt bricks is nearly as same as the common 
burnt clay bricks but the bricks is regarded as more 
superior to that of common burnt clay bricks 
 
III. PROCESS OF MANUFACTURING OF FLY 
ASH CLAY BURNT BRICK 
 
3.1 Mixing of raw materials 
The clay, fly ash and water are added in the 
appropriate amount for the manufacturing of bricks 
 
3.2 Moulding of bricks 
The materials are poured in the moulds and are 
pressed by the machine or by the use of hands, for the 
manufacturing of such bricks machine mould or hand 
mould can be used 
 
3.3 Firing of bricks 
The bricks are fired for a total of fourteen days. At 
the end of 14 days, the kiln is allowed to cool for four 
days. The bricks are taken out from kiln and stacked 
in an open sky for six days 
 
3.4 Curing of bricks 
After the stacking of bricks the bricks are cured for 7, 
14 and 28 days as more the curing more the strength 
but when performing the process of curing the 
moisture should be spread gently on the bricks 
 
3.5 Testing of bricks 
After the completion of above procedure the bricks 
are tested by various test, if the bricks passes through 
the test than only it is used for construction purpose 
 
IV. MATERIALS SELECTION OF 
INGREDIENTS OF FLY ASH CLAY BURNT 
BRICK 
 
Fly ash 
Fly ash is finely divided residue resulting from the 
combustion of powdered coal and transported by the 
flue gases and collected by electrostatic precipitator. 
Fly ash shall conform to Grade 1 or Grade 2 of IS 
3812. The proportion of the Fly ash is generally in the 
ratio 60-80%, depending upon the quality of raw 
materials as fly ash must be collected from the 1 and 
2 field of E.S.P (electrostatic precipitator) which meet 
the required grade 2 of IS: 3812. Fly ashes vary in 

colors, perfect size, and mineralconstituents 
depending upon origin of coal burning. Indian fly 
ashes contain higher content of un-burnt carbon (10% 
to 16%) where as in American fly ashes it is less 
(around 5%).The process of coal combustion results 
in coal ash, 80% of which is very fine in nature & is 
thus known as fly ash, which is very harmful for 
environment as well as for mankind as it leads several 
health impacts on human such as asthama and 
respiratory problems. So it is must that is utilised by 
the means of different purposes.It is studied that 
when it is exposed to open air, if intake by person 
will cause thesame effect as a single person smokes 1 
lakh cigarette at a time [1] 
 
Characteristics of Fly ash 
The chemical and physical properties of fly ash 
depend upon many parameters such as coal quality, 
type of coal pulverization and combustion process 
followed nature of ash collection and disposal 
technique adopted etc. 
 
Chemical properties 
Fly ash is known to consist of small spheres of glass 
of complex chemical composition and crystalline 
constituents, which are mainly quartz (SiO2), mullite 
(3Al2O3.2SiO2), magnetite (Fe3O4) and haematite 
(Fe2O3). Except Neyveliflyash, which is high in CaO 
(5.0 - 16.0 %) and MgO contents (1.5 – 5.0 %) and 
low in SiO2 content (45.0 – 59.0 %),the chemical 
properties of Fly ash are shown in Table 1.[1] 
 

 
 
Physical properties 
Fly ash is generally gray in colour, abrasive, acidic 
(in some cases it may be alkaline depending upon the 
characteristics of the coal) and refractory in nature.  
Its specific surface area varies between 4,000 and 
10,000 cm2/g, which is more than cement, which has 
a specific surface area of about 3,000 to 3,500 cm2/g.   
Morphologically, flyash consists of 3 types of 
particles – irregularly shaped particles, solid spheres 
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and cenospheres. The fly ash particles range in size 
from about 115 microns to about 5 microns. It has 
unburnt carbon, cinders, minerals etc. and has 
pozzolanic characteristics 
 
Types of Fly ash  
C class fly ash 
Fly ash normally produced by burning lignite or sub-
bituminous coal. Some class C fly ash may have CaO 
content in excess of 10%. In addition to pozzolanic 
properties, class C fly ash also possesses cementious 
properties. Fly ash used is of type class C with a 
specific gravity of 2.19. Ash produced from the 
burning of younger lignite or sub-bituminous coal, in 
addition to having pozzolanic properties, also has 
some self-cementing properties. In the presence of 
water, Class C fly ash hardens and gets stronger over 
time. Class C fly ash generally contains more than 
20% lime (CaO). Unlike Class F, self-cementing 
Class C fly ash does not require an activator. Alkali 
and sulphate contents are generally higher in Class C 
fly ashes [1] 
 
F class fly ash  
Fly ash normally produced by burning anthracite or 
bituminous coal, usually has less than 5% CaO. Class 
F fly ash has pozzolanic properties only. The burning 
of harder, older anthracite and bituminous coal 
typically produces Class F fly ash. This fly ash is 
pozzolanic in nature, and contains less than 20% lime 
(CaO). Possessing pozzolanic properties, the glassy 
silica and alumina of Class F fly ash requires a 
cementing agent, such as Portland cement, quicklime, 
or hydrated lime mixed with water to react and 
produce cementitious compounds. Alternatively, 
adding a chemical activator such as sodium silicate 
(water glass) to a Class F ash can form a geo-polymer 
[1]. 
 
Clay 
Clay soils are compounds of silica and alumina. 
Calcareous clays have calcium carbonate and will 
burn to a yellow or cream color. Non-calcareous 
typically contain feldspar and iron oxides, and will 
burn to a brown, pink or red, depending on the 
amount of iron oxide. The silica in the clay, when 
fired at 900-1200 degrees C, will turn to a glassy 
phase. This process, called vitrification, will turn the 
clay to a crystalline structure. Therefore, for the 
process of vitrification temperature is important. If 
under-fired, the bonding between the clay particles 
will be poor and the brick will be weak. If the 
temperature is too high, the bricks will melt or slump. 
Vitrification does not have to be complete, and does 
not actually occur in many of the small traditional 
brickmaking plants around the world. However, the 
vitrification does occur enough to give sufficient 
[2]Due to the increasing cost of cement, the Forest 
Products and Industries Development Commission 
conducted a research that will produce blocks from 

soil and water. Clay particles because of their 
fineness of division must expose a large amount of 
external surface. There are also internal surfaces as 
well, the sum of which usually greatly exceeds that of 
a superficial character [3]. 
 
Water 
The water which is odourless and colourless should 
be used in the preparation of wet mix, where as water 
acts for mixing the raw materials properly 
 
V. SCENARIO OF CONSUMPTION OF FLY 
ASH IN BRICKS 
 
India is second largest producer of the brick in the 
world after China. The brick production in India is 
estimated at 140 billion bricks, consuming 24 million 
tonnes of coal along with huge quantity of biomass 
fuels. The total CO2 emissions are estimated to be 
41.6 million tonnes and it accounts for about 4.5% of 
total GHG emissions from India. In the manufacture 
of bricks, fly ash can be an alternative material to 
clay. Fly ash can be used either with clay as part 
replacement or in combination with other materials 
like sand, lime, gypsum etc. to produce a substitute to 
conventional clay bricks. From the soil to be used for 
brick manufacturing, India can be divided into three 
broad regions – Northern Mountanious region, Indo-
Gangetic plains and peninsular region. Mountanious 
soil is coarse and contains parts of partially wathered 
rocks. The presence of brick industry in mountainous 
region is negligible. The Indo-Gangetic soil is 
‘alluvial’ in nature formed by deposition of river 
Ganges and its tributaries. The soil is considered 
good for brick manufacturing and has faint yellow 
colour and is generally a mixture of fine sand,silt, 
clay and organic matter. 
 
The Peninsular soils are generally black cotton, red or 
lateritic in nature. They are generally considered 
difficult for brick making.  When fly ash is used as an 
admixture to plastic soil / clay for the production of 
fired clay bricks, fly ash reduces the plasticity of the 
raw-mix (thereby reducing the drying time and 
shrinkage cracks) and improves the texture of the 
product. Addition of fly ash also increases the 
‘internal burnability’ of the green brick due to the 
presence of un-burnt carbon (proportionately 
reducing the requirement of ‘external’ fuel).In 
general the soil is composed of different fractions 
namely, clay (particle size less than 2 microns), silt 
(particle size between 2 – 20 microns) and sand 
(particle size more than 20 microns).  As per IS: 
13757:1993 Burnt Clay Fly Ash Building Bricks: 
Specifications), clay fly ash bricks shall be hand or 
machine moulded and shall be made from the 
admixture of suitable soils and fly ash in optimum 
soils and fly ash in optimum proportions. As per IS 
2117:1991(Guide for manufacture of hand-made 
common burnt clay building bricks), the clay or 
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mixture of clay selected for brick manufacturing 
should preferably conform to the following 
mechanical composition:  
 

 Clay-20 to 30 percent by mass  
 Silt-20 to 35 percent by mass   
 Sand-35 to 50 percent by mass   
 
The total content of clay and silt may preferably be 
not less than 50 percent by mass.   
A number of measures are being taken to encourage 
various sectors to utilize fly ash. The targets of ash 
utilization are primarily governed by the MoE&F 
Notification dated 14th September, 1999 and its 
amendment Notification dated 27th August, 2003 & 
3rd November, 2009 as well as Hon’ble High Court 
of Delhi directions vide its judgments dated 4th 
December, 2002, 10th March, 2004 as well as 5th 
August, 2004. 
 
VI. TESTING OF FLY ASH CLAY BURNT 
BRICK 
 
In order to use the bricks for the construction work 
the bricks should pass through the following tests 
 
6.1 Compressive strength  
Compressive strength of the specimen brick was 
calculated after 7, 14 & 28 days of curing using the 
formula as follows,   
Compressive strength = Applied Max load x 1000 
(N)/Cross sectional Area (mm2) [5].   
The compressive strength of fly ash brick is three 
times greater than the normal clay brick. The 
universal testing machine is used for testing the 
compressive strength of bricks. After the curing 
period gets over bricks are kept for testing. To test the 
specimens, the bricks are placed in the calibrated 
compression testing machine of capacity 3000 KN 
(Kilo Newton) and applied a load uniform at the rate 
of 2.9 kN/min. The load at failure is the maximum 
load at which specimen fails to produce any further 
increase in the indicator reading on the testing 
machine [6].   
 
6.2 Water absorption 
 Fly ash Bricks should not absorb water more than 
12% by its weight. The bricks to be tested should be 
dried in an oven at a temperature of 105oC to 115o C 
till attains constant weight cool the bricks to room 
temperature and weight (W1). Immerse completely 
dried and weighed (W1) brick in clean water for 24 
hrs at a temperature of 27±20oC. Remove the bricks 
and wipe out any traces of water and weigh 
immediately (W2). Water absorption in % by weight 
= (W2 – W1/W1) x 100 [6].   
 
6.3 Efflorescence test  
For this test, brick has to be placed vertically in water 
with one end immersed. The depth of immersion in 

water being 2.5 cm, then the whole arrangement 
should be kept in a warm-well-ventilated room 
temperature of 20-30o C until all evaporates. When 
the water in the dish is absorbed by the brick and 
surplus water evaporates. When the water is 
completely absorbed and evaporated place similar 
quantity of water in dish and allows it to absorb and 
evaporate as before. Examine the brick after this and 
find out the percentage of white spots to the surface 
area of brick. If any difference is observed because of 
presence of any salt deposit, then the rating is 
reported as ‘’effloresced‟. If no difference is noted, 
the rating is reported as ‘’not effloresced‟ [6].   
 
6.4 Soundness Test  
This sound is carried out to find out that a clear 
ringing sound is produced or not when the two bricks 
are struck with each other without breaking any of the 
two bricks. If the two bricks are not broken after 
striking with each other and a clear ringing sound is 
produced, then it means that the bricks are 
sufficiently sound  
 
6.5 Crushing Strength Test  
This is the main test conducted to test the suitability 
of the brick for construction work. This test is 
executed with the help of compression testing 
machine. A brick is placed in a compression testing 
machine. It is pressed till it breaks. Then the 
compression strength of the brick is recorded from 
meter of the compression testing machine. A brick 
after undergoing compression test, this test is carried 
out for both fly ash bricks and as well as burnt clay 
bricks [7]-[8] 
 
VII. ADVANTAGE OF FLY ASH CLAY BURNT 
BRICK 
 
1. It is environment friendly and energy efficient 

technology 
2. Un burnt carbon present in the fly ash helps in 

reduction of fuel consumption 
3. Reduction in dry shrinkage  and efflorescence as 

compared to clay bricks 
4. Reduction in weight 
5. Better thermal insulation 
6. Less reduced emission from kilns 
7. Consumption of coal is 50% less than 

conventional kiln 
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