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ABSTRACT: The fly ash for the purpose of
experimentation was collected from the Thermal
Power Station (Eklahre) in Nashik, Maharashtra.
The mixtures of clay available at the site and the fly
ash with different percentages by weight are
prepared. These mixtures are used to make the bricks
of clay and fly ash with different proportions. The
bricks are marked with specific numbers in their frog
to identify them at the time of testing. These bricks
are air dried in open atmosphere for 4 - 5 days as per
usual practice. The firing of the bricks is done in a
traditional way as is done in and around Dhule town.
These bricks are fired for fourteen days. At the end of
the 14 days, the kiln is allowed to cool as per usual
practice. The bricks are taken out from the kiln and
stacked in the testing lab of the institute where the
sample bricks are tested for water absorption, density
and compressive strength as per BIS procedures.

KEYWORDS: Burnt Clay Brick, Compressive
Strength, Density, Fly Ash, Waste Management,
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I. BACKGROUND

Energy efficiency through improved technologies and
the use of fly ash can reduce fuel consumption and
pollution levels. Fly ash entails a 30 per cent saving in
fuel in firing as compared to traditional clay brick
technology as well the improved technological options
such as vertical shaft kilns, Habla kilns and tunnel kilns.
An Austrian company, “Wienerberger Porotherm”, has
noted about 60 per cent of energy saving compared to
conventional methods [Nirvan (2008)]. At the same time
the use of fly-ash in bricks can minimize the problem of
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disposal of this waste material to a large extent, in
addition, to the saving of the fertile crest of the earth.
The fly-ash can also be used in combination with clay or
with lime and sand to produce clay-fly-ash bricks and
fly-ash-sand-lime bricks respectively. The fly ash can be
utilized to make bricks and blocks in one of several ways
i To substitute for a portion of the cement and/or
aggregates in making concrete bricks and
blocks. This is commonly used nowadays in
many countries.

il To substitute a portion of the clay used in
making clay bricks. This uses the same process
for making clay bricks, which requires heating
the bricks in kilns to more than 2,000°F, which
consumes excessive fossil fuel and generates air
pollutants and carbon dioxides due to the
combustion of the fossil fuel.

To substitute for all the clay used in making
clay bricks, using the same process which
requires burning fossil fuel to heat the kilns at
over 2,000 °F. This uses the same process and
has the same drawback of (ii) except that 100%
fly ash is used in making bricks.

Use 100% fly ash to make bricks without firing
in kilns. It implies “the 100% fly ash brick
made without cement or any other binder, and
without kiln firing or autoclave curing.” The
curing method used for fly ash bricks uses much
less energy than either kiln firing or autoclave
curing. [Henry (2009)]

Utilization of FA can result not only in reducing the
magnitude of the environmental problems, but also in
exploiting FA as a raw material for value added products
while conserving traditional materials and for the
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extraction of valuable materials. Amongst the many uses
of FA, its use as a building material is particularly
suitable because it is anticipated, that there would be a
considerable shortfall in production of various building
materials. According to a study, there is a huge short-fall
in the production of bricks—to the tune of 25 billion
bricks on an estimated demand of 100 billion bricks per
year in India as of today [Mishra & Patel (2004)]. To
tackle the problem and encourage the use of FA for
making building materials, the Government of India has
imposed restriction (Gazette notification of 14th
September 1999, issued by the Ministry of Environment
and Forests) on brick manufacturers to use at least 25%
of FA on weight—to—weight basis if the brick kiln is
located within a radius of 50 km from a coal or lignite
based thermal power plant. [Goyal (2000)]

Il. ENVIRONMENTAL IMPACT OF BRICK
PRODUCTION

The construction sector uses up the earth's resources and
contributes to its pollution. This is an increasing concern.
Whilst other components of construction, also play a
role, it is generally agreed that the production of building
materials is the main culprit. Materials production, for
instance, requires about 75% of the energy used in
construction. In India, it is estimated that the brick
industry produces 22% of the CO, emissions of the
construction sector and requires about 27% of the energy
used in building materials production [PA(2007)]. This is
because the small and medium scale sectors are
predominant and are generally more polluting than
modern large-scale industry.

The strategy towards more sustainable construction
leaving lesser carbon foot prints, is to promote the use of
alternative, low-energy or renewable materials. A
combination of factors, including urbanization, attitudes
and inappropriate building standards are generating a rise
in demand for conventional materials such as steel,
bricks and cement, which do have a substantial negative
environmental impact. This trend is hard to reverse and it
is necessary to aim in mitigating this impact [Pandey and
Agrawal (2002)].

The impact of brick-making on the environment is quite
significant. “Low efficiency and high coal fuel
consumption results in significant air pollution. In
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addition to the emissions from the chimney, the work
environment is also polluted. During the dry summer
months, the wind carries a lot of dust particles from brick
kilns. The consumption of coal in brick-making
contributes to the greenhouse gases. In addition to air
pollution, it also contributes to water pollution and
degradation of soil quality due to top soil erosion [FAUP
(2005)].

The production of conventional building materials
impacts the environment in several ways. Poor quarry
management generates lots of waste and leaves behind
disused pits. Smoke and dust affects the health of
workers and neighboring residents alike. The biggest
impact is, however, usually caused by its energy use.
Apart from the metal industry, the binders and heavy
clay industries are the principal energy users. The
production of bricks and lime is carried out by Small and
Medium Scale Enterprise (SMEs). The production of
bricks by SMEs in some developing nations like
Bangladesh and Sri Lanka in South Asia often relies on
fuel wood as its main source of energy. Wood consists of
nearly 50% carbon; if burnt completely, one kg of wood
releases around 1.8 kg CO,, the main greenhouse gas.
Moreover, each tree cut down for fuel reduces the "CO,
sink”, the environment's capacity to absorb this gas from
the air [PA (2007)]. The inefficient use of wood fuel by
SMEs, thus contributes to the global environmental
crisis. Energy efficiency, therefore, lies at the heart of
the commercial viability and sustainability of SMEs. The
challenges are therefore to improve the energy efficiency
of brick production at the SME level and explore
alternatives. [Bhattacharjee and Kandpal (2000)]

The brick industry which is vital to the housing industry
forms a significant amount of the budget that goes into
raw material. This apart, the industry employs a large
number of people directly and indirectly. It is, therefore,
necessary to bring in technology and awareness to
harness the potential of this industry further, and
decrease its contribution to pollution levels [Tutunlu and
Umit (2001)].

I11. MATERIALS & METHODS

In this research, an attempt is done to study the effect of
fly ash on the properties of clay — fly ash fire bricks. The

266



-~

)

I[JIRSET

ISSN (Online) : 2319 - 8753
ISSN (Print) :2347-6710

International Journal of Innovative Research in Science, Engineering and Technology

An 1SO 3297: 2007 Certified Organization

Volume 3, Special Issue 4, March 2014

National Conference on Recent Advances in Civil Engineering (NCRACE-2013)

During 15-16 November, 2013

Organized by

Department of Civil Engineering, North Eastern Regional Institute of Science and Technology, Nirjuli, Itanagar, Arunachal Pradesh, India.

fly ash for this purpose is collected from Thermal Power
Station (Eklahre) at Nashik, Maharashtra. The fly ash is
mixed with the soil for making the brick, at a local kiln
site. The mixtures of clay available at the site and the fly
ash with different percentage by weight are prepared.
These mixtures are mixed thoroughly by adding the
appropriate amount of water and used to make the bricks
of clay and fly ash with different proportions. The
special wooden mould is prepared for this purpose, with
a marking of SSVPS and the brick’s batch numbers

IV. EXPERIMENTATION

Water Absorption Test

The water absorption test is carried out on the batches of
bricks and the observations are taken. The % water
absorption as calculated for different samples of bricks
are shown in Table - 1. The dry density of the brick is
calculated for the sample of bricks and the results are
shown in Table - 2.

Table-1: “WATER ABSORPTION OF THE

varying from 0 — 15. The bricks with different % of fly BRICKS”
ash are marked with specific numbers in their frog to % OF WATER ABSORPTION (%)
identify them at the time of testing. These bricks are MAR FLY SA SA SA- | AVERAG
dried in an open atmosphere for 4 - 5 days and thereafter, ASH ] ] ]
fired in a separate open kiln. The firing of bricks is been K ADDE 1 2 3 E
done in a traditional way as is the manufacturing practice D
around Dhule. These bricks are fired for a total of 14.0 | 16.2 | 16.1
fourteen days. At the end of 14 days, the kiln is allowed 0 0.00 4 1 4 15.463
to cool for four days. The bricks are taken out from kiln 142 | 159 | 158
and stacked in an open sky for six days and then brought 1 15.00 3 8 4 15.348
to the testing laboratory of the Institute, where bricks are 129 | 165 | 12.7
tested for water absorption and compressive strength as 2 20.00 8 5 4 14.090
per BIS procedures [BIS-1077 (1982)]. The complete 13.8 | 16.3 | 15.9
process is explained in Figure 1 in a flow chart. 3 25.00 5 6 7 15.394
Figure — 1 : Flowchart Showing Methodology 192 | 175 | 16.8
4 30.00 3 4 3 17.865
[Avasn| [cLav] = 176 | 19.7 | 196
| RESULTS 5 35.00 1 7 7 19.015
16.7 | 16.6 | 16.3
TR 6 2000 | 9 | 8 | 16.607
5, WAz CS 174 [ 179 | 176
e 7 45.00 5 4 6 17.684
ﬁ: 21.0 | 20.5 | 205
;3 'mx:om 8 50.00 2 0 7 20.696
s .'I_'E m‘sFmHmm\,s 20.0 | 19.2 | 18.9
Ex 26 9 55.00 7 6 4 19.423
=5l . < 18.2 | 18.6 | 18.3
'3'§ G FOR 14 DAYS 10 60.00 5 0 9 18.410
=g ‘:':\ 20.7 | 20.8 | 21.6
12 65.00 9 6 2 21.093
SUNDRYING e 243 | 218 | 211
13 70.00 9 1 3 22.441
253 | 25.8 | 234
14 75.00 2 0 3 24.853
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Compressive Strength Test —

The dimensions of all sample bricks are measured and
the average dimension is taken for the calculation of the
compressive strength. It is also observed that the
dimensions within group itself are also different.
However, for the purpose of the calculation of the
compressive strength the following dimensions are taken
as average dimension.

Plan

SIZE OF Area

BRICK Length | Width | Height | (mm?
(mm) 215.00 | 95.00 70.00 | 20425.00

It is obvious from the observations that the clay — fly ash
bricks with 45% fly ash content the strength is optimum.
The compressive strength as calculated for different
samples of bricks are shown in Table - 3.

Table — 3 : “Results of Compressive Strength Test”

2:
¥ % OF COMPRESSIVE STRENGTH (N/mm?)
< FLY
2 ASH
ADDED | SA-1 | SA2 | SA3 SA4 | SA5 | AVERAGE

Copyright to IJIRSET

Table — 2 : “DENSITY OF THE BRICKS (DRY)” 0 | 000 |432|432] 480 | 456 | 3.60| 4.323
X 1 | 15.00 | 480|528 | 576 | 552 | 480 | 5.235
DENSITY OF BRICK (DRY) (N/m’) 2 | 20.00 | 6.24 | 7.68 | 6.24 | 6.72 | 6.48 | 6.676
%OF | SAMPLE- | SAMPLE- | SAMPLE- 3 | 2500 | 720 [ 768 | 7.20 | 6.96 | 6.72 | 7.156
ARK | ASH 1 2 3 AVERAGE 4 | 30.00 | 816|816 | 816 | 7.92 | 7.92 | 8.069
0 0.00 | 17146.49 | 16913.20 | 16755.39 | 16938.36 | | 2 | 35.00 | 9.13 | 8.65 | 8.16 | 8.65 | 8.65 | 8.645
1 | 15.00 | 16673.05 | 16165.32 | 16474.08 | 16437.48 | | & | 40.00 | 9.13 | 865 | 9.13 | 8.65 | 9.13 | 8.933
2 | 20.00 | 16467.21 | 15952.61 | 16398.60 | 16272.81 ; gg:gg ggé 2:5 g?g ggg g:ﬂ ?%‘i
3 | 25.00 | 16261.37 | 16137.87 | 1620648 | 1620191 | st e 00 (516 (528 T 672 | 816 1720 | 7108
4 | 30.00 | 16192.76 | 16261.37 | 16076.12 | 16176.75 | 15 T 60.00 | 768 [528 | 6.72 | 816 1624 | 6820
5 35.00 | 16055.53 | 16124.15 | 16055.53 | 16078.41 12 | 65.00 | 432 | 4.80 | 6.24 7.68 | 4.80 5571
6 40.00 | 15986.92 | 16041.81 | 15719.33 | 15916.02 13 | 70.00 |1 3.84 | 3.84 | 5.28 6.24 | 3.84 4.611
7 | 45.00 | 15774.22 | 15691.88 | 15643.85 | 15703.32 | [ 14 | 75.00 | 4.08 | 432 | 432 | 4.80 | 3.84 | 4.275
8 | 50.00 | 15438.01 | 15410.57 | 15369.40 | 15405.99
9 | 55.00 | 15300.79 | 15273.34 | 15156.70 | 15243.61 V. CONCLUSIONS
10 | 60.00 | 15156.70 | 15108.67 | 15074.36 | 15113.24 Water Absorotion
12 65.00 | 15081.22 | 15197.87 | 14998.89 | 15092.66 The water abzorption % of the bricks increases with
13 | 70.00 | 14889.11 | 15081.22 | 14985.17 | 14985.17 every increase in the fly ash % in the bricks. The
14 | 75.00 | 13859.91 | 13791.29 | 14168.67 | 13939.95 variation is from 15.463 % at 0% fly ash to 25.545 % at

75% fly ash. The variations in water absorption % with
fly ash addition are shown in Figure - 2.
Figure — 2 : “Variation in Water Absorption with Fly
Ash”

30.000 1
25.000 1
20.000 1
15.000 1

10.000 1

WATER ABSORPTION (20)

o
o
I=3
>

0.000 T T T T T T T

0.00 15.00 20.00 25.00 30.00 3500 40.00 45.00 50.00 55.00 60.00 65.00 70.00 75.00

% OF FLY ASH ADDED

Dry Density

The dry densities of the brick samples are decreasing
with every increase in % of fly ash. The variations in
density (dry) in kN/m?® vesus fly ash addition is shown in
Figure — 3. The dry density of the brick samples is
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decreasing from 16938.36 N/m*® for 0% fly ash to
13811.88 N/m® for the 75% fly ash.
Figure — 3 : “Variation in Density with Fly Ash”
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Compressive Strength

The compressive strengths of the bricks increases with

addition in fly ash % up to 40% to 50 % and there after

starts decreases. The variation in compressive strength

with the % increase of fly ash is shown in Figure — 4.

The optimum compressive strength of the brick is 9.126

N/mm? at 45% addition of fly ash with clay.

Figure — 3 : “Variation in Compressive Strength with Fly
Ash”
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Comments on Quality of Clay - Fly Ash Burnt Bricks
The following are the properties of the fly ash — clay
burnt bricks which are experimented —
Optimum % of fly ash addition

45%
Water Absorption (at 45% Fly Ash)

17.539 %
Compressive Strength (at 45% Fly Ash)

9.126 N/mm?
Density (Dry) (at 45% Fly Ash)

15703.32 N/m®
The bricks may be termed as class 7.5 as per BIS 1077 -
1982. As per BIS : 3492 — Part — 2 : 1992, the water
absorption up to class 12.5 should be less than 20%. The
bricks prepared confirm to this criterion too.
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