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Abstract: The dead load of any structure varies depending on
the type of bricks and its weight. Due to the increased numbers of
high rise buildings, lighter materials than normal clay bricks are
preferred. Fly-ash bricks are more popular presently since it
weighs 28% less than clay bricks aswell as shows higher strength
.The strength is higher by 25% than commonly available bricks.
Besides strength other characteristics such as absorption capacity,
modulus of rupture, initial rate of absorption, durability and bond
strength. The values thus obtained from the test shows excellent
results as compared to that of brick clay. The latest type of bricks
has been given the name fly-ash bricks. The key objective of the
paper is to study the strength of fly ash brick using different
material proportion and also to improve the compressive stress
and also to determine the durability along with stability of the
bricks.
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I. INTRODUCTION

The congtituentsthat afly ash brick consists are fly ash, sand,
lime, stone dust and gypsum. The fly ash bricks being lighter
and stronger than ordinary burnt clay bricks can be easily
used for the purposes of construction. Fly ash is a waste
material that gets accumulated in a large volume near the
industries which causes environmenta pollution. Thus the
use of fly ash as raw materials will not only grant a
productive disposal of the fly ash but also help to mitigate the
pollution to a great extent. Henry et.a (2005) intended to
provide a solution to the fly ash disposal problem by utilizing
the fly ash produced from different sources. Moreover, the
heat cement emits due to its hydration is liable for greater
percentage of global warming. Henry Liu et.a (2009)
developed bricks made of pure fly ash which do not require
high kiln temperature similar to that in the production of clay
bricks.
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Thelong term tests conducted on the fly ash bricksresulted in
higher strength due to the process of carbonation which is
caused by the absorption of carbon-di-oxide from the
atmosphere.

This aso results in the reduction of global warming. The
cement industry emits a huge amount of CO, along with high
energy consumption produce cement. To reduce these
effects, the pozzolanic materials such as fly ash may be used
by replacing lime. In this current work the attempt has made
toward find the optimum mix proportions so as to obtain
highest compressive strength of latest fly-ash brick. These
bricks made with fly-ash are prepared for different ratios of
ingredients using hydride lime or slug lime and Gypsum as
binder material and 28 days compressive strengths are
calculated. Fly ash based bricks are prepared for different
ratios of ingredients using cement as binder material and 28
days compressive strengths are calculated. The optimum
quantity of fly ash that is needed to be mixed with the soil
while to achieve better properties than clay bricks is an
important factor that needs to be determined. Krishnamurthy
et.a (1994) investigated the optimum quantity of fly-ash that
must to be added to soil for the production of high-quality
bricks. The strength observed by replacing 50% fly ash
ranged from 9.8 N/mm? to 11.5 N/mm?. Though for country
brick the strength obtained was only 3.5 N/mm? which didn’t
increase even with the increase in the percentage of fly ash.
Obadakayaliet.al (2005) compared the properties of fly ash
bricks to the clay bricks. The produced fly-ash bricks were
not only 28% lighter than clay bricks athough it possess
40MPa or higher compressive strength. The compressive
strength of the fly ash bricks is found to be 24% greater than
that of any good quality brick. Again the fly ash bricks
possess 28% lesser density than the normal clay bricks.
Mei-In Chou and Shang Fu Chou (2004) reported that the
paving bricks with 20 % volume of fly ash and building
bricks containing fly ash upto 40% were produced. Dayal
(1995) described that the fly ash has relatively a lesser
amount of compressibility and superior shear strength
properties and also mentioned about the usage of fly ash in
various modes. Fly-ash based bricks are categorised in two
types, non-calcinite bricks (fly ash mix with bonding agent)
along with calcinite bricks (fly-ash clay brick). Percentage of
fly ash mixed varied from 10% to 80% and tested for their
suitability and 40% by weight of local silty soil found as the
optimum percentage of fly ash. Kute and Deodhar (2003)
aso found suitable dternative methods of brick
manufacturing process to the existing materials.
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They tested the properties exhibited by fly ash bricks by
addition of different proportions of fly ash and baking them at
different temperature. The result of the test showed that the
compressive strength along with the water absorption were
improved by adding 40% of fly ash (by weight) along with
burning at 1000° C. Mandal and Majumdar (2009) studied the
outcome of a variety of factors such as ratio of water and fly
ash, temperature of curing, concentration of alkali activators
and different time period of curing on the compressive
strength of mortar such as 3, 7 and 28 days. 48 hours curing at
about 60-70°C was optimum for the present scenario. Moinul
Islam and Saiful Islam (2010) studied both the parameters
such as the optimum replacement volume of cement with fly
ash and also the environmental of the cement. The fly ash
being cheaply available, when used in high volume replacing
cement in any construction work reduces the heat of
hydration due to cement thus making the project economical
as well as environment friendly.

I1.INGREDIENTSOF FLY ASH BRICK

The major ingredients required to produce afly ash brick are
fly ash, gypsum and quarry dust with binding material lime
and/or cement. Figure 1 shows the flowchart ingredients.

Lime
Y Gypsum
A FlyAsh #

v Bricks w
A

Fly Ash

Cement Quarry Dust
Sand

Figure 1: Flowchart representing the composition of Fly Ash
brick.

A.Chemical Composition of Fly Ash Brick:
The chemical composition of fly ash bricks are provided in
thetablel.

Tablel: Chemical composition of Indian fly ash

Chemical Composition Per centage %
Silica(SiO,) 38-63
Alumina (Al,0O3) 27-44
Titanium dioxide (TiO,) 04-18
Iron Oxide (Fe,0s) 33-64
Manganese oxide (MnO) 0-05
Calcium Oxide (Ca0) 02-8
Magnesium Oxide (MgO) 0.01-0.5
Sodium Oxide (Na,O) 0.07-0.43
Loss of Ignition (LOI) 02-34

B. Experimental properties of materials:

The materials used to prepare the fly ash bricks of dimensions
200mm x 100mm and 100mmare tested thoroughly to
determine their properties. Sieve analysis is carried out to
determine the grain size distribution of the sand. The result
shows that the sand has 1% gravel along with 15.4% coarse
sand, 27.4% medium sand and 53.2% fine sand. The sand
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also has a small percentage of silt clay, about 3%. Sand has
been tested for its bulking properties and it was found that the
volume of the sand has increased by 3% after 1 hour as well
as 24 hours. Average moisture content of fly ash by oven dry
method was 0.3. The consistency was determined using the
Vicat apparatus. A mixture of 400 gm cement and 136 ml of
water was penetrated to a depth of 6 mm. Similar amount of
cement was mixed with 140 ml of water for the determination
the initial and final setting time of the cement. The
determined outcome showed an initial setting time of 87 min
and a fina setting time of 3 hours and 5 min. The 14 days
strength and 24 days strength of the cement are 15.13 MPa
and 19.46 MPa respectively. Table Il shows the specific
gravity of the materials as determined by Pycnometer test.
Different proportions of materials are mixed together to
prepare different grades of bricks and their strength is
checked. The proportions in which the fly ash, stone dust,
lime, gypsum and cement are mixed are provided in table I11.
Thisprocessis carried out to determine the optimum quantity
of fly ash that provides the highest strength.

1. EXPERIMENT RESULT

Fly ash bricks are prepared using seven different proportions.
Among these seven proportions, four different proportions
were prepared without cement content but adding hydride
lime and gypsum as shown in table I11. Three bricks of each
proportion were made and tested to check their compressive
strength. Table V shows the peak load and stresses as
achieved by testing these bricks made without cement. From
the different figures shown below, it is evident that the stress
inthe bricksincreaseslinearly with theincreasein load. From
Figure 2 it can be observed that the maximum stress and
minimum stress generated are 6 MPa and 5.25 MPa
respectively by combination of fly-ash, quarry dust, hydride
lime and gypsum in the proportion of 45:40:10:5. The
average stress being 5.61 MPa. Figure 3 shows that when the
stone dust is decreased to 22.5% and fly ash is increased to
62.5 % without any change in the amount of hydride lime and
gypsum, the average stress generated is increased to 6.90
MPa. The graph plotted in Figure 4 shows that if the stone
dust and fly ash and gypsum are kept approximately of
similar proportion to that in experiment 2, the load carrying
capacity might be increased by increasing the amount of
Hydride lime upto 15 percent. The maximum stress generated
in this case is increased to 9.38MPa. It is found that if the
hydride lime in increased (experiment 4), average stress
generated is increased to 10.40 MPa (Fig. 5). Unlike the
above experiments (No. 1 to 4), the hydride lime and Gypsum
is removed in the experiment 5 to 6 and is replaced with
cement. It is observed from experiment 5 using Fly ash, stone
dust, and cement in the proportion of 47.2:42.5:10, a mean
strength of 8.89 MPa is obtained. By increasing a minute
amount of fly ash and decreasing the amount of stone dust
without any change in cement, the mean strength isincreased
t0 9.15 MPa. If the percentage of fly ash is increased to 60%
reducing the percentage of sand/stone dust to 20 % and a
small percentage of cement is reduced, the stress carrying
capacity of the brick isincreased to 11.04 Mpa.
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Tablell: Specific gravity of fly-ash, cement, sand, hydride lime, gypsum

Materials Fly-ash | Cement | Stonedust/Sand | HydrideLime
Specific Gravity 2.125 3.3 2.7

Gypsum

2427 2.7

Tablelll: Material ratio for brick test without cement content

Material Name Ratio of Material (%)
Experiment | Experiment | Experiment | Experiment

1 2 3 4
Fly Ash 45 62.5 60 50
Sand/Stone Dust 40 225 20 25
Hydride lime 10 10 15 20

Gypsum
Cement 0

TablelV: Material ratio for brick test with cement content

Ratio of Material (%)
Experiment | Experiment Experiment
Material Name 5 6 7
Fly Ash 475 50 60
Sand/Stone Dust 425 40 32
Hydride lime 0 0 0
Gypsum 0 0 0
Cement 10 10 8
TableV: Fly ash brick (without Cement) load test data
Experiment 1 Experiment 2 Experiment 3 Experiment 4
1 2 3 1 2 3 1 2 3 1 2 3
Pe‘?:i h;’ad 120 | 112 | 105 | 135 | 142 | 137 | 175 | 199 | 189 | 205 | =212 | 207
2
gress()N/ MM 6 | 56 | 525 | 675 | 7.1 | 68 | 875 | 995 | 945 | 1025 | 1060 | 1035
Average
Stress (N/mm2 5.61 6.90 9.38 10.40
)
0.6
0.2
0
0 0.2 0.4 0.6 0.8 1
=—&—Load Vs. Stress (Experiment 1)
Figure2: Load Vs Stressgraph for experiment 1
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Figure 3: Load Vs Stressgraph for experiment 2
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Figure4: Load Vs Stressgraph for experiment 3
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Figure5: Load Vs Stressgraph for experiment
TableVI: Fly ash brick (with Cement) load test data
Experiment 5 Experiment 6 Experiment 7
1 2 3 1 2 3 1 2 3
Peak Load (KN) 186 | 185.9 | 162.8 | 169.2 | 190.4 | 189.7 | 200 | 213.9 | 2486
Stress (N/mm?) 9.3 | 9.29 8.1 8.46 952 | 9.49 10 10.69 | 12.43
Average Stress (N/mm?) 8.9 9.15 11.04

10.4
9.38 8.9 9.15
6.9
5.61 I
1 2 3 4 5 6 7

Stressesfor different ratio of material
11.04
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Fig 9: Comparison of mean stresses obtained from load test data
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IV.CONCLUSION

Here an attempt has been done to study the behavior of fly
ash based bricks using lime and gypsum as binder material.
Further studies have been made by the application of cement
as a binder material. Based on the results obtained from the
experimental study it can be concluded that, Fly ash based
brick develop sufficient strength using both the hydride lime
and the cement as a binder material.

By different trial ratios it is observed that fly ash based
bricks achieve more compressive strength for dug lime
(cement) then hydride lime even if using fifty percent of fly
ash. Also it can be concluded that with a lesser percent of
cement a good strength of fly ash based brick can be
prepared. Practically the average weight of standard brick is
3.5 kg whereas the average weight of fly ash brick isfound to
2.58 kg which is more or less 26-30% lighter than the
standard modular brick. Due to less weight fly ash bricks the
self-weight over the structure will be reduced.

REFERENCES

1. Henry Liu, Williams Burkett and Kirk Haynes, —Improving freezing
and thawing properties of fly ash bricks, World of coal ash (WOCA)
conference, April 11-15, 2005, Lexington, Kentucky, USA.

2. Henry Liu, Shankha K Banerji, William J Burkett and Jesse Van
Engelenhoven, —Environmental properties of fly ash bricks, World of
Coal Ash Conference, 2-7 May 2009 in Lexington, Kentucky, USA,
pl.

3. Krishnamoorthy N R, Mastanaiah G and Gopalakrishnayya A
—Characteristics of fly ash treated black cotton soil bricks, Journal of
Institutions of Engineers (India), Vol 74 February 1994, p 184.

4. ObadaKayali, —High performance bricks from fly ashl, World of Coal
ash conference, April 11-15, Lexington, Kentucky, USA, 2005.

5. Mei-In (Méelissa) Chou and Sheng-Fu (Joseph) Chou, final report of

Combustion byproducts  recycling consortium project,
—Manufacturing fired bricks with class F fly ash from illinois basin
coals, 2004.

6. Dayal U —Fly ash — A construction materiall Journal of Institution of
Engineers, Vol 76, November 1995, p 174.

7. Kute S and Deodhar S V —Effect of fly ash and temperature on
properties of burnt clay bricksl, Institution of Engineers (India)
Journal, Vol 84, August 2003.

8. Mandal S and Majumdar D, —Study on the alkali activated fly ash
mortar, The Open Civil Engineering Journal, Vol 3, 2009, p 98

9. Moinulislam md and saifulislam md, —strength behaviour of mortar
using fly ash aspartial replacement of cement concrete research letters,
vol 1, no 3, 2010, p 98.

AUTHORSPROFILE

Md Mainuddin is an Assistant Professor in the
Department of Civil Engineering from the Dream Institute
of Technology, Kolkata, India. He had also served others
different Institutes in Kolkata & Hyderabad with his total
4 years of teaching experiences. He had completed B.
Tech. (Civil Engineering) at Aliah University, Indiain the year of 2013. He
had completed M. Tech. (Structural Engineering) at Aliah University, India
during the year of 2015. He received the degree of Diploma in Building
Design at CAAD Center in the year of 2014. He participated in AU Student
Research Convention in the year of 2013 at NIT Durgapur, India. His
research interest are pre-stressed segmental bridge and concrete structure.

Md Ruhul Amin isformer student of Aliah University,

Kolkata, India. Now he works under a company which

deals with construction work at Dhaka, Bangladesh. He

had completed B. Tech. (Civil Engineering) at Aliah

University, Indiain the year of 2013. He had completed M.

Tech. (Structural Engineering) at Aliah University, India during the year of
2016.

SouravSarkhel, is an Assistant Professor in the
Department of Civil Engineering from the Dream
Institute of Technology, Kolkata, India. He has served the

Retrieval Number: L36981081219/2019©BEIESP
DOI: 10.35940/ijitee.L3698.129219
Journal Website: www.ijitee.org

4292

ingtitute for the last one year. He has graduated in civil Engineering from
Maulana Abul Kalam Azad University of Technology, MAKAUT (Formerly
known as WBUT) in the year of 2015. He has received Master of
Technology in Structural Engineering from Kalinga Institute of Industrial
Technology (KIIT), Deemed to be University, in the year of 2018.

Prasenjit Bhoumick isan Assistant Professor of Civil
Engineering Department a Dream Ingtitute of
Technology, Kolkata, India. He had also served others
different Institutes in Kolkata with his total 4.5 years of
teaching experiences. He had completed his graduation
from West Bengal University of Technology (WBUT),
Kolkatawith Bachelor of Technology degreein Civil Engineering in the year
of 2012. He had also achieved the Master of Technology degree with
specialized subject on Environment and Water Resources Engineering from
College of Engineering Pune, a Govt. Institute under Savitribai Phule Pune
University. He published hisresearch work on two International Journal, one
National Journal and a book entitled by Geoinformatics In Water Resources
Management.

Azharuddin Ahmed is an Assistant Professor of Civil

Engineering Department a Dream Ingtitute of

Technology, Kolkata, India, since one year. He had

completed his Bachelor of Technology degree in Civil

Engineering from Maulana Abul Kalam Azad University

(MAKAUT) of Technology which is formaly known by West Bengal

University of Technology (WBUT), Kolkata, Indiain the year of 2015. He

had also achieved the Master of Technology degree with specialized subject

on Structural Engineering from Techno India University, Salt Lake, Kolkata

in the year of 2018. He had recently awarded by LBS (Licensed Building

Surveyor) from KolkataMunicipa Corporation, Indiafor his contribution on
building construction work.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication




