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Abstract—This work is mainly focused on utilizing
agricultural waste in the construction industry, which
helps to create a sustainable and pollution free
environment. In trying to make an economic alternative
which provides a good solution to environment and also
to the problems associated with waste management,
sugarcane bagasse ash (an agricultural waste product) is
used as a partial replacement of cement in concrete. The
fine aggregate used in this investigation is M-sand. The
test specimen has been prepared by partially replacing
cement with sugarcane bagasse ash in the ratio of 0%,
2%, 4%, 6%, 8% and 10% by weights of concrete. The
design mix of 1:1.53:2.76 at constant water cement ratio
of 0.45 was used .The effect of using sugarcane bagasse
ash content as a partial replacement of cement was
investigated on both fresh and hardened concrete’s
properties. The test results indicate that the sugarcane
bagasse ash is an effective mineral admixture and
pozzolan with 8 % optimal replacement ratio of cement.

Keywords—concrete, sugarcane bagasse ash, slump
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I. INTRODUCTION

Cement is a fine mineral powder manufactured by
precise process. When mixed with water, it
transforms into a paste which has a good binding
property. OPC is responsible for about 5 to 8 %
global CO2 emission which is the major drawback
(Madeleine Rubenstein, 2012).Limestone is made of
calcium carbonate, when heated it breaks into
calcium oxide and carbon-di-oxide. In order to
reduce the emission few researches have been
carried out on the ashes obtained from industries to
study the pozzolanic activity and its suitability as
binder, when partially replacing it with cement.

Next to Brazil, India is the second largest producer
of sugarcane. During the production of sugar,
sugarcane bagasse, from the extraction of juice from

sugarcane by milling process, is generated as a by-
product. Nearly one ton of sugarcane generates
approximately 26% of bagasse and 0.62% of residual
ash and it has very high concentration of silica
(Mandeep Raj N and Y UmashankarShetty., 2016).

Normally, the ashes are used as fertilizers in their
own sugarcane cultivation. Due to lack of nutrients,
they are often discarded in nature without any
appropriate destination (G.C.Cordeiro et al.,
2008)These wastes in landfills have an adverse
effect on the environment, creating air pollution due
to smell and dust. Bagasse ash could be easily
broken down to respirable-size PM (particulate
matter nominally <10 μm in diameter). Cristobalite,
a potential toxic mineral, was found in the sugarcane
ash samples (J.S. Le Blond et al., 2017).

Being a fibrous residue of sugarcane, sugarcane
bagasse ash is silica rich material that can play the
role of an effective pozzolan that can enhance
pozzolanic reaction, resulting in better performance.

The collected sugarcane bagasse ash is further
heated under 700o C for about 1 hour, which reduces
the carbon content and makes the silica content to an
amorphous phase (Aminet al., 2009). The minerals
present in the sugarcane bagasse ash improve the
compressive strength, tensile strength and
workability of concrete. The total porosity decreases
with increase in hydration time (A.A.Boateng and
D.A.Skeete., 1990)

Manufactured sand is perfect substitute for river
sand. M-Sand is used as a natural fine aggregate;
because it causes less damage to environment when
compared to river sand (J.S. Le Blond et al.,
2017).M-sand has denser particle packing than
natural sand since it is free of silt and clay particle. It
offers high flexural strength, better abrasion
resistance and low permeability. The main objective
is to reduce the cement in concrete by partially
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replacing it with SCBA and making it a durable
construction material.

II. MATERIALS
A.Cement
OPC 43 Grade Chettinad Cement was used for the
full investigation. The specific gravity test was
conducted on cement as per IS 8112:1989 and gave a
value of about 3.15 was obtained.

B. Fine aggregate
The fine aggregate used here is manufactured sand.
The fineness modulus and specific gravity was found
to be 2.64 and 2.74 respectively as per IS 2720:1980
(PART 3)

C. Coarse aggregate
The maximum size of coarse aggregate used here is
20 mm. The specific gravity of the coarse aggregate
was tested as per IS 2386:1963 (PART 3) and it was
found to be 2.89.

D. Bagasse ash
The sugarcane bagasse ash was collected from
Sakthi Sugars Factory, Appakudal, Tamilnadu. The
samples were collected randomly from the heaps in
the yard of the sugar mills and carried to the
laboratory in polyethylene bags. The ash was black
in color due to presence of carbon content. The sugar
cane bagasse cement was sieved to remove the waste
particles and the particle size distribution was found
to be 50 to 100 µm. The specific gravity of the
sugarcane bagasse was found to be 2.72.

FIG 1- PARTICLE SIZE ANALYSIS

III. SPECIMEN PREPARATION

Six different mix proportions of concrete (bagasse
ash ranging from 2% to 10% by weight of cement)
including the control mix were prepared with a water
binder W/(C+SBA) ratio of 0.45 for a design cube

compressive strength of 25 N/mm2. These mixes
were designated as CSBA-0 for control specimen
and CSBA-2, CSBA-4, CSBA-6, CSBA-8, AND
CSBA-10 for the sugarcane bagasse ash concrete,
containing 2, 4, 6, 8, and 10% of sugarcane bagasse
ash respectively. The mix proportions are tabled in
Table 1.

TABLE 1 MIX PROPORTIONS

Mix
designati

on

Components in Kg

Ceme
nt(Kg)

Sugarca
ne

bagasse
ash(Kg)

Fine
aggregat

e

(kg)

Coarse
aggrega
te(kg)

Water
(kg)

CSBA-0
11.364 0 17.493 31.455 5.113

CSBA-2
11.137 0.227 17.493 31.455 5.113

CSBA-4
10.910 0.454 17.493 31.455 5.113

CSBA-6
10.683 0.681 17.493 31.455 5.113

CSBA-8
10.455 0.909 17.493 31.455 5.113

CSBA-
10

10.228 1.136 17.493 31.455 5.113

The concrete was machine mixed in laboratory for
3minutes, including mixing in dry form. For each
mix 150 x 150 x 150 mm cubes were casted for
compression strength test. Additionally, cylinder of
size 150 mm diameter and 300 mm length was
casted for split tensile test. After casting, the
specimens were left for 24 hours. The specimens
were then demoulded and kept in curing tank for a
period of 28 days.

FIG2- SPECIMEN PREPARATION
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IV. TESTS PERFORMED

A. Slump test
The slump test was performed according to
IS 7320:1974 whereby a standard slump cone of size
30cm was used. The concrete was filled in 4 layers
and for each layer a hand compaction of 25 blows
were given. Then the cone was lifted and the slump
value was measured. The same procedure was done
for each sugarcane bagasse ash replacement at 0, 2,
4, 6, 8 and 10% for cement and it was reported in
Table 2.

FIG 3- SLUMP CONE TEST

B. Compaction factor
The compaction factor test was carried according to
IS 1199: 1959. The concrete to be tested was placed
in the upper hopper up to the brim and the trap door
was opened so that the concrete falls into the lower
hopper. Then the trap door of the lower hopper was
opened and the concrete was allowed to fall into the
cylinder. The cylinder was weighed which gave the
weight of the partially compacted concrete. The
cylinder was again filled with concrete in 3 layers
and 25 blows were given to each layer. Then the
cylinder was weighed which gave the weight of fully
compacted concrete. The compaction factor for 0, 2,
4, 6, 8 and 10 % was calculated and reported in
Table 3.

C. Compression strength test
Compressive test was carried out according to  IS
9013-1997 to determine the compressive strength of
concrete. Standard test cubes of size 150 x 150 x 150
mm were prepared for various percentages of
replacing cement with sugarcane bagasse ash at 0, 2,
4, 6, 8 and 10%. For each replacement, three cubes

were casted, cured and tested and the average results
are shown in Table 4.

FIG 4- COMPRESSION STRENGTH TEST
D. Split tensile strength test
Split tensile test was carried out according to
IS 9013-1997 to determine the tensile strength of
concrete. Standard test cylinder of size 150 mm
diameter and 300 mm height was prepared for
various percentages of replacing cement with
sugarcane bagasse ash at 0, 2, 4, 6, 8 and 10%. For
each replacement, two cylinders were casted, cured
and tested and the average results are shown in table
5.

FIG 5-SPLIT TENSILE STRENGTH TEST

V. RESULTS& DISSCUSSION

A.Slump test
A high-quality concrete is one which has

acceptable workability (around 6.5 cm slump height)
in the fresh condition and develops sufficient
strength. Basically, the bigger the measured height
of slump, the better the workability will be,
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indicating that the concrete flows easily but at the
same time is free from segregation.

It is found that when the percentage of SCBA is
increased, the slump value also increases. It gives a
better workability than CSBA-0. The workability of
CSBA-0 and CSBA series concrete are presented in
Figure 5.

TABLE 2 SLUMP VALUE

Mix
designation

Slump value

(mm)

CSBA-0 60

CSBA-2 87

CSBA-4 110

CSBA-6 135

CSBA-8 138

CSBA-10 143

Figure 5

B. Compaction factor
Compaction factor value gives the self compacting
ability of the concrete. The acceptable range for a
good workability concrete is 0.7 to 0.96. Generally,
higher the value of compaction factor, better the
workability, indicates that the concrete can compact
by itself by the force of gravity.

It is found that the compaction factor gets
increased gradually till SCBA-4 and it is constant

from   SCBA-6 to SCBA-10. It gives a better
workability than CSBA-0. The workability of
SCBA-0 and SCBA series concrete are presented in
Figure 6.

TABLE 3 COMPACTION FACTOR

Mix
designatio

n

Partially
compact
ed value

(kg)

Fully
compact
ed value

(kg)

Compact
ion

factor

CSBA-0 22.80 24.10 0.950

CSBA-2 23.73 24.60 0.965

CSBA-4 23.35 24.10 0.969

CSBA-6 23.32 24.05 0.970

CSBA-8 22.28 24.00 0.970

CSBA-10 24.05 24.80 0.970

Figure 6

C.Compressive strength test

Figure 7.shows the compressive strength of concrete
results in which cement is partially replaced with
sugarcane bagasse ash under normal conditions at
the age of 28 days. The results indicate that the
compressive strength of concrete increases till 8% of
replacement and is maximum at a percentage
replacement of 8% after which there is a gradual
drop in compressive strength.
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TABLE 4   COMPRESSIVE STRENGTH

Mix designation
Average

compressive
strength (Mpa)

CSBA-0 27.65

CSBA-2 28.77

CSBA-4 29.48

CSBA-6 29.91

CSBA-8 33.75

CSBA-10 30.64

Figure 7

D. Split tensile strength test
Figure 8.shows the split tensile strength results of
cement concrete in which cement is partially
replaced with sugarcane bagasse ash under normal
conditions at the age of 28 days. The results indicate
that the split tensile strength of concrete is
decreasing till 4 % and suddenly increases. The
maximum split tensile strength is at 10 % of
replacement.

TABLE 5 SPLIT TENSILE STRENGTH

Mix
designation

Average split
tensile strength

(Mpa)

CSBA-0 2.73

CSBA-2 2.71

CSBA-4 2.38

CSBA-6 2.76

CSBA-8 2.92

CSBA-10 3.13

Figure 8

V. CONCLUSION

From the above mentioned experimental results, the
following conclusions can be drawn (on the basis of
strength parameters)

 When the compression test results were
analyzed, it is seen that there was an increase in
compressive strength by 22.06% up to 8%
replacement of ordinary Portland cement with
Bagasse ash and there was a decrease in compressive
strength by 9.12% when replacing it with 10% of
SCBA.

 From split tensile strength test, it is seen that
there was an increase in tensile strength by 6.95%
upto8% of replacement of ordinary Portland cement
with Bagasse ash.
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 Thus, it can be concluded that, up to 8% of
ordinary Portland cement can be replaced with
bagasse ash in m-sand concrete with an increase in
strength parameters.
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