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Abstract— The basic objectives of the sustainable 

development are the preservation of natural resources, 

reduction of environmental pollution and appropriate 

utilization of waste materials. In case of concrete 

construction, these objectives can be fulfilled by partial 

replacement of cement and aggregates with agrowaste like 

sugarcane bagasse ash, rice husk ash etc. and industrial waste 

like copper slag, steel slag, fly ash, coal bottom ash etc. The 

present study focuses on investigating the effect of Sugarcane 

Bagasse Ash (SCBA) as partial replacement of cement and 

Coal Bottom Ash (CBA) as partial replacement of fine 

aggregates in concrete. This study primarily deals with the 

characteristics of concrete, including compressive strength 

and workability. Different mixes of concrete were prepared 

at different replacement levels of SCBA (10%, 15% & 20%) 

with cement and CBA (10%, 20%, 30% & 40%) with fine 

aggregates. The water/cement ratio in all the mixes was kept 

at 0.55. The workability of concrete was tested immediately 

after preparing the concrete whereas the compressive strength 

of concrete was tested after 14 and 28 days of curing. Based 

on the test results, a combination of 10% SCBA and 10% 

CBA is recommended.    
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I. INTRODUCTION 

Concrete is the world’s most consumed construction material 

because of its excellent mechanical and durability properties. 

Worldwide, the concrete industry produces over 10 billion 

tons of concrete annually (Meyer 2006). At present, concrete 

industry is cursed with the scarcity of the aggregates and 

environment pollution from cement production. The cement 

industry has a significant contribution in global warming 

because combustion of fuel in the cement kiln and the 

electricity used for grinding the clinker, emit large amount of 

CO2. Cement industry is responsible for about of 5% of global 

CO2 emissions (Worrell et al 2001). Furthermore, the natural 

resources of aggregates are depleting gradually due to 

development in infrastructure all around the world. The ban 

on mining in some areas is further increasing the problem of 

availability of natural aggregates. Therefore, it becomes very 

essential and more significant to find out the substitutes for 

both cement as well natural aggregates. Apart from it, the 

continuous growth of agro and industrial waste is the 

principle cause of many environmental concerns and burdens 

which can be reduced by using these wastes in concrete 

construction. 

Sugarcane is one of the major crops grown in over 

110 countries. According to Food and Agriculture 

Organization (FAO), India is the second largest producer of 

sugarcane in the world. It produces 340 million tons of 

sugarcane every year. The fibrous matter that remains after 

crushing and juice extraction of sugarcane is known as 

bagasse. When this bagasse is burned under controlled 

temperature, it results into ash. The resulting Sugarcane 

Bagasse Ash (SCBA) contains high levels SiO2 and AL2O3, 

which can help to enabling its use as a supplementary 

cementitious material (SCM). The use of SCBA as SCM not 

only reduces the production of cement which is responsible 

for high energy consumption and carbon emission, but also 

can improve the compressive strength of cement based 

materials like concrete and mortar (Janjaturaphan and 

Wanson 2010). This improved compressive strength depends 

on both physical and chemical effects of the SCBA. The 

physical effect also called filler effect which relates to shape, 

size and texture of the SCBA particles while the chemical 

effects relate to the ability of SCBA to participate in the 

pozzolanic reaction with calcium hydroxide by providing 

reactive silicious compounds. 

Coal Bottom Ash (CBA) is produced in furnaces of 

coal fired thermal plant. It is a non combustible material 

produced after burning of coals, mainly comprise of fused 

coarser ash particles. This unutilized ash has to be disposed 

off either dry or wet to an open area near the plant or mixing 

it with water and pumping into water bodies which causing 

pollution. To overcome this type of problem, it is necessary 

to utilize bottom ash. The bottom ash forms up to 25% of the 

total ash while the fly ash forms the remaining 75%. In India, 

over 70% of electricity is generated by combustion of fossil 

fuels, out of which nearly 61% is produced by coal fired 

plants (Aggarwal et al 2007). The coal fired thermal power 

plants are burned about 407 million tons of coal for 

generation of power and produce about 131 million tons of 

coal ash annually (Singh and Siddique 2014). In addition, it 

has been also observed that the CBA is well graded and 

majority of its grains sizes are similar to grains sizes of river 

sand. This grain size of CBA is within the limit given by 

Bureau of Indian Standard (BIS) specification (Kadam and 

Patil 2013). These physical properties of CBA make it 

attractive to be used as fine aggregates in production of 

concrete. 
Several researchers have investigated the individual 

effect on the strength properties of concrete by replacing 

either cement with SCBA or fine aggregates with CBA. The 

information available on the performance of fresh as well as 

hardened concrete using combination of SCBA and CBA is 

rare. The main objective of this study is to investigate the 

workability and compressive strength of concrete by using 

SCBA and CBA as combination. Moreover, this study also 

examines the effect of elevated temperature on thermal 

stability of all concrete mixes. 

Keeping above in view, the present study has been 

planned with the following objectives: 

1) To study the compressive strength characteristic of 

concrete using sugarcane bagasse ash (as partial 

replacement of cement) and coal bottom ash (as partial 

replacement of fine aggregates). 
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2) To study the workability characteristic of concrete using 

sugarcane bagasse ash and coal bottom ash. 

3) To study the effect of elevated temperature on 

compressive strength of concrete using sugarcane 

bagasse ash and coal bottom ash. 

II. LITERATURE REVIEW 

This chapter presents the background information on the 

issues to the to be consider in the present research work and 

to focus the significance of the current study. 

Srinivasan and Sathiya (2010) studied the effect of 

SCBA as partial replacement of cement in concrete. The 

study was carried out on SCBA obtained by controlled 

combustion of sugarcane bagasse which was procured from 

the Tamilnadu province in India. SCBA was partial replace 

with cement at the ratio of 0%, 5%, 10%, 15% and 25% by 

weight. In the experimental work, a total of 180 numbers of 

concrete specimens were casted. The specimens considered 

in this study consisted of 36 numbers of 150 mm side cubes, 

108 numbers of 150mm diameter and 300 mm long cylinders, 

and 36 numbers of 750 mm x 150 mm x 150 mm size prisms. 

The specimens were removed from the mould after 24h and 

then cured under water for a period of 7 and 28 days. The 

study examined the compressive strength, split tensile 

strength, flexural strength, young’s modulus and density of 

concrete. It was concluded that the SCBA in blended concrete 

had significantly higher compressive strength, tensile 

strength, and flexural strength compare to that of the concrete 

without SCBA. It was also found that the cement could be 

advantageously replaced with SCBA up to maximum limit of 

10%. 

Otuoze et al (2012) studied the effect of SCBA as 

partial replacement of cement in concrete. In this study, 

SCBA collected was burnt in an incinerator at a controlled 

temperature of 600°C. A total of one hundred and eight (108) 

specimens in all, each measuring 100 mm x 100 mm x 100 

mm were casted and cured for 7, 14, 21, and 28 days for 0, 5, 

10, 15, 20, 25, 30, 35 and 40% SCBA blended with OPC. The 

results showed that SCBA is a good pozzolana for concrete 

cementation and partial blends of it with OPC could give 

good strength development and other engineering properties 

in concrete. An optimum of 10% SCBA blend with OPC 

could be used for reinforced concrete. Higher blends of 15% 

and up to 35% of SCBA with OPC are acceptable for plane 

or mass concrete. 

Malkit and Siddique (2013) studied the effect of coal 

bottom ash as partial replacement of sand. Various properties 

of concrete such as density, compressive strength, flexural 

strength, split tensile strength and durability were 

investigated in this paper from the review of published 

research work. The study pointed out that density, 

compressive strength, split tensile strength and flexural 

strength of concrete decrease when natural sand is substituted 

by coal bottom ash due to the porosity and higher water 

demand of coal bottom ash particles. 
Muangtong et al (2013) examined the effects of fine 

SCBA on the workability and compressive strength of 

mortars. Initially, the clinker was designed. After that it was 

replaced with SCBA with different replacement levels at the 

range of 0, 20 and 40%, whereas gypsum was constant added. 

For cement mortars, sand, cement, SCBA and water were 

mixed and cast into cube moulds (50mm x 50mm x 50mm) 

for compressive strength and fluidity of cement mortar 

testing. The results revealed that replacing clinker with 20% 

SCBA was appropriate for production in laboratory scale and 

w/c ratio of 0.735 is suitable on workability of the resultant 

cement. 

III. METHODOLOGY 

This study briefly explains the materials used and methods 

adopted to conduct the study of workability and compressive 

strength and split tensile strength of concrete containing 

SCBA and CBA. 

A. Collection of Raw Materials: 

The materials used in this study are: Ordinary Portland 

cement (OPC): 53grade ACC Cement, Sugar cane bagasse 

ash: Ash collected from the sugar factory in the 

Visakhapatnam district. 

Coal bottom ash: Ash collected from the NTPC in the 

Visakhapatnam district. 

Water: Collected from the local fresh water sources  

Fine aggregate: River sand passing through 4.75mm sieve 

size  

Coarse aggregate: Aggregate sizes of 20mm  

Basic test results of materials: For all the materials used in the 

project following basic tests were conducted according to the 

IS specifications.  

Basic test results for cement:  

 fineness of cement=7.16%  

 specific gravity of cement=3.195  

 Normal consistency of cement=31.5%  

 Penetration depth for initial setting time=5mm  

 Penetration depth for finial setting time=32mm  

Basic test results for fine aggregate:  

 Sieve analysis for fine aggregate=zone-1  

 Specific gravity of fine aggregate=2.519  

 Water absorption for fine aggregate=0.2  

Basic test results for coarse aggregate:  

 Sieve analysis for coarse aggregate=table 2 of IS 383-

1970  

 Specific gravity for coarse aggregate=2.707  

 Water absorption for coarse aggregate=1.689  

Basic test results for SCBA: 

 Colour : Grey 

 Specific gravity = 2.2 

Basic test results for CBA: 

 Colour : Grey or shiny black 

 Specific gravity = 1.78 

IV. EXPERIMENTAL WORK 

In this study, the specimens were tested after 14 and 28 days 

of curing to study the effect of SCBA and CBA in concrete. 

The 12 mixes were prepared other than control mix. The 

cement was replaced with different replacement levels of 

SCBA (10%, 15% & 20%) while fine aggregates was 

replaced with different ranges of CBA (10%, 20%, 30% & 

40%). The water/cement (w/c) ratio in all the mixes was kept 

0.55. The cubes considered in this study consisted of 24 
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numbers of 150mm side cubes. The ratio of different 

materials used in each mix and mix designation are given 

below 

MIX CBA(%) SCBA(%) CEMENT 

M1  

 

10 

10 90 

M2 15 85 

M3 20 80 

M4  

 

20 

10 90 

M5 15 85 

M6 20 80 

M7  

 

30 

10 90 

M8 15 85 

M9 20 80 

M10  

 

40 

10 90 

M11 15 85 

M12 20 80 

Proportions of different materials 

 
Workability: To determine workability of fresh concrete the 

following tests were conducted. 

1) Slump cone test  

2) Compaction factor test  

Tests: To know the hardening properties of concrete the 

following tests are conducted on the specimens for 3, 7 and 

28 days from time of mixing the water to the dry materials  

1) Compressive strength test (Cubes)  

2) Split tensile strength test (Cylinders)  

V. RESULTS 

A. Workability:  

From results, it can be concluded that the concrete mixes 

decreased with the increase in content of SCBA and CBA. 

The slump values decreased from 110 mm to 45 mm when 

40% of fine aggregates were replaced by CBA and 20% of 

cement by SCBA. 

 
Table 1: Results of Slump Test 

 
Table 2: Results of Compaction Factor Test 

B. Compressive Strength:  

It is evident from Table values that with increasing the SCBA 

content (up to 15%) the improvement in compressive strength 

of concrete mixes is continuous. At the curing age of 14 days, 

the concrete containing 5%, 10% and 15% SCBA as cement, 

gained 2.5%, 4.2% and 1.6% of strength while at 20% 

replacement level concrete loosed 1.2% of strength. 

 
Table 3: Results of Compression Test 

C. Split Tensile Strength:   

Split tensile strength test was conducted for the cylinders of 

150mm dia and 300mm length. Compared to conventional 

concrete crack width is more for this M5 mix concrete. 

Splitting of specimens into two pieces can be controlled 

completely with this fiber. 

 
Table 4: Results of Split Tensile Test 
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VI. CONCLUSIONS 

 The workability of concrete decreases as SCBA and 

CBA content increases. The slump value decreased from 

110 mm to lower values with the inclusion of 40% CBA 

and 20% SCBA. 

 The compressive strength of concrete increases as SCBA 

content increases for all curing ages. The maximum 

improvement in compressive strength is at 10% of SCBA 

but beyond 10% replacement of SCBA, strength starts 

reducing. There is a significant reduction in compressive 

strength at 20% replacement of SCBA. 

 The addition of CBA decreases the compressive strength 

of concrete for all curing ages. 

 The addition of SCBA decreases the split tensile strength 

of concrete for all curing ages. 

 As combination, cement can be replaced with SCBA up 

to 15% while fine aggregates can be replaced with CBA 

up to 10% without any loss in strength of concrete. The 

combination of 10% SCBA and 10% CBA is 

recommended to obtain higher strength and acceptable 

workability. 

 Statistical analysis shows that the addition of SCBA and 

CBA significantly affects the 14 and 28 days 

compressive strength. 
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