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Aggregate, which makes more than 50% of the concrete volume, is one of the main 
constituent materials in concrete production. Due to the high cost of gravel which is used 
as coarse aggregate and the rising emphasis on sustainable construction, there is a need 
for the construction industry to search for alternative materials. Steel slag (SS), one of the 
most common industrial wastes, is a by-product of steel production. This study examined 
the potential use of bagasse ash (BA) as partial cement replacement material with utmost 
percentage fixed at 10% replacement and steel slag (SS) as coarse aggregate with 25 % 
increment until all natural aggregates are replaced with steel slag (i.e., control mix, 10% 
BA - 0%SS, 10% BA - 25%SS, 10% BA - 50%SS, 10% BA - 75%SS, 10% BA - 
100%SS). The Mix design for M25 grade concrete is done as per IS 10262-2009.With the 
above variables 54 cubes, 54 cylinders and 54 beams were cast and tested at the age of 7, 
14&28days for compressive strength, split tensile strength and flexural strength. From the 
obtained results the optimum percentage of replacement of BA and SS is chosen. 
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I. Introduction  

Concrete is an important material that which has versatile use in construction practice in 
the world. Concrete is a composite material composed of granular materials like coarse 
aggregates embedded in a matrix and bound together with cement or binder which fills 
the space between the particles. It offers flexibility and stability for the residential market 
place and environmental advantages. In recent years, there has been a growing interest in 
the utilisation of waste materials and by-products in concrete.These materials provides 
numerous ecological benefits such as reducing landfill cost, saving energy, and protecting 
the environment from pollution. Furthermore, their utilisation may improve the 
microstructure, mechanical and durability properties of concrete. Initiatives are emerging 
worldwide to control and regulate the management of sub-products, residuals and 
industrial wastes in order to preservethe environment from contamination. A 
goodsolution to the problem of recycling of agro industrialresidues would be by burning 
them in acontrolled environment and use the ashes (waste). 
I.I Bagasse ash 
Bagasse ash is a by-product of sugar factories found after burning sugarcane bagasse 
which itself is found after the extraction of all economical sugar from 
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Sugarcane.When this waste is burned at around 600-800°C, it produces ash containing 
large amount of amorphous silica having pozzolanic properties.The disposal of this 
material is already causing environmental problems around the sugar factories.  

Chemical Composition of BA 
 
 
 

 
  

 
 
 
 

  
 

 

 
Fig.1: Bagasse ash 

I.II Steel slag 
Steel slag is a by-product of steel making, and a kind of solid waste produced during 
the separation of the molten steel from impurities in steel-making furnaces. Steel slag 
has high bulk specific gravity and less than 3% water absorption. They have high 
resistance to abrasion and impact. These waste slag materialsoccurs as a molten liquid 
melt and is a complex solution of silicates and oxides that solidifies upon cooling in the 
steel industry. Since large quantities of these wastes are generated daily, they are 
considered problematic and hazardous for both the factories and the environment. The 
disposal of these materials will have a negative impact on the environment. The use of 
the local steel slag, as coarse aggregate, resulted in enhancement of the performance of 
the concrete. 

Chemical Composition of SS 
 
 
 
 
 
 
 
 
 
 
 
 

Component Bagasse ash 
SiO₂ 62.43 
Al ₂O₃ 4.28 
CaO 11.8 

Fe₂O₃ 6.98 
K₂O 3.53 
MgO 2.51 
Na₂O 1.48 

Loss of 
ignition 

4.73 

Component Steel Slag 
SiO₂ 26.4 
Al ₂O₃ 4.84 
CaO 16.9 
Fe₂O₃ 43.4 
K₂O 1.66 
MgO 1.86 
Na₂O 0.15 

Loss of 
ignition 

3.04 
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Fig.2:steel slag   

 
II. Objective 

• The main objective of this study was to identify alternative source of coarse 
aggregates which is depleting very fast due to the fast pace of construction 
activities in India.  

• To evaluate the utilisation of sugar bagasse ash and steel slag as replacement of 
cement and coarse aggregate. 

• To study and compare the strength properties of concrete with conventional 
concrete. 

•  To understand the effectiveness of sugar ash and steel slag in strength 
enhancement. 

 
III .Experimental Program 

III.I Compressive strength test: 

Among various strengths of concrete, compressive strength has received a large amount 
of attention because the concrete is primarily meant to withstand compressive stress. 
Compressive strength of concrete depends upon many factors such as water-cement ratio, 
cement strength, quality of control material. The procedure is executed as per the IS 516- 
1959, using the universal testing machine. Place the specimen in the machine in such a 
manner that the load shall be applied to the opposite sides of the cube. Align the 
specimen centrally on the base plate of the machine. The load is applied gradually and 
continuously at the rate of 140kg/cm2/minute till the specimen fails and ultimate load is 
recorded. The optimum percentage of replacement is found for each aggregate 
replacement. Minimum three specimens should be tested at each selected age. Average of 
three specimens gives the compressive strength of concrete.  
Compressive strength of cube = Pu/A 

Where,       Pu = ultimate load in N    

     A = Area of specimen in mm² 

III.II. Split tensile strength test: 
Splitting tests is well known indirect tests used for determining the tensile strength of 
concrete. Cylinders with height of 300mm and diameter 150mm were cast to determine 
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the split tensile strength of concrete. The test consists of applying compressive line loads 
along the opposite generators of a concrete cylinder placed with its axis horizontal 
between the patterns. Due to the applied line loading a fairly uniform tensile stress is 
induced over nearly two third of loaded diameter.   
Split tensile strength = 2P/πDL 
 
Where  
 P = Ultimate load in N 
 D = diameter of the cylinder in mm 
 L = length of the cylinder in mm 
 
III.III. Flexural strength test: 

Flexural strength is also known as modulus of rupture. Beams of size 500x100x100mm 
which were cast and cured for 7, 14 and 28 days were tested using flexure testing 
machine. In this test two-point loading is adopted to determine the flexural strength of 
beams. The load will be applied gradually till the specimen fails and that failure load is 
noted. Similar procedure is repeated for all beams.  
Flexural strength=PL/bd² 
Where   P= load in N 

L= length in mm 
 b= width in mm 

d= depth in mm 
 
IV Results and discussions 
IV.I compressive strength: 
Table 1 

Table 1 Variation of compressive strength 
with percentage replacement of bagasse 
ash and steel slag 
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• In the laboratory, compression tests were conducted as per IS: 516-1959 by using 

different percentages of bagasse ash and steel slag to determine its optimum 
percentage. 

Mix 
designation 

7days  
(N/mm

²) 

14days 
(N/mm

²) 

28days 
(N/mm²

) 
Control mix 20.04 28.70 31.60 

BA 10% - SS 
0% 

17.42 29.60 32.67 

BA 10% - SS 
25% 

21.00 32.23 34.84 

BA 10% - SS 
50% 

23.52 32.67 35.71 

BA 10% - SS 
75% 

21.80 31.36 34.40 

BA 10%-SS 
100% 

19.16 29.18 32.23 
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• The individual influence of bagasse ash and combination with steel slag on concrete 
as observed in the laboratory test are presented in Table 4.1 

• The percentage of steel slag was varied from 0% to 100% with an increment of 25% 
with combination of 10% bagasse ash in cement. 

• It can be observed from the results that there is a gradual increase in compressive 
strength with an increment in the % replacement of steel slag up to 50% and for 
further increase in replacement of steel slag the compressive strength decreases. 

•  Fig. 4.1.1 is the plot showing variation of compressive strength with percentage 
replacement of bagasse ash and steel slag.  

•  From the graph, it is clear that the optimum % replacement of steel slag is 50%.  
 

IV.II. Split tensile strength                                  Table 2 
 
Table 2 Variation of tensile strength with 
percentage replacement of bagasse ash and 
steel slag 
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• In the laboratory, tensile tests were conducted as per IS: 516-1959 by using 

different percentages of bagasse ash and steel slag to determine its optimum 
percentage. 

• The individual influence of bagasse ash and combination with steel slag on 
concrete as observed in the laboratory test are presented in Table 4.2 

• The percentage of steel slag was varied from 0%, to 100% with an increment of 
25% with combination of 10% bagasse ash in cement. 

• It can be observed from the results that there is a gradual increase in tensile 
strength with an increment in the % replacement of steel slag up to 50% and for 
further increase in replacement of steel slag the tensile strength decreases. 

•  Fig.4.2.1 is the plot showing variation of tensile strength with percentage 
replacement of bagasse ash and steel slag.  

•  From the graph, it is clear that the optimum % replacement of steel slag is 50%.  

mix 
designati

on 

7days  
(N/mm

²) 

14days  
(N/mm²

) 

28days  
(N/mm²

) 
control 

mix 
1.94 2.22 2.35 

BA 10% - 
SS 0% 

1.80 2.35 2.50 

BA 10% - 
SS 25% 

1.66 2.41 2.65 

BA 10% - 
SS 50% 

2.15 2.63 2.73 

BA 10% - 
SS 75% 

2.03 2.50 2.22 

BA 10%-
SS 100% 

1.83 2.30 1.94 
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IV.III. Flexural strength 
Table 3 

Table 3.Variation of flexural strength 
with percentage replacement of bagasse 
ash and steel slag 
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• In the laboratory, flexural strength tests were conducted as per IS: 516-1959 by 

using different percentages of bagasse ash and steel slag to determine its optimum 
percentage. 

• The individual influence of bagasse ash and combination with steel slag on 
concrete as observed in the laboratory test are presented in Table 4.3 

• The percentage of steel slag was varied from 0%, to 100% with an increment of 
25% with combination of 10% of bagasse ash in cement. 

• It can be observed from the results that there is a gradual increase in flexural 
strength with an increment in the % replacement of steel slag up to 50% and for 
further increase in replacement of steel slag the flexural strength decreases. 

•  Fig. 4.3.1 is the plot showing variation of flexural strength with percentage 
replacement of bagasse ash and steel slag.  

•  From the graph, it is clear that the optimum % replacement of steel slag is 50%. 
 
V Conclusions 

• There is a gradual increase in compressive, tensile and flexural strengths in 
concrete with 10% replacement of bagasse ash.  

• For 28 days compressive strength with the replacement of 10% bagasse ash and 
50% steel slag compared to control mix there is an increase in strength from 30.6 
N/mm² to 35.71N/mm². 

• For 28 days tensile strength with the replacement of 10% bagasse ash and 50% 
steel slag compared to control mix there is an increase from 2.35 N/mm² to 2.73 
N/mm². 

• For 28 days flexural strength with the replacement of 10% bagasse ash and 50% 
steel slag compared to control mix there is an increase from 6 N/mm² to 8 N/mm². 

• The replacement of bagasse ash in concrete enhances 28 days strength.  

Mix 
designation 

7days  
(N/mm

²) 

14days 
(N/mm

²) 

28days 
(N/mm²

) 
Control mix 4.00 5.50 6.00 

BA 10% - SS 
0% 

3.00 6.00 7.00 

BA 10% - SS 
25% 

3.50 6.50 7.50 

BA 10% - SS 
50% 

5.00 7.00 8.00 

BA 10% - SS 
75% 

4.50 5.50 6.00 

BA 10%-SS 
100% 

3.50 5.00 5.50 
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• The increase in strength is due to high silica content, fineness modulus is more 
and having large specific surface area. 

• 10% bagasse ash when combined with steel slag showed improved compressive, 
tensile and flexure strengths at the replacement level in steel slag of 50% and for 
further replacement in steel slag reduce the strength.  

• Further increase in the replacement of steel slag reduces the strength due to the 
expansion of steel slag. 

• The increase in strength is due to steel slag has high impact strength and it acts as 
an additional reinforcement in concrete. 

• Hence it is finally concluded that 10% BA – 50%SS is chosen as an optimum 
percentage replacement. 
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