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ABSTRACT: The cost of constructing a building is increasing day by day as cost of building materials are increasing, the use of 
any alternative material that has tendency to partially replace the building material may reduce the cost of the construction to 
certain level. In this research we have selected two materials Sugarcane Bagasse Ash and Asbestos Fiber for partially 
replacement with cement. Both the materials are easily available, renewable, and cheap. The grade of concrete on which the 
investigation will be performed will be M-35 grade. The main aim of this research is to check if the two above materials can be 
used instead of cement up to certain percentage. In this project, the workability, compressive strength, flexural strength as 
well as split tensile strength of conventional concrete (CC), concrete made up from Sugarcane Bagasse and Asbestos Fiber 
varying percentage has been studied. The compressive and the flexural strength was calculated at 3 days, 7 days and 28 days 
of normal curing, while the split tensile test was calculated after 7 days and 28 days of normal curing at recommended 
temperature. The percentage replacement for the cement with Sugarcane Bagasse Ash used is 4%, 8%, 12%, 16%, 20% and 
24% by weight of cement. The addition of Asbestos Fiber used is 0.2%, 0.4%, 0.6%, 0.8%, 1.0%, and 1.2%. For calculating the 
compressive strength and Flexural Strength, cubes of size 150 x 150 x 150 mm and beams of size 500 x 100 x 100 mm were 
casted and were tested using Compression Testing Machine and Flexural Testing Machine with two-point loading. In this 
project the distribution of cubes and beams respectively casted are – 9 are CC, 9 are SBA (4%) with AF (0.2%), 9 are SBA (8%) 
with AF (0.4%), 9 are SBA (12%) with AF (0.6%), 9 are SBA (16%) with AF (0.8%), 9 are SBA (20%) with AF (1.0%), 9 SBA 
(24%) with AF (1.2%). For calculating the Split Tensile Strength, cylinder of size 150 mm x 300 mm was casted and were 
tested under Compressive Testing Machine. The distribution of cylinders casted are – 6 are CC, 6 are SBA (4%) with AF (0.2%), 
6 are SBA (8%) with AF (0.4%), 6 are SBA (12%) with AF (0.6%), 6 are SBA (16%) with AF (0.8%), 6 are SBA (20%) with AF 
(1.0%), 6 SBA (24%) with AF (1.2%). 

Keywords: Concrete, SBA – Sugarcane Bagasse Ash, AF – Asbestos Fiber, Workability, Compressive Strength, Flexural 
Strength, Tensile Strength. 

1. INTRODUCTION 

Decreasing the content of cement concrete is one of the continuing problems of 21st century global sustainability. Of all the 
concrete ingredients (which are the main ingredients in cement, additives that make up cement, water, and fine and coarse 
aggregates), cement has the biggest steps when it comes to carbon dioxide emissions and energy consumption. While the 
prevalence of high levels of caterpillar (greater than 50%) cement replacement by fly ash, a by-product of coal-fired residues, 
has been demonstrated in the laboratory and in practice, questions remain about the stability of high-level fly ash availability 
local deficits experienced in recent parts of the U.S. Similarly, high slag replacement compounds have shown good 
performance, but global supply of slag is limited compared to the annual demand for concrete for new construction and 
renovation. Much research is being made in which researcher aim to partially replace the cement with any product that is 
easily available and has impact on the environment also. These materials that researcher is trying to use instead of cement can 
cause environmental hazard in coming time and hence need to be taken care of at earliest. Many research has been conducted 
by replacing cement with brick kiln powder, waste agricultural leaves, coconut fibre, bamboo ash, chalk powder, marble waste 
and much more.  

Cement is a green concrete. Consumption of cement has increased dramatically year by year due to infrastructure 
development. When cement is widely used in concrete, the risk of environmental impact on the earth increases. The problem 
can be solved by replacing the cement with Sugarcane Bagasse Ash. With the use of SCBA, carbon emissions will be reduced 
and natural resources such as limestone will not be limited to use.  
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Figure 1: Sugarcane Bagasse Ash and Asbestos Fiber 

2. NOMINAL MIX DESIGN 

Target mean strength of concrete 

For a tolerance factor of 1.65 and using table 1 from IS 10262-2000, the standard deviation S = 5 N/mm2. So, Target mean 
strength can be given by,   

Characteristic cure strength = 35 + (5x1.65) = 43.25 N/mm2. 

Selection of water cement ratio 

From table 5 from IS 456-2000, maximum water cement ratio = 0.45 

Based on trial, adopt water cement ratio as 0.40 

0.40 < 0.45   Hence ok. 

Selection of water cement content 

From table 2 of IS 10262-2009, maximum water content is 186 liter (for 75-100mm) slump range for 20 mm aggregate. 

Estimate water content for (75-100mm) slump = 186 kg/m3 

Required water content = 186 + 11.16 = 197 kg/m3 

Calculation of cement content 

Water cement ratio  = 0.40 

Water    = 197 Kg/m3  

Cement   = [
   

    
] 

Cement content                      = 495 kg/m3 

From table 5 of IS 456, minimum cement content,  

Content for ‘very severe’ exposure condition = 450 Kg/m3 

Hence consider 450 Kg/m3 
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Proportion of volume of coarse and fine aggregate 

From table 3, of IS 10262 volume of coarse aggregate corresponding to 20 mm size aggregate and fine aggregate 
corresponding to zone – II, and water cement ratio of 0.50 = 0.60 

Volume of fine coarse aggregate  = 1 – 0.62 = 0.38 

3. Mix calculation 

The calculations per unit volume of concrete shall be as follows; 

a) Volume of concrete   = 1 m3 

b) Volume of cement   = [
               

                          
]   [

 

    
] = [

   

    
]  [

 

    
] = 0.142 m3 

c) Volume of water  = [
             

                         
]   [

 

    
] = [

   

    
] = 0.197 m3 

d) Volume of all in aggregate            = [  [     ]]  

                                                                = 1- [           ] = 0.661 m3 

e) Mass of coarse aggregate  = 0.661 x 0.62 x 2.60 x 1x 1000   = 1114.7 Kg 

f) Mass of fine aggregate   = 0.661 x 0.38 x 2.53 x 1000 = 635.48 kg 

g) Slight Correction: Initial moisture content in fine aggregate = 1.9%  

Initial water content in coarse aggregate = 0.5% and Mass of fine aggregate = 635.48 - (635.48*1.9/100) = 623.4kgs, Mass of 
coarse aggregate = 1114.7-(1114.7*0.5/100) = 1109.13kgs  and Total water content = 197+18 = 215 litres. 

Table 1: Conventional mix proportion. 

 Cement Fine aggregate Coarse aggregate Water 

Weight (kg/m3) 450 623 1109 215 L 
Mix Ratio 1 1.38 2.46 0.40 

 
4. RESULTS 

 
A. Results of Workability Tests 

Table 2: Slump value for concrete mix 

Sample Replacement (%) Addition (%) Slump Value 
(mm) 

A 0 0 90 
B 4 0.2 80 
C 8 0.4 95 
D 12 0.6 105 
E 16 0.8 85 
F 20 1.0 60 
G 24 1.2 60 
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Graph 1: Slump Value for concrete mix. 

B. Results of Compressive Strength Test 

Table 3: Compressive strength (N/mm2) values 

Sample 3 Days 7 Days 28 Days 
A 14.22 23.10 41.25 
B 16.88 24.44 44.29 

C 19.33 27.40 49.18 
D 20.88 28.51 51.9 
E 18.07 26.34 43.25 
F 16.07 23.25 39.99 
G 13.62 20.14 35.69 

C. Results of Flexural Strength Test 

Table 4: Flexural strength (N/mm2) values 

Sample 3 Days 7 Days 28 Days 
A 3.20 3.95 7.90 
B 3.68 4.35 8.57 
C 4.26 4.94 8.83 

D 5.08 5.92 9.48 
E 5.05 5.69 8.65 
F 4.40 5.20 8.02 
G 3.65 4.56 7.34 

D. Results of Split Tensile Strength Test 

Table 5: Split Tensile strength (N/mm2) values 

Sample 7 Days 28 Days 

A 1.59 5.28 

B 1.80 6.31 

C 2.05 7.78 

D 2.42 8.96 
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E 2.26 7.73 
F 1.91 6.31 
G 1.71 5.65 

5. DISCUSSIONS 
 

A. Comparison of Compressive Strength of Conventional Concrete with concrete containing replacements of 
cement with Sugarcane Bagasse Ash and asbestos fiber.   
 

 
Graph 2: Comparison of Compressive Strength of Conventional Concrete with concrete containing replacements of 

cement with Sugarcane Bagasse Ash and asbestos fiber. 

The above graph represents compressive strength comparison of conventional concrete containing replacement of cement 
with Sugarcane Bagasse Ash and addition with Asbestos fibers. The compressive strength of the conventional concrete after 3 
days curing is 14.22 N/mm2. If we compared it with concrete containing replacement for cement, we noticed that there is an 
increment of 18%, 35%, and 46% for 4% replacement with 0.2% addition, 8% replacement with 0.4% addition and 12% 
replacement with 0.6% addition. Further increasing the percentile, the strength starts getting decreased and the optimum 
strength was found 20.88 N/mm2.  For 16% replacement with 0.8% addition and 20% replacement with 1.0% addition the 
strength is around 27% and 13% higher than conventional, but on further increasing to 24% replacement and 1.2% addition 
the strength gets decreased by 5% on comparing with conventional concrete. After 7 days of curing the compressive strength 
for the conventional concrete is 23.10 N/mm2. On comparing it with other samples we found that there is increment in the 
percentile of 6%, 18% and 23% for replacements in samples A, B and C respectively. The optimum strength is obtained on 
Sample C. Beyond that the strength starts to get decreased. For Sample D and E the increment is about 14% and 0.6%, and for 
Sample F the strength gets decreased by 13% when compared with conventional concrete.  For day 28, the conventional 
concrete compressive strength was found to be 41.25 N/mm2. On comparing it with other samples we found that there is 
increment in the percentile of 7%, 19% and 26% for replacements in samples A, B and C respectively. The optimum strength is 
obtained on Sample C. Beyond that the strength starts to get decreased. For Sample D the increment is about 4%. For Sample E 
and F the strength gets decreased by 0.3% and 13% when compared with conventional concrete. 
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B. Comparison of Flexural Strength of Conventional Concrete with concrete containing replacements of cement 
with Sugarcane Bagasse Ash and asbestos fiber.   

 

Graph 3: Comparison of Flexural Strength of Conventional Concrete with concrete containing replacements 

of cement with Sugarcane Bagasse Ash and Asbestos Fiber. 

The above graph represents flexural strength comparison of conventional concrete containing replacement of cement with 
Sugarcane Bagasse Ash and addition with Asbestos fibers. The flexural strength of the conventional concrete after 3 days 
curing is 3.20 N/mm2. If we compared it with concrete containing replacement for cement, we noticed that there is an 
increment of 15%, 33%, and 58% for 4% replacement with 0.2% addition, 8% replacement with 0.4% addition and 12% 
replacement with 0.6% addition. Further increasing the percentile, the strength starts getting decreased and the optimum 
strength was found 5.08 N/mm2.  For 16% replacement with 0.8% addition, 20% replacement with 1.0% addition and 24% 
replacement and 1.2% addition the strength is around 57%, 37% and 14% higher than conventional. After 7 days of curing the 
flexural strength for the conventional concrete is 3.95 N/mm2. On comparing it with other samples we found that there is 
increment in the percentile of 10%, 25% and 49% for replacements in samples A, B and C respectively. The optimum strength 
is obtained on Sample C. Beyond that the strength starts to get decreased. For Sample D, E and F the increment is about 44%, 
31% and 13% respectively.  For day 28, the flexural concrete strength was found to be 7.90 N/mm2. On comparing it with 
other samples we found that there is increment in the percentile of 8%, 11% and 20% for replacements in samples A, B and C 
respectively. The optimum strength is obtained on Sample C. Beyond that the strength starts to get decreased. For Sample D 
and E the increment is about 9% and 1%. For Sample F the strength gets decreased by 7% when compared with conventional 
concrete. 
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C. Comparison of Split Tensile Strength of Conventional Concrete with concrete containing replacements of cement 
with Sugarcane Bagasse Ash and asbestos fiber 

 

Graph 4: Comparison of Split Tensile Strength of Conventional Concrete with concrete containing replacements of 
cement with Sugarcane Bagasse Ash and asbestos fiber 

The above graph represents split tensile strength comparison of conventional concrete with other replacement materials at 
different percentage. The tensile strength of the conventional concrete after 7 days curing is 1.59 N/mm2. On comparing it 
with other samples we found that there is increment in the percentile of 13%, 29% and 52% for replacements in samples A, B 
and C respectively. The optimum strength is obtained on Sample C. Beyond that the strength starts to get decreased. For 
Sample D, E and F the increment is about 42%, 20% and 7% respectively.  For day 28, the split tensile strength of concrete was 
found to be 5.28 N/mm2. On comparing it with other samples we found that there is increment in the percentile of 19%, 47% 
and 69% for replacements in samples A, B and C respectively. The optimum strength is obtained on Sample C. Beyond that the 
strength starts to get decreased. For Sample D, E and F the increment is about 46%, 19% and 5%. 

6. CONCLUSIONS 

Based on the experimental research that has been conducted following are the conclusion that could be drawn: 

Addition of Sugarcane Bagasse Ash and asbestos fiber increases the workability of the concrete even at water cement ratio of 
0.40. Asbestos fiber acted as a reinforcement and hence acted as resistance to the cracks, thus increasing the flexural strength. 
On filling up the moulds hand compaction should be opted, as to reduce the segregation of the fibre in the concrete mould. By 
replacing the cement with the Sugarcane Bagasse Ash and Asbestos fiber strength gets increased, also the replacement can be 
taken into consideration up to certain percentage, workability factors gets enhanced as well. The cost factor can be decreased 
by using Sugarcane Bagasse, as cement cost is increasing day by day and replacement is much needed to make concrete 
economical. India being largest producer of Sugarcane and every year huge tons of Sugarcane Bagasse is dumped, hence 
resulting in environmental hazards, so by using the waste material in concrete also improve the environment and hence the 
decomposition will be safe. In case of compressive strength test conducted on cubes of size 150 x 150 x 150 mm, the 
compressive strength increases up to certain replacement and later on starts to get decreased as well. The compressive 
strength of the concrete on comparing with conventional concrete gets increased till 12% of cement was replaced with 
Sugarcane Bagasse Ash and for reinforcement 0.6% of asbestos fiber was used. The strength obtained at 3rd day is 20.88 
N/mm2. After 7 days of curing, the maximum compressive strength obtained was 28.51 N/mm2 for same replacements and 
addition. After 28 days of curing, maximum compressive strength obtained was 51.99 N/mm2. In case of compressive strength, 
the optimum percentage that was noticed, was at 12% of replacement with Sugarcane Bagasse Ash and with 0.6% of addition 
with asbestos fiber. In case of flexural strength test conducted on beams of size 150 x 100 x 100 mm, the flexural strength 
increases up to certain replacement and later on starts to get decreased as well. The flexural strength of the concrete on 
comparing with conventional concrete gets increased till 12% of cement was replaced with Sugarcane Bagasse Ash and for 
reinforcement 0.6% of asbestos fiber was used. The maximum strength obtained at 3rd day is 5.08 N/mm2. After 7 days of 
curing, the maximum flexural strength obtained was 5.92 N/mm2 for same replacements and addition. After 28 days of curing, 
maximum flexural strength obtained was 9.48 N/mm2. In case of flexural strength, the optimum percentage that was noticed, 
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was at 12% of replacement with Sugarcane Bagasse Ash and with 0.6% of addition with asbestos fiber. The split tensile 
strength conducted on cylinder of size 150 x 300 mm. After 7 days of curing, the maximum tensile strength obtained was 2.42 
N/mm2 for same replacements and addition. After 28 days of curing, maximum tensile strength obtained was 8.96 N/mm2. In 
case of tensile strength, the optimum percentage that was noticed, was at 12% of replacement with Sugarcane Bagasse Ash 
and with 0.6% of addition with asbestos fiber.   
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