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Abstract: Sugarcane bagasse is the ash which is obtained as a waste in sugarcane industry is used as a replacement for cement along with 

various percentages of M-sand in the present research work. In this study M45 grade of concrete with water cement ratio of 0.39 is 

considered. Cement was replaced with 5%, 10% and 15% of bagasse ash along with M-sand is used as to replace fine aggregate of 10%, 20% 

and 30% by weight. The result shows that the compressive strength is 4.22% higher for 10% replacement of bagasse ash with 30% of M-sand 

when compared to conventional concrete at the end of 28days. The tensile strength for 10% of bagasse ash with 30% of M-sand showed a 

comparable result with the conventional concrete at the end of 28days. The study also revealed that the acid resistance for 10% replacement 

of cement with bagasse ash along with 30 % of M-sand showed a better resistance to acid condition in respect to its weight reduction at the 

end of 28 days than the conventional concrete. 
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1. INTRODUCTION 

 

In order to meet out the infrastructural requirements of growing population along with protection of environment 

there is a need to search for alternative to cement. Cement industry generates about 2.5% of total worldwide waste 

emission. Hence this industry becomes a serious concern in creating a sustainable development [6]. This leads to 

an immediate control of usage of cement and think for an alternative material to cement. Sugarcane is a main crop 

worldwide used in the production of sugar and ethanol. In India the sugarcane bagasse production is 341 million 

per year that cause about 9.8 million tonnes of sugarcane bagasse is a waste materials [12]. Bagasse is a by-product 

from the sugar industry which is obtained from the boilers of sugarcane leaving behind 10% to 15% ash waste [1]. 

This bagasse is used to produce steam and generate electricity. Each ton of burnt bagasse may generate 25–40 kg of 

bagasse ash [11]. This bagasse ash is disposed as a landfill or disposed off in disposal sites indiscriminately.  The 

bagasse ash is one of the alternatives to cement as it possesses properties of better compressive strength and water 

tightness [9].  

 

Another environmental issue to be addressed is the river sand which is used as a fine aggregate in concrete 

production.  Natural sand used as an aggregate in concrete is obtained from digging in river beds which in turn 

affect the surrounding areas. The artificial sand produced by proper machines can be a better substitute to river 

sand. The sand must be of proper gradation [5].  Manufacture sand (M-sand) is to a one of the emerging alternative 
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to fine aggregate used in concrete. Use of M-sand is the only solution and an alternative to river sand. Hence to 

solve the twin issues of disposal of solid waste is the bagasse ash and indiscriminate use of river sand the present 

study is taken to account to study the effect of bagasse ash and M-sand in concrete [6]. Various literature works are 

available in replacement of bagasse ash and M-sand [5]. M20 grade of concrete 5% replacement of bagasse showed 

12% increase of compressive strength than the conventional concrete [10]. Revealed that for M60 grade of 

concrete 10% of bagasse with M-sand showed an increased compressive and flexure strength than 20, 30, 40% of 

bagasse replacement with M-sand as fillers [4]. A study conducted for M20 grade of concrete 5% of bagasse 

showed a higher strength property than the other percentages of bagasse [3]. A work carried out that Sugarcane 

Bagasse Ash can be utilized for partial replacement of cement up to 15% by weight of cement without any major 

loss of strength [7]. An experimental study conducted for M20 grade of concrete, the compressive strength and 

tensile strength increased with the increase in the replacement level up to 10% of bagasse [8].  

 

A study on M30 grade of concrete with 100% replacement of M-sand and 5% replacement of bagasse showed a 

better performance in its strength properties [2]. It is found from past literature works a few researchers has 

attempted to use M-sand and bagasse for higher grade of concrete. Also a few findings are only available in 

combination of bagasse and M-sand for higher grade of concrete which are used for massive construction works. 

Hence in this research work, a M45 grade of concrete was chosen with 0 to 15% of bagasse replacement to cement 

and in addition to it a varying percentage of 0 to 30% of M-sand is taken into account. The results and conclusions 

are presented in the subsequent headings. 

 

2. MATERIALS USED 

 

The Ordinary Portland cement of 53-grade was used in this study conforming to IS: 10269-2009 [13]. The river 

sand is used as fine aggregate conforming to the requirements of IS: 383-1970 [14]. Coarse aggregate obtained 

from local quarry units has been used for this study, conforming to IS: 383-1970 [14]. The water used for 

experiments was potable water conforming as per IS: 456-2000 [15]. 

 

A. Manufactured Sand  

The manufactured sand is used as fine aggregate in accordance with BIS 2386-1963 and the Physical Properties are 

given in Table 1.0. 

 

Table 1.0 Physical Properties of Manufactured Sand 

Property Value 

Specific gravity 2.6 

fineness modulus 2.82 

Water absorption 1.5% 
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B. Bagasse Ash  

Sugarcane bagasse ash was collected from a sugar industry near Erode, Tamil Nadu India. Bagasse ash physical 

characterization was done to evaluate the possibility of its use as binder partially replacing cement in the mortar 

applications and physical properties are given in Table 2.0. 

 

Table 2.0 Physical Properties of Bagasse Ash 

Property Value 

Specific gravity 2.47 

Mean grain size in (µm) 11.6 

Density Kg/m³) 2530 

Particle shape Spherical 

 

3. EXPERIMENTAL PROGRAMME 

 

Concrete cubes were casted with 5, 10 and 15% of the Bagasse ash as cement replacement (by weight) and sand is 

replaced by M-Sand with 10, 20 and 30% (by weight) with w/c ratio of 0.39. Concrete cubes were casted for with 

5% of bagasse ash with varying M-sand percentages of 10%, 20% and 30%. An additional 5% of bagasse ash 

(10%) was added in next set of study keeping M-sand percentage as the previous one. Also the bagasse percentage 

is increased to 15% with 10 to 30% of M-sand. Ratio for M45 Grade as per IS 10262:2009 (1:1.48:1.90) the mixes 

were designated in accordance with IS: 10262-2009 [13]. The compressive strength of concrete was observed for 

7days and 28 days. A total of 90 cubes and 60 cylinders were casted during the experimental program. In order to 

study the durability property of bagasse ash and M-sand for cement and fine aggregate, the concrete is exposed to 

acidic conditions. The cube specimens were weighed and immersed in water diluted with one percent by weight of 

sulphuric acid for 28 days continuously. The weight of the specimens was found out and the average percentage of 

loss of weight was calculated. 

 

4. RESULT AND DISCUSSION 

 

The effect on Compressive strength, Split Tensile Strength and acid resistance of concrete when replaced with 

bagasse ash for cement and partial replacement of M-sand in fine aggregate in briefly discussed below in the 

section.  

1. The compressive strength of concrete cubes with 5% of bagasse ash and 10% of M-sand at the end of 28 days 

showed 47.92 N/mm2 and this value increases to 51.1N/mm2 for 5% bagasse ash with 20% M-sand as 

indicated in Table 3.0 at the end of 28 days.  

2. When the M-sand percentage is increased to 30% there is a drop in compression strength value to 44.3 N/mm2 

at the end of 28 days as shown in Fig. 1.0.  

3. A similar pattern was observed while carrying out the split tensile strength in concrete cylinders specimens. 
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For 5% of bagasse ash with 10% of M-sand the value at the end of 28 days is 4.74 N/mm2 which is higher than 

conventional concrete of 4.23 N/mm2.  

4. The split tensile value decreases to 4.13 N/mm2 which is less than conventional concrete for 5% bagasse ash 

and 30% M-sand replacement as shown in Fig.2.0. When cement is replaced with 10% of bagasse ash with 

varying percentages of M-sand (10 to 30%) the compressive strength showed a similar pattern of increase till 

20% replacement of M-sand i.e. 55.4 N/mm2 and for 10% bagasse ash with 30% M-sand there is a drop in 

compressive strength to 48.18 N/mm2 as presented in Table 3.0 at the end of 28 days.  

5. Even though there is a drop in compressive strength, the value is more than the conventional concrete. The 

spilt tensile strength also increases from 4.65 N/mm2 to 4.93 N/mm2 when the M-sand is increased from 10 % 

to 20% keeping 10% bagasse as constant.  

6. For 10% bagasse ash and 30% M-sand the split tensile strength reduces to 4.23 N/mm2 and this is very much 

comparable to the conventional concrete tensile strength at the end of 28 days as shown in Fig.2.0  

7. An attempt is also made to increase the bagasse ash to 15% with various percentages of M-sand. Here the 

compressive strength for varying percentages of M-sand the compression strength value is less than 

48.18N/mm2 as given in Table 3.0 at the end of 28 days.   

8. A similar trend of decrease in split tensile strength is seen for 10% bagasse ash and 30% M-sand. The split 

tensile strength is less than 4.23 N/mm2 for various percentages of bagasse ash and M-sand as shown in 

Fig.2.0 at the end of 28 days.  

 

 

Table 3.0 Strength Properties of Concrete 

% Replacement of 

Bagasse Ash (BA) 

and M-sand (MS) 

Compressive strength 

in N/mm2 

Split Tensile Strength  

in N/mm2 

7  Days 28 Days 7 Days 28 Days 

Conventional Concrete 

(CC) 
32.35 46.23 3.74 4.23 

5% BA + 10% MS 30.87 47.92 3.6 4.74 

5% BA + 20% MS 32.44 51.1 3.72 4.87 

5% BA + 30% MS 28.47 44.3 3.28 4.13 

10% BA + 10% MS 32.65 51.25 3.67 4.65 

10% BA + 20% MS 34.33 55.4 3.94 4.93 

10% BA + 30% MS 30.6 48.18 3.2 4.23 

15% BA + 10% MS 36.13 44.12 2.97 4.17 

15% BA + 20% MS 28.2 44.20 3.12 4.15 

15% BA + 30% MS 26.13 43.42 2.8 3.98 
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Fig. 1.0 Comparison of Compressive Strength of Cubes on 7 and 28 Days 

 

 

Fig. 2.0 Comparison of Split Tensile Strength of Cylinders on 7 and 28 Days 

 

5. DURABILITY STUDY 

When the concrete cubes are exposed to 1% dilution of sulphuric acid for a period of 28 days, the conventional 

concrete showed a reduction in weight of 3.25%. For 5% bagasse ash replacement with 10%, 20%, 30% M-sand 

the weight reduction is 1.22 %, 1.08% and 0.88% respectively as shown in Table 4.0. This showed there is less 

weight reduction when compared to conventional concrete of 3.25%. When the durability is checked for 10% 

bagasse ash and with varying percentages of M-sand the reduction of weight in concrete cubes is lesser than the 5% 

bagasse ash replacement along with M-sand. A reduction in weight of 0.8% is observed for 10% bagasse ash with 

30% M-sand. This is much lesser than the previous observed value of 088% for 5% bagasse ash with 30% M-sand. 

For 15% of bagasse ash replacement with various percentage of M-sand the weight reduction percentage is little on 
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the higher side than the 5% bagasse ash and 10% bagasse ash with various percentages of M-sand. A maximum of 

1.51% reduction in weight for 15% bagasse ash with 10% M-sand was found at the end of 28 days which is still 

lesser than the weight reduction compared to conventional concrete of 3.25%. 

 

Table 4.0 Percentage of Weight Reduction when Concrete Exposed to Acidic Condition 

 

% of Replacement Reduction in Weight (%) 

0%BA 3.25 

5% BA +10% MS 1.22 

5% BA +20% MS 1.08 

5% BA +30% MS 0.88 

10% BA +10% MS 0.82 

10% BA +20% MS 0.8 

10% BA +30% MS 0.76 

15% BA +10% MS 1.51 

15% BA +20% MS 1.45 

15% BA +30% MS 1.4 

 

6. CONCLUSION 

1. The compressive strength for 10% bagasse ash with 30%     M-sand replacement at the end of 28 days was 

found to be 48.18 N/mm2, which is 4.22% higher than the conventional concrete.  

2. The split tensile strength of 10% bagasse ash with 30% M-sand replacement at the end of 28 days was found to 

be 4.23N/mm2, which is almost the same as that of the conventional concrete 

3. With respect to durability aspects when the concrete is exposed to acidic condition, 10% of bagasse ash and 

30% M-sand replacement showed a less weight reduction of 0.76 when compared to conventional concrete 

reduction of 3.25% 

4. From the above statements it is concluded that 10% bagasse ash with 30% M-sand replacement proved to be 

an excellent alternative to conventional concrete as this showed a better performance in strength properties 

and durable in nature. 
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