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Abstract - Concrete is the most adaptable construction 

material in the engineering sector, owing to its excellent 

strength and long-lasting resilience. Typical concrete mix 

compositions can be improved by integrating industrial 

and agricultural by-products such as fly ash (FA) and 

sugarcane bagasse ash (SBA), which fulfill both 

sustainability and efficiency goals. The physical 

properties of the materials such as OPC 53 cement, SBA, 

FA, M-sand & 20mm aggregate were examined. The 

consistency of the mix is determined and adopted a water 

cement ratio as 0.5. The mortar cubes of size 70.6 x 

70.6mm were prepared by replacing the cement with 

flyash (0%, 10%, 20%, 30%, and 40%), sugarcane 

bagasse ash (15%) and combination of SBA and FA were 

studied. Samples were tested for compressive strength at 

the ages of 3, 7, 14 & 28 days. SBA 15% and FA 10% 

reaches the maximum compressive strength when 

compared to conventional mortar. 
 

Keywords— Sugarcane bagasse ash, flyash, Combination 

of mortar cubes 

I. INTRODUCTION 
 

A significant amount of energy is used in the cement-

making process, which results in the emission of CO2, 

a greenhouse gas, into the atmosphere. In order to 

effectively replace cement in this situation, attention 

must be directed towards either industrial or 

agricultural waste as a supply of raw materials. The 

cement industry may find it cost-effective to use by-

products (S. Praveenkumar et al, 2020).  

It could also lead to a sensible response to 

environmental issues. When used as additional 

cementitious materials, several industrial by-products, 

such as fly ash and blast furnace slag, have shown to be 

economical materials. Various agricultural waste 

products have been identified as pozzolanic materials, 

such as bagasse ash, sawdust, coconut fibres, rice husk 

ash, and wheat straw ash (G. Sankarasubramanian et al, 

2020).  

The combustion by-product of sugar industry boilers is 

sugarcane bagasse ash (SBA). Bagasse is the fibrous 

residue of sugarcane that is thrown after the cane is 

crushed in sugar mills and the juice is extracted by 

milling. Bagasse is frequently utilized as fuel in boilers 

for the cogeneration process in sugar mills (B.S. 

Thomas et. al, 2021).  

Bagasse ash is collected in a bag-house filter and 

disposed of locally after burning in a cogeneration 

boiler, which poses serious environmental issues. In 

India, the production of bagasse ash is rising 

dramatically due to the swift adoption of cogeneration 

facilities in the sugar industry. Bagasse ash disposal is 

a significant source of concern for the sugar and food 

sectors (Bahurudeen A. et.al, 2015). Due to the high-

quality quantity of amorphous silica in their chemical 

makeup, bagasse ash may be employed as an 

additional cementitious material (S. Praveenkumar, 

et.al).  

When bagasse ash is added to cement, the silica and 

free lime combine. Products are generated from the 

hydration of cement and a fresh calcium silicate 

hydrate. This enhances concrete's mechanical and 

long-lasting qualities (K. Ganesan, et.al, 2007). 

Particle size reduction of bagasse ash leads to an 

improvement in pozzolanic activity. (N. Chusilp, et.al, 

2009) 

Only 63% of fly ash was consumed in 2009–2010; 

moreover, fly ash consumption has declined. 

According to NTPC Noida's projection, fly ash output 

is anticipated to rise by 225 million tonnes in 2017. 

Therefore, it would require extra work for us to use this 

fly ash in concrete (Sasi Rekha, et.al). According to the 

American Society for Testing and Materials (ASTM) 

(ASTM, 2008), fly ash (FA) was divided into two main 

groups: class C and class F.  

Class F fly ash is pozzolanic, Class C fly ash is 
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pozzolanic, cementitious, produced from sub-

bituminous or lignite coal burning; according to the 

ASTM, the overall quantity of Fe2O3, Al2O3, and SiO2 

must be greater than 50% (Seham S. Alterary, et.al). By 

substituting these industrial goods for the binder in 

concrete, greenhouse gas emissions into the 

environment may be considerably reduced. 

Additionally, waste and pollution issues can be avoided 

(A.K. Mullick, 2007). 

In this paper investigated the study of mortar cubes by 

using flyash and bagasse ash. 
 

II. EXPERIMENTAL INVESTIGATION 
 

Materials 

Specifically, this study uses regular ordinary Portland 

Cement (OPC) 53 grade. Flyash and bagasse ash are 

also used in this investigation. Removed fly ash from a 

thermal power plant. The sugar industry is the source 

of the raw bagasse ash. Manufactured sand (also known 

as M sand), which meets Indian standards for fine 

aggregates. Indian standards are satisfied by the 20mm 

aggregate utilised. The materials physical property 

tests are displayed in Tables 1 and 2. 
 

MIX DESIGN 

Mix Proportion for Mortar Cubes 

Mortar cubes are a blend of cement, sand, and water. 

According to IS 4031 part 6, the ratio of mortar cubes 

is 1:3. The fine aggregate is removed out of the mortar 

cube using sieves measuring 1 mm, 500 µm, and 90 

µm. In terms of water cement ratios, it is determined 

that the standard consistency is 29% for cement, 38% 

for SBA, 31% for FA, and a mix of SBA and FA.  
 

Testing of specimen 

The investigation involved the preparation of mortar 

cubes measuring 70.6 x 70.6 mm. Flyash (0%, 10%, 

20%, 30%, and 40%), sugarcane bagasse ash (15%), 

and a combination of SBA and FA (15% and 10%, 

20%, 30%, 40%) were substituted for cement in the 

process. To assess the compressive strength, 

specimens were cast as mortar cubes at ages 3, 7, 14, 

and 28 days.  
 

Table 1 

Name of The Test Cement SBA (15%) FA (10%) 

Specific   Gravity 3.14 1.97 2.29 

Fineness 6% 35% 27% 

Consistency  30% 39% 33% 

Initial Setting time 31mins 3hr 1mins 55mins 

 

Table 2 

Name of The Test Fine Aggregate Coarse Aggregate 

Specific   Gravity 2.74 2.79 

Water Absorption 1.8% 0.3% 

Fineness Modulus 2.27 - 

Sieve Analysis Zone II - 

Casting and curing of mortar cubes 

Ten different percentages of fly ash and sugarcane 

bagasse ash were used to cast mortar cubes: 0%, 

FA10%, FA30%, FA30%, FA40%, SBA15%, S15F10, 

S15F20, S15F30, and S15F40. In accordance with IS 

4031-1996 part 6, the mix was created for mortar cube 

compressive strengths after 3, 7, 14, and 28 days which 

is shown in fig 1. Following casting, the specimens 

were submerged in a curing tank. After 3, 7, 14, and 28 

days, the specimens were removed from the curing tank 

and their compressive strength was assessed and shown 

in fig 2. 
 

Fig 1. Casting of mortar cubes 
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Fig 2. Curing of mortar cubes 

 

III. RESULTS AND DISCUSSION 

 

Compressive Strength of Mortar Cube 

✓ The compressive strength of Conventional Mortar 

shows in the figure 1. Compressive strength of 

Conventional Mortar found to be 23.2N/mm2, 33.4 

N/mm2, 46.1 N/mm2 and 53.8 N/mm2 for 3, 7, 14 & 

28days respectively. 

✓ The compressive strength of mortar cubes of CM 

and SBA shows in the figure 1. SBA 15 mix attains 

80.6% of compressive strength of CM at the age of 

3days. The increase in compressive strength 

between 3, 7, 14 & 28 days is 23.6%. 

✓ Figure 3 which represents the compressive strength 

of mortar cube in the age of 3days.The compressive 

strength of FA10, FA20, FA30, and F40 attains 

30%, 32.2%, 41.1% and 23% respectively. FA30 

mix attains 93.9% compressive strength of CM. 

 
Fig.3 Compressive strength of mortar cubes. 

✓ The compressive strength of a mortar cube after 

seven days is shown in Figure 4. CM, SBA, FA10, 

FA20, FA30, and F40 achieve compressive 

strengths of 43.9%, 46.7%, 58.6%, and 39, 

respectively. The FA30 blend achieves a 

compressive strength of CM of 93.1%. 

✓ For 14 days, the compressive strength of FA10, 

FA20, FA30, and F40 attains 65.3%, 67%, 80.9% 

and 59.1% respectively. FA30 mix attains 93.2% 

compressive strength of CM.  

✓ The compressive strength of mortar cubes in the 

age of 28 days for FA10, FA20, FA30, and F40 

attains 36.1%, 34.8%, 21.5% and 39.8% 

respectively.  

✓ Figure 4 which represents the compressive strength 

of combined effect of mortar cube in the age of 

3days. The compressive strength of S15F10, 

S15F20, S15F30 and S15F40 attains 40.8%, 

35.7%, 33.2% and 29.2% respectively. As 

compared to other mixes, S15F10 shows the higher 

compressive strength of combined effect of mortar 

cube at the age of 3 days. The mix S15F20, S15F30 

and S15F40 shows the decrement in compressive 

strength of 12.5%, 18.5% and 28.2% respectively. 

 
Fig.4 Compressive strength of combination of mortar 

cubes 

✓ The compressive strength of the combined action 

of the mortar cube after seven days is shown in 

Figure 2. S15F10, S15F20, S15F30, and S15F40 

achieve compressive strengths of 56%, 51.3%, 

47.9%, and 43.6%, in that order. At 7 days, S15F10 

has a greater compressive strength of the combined 

action of mortar cube when compared to other 

mixtures. Compressive strength degradation is 

observed in the mixes S15F20, S15F30, and 

S15F40, with percentages of 8.4%, 14.4%, and 

22.2%, respectively. 

✓ S15F10, S15F20, S15F30, and S15F40 achieve 

compressive strengths of 72.1%, 67.5%, 64.3%, 
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and 59.4%, in that order. At 14 days, S15F10 has a 

greater compressive strength of the combined 

action of mortar cube when compared to other 

mixtures. Compressive strength degradation is 

observed in the mixes S15F20, S15F30, and 

S15F40, with percentages of 6.3%, 10.7%, and 

17.5%, respectively. 

✓ The compressive strength for S15F10, S15F20, 

S15F30, and S15F40 at the age of 28 days attains 

30.6%, 34.7%, 37.5% and 42.2%.  
 

IV. CONCLUSION 
 

The mortar cubes were made for conventional mortar, 

sugarcane bagasse ash of 15% and flyash of 10%, 20%, 

30% and 40% and combined effect of SBA and FA 

were replaced in cement mortar for replacement of 

cement and tested for compressive strength. 

➢ The cement mortar that was mixed with water and 

sand achieved a compressive strength of 

52.6N/mm2. 

➢ SBA 15 mix shows 8.5% decrement when 

compared to CM at the age of 3days. The age of 7 

days the decrement value exhibits as 4.7% which is 

half of the value of decrement in 3days. Hence, it 

clearly shows that SBA attains the later strength. 

➢ At the latter age, SBA 15 shows greater strength 

when compared to conventional mortar. 

➢ FA30 mix attains 93.9% compressive strength of 

CM which is nearer to the conventional mortar at 

the age of 7days.  

➢ Due to the pozzolanic properties of flyash the 

compressive strength of FA30 attains nearer 

strength of the CM and are expected to be higher 

strength in later ages. 

➢ The combined effect of SBA and FA gives a 

considerable compressive strength and are expected 

to be higher strength in later ages. 

➢ At the age 28 days, SBA 15% and FA 10% attains 

the maximum compressive strength when 

compared to conventional mortar due to pozzolanic 

nature of the material. 
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