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Abstract—Population growth results in increasing the 
demand of construction materials like cement and 
aggregate which leads to research all over the world to 
develop sustainable materials like utilizing industrial 
waste and demolished waste as a source of raw materials. 
Sugar cane bagasse ash, the by-product of sugarcane contains 
alumina and silica, which is a fibrous material. Using 
recycled aggregate in concrete can be useful for 
environmental protection and also for the future. Recycled 
aggregate can be replaced up to 30%. Cement is partially 
replaced with 0%, 6%, 7%, 8%, 9%, 10%, 11%, & 
12%bagasse ash by weight. The w/c ratio in all the mixes 
was kept at 0.45. The fresh concrete tests such as 
compaction factor and slump cone tests were undertaken 
as well as hardened concrete tests are performed. Using 
the combination of SCBA and RCA up to 10% SCBA, and 
25% RCA gives the higher strength of 48.59N/mm2 at 
56days.  
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1. INTRODUCTION: 
  
The growing worldwide generation of waste is very 
much worrying and requires management strategies that 
focus on environmental sustainability. Ordinary Portland 
cement, Portland pozzolana cement is the major 
construction material all over the world. In addition, 
agricultural & industrial wastes like Sugar Cane Bagasse 
Ash (SCBA), rice husk ash, glass powder, copper slag, 
hazel nutshell, ground granulated blast furnace and 
wheat straw ash contribute for the development of 
concrete by acting as pozzolanic materials. Presently, the 
study is to utilize SCBA, the waste from sugarcane is 
burned by the sugar industry of temperature 600-8000C, 
therefore ash is produced containing high amounts of 
amorphous silica and alumina [16] which have pozzolanic 
properties [18]. As a result, SCBA can be replaced as 
cement material which improves concrete properties 
such as workability and strength [19]. So, it can be used as 
supplementary cementitious material in concrete [6]. The 
investigation was initiated by Glus hge in Russia in 1946 
on recycled waste concrete. In the 1970s the people 
located in populated areas started refusing broken 
concrete for landfills so the construction industry 

thought of using the refused broken concrete therefore 
started crushing it to make an aggregate for use in new 
concrete. The recycled concrete aggregate, produced by 
crushing concrete from demolished concrete structures 
can be a solution to this problem. Use of RCA can reduce 
the cost of coarse aggregate and it decreases CO2 
emissions associated with aggregate transportation & 
therefore it reduces landfills [16]. RCA increases the 
drying shrinkage, creep & porosity to water and  
decreases the compression strength of concrete when 
compared to that of natural aggregate concrete. It can be 
replaced with nearly 10-30% of natural aggregate [5].  
 Various research works have reviewed the physical 
properties and mechanical properties of SCBA and RCA. 
SCBA can be replaced up to 15% as cement substitution 
which gives better strength compared to normal 
concrete and also it is a pozzolanic material is studied 
from Lavanya M R et al (2012). SCBA in concrete as a 
partial replacement of cement up to 10% can gives the 
best results compared to conventional concrete and also 
it helps in increasing the resistivity towards attack like 
sulphate is observed from G Nitin Kumar Reddy et 
al.RCA in making concrete the Mix design methodology 
depends up on water absorption as well as density of 
aggregate since these properties depend on the adhered 
mortar content.  Some Research works on RCA have 
concluded that if the aggregate contains adhered mortar 
more than 65% on concrete it may not be evaluated and 
also, they concluded that 25%-30% may not have any 
effect on concrete properties gives information by 
Pathak et at (2009) .Use of RCA up to 30% may not 
affect the functional requirement of the structure. Due to 
use of RCA in construction, it reduces the cost and 
transportation of natural resources is found from Dr 
Sunil et al (2013). It is suggested that coarse aggregate 
can be replaced up to 30% RCA, cement can be 
advantageously replaced with SCBA up to maximum 
limit of 15%feasible from their research Suriya M et al 
(2018). 
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2. EXPERIMENTAL PROGRAM 
 
2.1 Materials: 
 
The details of the materials which are used in this 
experimental program are explained below. 
 
2.2 Cement 
 
Ordinary Portland Cement (OPC) of 53grade conforming 
to Indian standard code IS:12269 was used in concrete. 
The physical properties of cement are mentioned in 
table1. 
 
2.3 Sugarcane Bagasse Ash (SCBA) 
 
Sugarcane bagasse ash is black in colour. The ash 
collected is sieved through IS standard size sieve 90μm. 
SCBA contains approximately 50% of cellulose, 25% of 
hemicellulose, and 25% of lignin. Each ton of sugarcane 
approximately generates 26% of bagasse, and 0.62% 
residual ash. The physical properties of SCBA are 
mentioned in Table1. 
 

Table 1: Physical Properties of Cement and Sugarcane 
Bagasse Ash (SCBA) 

 
S.NO PROPERTIES CEMENT SCBA 

1. Fineness 96% 94% 

2. Specific gravity 3.09 2.18 

3. Normal consistency 32% 33% 

4. Initial setting time 35min 34min 

5. Final setting time 180min 178min 

 

2.4 Fine aggregate 
The fine aggregate used for the experimental program 
was locally procured and conformed to Indian Standard 
Specifications IS: 383-1970 to Zone II. The fine aggregate 
belongs to zone II. The properties of fine aggregate were 
tabulated in table 2. 
 

Table 2: Physical Properties of Fine Aggregate 
 

S.NO PROPERTY FINE 
AGGREGATE 

1. 
 

Specific gravity 2.64 

2. Fineness modulus 
 

3.08 

3. Water absorption (%) 
 

0.6 

4. Compacted Bulk density 
(gm/cc) 

2.0 
 

5. Loose Bulk density(gm/cc) 1.8 
 

2.4. Coarse aggregate (CA) 
Crushed granite aggregate with a maximum size of 
20mm, has been used and two fractions of CA 
20mm&10mm are used and are tested as per IS 383-
1970. The physical properties are mentioned in Table 3. 
 

2.5. Recycled coarse aggregate (RCA) 
The RCA is from demolished building concrete consisting 
of crushed stone aggregate with old mortar adhering to 
it. Various techniques of processing the wastes and 
effects on the properties of concrete are to be explored. 
The properties of recycled concrete aggregate are 
mentioned in Table 3. 
 

Table 3: Physical Properties of Coarse Aggregate 
 

S.NO PROPERTIES CONVENTIONAL CA RCA 
1. Fineness 7.89 5.85 
2. Specific gravity 2.67 2.57 

3. 
Water absorption 

(%) 
0.62 1.02 

4. Crushing stone (%) 27 21 
5. Impact strength (%) 10.3 14.6 

 

3. PREPARATION OF MIX 

Sugarcane bagasse ash and recycled coarse aggregate 
were used for this study. Mix design of concrete was 
done as per IS 10262:2009 and the mix ratio is 
mentioned in Table 5. 
 
The replacement level of cement by SCBA was selected 
as 0% (control mix), 6%, 7%, 8%, 9%, 10%, 11% and 
12% for specimens and constant w/c ratio in all mixes 
was considered as 0.45 for M30 grade. 
 
Similarly, the replacement level of coarse aggregate by 
RCA was selected as 0% (control mix), 25%, 45%, 50%, 
55%, and 75%for specimens and constant w/c ratio in 
all mixes was considered as 0.45 for M30 grade. 
 
Mix details of SCBA and RCA were mentioned in Table 4. 
Based on the compressive strength of the percentage 
replacement level of SCBA and RCA, the maximum and 
minimum values were used together for this study. 
150mmx150mmx150mm cube moulds were used to cast 
the specimen and a vibrating table was employed. 3 
cubes were cast and its compressive strength is 
tabulated at 7, 28, and 56 days. 
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TABLE 4: Mix Details 
 

Mix 

Designation 

 

Cement 

(kg/m3) 

 

Fine 

Aggregate 

(kg/m3) 

 

SCBA 

(kg/m3) 

 

Coarse 

Aggregate 

(kg/m3) 

 

RCA 

(kg/m3) 

w/c 

ratio 

 

Water 

(kg/m3) 

 

 M0 390.55 705.96 - 833.5 - 0.45 197.16 

S1 

(6%SCBA) 

367.17 705.96 23.433 833.5 - 0.45 197.16 

S2 

(7%SCBA) 

363.2 705.96 27.33 833.5 - 0.45 197.16 

S3 

(8%SCBA) 

359.30 705.96 31.24 833.5 - 0.45 197.16 

S4 

(9%SCBA) 

355.4 705.96 35.14 833.5 - 0.45 197.16 

S5 

(10%SCBA) 

351.49 705.96 39.055 833.5 - 0.45 197.16 

S6 

(11%SCBA) 

347.5 705.96 42.96 833.5 - 0.45 197.16 

S7 

(12%SCBA) 

343.68 705.96 46.86 833.5 - 0.45 197.16 

R1 

(25%RCA) 

390.55 705.96 - 625.12 208.37 0.45 197.16 

R2 

(45%RCA) 

390.55 705.96 - 458.07 375.07 0.45 197.16 

R3 

(50%RCA) 

390.55 705.96 - 416.75 416.75 0.45 197.16 

R4 

(55%RCA) 

390.55 705.96 - 375.07 458.42 0.45 197.16 

R5 

(75%RCA) 

390.55 705.96 - 208.97 625.12 0.45 197.16 

S5&R1 

(10%RCA&25%

RCA) 

351.49 705.96 39.055 625.12 208.37 0.45 197.16 

S5&R2 

(10%RCA&45%

RCA) 

351.49 705.96 39.055 458.07 375.07 0.45 197.16 

S6&R1 

(11%RCA&25%

RCA) 

347.5 705.96 42.96 625.12 208.37 0.45 197.16 

S6&R2 

(11%RCA&45%

RCA) 

347.5 705.96 42.96 458.07 375.07 0.45 197.16 

 
TABLE 5: Mix Ratio 

 

 
 
 

4. RESULTS & DISCUSSION 
 
 Concrete cubes of size 150mmx150mmx150mm are 
casted for different ages, the results are shown below 
 

 
 

Fig.1.VARIATION OF COMPRESSIVE STRENGTH USING 
SCBA 

 

By comparing the above results from the Fig.1, for 7days, 
28days, &56day of constant water cement ratio with 
10% replacement of cement with sugarcane bagasse ash 
the compressive strength increases to 28.64 N/mm2, 
45.22 N/mm2, 47.9N/mm2 gives the higher value when 
compared to conventional concrete. Further increasing 
the %replacement level causes a decrease in 
compressive strength of concrete. 
 

 
 

Fig.2.VARIATION OF COMPRESSIVE STRENGTH USING 
RCA 

 
By comparing the above results from Fig.2, for 
7days,28days&56days of constant water cement ratio 
with 50% replacement of aggregate with recycled coarse 
aggregate the compressive strength increases to 
28.64N/mm2, 45.22 N/mm2, 47.9N/mm2 gives the 
higher value when compared to conventional concrete. 
Further increasing the %replacement level causes a 
decrease in compressive strength of concrete. 

Water 
(kg/m3) 

 

Cement 
(kg/m3) 

 

Fine 
aggregate 
(kg/m3) 

 

Coarse 
aggregate 
(kg/m3) 

 

197.16 390.55 705.96 833.5 

0.45 1 1.80 2.13 
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Fig.3.VARIATION OF COMPRESSIVE STRENGTH USING 
SCBA & RCA  

 
The SCBA gives the best result up to 10%, and similarly 
the RCA gives the best result up to 50%. By comparing, the 
above results from the Fig.3. So using the combination of 
SCBA and RCA with constant water cement ratio for 7days, 
28days,  &56days  the %replacement level of 10%SCBA, 
and 25%RCA gives the higher value of 29.51N/mm2, 
46.05N/mm2, 48.59N/mm2 when compare to nominal mix, 
and 10%SCBA, & 45%RCA, 11%SCBA, & 25%SCBA, and 
11%SCBA, & 45%RCA the % replacement level decrease 
the value. So therefore, up to 10%SCBA, and 25%RCA 
combination is feasible. 
 

5. CONCLUSIONS 
 
      From the present investigations, the results are 
concluded as 
 

i) At 10% replacement of cement with sugarcane 

bagasse ash, the compressive strength of concrete 

at 56days which is 47.9N/mm2 is higher when 

compared to nominal mix which is 40.85N/mm2. 

 

ii) At 50% replacement of coarse aggregate with 

recycled coarse aggregate, the compressive 

strength of concrete at 56days which is 

44.5N/mm2. 

 

iii) When compared with a nominal mix, the 

compressive strength of concrete increases for 

replacement of cement with sugarcane bagasse 

ash up to 10%. There is a decrease in compressive 

strength beyond 10% replacement of cement with 

sugarcane bagasse ash. 

 

iv)When compared with nominal mix, the 

compressive strength of concrete increases for 

replacement of coarse aggregate with recycled 

coarse aggregate up to 50%. There is a decrease in 

compressive strength beyond 50% replacement of 

coarse aggregate with recycled coarse aggregate. 

v) The combination of SCBA and RCA which is 

10%scba and 25%rca give the strength of 

48.59N/mm2 at 56days which is higher when 

compared to the other combinations. Therefore, 

use of SCBA up to 10% and RCA up to 25% is 

feasible. 
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