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Abstract— The Construction activities have increased 

enormously in recent decades. As a recent trend, there is a lot 

more focus to accomplish construction projects with an eco- 

friendly approach. Scarcity of natural resources, low bearing 

capacity of soils, economic design of structural elements, 

necessity of high rise buildings, disposal problem of industrial 

by-product etc. are the main crunches which the construction 

industry is encountering in the present scenario. One of the 

most important ingredients in concrete is Coarse aggregate, 

which is natural resources, depleting in recent days. As a result 

search for alternative means and ways for best usage of natural 

resources is of prior importance. To address this, the present 

work aims in investigating the feasibility using cinder as 

partial replacement for coarse aggregate in concrete 

preparation. 
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I. INTRODUCTION 

Concrete is a robust and effective construction material. The 

high compressive strength and the application of reinforcing 

and pre-stressing methods which makes concrete effective to 

carry tensile stress and the versatility have added to the 

widespread use of Concrete. The present scenario of rapidly 

increasing construction activities involving concrete as key 

material can be rightly said as we are in Concrete era. Coarse 

aggregate being one of the major constituent of concrete 

which gives body for the concrete, is a natural resource which 

is becoming scarce and expensive in recent days. Therefore, 

search for alternative means and ways for best usage of 

natural resources is of vital importance. Many industries 

generates wastes usage of these waste gives concrete 

preparation an eco-friendly edge; one among such material is 

the un-burnt coal which commonly called as Cinder, which 

could be used as a partial replacement for coarse aggregate in 

making an efficient concrete, which could also address the 

conservation of natural resources  to certain extent. Concrete 

manufactured by partially replacing coarse aggregate by 

cinder could represent as a new emerging trend in the 

construction of concrete structure. It is implications on the 

strength properties of the concrete are to be compared with 

that of conventional concrete, to know the feasibility. 

Therefore, this, work concentrates to study the feasibility of 

using cinder as partial replacement for coarse aggregate in 

concrete; made of Portland pozzolana cement for M25 grade 

of concrete mix with water-cement ratio of 0.50. To co relate 

the performance of the cinder replaced concrete with 

conventional concrete the tests workability related tests on 

fresh concrete such as Slump, Compaction factor and V-bee 

test are conducted. On hardened concrete compression, split 

tensile and flexural tests were conducted in accordance with 

BIS specifications. 

II. TEST ON INGREDIENT MATERIAL 

The present investigation is carried out to study the behavior 

of concrete by using Portland Pozzolana Cement (PPC) 

conforming to BIS Specification IS 1489:1-1991[1]. 

A. Test on Cement 

Portland Pozzolana Cement is used throughout the 

investigations. The cement is tested to BIS Specification IS 

4031: 6-1988 [2] to determine its various properties like 

specific gravity, normal consistency, initial and final setting 

time and compressive strength of cement. 

Sl. No Test Result 

1 Normal Consistency (%) 29.60 

2 Specific Gravity 2.98 

3 Initial Setting time (min.) 92 

4 Final Setting time (min.) 220 

5 Compressive strength (28 days in MPa) 48.84 

Table 1: Test on Cement 

B. Test on Aggregates 

Locally available river sand of specific gravity 2.63 and 

fineness modulus 2.89 conforming to Zone II is used as fine 

aggregate and crushed & quarried granite stone with 

maximum size of 20mm of specific gravity 2.64 and fineness 

modulus 7.10 is used as coarse respectively throughout the 

investigation for all concrete mixes. Tests for conformity 

were performed as per BIS Specification IS: 383- 1970 [3]. 

III. TEST ON FRESH CONCRETE 

The fresh property of Concrete plays a vital role in 

determining the quality of Concrete. The workability of 

concrete varies as the ingredient alters. In the present work 

workability related tests like Slump, Vee-Bee, and 

Compaction factor is performed in accordance to BIS 

Specifications IS: 1199-1956 [4] for all Concrete mixes.    

Cinder 

replacement 

in % 

Slump, 

mm 

Compaction 

factor 

Vee-Bee, 

Sec 

0 59 0.90 10 

10 53 0.88 12 

20 50 0.89 19 

30 

40 

43 

42 

0.84 

0.82 

23 

22 

Table 2: Workability Test on Fresh Concrete 

IV. TEST ON HARDENED CONCRETE 

A. Compressive Strength 

The concrete is tested for its compressive strength after curing 

for 3, 7 and 28 days. All tests were performed in accordance 

with the provisions of IS: 516-1959 [5]. The results of the 

Compressive Strength are tabulated in table 3 below. 
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Cinder 

Replacement % 

Compressive strength for Curing 

Period 

3 days 7 days 28 days 

0% 19.32 28.22 47.29 

10% 18.28 27.90 42.31 

20% 16.33 26.62 36.77 

30% 

40% 

15.67 

14.42 

26.20 

24.56 

34.22 

31.63 

Table 3: Average Compressive Strength of Concrete 

B. Flexural Strength 

The concrete is tested for its Flexural strength after curing for 

3, 7 and 28 days. All tests were performed in accordance with 

the provisions of IS: 516-1959 [5]. The results of the Flexural 

Strength are tabulated in table 4 below. 

Cinder 

Replacement % 

Flexural strength for Curing Period 

3 days 7 days 28 days 

0% 3.05 3.51 4.81 

10% 2.94 3.34 4.32 

20% 2.74 3.23 4.14 

30% 

40% 

2.63 

2.43 

3.17 

2.98 

4.09 

3.84 

Table 4: Average Flexural Strength of Concrete 

C. Split Tensile Strength 

The concrete is tested for its Split tensile strength after curing 

for 3, 7 and 28 days. All tests were performed in accordance 

with the provisions of IS: 516-1999 [6]. The results of the 

Split Tensile Strength are tabulated in table 5 below. 

Cinder 

Replacement % 

Split Tensile strength for Curing 

Period 

3 days 7 days 28 days 

0% 2.06 2.34 3.20 

10% 1.94 2.12 2.88 

20% 1.81 2.10 2.76 

30% 

40% 

1.75 

1.68 

2.02 

1.98 

2.45 

2.36 

Table 5: Average Split Tensile Strength of Concrete 

V. RESULTS AND DISCUSSION 

A. Test on Fresh Concrete 

From Table 2, it is evident that all the concrete mixes 

containing 0%, 10%, 20%, 30% and 40% of Cinder as partial 

replacement of coarse aggregate, have satisfied the 

workability test limits as per BIS standards [4].  

B. Compressive Strength 

Table 3, tabulates the average Compressive strength of 

Concrete mixes. It is evident from table 3 that the 

compressive strength of the mix reduces as the percentage 

replacement of cinder increases. The compressive strength of 

Conventional mix is 10.53%, 22.24%, 27.63% and 33.11% 

more than, the compressive strength of mixes containing 

10%, 20% ,30% and 40% of cinder as partial replacement for 

coarse aggregate for 28 days of curing period. 

 
Fig. 1: Variation of Compressive Strength with Curing 

Period. 

C. Flexural Strength 

Table 4, tabulates the average Flexural strength of Concrete 

mixes. It is evident from table 4 that the Flexural strength of 

the mix reduces as the percentage replacement of cinder 

increases. The Flexural strength of Conventional mix is 

10.18%, 13.92%, 14.96% and 20.16% more than, the Flexural 

strength of mixes containing 10%, 20% ,30% and 40% of 

cinder as partial replacement for coarse aggregate for 28 days 

of curing period. 

 
Fig. 2: Variation of Flexural Strength with Curing Period. 

D. Split Tensile Strength 

Table 5, tabulates the average Split Tensile strength of 

Concrete mixes. It is evident from table 5 that the Split 

Tensile strength of the mix reduces as the percentage 

replacement of cinder increases. The Split Tensile strength of 

Conventional mix is 10 %, 13.75% , 23.43% and 28.41% 

more than, the Split Tensile of mixes containing  10%, 20% 

30% and 40% of cinder as partial replacement for coarse 

aggregate for 28 days of curing period. 

 
Fig. 3: Variation of Split Tensile Strength with Curing 

Period. 
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VI. CONCLUSION 

This research concentrated on usage of the industrial waste, 

cinder as partial replacement for coarse aggregate in concrete 

mix. From the above test results it is evident that the concrete 

with 30% of cinder as partial replacement for coarse 

aggregate have recorded nearest value of compressive 

strength, flexural strength and Split tensile strength for the 

design mix of M25. Hence from the studies it can be 

concluded that cinder, being a waste product can be utilized 

effectively and efficiently in the concrete as partial 

replacement for coarse aggregates for an optimum percentage 

of 30% replacement with coarse aggregate, without 

compromising the target strength. It makes the concrete 

lighter as cinder is lighter than conventional coarse aggregate, 

stronger, cost effective and also ensures the safe disposal of 

waste products which provides an eco-friendly edge for 

concrete without compromising performance characteristics, 

strength of the concrete. 

. 
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