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Abstract: Concrete is the most material being used in infrastructure development throughout the world. Sand is a prime material 
used for preparation of mortar and concrete and which plays a major role in mix design. Natural or River sand are weathered 
and worn-out particles of rock and are of various grades or sizes depending upon the amount of wearing. Now-a-Days good sand 
is not readily available, it is transported from a long distance. Those resources are also exhausting very rapidly. The non-
availability or shortage of river sand, such that excess river erosion and harm to environment is prevented. Many researchers are 
finding different materials to replace sand. This study aimed to investigate the suitability of using of using crushed clay brick in 
concrete. Crushed brick originated from demolished masonry was crushed in the laboratory and added partial sand replacement. 
Eight replacement levels 10%,15%,20%,25%,30%, and 32%, were compared with the control for M35, and M40 design mix 
concrete grades. The tests on concrete showed that mechanical properties (compressive strength, and split tensile strength) of 
concrete containing crushed clay brick were well comparable to those of the conventional concrete. 
The reuse of construction and demolition wastes, especially crushed clay bricks (CCB), represents a major contribution to the 
environment. Due to the nature of clay bricks, it can be considered as source of fine and coarse aggregates to produce structural 
concrete. This research has been conducted with the objectives of highlighting the effect of crushed clay bricks as partial 
replacement of fine aggregate in concrete. 
Keywords: Compressive strength, Split tensile strength, crushed clay brick percentages, specific gravity of aggregates, 
characteristic strength. Target mean strength. 

 
I.      INTRODUCTION 

Concrete is one of the oldest and the most widely used construction material in today’s world. It is easily obtainable, relatively 
cheap, strong, and durable. On the other hand, the concrete industry is one of the major consumers of the natural resources. The 
annual concrete production 11 billion metric tons, of which 70-75% are made up of aggregates (mostly natural rock),15% are water, 
and 10-15% are cementitious binder. Globalisation, privatization, liberalization, and the development of important infrastructure 
projects have all contributed to the rise in demand for aggregates. 
An ecological imbalance has resulted from increased extraction due to the increased demand for natural aggregates’ response, 
scientists and engineers have looked for fine aggregate substitutes in building. Innovative solutions such as filtered sand, robot silica 
or sand, treated and sieved silt removed from reservoirs and dams, and sand from other water bodies are among the proposals. The 
search for substitute materials highlights the importance of both assuring local availability in significant quantities and satisfying the 
technical specifications of fine aggregates, particularly considering the current need for sustainable infrastructure expansion. This 
strategy is in line with the main objective of sustainable development, which is to lessen the negative environmental effects of 
building projects while preserving resources for future generations. 

 
II.      SCOPE OF THE STUDY 

This paper presents a comprehensive study on the use of brick powder from clay brick demolition wastes in concrete industry. The 
focus of the research is to present additional information in the field of recycling clay masonry rubbles to explore the possible uses 
of these recyclable materials in the structural applications. The assessment of different properties of cement pastes and concrete is 
presented. The current work concludes performance -based guidelines that are imperative from the cost and environmental aspects 
and that also can be recycled powder in concrete. Brick powder reduces weight of concrete and permeability of concrete.  
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With the increase in construction activities, there is heavy demand on concrete and consequently on its ingredient like aggregates 
also. So crushed brick waste can be used as an alternative to this demand. 
 

III.      OBJECTIVES OF RESEARCH 
1) Assessing the Viability of Crushed Brick as a Sand Substitute in Concrete 
2) Design M35 & M40 grades using conventional fine aggregate 
3) Design M35 & M40 grades with partial replacement of fine aggregates with variable crushed clay bricks. 
4) Comparative analysis for properties and cost analysis of manufactured concrete for effective viability in field situation. 
5) To study various test of concrete to define properties of fresh and hardened concrete by slump test, compressive strength test at 

7 days and 28 days, split tensile test at 28 days. 
 

IV.      MATERIALS USED 
1) Cement: Portland Pozzolana Cement (PPC) confirming to IS1489:part1:2015 was used in the experimentation. Here are some 

important properties of cement when used in concrete. 
Table 1: Properties Of Cement 

S. No Properties Results 
1 Specific Gravity 3.141 
2 Consistency 32% 
3 Initial setting Time 55 min 
4 Final setting time 420 min 
5 Fineness 2% 

 
2) Coarse Aggregates:  The coarse aggregate use as the crushed stone aggregates which passing through 20mm sieve size and 

retained on 4.75mm sieve was selected. They have rough, flat surfaces and well-defined angular edges that arise spontaneously. 
The minimum weight of sample that must be taken for nominal size aggregates for sieving is 2000g, following IS 2386(part I)-
2016.To ascertain the gradation, a sieve examination was performed on a sample of 2kg coarse particles.  

 
Table 2: Properties of Coarse aggregates 

S.No Properties Results 
1 Specific gravity 2.84 
2 Water absorption 0.14% 
3 Surface moisture Nil 
4 Mass density 1683 kg/m3 

 
 
3) Fine Aggregates: Aggregate which is passed through 4.75mm IS sieve and retained on 75 micron IS sieve is termed as fine 

aggregates. The sand used for experimental program was locally procured and confirming to zone-I. The sand was first sieved 
through 4.75mm sieve to remove any particles greater than 4.75mm. 

The fine aggregates were tested as per Indian Standard specification IS:383-1970.Properties of the fine aggregate used in the 
experimental work are tabulated in table. 

Table:3 Properties of Fine Aggregate 
S.No Properties Results 

1 Source of sand River 
2 Specific gravity 2.33 
3 Free surface Moisture Nil 
4 Water absorption 1.0% 
5 Fineness modulus 4.3 
6 Grading zone I 
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4) Crushed Clay Brick: The brick bats crushed in coarse form were used as a fine aggregate for making concrete. The crushed 
brick powder which is passed 4.75mm IS sieve and retained on 75micron sieve to get the grading of fine aggregate. The 
crushed clay brick are satisfying the zone-II gradation. The results of various tests conducted on crushed clay brick are given in 
table  

 
Table:4 Properties of Crushed clay brick 

S.No Properties Results 
1 Specific gravity 2.1 
2 Density 1862 Kg/m3 
3 Fineness modulus 3.13 
4 Water absorption 1% 
5 Grading zone II 

 
V.      METHODOLOGY 

A. Experimental Programme 
The aim of the experiment was to assess the properties of concrete made with crushed clay brick and to study the various important 
aspects such as compressive strength, split tensile strength of concrete prepared by using crushed clay brick with different 
percentage of replacements with sand. The concrete mix design was proposed using Indian standard method for control concrete as 
per IS 10262:2019. The grades are M35 and M40.The proportions of materials shown in tables. The replacement levels of sand by 
brick powder were used in terms of 10%,15%,20%,25%,30% and 32% in concrete 
 
B. Casting of Specimens 
To study the effect of replacement of sand in various ratios of crushed clay brick 126 number of cubes of size 150mm for M35 
grade,132 numbers of cubes for M40 grade and 66 numbers of cylinders of size 150mmx300mm for M35 grade, and 69 number of 
cylinders for M40 grade were cast and used as test specimens to determine the compressive strength, and split tensile strength 
respectively at 7 days and 28 days curing period. Three specimens were tested every time at the required days and mean value was 
taken. The workability of fresh concrete was measured in terms of slump values. The ingredients of concrete were thoroughly mixed 
till uniform consistency was achieved by using water reducing admixture named Sika-cim used to get required workability. Cubes, 
cylinders are compacted on a vibrating table and curing done at nominal temperature. 

 
VI.      RESULTS AND DISCUSSIONS 

Hardened Concrete Test Results 
Compressive strength 

Table:5.Trial Mix-I For M35 Grade 
Replacement of 
F.A by ccb (%) 

7 days ave. comp. 
strength in MPa 

28 days ave. comp. 
strength in MPa 

0 23.50 35.00 

10 24.30 35.90 

15 25.00 36.70 

20 25.80 37.40 

25 26.50 38.20 

30 27.25 39.13 

32 27.12 38.72 
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Split tensile strength 

 
Table:6. Trial mix-I for M35 grade 

S.No Replacement of F.A by ccb 
(%) 

28 days Ave, split tensile 
strength in MPa 

1 0 3.92 
2 10 4.28 
3 15 4.62 
4 20 5.08 
5 25 5.25 
6 30 5.30 
7 32 4.28 

 

 
Compressive strength 

23.5 24.3 25 25.8 26.5 27.25 27.12 

35 35.9 36.7 37.4 38.2 39.13 38.72 

0

5

10

15

20

25

30

35

40

45

conventional
concrete

10% ccb 15% ccb 20% ccb 25% ccb 30% ccb 32% ccb

7 days  & 28 days ave.comp.strength in MPa  

7 days ave.compressive strength in Mpa 28 days ave.compressive strength in MPa

3.92 
4.28 

4.62 
5.08 5.25 5.3 

4.28 

0

1

2

3

4

5

6

conventional
concrete

10% ccb 15% ccb 20% ccb 25% ccb 30% ccb 32% ccb

28 days Ave. split tensile stress in Mpa 

28 days ave. split tensile stress in Mpa



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 12 Issue IX Sep 2024- Available at www.ijraset.com 
    

93 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

Table:7.Trial mix-II for M35 grade 
Replacement of F.A 

by ccb(%) 
7 days ave. comp.strength in MPa 28 days ave. comp.strength in 

MPa 

0 23.46 35.56 
10 24.86 36.90 

15 25.21 37.70 
20 26.37 38.12 
25 26.95 38.90 

30 27.24 40.33 
32 26.11 38.72 

 

 
 

Table:8. 28 days ave. split tensile strength  
S.No Replacement of F.A by CCB 

in% 
28 days ave. comp. stress in 

MPa 

1 0 3.62 

2 10 4.58 

3 15 5.02 

4 20 4.78 

5 25 4.75 

6 30 4.69 

7 32 4.28 

23.46 24.86 25.21 26.37 26.95 27.24 26.11 

35.56 36.9 37.7 38.12 38.9 40.33 38.72 

7 days & 28 days ave.comp.stree in MPa 

7 days ave.comp.strength in Mpa 28 days ave.comp.strength in Mpa
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Compressive strength  

 
Table:9.Trial mix-III for M35 grade 

Replacement of F.A 
by ccb (%) 

7 days Ave.comp. stress in 
MPa 

28 days Ave.comp. stress in 
MPa 

0 26.50 39.21 
10 27.30 41.29 
15 28.40 42.57 
20 29.65 42.84 
25 30.25 43.26 
30 30.69 43.33 
32 27.45 39.12 
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Table:10.28 days ave. split tensile strength in MPa 
S.No Replacement of F.A by CCB 

(%) 
28 days ave. split tensile 

strength in MPa 
1 0 4.16 
2 10 4.85 
3 15 5.20 
4 20 5.87 
5 25 5.95 
6 30 5.98 
7 32 4.88 

 

 
Table:11. Compressive strength for M40 grade 

 
Trial mix-I 

Replacement of 
F.A by ccb(%) 

7 days ave. comp.stress 
in MPa 

28 days ave. comp.stress 
in MPa 

0 29.82 45.00 
10 31.30 45.80 
15 33.65 46.55 

20 35.80 47.29 
25 36.13 48.10 
30 35.15 47.16 

32 34.23 45.52 

34 32.69 43.03 
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Table:12. 28-days Ave. split tensile Strength in MPa 
S.No Replacement of F.A by 

ccb (%) 
28 days ave. split tensile 

strength in Mpa 
1 0 6.52 
2 10 6.88 
3 15 7.12 
4 20 7.38 
5 25 7.39 
6 30 6.41 
7 32 5.28 

 

 
Compressive strength for M40 grade  
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Table:13.Trial Mix-II 
Replacement of 
F.A by ccb(%) 

7 days ave.comp.strength in 
MPa 

28 days ave.comp.stress in 
MPa 

0 28.62 43.56 
10 30.34 44.25 
15 32.85 44.85 
20 33.89 45.18 
25 34.23 45.56 
30 32.13 44.02 
32 31.03 42.32 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table:14.28 days ave. split tensile stress in MPa 

S.No Replacement of F.A by 
ccb(%) 

28 days ave.split tensile strength 
in MPa 

1 0 5.92 
2 10 6.28 
3 15 6.62 
4 20 7.08 
5 25 7.10 
6 30 6.21 
7 32 6.18 
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Compressive strength for M40 grade  

 
Table:15. Trial mix-III 

Replacement of F.A 
by ccb(%) 

7 days ave.comp strength 
in MPa 

28 days ave.comp. Strength 
in MPa 

0 27.32 41.23 
10 29.04 41.95 
15 29.75 42.05 
20 31.29 42.88 
25 31.83 43.12 
30 30.45 42.02 
32 30.03 41.62 
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Table:16. 28 days ave. split tensile strength in MPa 
S.No Replacement of F.A by ccb 

(%) 
28 days ave. split tensile strength 

in MPa 
1 0 5.28 
2 10 5.98 
3 15 6.12 
4 20 6.38 
5 25 6.59 
6 30 5.81 
7 32 5.32 

 

 
 
1) Effect Of Crushed Clay Brick on Compressive Strength: As per design obtained in accordance to code IS-10262, mix proportion 

of various materials (viz. cement, sand, coarse aggregate, and water) is calculated for M35, M40 grades of concrete. The cubes 
were tested in the laboratory in accordance to code IS1343-1980.The results of compressive strength of cubes for 7 and 14 days 
for various mixes are compared and presented in figs. The compressive strength for 10%,15%,20%,25%,30% and 32% (trial 
mixes I, II, III) replacement of sand by crushed clay brick were compared with conventional concrete. It is observed that the 
compressive strength of cubes increases initially up to 30% of replacement of sand by crushed clay brick is 15.96% in 7days 
strength,11.90% in 28 days. When the percentage of crushed brick increased to 32% reduces strength. For M40 grade of 
concrete the compressive strength at partial replacement of crushed clay brick up to 25%, increases by 19.09% at 7 days, and 
5.35% at 28 days. 

2) Effect Of Crushed Clay Brick on Split Tensile Strength: The cylinders were tested in the laboratory in accordance to code IS 
5816:1999. The results of split tensile strength for 28 days for various mixes are compared and presented in figures. The split 
tensile strength for 10%,15%,20%,25%,30%, and 32% replacement of cement by crushed clay brick were compared with 
conventional concrete for M35 and M40 grades... It is observed that the tensile strength (sand partially replaced with ccb) 
increases initially up to 25% and reduces. In 28 days, test results increase in the value of 36.72% for M35 grade of concrete and 
19.36% for M40 grade. 

 
VII.      CONCLUSIONS 

Based on the experimental study investigating the use of crushed clay brick in concrete as a partial replacement of fine aggregate, 
the following conclusions which are limited to the materials used in the study. 
The compressive strength and split tensile strength of concrete with crushed clay brick as a partial replacement of fine aggregates 
increase as the w/c ratio is increased up to 0.415. 

5.28 
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1) The compressive strength and split tensile strength increase when crushed clay brick replaces fine aggregate up to a maximum 
of 30%; after that, they decrease for M35 grade concrete. 

2) The compressive strength and split tensile strength increase when crushed clay brick replaces fine aggregates up to maximum 
of 0 to 25% after they decrease for M40 grade concrete. 

3) Compared to conventional concrete, concrete that has had some of its fine aggregate replaced with crushed clay brick (CCB) 
has a higher density. 

4) No voids form after testing concrete cubes and cylinders along failure surfaces, which results in the concrete becoming 
impermeable. 

5) The heat of hydration is lower when mixing concrete, which is beneficial for increasing strength and reducing shrinkage. 
6) It is an affordable and feasible way to dispose of brick waste safely. 
7) Crushed clay brick (CCB) is the most suitable substitute for fine aggregate in concrete due to its cementitious and silicious 

qualities. 
 

VIII.      FUTURE SCOPE 
This technology allows for the appropriate construction of dense concrete, so there is a lot of room for growth in this field. The 
methods listed below can be taken into consideration for the upcoming study: 
Swap out the unique cement brands that require analysis. 
1) Investigate using recycled plastering waste and stone dust as partial replacements for other materials in concrete. This has the 

potential to foster the advancement of ecologically conscious and sustainable building methods. 
2) Higher grades of concrete necessitate stronger results for analysis. 
3) When creating a concrete mix with a lower w/c ratio to achieve the necessary strength, use a variety of water-reducing 

admixtures and accelerators. 
4) Apply the necessary intermediate weight-to-cement ratios (0.35,0.85,0.41) for analysis. 
5) Use the intermediate replacement of the CCB that needs to be analysed, which is 5%, 10%, 15%, 20%, 25%, 30%, and 32% for 

M35 grade concrete. 
6) Use the intermediate replacement of the CCB that needs to be analysed, which is 5%,10%,15%,20%,25%, and 30% for M40 

grade concrete. 
7) As a partial substitute for fine aggregates, mix CCB with stone dust or industrial wastes like slag. 
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