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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 rocks 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 will affect the construction industry, hence there is a need to find the new alternative material to replace 

the 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 crushed brick   in concrete. Crushed brick 

originated from demolished masonry was crushed in the laboratory and added partial sand replacement. Three replacement 

levels, 15%,20% and 25%, were compared with the control. The tests on concrete showed that the mechanical properties 

(compressive, flexural and splitting tensile strengths) of concrete containing crushe  brick were well comparable to those of the 

concrete without ground brick.  
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________________________________________________________________________________________________________ 

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 is estimated as 11 billion metric tons, 70–75% of the number is aggregate (mostly natural rock); 15% 

is water; and 10–15% is   cementations binder. The demand for aggregate is enormous in liberalization, privatization and 

globalization, and in the construction of important infrastructure projects like  Expressways, Airports, nuclear plants etc. The 

increased extraction of coarse and fine aggregate from the natural resources is required to meet this high demand. The increasing 

use of natural fine aggregate creates an ecological imbalance. Thus, partial replacement of fine aggregate is vital in construction 

industries.  

Researcher and Engineers have come out with their own ideas to decrease or fully replace the use of river sand and use recent 

innovations such as M-Sand (manufactured sand), robot silica or sand, stone crusher dust, filtered sand, treated and sieved silt 

removed from reservoirs as well as   dams besides sand from other water bodies Now a day’s sustainable infrastructural growth 

requires the alternative material that should satisfy technical requisites of fine aggregate as well as it should be available locally 

with large amount.  

 Objectives of the Study: 

 To evaluate the utility of crushed brick as a partial replacement of   sand in concrete.  

 To study and compare the performance conventional concrete   .  

 To understand the effectiveness of brick   as   in strength enhancement. 

 Scope of the Study: 

This paper presents a comprehensive study on the use of   brick powder produced from clay brick demolition wastes in concrete 

industry. The main focus of the research is to present additional information in the field of recycling clay masonry rubbles in 

order to explore the possible uses of these recyclable materials in structural applications. The assessment of different properties 

of cement paste 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 the 

concrete.  With the increase in construction activities, there is heavy demand on concrete and consequently on its ingredient like 

aggregate also. So crushed brick waste can be used as an alternative to this demand. 
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II. LITERATURE REVIEW 

River sand is costly due to transportation, large scale depletion of resources and enforcement regulations. Quarry dust can be 

used as an alternative to the river sand. Cost analysis shows that there is 40% savings if quarry dust is used instead of sand.  

Illangoan.R1 [2000] has done a study on100% replacement of sand by quarry dust in concrete. The compressive strength of 

concrete with quarry dust has 40%more strength than that of the concrete with sand. M. Shukla and A K Sachan2 (2000) studied 

environmental hazardous stone dust utilization in building construction. It is found that partial replacement will not affect the 

strength and also solve the problem of disposal of stone dust. The workability of concrete reduces with the increase in stone dust 

and this can be improved by adding  suitable admixtures.  In the investigation carried out by A.K.Sahu, Sunil Kumar and A. K. 

Sachan3[2004] the basic properties of conventional concrete and concrete made using quarry dust  have compared. They have 

studied M20 and M30 concretes. Equivalent mixes are obtained by replacing stone dust partially/fully. Test results indicate 

effective usage of stone dust with same compressive strength, comparable tensile strength and modulus of rupture. Workability 

of 40% replacement of stone dust with 2% Superplasticizer is equal to the workability of conventional concrete. Workability is  

increased by the addition of Superplasticizer. Ilangovan et al.4 (2008) reported that the strength of quarry rock dust concrete was 

comparably 10-12% more than that of similar mix of conventional concrete.  Hameed and Sekar5 (2009) studied the effect of 

crushed stone dust as fine dust and found that flexural strength increases than the concrete with natural sand but the values 

decreases as the percentage of crusher dust increases The choice of quarry dust as replacement for sand has been supported in the 

previous study (Manassa, 2010) showing that up to 20% of sand has been effectively replaced by quarry dust in traditional 

concrete. Thaniya Kaosol6 (2010) has made study on the reuse of concrete waste as crushed stone for hollow concrete masonry  

units. The main objective was to increase the value of the  concrete waste, to make a sustainable and profitable disposal 

alternative for the concrete waste. Attempts were made to utilize the concrete waste as crushed stones in the concrete mix to 

make hollow concrete blocks. Various percentages of  crusted stones have been tried the amount (i.e. 0%, 10%, 20%, 50% and 

100%). From the results they found concrete waste  can used to produce hallow concrete block masonry units. Suitability of 

Crushed granite fine (CGF) to replace river  sand in concrete production was investigated Manaseeh Joel7 [2010]. Slump, 

compressive and indirect tensile strength tests were performed on fresh and hardened concrete. Twenty  eight days peak 

compressive and indirect tensile strength values of 40.70 N/mm2 and 2.30 N/mm2 respectively were  obtained with the partial 

replacement of river sand with 20% CGF, as against values of 35.00N/mm2 and 1.75N/mm2  obtained with the use of river sand 

as fine aggregate. Based     on economic analysis and results of tests, river sand replaced  with 20% CGF is recommended for use 

in the production of concrete. Conservation of river sand in addition to better ways of disposing wastes from the quarry sites are 

some of the merits of using CGF. Mahzuz et al8. (2011)  have investigated on the use of stone powder in concrete as an 

alternative of sand using three concrete mix proportions, 1:1.5:3, 1:2:4 and 1:2.5:5. When the results of compressive strength 

were compared for these mixes between use of sand and stone powder, it was found that stone powder gives higher value than 

sand by about 14.76%, 4% and 10.44% respectively.  Seeni et al.9 (2012)  have made an attempt to partially replace fine 

aggregates with waste material obtained from China Clay industries. Out of the replacement percentages of 10% to 50%, the 

highest strength was achieved at 30% in compressive, split and flexural strength.  Divakar et al10. (2012)  have experimented on 

the behaviour of M20 grade concrete with the use of granite fines as a partial replacement for sand in 5%, 15%, 25%, 35% and 

50%; and based onthe results obtained for compressive, split-tensile and flexural tests, it was recommended that 35% of sand can 

be replaced by granite  fines.  In another study conducted by Wakchaure et al11, (2012) using artificial sand in place of river sand, 

it was found that for M30 mix using artificial sand, the compressive strength increased by 3.98%, flexural strength by 2.81% and 

split tensile strength by a marginal value than concrete which used river sand. 

III. MATERIALS USED 

 Cement, water and Aggregates  

Concrete is prepared by mixing various constituents like cement, aggregates, water etc. which are economically available. 

Ordinary Portland cement of 43 grade conforming to IS 8112 was used throughout the work. The fine aggregate used in this 

investigation was clean river sand, whose maximum size is 4.75 mm, conforming to grading zone II. Machine crushed blue 

granite stone angular in shape was used as coarse aggregate. The properties of the materials are presented in Table 1.  
Table – 1 

Properties of the constituent materials 

Sl.No Parameter OPC used Brick Powder Fine Aggregate Coarse Aggregate 

1 Normal Consistency 29% - - - 

2 Fineness by Sieving (%) 90 micron mesh 80 - - - 

3 Initial Setting Time (minutes) 38 - - - 

4 Final Setting Time(minutes) 300 - - - 

5 Specific Gravity 3.15 2.40 2.556  

6 Bulk density - 2000 1747 1590 

7 Fineness modulus - 2.3 2.42 2.70 

8 Water Absorption  0.8 0.94 0.41 
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Table – 2 

Chemical properties of brick powder 

Sl.No Material Percentage 

1 SiO2 57  -    65   % 

2 Al2O3 30   -   40  % 

3 Fe2O3 2   -   2.5 % 

 Brick Powder: 

Brick bats crushed in coarse powder form were used as a fine aggregate for making concrete. The waste bricks as obtained from 

garbage of a broken building were collected and pulverized to get the particle passing 4.75 mm sieve and retained on 0.075 mm 

sieve to get the grading of fine aggregate. 15, 20 and 25% brick powder is used as replacement of sand in the experiments. 

IV. METHODOLOGY 

 Experimental Programme: 

The aim of the experiment was to assess the properties of concrete made with   crushed brick  and to study the various important 

aspects such as compressive strength, flexural strength and split tensile strength of concrete prepared by using   crushed brick  

with different percentage of replacements   with sand.  The concrete mix design was proposed using Indian Standard for control 

concrete. The grade was M25. The Proportion of materials shown in Table 3. The replacement levels of sand by brick powder 

were used in terms of 15%, 20%, and   25% in concrete.  
Table - 3 

mix proportions of the concrete 

Sl.No Ingredient Kg/m3 Proportion 

1 Portland Cement 383.2 

1: 1.61 : 3.15 W/ C = 0.5 2 Fine Aggregate 615.24 

3 Coarse Aggregate 1206.48 

 Casting of the Specimens: 

In order to study the effect of replacement of   sand in various ratio of   crushed brick 36 numbers of cube of 150mm size, 36 

numbers of beams of size 100 mm x 100 mm x 500 mm and 36 numbers of cylinders of 150mm diameter to a height of 300mm 

were cast and used as test specimens to determine the compressive strength, flexural strength and split tensile strength 

respectively at the age of 7,14 and 28 days. 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. 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. The cubes, beams and cylinders ere 

compacted on a vibrating table.   

V. RESULTS AND DISCUSSIONS 

The experimental investigations carried out in the laboratory to determine the strength properties of the concrete with the 

additional mixture of crushed brick and test results are discussed. 

 Effect of Brick Powder on Compressive Strength: 

As per design obtained in accordance to code IS-10262, mix proportion of various materials (viz. Cement, Sand, Aggregate and 

Water) is calculated for M-25 grade of concrete. The cubes were tested in the laboratory in accordance to code IS 1343-1980. 

The results  of compressive strength  of cubes for 7, 14 and 28 days  for various mixes are compared and presented in Figure.1    

The compressive strength  for 15% , 20% and 25% (M2,M3 and M4 Mix) replacement of sand by  crushed brick   were 

compared with  conventional concrete (M1 mix).   It is observed that the compressive strength of cubes (sand   is partially 

replaced by crushed brick) increases initially at 15% and 20% crushed brick in 7,14 and 28 days strength. When the percentage 

of crushed brick increased to 25%   reduces the strength.  In 7 days test results the increase in value of 17.62% was observed in   

M2 Mix specimens when compared with M1 mix specimens. Whereas those noted as 19.82%   when M3 is compared with M1 

series specimens.   The decrease in value of 1.277 % was noted when M4 compared with M1 series specimens.   The percentage  

increase  in value   of   2.681 %  was  noted  when M2  mix specimens  compared  with M3  mix  specimens.  
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     Fig. 1: Compressive Strength of Concrete 

  In 14 days test results the increase in value of 8.679% was observed in   M2 Mix specimens when compared with M1 mix 

specimens. Whereas those noted as 10.701%   when M3 is compared with M1 series specimens.   The decrease in value of 22.76 

% was noted when M4 compared with M1 series specimens.  The percentage  increase  in value   of   2.214 %  was  noted  when 

M2  mix specimens  compared  with M3  mix  specimens.   

In 28 days test results the increase in value of 7% was observed in   M2 Mix specimens when compared with M1 mix 

specimens. Whereas those noted as 9.12%   when M3 is compared with M1 series specimens.   The decrease in value of 27.89 % 

was noted when M4 compared with M1 series specimens.  The percentage  increase  in value   of   2.281 %  was  noted  when 

M2  mix specimens  compared  with M3  mix  specimens.   

In M1 mix the percentage increase in   value of 18.13% was noted in 14 days strength when   compared with 7days strength. 

Whereas those noted as 31.41% when 28days strength was compared with 7days strength.   The percentage increase in value   of   

16.22 %  was  noted  when 14days   strength compared  with 28days  strength  specimens. In M2 mix the percentage increase in   

value of 9.245% was noted in 14 days strength when compared with 7days strength. Whereas those as 22.57% when 28days 

strength was compared with 7days strength.   The percentage increase in value   of   14.688 % was noted when 14days   strength 

compared with 28days strength specimens. In M3 mix the percentage increase in   value of 8.809% was noted in 14 days strength 

when   compared with 7days  strength. Whereas those as 22.257% when  28days strength was compared  with 7days strength.   

The percentage increase  in value   of   14.746 %  was  noted  when 14days   strength compared  with 28days  strength  

specimens. In M4  mix the  percentage  increase in   value  of 0.761% was noted in 14 days strength when   compared  with 

7days  strength. Whereas  those as 13.39%  when  28days strength was compared  with 7days strength.   The percentage  increase  

in value   of   12.72 %  was  noted  when 14days   strength compared  with 28days  strength  specimens. 

 Effect of Brick Powder 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 7, 14 

and 28 days  for various mixes are compared and presented in Figure.2    The split tensile strength  for 15% , 20% and 25% 

(M2,M3 and M4 Mix) replacement of cement by  crushed brick  were compared with  conventional concrete (M1 mix).   It is 

observed that the tensile strength  (sand   is partially replaced by crushed brick ) increases initially at 15% and 20%  crushed 

brick  in 7,14 and 28 days strength  .   When the percentage of crushed  brick  increased to 25%   reduces the strength.  In 7 days 

test results the increase in value of 9.24% was observed in   M2 Mix  specimens  when compared  with M1 mix  specimens. 

Where as those noted as  10.457%   when M3 is compared  with M1 series specimens.   The decrease in value of  0.625 %  was 

noted  when M4 compared with M1 series specimens.  The percentage  increase  in value   of   11.049 %  was  noted  when M2  

mix specimens  compared  with M3  mix  specimens. In 14 days test results the increase in value of 4.391% was observed in   

M2 Mix  specimens  when compared  with M1 mix  specimens. Where as those noted as  5.501%   when M3 is compared  with 

M1 series specimens.   The decrease in value of  10.8 %  was noted  when M4 compared with M1 series specimens.  The 

percentage  increase  in value   of   14.73 %  was  noted  when M2  mix specimens  compared  with M3  mix  specimens.   In 28 

days test results the increase in value of  3.55% was observed in   M2 Mix  specimens  when compared  with M1 mix  

specimens. Where as those noted as  4.662%   when M3 is compared  with M1 series specimens.   The decrease in value of  

13.08 %  was noted  when M4 compared with M1 series specimens.  The percentage  increase  in value   of   15.692 %  was  

noted  when M2  mix specimens  compared  with M3  mix  specimens.  
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Fig. 2: Split Tensile Strength of Concrete 

In M1 mix the percentage increase in   value of 9.529% was noted in 14 days strength when   compared with 7days strength. 

Whereas those as 17.189% when 28days strength was compared with 7days strength.   The percentage increase in value   of   

8.467 % was noted when 14days   strength compared with 28days strength specimens. In M2 mix the percentage increase in   

value of 4.725% was noted in 14 days strength when   compared with 7days strength. Whereas those as 12% when 28days 

strength was compared  with 7days strength.   The percentage increase in value   of   7.638 % was noted when 14days   strength 

compared with 28days  strength  specimens. In M3 mix the  percentage  increase in   value  of 4.521% was noted in 14 days 

strength when   compared  with 7days  strength. Whereas  those as 11.83%  when  28days strength was compared  with 7days 

strength.   The percentage  increase  in value   of   7.654 %  was  noted  when 14days   strength compared  with 28days  strength  

specimens. . In M4  mix the  percentage  increase in   value  of 0.397% was noted in 14 days strength when   compared  with 

7days  strength. Whereas  those as 6.975%  when  28days strength was compared  with 7days strength.   The percentage  increase  

in value   of   6.603%  was  noted  when 14days   strength compared  with 28days  strength  specimens. 

 Effect of Brick Powder on Flexural Strength 

The beam prism  were tested in the laboratory in accordance to code IS 516:1959.  The results  of   flexural strength   for 7, 14 

and 28 days  for various mixes are compared and presented in Figure.3    The flexural  strength  for 15% , 25% and 30% (M2,M3 

and M4 Mix) replacement of  sand by  crushed brick  were compared with  conventional concrete (M1 mix).   It is observed that 

the flexural  strength  (sand   is partially replaced by crushed brick) increases initially at 10% and 20%  crushed brick  in 7,14 

and 28 days strength.   When the percentage of  crushed brick  increased to 30%   reduces the strength.  In 7 days test results the 

increase in value of  26.238% was observed in   M2 Mix  specimens  when compared  with M1 mix  specimens. Where  as those 

noted as  33.269%   when M3 is compared  with M1 series specimens.   The decrease in value of  5.320 %  was noted  when M4 

compared with M1 series specimens.  The percentage  increase  in value   of   2.333 %  was  noted  when M2  mix specimens  

compared  with M3  mix  specimens.      In 14 days test results the increase in value of 15.544% was observed in   M2 Mix  

specimens  when compared  with M1 mix  specimens. Where   as those noted as  23.809%   when M3 is compared  with M1 

series specimens.   The decrease in value of   9.174 %  was noted  when M4 compared with M1 series specimens.  The 

percentage  increase  in value   of   28.407%  was  noted  when M2  mix specimens  compared  with M3  mix  specimens.   In 28 

days test results the increase in value of  15.190% was observed in   M2 Mix  specimens  when compared  with M1 mix  

specimens. Where  as those noted as  31.47%   when M3 is compared  with M1 series specimens.   The decrease in value of   

5.238 %  was noted  when M4 compared with M1 series specimens.  The percentage  increase  in value   of   34.88 %  was  noted  

when M2  mix specimens  compared  with M3  mix  specimens.   
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Fig. 3: flexural strength of concrete 

In M1 mix the  percentage  increase in   value  of 9.428% was noted in 14 days strength when   compared  with 7days  

strength. Whereas  those as 20.814%  when  28days strength was compared  with 7days strength.   The percentage  increase  in 

value   of   12.51 %  was  noted  when 14days   strength compared  with 28days  strength  specimens. In M2  mix the  percentage  

increase in   value  of 3.393% was noted in 14 days strength when   compared  with 7days  strength. Whereas  those as 8.954%  

when  28days strength was compared  with 7days strength.   The percentage  increase  in value   of   5.756%  was  noted  when 

14days   strength compared  with 28days  strength  specimens. In M3 mix the  percentage  increase in   value  of 3.02% was 

noted in 14 days strength when   compared  with 7days  strength. Whereas  those as 18.687%  when  28days strength was 

compared  with 7days strength.   The percentage  increase  in value   of   16.149 %  was  noted  when 14days   strength compared  

with 28days  strength  specimens. In M4  mix the  percentage  increase in   value  of 6.806% was noted in 14 days strength when   

compared  with 7days  strength. Whereas  those  noted as 11.98%  when  28days strength was compared  with 7days strength.   

The percentage  increase  in value   of   5.556 %  was  noted  when 14days   strength compared  with 28days  strength  

specimens. 

VI. CONCLUSION 

Based on the experimental study investigating the use of   crushed brick  in concrete, the following conclusions  which are 

limited to the materials used in the study.  

 This is an eco-friendly concrete as it subsides the stagnation of  demolished brick waste  by consuming it.   

 As much as  of the total cost of cement in conventional method can be saved by this procedure. Cost saving percentage 

increases with increase in richness of mix design.   

 The compressive, flexural strength  and split tensile strength  increases  to 15%   replacement of    fine aggregate   compared 

to the respective conventional concrete strength.  

 Concrete gains early strength and hence shuttering can be removed early thereby reducing the secondary overhead cost.   
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