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Abstract: Concrete is the composite mix of cement, aggregates, sand and water. Aggregate, the main constituent of concrete, 
constitutes 60 to 80% of the total volume of concrete. Proper selection of the type and particle size distribution of the 
aggregates affects the workability and the hardened properties of the concrete.  The present study is replacing the concrete 
aggregate with recycled aggregate in different proportion.  
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I. INTRODUCTION 
Concrete structures are designed in a proper manner so to have a long life. The rate of demolition has increased day by day and there 
is a shortage in dumping space. Instead of dumping this demolished concrete, use of demolished as recycled concrete would not 
only reduce the cost but also will conserve the non-renewable energy sources. The use of demolished concrete will further result in 
reduction in use of natural aggregates. The usage of natural aggregates is causing damage to natural resources resulting in imbalance 
in environment. Recycled aggregates consist of crushed aggregate obtained from the materials that have been used in constructions. 
Recycled aggregates are generally obtained from buildings, roads and bridges which are demolished due to completion of life, wars 
and earthquake. 
The study on use of recycled aggregate in pavement construction consists of laboratory investigations to find various properties. The 
main objectives of study are 

A. To prepare mix design for M40 concrete with varying proportions of recycled aggregates. 
B. To determine the compressive strength of the samples at the end of 7, 28, 56 and 90 days.  
C. To determine sulphate resistance for different percentage of concrete mix. 

The purpose of this research was to study the behavior of recycled coarse aggregates when it was included in Plain Cement 
Concrete.  

II. LITERATURE REVIEW  
Shayan (2003) found that the use of RCA in the concrete mix decreases compressive strength compared to natural aggregate. But it 
is also found that, at 28 days, all mix designs usually exceed 50MPa compressive strength.  
Lin (2004) fined that the compressive strength is most affected by the w/c ratio and other parameters include fine recycled aggregate 
content, cleanness of aggregate, interaction between fine recycled aggregate content and crushed brick content, and interaction 
between w/c ratio and coarse RCA content.  
Tavakoli (1996) fined in a study that there is a strong interaction between maximum aggregate size and water-cement ratio when 
compared with compressive strength development.  Due to a lower w/c ratio Compressive strength may increase for RCA, 14% and 
34% respectively in comparison of natural aggregates.  
Buyle-bodin, F.et. al. (2002) showed a comparison between the behavior of RAC and natural aggregates. The effect of both the 
composition and the curing conditions was discussed. It was observed that durability of RAC is controlled by flow properties of 
high total W/C ratio and air permeability.  
Hendricks, F. et.al (2003)  developed the approach called design for recycling can be used to optimize design of constructions for 
later use and the design for disassembly can be used for demolition. For the technical aspects two models were developed 
concerning degradation processes and the high graded applications. These models were based on life cycle assessment method. 
Poon C.S.et.al (2006) studied the environmental effects of using recycled aggregates. Concrete mixes were prepared with varying 
proportions of recycled aggregates. The proportion of recycled aggregates was kept varying from 0% to 100%. Target strength was 
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kept 35 MPa. The investigations were made on effect of recycled aggregates on slump value and bleeding. The effects of   delaying 
the bleeding tests and using fly ash on the bleeding of concrete have been examined. From this study it was found that the use of 
recycled aggregates caused higher rate of bleeding. The slump of concrete mixes or without recycled aggregates was increased due 
to replacement of cement by 25% fly ash.  It reduced bleeding rate and bleeding capacity with only minor negative effects on 
concrete strength at or before 28 days, but it gave positive effects on strength at age of 90 days. 
Rao, Aakash,et.al. (2006)  investigated the effect of recycled aggregates concrete that can be used in lower end application of 
concrete. It was found that RCA can be used for making normal structural concrete with the addition of fly ash, condensed silica 
fume etc. 
Zhang, Xue-bing et.al. (2007) generated a formula for additional water requirement in recycled aggregate concrete. They found that 
the specific absorption of coarse aggregates increases as the time of water absorbing goes on. The speed of water absorption was 
greatest in first 10 minutes. Then it decreased and changed very little. The specific absorption and water absorption speed of RCA 
are greater than those of crushed stones and pebble, within the same time. 
Tabsh,Sami W.et.al (2008)  investigated the strength concrete with use of recycled aggregates. The main objectives of study were 
the sources of recycled aggregates and the strength of recycled concrete. Test results showed that the losses as 50% for toughness 
and 12% for soundness test which are within acceptable limits. From this study it was found that recycled aggregates concrete 
required more water than the virgin concrete to maintain the same slump without use of admixture. It was also found that the 
strength was reduced to 10-25% with the use of recycled aggregates. 

III. EXPERIMENTAL PROGRAMME 
A. General 
 Mix design is done to select the mix material and their required proportions. There are a lot of methods to determine the mix 
design. The methods used in India are in compliance with Bureau of Indian Standards (BIS). The motive of mix design is to 
determine the proportion in which concrete ingredients like cement, water, fine aggregates and coarse aggregates should be mixed to 
provide specified strength, workability, durability and other specified requirements as listed in standards such as IS: 456-2000. 
Concrete mix design guidelines are given in IS: 10262-1982. In present study different mixes were prepared of varying percentage.  
These mixes were designated as M0, M10, M20, M30 and M40. Mix M0 stand for concrete mix of 0% recycled aggregate and M10, 
M20, M30 and M40 stand for mix with varying percentage of recycled aggregate. The natural coarse aggregate was replaced by 
recycled aggregate in proportion of 0%, 10%, 20 %, 30% and 40% in M0, M10, M20, M30, and M40 respectively as given in table 
1. Content of sand, cement and water were kept constant in every mix. In the present study properties of concrete such as 
compressive strength, and sulphate resistance of concrete were determined. 

B. Testing Procedure 
1) Compressive Strength: The dried cubes were tested at the age of 7, 28, 56 and 90 days. The cubes were tested on compression 

testing machine (CTM) after drying at room temperature as per IS: 516-1959 as shown in Figure 1. The load was applied at rate 
of 350MPa/minute in a uniform and continuous manner. Impacts were prevented during the application of load. Application of 
load was kept continued until the sample failed and maximum load carried by the sample was recorded. Three samples for each 
test reading were tested. Final value of test is taken as an average of three samples. 

 
Figure 1 Compression Strength Test in CTM 
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2) Sulphate Resistance: Test cubes were cured in water for 28 days before submerging to sulphate solution (MgSO4).  Cubes were 
tested in CTM machine after 7,28 and 56 days for checking the compressive strength after sulphate solution.  
 

IV. RESULTS AND DISCUSSION OF REULTS 
A. General 
Testing of sample was done at 7, 28, 56 and 90 days for compressive strength. Sulphate resistance was also check for various 
percentage of mix In this chapter, results of these tests are discussed. 

B. Variation of Compressive Strength with Age 
Table 2 gives the test results of compressive strength at 7, 28, 56 and 90 days. Water cement ratio was kept as 0.38 for all mixes. 
Super plasticizer used was 0.6% of cement. Table 1.2 gives the percentage reduction in compressive strength for all mixes at 
different number of days. 

Table 1 Test Results for Compressive Strength 

S.No. Mix W/C Compressive strength (MPa) 

7 Days 28Days 56 Days 90 Days 

1. 

2. 

3. 

4. 

5. 

M0 

M10 

M20 

M30 

M40 

0.38 

0.38 

0.38 

0.38 

0.38 

42.43 

42.47 

41.84 

42.60 

40.27 

50.06 

50.36 

50.20 

49.11 

52.36 

51.20 

50.89 

50.68 

50.68 

53.24 

51.8 

51.23 

50.80 

51.4 

53.26 

 

 
Table 2 Percentage Reduction in Compressive Strength 

S.No. Mix Age (in days) %age  Reduction in Compressive Strength 

M0 M10 M20 M30 M40 

1. 

2. 

3. 

4. 

1:1.23:2.52 

1:1.23:2.52 

1:1.23:2.52 

1:1.23:2.52 

7 

28 

56 

90 

- 

- 

- 

- 

100.1 

100.5 

99.4 

98.8 

98.6 

100.3 

98.8 

98 

100.4 

98.1 

98.9 

99.2 

95 

104.5 

106 

104 
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Figure 2 Comparison of Compressive Strength of all Five Mixes with Age of 7, 28, 56 and 90 Days 

From above figure and tables it was observed that the compressive strength does not followed a uniform pattern of increment or 
reduction when RCA is used instead of natural aggregate.  All of the mixes reached to target strength of 48.26 in 28 days.. 

C. Sulphate  Resistance of RCA Concrete 
In this section of study, effect of sulphate solution on compressive strength of RCA concrete was investigated. Concrete cubes were 
kept in MgSO4 (magnesium sulfate) solution for 7, 28 and 56 days after normal curing for 28- days.  Compressive strength of cubes 
was checked by using CTM.  Table 3 gives the test results at age of specified number of days. Table 4 gives the details of 
percentage reduction in compressive strength at the age of specified number of days. 

Table 3 Test Results for Sulphate Resistance 
S.No. Mix     Type Of Solution Compressive Strength(MPa) 

7 Days 28 Days 56 Days 

1. 

2. 

3. 

4. 

5. 

M0 

M10 

M20 

M30 

M40 

5%of MgSO4 

5%of MgSO4 

5%of MgSO4 

5%of MgSO4 

5%of MgSO4 

41.75 

41.79 

38.8 

41.8 

39.53 

48.74 

49.05 

48.26 

45.6 

50.73 

48.3 

49.23 

47.62 

49.03 

49.38 

42.43 

50.06 

51.2 
51.8 

42.47 

50.36 
50.89 51.23 

41.84 

50.2 
50.68 50.8 

42.6 

49.11 

50.64 
51.4 

40.27 

52.36 

54.24 54.26 

40

45

50

55
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Table 4 Percentage Reduction of Compressive Strength Due To Sulphate Attack 
 

S.No. 

 

Mix 

 

Type of solution 

% age reduction in compressive strength 

7 Days 28 Days 56 Days 

1. 

2. 

3. 

4. 

5. 

M0 

M10 

M20 

M30 

M40 

5%of MgSO4 

5%of MgSO4 

5%of MgSO4 

5%of MgSO4 

5%of MgSO4 

98.42 

98.4 

92.73 

98.2 

98.17 

97.38 

97.4 

96.13 

92.85 

96.9 

94.3 

96.08 

93.96 

95.4 

92.75 

Figure 3 gives the comparison of compressive strength of all mixes kept in MgSO4 solution at the age of 7,28 and 56 days. It show 
the variation of compressive strength of mixes kept in magnesium sulfate solution for 7 days,28 days and 56 days respectively. 

 
Figure 3 Comparison of Compressive Strength of all Mixes Kept in Mgso4 Solution at the Age of 7, 28 And 56 Days 

V. CONCLUSIONS AND RECOMMENDATIONS 
A. Conclusions 
The research on usage of RCA in construction of pavement is very important because material waste is gradually increasing with the 
increase in urban development and increase in population. Recycled aggregates are easily available while natural aggregates need 
mining and their cost is much higher than the cost of natural aggregates.  Recycled aggregates are cheaper than the virgin 
aggregates, so builders can easily afford these for construction purpose if their strength is equal or comparable to natural aggregates. 
Compressive strength and sulfate resistance of RCA concrete is examined, where it was observed that mixing of RCA cause 
increased water absorption. To avoid this, super plasticizer is used to reduce the cement consumption. Concrete mix of M40 was 
designed as per properties of aggregates.  The results of this study showed that RCA concrete gave comparable strength to 
conventional concrete. This indicated that RCA concrete can be viable source for construction of pavements. From the results, it is 
also found that workability of concrete is decreased due to higher water absorption.   
Following conclusions can be drawn from results and discussion of results from the study 
1) The compressive strength of all mixes exceeded at the age of 28 days.   Compressive strength of mix M0 is 50.05 MPa which is 

greater than the target strength of 48.25 for M40 concrete. Compressive strength of M10 is slightly increased to 50.36. So the 
compressive strength increases by 0.5%.   For M20, compressive strength is increased to 50.20 MPa, it also showed an increase 
in compressive strength by 0.3%. Compressive strength of M30 is decreased to 49.11 MPa that showed a decrease in 
compressive strength by 1.9%. But in case of M40, there is sudden increase in compressive strength that raises the compressive 
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strength to 52.36 MPa. Compressive strength is increased by 4.5%. So the results of test show that compressive strength does 
not follow a regular trend from M0 to M40.  But from the results it is also concluded that compressive strength never went 
below the target strength for 28 days. This indicates that RCA can be used as replacement aggregates for compressive strength.    

2) Use of 5% of MgSO4 solution caused the reduction in compressive strength. The compressive strength of RCA mixed concrete 
reduced upto 7%.  Effect of sulphate solution increased when quantity of demolished concrete aggregate increased. This study 
showed that the strength of m4 at 56 days was most affected. So with increase in sulphate caused reduction in compressive 
strength of concrete. 

3) It was found that the RCA concrete have relatively lower bulk density, specific gravity and high water absorption as compared 
to natural concrete. This was due to the presence of mortar in present on recycled coarse aggregates.  

4) From this study it was observed that the demolished concrete was viable source for construction of concrete pavements.  
Economical and environmental pressures justify suitability of RCA concrete as alternative to the natural concrete. Where there 
is non-availability of natural aggregate from new rocks RCA can be a good or viable replacement option for natural coarse 
aggregate in pavement construction. 
 

B. Recommendations 
Some modification can be made for RCA to become widely used material for construction of concrete pavements. Consistent and 
predictable results need to be obtained when using RCA as a replacement for natural aggregate in concrete. To achieve this further 
investigation is required in the areas of properties of aggregates, mix design and proportioning, performance, testing, and modeling.  
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