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Abstract— This research investigates the influence of Grade 

of Parent Concrete on the physical and mechanical properties 

of Recycled Aggregates and Recycled Aggregate Concrete. 

Various grades i.e., M20, M25, M30, M35 and M40 were 

selected as parent concrete. Cubes of Parent Concrete were 

crushed in laboratory using a Jaw Crusher. Ordinary Portland 

cement, Natural Sand, Natural Coarse Aggregate and 

Recycled Aggregates were used as materials for Recycled 

Aggregate Concrete. Two stage Mixing approach (TSMA) is 

adopted for better performance of Recycled Aggregate 

Concrete. Water – Cement (w/c) ratio is kept constant at 0.45 

for all recycled aggregate concrete mixes. The recycled 

aggregate concrete specimens are tested for 7 and 28 days. 

The present research assesses the cement mortar remains and 

categorizes the recycled aggregate using a classification 

system called CSAggregate index ranging from 0 to 100. 

CSAggregate index result shows that the adhered mortar 

increases with increase in grade of parent concrete. The 

physical and mechanical properties of recycled aggregates are 

lower than natural aggregates. Recycled aggregate concrete 

can achieve compressive strength of natural aggregate 

concrete. 

Key words: Recycled Aggregate, Natural Aggregate, Two 

Stage Mixing Approach, Compressive Strength, Csaggregate 

Index 

I. INTRODUCTION 

According to twelfth five year plan, our Construction industry 

is the second largest activity after agriculture. The impact 

caused to the environment by construction industry is also 

large. Construction industries consume high volume of raw 

materials and products. Activities such as demolition of 

buildings are generating a huge amount of waste, called the 

Construction Demolition (C&D) waste. As C&D waste is 

increasing day to day, on the other hand, there is an acute 

shortage of naturally available aggregates. Generally, C&D 

waste consist inert and non-biodegradable wastes like 

concrete, brick, tiles, timber, metals and plastic. Being 

predominantly inert in nature, C&D waste does not create 

chemical (or) bio-chemical pollution.  

As sustainability is a pressing issue all over the 

world, the word “recycle” forms one of the most important 

keyword today and also the rate of demolition is increasing 

day by day, it is essential to effectively reuse demolition 

waste in order to conserve the non-renewable natural 

resources. One of the major challenges of our present society 

is the protection of environment. The 3R‟s of protecting our 

environment can be applied to the construction industry-

Reduce, Reuse and Recycle. Reduce the amount of material 

used; Reuse the waste materials in constructional activities; 

Recycle the debris remaining after reducing and reusing. The 

crushed concretes can be used as recycled concrete 

aggregates. Recycling aggregates come from reprocessing 

materials that have previously been used in construction. 

Using recycled aggregates in the preparation of new concrete 

has immense potential and it has been the object of 

investigation for a long time and also using of recycled 

aggregates can reduce the use of natural aggregates and the 

problem of mining them. 

 Apart from C&D Waste, the concrete produced in 

the laboratory can also used to produce recycled aggregate 

concrete. The advantages of using recycled concrete 

aggregates in construction industry are of economic values 

and environmental issues. Recycled concrete aggregates 

reduces the use of natural aggregate and associated 

environmental costs of exploitation and transportation and 

also reduces unnecessary landfill of valuable materials that 

can be recovered and redeployed. Recycled concrete 

aggregates (RCA) also have disadvantages such as Recycled 

concrete Aggregates are often composed of highly variable 

properties and the strength values are often lower than those 

of natural aggregates, resulting in product application. The 

recycled concrete aggregates has a better particle size 

distribution, lower specific gravity, higher water absorption 

compared to the natural aggregates. The major difference 

between natural aggregate and recycled aggregate is the 

amount of cement mortar attached to the aggregate. When old 

concrete is crushed, a certain amount of mortar from the 

original cement mortar remains attached to stone particles in 

the recycled aggregate. The porosity of cement mortar 

remains directly influences the properties like specific gravity 

and bulk density of recycled aggregate.  

 As the strength of parent concrete increases, 

quantity of mortar adhering to the aggregates increases due to 

comparatively higher bond between aggregate and the mortar 

phase. When Recycled concrete aggregates are used, Two-

Stage Mixing Approach (TSMA) is recommended to improve 

properties of Recycled aggregate concrete and hence lower 

its strength variability. During first stage of mixing, TSMA 

uses half of the required water which will permeate into the 

porous old cement mortar, filling up the old cracks and voids. 

At the second stage of mixing, the remaining water is added 

to complete the concrete mixing process. 

A. Objectives of the Research 

1) To Study available literature on Recycled Concrete 

Aggregates. 

2) To assess the characteristics of Recycled Concrete 

Aggregates (RCA‟s) produced in the laboratory. 

3) To assess the quality of Recycled Concrete Aggregates 

using CSAggregate index. 

4) To assess the Compressive strength of Recycled 

Aggregate Concrete produced using Recycled Concrete 

Aggregates. 
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5) To investigate the influence of grade of parent concrete 

on Recycled Aggregate Concrete. 

II. EXPERIMENTAL PROGRAM 

A. Materials Used 

1) Cement 

A powdery substance made by calcining lime and clay, mixed 

with water to form mortar (or) mixed with Sand, Gravel & 

Water to make concrete. Ordinary Portland cement of 53 

Grade (Maha Gold) confirming to IS 12269-1987 has been 

used in the present study. 

2) Fine Aggregate 

The material which passes through 4.75mm IS Sieve is 

termed as Fine Aggregate (FA). Usually sand is used as fine 

aggregate, at places where natural sand is not available, 

crushed stone is used as fine aggregate. The sand/Fine 

Aggregate used for the experimental work is locally procured. 

According to IS 383-1970, Fine Aggregate used in this 

present study confirms to Zone – II. 

3) Coarse Aggregate 

Aggregate which retained on the 4.75mm IS Sieve. The 

function of Coarse Aggregate is to act as the main load – 

bearing component of the concrete. According to IS 383 – 

1970, Coarse Aggregate used in this present study confirms 

to single – sized aggregate. Locally available Coarse 

Aggregate having the maximum size of 20mm was used in 

the present study. 

4) Water 

Potable water is generally considered satisfactory for mixing 

concrete. Tap water, potable without any salts or chemicals 

was used in the study. 

5) Recycled Concrete Aggregates 

Crushed Concrete Cubes are used as Recycled Concrete 

Aggregates (GA) in this present study. Natural Aggregate 

Concrete Cubes are crushed in Jaw Crusher to obtain 

Recycled Aggregates of 20mm & 10mm. 

 
Fig. 1: Recycled Concrete Aggregate 

B. Mix Design 

The design of concrete mix involves the determination of the 

most rational proportions of ingredients of concrete to 

achieve a concrete which is workable in its plastic state and 

will develop the required qualities when hardened. In general, 

a fresh concrete must be workable and a hardened concrete 

must be durable & have the desired strength and appearance. 

So, Mix design can be defined as a process of selecting 

suitable materials/ingredients of concrete and determining 

their relative quantities with the object of producing an 

economical concrete having certain minimum properties, i.e., 

workability, strength and durability. 

The mix proportion chosen for this study is given in Table 1. 

Grade Cement F.A. C.A. Water W/C 

M20 300 756 1192 165 0.55 

M25 300 752 1236 150 0.50 

M30 330 725 1242 148.5 0.45 

M35 360 702 1200 162 0.45 

M40 380 681 1220 152 0.40 

Table 1: Mix proportion (Kg/m3) of Natural aggregate 

Concrete 

C. Casting of Specimens 

1) Casting of Specimens to Produce Recycled Concrete 

Aggregates 

Cement, Natural Sand, Natural Coarse Aggregate of size 

20mm and water is used to Produce Concrete Cubes and this 

concrete is termed as Natural Aggregate Concrete (NAC). 

150x150x150mm cubes are used to produce Recycled 

Concrete Aggregates. Various recycled aggregates are used 

to produce recycled aggregate concrete specimens. Crushing 

process is carried out after 28days of curing of NAC 

Specimens. 

2) Crushing of Natural Aggregate Concrete (NAC) 

Specimens 

Crushing of NAC cubes is to done to produce Recycled 

Aggregate Concrete. Laboratory Jaw Crusher is used to 

produce Recycled Concrete Aggregates (RCA). 

 
Fig 2: Jaw Crusher with Gyratory Sieve Shaker 

3) Assessing quality of Recycled Concrete Aggregate 

To evaluate CSAggregate, one samples of RCA of each grade 

i.e., GA20, GA25, GA30, GA35 and GA40 of size 20mm 

were taken. They were compared with ordinary aggregate 

(Natural Aggregate). First 5kg of aggregate is sample and 

placed in a mixer of 63cm dia. For 2 minutes. A sieve analysis 

of aggregates is done before stirring & after stirring and 

cumulative percentage of aggregates was recorded. 

4) Pre – Saturation of Recycled Aggregates 

The workability of Concrete is another important property 

rather than compressive strength. The treatment for recycled 

aggregate is necessary for the concrete to be workable. So, 

among all the techniques, pre – saturation technique is used 

in this research. 

5) Two – Stage Mixing Approach 

Recycled Aggregates has lower specific gravity, high water 

absorption and low bulk density, when compared to natural 

aggregate. Due to high water absorption of recycled 

aggregate, the water which is calculated for mix is not 

sufficient to produce a workable concrete. The more water is 

required to produce the workable concrete. Based on previous 

Authors proposed a new mixing approach called Two – Stage 
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Mixing Approach (TSMA). For Normal Mixing Approach 

(NMA), the mixer is firstly charged with about one-half of 

coarse aggregate, then with fine aggregate, then with cement 

and finally with the remaining coarse aggregate. While 

TSMA divides the mixing process into two parts and 

proportionally splits the required water into two which are 

added at different timing. The Fig.3 represents both NMA & 

TSMA. During the first stage of mixing, TSMA uses half of 

the required water for mixing leading to the formation of a 

thin layer of cement slurry on the surface of recycled 

aggregate which will permeate into the porous old cement 

mortar, filling up the old cracks and voids. At the second 

stage of mixing, the remaining water is added to complete the 

concrete mixing process. 
  120S Mixing  

FA + CEMENT+CA+WATER-----→CONCRETE 

a) Normal Mixing approach(NMA) 

60SMixing 60S Mixing     30S Mixing 

FA+CA→1/2 WATER→CEMENT →1/2WATER 
   ↓ 
   CONCRETE 

b) Two Stage Mixing Approach (TSMA) 

Fig. 3: Representation of NMA & TSMA 

6) Casting of Recycled Aggregate Concrete Cubes for 

Compressive Strength Test 

In this research, Recycled Aggregate Concrete of Grade30 

(RAC30) is selected to produce. Mix Proportions of M30 

Grade Natural aggregate Concrete is used to produce 

Recycled Aggregate Concrete. Natural Coarse Aggregates 

are replaced with Recycled Concrete Aggregates for the 

production of Recycled Aggregate Concrete. Two-stage 

Mixing Approach is used for effective performance of fresh 

and hardened Concrete. As same as NAC, 150x150x150mm 

cubes are used to produce Recycled Aggregate Concrete. The 

cubes are filled with fresh concrete using vibrating table. Six 

cubes are casted for each parameter. The compressive test is 

carried out for 7days and 28days. Therefore 6 cubes are 

casted for each concrete mix. 

 
Fig. 4: Recycled Aggregate Concrete 

NA – Natural Aggregate, GA – Recycled Aggregate 

Mix Aggregate 

% 
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Cem
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A. 
C.A. 

 NA 
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A 
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C30 

NA 0 330 
72

4 

12

42 
0 

GA

20 

GA

For 

each 

recycl

50 330 
72

4 

62

1 

62

1 

25 

GA

30 

ed 

Aggre

gate 

(GA) GA

40 
75 330 

72

4 

31

0.5 

93

1.5 

 100 330 
72

4 
0 

12

42 

Table 2: Mix Proportions for Recycled Aggregate Concrete 

D. Testing of Specimens 

Three identical specimens are tested at 7 days and three 

identical specimens are tested at 28 days. The compressive 

strength is calculated by dividing the failure load by average 

cross sectional area. 

6 samples of         → 3 samples tested           → 3 samples 

tested 

Each batch                       at 7 days at 28 days 

↓   ↓ 

Average Value 
Average 

Value 

Fig. 5: Compressive Strength Evaluation Chart of Concrete 

Cube Specimens 

The compressive strength testing machine of 

capacity 2000KN is used for determining the maximum 

compressive loads carried out by the concrete cubes. The 

compressive strength test is carried out according to IS 516 – 

1959. 

III. TESTS & RESULTS 

A. Introduction 

This section reports the results of the study done. For better 

understanding, the properties of Recycled Aggregates and 

Recycled Aggregate Concrete are discussed separately. 

Results are presented in the form of tables and graphs for 

reader convenience. Finally, these results are considered in 

the context of the purposes of the current study. 

B. General 

Natural Aggregate   +    Adhered Mortar =   Recycled 

Aggregate 

From the above equation, it is clear that Recycled Aggregate 

consists of Natural aggregate with adhered mortar attached 

around it. Before discussing results, it is necessary to know 

some important points about adhered mortar, which is given 

below, 

1) Adhered Mortar increases with increase in parent 

concrete strength. i.e., quantity of mortar attached on 

aggregate obtained from M40 Concrete is greater than 

the quantity of mortar attached on aggregate obtained 

from M20 concrete. 

2) Quantity of Adhered Mortar decreases with increase in 

size of Aggregate. i.e., 20mm aggregate has more 

adhered mortar quantity than 40mm aggregate and also 

10mm aggregate has more adhered mortar quantity than 

20mm. 

3) Adhered Mortar contains small pores and voids which 

absorbs more water than Natural Aggregate. 

4) Presence of Adhered Mortar will influence the properties 

of fresh and hardened concrete such as, workability and 

Compressive Strength. 
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C. Properties of Recycled Aggregates 

Size of` 

Aggregat

e 

Aggregates 

NA 
GA2

0 

GA2

5 

GA3

0 

GA3

5 

GA4

0 

20mm 
2.8

6 
2.78 2.78 2.77 2.74 2.71 

10mm 
2.7

6 
2.67 2.65 2.63 2.62 2.61 

Table 3: Specific Gravity of Aggregates 

1) Specific Gravity 

 
Fig 5: Specific Gravity of Aggregates 

a) Description of Result 

From above Fig, 

 Specific Gravity of Recycled Aggregates (GA) is lower 

than Natural Aggregates. 

 Specific Gravity of Recycled Aggregates are decreased 

with increase in parent concrete strength i.e., GA40 has 

a specific gravity less than GA20. 

2) Water Absorption 

Size of` 

Aggregat

e 

Aggregates 

N

A 

GA2

0 

GA2

5 

GA3

0 

GA3

5 

GA4

0 

20mm 0.5 3.03 3.07 3.17 3.2 3.24 

10mm 0.4 5.08 5.1 5.14 5.18 5.29 

Table 4: Specific Gravity of Aggregates 

 
Fig. 6: Specific Gravity of Aggregates 

a) Description of Result 

From above Fig, 

 Water absorption increased with increase in parent 

concrete strength. 

 Comparing to 20mm and 10mm Aggregates, 10mm 

aggregates have higher water absorption; can be 

attributed to increased mortar content from 20mm to 

10mm aggregate 

3) Compact Bulk Density 

Aggregates 

Size of 

Aggregat

e 

NA 
GA2

0 

GA2

5 

GA3

0 

GA3

5 

GA4

0 

20mm 
160

5 
1400 1400 1390 1370 1340 

10mm 
152

5 
1310 1300 1290 1280 1280 

Table 5: Compact Bulk Density of Aggregates 

 
Fig7:  Compact Bulk Density of Aggregates 

a) Description of Result 

From above Fig, 

 Bulk Density of Recycled Aggregates is lower than that 

of Natural Aggregate. 

 Bulk Density decreases with increase in parent concrete 

strength. 

D. Aggregate Impact Value (AIV) 

Size of` 

Aggregat

e 

Aggregates 

NA 
GA2

0 

GA2

5 

GA3

0 

GA3

5 

GA4

0 

20mm 17.4 27.4 26.5 
24.9

1 

21.1

7 

19.7

4 

10mm 
21.6

7 

44.7

9 

41.9

3 

40.2

7 

38.7

5 

35.7

8 

Table 6: Aggregate Impact Value of Aggregates 

 
Fig. 8: Aggregate Impact Value of Aggregates 

a) Description of Result 

From above Fig, 

 Aggregate Impact Values of Natural Aggregates are 

higher than Recycled Aggregate. 

 In Recycled Aggregates, Aggregate Impact Values of 

10mm aggregates are higher than 20mm aggregates. 

2) Flakiness Index 

Size of 

Aggregat

e 

Aggregates 

NA 
GA2

0 

GA2

5 

GA3

0 

GA3

5 

GA4

0 

20mm 
12.

8 
13.2 14.8 16.4 17.2 18.7 

10mm 
21.

3 
22.3 24.6 25.3 29.4 32.4 
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Table 7: Flakiness Index of Aggregates 

 
Fig. 9: Flakiness Index of Aggregates 

a) Description of Result 

From above Fig, 

 Flakiness Index of Recycled Aggregates is higher than 

Natural Aggregates. 

 In Recycled Aggregates, Flakiness Index of 10mm 

aggregates is higher than 20mm aggregates. 

E. Assessment of Quality of Recycled Concrete Aggregate 

Aggregates CSAggregateindex 

GA20 5.30% 

GA25 6.00% 

GA30 7.20% 

GA35 9.70% 

GA40 14.05% 

Table 8: CSAggregate Index of Recycled Aggregates 

 
Fig. 10: CSAggregate Index of Recycled Aggregates 

a) Description of Result 

From above Fig, 

 CSAggregateindex for Recycled Aggregates (GA) lies 

between 5.3% - 14.05%. 

 CSAggregateindex increases with increase in parent 

concrete strength. 

F. Properties of Recycled Aggregate Concrete 

1) Workability 

Fresh Concrete is a freshly mixed material which can be 

molded into any shape. The relative quantities of cement, 

aggregates and water mixed together, control the properties 

of concrete in the wet state as well as in the hardened state. 

The word “workability” or workable concrete. Signifies 

much wide and deep meaning. Concrete is said to be 

workable when it is easily placed and compacted 

homogenously i.e. without bleeding and segregation. 

Unworkable concrete needs more work or effort to be 

compacted in place, also honeycombs may also be visible in 

finished concrete. The absorption capacity is one of the most 

significant properties that distinguish recycled aggregates 

from natural aggregates and it can have an influence on both 

fresh and hardened concrete properties. Recycled aggregates 

have 6-13 times higher water absorption than Natural 

Aggregate. This water absorption of Recycled Aggregates 

will surely affects the workability of Recycled Aggregate 

Concrete. Slump test is done to check the workability of 

Recycled Aggregate Concrete. 

Mix Aggregates 
% Replacement 

50% 75% 100% 

RAC30 

NA 60 

GA20 50 45 40 

GA25 48 44 35 

GA30 46 42 34 

GA35 44 40 32 

GA40 38 34 30 

Table 9: Workability of Recycled Aggregate Concrete 

 
Fig. 11: Workability of Recycled Aggregate Concrete 

a) Description of Result 

From above Fig, 

 Workability of Recycled aggregate Concrete is lower 

than Natural Aggregate Concrete. 

 Workability decreases with increase in percentage 

replacement of RA‟s 

 Workability decreases with increase in parent concrete 

strength. 

2) Density 

Mix Aggregates 
% Replacement 

50% 75% 100% 

RAC30 

NA 2613.9 

GA20 2588.15 2579.85 2532.15 

GA25 2552.29 2498.67 2495.2 

GA30 2519.31 2475.26 2452.35 

GA35 2503.11 2473.88 2450.07 

GA40 2477.33 2423.21 2391.41 

Table 10: Density of Recycled aggregate 

 
Fig. 12: Density of Recycled Aggregate 
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a) Description of Result 

From above Fig, 

 Density of Natural Aggregate Concrete is higher than 

Recycled Aggregate Concrete. 

 Density of Recycled Aggregate Concrete decreases with 

increase in Percentage replacement. 

 Density of Recycled Aggregate Concrete decreases with 

increase in Parent concrete strength. 

3) Water Absorption 

Mix Aggregates 
% Replacement 

50% 75% 100% 

RAC30 

NA 0.88 

GA20 0.96 1 1.17 

GA25 1.03 1.12 1.22 

GA30 1.04 1.19 1.36 

GA35 1.17 1.22 1.39 

GA40 1.24 1.39 1.87 

Table 11: Water Absorption of Recycled Aggregate 

Concrete 

 
Fig. 13: Water Absorption of Recycled Aggregate Concrete 

a) Description of Result 

 Water absorption of Recycled Aggregate Concrete 

specimens is higher than Natural Aggregate Concrete 

specimens. 

 Water absorption increases with increase in percentage 

replacement of recycled aggregates. 

 Water absorption increases with increase in parent 

concrete strength. 

4) Compressive Strength 

Mix Aggregates 
% Replacement 

50% 75% 100% 

RAC30 

GA20 31 29.11 27.41 

GA25 30.7 28 27.1 

GA30 27.2 25.3 24.4 

GA35 26.7 24.9 23.1 

GA40 23.3 21.3 20.8 

Table 12: Compressive Strength of Recycled Aggregate 

Concrete at 7days 

 
Fig. 14: Compressive Strength of Recycled Aggregate 

Concrete at 7days 

Mix Aggregates 
% Replacement 

50% 75% 100% 

RAC30 

GA20 38.96 38.2 37.3 

GA25 36.89 34.2 33.41 

GA30 34.67 31.85 31.11 

GA35 32.59 30.2 30.2 

GA40 29.33 29.19 24.44 

Table 13: Compressive Strength of Recycled Aggregate 

Concrete at 28days 

 
Fig15: Compressive Strength of Recycled aggregate 

Concrete at 28days 

a) Description of Result 

From above Fig, 

 Compressive strength of Recycled Aggregate Concrete 

is lower than Natural Aggregate Concrete. 

 Strength decreases with increase in percentage 

replacement of RA. 

 Strength decreases with increase in parent concrete 

strength. 

b) General 

Generally, water in concrete consists of that added to that mix 

and that held by the aggregate at the time when it enters the 

mixers. In the case of recycled aggregates, water held by 

aggregates is more than in case of natural aggregate. To 

reduce the water absorption capacity of Recycled Aggregate, 

pre – saturation is done for 24hrs and aggregates used in 

Saturated Surface Dry (SSD) Condition. The weaknesses of 

Recycled Aggregate (GA), including high porosity, high 

amount of cracks, high cement mortar remains will affect the 

mechanical performance of Recycled Aggregate Concrete. 

To overcome these weaknesses, a Two – Stage 

Mixing Approach (TSMA) is used. Previous studies of 

V.W.Y.Tam on mechanical performance of recycled 

aggregate concrete got positive results, when TSMA is used 
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and this study also states that using TSMA can improve 

Interfacial Transition Zone (ITZ) of Recycled Aggregate 

Concrete. So, to reduce water absorption capacity of 

Recycled Aggregates, Pre – Saturation of aggregates is 

implemented and to increase mechanical performance of 

Recycled Aggregate Concrete, TSMA is implemented. 

c) Effect of Replacement Percentage 

In this section, the effect of Percentage replacement of 

Recycled aggregate in producing RAC was investigated. As 

mentioned earlier, the Recycled Aggregates (GA) was 

obtained from five different parent concrete cubes and 

replacements of 50%, 75% and 100% of natural aggregate 

with GA were considered. The effect of five grades of 

recycled aggregates i.e. GA20, GA25, GA30, GA35 & GA40 

on RAC30 mix were considered and concrete made with 

natural aggregate was used as control concrete (M30) in all 

the comparison made. The  GA‟s  are  Pre  –  saturated  for  

24hrs  and  used  in  Saturated  Surface  Dry (SSD) Condition. 

Water cement ratio was maintained same as 0.45, for all 

aggregates and for all mixes. The average compressive 

strength obtained for M30 concrete is 41MPa. In case of 50%. 

Replacement, the compressive strength reduces 

about 5% - 33%, when compared to control concrete. In case 

of 75% Replacement, the compressive strength reduces about 

7% - 33.6% and In case of 100% Replacement, the 

compressive strength reduces about 9.4% - 50.6%. 

From the above observations, the aggregate GA40 

with 100% Replacement attained only 50% strength of 

Control concrete. Comparing to 50% and 75%, 100% 

replacement has more reduction in compressive strength. 

Adhered mortar is also a reason for decrease in compressive 

strength. 

As % replacement increases, quantity of recycled 

aggregates in mix increases which leads to increase in 

adhered mortar content. The adhered mortar present around 

recycled aggregate is of less strength compared to natural 

aggregate. So, the compressive strength also decreases with 

this less strength aggregate. 

d) Influence of grade of Parent Concrete 

In this section, the effect of parent concrete strength in 

recycled aggregate concrete was discussed. As discussed 

earlier, M20, M25, M30, M35 & M40 are selected as parent 

concretes and cubes are casted and crushed to obtain 

Recycled Aggregates (GA) and designated as GA20, GA25, 

GA30 and GA35 and GA40 respectively. According to 

researcher, compressive strength decreases with increase in 

parent concrete strength. The reason for such behavior is due 

to the increase in adhered mortar of recycled aggregate with 

increase in parent concrete strength. 

The average compressive strength of control 

concrete is measured as MPa. In case of GA20 aggregate, the 

strength is 5% - 9% lower than Natural Aggregate Concrete. 

For GA25, 10% - 20%, for GA30, 16% - 27%, for GA35, 

22.8% - 30% and for GA40, 33% - 50% is lower than Natural 

Aggregate Concrete. By observing the percentage decrease in 

strength for Recycled Aggregate Concrete, it is clear that 

strength reduction increases with increase in parent grade 

concrete. 

GA40 has highest strength reduction which is 33% - 

50%. GA20 has higher strength among all GA‟s which can 

be comparable to control concrete. GA20 and GA25 

aggregate show no extreme difference and the strength might 

reach control concrete at later ages. Water absorption of 

Recycled Aggregates also cause decrease in compressive 

strength of RAC. As water absorption increases with increase 

in parent concrete strength, compressive strength decreases. 

The bulk density of aggregate decreases with increase in 

parent concrete strength as a result, the compressive strength 

of RAC decreases. 

IV. CONCLUSIONS 

1) The physical and mechanical properties of recycled 

aggregates are lower than natural aggregates but are 

within acceptable limits as per Indian standards. 

2) The CSAggregate index results confirm that the adhered 

mortar content increases with increase in grade of parent 

concrete. 

3) With the same w/c ratio, the workability of Recycled 

aggregate Concrete is lower than Natural Aggregate 

Concrete. 

4) Recycled Aggregate Concrete can achieve the 

compressive strength of control concrete. 

5) Recycled Aggregate Concrete at 50% replacement has 

compressive strength in close proximity to that of control 

concrete. 
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