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Abstract— The use of construction waste as a source of 

aggregate for the production of new concrete has become 

more common in recent decade. RCA are the crushed 

concrete materials obtained from demolition of concrete 

structures. This paper aims to evaluate the physical properties 

of concrete using RCA with 0%, 25%, 50%, 75% and 100% 

by weight of NCA in cement blocks. The result showed that 

an increase in percentage of RCA decreases the workability 

and compressive strength. The 25% replacement of RCA in 

proportion of 1:6.66:10, concrete block shows maximum 

strength and recommended for field applications. 
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I. INTRODUCTION 

Concrete is the basic construction composition used across 

the world for building infrastructures, development of low 

and raised buildings, defiance installations, environmental 

conservation and other domestic betterment works. The 

concrete mixture consists of cement, aggregate and water. In 

the current scenario, the surplus utilization and continuous 

extractions of quality primary aggregates from natural 

resources have resulted in the depletion of quality primary 

aggregates.Recycled aggregates are the inorganic particles 

crushed from construction and demolition debris. In the 

recent decades, it is common practice to use recycled 

aggregates as a source of aggregates for the production of new 

concrete. Construction and demolition waste management 

commonly explains that the waste can be considered a 

resource and it can be either reuse in its original form or by 

recycling. More than 50% of waste generated consists of 

concrete and masonry waste(Hemalatha et.al[2]). To promote 

the use of recycled aggregates in concrete applications it is 

need to set the relevant specifications. Similarly the use of 

recycled aggregates in construction industry requires 

considerable attention in waste processing and subsequent 

sorting, crushing, separating and grading of aggregate. 

Gandhi et.al [1] reported that the recycled aggregates save 

about 34-41% in the cost concrete and CO2 emission by 

about 23-28%.   

II. OBJETIVES OF THE STUDY 

Increasing demand of concrete block has led to find the 

suitable supplementary materials to generate sustainable 

concrete. Keeping this in mind and based on literature review 

following objectives were framed. 

 To carry out different relevant test on ingredient 

materials as per IS specification 

 To determine the fresh and hardened properties of NCA  

and RCA cement block. 

 To find out optimum dosage of RCA for cement block. 

 To carry out the  water absorption test and compressive 

strength test and density on solid cement block 

III. MATERIALS USED 

A. Cement: 

Ordinary Portland cement of 53 grades confirming the Indian 

standard IS 8112-1989 was used. The various physical 

properties of cement are given in the Table 1. 

Sl. 

No 
Properties 

Test 

Results 

Requirements 

As Per 

Is:8112-1989 

1 Specific Gravity 3.03 
No Standard 

Value 

2 Normal Consistency 32% 
No Standard 

Value 

3 Initial Setting Tome 35min >30 

4 Final Setting Time 300min <600 

 Soundness test 6mm <10 

 

5 

Compressive 

Strength 

3days 25N/mm2 >23 

7 

days 

36 

N/mm2 
>33 

28 

days 

46 

N/mm2 
>43 

Table 1: Properties of OPC 

B. Fine Aggregate: 

Locally available river sand and M-sand of size passing 

through 4.75mm sieve was used in this study. Thephysical 

properties of fine aggregate are given in the Table 2 and Table 

3. 

Sl. 

No 
Tests 

Results Test 

Confirming 

To 
R 

Sand 

M 

Sand 

1 Specific Gravity 2.6 2.53 

 

IS 2386 

(P-III)-1967 

2 Water Absorption 1.0% 1.9% 

3 

Bulk 

Density 

(Kg/M3) 

Loose 7145 8150 

Compact 7865 8835 

Table 2: Physical Properties of Fine Aggregate 

Sieve 

size 

(mm) 

Percentage 

Passing 

Grading 

requirements as 

per IS 383-

1963 for Zone 

II 

Remarks 

4.75 93.75 90-100 
Confirming 

zone II 

requirements as 

per IS 383-

1963 

2.36 89.1 75-100 

1.18 74.65 55-90 

0.6 44.5 35-59 

0.3 3.75 8-30 

0.15 0 0-10 

Table 3: Sieve Analysis of Fine Aggregate 
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C. Coarse Aggregate: 

Crushed stone from locally available quarry of 20mm down 

size were used as natural coarse aggregate in concrete and 

recycled coarse aggregate extracted from demolished 

concrete waste and crushed to required 12mm down size up 

to 5mm with the help of Jaw crusher. The physical properties 

of natural coarse aggregate and recycled coarse aggregate are 

given in the Table 4 

Sl 

N

o 

Tests 

Results 

Tests 

Confirmi

ng To 

Natural 

Coarse 

Aggrega

te 

(NCA) 

Recycle

d 

Coarse 

Aggrega

te 

(RCA) 

1 Specific Gravity 2.65 2.58 

IS 

2386(P-

III)-1963 

2 
Water 

Absorption 
0.39% 3.3% 

3 

Bulk 

Densit

y 

(Kg/M

3) 

Loose 1495 1359 

Compa

ct 
1658 1558 

4 
Aggregate 

Crushing Value 
24.65% 27.80% IS 

2386(P-

IV)-1963 5 
Aggregate 

Impact Value 
27.94% 28.57% 

Table 4: PhysicalProperties of Coarse Aggregate 

IV. EXPERIMENTAL METHODOLOGY 

The concrete mixes were designed for proportion of 1:6.66:10 

as per experience in conventional work. The water cement 

ratio of 0.6 % weight of cement and slump of 100mm. In this 

study replacement of natural coarse aggregate was made by 

0% to 100% recycled aggregate at an interval of 25% for 

concrete.  

A. Specimen Details: 

Various specimens like solid block of size 350*200*150mm 

were cast to check compressive strength. Fig.1 shows the 

cement solid block. 

 
Fig. 1: Cement solid block 

V. RESULTS AND DISCUSSIONS 

A. Slump Test: 

Workability is the properties of fresh concrete and this as 

measured by slump test and describes as measure 

consistency. slump test indicates the decreasing trend of 

workability when the percentage of RCA increased. Here the 

slump value for NCA is 110mm and for 100RCA is 30mm. 

 
Fig. 2: 

B.  Density Test: 

During the study, the average dry weights of all the specimens 

were recorded. By knowing the volume of each specimen 

density was calculated. The density of the concrete provides 

the information about compaction and particle packing. 

Replacement of higher density NCA by lower density RCA 

material decreases the density of RCA concrete. 

% Of Replacement A Density For  Kg/M3 

0rca100nca 2014 

25rca75nca 2004 

50rca50nca 1940 

75rca25nca 1837 

100rca0nca 1840 

Table 5: Effects of RCA on the density of concrete. 

 
Fig. 3: Density of the blocks decrease with increase in the 

percentage of RCA 

C. Compressive Strength Test: 

Compressive strength of concrete is one of the methodsto 

measure the quality of the concrete, which is having its major 

application in structural work. This test was carried out in 

digital compression testing machine. Blocks are tested for 

compressive strength with rate of loading of 

2.3kN/sec.Compression strength tests were conducted on 

solid blocks at 7 and 28 days and are tabulated in Table 6. 

From the table it can be cleared that compression strength of 

the concrete solid blocks was decreased with the increase in 

the percentage of recycled coarse aggregate for all the days 

of curing. From the obtained value it can be concluded that 
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25% and 50% replacement of recycled aggregate to natural 

coarse aggregate satisfies the minimum strength criteria. 

Percentage of 

replacement 

Compressive 

strength at 

7days 

(N/mm2) 

Compressive 

strength at 

14days 

(N/mm2) 

100NCA0RCA 4.14 4.85 

75NCA25RCA 4.71 5.57 

50NCA50RCA 3.57 4.42 

25NCA75RCA 2.57 2.71 

0NCA100RCA 3.14 3.85 

Table 6: Compressive Strength of  Concrete Solid Block At 

Different Days 

 
Fig. 4: 

From the compressive strength value 25% of 

replacing RCA gives higher value than the 100%NCA block 

D. Water Absorption Test: 

Water absorption is defined as the absorption rate of water by 

specimen. It is determined by measuring the increasing in 

mass of dried sample when immersed in water for 24 hours 

the ration of the increase in the mass to the sample, expressed 

as a percentage is termed of absorption.  

 
Fig. 5: 

VI.  CONCLUSIONS 

This study was taken upto investigate the strength properties 

of RCA in cement solid block as a replacement of natural 

aggregate at 0, 25, 50, 75and 100%. Following are the 

conclusions drawn from the study. 

 The basic test results of both NCA and RCA satisfies the 

IS specifications. The specific gravity of RCA is lower 

and water absorption is greater than natural aggregate. 

 The recycled aggregate is relatively weaker than the 

natural aggregate against mechanical actions but satisfies 

the IS requirements. 

 The slump value of the mix was decreased with the 

increase in the percentage of RCA.   

 For cement solid block, up to 50% RCA replacement to 

NCA there is no much effect on compressive strength 

i.e., the design strength was achieved.  

 Density of cement block decreases with increasing in 

RCA percentage. 

 From this investigation it can be concluded that 

25%RCA block having more strength than conventional, 

but 50% RCA block strength also acceptable. 
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