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Abstract— Now a days recycling of demolition concrete is 

beneficial and necessary from the viewpoint of 

environmental preservation and effective utilization of 

resources. In order to realize this, it is necessary to use 

demolition concrete as recycled aggregate for fresh concrete. 

To make it work, considerable amount of research has been 

conducted. Although some mechanical properties of recycled 

concrete may be generally lower than those of normal 

concrete, they are still sufficient for practical application in 

constructions. The use of Recycle Aggregate Concrete 

(RAC) in construction industry is advantageous and 

economical. The waste from construction and demolition 

work is of large volume and increasing with time. However, 

all these researches were mainly focusing on the properties 

of RAC in normal condition and rare was reported about 

properties of RAC with seawater corrosion, which prohibits a 

wider application of recycled concrete in the practical design 

of marine engineering structures. As mankind is stepping 

forward to explore the ocean, huge demands of construction 

materials are in need to execute the projects. The study 

presents the results of strength tests (compressive, split 

tensile and flexural strengths) conducted on Natural coarse 

aggregate concrete and Recycled coarse aggregate concrete 

of M40 grade for Normal water curing. The results of study 

conducted on concrete specimens subjected to sea water 

curing are also presented. It is concluded that up to 40% of 

replacement of recycled coarse aggregate can be safe and 

gave similar results to compare with natural aggregates in 

normal water curing and sea water curing. 
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I. INTRODUCTION 

In a developing country, old and dilapidated structures are 

demolished for the purpose of building new and high rise 

structure to meet the population demand. As a result, 

considerably large amounts of debris and rubble get 

accumulated in cities. This waste generated during 

demolition is mainly in the form of aggregate and dust 

which are dumped into nearly empty pits or on lands, river 

beds, pasture lands and agriculture fields leading to wide 

spread environmental pollution. Development of 

infrastructure also increases the demand for production of 

concrete, which in turn increases the demand for supply of 

aggregates. 

Lack of availability of good quality aggregates 

within reasonable distance brings out the need to identify 

sources of new aggregate. The waste generated in the region 

has the potential to meet the aggregate demands for 

construction activities. The twin objectives of conservation 

of natural resources and pollution free environment may be 

achieved if demolished concrete is effectively utilized. The 

new construction using the demolish waste as aggregate in 

making new concrete will provide a solution to the present 

problem. 

II. EXPERIMENTAL PROGRAM 

A. Cement 

Ordinary Portland cement of 53grade conforming to Indian 

standard IS: 12269(1987) was used for the present 

experimental investigation. Various properties of cement 

were determined as per IS4031(1988) and the results are 

given in Table 1. 

Property Remarks Test 

Fineness Sieving 4% 

Normal consistency Vicat apparatus 33% 

Soundness Le Chateliermould 4mm 

Setting Time 

 

a. Initial Setting Time 

b. Final Setting Time 

40min 

230min 

Specific gravity  3.15 

Compressive 

Strength 

a. 3 days 

b. 7 days 

c. 28 days 

28.5 MPa 

37.4 MPa 

54.1 MPa 

Table 1: Properties of cement 

B. Fine Aggregate 

Natural River Sand conforming to IS383 (1987) and IS 

10262-2009wasused.The results of various tests on fine 

aggregate are given inTable2. 

Sl. No Property Value 

1 Specific Gravity 2.76 

2 Fineness Modulus 2.63 

3 Grading Zone II 

Table 2: Properties of FA 

C. Coarse Aggregate 

Crushed granite coarse aggregate conforming to IS: 383 

(1987) was used. The results of various tests on coarse 

aggregate are given in Table 3. 

Physical Properties 
Natural Coarse 

Aggregate 

Recycled Coarse 

Aggregate 

Maximum nominal 

size (mm) 
20 20 

Specific gravity 2.78 2.74 

Table 3: Properties of CA 

D. Mix Design 

The concrete mix M40 grade was designed in accordance to 

IS 10262 - 2009. The mix proportion for M40 concrete was 

designed by considering the properties of ingredients. The 

water cement ratio adopted in the present project is 0.50. 

Design mix of M40 grade for conventional aggregate 

without recycled aggregate forms the basic reference mix 
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and then the recycled aggregates were replaced by different 

levels. 

Sl. No Material per m3 

1 Cement 372 kg 

2 Fine Aggregate 723kg 

3 Coarse Aggregate 1192 kg 

4 Water 186 liters 

7 W/C ratio 0.50 

Table 4: Mix Proportions 

E. Potable Water 

Ordinary potable tap water available in laboratory was used 

for mixing and curing of reference concrete. It had a pH 

value of 7.1. 

F. Sea Water 

Sea water collected from the Bay of Bengal located at 

Bheemili beach, Visakhapatnam, Andhra Pradesh, INDIA. It 

had a pH value of 6.3and was used only for curing. 

G. Preparation of Specimens 

The ingredients for various mixes were weighed ;required water 

was added and mixed by using a tilting drum type concrete 

mixture machine. Precautions   were taken to ensure uniform 

mixing of ingredients. The specimens were cast in steel mould 

and compacted on a table vibrator. The specimens of 150mm× 

150mm × 150mm size of cubes for compression, 

500mmX100mmX100mm size of prisms for flexural and 

300mm (L) x150mm (d) size of cylinders for split tensile 

strength and Modulus of Elasticity were cast as per Indian 

standard IS:516 (1959). The sizes were of various 

specimens were adopted as per IS: 516 (1959) as they are 

sizes to be used for coarse aggregate size of up to 20mm for 

the determination of compressive strength and durability 

characteristics. Specimens were de-moulded   in 24 hours and 

cured as the top surface of the concrete in the mould was hard 

enough by then. Spreading wet gunny bags over the mould for 

24 hours after the casting  was carried  out for the initial curing 

to avoid thermal cracks. 

III. TEST RESULTS AND DISCUSSION 

A. Compressive strength of specimens for optimum value 

Concrete specimen cubes are used to determine compressive 

strength of concrete and were tested as per IS 516:1959. The 

compressive strength is usually obtained experimentally by 

means of a compressive test.  

Recycled coarse 

aggregates 

Compressive strength  

(MPa) at age of 

7 days 28 days 

0% 30.24 45.37 

10% 30.06 44.92 

20% 29.82 44.58 

30% 29.53 44.16 

40% 29.22 43.94 

50% 27.02 41.08 

60% 25.11 37.84 

80% 23.26 34.85 

100% 22.35 33.53 

Table 5: Replacement of RAC 

The results shows that the effect of replacement of 

recycled coarse aggregates on strength of concrete at the age 

of 7 days and 28 days, it is reported that the strength value 

decreases from 10% to 40% replacement of recycled coarse 

aggregate but there is very less reduction in strength upto 

40% replacement (i.e less than 4%). A significant reduction 

(i.e. 10% to 27%) in the strength of Recycled Aggregate 

Concrete (RAC) made of 50% to 100% RCA was seen when 

compared to Natural Aggregate Concrete (NAC), while the 

strength of replacement of RCA from 10% to 40% showed 

no significant change in concrete strength. So the tests 

(compressive, split tensile and flexural strengths) were 

continued from 0% to 40% replacement only. The tests 

conducted on both normal water curing and sea water curing 

and the effect of loss of strength were also discussed to 

compare with normal water and sea water curing.     

B. Compressive strength of specimens for normal water 

curing 

The size of specimens 150 mm x 150 mm x 150 mm was 

used and the specimens were cured in normal water. 

Concrete specimen cubes are used to determine compressive 

strength of concrete and were tested as per IS 516:1959.  

 
Fig. 1: Compressive strength of concrete 

Percentage of 

Recycled 

coarse 

aggregates 

Compressive strength (MPa) at age of 

concrete 

3 

days 

7 

days 

14 

days 

28 

days 

60 

days 

0% 18.14 30.24 35.38 45.37 45.41 

10% 18.01 30.06 34.98 44.92 44.96 

20% 17.88 29.82 34.61 44.58 44.64 

30% 17.62 29.53 34.45 44.16 44.24 

40% 17.31 29.22 34.16 43.94 44.04 

Table 6: Compressive strength (MPa) at age of concrete 

1) Compressive strength of specimens for sea water curing 

Percentage 

of Recycled 

coarse 

aggregates 

Compressive strength (MPa) at age of 

concrete 

3 

days 

7 

days 

14 

days 

28 

days 

60 

days 

0% 18.02 30.04 35.13 45.08 45.02 

10% 17.86 29.82 34.66 44.50 44.47 

20% 17.68 29.52 34.22 44.11 44.09 

30% 17.40 29.15 34.03 43.66 43.64 

40% 17.07 28.82 33.69 43.41 43.37 

Table 7: Compressive strength of specimens for sea water 

curing 

C. Splitting Tensile strength of specimens for normal water 

curing 

The size of specimens 150 mm dia and 300 mm length was 

used and the specimens were cured in normal water. 

Concrete specimen cubes are used to determine compressive 
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strength of concrete and were tested as per as per IS 516 

(1959) and IS 5816 (1999).  

 
Fig. 2: Splitting Tensile strength of specimens 

Percentage of 

Recycled 

coarse 

aggregates 

Splitting tensile strength (MPa) at age 

of concrete 

3 

days 

7 

days 

14 

days 

28 

days 

60 

days 

0% 2.08 3.41 3.98 5.02 5.06 

10% 2.02 3.28 3.91 4.89 4.93 

20% 1.95 3.21 3.83 4.79 4.81 

30% 1.87 3.12 3.74 4.73 4.76 

40% 1.82 3.06 3.71 4.68 4.71 

Table 8: Splitting tensile strength (MPa) at age of concrete 

1) Splitting Tensile strength of specimens for sea water 

curing  

Percentage 

of Recycled 

coarse 

aggregates 

Splitting tensile strength (MPa) at age 

of concrete 

3 

days 

7 

days 

14 

days 

28 

days 

60 

days 

0% 1.99 3.29 3.82 4.84 4.83 

10% 1.91 3.14 3.72 4.65 4.63 

20% 1.82 3.01 3.59 4.50 4.46 

30% 1.72 2.91 3.45 4.38 4.35 

40% 1.65 2.81 3.40 4.29 4.24 

Table 9: Splitting Tensile strength of specimens for sea 

water curing 

D. Flexural strength of specimens for normal water curing 

The size of specimens 100 mm x 100 mm x 500 mm was 

used and the specimens were cured in normal water. 

Concrete specimen cubes are used to determine compressive 

strength of concrete and were tested as per as per IS 516 

(1959). 

 
Fig. 3: Flexural strength of specimens for sea water curing 

Percentage of 

Recycled 

coarse 

aggregates 

Flexural strength (MPa) at age of 

concrete 

3 

days 

7 

days 

14 

days 

28 

days 

60 

days 

0% 2.31 3.78 4.41 5.56 5.62 

10% 2.19 3.65 4.28 5.43 5.49 

20% 2.11 3.53 4.18 5.31 5.36 

30% 2.02 3.41 4.06 5.16 5.21 

40% 1.91 3.28 3.92 5.01 5.08 

Table 10: Flexural strength (MPa) at age of concrete 

1) Flexural strength of specimens for sea water curing 

Percentage of 

Recycled 

coarse 

aggregates 

Flexural strength (MPa) at age of 

concrete 

3 

days 

7 

days 

14 

days 

28 

days 

60 

days 

0% 2.23 3.67 4.27 5.39 5.38 

10% 2.09 3.52 4.11 5.22 5.19 

20% 1.99 3.37 3.97 5.03 4.99 

30% 1.88 3.22 3.80 4.85 4.82 

40% 1.75 3.07 3.64 4.67 4.65 

Table 11: Flexural strength of specimens for sea water 

curing 

E. Loss of Compressive Strength 

Loss of compressive strength of specimens was calculated 

for sea water curing to compare with normal water curing. It 

was found 1.14%, 1.92%, 2.46%, 2.83% and 3.86% for 3 

days, 7 days, 14 days, 28 days and 60 days respectively at 

0% replacement of recycled coarse aggregate. The loss of 

strength was found 1.42%, 2.35%, 3.13%, 4.11% and 4.84% 

for 3 days, 7 days, 14 days, 28 days and 60 days respectively 

at 10% replacement of recycled coarse aggregate. The loss 

of strength was found 1.93%, 2.96%, 3.85%, 4.65% and 

5.41% for 3 days, 7 days, 14 days, 28 days and 60 days 

respectively at 20% replacement of recycled coarse 

aggregate. The loss of strength was found 2.17%, 3.76%, 

4.14%, 4.98% and 5.96% for 3 days, 7 days, 14 days, 28 

days and 60 days respectively at 30% replacement of 

recycled coarse aggregate. The loss of strength was found 

2.32%, 3.98%, 4.63%, 5.26% and 6.61% for 3 days, 7 days, 

14 days, 28 days and 60 days respectively at 40% 

replacement of recycled coarse aggregate. 

 
Fig. 4: Loss of compressive strength of specimens 

F. Loss of splitting tensile strength 

Loss of splitting tensile strength of specimens was 

calculated for sea water curing to compare with normal 

water curing. The loss of strength was found 0.82%, 1.16%, 

1.54%, 1.79% and 2.18% for 3 days, 7 days, 14 days, 28 

days and 60 days respectively at 0% replacement of recycled 

coarse aggregate. The loss of strength was found 1.05%, 

1.38%, 1.85%, 2.39% and 2.96% for 3 days, 7 days, 14 

days, 28 days and 60 days respectively at 10% replacement 

of recycled coarse aggregate. The loss of strength was found 

1.24%, 1.97%, 2.31%, 2.86% and 3.45% for 3 days, 7 days, 

14 days, 28 days and 60 days respectively at 20% 

replacement of recycled coarse aggregate. The loss of 

strength was found 1.41%, 2.06%, 2.88%, 3.44% and 4.03% 

for 3 days, 7 days, 14 days, 28 days and 60 days respectively 

at 30% replacement of recycled coarse aggregate. The loss 

of strength was found 1.62%, 2.48%, 3.05%, 3.87% and 
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4.68% for 3 days, 7 days, 14 days, 28 days and 60 days 

respectively at 40% replacement of recycled coarse 

aggregate. 

 
Fig. 5: Loss of splitting tensile strength of specimens 

G. Loss of Flexural Strength 

Loss of flexural strength of specimens was calculated for sea 

water curing to compare with normal water curing. The loss 

of strength was found 1.o.71%, 1.02%, 1.35%, 1.62% and 

2.36% for 3 days, 7 days, 14 days, 28 days and 60 days 

respectively at 0% replacement of recycled coarse 

aggregate. The loss of strength was found 0.93%, 1.21%, 

1.66%, 2.05% and 2.91% for 3 days, 7 days, 14 days, 28 

days and 60 days respectively at 10% replacement of 

recycled coarse aggregate. The loss of strength was found 

1.12%, 1.53%, 2.06%, 2.76% and 3.69% for 3 days, 7 days, 

14 days, 28 days and 60 days respectively at 20% 

replacement of recycled coarse aggregate. The loss of 

strength was found 1.34%, 1.87%, 2.55%, 3.02% and 3.83% 

for 3 days, 7 days, 14 days, 28 days and 60 days respectively 

at 30% replacement of recycled coarse aggregate. The loss 

of strength was found 1.52%, 2.05%, 2.73%, 3.37% and 

4.26% for 3 days, 7 days, 14 days, 28 days and 60 days 

respectively at 40% replacement of recycled coarse 

aggregate. 

 
Fig. 6: Loss of flexural strength of specimens 

IV. CONCLUSIONS 

Based on the results of the experimental studies on M40 

grade concretes with recycled and natural coarse aggregates 

and river sand as fine aggregate and taking the effect of 

curing with normal water and sea water the following 

conclusions are drawn. 

1) The Recycled aggregate satisfied the strength 

requirements for use as alternative to natural coarse 

aggregate in concrete making like concrete pavements. 

2) A significant reduction (i.e 10% to 27%) in the 

strength of recycled aggregate concrete (RAC) made of 

50% to 100% RCA was found when compared to 

Natural Aggregate Concrete (NAC), while the strength 

of replacement of RCA from 10% to 40% showed no 

significant change in concrete strength. 

3) As optimum value of 40 % replacement of normal 

coarse aggregate with recycled coarse aggregate from 

0% to 40% is suggested. 

4) Recycled aggregate is suitable for use as coarse 

aggregate in M40 grade concrete as it satisfied required 

workability and strength criteria upto 40% 

replacement. 

5) The loss of compressive strength increases for 0% to 

40% of replacement of RCA concrete when to compare 

with NCA concrete but the maximum percentage of 

loss of strength was less than 4% for both in normal 

water curing and sea water curing. 

6) The loss of split tensile strength increases from 0% to 

40% of replacement of RCA concrete when compare 

with NCA concrete but the maximum percentage of 

loss of strength was less than 7% and 12% for normal 

water curing and sea water curing respectively. 

7) The loss of flexural strength increases from 0% to 40% 

of replacement of RCA concrete to compare with NCA 

concrete but the maximum percentage of loss of 

strength was less than 10% and 14% for normal water 

curing and sea water curing. 

8) The maximum loss of compressive strength was found 

less than 7% when compare with same specimens with 

same ages of curing (3,7,14,28,60 days) for normal and 

sea water curing. 

9) The maximum loss of tensile strength was found less 

than 5% when compare with same specimens with 

same ages of curing (3,7,14,28,60 days) for normal and 

sea water curing. 

10) The maximum loss of flexural strength was found less 

than 4.5% when compare with same specimens with 

same ages of curing (3, 7,14,28,60 days) for normal 

and sea water curing. 
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