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Abstract— Nowadays, researches on the usability of recycled 

aggregate (RA) in concrete is gaining popularity in all over 

the World due to the preservation of the environment and 

sustainable development. RA can be obtained after crushing 

and screening of the construction rubble obtained from 

demolished structures. The recycled concrete aggregate 

(RCA) used to replace the natural coarse aggregates (NCA) 

in different proportions. Use of recycled aggregate in 

concrete can be useful for environmental protection. The 

application of recycled aggregate has been started in a large 

number of construction projects of many European, 

American, Russian and Asian countries. Mineral additives 

used in this experimental work are silica fume (SF) and some 

admixtures at various ratios. Recycled aggregate was made 

by crushing the waste concrete of laboratory test cubes and 

precast concrete columns. Concrete made entirely with 

natural aggregate (NAC) as a control concrete Regardless of 

the replacement ratio, recycled aggregate concrete (RAC) had 

a satisfactory performance. However, for this to be fulfilled, 

it is necessary to use quality recycled concrete coarse 

aggregate and to follow the specific rules for design and 

production of this new concrete type. 

Key words: Concrete, Recycled Coarse Aggregate, Natural 

Coarse Aggregate, Silica Fume. 

I. INTRODUCTION 

Now-a-days concrete industry is consuming lot of natural 

resources. This causes lot of damage to environment and 

mother earth. So, the less cement and natural aggregates that 

are used in concrete production, the lower the impact on 

environment. The increase in cost of landfill, scarcity of 

natural resources for aggregate, encourages the use of 

construction waste as a source of aggregate. A sustainable 

construction has become a great concern over construction 

practice at the expense of the future of our planet.  

This is due to the fact that the construction industry 

is a massive consumer of natural resources and a huge waste 

producer as well. High value of raw material consumption in 

the construction industry becomes one of the main factors that 

cause environmental damage and pollution to our mother 

earth and the depletion of natural and mineral resources. 

Every year, more than 165 million tones of natural aggregates 

are used in different civil and industrial constructions. 

Meanwhile, approximately 109 million tones of construction 

and demolition residues are generated in the UK; around 60 

million tones of this are derived from concrete. The resources 

such as coarse aggregates, sands and cements will be at a 

disadvantaged position, as these resources are not able to 

cope with the high demand in the construction industry. 

Therefore, utilizing the recycled aggregate may be one of the 

significant efforts in achieving a sustainable construction. As 

Recycled Aggregate (RA) begin to be acknowledged and 

accepted as a viable alternative to Natural Aggregates (NA), 

it is important to understand how Recycled Concrete 

Aggregate (RAC) performs compared with conventional 

concrete. 

A correct mix design and the introduction of 

differently shaped aggregates and different super plasticizers 

can influence structural concrete performance and provide it 

with strengths similar to the corresponding natural aggregates 

concrete (NAC), or even a possible enhancement, making it 

a feasible solution for the construction industry.  

The major difference between natural aggregate and 

recycled coarse aggregate (RCA) is the adhered mortar at the 

surface of the RCA. It is a porous material, exhibits lower 

bulk density and saturated surface dry density, 1290–1470 

kg/m3 and 2310–2620 kg/m3 respectively. The bulk density 

of the RCA is comparable to that of the lightweight aggregate. 

The higher porosity of the RCA is due to the higher content 

of adhered mortar responsible for its low resistance towards 

mechanical and chemical actions. Due to the presence of 

micro-cracks and residual cement paste bonded to the outer 

layer of recycled concrete debris,  the increased porosity of 

aggregates generally results in a considerably higher water 

absorption which affects the ‘‘free’’ water – i.e., the water 

available for the chemical reactions and, consequently, the 

actual water–cement ratio.  

Therefore, this higher porosity plays a key role on 

the concrete performances in both fresh and hardened states. 

Moreover, the mechanical properties of hardened RCA are 

affected by the weakness due to the higher porosity of 

recycled aggregates. Generally, it is important that coarse 

aggregates have good strength, durability and weather 

resistance, that its surface be free from impurities such as 

loam, silt and organic matter, durable particle free from 

absorbed chemicals in permissible amount that will not affect 

hydration of cement and water, and bond of cement paste. 

Aggregates could be classified by their weight, rock type and 

their shape. The first and most important issue in choice of 

aggregate for concrete works is availability. Often the field 

engineers have to produce concrete from the aggregate 

generally available and close to the construction sites. 

II. LITERATURE REVIEW 

Brito et al (2013) carried out the study on the mechanical 

properties of recycled concrete aggregates (RCA) and the 

influence of super plasticizers on RCA. The relative influence 

on the mechanical properties such as compressive strength, 

split tensile strength, and abrasion test of various 

incorporation rates of coarse aggregates(i.e., 25%, 50%, 

100%) recycled from concrete waste, considering 

simultaneously the use of two types of super plasticizers(of 

average and high water reducing capacity). It was found to be 

that the increasing the RA in the mix reduce the concrete 
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splitting tensile strength, but this can be overcome by 

introducing super plasticizers. It was found to be the super 

plasticizers has the capacity to slightly increase the tensile 

strength and the compressive strength and has the capacity to 

reduce the water in the mix.  

Bhutta et al (2013) investigated the properties of 

porous concrete from waste crushed concrete (recycled 

aggregate). Porous concrete with acceptable permeability and 

strength using recycled aggregate from waste crushed 

concrete was developed. Tests carried out on porous concrete 

are void ratio, coefficient of permeability, compressive and 

flexural strengths. The effect of recycled aggregate on total 

void ratio, strength and permeability was mentioned. The 

total void ratio of porous concrete incorporating recycled 

aggregate was larger than that of porous concrete with normal 

aggregate. The addition of polymer modification resulted in 

a slight decrease in total void ratio regardless of type of 

aggregate. The compressive strengths of porous concretes 

using normal and recycled aggregates were significantly 

improved by 57% and 79% respectively, due to polymer 

modification. The use of recycled aggregate along with 

optimum content of polymer could produce acceptable 

porous concrete with both enough drainage and strength 

properties. 

Kou et al (2012) carried out the feasibility study of 

using recycled fresh concrete waste (FCW) as coarse 

aggregates. The workability, compressive strength, split 

tensile strength, static modulus of elasticity, chloride ion 

penetration, and drying shrinkage of new concrete were 

determined. The compressive strength decreases with 

increase in FCW aggregate content. But the specified 28-day 

strength (32-44 Mpa) could still be achieved with a 

replacement contents of < 30% wt. It was found that slump 

value increased with increase in FCW content. The water 

absorption capacity of concrete was increasing with increase 

in FCW content. Decrease in tensile splitting strength for the 

mix at all the curing ages was observed to be with 15% FCW. 

Elastic modulus and resistance to chloride ion penetration 

was decreases with increase in FCW. The utilization of FCW 

reduces the density, and increases the water absorption of the 

hardened concrete. It was observed that with no more than 

30% replacement of granite by FCW and with a w/c of 0.35, 

it is still possible to produce concrete with a target 28-day 

compressive strength of 40 MPa. 

III. MATERIALS 

A. Cement: 

Although all materials that go into concrete mix are essential, 

cement is very often the most important because it is usually 

the delicate link in the chain. The function of cement is first 

of all to bind the sand and stone together and second to fill up 

the voids in between sand and stone particles to form a 

compact mass. Although it constitutes only about 20 per cent 

of the volume of concrete mix, it is the active portion of 

binding medium and is the only scientifically controlled 

ingredient of concrete. Any variation in its quantity affects 

the compressive strength of the concrete mix. In the present 

investigation, Ordinary Portland Cement (OPC) of 43 Grade 

was used for all concrete mixes.  

B. Coarse Aggregate: 

The coarse aggregate is defined as that retained on 4.75 mm 

IS sieve. To increase the density of the resulting concrete mix, 

the coarse aggregate is frequently used in two or more sizes. 

Two types of aggregates with different sizes have been used 

in the present study. The details of the same are as below: 

1) Aggregate passing 20 mm sieve 

2) Aggregate passing 10 mm sieve. 

The coarse aggregate used were washed and kept in 

water for 24hr to remove dust and dirt and were dried to 

surface dry condition. 

C. Fine Aggregate: 

IS: 383-1970 defines the fine aggregate, as the one passing 

4.75mm IS sieve. The fine aggregate is often termed as a sand 

size aggregate. Locally available riverbed sand was used in 

the present study. The per cent passing 600 micron sieve = 

62.35. The sand conforms to grading Zone – III as per IS: 383 

– 1970 respectively. 

D. Silica Fume: 

The terms of micro silica, condensed silica fume, and silica 

fume are often used to describe by-products extracted from 

the exhaust gases of ferrosilicon, silicon. And other metal 

alloy smelting furnaces. However, the terms of silica fume 

and micro silica are used for those condensed silica fumes 

that are of high quality for using in the cement and concrete 

industry. In the European standard, the term of silica fume 

has been used.   

E. Water: 

Water Available in our lab is used in this investigation. 

IV.  RESULTS AND DISCUSSIONS 

A. Compressive strength: 

A compression test determines behaviour of materials under 

crushing loads. The specimen is compressed and deformation 

on various loads is recorded. Compressive stress and strain 

are calculated and plotted as a stress-strain diagram which is 

used to determine elastic limit. The test was conducted on 

cubes of size 100mm × 100mm × 100 mm. Specimens were 

taken out from curing tank  the age of 7,28,60 and 90 days. 

Surface was then allowed to drip down. Specimens were then 

tested on 200 tones capacity compression testing machine 

(CTM). The position of cube while testing was right angles 

to that of casting position. Axis of specimens was carefully 

aligned with the centre of thrust of the spherically seed plus. 

The load was increased until the specimen fails. The 

maximum load taken by the specimen was noted. Experiment 

was repeated for two specimens of the same mix. The results 

of the strength tests conducted on concrete specimens of 

different mixes cured at different ages are presented and 

discussed in this section. 

Mix 

Nam

e 

Mix 

Description 
Compressive Strength (MPa) 

  

7 

day

s 

14 

Day

s 

28 

Day

s 

56 

Day

s 

90 

day

s 

M1 
0%RA+100%

NA 

31.

1 
32.0 34.6 37.4 

41.

5 
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M2 
10%RA+90%

NA 

30.

0 
31.6 34.4 37.5 

41.

0 

M3 
20%RA+80%

NA 

29.

6 
30.7 34.0 37.0 

39.

7 

M4 
30%RA+70%

NA 

30.

8 
31.8 34.2 36.9 

39.

3 

M5 
40%RA+60%

NA 

26.

3 
28.7 31.3 33.2 

36.

4 

M6 
50%RA+50%

NA 

25.

9 
29.8 31.8 32.6 

35.

7 

Table 1: Compressive Strength (Mpa) Values Of All Mixes 

At Different Curing Ages 

 
Fig. 1: Variation in Compressive strength for all the mixes 

with curing ages. 

This shows that the compressive strength of recycled 

aggregate concrete with up to 30% replacement of natural 

aggregates with recycled aggregates gives the same values as 

compared to the normal aggregates concrete or conventional 

concrete. The percentage loss in strength from 0%RA mix to 

30%RA mix was 5.30% after 90 days, and at 28 days the loss 

of strength from M1 to M4 is 1.15%. After 30% replacement 

i.e., 40% and 50% replacement of NA with RA shows the 

irregular behaviour in compressive strength values at both 28 

days and 90 days. 

B. Split Tensile Strength: 

Cubes of size 100×100×100mm were casted and cured for 7, 

14, 28, 56 and 90 days. After curing age the cubes were 

allowed to dry in the sunlight for 1 day and were tested under 

strength testing machine by placing the cubes diagonally in 

the centre. The load was increased until the specimen fails. 

The maximum load taken by the specimen was noted. 

Experiment was repeated for two specimens of the same mix 

and the average value was taken as final. The results of the 

strength tests conducted on concrete specimens of different 

mixes cured at different ages are presented and discussed in 

this section. 

Mix 

Nam

e 

Mix 

Description 
Split Tensile Strength (MPa) 

  

7 

day

s 

14 

Day

s 

28 

Day

s 

56 

Day

s 

90 

day

s 

M1 
0%RA+100%

NA 

3.7

0 
3.96 4.16 4.45 

4.9

9 

M2 
10%RA+90%

NA 

3.7

6 
4.01 4.22 4.37 

4.9

1 

M3 
20%RA+80%

NA 

3.6

7 
3.98 4.23 4.32 

4.8

3 

M4 
30%RA+70%

NA 

3.6

5 
4.01 4.13 4.27 

4.7

4 

M5 
40%RA+60%

NA 

3.1

9 
3.71 3.96 4.21 

4.6

4 

M6 
50%RA+50%

NA 

2.9

1 
3.59 3.78 3.94 

4.4

7 

Table 2: Split Tensile Strength (MPa) values of all mixes at 

different curing ages 

 
Fig. 2: Variation in Split Tensile strength for all mixes with 

curing ages 

It was observed that the split tensile strength results 

of the M2, M3 and M4 are comparable with the mix M1. This 

shows that the split tensile strength results of recycled 

aggregate concrete with 30% replacement of natural 

aggregates with recycled aggregates gives the same values as 

compared to the normal aggregates concrete or conventional 

concrete. After 30% replacement i.e., 40% and 50% 

replacement of NA with RA shows the irregular behaviour in 

split tensile strength values. The percentage loss in strength 

from 0%RA mix to 30%RA mix was 5.01% after 90 days, 

and at 28 days the loss of strength from M1 to M4 is 0.7%. 

So the optimum percentage of replacement of NA with RA is 

30%. Beyond 30% replacement the results showing 

decreasing trend in terms of split tensile strength. The highest 

value of split tensile strength was observed for mix with 0% 

recycled aggregates at both initial stage and later stages of 

curing. The lowest value of split tensile strength was 

observed for mix with 50% recycled aggregates at both initial 

stage and later stage of curing. The decrease in the split tensile 

value of recycled aggregate concrete from one mix to other is 

high in the initial stages i.e. 7, 14, 28 days, whereas the 

decrease in split tensile value at 56, 90 days is uniform this 

can be clearly shown in the diagram. So, recycled aggregate 

concrete performed better with less than 30% replacement in 

the initial stages. 

C. Capillary Suction (Sorptivity) Test: 

Sorptivity is defined as the rate of movement of a waterfront 

through a porous material under capillary action. Sorptivity 

test differs from the ISAT as the former measures the rate of 

capillary suction as opposed to the bulk effect of capillary 

suction in the latter at a specified time. The lower the 

sorptivity value, the higher the resistance of concrete towards 
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water absorption. The decrease in sorptivity is due to several 

factors. Firstly, as the water invades the pores it encounters 

smaller pores hence slowing the rate of sorption. Secondly, 

even if the capillary pores form a strong interconnected 

network throughout the concrete, the ingress of water 

particles may still be slow as the  as the air- water interface 

rests at a stable configuration in the pore space. The results of 

the capillary suction tests conducted on concrete specimens 

of different mixes cured at different ages are presented and 

discussed in this section. Each set of plots refer to the three 

specimens tested for each concrete mix. The tests conducted 

on the three specimens at a particular curing time give 

identical slopes, particularly during the early part of the test, 

i.e. the relationship between cumulative water absorption and 

the square root of time exposure begins to deviate from 

linearity after about 6 hours. Mix with 100%NA+0%RA 

shows less absorption value out of all and the mixes and mix 

with 50%NA+50%RA shows high absorption value at both 

56 and 90 days. It can also be observed that the difference in 

absorption from 56 days to 90 days is less. From the results, 

it can be concluded that the sorptivity increases with the 

increase in the recycled aggregates percentage and it can also 

be observed that increase in curing time will reduce the 

absorption capacity of concrete 

Sl 

No. 
Mix Identity 

Average IRA 

(mm/Sec1/2) 

56 days 90 days 

1 
100%NA + 

0%RCA 
0.0063 0.0060 

2 
90%NA + 

10%RCA 
0.0073 0.0072 

3 
80%NA + 

20%RCA 
0.0086 0.0084 

4 
70%NA + 

30%RCA 
0.0106 0.0104 

5 
60%NA + 

40%RCA 
0.0125 0.0119 

6 
50%NA + 

50%RCA 
0.0186 0.0174 

Table 3: Variation Of Initial Rate Of Absorption (Ira) 

Values Of Various Mixes At Different Curing Age. 

 
Fig. 3: Variation in average IRA values of concrete mixes at 

different curing ages 

D. Acid Attack Test: 

For acid resistance, 1% dilute sulphuric acid (H2SO4) by 

volume of the water with pH value of 2 was maintained. 

Cubes were immersed in acid for a period of 28 days. The 

action of acids on hardened concrete is the conversion of 

ferrous compounds into the ferrous salts of the attacking acid. 

As a result of these reactions, the structure of concrete gets 

destroyed. The dimension of cube specimens was reduced 

3mm at all sides at 28 days of curing.  From the test results, 

the concrete containing recycled aggregates was found to be 

lesser in resistance to the H2SO4 solution than the control 

concrete. 

 
Fig. 4: Acid tested specimen and normally cured specimen. 

From the test results, it is clear that the concrete 

prepared with recycled aggregates shown relatively higher 

mass change. Although both control mix and recycled 

aggregate concrete mix suffered slight mass, the overall loss 

in mass of recycled aggregate concrete was much higher. The 

maximum reduction of mass is obtained at 50% replacement 

of recycled aggregates i.e. 5.35%, and reduction of mass in 

the control mix is 1.5%. All concrete specimens get affected 

by acid test. The percentage difference in compressive 

strength for 0% RA is less compared to 50% RA mix and the 

trend is shown in table below. So, it can be concluded that the 

effect of acid increased with the increase in the recycled 

aggregate percentage in the mix. 

Sl No 
 

Mix Identity 

Weight (Kg) 
% Loss 

Before After 

 

1 

 

100%NA + 0%RCA 

8.432 8.335 1.15 

8.347 8.220 1.52 

 

2 

 

90%NA + 10%RCA 

7.873 7.743 1.65 

8.380 8.210 2.02 

 

3 

 

80%NA + 20%RCA 

8.298 8.110 2.26 

8.374 8.210 1.95 

 

4 

 

70%NA + 30%RCA 

8.285 8.053 2.80 

8.330 8.077 3.03 

 

5 

 

60%NA + 40%RCA 

8.151 7.784 4.50 

8.240 7.863 4.57 

 

6 

 

50%NA + 50%RCA 

8.534 8.084 5.27 

8.306 7.861 5.35 

Table 4: % Weight Loss After 28 Days Of Immersion In 

Acid (H2so4). 

E. Alkalinity Resistance Test: 

For alkalinity test 5% sodium hydroxide (NaOH) by volume 

of the water with pH value of 12 was maintained. Cubes were 

immersed in the above solution for a period of 28 days. It was 
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observed that the weight of specimens increased when kept 

in solution after 28 days curing. 

 
Fig. 5: Base tested specimen and normally cured specimen. 

It can be observed that all the specimens shown 

increase in the weight after removal from the alkaline solution 

tank. This is because of the presence of salts in the solution. 

These salts accumulate in the pores of the concrete 

specimens, so that the weight is increased by a max value of 

0.58% by weight of cube. So it can be observed that all the 

specimens showed higher resistance towards alkaline 

solution compared to acid solution. The weight difference 

after the test on concrete with alkaline solution is very less 

compared to acid solution test. The compressive strength loss 

also observed less in alkaline solution compared to the 

strength loss in acid solution. It can also be observed that the 

strength loss and weight loss increases with increase in the 

recycled material in the concrete mixes. The strength loss and 

weight loss in alkaline solution is less and all mixes performs 

well in alkaline solution. 

Sl No 
 

Mix Identity 

Weight (Kg) 
% Gain 

Before After 

 

1 

 

100%NA + 0%RCA 

8.368 8.403 0.41 

8.436 8.478 0.49 

 

2 

 

90%NA + 10%RCA 

8.193 8.237 0.53 

8.353 8.395 0.50 

 

3 

 

80%NA + 20%RCA 

8.174 8.221 0.57 

8.250 8.297 0.56 

 

4 

 

70%NA + 30%RCA 

8.437 8.480 0.50 

8.372 8.409 0.44 

 

5 

 

60%NA + 40%RCA 

8.245 8.289 0.53 

8.398 8.446 0.56 

 

6 

 

50%NA + 50%RCA 

8.450 8.495 0.52 

8.368 8.417 0.58 

Table 5: Weight Gain After 28 Days Of Immersion In Base 

(Naoh). 

V. CONCLUSION 

The higher water absorption capacity of recycled aggregates 

has great influence on the water added to the mix, which can 

affect concrete’s workability.It is possible to gain the same 

compression and split tensile strength as conventional 

concrete up to 30% replacement of natural aggregate with 

recycled ones. But from the overall study, both the 

compression and split tensile strength values are decreasing 

with the increase in replacement levels of recycled 

aggregates. The increase of recycled aggregates content 

beyond 30% has negative effect on compressive strength of 

recycled aggregates concrete. The reduction in compressive 

strength after 28 days is about 10% when 50% recycled 

aggregates are used. Split Tensile results also show down 

trend like compressive strength beyond 30% replacement of 

recycled aggregates. The pores filling capacity of silica fume 

enhances the both mechanical and durability properties of 

recycled aggregates concrete. The use of silica fume as a 

partial replacement of cement decrease the water absorption 

of recycled aggregate concrete. From the initial surface 

absorption test (ISAT), the recycled aggregate concrete is 

absorbing more water in the initial stages. The increase in 

absorption capacity at 10 min after 56 days is about 35% from 

0% to 50% replacement of RCA in the mix. The capillary 

suction test (CSAT) test results clearly confirm that the 

recycled aggregate concrete is having high porosity and the 

absorption increases with increase in the recycled content in 

the mix. So, water absorption value is directly proportional to 

the level of the RCA replacement. The concrete containing 

recycled aggregates was found to be low resistant against 

H2SO4 solution than the control concrete with 0% recycled 

aggregates. The maximum weight loss recorded was 5.35% 

by weight of cube. ontrol specimens showed higher resistance 

to alkalinity attack than recycled aggregates specimens. But 

the overall performance of all the mixes against alkaline 

solution was good in terms of weight loss and strength loss  
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