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Abstract— In developing countries, with the increasing 

population, both economy and pollution free environment in 

construction industry are of principal importance in order to 

meet the inevitable human needs of multifarious forms. Thus, 

use of waste aggregates in the production of new type of 

concrete, which plays an important role in the construction 

industry, for fulfilling the demand of aggregates. Most of the 

waste materials are generated from industrial waste and 

demolishing waste. Hence, recycling, reuse and substitution 

of this waste appears to be an effective solution and most 

appropriate decision. In the present research work desirable 

characteristics of recycled aggregate concrete were studied. 

The experiments were conducted for different ages of 

concrete such as 7 and 28 days to assess the compressive and 

split tensile strength. The workability properties of mix are 

evaluated by workability tests such as sump flow test, V- 

funnel, U- box and L- Box test.  It addresses experiments on 

various mixes of self compacting concrete – One with fresh 

coarse and fine aggregates, while the others with replacement 

of 20%, 40 %, 60%, 80% And 100% recycled fine aggregates. 
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I. INTRODUCTION 

The development of new technology in the material science 

is progressing rapidly. In last three decades, a lot of research 

was carried out throughout globe to improve the performance 

of concrete in terms of strength and durability qualities. 

Consequently concrete has no longer remained a construction 

material consisting of cement, aggregate, and water only, but 

has becomes an engineered custom tailored material with 

several new constituents to meet the specific needs of 

construction industry. The growing use of concrete in special 

architectural configurations and closely spaced reinforcing 

bars have made it very important to produce concrete that 

ensures proper filling ability, good structural performance 

and adequate durability. In recent years, a lot of research was 

carried out throughout the world to improve the performance 

of concrete in terms of its most important properties, i.e. 

strength and durability. Concrete technology has under gone 

from macro to micro level study in the enhancement of 

strength and durability properties from 1980’s onwards. Till 

1980 the research study was focused only to flow ability of 

concrete, so as to enhance the strength however durability did 

not draw lot of attention of the concrete technologists. This 

type of study has resulted in the development of self 

compacting concrete (SCC), a much needed revolution in 

concrete industry. Self compacting concrete is highly 

engineered concrete with much higher fluidity without 

segregation and is capable of filling every corner of form 

work under its self weight only (Okamura 1997). Thus SCC 

eliminates the needs of vibration either external or internal for 

the compaction of the concrete without compromising its 

engineering properties. 

To establish an appropriate mixture proportion for a 

self compacting concrete the performance requirements must 

be defined taking into account the structural conditions such 

as shape, dimensions, reinforcement density and construction 

conditions. The construction conditions include methods of 

transporting, placing, finishing and curing. The specific 

requirement of self-compacting concrete is its capacity for 

self-compaction, without vibration, in the fresh state. Other 

performances such as strength and durability should be 

established as for normal concrete.  

To meet the concrete performance requirements the following 

three types of self-compacting concretes are available. 

1) Powder type of self-compacting concrete: This is 

proportioned to give the required self-compactability by 

reducing the water-powder (material<0.1mm) ratio and 

provide adequate segregation resistance. Super 

plasticizer and air entraining admixtures give the 

required deformability. 

2) Viscosity agent type self-compacting concrete: This type 

is proportioned to provide self-compaction by the use of 

viscosity modifying admixture to provide segregation 

resistance. Super plasticizers and air entraining 

admixtures are used for obtaining the desired 

deformability. 

3) Combination type self-compacting concrete: This type is 

proportioned so as to obtain self-compactability mainly 

by reducing the water powder ratio, as in the powder 

type, and a viscosity modifying admixture is added to 

reduce the quality fluctuations of the fresh concrete due 

to the variation of the surface moisture content of the 

aggregates and their gradations during the production. 

This facilitates the production control of the concrete. 

A. Scope of study 

 To study the desirable characteristics of recycled 

aggregate concrete 

 To compare the fresh and the hardened properties of Self 

Compacting Concrete made in different proportion of 

recycled fine aggregates with the Self Compacting 

Concrete using fresh aggregates. 

B. Advantages of SCC 

1) Improved Concrete Quality: 

 SCC yields homogeneous concrete in situations where 

the castings are difficult due to congested reinforcement, 

difficult access etc. 

 SCC shows a good filling ability especially around 

reinforcement 

 SCC is very well suited for special and technically 

demanding structures such as tunnel linings, as the 

possibility to compact the concrete is limited in the 

closed space between formwork and rock. 

 Shows narrow variation in properties on site. 

2) Environmental & Human Health Protection 

3) Economy & Time Reducing 
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4) Construction with SCC is not affected by the skill of the 

workers, and shape and arrangement of reinforcing bars 

of the structures.  

5) SCC use at construction sites reduces the chance of 

accident by reducing number of cables needed for the 

operation of compacting equipment, hence, reduces the 

workers compensation premiums. 

C. Disadvantages of SCC 

1) The production of SCC places more stringent 

requirements on the selection of materials in comparison 

with conventional concrete. 

2) An uncontrolled variation of even 1% moisture content 

in the fine aggregate will have a much bigger impact on 

the rheology of SCC at very low W/C (~0.3) ratio. Proper 

stock pilling of aggregate, uniformity of moisture in the 

batching process, and good sampling practice are 

essential for SCC mixture. 

3) A change in the characteristics of a SCC mixture could 

be a warning sign for quality control and while a 

subjective judgment, may some times be more important 

than the quantitative parameters. 

4) The development of a SCC requires a large number of a 

trial batches. In addition to the laboratory trial batches, 

field size trial batches should be used to simulate the 

typical production conditions. Once a promising mixture 

has been established, further laboratory trial batches are 

required to quantify the characteristics of the mixture. 

D. Properties of SCC 

The 3 main properties of SCC in plastic state are  

1) Filling ability (excellent deformability)  

2) Passing ability (ability to pass reinforcement without 

blocking)  

3) High resistance to segregation.  

Various test methods of SCC are 

 Slump flow test 

 J- Ring test 

 V- Funnel test 

 L- Box test 

 U- Box test 

II. RECYCLED WASTE CONCRETE 

Recycling of waste concrete is done to reuse the concrete 

rubble as aggregates in concrete. The recycled aggregates 

have less crushing strength, impact resistance, specific 

gravity and has more absorption value as compared to fresh 

aggregates. 

A. Necessity 

Millions of tonnes of waste concrete is generated every year 

around the world due to following reasons: 

1) Demolition of old structure 

2) Destruction of buildings and structures during 

earthquakes and wars 

3) Removal of useless concrete from structures, buildings, 

road pavements etc. 

4) Waste concrete generated due to concrete cube and 

cylinder testing, destructive methods of testing of 

existing structures etc. 

B. Advantages 

Usually demolished concrete were shipped to landfills for 

disposal, but due to greater environmental awareness, the 

concrete is being recycled for reuse in concrete works. There 

are a variety of benefits in recycling concrete rather than 

dumping it or burying it in a landfill. Keeping concrete debris 

out of landfills saves space there. 

Other Benefits of Recycling of Concrete are: 

 Local Product – Local Sources 

 Reduces Truck Traffic 

 Alternative to a Non-Renewable Resource 

 Cost Savings 

 No Disposal Fees 

 Better Trucking Utilization (Reduced Costs) 

Using recycled material as gravel reduces the need 

for gravel mining. There are also economic benefits. 

Recycled concrete is a construction material that the 

community does not need to pay for; those who generated the 

concrete waste pay a fee to have it recycled. 

 
Fig. 1: Process of waste concrete recycling 

C. Quality of recycled aggregate and its concrete 

The strength of recycled aggregate concrete is about 10 to 15 

per cent less as compared to concrete with fresh aggregate. 

However suitable mix designs may be made and reliable 

results obtained. The mix requires slightly higher quantity of 

cement or using admixtures to reduce water requirement. 

Recycled aggregate concrete can be safely used as 

plain concrete. With proper corrections in mix design, it can 

be used for R.C.C. works also. 

III. LITERATURE REVIEW 

Domone (2005) analysed the fresh & hardened properties of 

SCC in Sixty eight cases from 1993 to 2003. He founded that, 

in forty eight cases, maximum size of aggregate is in the range 

of 16 – 20 mm. Six cases used larger size of aggregate from 

22 – 40 mm. All mixes included superplasticizers.   

In thirty cases, an air-entraining admixture was used 

and in thirty four cases, a viscosity modifying agent was also 

used. The coarse aggregate contents varied from 28% to 38% 

by volume of the concrete, with 80% of these within the range 

29.1–34.8%, equivalent to about 770–925 kg/m3 for 

aggregate relative density of 2.65.   

The paste contents varied from 30% to 42% by 

volume of the concrete, with 80% of these within the range 
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32.3–39%. The powder contents ranged from 425 to 625 

kg/m3, with 80% in the range 445–605 kg/m3.Water/powder 

ratios ranged from 0.26 to 0.48, with 80% falling in the range 

0.28–0.42. The mortar composition in terms of volume 

percentage of the fine aggregate varies from 38% to 54%, 

with 80% in the range 41–52%.  

Felekoglu et al. (2006) studied the five SCC 

mixtures with different combinations of water/cement ratio 

and super plasticizer dosage and evaluate its fresh and 

hardened properties. Okamura and Ozawa proposed a simple 

mixture proportioning system for the coarse and  fine 

aggregate to be kept contents, so that  self-compactibility can 

be achieved easily by adjusting the water/cement ratio  and 

superplasticizer  dosage only.   

In  the  mix-proportioning  of  Normal concrete,  the 

water/cement ratio  is kept constant  in order  to obtain  the 

required  strength  and durability.  But in SCC, the 

water/powder ratio has to be chosen by taking self- 

compactibility   into   account,   since self-compactibility   is 

very sensitive to this ratio.  

An ordinary Type-I Portland Cement (PC 42.5) was 

used in all compositions. Its compressive strength was 48.5 

Mpa. The superplasticizer was a polycarboxylic acid. The 

maximum aggregate size was selected 15 mm in order to 

avoid the blocking effect in the L box.  The gap between 

rebars in L-box test was 35 mm. As fine aggregate, a mix of 

crushed 0–5 mm limestone and natural river sand  was  used.   

Filho (2008) studied the variability of bond and 

mechanical properties of self compacting concrete. This main 

objective of this research is to evaluate the variability of the 

mechanical properties  (compressive strength, modulus of 

elasticity  and tensile strength) and bond strength of the self-

compacting concrete (SCC), with 50 MPa compressive 

strength at 28 days, varying the maximum aggregate size and 

the Self compacting concrete fluidity. The tests were made in 

15 x 30 cm concrete cylinders and in beams standardized by 

Rilem-Ceb 

Fib (1973). In agreement with the obtained results, 

can be concluded that the variability of the self-compacting 

concrete is small for the modulus of elasticity and for the 

compressive strength, but the tensile strength presented a 

significant variability due to the failure mode.  

About the bond strength, the variability was small 

showing that the self-compacting concrete is reliable and 

possesses great potential for use in the civil construction.  

IV. EXPERIMENTAL STUDIES 

The experimental program aimed to compare the hardened 

properties of various mixes of Self Compacting Concrete 

made from different proportion of recycled fine aggregates 

and conventional concrete.  

The Mix Design prepared by Replacing 0%, 25%, 50%, 75% 

and 100% of Recycled Fine aggregates. 

Conventional SCC –Normal Self compacting concrete with 

Fresh material  

RFA 20 - Self compacting concrete with 20% replacement of 

Recycled Fine aggregate  

RFA 40 - Self compacting concrete with 40% replacement of 

Recycled Fine aggregate   

RFA 60 - Self compacting concrete with 60% replacement of 

Recycled Fine aggregate  

RFA 80 - Self compacting concrete with 80% replacement of 

Recycled Fine aggregate  

RFA 100 -Self compacting concrete with 100% replacement 

of Recycled Fine aggregate  

FA – Fine aggregate   

RFA- Recycled Fine Aggregate (0-4mm)  

SP – Super Plasticizer 

V. RESULTS AND DISCUSSION 

A. Fresh Properties 

The results of fresh properties of all Self-compacting 

concretes are included in below Table.  

The Table shows the properties such as slump flow, 

V-funnel flow times, L-box and U- box. SCC made with 

recycled fine aggregates and natural coarse aggregate 

typically needs more water than conventional SCC in order 

to obtain the same workability. 

Mixture Id 
Slump(mm) 

Experiment Results EFNARC Limits 

SCC-C 750 650-800 

RFA20 733 650-800 

RFA40 708 650-800 

RFA60 697 650-800 

RFA80 670 650-800 

RFA100 656 650-800 

Table 1: Properties of Slump Flow 

Mixture Id 
V-Funnel (Seconds) 

Experiment Results EFNARC Limits 

SCC-C 8 6-12 

RFA20 9.3 6-12 

RFA40 10.5 6-12 

RFA60 11.4 6-12 

RFA80 12.1 6-12 

RFA100 13 6-12 

Table 2: Properties of V-Funnel Flow 

Mixture Id 
L-Box (H2/H1) 

Experiment Results EFNARC Limits 

SCC-C 0.95 0.8-1 

RFA20 0.89 0.8-1 

RFA40 0.88 0.8-1 

RFA60 0.86 0.8-1 

RFA80 0.82 0.8-1 

RFA100 0.795 0.8-1 

Table 3: Properties of L-Box 

Mixture Id U-Box (H2-H1)mm 

Experiment 

Results 

EFNARC 

Limits 

SCC-C 30 0-30 

RFA20 28 0-30 

RFA40 27 0-30 

RFA60 24 0-30 

RFA80 23 0-30 

RFA100 19 0-30 

Table 4: Properties of U-Box 

The slump flow test gives the value from 650 mm to 

750 mm, the V-funnel time ranges from 8 seconds to 13 

seconds, the L-box test value lies between 0.795 to 0.95 and 

the U-box test result shows the value between 22 mm to 30 

mm.  
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B. Compressive Strength Test Results 

Mix 

Compressive 

Strength (N/mm²) 

Average 

Compressive 

Strength 

(N/mm²) 

7 days 28 days 7 days 28 days 

Conventional 

SCC 

37.9 59.5 

39.23 60.13 42.6 62.2 

37.2 58.6 

RFA 20 

34.6 54.6 

37.56 57.1 40.2 57.7 

37.9 59.1 

RFA 40 

32.6 51.9 

33.9 50.7 36.9 48.7 

32.3 51.5 

RFA 60 

26.4 45.6 

25.9 46.2 29.2 48.2 

22.03 44.8 

RFA 80 

20.24 43.9 

19.73 43.4 22.32 41.2 

16.64 45.3 

RFA 100 

21.04 41.1 

18.45 43.06 17.68 44.9 

16.64 43.2 

Table 5: Compressive Strength Test Results 

 
Fig. 2: Compressive Strength Results 

C. Flexural Strength Test Results 

Mix 
Load 

(P) KN 

Modulus of 

Rupture 

(N/mm²) 

Average 

Flexural 

Strength 

(N/mm²) 

Conventional 

SCC 

36.3514 7.3 
7.75 

41.5834 8.2 

RFA 20 
38.2341 6.5 

6.2 
26.1245 5.9 

RFA 40 
33.2185 6.2 

5.9 
27.4148 5.6 

RFA 60 
27.8296 5.7 

5.3 
24.6214 5.0 

RFA 80 
24.367 4.8 

4.75 
23.236 4.7 

RFA 100 
20.2433 4.1 

4.35 
25.8261 4.6 

Table 6: Flexural Strength Test Results 

 
Fig. 4: Flexural Strength Results 

D. Split Tensile Test 

Mix 

7 Days 28 Days 

Average 

σsp 

Average 

σsp 

Conventional 

SCC 
21.18 32.51 

RFA 20 18.31 28.73 

RFA 40 17.36 26.1 

RFA 60 13.18 19.6 

RFA 80 12.3 18.96 

RFA 100 11.8 16.9 

Table 7: Split Tensile Test Results 

 
Fig. 3: Split Tensile Strength Results 

E. Durability Properties 

Mix 
Percentage of water 

absorbed in 28 Days 

Percentage of water 

absorbed in 56 Days 

SCC-

C 
0.56 0.629 

RFA 

20 
1.66 1.97 

RFA 

40 
2.08 2.25 

RFA 

60 
2.65 3.59 

RFA 

80 
2.5 3.86 

RFA 

100 
3.53 4.35 

Table 8: Durability properties  Results 
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VI. CONCLUSIONS 

Based on experimental studies   the following conclusion is 

drawn. 

1) The present investigations shows that  SCC made from 

recycled fine  aggregates (RFA)  gives satisfies 

workability requirements as per the desired acceptable 

limits. 

2) Slump test, V-funnel test, L-box test and the U-box test 

values all fall in the range of EFNARC limits.   

3) It justifies the replacement or use of RFA in SCC. Hence, 

recycled fine aggregates can be utilized for making SCC.  

4) Various tests conducted on recycled aggregates and 

results compared with natural aggregates are 

satisfactory. 

5) The hardened and durability characteristeics of SCC 

modified with variable replacement of FA with RFA 

shows marginal fall in strengths as well as duarability 

characteristics.  

6) From 60% to 100% replacement of Recycled Fine 

aggregate Concrete, it shows very small marginal fall in 

compressive, flexural and split tensile strength values as 

compared to conventional SCC.    

7) Some admixture like silicafume etc. can be used to 

retrieve the loss in strengths.   
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