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ABSTRACT 
 
The desire of humans increasing day by day to build new and 
high quality structures and to demolish the old structures. The 
demolished concrete is supplies to direct land fills and 
provides serious risk to the environment. In recent years, 
using recycled aggregates (RCA) as a substitute for natural 
aggregates in concrete has become of great interest to 
researchers. In meantime the use of RCA becomes sustainable 
and environmental friendly. The application of concrete in 
slabs, beams, columns specially areas of congested 
reinforcement requires high degree of compaction that is 
impossible to achieve at the site. For this purpose the 
self-compacted concrete (SCC) is the better solution. SCC is 
one that can flow under its own weight and fill the formwork 
completely without any need of compaction or vibration 
efforts. In this regards this experimental study has undertaken 
to investigate the flow behaviour of RCA based SCC. The 
natural crushed coarse aggregates were replaced by RCA at 
0%, 20%, 40%, 60%, 80% and 100%. The fresh properties 
were evaluated through filling ability, passing ability and 
segregation resistance tests. The results revealed that all the 
fresh properties of RCA based SCC is depends on the 
percentage of RCA. As percentage of RCA increases the 
workability of concrete decreases. The workability is adjusted 
by increasing the suitable dosage of SP. Furthermore, it is also 
noted that all the values of fresh properties lie within the 
required limits of EFNARC.  
 
Key words : self-compacted concrete (SCC), recycled coarse 
aggregates (RCA), fresh properties, filling ability, passing 
ability, segregation resistance.  
 
1. INTRODUCTION 
 
The construction industries are looking towards to the high 
consumption of natural resources and the waste generated by 
the activities of various industries [1]. Concrete is most 
widely used construction material. It is a mixture of cement, 
fine aggregates, coarse aggregates and water [2]. As the 
 

 

utilization of concrete and its constituent elements is on the 
rise throughout the world, it has increased the utilization of 
natural resources, especially aggregates in concrete, which 
forms the major part of the concrete. For example, countries 
such as China and India are among the largest consumers of 
aggregates [3]. Providing supplies of aggregates used in 
concrete from natural resources provides a serious risk to 
environment [4]. On the other hand, with the increasing 
desire of humans to build new and high quality structures and 
to demolish old structures, production is increasing. In recent 
years, using recycled aggregates as a substitute for natural 
aggregates in concrete has become of great interest to 
researchers. In the meantime, the use of recycled concrete 
aggregates (RCAs) for sustainable development and the 
production of eco friendly concrete is of great importance 
[5,6]. The applications of concrete in structural elements like 
slabs, beams, columns, footings, beam-column joints, 
slab-beam-column joints etc. specially the areas of congested 
reinforcement need high degree of efforts in concrete poring 
particularly in areas of heavy reinforcement without any 
problem of segregation. Improper compaction/vibration 
affects the durability and strength characteristics of concrete 
structures. To avoid above mentioned compaction, strength 
and durability problems the Self Compacting Concrete (SCC) 
may be the better solution [7]. 
The SCC is the special type of concrete that can flow under its 
own weight and fill the formwork completely without any 
need of vibration [8]. SCC provides very good finishing to the 
concrete surfaces without bleeding and segregation issues [9]. 
Recycled aggregates (RA) are produced from the 
re-processing of mineral waste materials, with the largest 
source being the construction and demolition waste. In 
general, the quality of RA is inferior to those of natural 
aggregates. The density of the RA is lower than natural 
aggregates and RA have a greater water absorption value 
compared to natural aggregates [10]. Various studies have 
been undertaken by numerous researchers in order to 
investigate the fresh, strength and durability properties of 
SCC by using RCA. Kou et .al studied the fresh and hardened 
properties of SCC using recycled concrete aggregates as both 
coarse and fine aggregates states. Three series of SCC 
mixtures were prepared with 100% coarse recycled 
aggregates, and different levels of fine recycled aggregates 
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were used to replace river sand. The cement content was kept 
constant for all concrete mixtures [11].Grdic et .al studied on 
the potential usage of RCA obtained from crushed concrete 
for making of SCC, and additionally emphasizing its 
ecological value. In their experiment, three types of concrete 
mixtures were made, where the percentage of substitution of 
coarse aggregate by recycled aggregate was 0%, 50% and 
100%. In the process of mixing, equal consistence of all 
concrete mixtures was achieved [12]. Fonseca et. al 
determined the influence of different curing conditions on the 
mechanical performance of concrete made with coarse 
recycled aggregate from crushed concrete. The properties 
analyzed include compressive strength, split tensile strength, 
modulus of elasticity and abrasion resistance [13]. 
The above discussion in literature is limited in terms of fresh 
properties of RCA based SCC. Hence, a broad based study is 
essential to arrive the logical conclusions. Thus, this 
experimental study is carried out to investigate all the fresh 
properties of SCC by using RCA as partial replacement of 
natural coarse aggregates.  
 
2. EXPERIMENTAL METHODOLOGY 
 
The flowchart of adopted methodology and plan of work as 
shown in figure 1 start from introduction followed by 
literature review, selection of materials, mix design, fresh 
properties of developed SCC and in last results and 
discussions. 
 

Introduction

Cement, Sand, Coarse aggregates 
(NCA & RCA)

Slump flow time & diameter, V-funnel 
time, J-ring height,  L-box height ratio 

and V-funnel time @ 5min

Mix Design by (EFNARC)

Selection of ingradients

Literature Review 

NCA repalced by RCA at (0%, 20%, 
40%, 60%, 80% and 100%)

Fresh Properties of RCA 
based SCC

Results and Discussions  
 

Figure 1: Flow chart of adopted methodology 
In this study total 6 mixes were produced with fixed water 
binder ratio 0.34 and binder content 500 kg/m3. Out of which 
one was controlled mix with 0% RCA and rest 5 mixes were 
with RCA (0 to 100%) with an increment of 20%. Table 1 
presents the details of ingredients used for developing of 1 
cubic meter of RCA based SCC.  

Table 1: Details of ingredients for manufacturing of 1 m3 

of SCC 

 
3. MATERIALS USED 
 
3.1 Cement: Ordinary Portland cement (OPC) in nature. 
 
3.2 Fine Aggregates: Fine hill sand passing from #4 sieve. 
 
3.3 Coarse Aggregates: Crushed coarse aggregates in nature 
with maximum size 12 mm. 
 
3.4 Recycled Coarse Aggregates (RCA): RCA with similar 
size 12 mm were used throughout the study adopted from 
demolished concrete. The RCA were replaced with coarse 
aggregates at 0%, 20%, 40%, 60%, 80% and 100%.  
 
3.5 Superplasticizer (SP): liquid form of polycarboxylic 
ether based SP was used throughout the study.  
 
3.6 Water: Portable water for drinking purpose is used for 
making concrete. 
 
4. RESULTS AND DISCUSSIONS 
The fresh properties of RCA based SCC were evaluated by 
three major tests filling ability, passing ability and 
segregation resistance. The filling ability of concrete was 
recorded by slump flow time T50cm, slump flow diameter and 
V-funnel time. The J-ring height and L-box height ratio were 
determined for passing ability of SCC. While the resistance to 
segregation was recorded by V-funnel test at 5 minutes. 
Figure 2 shows some pictorial views of fresh properties tests.  

 
Figure 2: Fresh properties of RCA based SCC 

Mixes PC 
Kg/m3 

FA  
Kg/m3 

CA 
Kg/m3  

RCA 
Kg/m3 W/B  Water 

Kg/m3  
SP 
% 

SP  
Kg/m

3  

CM 550 870 890 0 0.34 187 2 11 

20 RCA 550 870 712 178 0.34 187 2.2 12.1 

40 RCA 550 870 534 356 0.34 187 2.2
8 12.54 

60 RCA 550 870 356 534 0.34 187 2.5
1 13.8 

80 RCA 550 870 178 712 0.34 187 2.8
3 15.56 

100 RCA 550 870 0 890 0.34 187 3 16.5 
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For each batch various trials were made in order to optimized 
the dosage of superplasticzer to obtain the required values of 
slump flow time according to EFNARC guidelines [14]. 
Table 1 shows the optimized values of SP for each mix. 
 

Table 2: Fresh properties of RCA based SCC 
 

 

2.8
3.44

3.91
4.3

4
4.35

0

1

2

3

4

5

6

CM 20% RCA 40% RCA 60% RCA 80% RCA 100% RCA
AV
E
R
A
G
E
 S
LU
M
P 
FL
O
W
 T
IM
E
: S
E
C

MIXES

SLUMP FLOW TIME (T50cm)

 
 

Figure 3: Slump flow time 
 

78.74

7…

71.12
69.85

67.20

65.84

65

67

69

71

73

75

77

79

CM 20% RCA 40% RCA 60% RCA 80% RCA 100% RCA
AV
E
R
A
G
E
 S
L
U
M
P 
FL
O
W
 D
IA
M
E
TE
R
: C
M

MIXES

SLUMP FLOW DIAMETER

 
 

Figure 4: Slump flow diameter 
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Figure 5: V-funnel time 
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Figure 6: J-ring height 
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Figure 7: L-box height ratio 
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Figure 8: V-funnel time at 5 minutes 

 

S/No Mixes 

FILLING ABILITY PASSING ABILITY 
SEGREGATION 

RESISTANCE Slump 
flow          

(65-80 
cm) 

T50cm                
(2-5 sec) 

V-funn
el time 
(8-25 
sec) 

J-ring 
height  
(0-10 
mm) 

L-box 
height 
ratio 

(0.8-1.0) V-funnel (8-25) 

1 CM 78.74 2.8 8.87 4.25 0.9411 12 

2 20 
RCA 73.66 3.44 9.86 5 0.92 13.3 

3 40 
RCA 71.12 3.91 9.58 7.25 0.88 14.6 

4 60 
RCA 69.85 4.3 10.11 8.87 0.82 16.9 

5 80 
RCA 67.20  4 9 9.25 0.823 12.8 

6 100 
RCA 65.84 4.35 11.8 9.64 0.833 15 
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Table 2 shows the values of fresh properties of SCC with and 
without RCA. The figures 3, 4, 5, 6, 7 and 8 represents the 
graphical views of T50cm, slump diameter, V-funnel time, 
J-ring height, L-box height ratio and V-funnel time at 5 min 
respectively. The results are also compared with the SCC 
without RCA. The filling ability of SCC  reduced by replacing 
the crushed coarse aggregates by RCA. Similar trend was also 
observed by filling ability the passing ability and segregation 
resistance. As percentage of RCA increases in SCC the 
workability decreases and it is adjusted by using the 
appropriate dosage of SP. Similar trend was also observed by 
[15] by using cementitious materials as partial replacement of 
cement. Furthermore, the results revealed that all the fresh 
properties of SCC with and without RCA are in required 
range according to EFNARC guidelines [14].  

5. CONCLUSION 
From the above discussions made it may be concluded that all 
the fresh properties of RCA based SCC is depends on the 
percentage of RCA used. The fresh properties can be adjusted 
with the appropriate dosage of SP. Filling ability, passing 
ability and segregation resistance of SCC decreases with 
increasing the RCA content. However the extent of decrease 
is not of that order to considered as major factor. Moreover, it 
is also noted that all the values of fresh properties of RCA 
based SCC lie within the specified limits of EFNARC.   
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