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Abstract 
 
Self Compacting Concrete (SCC) is a liquid blend, which is appropriate for 
putting troublesome conditions and furthermore in clogged spots, without 
vibration. This sort of concrete will lessens the noise pollution and some 
health problems brought about by the vibrators and noises. Aside from those 
issues, the researches focus on the environmental and ecological issues like 
common materials exhaustion. The aim of this research is to contemplate the 
qualities and characteristics of SCCs and to the appropriateness of residue 
quarry dust to be utilized as supplanting materials for natural river sand with 
Recycled Aggregates (RA) for fluctuating extents to coarse aggregate in 
SCC.In this study the attempt is made to use the quarry dust and recycled 
aggregate individually and with the combinations in SCC. The properties 
like workability and strength parameters of SCC examined from flexural, 
tension and compression test with respect different curing periods. In 
addition to this, durable characteristics of SCC identified from alkaline attack 
test, resistance test of acid and sulphate. From the test values, workability 
parameters of SCC were fulfilled the acknowledgment according to the 
guidelines of EFNARC. An increment in alternative materials like both  
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quarry dust and recycled aggregates, the strength was seen as escalated up 
to 20% of replacements. After that strength parameters are continuously 
reducing with the increment of substitution materials. Durability 
characteristics results likewise show good execution according to standard 
codes. 

 
Keyword: Recycled aggregate, workability, Natural River sand, durability 
test, Self Compacting Concrete. 

 
 

1 Introduction 
 

The development of concrete leads towards self-compacting concrete 
(SCC), a balanced thing that, without additional compaction, flows and 
consolidations influenced by its own self weight.  
Self Compacting Concrete (SCC) is one of the special concrete and can 
encounter the impediments without the prerequisite of any sort of outside 
vibration. Since it is simply the principal progression in Japan in 1988, self 
compacting concrete has expanded well broad in Japan and European 
Nations because of its intrinsic focal points. The huge favored point of view 
of the procedure is that SCC advancement offers to restrict the opportunity or 
slaughter strong position issues in some conditions. Durability was the 
principle concern and the reason for existing was to build up a SCC blend 
that would diminish or wipe out the requirement for vibration to accomplish 
the settlement without bleeding or segregation [1]. 

In current scenario, scrap and debris from the business units and 
industries are created in high amount. Enormous amounts of these debris are 
created and are tricky and unsafe for both the living organisms and the earth 
[2]. Normally accessible natural river sand and regular coarse aggregates are 
the usually utilized as a fine and coarse aggregates in numerous nations 
throughout the world. The appeal for concrete has made this common river 
sand and natural coarse aggregate to get debilitated [3]. On one side the 
consumption of river sand in overabundance has indicated clear ecological 
effects, on the opposite side, creation of tremendous measure of quarry dust 
is being delivered during the way toward quarrying and it prompting 
numerous natural issues [4]. As such, substitution of both fine and coarse 
aggregates was made by quarry dust and recycled aggregates respectively in 
partial and combined manner by following the methodology as given in 
figure 1. 
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                      Figure 1 Study Methodology 

 

 

2 Literature Study 
 

Aswathy P.U., Mathews M. Paul (2015) completed the research conduct 
of self-compacting concrete fusing debris like bottom ash of coal at various 
substitution level of natural sand. The workability of SCC diminished with 
the hike of coal bottom ash content, in this way lessens the flowability of the 
fresh SCC. Results shows that SCC with bottom ash expanded up to 
substitution level of 10%.This show that ash can be utilized as advantageous 
cementitious materials which possess the pozzolanic reactivity [5]. 

Vaniya S.R. et al. (2016) researches on substitute material for self-
compacting concrete produced using waste like Silica sand as fine aggregate 
and further, concentrate for its strength and durability will guarantee more 
noteworthy reliability in its use. So,silica sand has been utilized as 
substitution material for natural fine aggregate in making cement of M30 
grade. Improvement in fresh properties of SCC with the addition of silica 
sand and in strength properties accomplish target mean strength by 
supplanting half of silica sand in total of natural fine aggregates, then 
decrement in the quality. In durability test with HCL and MgSO4 Solution, 
shows that rate depletion at the SCC blend in with 10% and 45% of silica 
sand [6]. 

Prashant O. Modani, Vinod M. Mohitkar (2014) has manufactured self-
compacting concrete by utilizing the recycled coarse aggregate (RCA) in 
varying substitution rate of normal coarse aggregates (NCA) from 0% to 
100% with addition of 20%. SCC made with alternative materials have 
accomplished the strength in all the blends and furthermore fulfilled the 
workability properties. Likewise endeavor to inspect the impact of RCA on 
various parameters of durability and strength of self-compacting concrete. 
SCC up to 40% of RCA has demonstrated well in durability aspects. It is 
seen that RCA can be viably utilized in SCC without considerable decrease 
in durability and strength [7]. 

Franchis David M. et al. (2019), related this study with the use of the 
materials like Cement, fine and Coarse aggregate without influencing the 
indented ecological and structural practices. The materials filled in and 
around the neutral axis neither quality nor obstruction. In this manner the  
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constituent gets supplanted by poor quality cement, PVC balls and 
polystyrene sheets (EPS) or it tends to be left empty will give a promising 
impact in lessening the utilization of materials. The practical concentrate on 
the conduct of flexural part with substitution of extended polystyrene sheets 
having different thicknesses is examined for M20 grade SCC with minimum 
of 2.8% greater than the conventional member [8].  

Rahul Sharma, Rizwan A Khan (2017), done in the advancement of SCC 
by fractional and total substitution of Copper Slag (CS) as fine aggregates. 
Six various SCC blends with 60% OPC and 40% Fly Ash and with full 
replacement of sand by copper slag at 20% intervals with consistent water-
power ratio proportion of 0.45. The flow of SCC mixes was altogether 
upgraded in the addition of copper slag. The outcomes proved that the 
strength increments up to 60% of CS as substitution, past which decline in 
compressive strength [9]. 
 

3 Material Properties 
 

 The materials used for SCC are selected from those by the conventional 
concrete industry, typical materials used for SCC are discussed here. Cement 
of Ordinary Portland type of 53 Grade with composition limits confirming to 
relevant IS code was used [10].  Coarse Aggregate (CA) of crushed stone 
from local quarry with maximum size of 12mm was used and replacement 
material for this coarse aggregate was recycled aggregates which was 
obtained from the laboratory tested specimens but should maintain the size as 
same as to the coarse aggregate about 12mm [11].  Fine Aggregate (FA) of 
natural river sand was used maximum of about 4.75mm size and replacement 
material for this natural river sand was Quarry Rock Dust obtained from 
local crushers confirming to IS Codes

 
was used in concrete to cast the 

specimens [12]. The mineral admixtures like fly ash of Class-F [13] and 
silica fume of non-crystalline form were owned to get water powder ratio in 
the mix at constant rate throughout the work. Chemical admixtures (new 
generation super plasticizers) which is a polycarboxylate ether polymer based 
along with viscosity modified one was used in appropriate proportions to 
reduces the admixture cost without compromising on quality of concrete as 
per the design specification [14]. 

 

4 Experimental Work 

 
4.1 Mix Proportions 
 

As per codal provision of IS10262:2009 design for normal conventional 
concrete was followed to achieve basic mix composition of SCC [15]. To  
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acquire the essential properties of SCC fresh concrete, the consolidation of 
synthetic admixtures, specifically powerful super plasticizers and a higher 
extent of finest materials and are important. Commonly used finer materials 
like fly ash and silica fume are taken into account. Indicative typical ranges 
of proportions and quantities are used in order to obtain self-compact ability 
as per EFNARC specifications

 
[16]. Further changes are made in the mix to 

achieve the performance necessities like flow, strength, durability and as 
tabulated in the table 1. 

 

                     Table 1: Mix Proportions of conventional and modified mixes  

Mix 

Proportions 

Cement 
FA CA W/C ratio 

Conventional  1 1.53 1.49 0.4 

Modified  1 1.605 1.445 0.36 

 

In this research, totally eight mixes investigated of about two set of four 
mixes are convoluted. In the first set of four mixes, only fine aggregate and 
its replacement material (Quarry dust) are varying (QD1, QD2, QD3, QD4) 
[17]. And for second set of four mixes, constant optimum proportion of first 
set mix (QD2) combining with coarse aggregate and recycled aggregate of 
different proportions (QD2+RCA 1, QD2+RCA 2, QD2+RCA 3, QD2+RCA 
4) as shown in the table 2. 

 
Table 2: SCC mix ratio 

 

Mix 
Fine 

Aggregate 

Quarry 

Dust 

Coarse 

Aggregate 

Recycled 

Aggregate 

SC 100% -- 100% -- 

QD1 85% 15% 100% -- 

QD2 80% 20% 100% -- 

QD3 75% 25% 100% -- 

QD4 70% 30% 100% -- 

QD2+RCA 1 80% 20% 85% 15% 

QD2+RCA 2 80% 20% 80% 20% 

QD2+RCA 3 80% 20% 75% 25% 

QD2+RCA 4 80% 20% 70% 30% 
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4.2 Test Parameters 
 

4.2.1 Workability Parameters of SCC 
 

Workability or Fresh properties of SCC are the unique one from the 
conventional concrete. Properties like filling ability, passing ability and 
segregation resistance are studied with utmost care to satisfy the condition of 
SCC as per EFNARC [16] as given in the table 3. 
 

Table 3: Workability Parameters of SCC with test methods (EFNARC, 2002) 

 

Type characteristics 
Abrams cone Slump-flow by 

Ability to fill T50cms slump-flow 
V-funnel test 

L-box Ability to pass 

V-funnel at T5minutes 
Resistance against 

segregation  

 

4.2.2 Strength Parameters of SCC 
 

Strength parameters are studied in harden concrete and it must be 
adequately enough to withstand for all the external loads which will be 
applied to it and must be adequately strong enough to withstand all the 
circumstances for which it is arranged. In the event that concrete is made 
with acceptable nature of materials and is appropriately proportioned and 
taken care of, it will be the most grounded, solid, strong and tough material. 
All the eight mixes investigated in this research are tested for different 
strength parameters. 
 

4.2.3 Durability Parameters of SCC 
 

Durability parameters are examined and directed to discover the 
protection from acid, sulphate and alkaline attack at 28 days for different 
blends of SCC. Durability attributes was concentrated by inundating the 
concrete specimens in water weakened with three percent of hydrochloric 
acid, sodium and magnesium sulphate and sodium hydroxide for acid attack 
test, sulphate resistance test and alkaline attack test respectively. 
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5 Results and Discussion 
 

For the three test parameters of SCC, results are arranged and 
conversations are made. 

 

5.1 Workability Parameters of SCC 
 

To contemplate the consequences for workability parameters of SCC 
when natural river sand was replaced by quarry dust as fine aggregate and 
recycled aggregates was used as substitution for coarse aggregate in the 
concrete and furthermore SCC tested for Slump flow, T50cms Slump flow, 
L-box, V-funnel and V-funnel T5mins. The outcome of workability 
parameters of all SCC blends are tabulated in Table 4. 

 
                   Table 4 Workability parameters of SCC mixes  

 

Mix 
Slump 

flow (mm) 

T
50cm

  

Slump flow 

(Sec) 

V-

funnel 

(Sec) 

V-funnel 

T
5mins

 

(Sec) 

L-Box 

(H
2
/H

1
) 

SC 710 3.0 8.0 14.0 0.84 

QD1 680 3.5 8.5 13.0 0.81 

QD2 665 4.0 10.0 13.5 0.85 

QD3 670 4.5 11.5 14.1 0.91 

QD4 660 4.7 11.8 14.5 0.98 

QD2+RCA 1 700 3.4 9.1 12.3 0.84 

QD2+RCA 2 690 3.5 10.2 13.3 0.88 

QD2+RCA 3 700 4.4 11.0 14.0 0.94 

QD2+RCA 4 710 4.7 11.7 14.2 0.98 

EFNARC 650 - 800 2 – 5 6 – 12 6 – 15 0.8 – 1 

 
All the estimated results of workability parameters were inside the range 

that of the qualities recommended by European Guidelines (EFNARC)
 
[16]. 

As far as slump flow, all blends shows a decent deformability and adequate 
flow streams in the coverage of 660–710 mm. T50cm slump test and V-
funnel test going from 3.0 to 4.7 seconds and 8 to 11.8 seconds separately. In 
L-Box test to maintain a strategic distance from the impact of blocking, most 
extreme size of coarse aggregate was maintained as 12 mm. According to 
EFNARC measures, L-Box proportion for all the blends was above 0.8. To 
guarantee that there will be no separation in the blends at experimental 
circumstances and extraordinary consideration ought to be taken that gives 
data about segregation. 
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      5.2  Strength Parameters of SCC 
 

To examine the quality, strength characteristics of SCC containing 
different extents of quarry dust as fine aggregate were tried for optimum 
strength attributes [18]. And also different proportions of natural coarse 
aggregate replaced by recycled coarse aggregate with maximum desirability 
of quarry dust blend mix. Three sample specimens were tested for the mean 
of each age of the strength parameter outcomes as introduced in table 5 for 
compressive, tensile and flexural strength. The outcomes for strength 
parameters were found at three different ages of 3, 7 and 28 days for cube, 
cylinder and prism as illustrated in figure 2, 3, 4. 

 
                        Table 5 Result of SCC strength parameters for different curing periods  

 

 

Strength parameters (MPa) 

Mix/ Days 
Compression Tension Flexure 

3 7  28 3 7  28 3 7  28 

SC 16.55 27.7 41.3 1.26 2.38 2.7 1.63 2.72 4.06 

QD1 13.5 24.25 33.03 1.20 1.48 1.75 1.34 2.39 3.23 

QD2 14.65 25.7 36.0 1.31 1.65 1.93 1.45 2.54 3.61 

QD3 12.86 23.2 31.9 1.15 1.57 1.89 1.27 2.23 3.15 

QD4 12.5 21.5 30.0 1.04 1.43 1.69 1.2 1.43 2.97 

QD2+RCA1 30.67 34.22 43.11 1.13 1.41 2.83 3.85 4.9 5.7 

QD2+RCA2 32.44 38.67 45.88 1.27 1.56 3.54 4.45 5.4 6.4 

QD2+RCA3 28.89 33.44 37.33 0.57 1.27 2.26 2.95 4.27 4.53 

QD2+RCA4 28.0 32.44 34.22 0.28 0.85 1.27 2.35 3.9 4.2 

 
Compressive, tensile and flexural strength of SCC calculated for 15%, 

20%, 25%, 30% of recycled aggregate as coarse aggregate with optimum rate 
of quarry dust mix ranges between 30.0 to 45.88MPa, 1.27 to 3.54MPa and 
2.97 to 6.4MPa. The utmost strength parameters of SCC was seen as 
36.0MPa, 1.93MPa and 3.61MPa at 28 days for 20% substitution of quarry 
dust by fine aggregates. Also this utmost rate of quarry dust replacement 
combining with varying in coarse aggregate proportion was examined as 
45.88MPa, 3.54MPa and 6.4MPa at 28 days for 20% of recycled aggregate 
replacement. 
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Figure 2: Illustration of SCC compressive strength with respect to curing periods  

 

 
 

Figure 3: Illustration of SCC tensile strength with respect to curing periods  
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Figure 4: Illustration of SCC Flexural strength with respect to curing periods  

 

5.3 Durability Parameters of SCC 
 

In SCC, durability parameters like acid, sulphate and alkaline attack were 
examined. The level of reduction in weight and reduction in strength were 
discovered for the age of 28 days as appeared in  
Table 6.  

 
                                Table 6 Durability parameters of SCC mixes at the curing period of 28 days 

 

 
 
 

 
 

 
 
 

 
 

 
 
 

 

Mix 

Loss in weight  
(%) 

Compressive Strength Loss  
(%) 

Acid 
resistance 

test 

Sulphate 
attack 

test 

Alkaline 
attack 

test 

Acid 
resistance 

test 

Sulphate 
attack 

test 

Alkaline 
attack 

test 

SC 3.04 1.52 1.01 10.17 5.57 4.26 

QD1 2.39 1.39 0.82 9.15 5.39 4.12 

QD2 2.21 1.26 0.75 7.42 5.08 4.03 

QD3 2.62 1.25 0.62 10.53 4.94 3.95 

QD4 2.48 1.12 0.62 8.27 4.87 3.63 

QD2+RCA1 2.15 0.89 0.44 8.45 4.30 2.57 

QD2+RCA2 2.02 0.63 0.31 7.04 4.21 2.03 

QD2+RCA3 2.24 0.50 0.25 8.35 3.91 2.22 

QD2+RCA4 2.33 0.75 0.19 10.87 3.71 2.40 
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From the acid resistance, the reduction in weight and strength were 
acquired to 2.02% and 7.04% respectively in the mix of QD2+RCA2. 

In sulphate attack trial of SCC, the loss of weight discovered least as 
0.50% in QD2+RCA3 blend and decrease in compressive strength 
discovered least in the mix of QD2+RCA4 about 3.71% as appeared in 

the figure 5 and figure 6. The depletion of weight and compressive 
strength in alkaline attack were found in the mixes of QD2+RCA4 and 

QD2+RCA2 separately about 0.19% and 2.03%. 
 

 
 

Figure 5: Durability parameters of SCC – Variance in depletion of weight 

 

 
 

Figure 6: Durability parameters of SCC – Variance in depletion of compressive 

strength 
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6 Conclusion 
 
 The mixes of SCC with partial replacement of quarry dust as fine 
aggregate and combined replacement of recycled aggregate as coarse 
aggregate with optimum quarry dust were tried out for the workability 
parameters according to EFNARC Guidelines, have fulfill the basic 
acceptance of SCC.  
 From this research outcome inferred that all the strength attributes 
paramount outcome in Q2 mix for partial replacement of fine aggregate by 
quarry dust, and for the combination replacement of fine and coarse 
aggregates by quarry dust and recycled aggregates respectively in the mix of 
QD2+RCA2 at replacement rate of 20%.   
 In the partial substitution of quarry dust higher resistance of acid was 
found than the combined substitution with recycled aggregate. Likewise the 
most extreme sulphate and alkaline resistance identified in the SCC blend of 
substitution of quarry dust and recycled aggregate. While looking at all the 
test of durability parameters, the invaded by acid was serious than sulphate. 
On the other side, loss of weight and strength of alkaline attack were found to 
be low when correlating with sulphate. 
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