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Abstract 

The use of recycled concrete aggregate (RCA) from construction and 

demolition wastes are showing potential relevance in construction industry as 

substitute to natural coarse aggregate (NCA) and to date very limited research 

exists exploring the use of RCA in self-compacting concrete (SCC). This 

paper examines the flowability and strength characteristics of fly ash induced 

self- compacting concrete with different percentage replacement levels of 

RCA with NCA. High Range Water reducing agent (HRWR) with and without 

VMA was used as chemical admixture to achieve the required flow ability. 

The results for various flowability index observed were within the specified 

range recommended by EFNARC (2005). Higher flow time in case of SCC 

mixes with HRWR having inbuilt VMA was observed  and can be attributed 

to the fact that VMA provides stability to the mix and is helpful in minimizing 

segregation and bleeding. In general, the strength of SCC mixes with recycled 

concrete aggregate was lower than that of conventional concrete made with 

natural coarse aggregate. Further, beyond 20% replacement level the rate of 

decrement in compressive strength was almost in the range of 17 to 22% when 

compared to reference mix.  Minimal reduction in tensile strength of fly ash 

induced self-compacting concrete with RCA was observed.  

Keywords:  Recycled Coarse Aggregate, Natural Coarse Aggregate, Fly Ash, 

XRD,     Self-Compacting Concrete, Flowability   
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1. INTRODUCTION 

Self-compacted concrete have high workability, which makes it flow through dense 

and complex reinforcement under the effect of its own weight to fill the pores by 

reducing voids without vibrators (khayat,1999)[1,2]. The author [1, 2] also reported 

that for SCC to be successful it must have high fluidity, high segregation resistance.  

The capacity of the concrete to deform and spread freely is known as High 

deformability. This property helps in filling all the space in the formwork. Further, the 

ease with which the concrete flows around the obstacles, such as reinforcement is 

known as restrained flowability characteristic. This characteristic usually is the ability 

to decrease its tendency to segregation. According to Bonen and Shah 2005 [3], the 

key factor for a successful development of SCC is to clearly understand the role of the 

different constituent material in the mix and their effects on the fresh and hardened 

properties of SCC. 

With the development in the field of superplasticizers technology this concrete type 

has become wide spread in all over the world. The advent of superplasticizers 

technology has contributed significantly to the progression and formation of SCC.  In 

SCC mixes the use of superplasticizers (HRWR) maintains the fluidity while VMA 

provides stability of the mix, resulting in high resistance against bleeding and 

segregation. The filling ability and stability of self-compacting concrete in the fresh 

state depends upon type and amount of additive like chemical admixture which is 

used.  

Further, the Indian standard IS: 456-2000[4] documents the use of industrial waste 

products, fly ash and silica fume, as mineral admixtures, which have both pozzolanic 

and cementitious properties for amending the properties of concrete which will lead to 

cost and energy saving.   

Yazici H., 2008[5] in his study concluded that the use of fly ash could increase the 

slump flow of the SCCs mixes. Moreover, the need for viscosity-enhancing chemical 

admixtures is minimized.  “Siddique [6]” reported that the use of mineral admixture 

increase the flow of the concrete mix subsequently and reduces the dosage of 

superplasticizers.  Dinakar et al. 2008[7] concluded that in case of Portland pozzolana 

cement, 30 to 50% replacement of cement with fly ash is ideal for SCC mixes. 

Further, Miura et al. 1993[8] reported that the replacement of cement by 30% fly ash 

resulted in excellent workability and flowability. It can be concluded from the 

literature [9-14] that, there is reduction in material cost of SCC with the use of 

mineral admixtures like fly ash and slag cement or viscosity-modifying agents and 

further, improves flowability and strength characteristics of the SCCs mixes. Khayat 

1999[1] and Ozawa et al 1995[15] concluded that VMA can enhance the viscosity and 

cohesiveness of SCC mixes through the addition of filler material like limestone 

powder.  They further concluded that the viscosity of concrete mixes can also be 

improved by decreasing the water/ cementitious material ratio (w/cm).  

Earlier, efforts have been made to quantify the effect of fly ash in concrete by 

determining the cementing efficiency factor (k- value) for fly ash [16]. The k- value is 

defined as the part of the pozzolanic material which can be considered as equivalent 
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to Portland cement having the same properties as concrete without the pozzolanic 

material. Babu and Rao 1993[17] observed that the k-value of fly ash with respect to 

28 days compressive strength varies over a wide range depending upon amount of fly 

ash added in the mix, water cement ratio, age of concrete and type of cement. The 

German and the British code adopted k- value of 0.3 for fly ash up to 50% with 

cement. Cementing efficiency factor of 0.5 for water to cement ratio in the range of 

0.5 to 0.65 was reported by Schies 1991[16].  The Danish standards further stipulated 

an efficiency value of 0.5 for fly ash. Babu  & Rao 1995[17] in their paper dealt with 

the Cementing Efficiency Factor and proposed that the values should be 0.3, 0.5 and 

0.6 for varying percentage of replacement. Schiess 1991[16] also reported that for w/c 

ratio between 0.5 and 0.65 a k-value of 0.5 is more appropriate for the Cementing 

Efficiency Factor. 

Very recently the use of recycled concrete aggregate (RCA) from construction and 

demolition wastes is showing potential relevance in construction industry as substitute 

to natural coarse aggregate (NCA). Since aggregate makes up most of the concrete by 

volume, it makes sense to investigate the use of concrete waste as aggregate in new 

concrete. Lower environmental pollution with saving in natural aggregate resources 

may be considered as the potential advantages of recycling coarse aggregate from 

rejected old concrete. 

Tavakoli and Soroushian 1996[18] reported that the original concrete strength along 

with percentage of the coarse aggregate in the original concrete affects the strength of 

recycled aggregate concrete. It has also been reported by the authors that water 

absorption and Los Angeles Abrasion loss of the recycled aggregate play important 

role in determining the strength of recycled aggregate concrete. The authors further 

reported that the conventional relationships between splitting tensile strength, flexure 

and compressive strength are different for recycled aggregate concrete as compared to 

natural coarse aggregate concrete. 

Ajdukiewicz and Kliszczewicz,2002[19] in their work concluded that to achieve the 

same workability as natural coarse aggregate concrete, the water content should be 

modified for recycled aggregate concrete, which may further lead to loss in 

compressive strength.  

Tuyan et al. 2014[20], commented that the cost of SCC is higher than traditional 

vibrated concretes due to the need for higher powder contents and chemical 

admixtures in SCC. Thus in order to allow SCC to reach its full potential in terms of 

industry uptake it is necessary to develop ways of making SCC more cost effective. 

The use of coarse RCA as substitutes for coarse natural aggregates in SCC offers a 

means of reducing the cost of SCC, while reducing the carbon footprint of concrete 

production. Consequently, there are both business case and an environmental 

obligation to explore the use of RCA in SCCs.   

Kou, S.C., Poon, C.S, 2009[21], Studied the fresh and hardened properties of SCC 

with recycled concrete aggregates as both coarse and fine aggregates states. Three sets 

of SCC mixes with partial replacement of recycled fine aggregate with river sand 
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were prepared the percentage of coarse recycled aggregates was fixed at 100%. The 

cement content was kept constant for all concrete mixtures.  

Grdic, et.al 2010[22] studied the flowability and strength characteristics of SCC, and 

additionally emphasized on its ecological value. In his study three sets of concrete 

mixes were prepared, where the partial replacement of coarse aggregate by recycled 

aggregate was varied by 0%, 50% and 100%. Equal consistency was achieved in all 

concrete mixes.  

Fonseca et.al, 2011[23] determined the effect of different curing conditions on the 

physical characteristics of concrete made with recycled concrete aggregate prepared 

from crushed concrete as replacement to coarse aggregate. The physical parameters 

included modulus of elasticity, compressive strength, split tensile strength, and 

abrasion resistance.  

The efficacy of different types of coarse aggregates on flowability and strength 

characteristics of SCC was investigated by Uysal, 2012[24]. Five different coarse 

aggregate types (basalt, marble, dolomite, limestone and sand stone) were used to 

produce SCC containing fly ash. The water to binder ratio for all mixes was 

maintained at 0.33.  

Zhao et. al,  2012[25] Studied on the effect of coarse aggregate gradation on the 

properties of SCC. The bulk density of aggregates with various A/B (size 5-10 mm 

coarse aggregate weight/size 10- 20 mm coarse aggregate weight ) ratios was 

investigated.  

Most of the works concluded by earlier researchers are based on production of 

ordinary or normal-workability concrete with RCA. In comparison, limited studies 

have been carried out to produce high workability concrete. This paper examines the 

mix proportioning of fly ash induced self- compacting concrete with different 

percentage replacement of RCA with NCA for desired strength with different 

chemical admixture. The scope of this research included an examination of the flow 

ability and strength characteristics of fly ash induced SCC by using High Range 

Water Reducing Agent (HRWR) with and without VMA. The explicit contributions 

of the present investigations lies in the examination of strength and flowability 

characteristics of fly ash induced self compacting concrete containing various levels 

of RCA. 

 

2. MATERIAL PROPERTIES 

The binder content for the experimental investigation consisted of Ordinary Portland 

Cement (OPC) of grades 43 and low calcium fly ash (FA). The OPC used confirms to 

IS 4031-1996 (Part 1 to 13)[26]. Fly ash samples taken from Kahalgaon Thermal 

Power plant satisfies the requirement of IS 3812 (Part 1)[27]. The physical and 

chemical properties as both the binder materials are presented in table 1 & 2.  
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Table 1: Physical Properties of Cement and Fly Ash 

Sl no. Physical Properties 
Observed value for 

cement 

Observed values for 

fly ash 

1 Specific Gravity 3.15 2.2 

2 Initial Setting (minutes) 30 min 45 min 

3 Final Setting (minutes) 600 min 280 min 

4 Consistency (%) 30% 35 

6 Fineness (m2/kg) 225 368 

 

Table 2: Chemical Properties of Fly Ash 

Sl. 

No. Test Conducted 
Observed 

Values (%) 

Requirement as per IS:3812  

(part- I):2003 Reaffirmed: 

2013 

1 Loss of Ignition 2.53 5.0(max) 

2 Silica as SiO2 59.51 35 (min) 

3 SiO2+Al2O3+Fe2O3 86.85 70(min) 

4 Available alkalis as Na2O 0.43 1.5 (max) 

5 Reactive silica 29.32 20(min) 

6 Magnesium as MgO 1.97 5.0 (max) 

7 Sulphate as SO3 2.07 3.0 (max) 

8 Total Chloride 0.032 0.05 (max) 

9 Lime Reactivity 4.9 N/mm2 4.5(min) 

 

The mineralogical structure of both cement and fly ash were examined with X-Ray 

Refraction (XRD) with Cu Ka radiation.  The XRD pattern of ordinary Portland 

cement shows peaks similar to C3S, C2S, C3A & C4AF while fly ash sample generally 

detected amorphous phase and small crystalline phase as quartz, Mullite and 
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Hematite. The XRD pattern of both the binder material is shown through figure 1 and 

figure 2. 

 

Figure 1: XRD traces of FA; Q = Quartz, M = Mullite, H = Hematite 

 

 

Figure 2: XRD traces of OPC 

 

The Recycled Concrete Aggregate (RCA) used was prepared from the crushed cube 

specimen available in the cement concrete lab of the institute. Table 3 presents the 

physical properties of recycled concrete aggregate and natural coarse aggregate. 
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Table 3:  Physical Properties of Coarse Aggregate 

Physical Properties 
Natural Coarse 

Aggregate 

Recycled 

Concrete 

Aggregate 

Size (grade) 16mm 16mm 

Aggregate Crushing Value 24% 37% 

Aggregate Impact Value 29% 23.2% 

Specific Gravity 2.713 2.47 

Water Absorption 0.755 6.76 

 

The fine aggregate used in the study was river sand with fineness modulus of 2.60 and 

confirmed to zone III as per IS: 383-1970[28] after sieve analysis. The particle size 

distribution of fine aggregate is shown in the figure 3. 
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Figure 3: Particle Size Distribution of Fine Aggregate 

 

2.2 Mix Proportioning 

Twelve different SCC mixes were examined herein with percentage replacement of 

natural coarse aggregate with RCA of 0%, 10%, 20%, 30%, 40%, 50% & 75%. High 

Range Water Reducing agent with (HRWR) with and without VMA was used as 

chemical admixture to achieve the required flow ability. The dose of HRWR without 

VMA was 2.8% by weight of cement for first five trial mixes while for other seven 
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trial mixes dose of HRWR with inbuilt VMA was 2.2% by weight of cement. Both 

the chemical admixtures were polycarboxylic ether based supplied by BSF India Ltd 

with brand name of Master Gelenium SKY 863. Further, the fly ash percentage 

replacement to the cement was kept constant at 30% and as mentioned in the previous 

section the cementing efficiency factor of 0.55 has been considered for fly ash. Mix 

Proportions detail (Based on aggregate being in the saturated surface dry condition) is 

presented in table 4. 

Table 4: Mix Proportions for 1 m3 Concrete 

Mix 

No. 

Cement 

(Kg) 

Fly 

Ash 

(kg) 

water/ 

Binder 

ratio 

Coarse 

agg. 

(kg) 

% 

RCA 

River 

sand 

(kg) 

% 

HRWR 

 

% 

HRWR 

& 

Inbuilt 

VMA 

Water 

(Liter) 

extra 

water 

(Liter) 

1 390.8 139 0.36 897 0 833.2 2.8 0 191 18.9 

2 390.8 139 0.36 710.2 10 833.2 2.8 0 191 23.2 

3 390.8 139 0.36 625 20 833.2 2.8 0 191 27.4 

4 390.8 139 0.36 541.4 30 833.2 2.8 0 191 31.5 

5 390.8 139 0.36 459.3 40 833.2 2.8 0 191 35.5 

6 390.8 139 0.36 805.3 0 831.1 0 2.2 191 18.9 

7 390.8 139 0.36 712.9 10 836.4 0 2.2 191 23.2 

8 390.8 139 0.36 627.4 20 836.4 0 2.2 191 27.5 

9 390.8 139 0.36 543.5 30 836.4 0 2.2 191 31.6 

10 390.8 139 0.36 461.1 40 836.4 0 2.2 191 35.6 

11 390.8 139 0.36 396.1 50 836.4 0 2.2 191 42.9 

12 390.8 139 0.36 198.1 75 836.5 0 2.2 191 54.8 

 

4 RESULTS AND DISCUSSIONS 

4.1  Fresh Concrete Properties 

The results of flow tests of fly ash induced SCC with RCA as coarse aggregate is 

substantiated in table 5. It can be seen that the spread for all mixes were within the 

specified range recommended by EFNARC 2005[29].   

The T500 time in case of fly ash induced SCC mixes with HRWR varied from 2 to 3.0 

sec and in case of SCC mixes with HRWR having inbuilt VMA varied from 3 to 5.5 

sec. The higher flow time in case of SCC mixes with HRWR having inbuilt VMA can 

be attributed to the fact that VMA provides stability to the mix and is helpful in 

minimizing segregation and bleeding. In case of SCC mixes with HRWR only 

bleeding as well as mortar halo in slump patty was observed. This can also be inferred 

from the visuals of SCC mixes shown in figure 4 and figure 5.  
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Table 5: Flowability Test Results 

Sl No. % Fly 

Ash 

%RCA Chemical 

Admixture 

Slump Flow 

Test 

(time in sec) 

J – Ring 

(dia-

500mm) 

Time in sec 

H2/H1  

Blocking 

Ratio 

V Funnel 

Time 

T500  T700 

1 30 0 2.8% HRWR 2 9.0 5.0 0.98 8.7 

2 30 10 2.5 9.2 4.8 0.82 9.0 

3 30 20 2.2 8.6 4.6 0.87 8.8 

4 30 30 2 8.4 4.4 0.96 8.5 

5 30 40 2.6 9.5 4.9 1.00 8.9 

6 30 0 2.2%HRWR+ 

VMA 

3 9.8 6.0 0.94 9.2 

7 30 10 4.1 10.0 5.8 0.84 9.6 

8 30 20 4.2 11.0 5.7 0.86 9.5 

9 30 30 3.8 10.6 5.4 0.94 9.4 

10 30 40 4.4 11.2 5.9 0.97 9.7 

11 30 50 4.9 -` 6.0 0.86 9.8 

12 30 75 5.2 - 6.2 0.82 10.0 

 

 

Figure 4: Visuals of SCC Mixes With 2.8% HRWR 

 

 

Figure 5: Visuals of SCC Mixes With 2.2% HRWR and Inbuilt VMA 
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From table 5 it can also be seen that the spread diameter of SCC mixes with RCA 

increases with increase in replacement level of RCA up to 40% however beyond 40% 

replacement of RCA with NCA the slump diameter decreases.  

From figure 6 it can be seen that T500 time decreases with increase in replacement 

level of RCA up to 40%. At higher replacement level the loss in slump was observed 

as flow time to reach maximum spread increases. This can be attributed to the 

decrease in free water content of SCC mixes due to the high water absorption of RCA 

at high percentage level of replacement despite water correction for water absorption 

during mix design. The same reasoning have been reported by S.C.Kou and C.S Poon, 

2004[30]; Cho and Yeo, 2004[31]. Further, the greater surface roughness and 

angularity of RCA increase the friction between coarse aggregate and cement which 

increase with high replacement level of RCA resulting in decrease in spread as 

reported by saifuddin et al., 2011, Sheriff A Khfaga, 2014[32,33]. The decrease in 

slump in case of NVC with RCA has also been reported by Yong.P.C and Teo, D.C.L, 

2009 Andreu and Miren 2014[34, 35]. 
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Figure 6: T500 Time 
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Figure 7: L Box Blocking Ratio 

 

The L box blocking index was within the specified range of EFNARC-2005. From 

figure 7 it can be interpreted that, the blocking index is between 0.8 and 0.9 for all the 

SCC mixes with RCA further, no significant blockage was observed in the J-Ring test 

as the maximum spread achieved was around 625mm.  This can also be inferred from 

the J- Ring time (T500) test results presented in table 5.  

Moreover, the mixes with high replacement level of RCA were more viscous and the 

flow was discontinuous which may have been caused due to accumulation of coarse 

aggregate in the tapered outlet of V- Funnel which can lead to mortar halo formation 

leading to high V-funnel time. This can be also be inferred from figure 7 and 8. High 

V Funnel time and low blocking ratio at high replacement level of RCA may be due 

to continued absorption of free water by RCA after mixing as reported by saifudin et 

al., 2011, S.A.Khafaga., 2014[32, 33] and Tong et al 2016[36]. Further, in case of J 

Ring test also the flow time decreased as surface texture and angularity of RCA at 

high percentage level became predominant thus increasing friction and reducing 

passing ability (table-5). 
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Figure 8: V-Funnel Time 

 

4.2 COMPRESSIVE STRENGTH TEST RESULTS 

Cube specimens prepared for compressive strength were tested in laboratory and 

different crushing strengths were found which are substantiated in table shown in 

figure 8. There was almost 5% increase in average 28 days compressive strength of 

SCC mixes with HRWR having inbuilt VMA as compared to SCC mixes with only 

HRWR. Comparative analyses of compressive strength test results are presented 

through graph shown in figure 9. 

It can be seen that increasing the recycled concrete aggregate content from 0% to 20 

% has caused almost 13% decrease in compressive strength at 28 days when HRWR 

with inbuilt VMA was added to the SCC mixes. But when the recycled concrete 

aggregate replacement was increased beyond 20%, the compressive strength loss was 

almost in the range of 15 to 20% as compared to reference mix. This can be inferred 

from figure 10. The influence of VMA on strength is also evident from the graph 

presented in figure 9. There is almost 20% increase in average compressive strength 

of SCC mixes as compared to the compressive strength of SCC mixes without VMA. 
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Figure 9: Compressive Strength Test Results 
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Figure 10: Comparative Analysis of Compressive Strength Test Results 
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The increase in rate of decrement in compressive strength at higher percentage level 

of RCA can be due to presence of deleterious material in RCA. However, at 56 days 

the loss percentage decreased when compared to 28 days strength which can be 

contributed to the fact that fly ash mixes usually gains strength after 28 days. 

In general compressive strength of SCC mixes with RCA as coarse aggregate 

decreases with increase in percentage replacement of RCA. Although the effective 

water-cement (w/c) ratio of all the SCC Mixes is same, the water added to 

recompense for the higher absorption of RCA may have contributed to the lower 

compressive strength. The same have been reported by Claudio Javier Zega & Angel 

Antonio Di Maio., 2011[37], S A khafaga 2014[33].  

 

4.3  SPLIT TENSILE STRENGTH TEST RESULTS 

From the graphical representation of the split tensile strength test results presented in 

figure 11 and figure 12, it is clear that the splitting-tensile strengths of recycled 

concrete aggregate SCC mixtures are decreasing with increase in percentage 

replacement of RCA. The same have been reported by K.C.Panda & B.K.Pal 

(2013)[38], Tuyan et al. (2014)[20], Grdic et al. (2010)[22]. The decrease was almost 

3% at 20% replacement while it was more than 4% for replacement beyond 20%. The 

decrease in strength may be attributed to the fact that RCA has higher porosity and 

lower specific gravity as compared to NCA.  
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Figure 11: Split Tensile Strength Test Results 
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It should be noted however that, in contrast to the results obtained herein, Andreu and 

Miren (2014)[35] in their study of NVC containing RCA reported that use of 20% 

RCA increased the splitting tensile strength by almost 3%. The same have been 

reported by Tang et al (2016)[39] for SCC with RCA. This may be due to the fact that 

the authors did not add extra water for high absorption capacity of RCA which may 

have decreased w/c ratio resulting in high splitting strength.  

Further, in concrete made with NCA failure occurs through the hardened cement paste 

whereas in case of SCC with RCA the failure has occurred through the aggregate 

grains as aggregate splitting was evident in most of the SCC samples with RCA.   
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Figure 12: Comparative Analysis of Split Tensile Strength Test Results 

 

5 CONCLUSIONS 

In this paper, a comparative study has been carried out to understand the performance 

behavior of fly Ash-Modified SSC Mix with recycled concrete aggregate. 

Polycarboxylate ether based High range water reducing agent with and without VMA 

was used as chemical admixture to achieve the desired flow ability. The different flow 

ability test revealed that HRWR with VMA provided stability to the mix by 

minimizing segregation and bleeding. However the passing ability of SCC mix 

reduced notably when RCA utilization was greater than 40% but was within the 

specified limit of EFNARC 2005 

The strength characteristic of SCC mix with RCA of proportion up to 20% revealed 

minimum decrease in its strength but it’s utilization beyond 20% revealed noticeable 

decrease in strength which can be due to presence of deleterious materials in RCA 

Moreover, the decrease in strength can also be attributed to the fact that RCA has low 

aggregate crushing value and specific gravity as compared to NCA. 
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Overall the experimental test results indicate that utilization of RCA between 20 -30% 

can certainly improve economic as well as environmental aspect in construction 

industry.       
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