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Abstract— Concrete is the most widely used construction 

material. Inadequate compaction of concrete results in large 

number of voids, concrete pouring and compaction on 

structural element with dense reinforcement and beam 

column joint are difficult. Self compacting concrete (SCC) 

is new type of concrete that has flow ability, filling ability, 

passing ability and stability. Coarse aggregate is one of 

these factors that have a significant influence on SCC. The 

use of recycled coarse aggregate (RCA) in any concrete is 

an effort of recycle waste and new development in 

environmental friendly concrete. Ternary blended concrete 

(TBC) improves strength, durability and also it is eco 

friendly in nature. In this research ternary blended SCC of 

50 grades is designed by replacing natural coarse aggregate 

with recycled aggregate from roof slab of 25years old. The 

% replacements are 0, 25, 50, 75 and 100. Also, the cement 

is partially replaced with 10% Metakaolin by weight of 

binder. Super-plasticizer is added at a dosage of 1.0%, by 

cement weight, to achieve the flow characteristic of SCC. 

The mix that has the large slump flow is tested with V-

funnel and L-box and the results are presented. Further the 

compressive strength, split tensile strength and flexural 

strength are conducted at the age of 7days, 28days and 

56days for SCC 50 grade of concrete. The results indicated 

that the compressive strength of 25% and 50% replaced 

recycled aggregate Self compacting concrete is nearly equal 

to natural aggregate Self Compacting Concrete at 7, 28, 56 

days age of concrete. The split tensile and flexural strength 

of 25% replaced recycled aggregate Self compacting 

concrete is nearly equal to Natural aggregate Self 

Compacting Concrete at respective age of concrete. At all 

ages Flexural strength shown decrease in trend with the 

increase in replacement of recycled aggregate. From the 

research work keeping economy, eco-friendliness and 

compressive strength in point of view convectional 

aggregate can be replaced with recycle aggregate concrete 

by 50% in ternary blended self compacting concrete. 

Key words: Metakaolin, Recycled Aggregate (RCA), 

Superplasticiser, Natural Aggregates etc 

I. SELF COMPACTING CONCRETE INTRODUCTION 

Self Compacting Concrete as the name signifies that, it can 

be able to compact itself without any additional vibration or 

compaction i.e. without application of any other external 

energy. It should be able to assume any complicated form 

work shapes without cavities and entrapped of air. The 

reinforcement should be effectively covered and the 

aggregates should be fully soaked with the concrete mix. In 

addition, the concrete should be self-compacting type and 

self-deforming without any external mode of compaction. 

II. TERMINOLOGY 

 Scc- Self Compacting Concrete 

 Psc- Portland Slag Cement 

 Nca- Normal Coarse Aggregate 

 Rca- Recycled Coarse Aggregate 

 Asr- Alkali-Silica  Reactivity  

 Tbc- Ternary Blended Concrete 

 Ra - Recycled Aggregate 

III. OBJECTIVE OF PAPER 

The main objective of the present work is to study the 

behavior of Self-Compacting Concrete at different % 

replacement of recycled aggregate. The strength parameters 

consider was Compression strength, Split Tensile strength 

and Flexural strength. The strengths are studied at 7 days, 

28days and 56days of curing. 

In the present study, it is planned to produce SCC 

by trial and error using locally available materials and study 

the fresh concrete properties. Elaborate experimental 

programme is produced to make SCC satisfying all the 

minimum requirements in the laboratory.  

IV. INGREDIENTS OF MATERIALS 

Different ingredients used in this work are 

1) Portland slag Cement 

2) Fine aggregate 

3) Coarse aggregate 

1) Normal coarse aggregate (NCA) 

2) Recycled coarse aggregate (RCA) 

4) Metakaolin 

5) Water  

6) Super Plasticizer  

A. Test Data for Materials 

a) Cement used -Portland Slag Cement 

 Specific Gravity = 3.12 

b) Specific gravity of recycled coarse aggregate=2.64 

 Specific Gravity of natural Coarse Aggregate=2.76 

 Specific Gravity of Fine Aggregate =2.56  

c) Water Absorption Normal Coarse Aggregate    =   0.4% 

 Water Absorption Recycled Coarse Aggregate 

=0.5% 

 Water Absorption Fine Aggregate  =0.4% 

d) Free Moisture 

 Coarse Aggregate=nill 

 Fine Aggregate=    nill   
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V. DESIGN OF SELF-COMPACTING CONCRETE MIX  

BY NAN SU METHOD 

A. S/a Ratio 

It is the ratio of fine aggregate to total aggregate which 

ranges usually between 50-57%. Now for the present study 

s/a is taken as 52% 

B. PF (Packing Factor) 

It is defined as a ratio of mass aggregate of tightly packed 

state to of that loosely packed state. 

1) Step 1: Calculation of coarse aggregate and fine 

aggregate 

The measure of coarse aggregate and fine aggregate was 

determined by knowing packing factor 

Wfa =PF x Wfal x 
𝑠

𝑎
 

Where Wfal = Unit weight of the fine aggregate=1543.7 gm 

PF  = packing factor = 1.078;  

s/a = 52% 

Wfa = 1.078 x 1543.7 x 0.52 

Wfa = 865.3 kg 

Wca = PF x Wcal x(1- 
𝑠

𝑎
) 

Where Wfal = Unit weight of the coarse aggregate=1468.15 

gm 

PF  = packing factor = 1.098; 1-s/a = 48% 

Wca = 1.098 x 1468.15 x 0.48 

Wca = 773.78 kg 

C. Step 2: Calculation of cement content 

Generally High Performance Concrete (HPC) and SCC are 

used in Taiwan, Yield a compressive strength of 

0.14Mpa/kg of cement. Therefore, the cement content to be 

used was calculated from the equation 

C=
𝑓𝑐

0.14
 

Where     fc= Designed strength of concrete=58.25 N/mm2 

C=
58.25

0.14
 =416.071 kg 

1) Step 3: Calculation of mixing water content required by 

weight of    cement 

The relationship between compressive strength and water-

cement ratio for SCC is similar to that of conventional 

concrete. 

Wwc = 
𝑤

𝑐
 x  C 

where    C    = Compressive strength ,0.14Mpa/kg of 

cement=58.25 

Wwc = Mixing water content required by cement , kg/m3 
𝑤

𝑐
     = The water-cement ratio by weight, which can be    

determined by compressive strength=0.35 

Wwc = 0.35 x 416.071 

Wwc = 145.62 kg 

2) Step 4: Calculation of Filler 

Filler is used to increase the content of powder. The volume 

of the filler paste Vpf can be calculated as followes, 

Vpf= 1- 
𝑊𝑐𝑎

 1000𝑋𝐺𝑐𝑎
 - 

𝑊𝑓𝑎

1000𝑋𝐺𝑓𝑎
 - 

𝐶

1000𝑋𝐺𝑐
 -

𝑊𝑤

 1000𝑋𝐺𝑐
-va 

Where           Wf =Mass of filler, 

                      Va =Air content in %, 

                      Gf = Specific gravity of filler, 

                     
𝑤

𝑝
 = Water-powder ratio. 

volume of Metakaolin 

Vpf = 1- 
773.78

 1000𝑋2.76
 - 

865.3

1000𝑋2.64
 - 

416.071

1000𝑋3.03
 -

145.62

 1000𝑋1
-0.02 

                 Vpf =1-0.28-0.328-0.137-0.145-0.02 

                Vpf  = 0.09% 

Amount of Metakaolin required  

Wf=
[𝑉𝑝𝑓 𝑋 1000 𝑋𝐺𝑝𝑓]

[1+(
𝑤

𝑝
)𝑋𝐺𝑓]

 

= 
[0.09𝑋 1000 𝑋2.6]

[1+(0.82)𝑋2.6]
 

Wf = 
234

3.132
 =75 kg 

Mixing water content required by filler was calculated using 

equation 

Wwf = 
𝑤

𝐹
 + Wf 

Wwf = 0.9 x75 = 67.5 kg 

Where , Wwf =Quantity of water required for filler 

3) Step 5: Calculation of mixing water content needed in 

SCC 

The mixing water content required(Wf) for SCC is the total 

amount of water needed and filler in mixing. therefore, it 

can be calculate as follows 

Ww = Wwc + Wwf 

         =145.62 +67.5 

   =213.12kg 

4) Step 6: Calculation of super plasticizer dosage 

The quantity of super plasticizer is determined from 

experience or from its saturation point. water content to be 

added in the mix can be corrected, so that requirement of 

SCC can be satisfied. 

5) Step 7: Mix proportions 

Total powder content =Cement + Metakaolin 

Wp = 416.071+67.5 

Wp = 483.571 kg's    

Ww =Total water -20% due to adding of super plasticizer 

Ww = 213.12 -20% 

Ww =170.496 kg's 

Therefore, the mix proportions of SCC mix were 

Mix proportion of SCC is 

                        483.571:865.3:773.78 

                         1: 1.78:1.60: 0.35 

Where 1 means cement and metakaolin fine aggregate 

1.60 means coarse aggregate 

0.35 means water cement ratio 

VI. TEST RESULTS OF CUBES, CYLINDERS & PRISMS 

SCC test methods have two main purposes. First is to judge 

whether the concrete is self-compatible or not and the 

second is to evaluate deformability or viscosity for 

estimating proper mix proportionality. Conventional 

workability tests, devised for normal range of concrete 

mixture are not adequate for SCC, because they are not 

sensitive enough to detect the tendency to segregation. 

Therefore test equipment were fabricated for judging the 

following characteristics are Filling ability, Passing ability, 

Resistance to segregation. 

A. Filling Ability:- 

1) Slump Flow Test 

2) V-Funnel Test 

3) T50 Slump Flow 

B. Passing Ability:- 

1) L-Box Test 

2) U-Box Test 

3) CONCRETE FLOW 
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The results of workability tests are shown in Table 

5.1. The results obtained are within the range of acceptance 

criteria of Self-Compacting Concrete according to EFNARC 

standards. 

S.No Method Test Results 

1 Slump flow, mm 670 

2 T50 Slump flow, sec 5 

3 
V-Funnel, sec 

T5min 

10 

12 

4 

L-Box Test (H2/H1) 

H1 (mm) 

H2 (mm) 

H2/H1 

0.83 

95 

115 

0.83 

Table 1: 

The specimens were tested as per IS 516:1959 and 

strengths were calculated for 14,28 days& 56 days 

 Compressive strength test is conducted on 1000 KN 

capacity compression testing machine. 

GPC cubes (100x100x100mm) are cast by varying 

molarity and cured in ambient conditions. All 

specimens were tested for different ages (14, 

28,56days). 

 Flexural Test was conducted to obtain the modulus of   

rupture or first crack developed and full collapse of the 

beam. The flexural test was conducted on sunlight 

cured prism beams (500mm x 100mm x 100mm). The 

test was conducted after 14 & 28and 56 days age of 

concrete. 

 Split Tensile Strength The cylindrical specimens 

(150mmDia and 300mm height) are tested on tensile 

testing machine 1000KN capacity. 

C. Compressive Strength of SCC 

 
Fig. 1: 

 
Fig. 2: Compressive strength of M50 grade concrete at all 

ages with different % replacement of RA. 

Compressive strength (MPa) for M50 grade concrete is 

observed at 7, 28 & 56 days for different % replacement of 

RA (i.e. 0%, 25%, 50%, 75%, and 100% respectively). 

From the figure 1, at 7 days age, the compressive 

strength of 25% and 50% replaced recycled aggregate SCC 

is nearly equal to natural aggregate SCC. Strength is found 

to be decreased as the % replacement increased for 75% and 

100% replacement. The decrease in strength is up to 50.45% 

for 75% replacement and 45.3% for 100% replacement.  

From the figure 1, at 28 days age, the compressive 

strength of 25% and 50% replaced recycled aggregate SCC 

is nearly equal to natural aggregate SCC. Strength is found 

to be decreased as the % replacement increased for 75% and 

100% replacement. The decrease in strength is up to 52.21% 

for 75% replacement and67.62% for 100% replacement. 

From the figure 1, at 56 days age, the compressive strength 

of 25% and 50% replaced recycled aggregate SCC is nearly 

equal to natural aggregate SCC. Strength is found to be 

decreased as the % replacement increased for 75% and 

100% replacement. The decrease in strength is up to 52.31% 

for 75% replacement and 67.57% for 100% replacement. 

The strength of 75% and 100% replacement of RA 

decreases gradually when compare with 50% replacement at 

all ages. The percentage decreases in strength is within the 

range 50-65% at 75% and 100% replacement at all ages 

when compare with 0% replacement. The strength variation 

for 25% and 50% is very marginal (only 3%) where 50% 

replacement shown higher strengths at all ages . It is 

observed that normal aggregate can be replaced with 

recycled aggregate by 50% in the view of developing eco 

friendly concrete. 

 
Fig. 3: Variation in compressive strength of different % of 

RCA 

It is observed that the strength increases at 50% 

when compare with 25% but the trend is decreases  At 56 

days and 50% replacement of RA but the rate of increase in 

strength is low. 

 Rapid increase in strength at 28days when compare 

with 7days 

 There is not much variation strength between 28days 

and 56days marginal 2-5%. 

 For 0%, 25%, 50% replacements the rate of increase is 

about 50% in strength when compare with 7days in age 

of 28 and 56days. 

 For 75% and 100% replacement the strength is increase 

by 10-12% in strength when compare with 7days in age 

of 28 and 56days 

 At all ages up to 50% strength does not decrease 

remarkably when compare to 0% replacement but for 

75% and 100% strength decreases gradually. 
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 It is observed that recycled aggregate can be replacing 

50%. 

 Beyond 50% replacement the rate of increase in 

strength reduced remarkably from 7 to 28days.This 

indicates that further replacement of recycled aggregate 

gives no better than 7days strength    

D. Split Tensile Strength 

 
Fig. 4: 

 
Fig. 5: Split tensile strength of M50 grade concrete at all 

ages with different % replacement of RA. 

Split tensile strength (N/mm2) for M50 grade 

concrete is observed at 7, 28 & 56 days for different % 

replacement of RA (i.e. 0% , 25% , 50% , 75% , 100% 

respectively). 

From the figure1 at 7 days age, the split tensile 

strength of 25% and 50% replaced recycled aggregate SCC  

is nearly equal to natural aggregate SCC. Strength is found 

to be decreased as the % replacement increased for 75% and 

100% replacement. The decrease in strength is up to 35.29 

% for 75% replacement and 62.2 for 100% replacement. 

From the figure 1, at 28 days age , the split tensile strength 

of 25% and 50% replaced recycled aggregate SCC  is nearly 

equal to natural aggregate SCC. Strength is found to be 

decreased as the % replacement increased for 75% and 

100% replacement. The decrease in strength is up to 9.26 % 

for 75% replacement and 41% for 100% replacement. 

From the figure 1, at 56 days age, the split tensile 

strength of 25% and 50% replaced recycled aggregate SCC 

is nearly equal to natural aggregate SCC. Strength is found 

to be decreased as the % replacement increased for 75% and 

100% replacement. The decrease in strength is up to 10.7 % 

for 75% replacement and 43.4% for 100% replacement. 

The strength of 75% and 100% replacement of RA 

decreases gradually when compare with 50% replacement at 

all ages. The percentage decreases in strength is within the 

range 45-62% at 75% and 100% replacement at all ages 

when compare with 0% replacement. The strength variation 

for25% and 50% is very marginal (only 15%) where 50% 

replacement shown higher strengths at all ages. It is 

observed that normal aggregate can be replaced with 

recycled aggregate by 50% in the view of developing eco 

friendly concrete. 

 
Fig. 6: variation in split tensile strength of different % of 

recycled 

It is observed that the strength increases at 50% 

when compare with 25% b At 56days and 50% replacement 

of RA but the rate of increase in strength is low. Rapid 

increase in strength at 28days when compare with 

7days.There is not much variation strength between 28days 

and 56days marginal 2-5%. 

For 0%, 25%, 50% replacements the rate of 

increase is about 20% in strength when compare with 7days 

in age of 28 and 56days For 75% and 100% replacement the 

strength is increase by 20-25% in strength when compare 

with 7days in age of 28 and 56days but the trend is decrease 

when compare with 25% and 50%  ,At all ages up to 50% 

strength does not decrease remarkably when compare to 0% 

replacement but for 75% also increases and 100% strength 

decreases gradually It is observed that recycled aggregate 

can be replace 50%Beyond 50% replacement the rate of 

increase in strength reduced remarkably from 7 to 

28days.This indicates that further replacement of  recycled 

aggregate gives no better than 7days strength    

E. Flexural Strength of SCC 

 

Fig. 7: 
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Fig. 8: Flexural strength of M50 grade concrete at all ages 

with different % replacement of RA 

Flexural strength (N/mm2) for M50 grade concrete 

is observed at 7, 28 & 56 days for different % replacement 

of RA (i.e. 0% , 25% , 50% , 75% , 100% respectively)From 

the figure 5.1.3, at 7 days age , the flexural strength of 25% 

and 50% replaced recycled aggregate SCC  is nearly equal 

to natural aggregate SCC. Strength is found to be decreased 

as the % replacement increased for 75% and 100% 

replacement. The decrease in strength is up to 20.82% for 

75% replacement and 35.29 for 100% replacement. 

From the figure1 at 28 days age , the Flexural 

strength of 25% and 50% replaced recycled aggregate SCC  

is nearly equal to natural aggregate SCC. Strength is found 

to be decreased as the % replacement increased for 75% and 

100% replacement. The decrease in strength is up to 17.24% 

for 75% replacement and 21.05% for 100% replacement. 

From the figure1  at 56 days age , the flexural 

strength of 25% and 50% replaced recycled aggregate SCC  

is nearly equal to natural aggregate SCC. Strength is found 

to be decreased as the % replacement increased for 75% and 

100% replacement. The decrease in strength is up to 34.64% 

for 75% replacement and 37.69% for 100% replacement. 

The strength of 75% and 100% replacement of RA 

decreases gradually when compare with 50% replacement at 

all ages. The percentage decreases in strength is within the 

range 30-40% at 75% and 100% replacement at all ages 

when compare with 0% replacement. The strength variation 

for25% and 50% is very marginal (only 9%) where 50% 

replacement shown higher strengths at all ages . It is 

observed that normal aggregate can be replaced with 

recycled aggregate by 50%  in the view of developing eco 

friendly concrete. 

 
Fig. 9: variation in compressive strength of different % of 

recycled 

It is observed that the strength increases at 50% when 

compare with 25% but the trend is decreases 

At 56days and 50% replacement of RA but the rate 

of increase in strength is low Rapid increase in strength at 

28days when compare with 7days There is not much 

variation strength between 28days and 56days marginal  2-

5% For 0% , 25% , 50% replacements the rate of increase is 

about 30% in strength when compare with 7days in age of 

28 and 56days For 75% and 100% replacement the strength 

is decrease by 10-12% in strength when compare with 7days 

in age of 28 and 56days At all ages up to 50% strength does 

not decrease remarkably when compare to 0% replacement 

but for 75% and 100% strength decreases gradually It is 

observed that recycled aggregate can be replace 50% 

Beyond 50% replacement the rate of increase in 

strength reduced remarkably from 7 to 28days.This indicates 

that further replacement of recycled aggregate gives no 

better than 7days strength   but the trend is decreases 

VII. RELATION BETWEEN COMPRESSIVE STRENGTH AND 

SPLIT TENSILE STRENGTH 

Table 5.2 exhibits results of splitting tensile strength at 

28days for all RA replacement percentages in SCC. 

These values vary between 9.3% and 13% of their 

respective original compressive strengths. Several 

researchers and different codes proposed relation between 

compressive strength and split tensile strength as below. 

The American Concrete Institute (ACI) [31] recommends the 

following equation 

Ft = 0.56 X (fc) 0.5 …………….. Eq-1 

Hueste et al. (2004) [29] proposed similar equation as below 

 Ft= 0.55 X (fc) 0.55 …………….. Eq-2 

Yun Wang Choi et al. (2004) [30], proposed relation between 

compressive strength and split tensile strength for light 

weight self compacting concrete as below 

Y= 0.076 X + 0.5582 …………. Eq-3 

Where X = Compressive strength and 

Y= split tensile strength at 28 days. 

S.N

o 

Percentag

e 

replacem

ent 

Split 

tensile 

streng

th 

(MPa) 

Compressi

ve 

Strength 

(MPa) 

Estimated 

Split Tensile 

Strength 

(MPa) 

as per 

equations 1, 2 

and 3 

1 0 4.29 55.7 
4.1

8 

5.0

2 

4.7

9 

2 25 3.96 54.2 
4.1

2 

4.9

4 

4.6

8 

3 50 3.3 55.7 
4.1

8 

5.0

2 

4.7

9 

4 75 3.91 32.3 
3.1

8 

3.7

2 

3.0

1 

5 100 2.38 27.6 
2.9

4 

3.4

1 

2.6

5 

Table 2: Results of splitting tensile strength at 28days for all 

RA replacement percentages in TB SCC 

The split tensile strength values obtained by the 

experimental work are lesser values when compared to 

theoretical values. 

VIII. RELATION BETWEEN COMPRESSIVE STRENGTH AND   

FLEXURAL STRENGTH 

Table exhibits results of flexural strength at 28days for all 

RA replacement percentages in SCC. These values vary 

between 9.8% and 10.4% of their respective original 

compressive strengths. Several researchers and different 
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codes proposed relation between compressive strength and 

Flexural strength as below. 

The following equation is used in Indian standards      

IS-456-2000[32] to compute the flexural strength from its 

compressive strength. 

Flexural strength = 0.7 X fck0.5 …… Eq-4 

While Central Road Research Institute (CRRI) [28] 

has suggested: 

Y=11.0x – 3.4.............Eq-5 

Where Y=Comp. Strength and x = Flexural 

strength Results of flexural strength at 28days for all RA 

replacement percentages in TB SCC. 

 

S.n

o 

Percentage 

replaceme

nt 

Flexur

al 

strengt

h 

(MPa) 

Compressi

ve 

Strength 

(Mpa) 

Estimated 

flexural 

strength 

Strength 

(Mpa) 

as per 

equations 4 

and 5 

1 0 5.04 55.7 
2.6

1 
 

5.3

7 

2 25 4.78 54.2 
2.5

8 
 

5.2

4 

3 50 4.57 55.7 
2.6

1 
 

5.3

7 

4 75 4.24 32.3 
1.9

9 
 

3.2

4 

5 100 4.08 27.6 
1.8

4 
 

2.8

1 

Table 2: 

The flexural strength values obtained by the 

experimental work are in      between Equations 4 and 5. 

These values are nearly equal to CRRI equation.  The 

relationship between split, compression and flexural 

strengths shown similar trends as observed by Pamnani 

Nanak J., et al [28] 

The split tension and flexural strengths obtained 

shown little deviation from the empirical values because 

present concrete is Ternary blended self-compacting 

recycled aggregate concrete which is slightly 

different from other concrete 

IX. RESULTS AND CONCLUSIONS 

From the limited research work conducted the following 

conclusions are drawn 

1) The compressive strength of 25% and 50% replaced 

recycled aggregate Self compacting concrete is nearly 

equal to natural aggregate Self Compacting Concrete at 

7, 28, 56 days age of concrete. 

2) The decrease in strength is up to 50.45% for 75% 

replacement and 45.3% for 100% replacement for 7 

days. 

3) And it is about 52.21% and 67% for 28days and 56days. 

4) The compressive strength decreased with the increase in 

replacement percent of recycled coarse aggregate 

beyond 50%. 

5) The compressive strength of the 7, 28, 56 days of 

recycled aggregate self compacting concrete achieved 

required compressive strength up to 50% replacement 

of recycle coarse aggregate. 

6) The split tensile strength of 25% replaced recycled 

aggregate Self compacting concrete is nearly equal to 

Natural aggregate Self Compacting Concrete at 7, 28, 

56 days age of concrete. 

7) At an age of 7, 28, 56 days split tensile strength of 

concrete decreased as the % replacement increased. 

8) The Flexural strength of 25% replaced recycled 

aggregate Self compacting concrete is nearly equal to 

Natural aggregate Self Compacting Concrete at 7, 28, 

56 days age of concrete. 

9) At all ages Flexural strength shown decrease in trends 

with the increase in replacement of recycled aggregate. 

10) As the replacement of recycled aggregate increased 

beyond 50% , the strength improvement is not 

remarkable beyond 7days of age. 

11) The obtained values shown slight deviations from the 

empirical values. 

12) The split tensile and flexural strengths of Ternary 

blended self compacting recycled concrete is varies 

from conventional concrete and conventional self 

compacting concrete. Hence relation between the 

strength parameters should be established. 

From the present research work, keeping economy, eco 

friendly and compressive strength in point of view, 

convectional aggregate can be replaced with recycle 

aggregate concrete by 50% in ternary blended self 

compacting concrete 

X. SCOPE 

Scope of the thesis is followed below: 

Effect of different curing methods on mechanical 

properties like compressive strength, split tensile strength 

and flexural strength of Ternary Blended Recycle Coarse 

Aggregate Self Compacting Concrete can be studied. 

Durability studies like Temperature effects , Acid 

attacks of Ternary Blended Recycle Coarse Aggregate Self 

Compacting Concrete can be studied. 

Mechanical properties like compressive strength, 

split tensile strength and flexural strength of binary Blended 

Recycle Coarse Aggregate Self Compacting Concrete can be 

studied. 

Effect of different curing methods on mechanical 

properties like compressive strength, split tensile strength 

and flexural strength of Binary Blended Recycle Coarse 

Aggregate Self Compacting Concrete can be studied. 

Durability studies like Temperature effects, Acid 

attacks of Binary Blended Recycle Coarse Aggregate Self 

Compacting Concrete can be studied. 

ACKNOWLEDGEMENT 

The author would like to thank to P.RAMALINGA CHARI, 

ASST.Professor, department of civil engineering, DMS 

SVH College of Engineering, Machilipatnam, Andhra 

Pradesh, India,  

For his extensive guidance. The author would also 

like to thank the Department of Civil Engineering, lab 

technicians of DMS SVH College of Engineering, 



Studies on Mechanical Properties of Ternary Blended Self Compacting Concrete Using Different Percentages of Recycled Aggregate 

 (IJSRD/Vol. 5/Issue 01/2017/406) 

 

 All rights reserved by www.ijsrd.com 1485 

Machilipatnam, and Andhra Pradesh, India to make this 

work Successful. 

The author would like to thank to 

P.VENKATESWARA PRSAD, Professor& Head of civil 

engineering, vikas Engineering College, Vijayawada Andhra 

Pradesh, India, 

REFERENCES 

[1] Is 3812-1981, Indian standards specification for fly ash 

for use of pozzolona and admixture, Bureau of Indian 

Standards. New Delhi. 

[2] Hajime Okamura, “Self-Compacting High Performance 

Concrete-Ferguson Lecture for 1996”, Concrete 

International, Vol.19, No.7, pp. 50-54. 

[3] Ozawa K., Kunishama M, Maekawa K, “Development 

of High-performance Concrete Based on the Durability 

Design of Concrete Structures” Proceeding of the 

second East-Asia and Pacific Conference on Structural 

Engineering and construction (EASEC-2), Vol.1, pp. 

445-450, January 1989. 

[4] K C Panda, P K Bal, "Properties of self compacting 

concrete using recycled coarse aggregate", procedia 

engineering 51(2013) 159-164. 

[5] A.V.S.Sai. Kumar, Krishna Rao B, "A Study on 

Strength of Concrete With Partial Replacement Of 

Cement With Quarry Dust And Metakaolin", 

International Journal of Innovative Research in Science, 

Engineering and Technology, Vol. 3, Issue 3, March 

2014. 

[6] Heba A. Mohamed, " Effect of fly ash and silica fume 

on compressive strength of self-compacting concrete 

under different curing conditions", Ain Shams 

Engineering Journal (2011) 2, 79– 86. 

[7] Tsai-Lung Weng, Wei-Ting Lin, An Cheng, " Effect of 

Metakaolin on Strength and Efflorescence Quantity of 

Cement-Based Composites ", The Scientific World 

Journal, Volume 2013, Article ID 606524, 11 pages. 

[8] Vengal, J., Sudarshan. M.S. and Ranganath. R.V., 

“Experimental Study for obtaining Self-Compacting 

Concrete”, The Indian Concrete Journal, Vol. 77, No.8, 

August 2003, pp. 1261-1266. 

[9] PraveenKumar, Mohd. AjazulHaq and S.K. Kaushik, 

“Early age strength of SCC with large volume of fly 

ash”, The Indian Concrete Journal, Vol. 78, June2004, 

No. 6, pp. 25-29. 

[10] Turcry, P. and Loukili, A., “A Steady of Plastic 

Shrinkage of Self-  Compacting Concrete”, Proceedings 

of the 3rd International RILEM Symposium on Self-

Compacting Concrete, O. Wallevik and I. Neilsson, Ed., 

REILM Publications, 2003, pp. 576-585. 

[11] Sudhir P.Patil, Keshav K.Sangle, "Flexural Strength 

Evaluation of Prestressed Concrete Beams with Partial 

Replacement of Cement by Metakaolin and Flyash", 

American International Journal of Research in Science, 

Technology, Engineering & Mathematics, ISSN (Print): 

2328-3491, ISSN (Online). 

[12] Rajayogan V. and Santhanam M., “Evaluation of 

Hydroxy PropylStarch  as a Viscosity Modifying 

Agent for Self-Compacting Concrete”, M.Tech 

Dissertation, Building Technology and Construction 

Management Division, Department of Civil 

Engineering, Indian Institute of Technology, Madras, 

January. 

[13] Mahesh, Y.V.S.S.U., and Santhanam M., “Simple Test 

Methods to Characterize the Rheology of Self-

Compacting Concrete”, The Indian Concrete Journal, 

Vol.78, No. 6, June 2003, pp. 39-43. 14. Edamatsu et 

al., “A mix design method for Self-Compacting 

Concrete based on mortar flow and funnel tests”, 

Proceedings of the third international RILEM 

Symposium on Self-Compacting Concrete, O.Wallevik 

and I. Neilsson, Ed., RILEM publications 2003, pp. 

345-355. 

[14] Peter, J. Annie, Lakshmanan, N. Manoharan, P. 

Devadas, Gopal Krishnan, S. and Rajamane, N.P., 

“Studies on utility of fly ash in development of Self-

Compacting Concrete”, Proceedings of National 

seminar on Advances in concrete technology and 

concrete structures for the further, Annamalianagar, 

December 2003, pp. 59-66. 

[15] Bapat, S.G., Kulkarni, S.B. and Bandekar, K.S., “Using 

SCC in Nuclear Power Plant- Laboratory and Mock-Up 

Trails at Kaiga”,The Indian Concrete Journal, Vol. 78, 

No. 6, June 2003, pp. 51-57  

[16] Amit Mital, Kaisare, M.B. and Shetti, R.G., “Use of 

SCC in a Pump House at TAAP 3 & 4, Tarapur”, The 

Indian Concrete Journal, Vol.78, No. 6, June 2003, 

pp.11-22. 

[17] 18. Santhanam,M. and Subramanian, S.,“Current 

Developments in Self-Compacting Concrete’, The 

Indian Concrete Journal, Vol.78,No. 6, June 2003, pp. 

11-22. 

[18] Persson,  B.,  “Internal  frost  resistance  and  salt  frost  

scaling  of SCC”, Cement Concrete Research, 2003, 

Vol. 33, pp.373-379. 20. Praveen Kumar and Kaushik, 

S.K., “Can Marginal Materials be used to produce Self-

Compacting Concrete”, International Symposium on 

Innovative World of Concrete, Organized by Indian 

Concrete Institute, Pune Centre. 

[19] Bernardinus Herbudiman, AdhiMulyawanSaptaji, 

“Self-Compacting Concrete with Recycled Traditional 

Roof Tile Powder", Procedia Engineering 54 ( 2013 ) 

805 – 816. 

[20] Nan Su, Kung-Chung Hus, His-Wen Chai, “A simple 

mix design method for Self-Compacting Concrete” 

Cement and Concrete research, Vol. 31, 6 June 2001, 

pp 1799-1807 

[21] IS 455-1989.Indian standard Portland slag cement-

specification. Bureau of Indian Standards. New Delhi. 

[22] IS 4031- 1988(part 1- 6). Indian Standard code of 

practice for Methods of physical tests for hydraulic 

cement,. Bureau of Indian Standards. New Delhi. 

[23] IS 383-1970. Specifications for Coarse and Fine 

Aggregates from Natural Sources of Concrete. Bureau 

of Indian Standards. New Delhi. 

[24] IS 2386-1963.Indian Standard code of practice for 

Methods of Testing Aggregates for concrete, Bureau of 

Indian Standards New Delhi Part 1: Determination of 

Particle Size and Shape, Part 3: Determination of 

Specific gravity, density, voids, absorption and bulking. 

Part 4: Determination of Mechanical properties. 

[25] IS 516-1959.Methods of Test for strength of Concrete, 

Bureau of Indian Standards. New Delhi. 



Studies on Mechanical Properties of Ternary Blended Self Compacting Concrete Using Different Percentages of Recycled Aggregate 

 (IJSRD/Vol. 5/Issue 01/2017/406) 

 

 All rights reserved by www.ijsrd.com 1486 

[26] (a). IS 516-1959.Methods of Test for strength of 

Concrete. Bureau of Indian Standards. New Delhi. 

[27] Pamnani Nanak J., Verma A.K., Bhatt Darshana R," 

Comparision between Mechanical Properties of M30 

Grade Self Compacting Concrete For Conventional 

Water Immersion and Few Non-Waterbased Curing 

Techniques" International Journal of Engineering and 

Advanced Technology (IJEAT) ISSN: 2249 – 8958, 

Volume-3, Issue-2, December 2013 

[28] Hueste M.B.D, Chompreda P, Trejo D, Cline DBH, 

Keating PB.,“Mechanical properties of high-strength 

concrete for prestressed members”, ACI Structural 

Journal, 2004, 101(4) pp. 457–65. 

[29] Yun Wang Choi et al., “An experimental research on 

the fluidity and mechanical properties of high-strength 

lightweight self-compacting concrete”, Cement and 

Concrete Research, 2004, vol.36, pp 1595– 1602. 

[30] Ghosh,R.K.,et al, Flexural strength of concrete-its 

variations, relationship with compressive strength and 

use in concrete mix design, proc. IRC road research 

Bulletin,No.16 of 1972. 

[31] IS 456-2000. Design Specifications of Plain & 

Reinforced Concrete, Bureau of Indian Standards. New 

Delhi 

[32] IS 10262-2009. Recommended guidelines for Concrete 

Mix Design, Bureau of Indian Standards. New Delhi. 


