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Abstract— The development of self-compacting concrete 

has been one of the most important materials in the modern 

building industry. The purpose of this concrete concept is to 

decrease the risk due to human factor. The use of SCC is 

spreading worldwide because of its very attractive 

properties. In the present investigation Blended SCC is the 

one in which some percentage of cement content used for 

the concrete is replaced by any of the mineral admixtures. 

Here, the present study to development of blended self-

compacting concrete by replaced in the mineral admixtures 

using Fly ash 0-30% and metakaolin 0-30% as the weight of 

cement. Study the rheological properties and mechanical 

properties of developed blended SCC mixes in the 

laboratory condition and different curing ages. In recent 

years, many researchers have established that the use of 

supplementary cementatious materials (SCMs) like blast 

furnace slag, silica fume, metakaolin (MK), fly ash (FA) and 

rice husk ash (RHA) etc. can, not only improve the various 

properties of concrete both in its fresh and hardened states, 

but also can contribute to economy in construction 

costsruning. 

Key words: SCC- Self Compacting Concrete, FA- Fly Ash 

and MK- Metakaolin 

I. INTRODUCTION 

The  development  of  new  technology  in  the  material  

science  is progressing  rapidly.  In the  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.  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  strengths however  durability  did  not  draw  

lot  of  attention  of  the  concrete technologists.  This  type  

of  study  has  resulted  in  the  development  of  SCC,  a  

much  needed  revolution  in the  concrete industries.  SCC  

is  highly  engineered  concrete  with much  higher  fluidity  

without  segregation  and  is  capable  of  filling  every 

corner  of  form  work  under  its  self-weight    by Okamura  

(1995)
[11]

.Thus SCC  eliminates  the  needs  of  vibration  

either  external  or  internal  for  the compaction  of  the  

concrete  without  compromising  its  engineering 

properties. SCC is a fluid mixture, which is suitable for 

placing difficult conditions and also in congested 

reinforcement, without vibration. The term blended 

addresses that replacing of cement with two or more 

pozzolanic materials. The pozzolanic materials are may be 

fly ash, silica fume, metakaolin, GGBS…etc. 

II. LITERATURE REVIEW 

For several years beginning in 1983, the problem of the 

durability of concrete structures was a major topic of interest 

in Japan. The creation of durable concrete structures 

requires adequate compaction by skilled workers. The 

designs of modern reinforced concrete structures become 

more advanced, the designed shapes of structures are 

becoming increasingly complicated and heavy reinforcing is 

no longer unusual. The following literature review gives an 

idea about the present research work 

A. A.A.A.Hassan et.al
 [1]

:
 

Studied on the rheological properties of SCC incorporating 

various percentage of MK and silica fume as a partial 

replacement of cement. Plastic viscosity and yield stresses 

were evaluated at different slump flow values using a 

concrete viscometer. The effect of high range water 

reducing admixture dosage and the total time for flow, the 

time to reach 500mm diameter, and the final diameter of 

slump flow test were also investigated. 

B. Hajime Okamuraet.al
 [3]

: 

Reported was the two major issues faced by the international 

community in using SCC, namely the absence of a proper 

mix design method and jovial testing method. They 

proposed a mix design method for SCC based on paste and 

mortar studies for super plasticizer compatibility followed 

by trail mixes. However, it was emphasized that the need to 

test the final product for passing ability, filling ability, and 

flow ability and segregation resistance was more relevant. 

C. Kannan.V
 [7]

:
 

Studied on mechanical and transport properties in ternary 

blended self-compacting concrete with metakaolin and fly 

ash.Studied the influence of synergic effects of metakaolin 

and Fly ash on the mechanical and transport properties of 

self-compacting concrete. The results showed that the 

combination of metakaolin and fly ash provides a positive 

effect on mechanical and transport properties of self-

compacting concrete. Besides, the sample incorporating the 

ternary blend of cement with 15% metakaolin and 15% fly 

ash showed better compressive strength than that of the 

normal self-compacting concrete without metakaolin and fly 

ash.  

D. Naveen Kumar S.M et.al 
[8]

: 

An attempt was made to study the rheological and strength 

characteristics of SCM mixes with the replacement of 

cement by industrial by product such as FA and SF. Further 

the replacement of FA ranging from 10-30% and SF varies 

from 5-15% by weight of cement. The use of pozzolanic 

materials in mortar demonstrated the significant influence in 
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improving the properties viz: rheology, setting time and 

compressive strength. The best approach is to develop a 

performance based specification of conventional and SCM 

mixes with different combinations of SP and viscosity 

modifying agents with suitable water powder ratio. 

E. Naveen Kumar c et.al 
[9]

: 

Present investigation reported on the results of experimental 

studies where in fly ash, metakaolin and their blends were 

used as filler in SCC. The results showed that SCC can be 

produced with cement content, as low as 200 kg/m3of the 

concrete together with rest of the powder coming from fly 

ash high strength SCC can be obtained through 

incorporation of metakaolin. Mixes with different fillers like 

silica fume and metakaolin help in attaining a high early 

strength of around 50-70MPa which is very useful in precast 

application. They also can provide high durability when 

used along with fly ash.  

III. METHODOLOGY 

A. General: 

Although, a characteristics of materials used in making SCC 

and their mix proportions influences SCC, one of the 

challenges in making SCC is there is no proven mix design 

procedure. In this study the methodology adopted has been 

divided into two phases, the 1
st
 phase covers the 

development of SCC mixes using industrial by product such 

as FA & MK, and the 2
nd

phase covers the study of fresh and 

hardened properties of developed blended SCC mixes in the 

laboratory. 

1) Materials of SCC: 

Self-compacting concrete was made of cement, sand, coarse 

aggregate, water, mineral and chemical admixtures. 

2) Cement: 

Ordinary Portland cement, 43 Grade conforming to IS:  

8112 – 2013. 

3) Fine Aggregate: 

Locally available river sand conforming to Grading zone II 

of IS: 383-1970. 

4) Coarse Aggregate:  

Locally available crushed blue or white granite stones 

conforming to graded aggregate of nominal size 20 mm as 

per IS: 383 – 1970.  

5) Mineral Admixture:  

Metakaolin and Fly Ash as per IS: 3812-2013 (part – 1). 

6) Chemical Admixture:  

Super plasticizer conplast-SP 430 conforming to IS 9103-

(1999). 

7) Water: 

Water used was fresh, colourless, odourless and portable. 

Materials 

Tests 

conducted 

on 

materials 

Standard 

values 

Results 

obtained 

Cement 

(confirming 

IS     

8112:2013) 

Specific 

gravity 
3.15 3.10 

Standard 

consistency 
26-33% 29% 

Initial 

setting time 
30-60 min 35 min 

Final setting 600 min 210 min 

time 

%Fineness <10% 4% 

Fine 

aggregates 

( IS 

383:1970) 

Specific 

gravity 
2.60-2.70 2.56 

Fineness 

modulus 
2-5 4.40 

Bulk density 
1600 

Kg/m
3

 

1086 

Kg/m
3

 

Coarse 

aggregates 

(IS 

383:1970) 

Specific 

gravity 
2.60-2.70 2.65 

Bulk density 
1600 

Kg/m
3

 

1032 

Kg/m
3

 

Fly Ash 
Specific 

gravity 
2.00-2.25 2.126 

Metakaolin 
Specific 

gravity 
2.20-2.50 2.355 

Table 1: Physical properties of materials 

B. Properties of Blended SCC:  

The following results are obtained for the mix design, 

carried by using NAN-SU 
[10] 

method for M35 grade of 

concrete. The results are obtained for the ratio of 1:1.5:1.28 

which satisfies the EFNARC
 [2]

 guidelines. 

1) Fresh Properties: 

 Filling Ability: The ability of concrete to fill up the 

formwork to be placed. 

 Passing Ability: The ability to pass through 

congested reinforcement without separation of the 

constituents or blocking. 

 Resistance to segregation: The ability to retain the 

coarse components of the mix in suspension in 

order to maintain a homogeneous material. 

2) Slump Flow Test: 

The slump flow is used to assess the horizontal free flow of 

SCC in the absence of obstructions. It was first developed in 

Japan for use in assessment of underwater concrete. The 

diameter of the concrete circle is a measure for the filling 

ability of the concrete. 

3) V Funnel Test: 

The test was developed in Japan and the equipment consists 

of a V-shaped funnel. The funnel is filled with about 12 litre 

of concrete and the time taken for it to flow through the 

apparatus measured after the funnel can be refilled concrete 

and left for 5 minutes to settle. If the concrete shows 

segregation then the flow time will increase significantly 

4) L Box Test: 

The test assesses the flow of the concrete, and also the 

extent to which it is subject to blocking by reinforcement. 

This is an indication passing ability, or the degree to which 

the passage of concrete through the bars is restricted 

Therefore the nearer this test value, the „blocking ratio‟, is to 

unity, the better the flow of the concrete 
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Fig. 1: Fresh Property Measuring Apparatuses V 

Funnel, Slump Cone, L- Box. 

Sl 

no 
Method unit 

Typical range of 

values As per 

EFNARC guidelines 

Results 

Obtained 

Minimum Maximum 

1 

Slump 

flow 

test 

mm 6560 800 680 

2 

T50 

slump 

test 

Sec 2 5 4.39 

3 

V-

funnel 

test 

Sec 6 12 11.57 

4 

V-

funnel 

at T5 

minutes 

Sec 6 15 13.16 

5 
L-box 

test 

H1 

/H2 
0.8 1.0 0.81 

Table 2: Fresh properties of blended SCC  

C. Compressive Strength of Blended SCC: 

In all SCC mixes compressive strengths of standard cube 

specimens were comparable to those of traditional vibrated 

concrete made with similar water-cement ratios – if 

anything strengths were higher.  

Sl. 

No 

Percentage of 

Replacement 

28 days test 

in  (MPa) 

1 Normal SCC 52.84 

2 30% Fly Ash+0%Metakaolin 34.90 

3 25%Fly Ash+5%Metakaolin 27.86 

4 20%Fly Ash+10%Metakaolin 36.78 

5 15%Fly Ash+15%Metakaolin 43.47 

6 10%Fly Ash+20%Metakaolin 43.69 

7 5%Fly Ash+25%Metakaolin 44.23 

8 0%Fly Ash+30%Metakaolin 46.09 

Table 3: Compressive strength of blended SCC 

 
Fig. 2: Graph 3.1 Blended SCC for Compressive Strength at 

28 days 

The above graph 3.1 it indicates the compressive 

strength at 28 -days with replacement by variation of fly ash 

and metakaolin by weight of cement. The strength goes on 

increases gradually and decreases also, as the above graph 

indicates that optimum compressive strength gained after 

28-days curing period for Normal SCC are 52.84N/mm
2
 and 

compared with the optimum blended SCC is 0%FA and 

30%MK 46.09 N/mm
2
 and finally reached the target 

strength. 

D. Tensile Strength  

Tensile strength was assessed indirectly by the splitting test 

on cylinders. For SCC, both the tensile strengths themselves, 

and the relationships between tensile and compressive 

strengths were of a similar order to those of traditional 

vibrated concrete. 

SL. 

NO 

Percentage of  

Replacement 

28 days 

test in  

(MPa) 

1 Normal SCC 5.11 

2 30% Fly Ash+0%Metakaolin 3.51 

3 25%Fly Ash+5%Metakaolin 2.64 

4 20%Fly Ash+10%Metakaolin 3.70 

5 15%Fly Ash+15%Metakaolin 4.27 

6 10%Fly Ash+20%Metakaolin 4.31 

7 5%Fly Ash+25%Metakaolin 4.35 

8 0%Fly Ash+30%Metakaolin 4.66 

Table 4: Split tensile strength of blended SCC 

 
Fig. 3: Graph 3.2 Blended SCC for Split tensile Strength at 

28 days. 

The above graph 3.2 it indicates that the 

compressive strength of 28 -days with various replacement 

of fly ash and metakaolin by cement. The strength goes on 

increases gradually and decreases also, as the above graph 

indicates that optimum split tensile strength gained after 28-

days curing period is at Normal SCC is 5.11N/mm
2
  and 

compared with the optimum blended SCC is  0%FA and 

30%MK 4.66 N/mm
2
 and finally reached the target strength. 

IV. CONCLUSIONS 

 Due to the disparity in the fineness, metakaolin is more 

reactive than fly ash. So that, the strength attainment of 

SCC is more for the greater percentage of blending with 

metakaolin. 

 But as per the literature studies, fly ash holds 

responsible for the strength gaining in later stages such 

as 90,120,180 days.  

 Apart from all the mixes, 15%FA+15%MK mix holds 

well in achieving both target strength and also by 

economical consideration.  
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 There is non-accumulated evidence that properties of 

SCC in hardened state are similar to those of 

Conventional concrete.  

 As with any special concrete, exquisite care is 

necessary while handling, placing and curing to end up 

with the desire.          
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