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Abstract— A self-compacting concrete (SCC) is the one that 

can be placed in the form and can go through obstructions by 

its own weight and without the need of vibration. Since its 

first development in Japan in 1988, SCC has gained wider 

acceptance in Japan, Europe and USA due to its inherent 

distinct advantages. The major advantage of this method is 

that SCC technology offers the opportunity to minimize or 

eliminate concrete placement problems in difficult 

conditions. It avoids the need to repeat the same kind of 

quality control test on concrete, which consumes both time 

and lab our. Construction and placing becomes faster & 

easier. It eliminates the need for vibration & reducing the 

noise pollution. It improves the filling capacity of highly 

congested structural members. SCC provides better quality 

especially in the members having reinforcement congestion 

or decreasing the permeability and improving durability of 

concrete The primary aim of this study is to explore the 

feasibility of SCC incorporating fly ash, met kaolin and silica 

fume by examining its fresh properties and hardened stage 

characteristics. An extensive literature survey was conducted 

to explore the present state of knowledge for the mix design 

and characteristics of SCC. This research consists of: (i) 

development of a suitable mix for SCC that would satisfy the 

requirements of the plastic state, (ii) casting of concrete 

samples and testing them for fresh concrete properties and 

hardened concrete properties (compressive strength, splitting 

tensile strength and sulphate resistance). For this purpose the 

cement was replaced by weight in four different proportions 

i.e., 5%, 10%, 15% and 20% with fly ash, met kaolin and 

silica fume. The concrete specimens were tested at the age of 

7 days and 28 days. All the SCC mixes showed the 

satisfactory workability as per EFNARC guidelines and also 

gave the positive results for compressive strength, splitting 

tensile strength and sulphate resistance. 
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Objective of this Study: 

 To explore the feasibility of SCC incorporating fly ash, 

met kaolin and silica fume by examining its fresh 

properties and hardened stage characteristics.  

 An extensive literature survey was conducted to explore 

the present state of knowledge for the mix design and 

characteristics of SCC 

I. INTRODUCTION 

Cement-based materials are the most abundant of all man-

made materials and are among the most important 

construction materials, and it is most likely that they will 

continue to have the same importance in the future. However, 

these construction and engineering materials must meet new 

and higher demands. When facing issues of productivity, 

economy, quality and environment, they have to compete 

with other construction materials such as plastic, steel and 

wood. One direction in this evolution is towards self-

compacting concrete (SCC), a modified product that, without 

additional compaction energy, flows and consolidates under 

the influence of its own weight. 

Self-compacting concrete is a concrete which 

compacts itself, there is no further compaction required for 

self-compacting concrete. Development of self-compacting 

concrete (SCC) is a desirable achievement in the construction 

industry in order to overcome problems associated with cast-

in-place concrete. Self-compacting concrete is not affected by 

the skills of workers, the shape and amount of reinforcing 

bars or the arrangement of a structure and, due to its high-

fluidity and resistance to segregation it can be pumped longer 

distances (Bartos, 2000). 

The concept of self-compacting concrete was 

proposed in 1986 by Professor Hajime Okamura (1997), but 

the prototype was first developed in 1988 in Japan, by 

Professor Ozawa (1989) at the University of Tokyo. Self-

compacting concrete was developed at that time to improve 

the durability of concrete structures. Since then, various 

investigations have been carried out and SCC has been used 

in practical structures in Japan, mainly by large construction 

companies. Investigations for establishing a rational mix-

design method and self-compact ability testing methods have 

been carried out from the viewpoint of making it a standard 

concrete. Self-compacting concrete is cast so that no 

additional inner or outer vibration is necessary for the 

compaction. It flows like “honey” and has a very smooth 

surface level after placing. 

Objective 

II. REVIEW OF LITERATURE 

Madandoust et al. (2012) studied the fresh and hardened 

properties of self-compacting concrete (SCC) containing met 

kaolin (MK). Total fifteen mixes including different MK 

contents (0-20% by weight of cement) with three 

water/binder (w/b) ratios of 0.32, 0.38 and 0.45 were 

designed. The fresh properties were The V-funnel times for 

G1, G2 and G3 concrete were in the range of 6.1-37.1s, 5.2-

27.1s and 5-12.9s, respectively. The V-funnel times of all 

mixtures satisfy the EFNARC requirements, except for 

SCCL15, SCCL20 and SCCM20. From the results it can be 

concluded that in the MK no viscosity modifying agent was 

needed. The L-box blocking ratio of SCC containing MK 

changed from 0.92 to 0.67. MK replacement upto10%, 

generally satisfy the fresh-state behavior requirements related 

to high segregation resistance, deformability, passing and 

filling abilities. 
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Uysal and Sumer (2011) studied compressive 

strength of self-compacting concrete replacing Portland 

cement with different mineral admixtures. (Specific surface 

area 399.6 m2/kg) with fly ash (FA) (15%, 25% and 35%) 

(Proportion used is 83, 138, 193 kg/m3 respectively), 

granulated blast furnace slag (GBFS) (20%, 40% and 60%) 

(110, 220, 330 kg/m3 respectively), limestone powder (LP), 

basalt powder (BP) and marble powder (MP) each one by 

(10%, 20% and 30%) (55, 110 165 kg/m3 respectively). The 

total powder content was fixed to 550 kg/m3 and the water–

powder ratio (w/p) was selected as 0.33. A new generation 

polycarboxylate based super plasticizer was 

III. METHODOLOGY 

A. Materials use in Present Study 

In the experimental programmed, the comparison of the 

properties of Self Compacting Concrete made with and 

without Fly Ash, Met kaolin and Silica Fume, used as 

supplementary cementing material is done. The material used 

during the experimentation and the basic tests carried out on 

concrete samples in plastic stage are discussed in this chapter, 

followed by a brief description about mix design and curing 

procedure adopted. At the end, the various tests conducted on 

the specimens are discussed. 

B. Material Used 

In this section a brief discussion is done on the material used 

in this work. Various tests performed on this material are also 

discussed. 

 Cement 

 Sand 

 Aggregate 

 Water 

 Fly ash 

 Meta kaolin 

 Silica fume 

C. Admixture 

The admixture used in this work is Aura mix 400 complies 

with IS: 9103-1999 (2007). It also complies with ASTM 

C494 Type G depending on the dosage used. Aura mix 400 is 

a unique combination of the latest generation 

superplasticizers, based on a polycarboxylic ether polymer 

with long lateral chains. This greatly improves cement 

dispersion. At the start of the mixing process an electrostatic 

dispersion occurs but the cement particle’s capacity to 

separate and disperse. This mechanism considerably reduces 

the water demand in flow able concrete. Aura mix 400 is a 

high performance super plasticizer intended for applications 

where high water reduction and long workability retention are 

required. It allows the production of high performance 

concrete, concrete requiring long workability retention, 

pumped concrete and self-compacting concrete. 

IV. RESULTS & DISCUSSION 

In this chapter the parameters are studies on the control 

concrete and concrete made with the replacement of cement 

with fly ash, met kaolin and silica fume in self-compacting 

concrete are discussed. The parameters such as Fresh 

Concrete Properties i.e., Slump Flow, V-funnel, L-box, U-

box and Hardened Concrete Properties i.e., Compressive 

Strength, Splitting Tensile Strength and Sulphate Resistance 

are discussed and comparisons between the various mixes are 

represented 

A. Compressive Strength of SCC Mixes with Fly Ash 

 
Table 1: 

 
Fig. 1: Compressive Strength of SCC Mixes with Fly Ash 

Splitting Tensile Strength of SCC Mixes with Fly Ash 

 
Table 2: 

 
Fig. 2: Splitting Tensile Strength of SCC Mixes with Fly 

Ash 
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B. Compressive Strength of SCC Mixes with Met kaolin 

 
Table 3: 

 
Fig. 3: Compressive Strength of SCC Mixes with Met kaolin 

Splitting Tensile Strength of SCC Mixes with Met kaolin 

 
Table 4: 

 
Fig. 4: Splitting Tensile Strength of SCC Mixes with Met 

kaolin 

C. Compressive Strength of SCC Mixes with Silica Fume 

 
Table 5: 

 
Fig. 5: Compressive Strength of SCC Mixes with Silica 

Fume 

D. Splitting Tensile Strength of SCC Mixes with Silica Fum 

 
Table 6: 

 
Fig. 6: Splitting Tensile Strength of SCC Mixes with Silica 

Fume 
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V. CONCLUSIONS 

The present experimental study is done on the strength 

properties and sulphate resistance of self-compacting 

concrete incorporating fly ash, met kaolin and silica fume. 

For this the mineral admixtures (Fly Ash, Met kaolin and 

Silica Fume) are integrated into the SCC with different 

percentages i.e., 5%, 10%, 15% and 20%. 

From the test results of Fly Ash SCC, the following 

conclusions are drawn: 

 It is possible to design the SCC mixes incorporating fly 

ash up to 20%. All the SCC mixes with fly ash has the 

fresh concrete property values i.e., slump flow, V-funnel, 

L-Box, U-Box within the range of EFNARC guidelines. 

 5% replacement mix with fly ash has compressive 

strength equivalent to the control mix and on further 

increase in % replacement the compressive strength 

starts decreasing. 

 The splitting tensile strength increases up to 15% 

replacement level with fly ash and after that the strength 

decreases on further increase in fly ash. 

 There is a loss in the strength properties i.e., compressive 

strength and splitting tensile strength of concrete when 

cured in the magnesium sulphate solution as compared to 

the water curing. But the loss in strength properties 

decreases up to 1.1% with fly ash addition as 

replacement of cement. 

From the test results of Met kaolin SCC, the following 

conclusions are drawn: 

 SCC with met kaolin exhibits satisfactory results for the 

workability and the values are within the range of 

EFNARC guidelines. 

 The compressive strength of concrete increases up to 

37% as the replacement of cement increases from 5% to 

20% as compared to the control mix. The increase in 

compressive strength is due to the pozzolanic properties 

of met kaolin which reacts with free lime (calcium 

hydroxide) present in cement to produce the additional 

cementing compounds. 

 The SCC with met kaolin improves the splitting tensile 

strength for the short and long terms up to 43.5% to that 

of control mix up to 20% replacement level. 

 Use of met kaolin as replacement of cement, improves 

the sulphate resistance of concrete. As % replacement 

increases up to 20%, the loss in the strength parameters 

decreases up to 1.9% to that of control mix. 

From the test results of Silica Fume SCC, the following 

conclusions are drawn: 

 It is attainable to design the SCC mix integrating silica 

fume up to 20%. The SCC mixes with silica fume shows 

good results for workability as per the EFNARC 

guidelines, because of the small particle size and more 

surface area. 

 The silica fume SCC compressive strength increases up 

to 12% of control mix strength as % replacement 

increases up to 15% and further increase in silica fume 

the strength starts decreasing. 

 The splitting tensile strength increases up to 34.5% of 

control mix strength as SCC with silica fume as cement 

replacement increases form 5% to 15% and beyond 15% 

replacement level the strength starts decreasing. 

 SCC with silica fume has resistance to the sulphate attack 

because of the small size particles of silica fume it 

increases the homogeneity of mix and reduces the 

porosity and permeability of concrete by decreasing the 

pore size. With the increasing % of silica fume in 

concrete up to 20% the strength parameters loss 

decreases up to 2% to that of control mix % loss. 

VI. RECOMMENDATIONS FOR FURTHER STUDIES 

 The strength loss increases with the time, when concrete 

specimens were cured in MgSO4 solution and the extent 

of strength loss needs to be investigated. 

 As the % replacement of cement with met kaolin 

increases the strength parameters also increases. So the 

extent up to which the % replacement with met kaolin 

can be done needs to be evaluated. 

 Other classes of fly ash and ultra-pulverized fly ash’s 

significance in SCC can be estimated. 
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