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Abstract— This study presents an experimental investigation 

on self compacting concrete (SCC) with various partial 

replacements of fly ash, silica fume and combination of both 

fly ash and silica fume. Also the study made with partial 

replacement of cement by silica fumes with fly ash 

percentage as 30%. After various replacements, cube and 

cylinder specimens are cast and cured. The specimens are 

cured in water for 14, 28 & 56 days. The slump, V-funnel 

and L-Box test are carried out on the fresh SCC and in 

harden concrete compressive strength and split tensile 

strength values are determined. Attempts have been made to 

study the properties of such SCCs and to investigate the 

suitability of various replacements of fly ash, silica fume to 

be used in SCC. 
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I. INTRODUCTION 

Concrete mixture, characterized by high resistance to 

segregation and which can be cast without compaction or 

vibration are termed as Self-Compacting Concrete (SCC). 

Better quality concrete and substantial improvement in 

working conditions are observed due to the exclusion of 

compaction or vibration. SCC mixes contains a very high 

content of fine fillers, including cement, which further leads 

to high compressive strength concrete. 

The pozzolanic action of silica fume can be 

explained in terms of hydration of cement producing 

calcium hydroxide and its voids can be filled by micro silica 

or other powder material particles.  

The Indian standard IS: 456-2000 permits the use 

of mineral admixtures for modifying the properties of 

concrete. The use of industrial waste products such as fly 

ash and silica fume, which has both pozzolanic and 

cementitious properties, lead to cost and energy saving.. In 

this study an influence of silica fume on fresh and hardened 

properties of fly ash induced SCC have been studied. 

II. LITERATURE REVIEW 

Silica fume is very effective in the design and development 

of high strength high performance concrete (Rafat, 2011).  

Silica fume is used at a dosage corresponding between 5 and 

10% of the total weight of cementitious materials (Steven et 

al., 2004). The silica fume is used in a high level 

impermeability application required and the high strength 

concrete. When the concrete is exposed to deicing salts, the 

maximum amount of silica fume should be at 10% of the 

mass of cementitious materials, (Steven et al., 2004). The 

addition of silica fume is very advantageous, addition of 5, 

10 and 15% of silica fume cement supply, allows a 

reduction of the phenomenon of swelling of 121% to 16 day 

trial. In others papers we found the variation of the dosage 

of silica fume used in SCC from 0 to 20% (Raharjo et al., 

2013).  

The rheology of cement pastes was studied bay 

(Zhang and Han (2000) they conclude that the adding of 

mineral mixtures in cement pastes decrease the viscosity and 

the elastic strain limit compared to the pastes without 

additions. 

Zhang et al. (2000) and Park et al. (2005) noted 

that the adding of silica fume in paste cement decrease the 

viscosity and elastic stress limit. The variation of the dosage 

on silica fume from 10 inutile 25% in paste cement, with 

fixed super plasticizers at 3%, produces a small increase of 

shear stress (Cyr et al., 2000). The investigation conducted 

by Salem et al. (2002) on the effect of adding silica fume for 

10, 20 and 50%, with a (W / C) ratio = 0.6, concluded at 

hysteresis effect, which explains the thixotropic behavior of 

cement pastes.  

III. EXPERIMENTAL PROCEDURE 

 
Fig. 1: Methodology 

IV. RESULTS 

A. Fresh properties: 

The following are the results obtained in various laboratory 

tests carried out in this study: 

Mix 

No. 

% of 

Silica 

Fumes 

by 

Weight 

of 

Cement 

SLUMP FLOW TEST (time 

in sec) 
Spread 

Diameter 

in mm 

 
300mm 500mm 700mm 
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1 0 1 3 4 705 

2 2 0.4 1.3 3.6 725 

3 4 0.5 1.5 3.8 680 

4 6 0.65 1.8 4.2 672 

5 8 0.8 2.1 5.02 655 

6 10 0.72 1.86 4.4 670 

Table 1: Slump flow test results 

Mix 

No. 

% of Silica Fumes by wt. 

of cement 

L Box 

Test 

V-Funnel 

Test 

H2/H1 Time in sec 

1 0 0.8 10.8 

2 2 1 8.6 

3 4 0.98 9.7 

4 6 0.94 10.2 

5 8 0.86 10.8 

6 10 0.93 10.4 

Table 2: L-box and v-funnel test results 

 

 
Fig. 2: Graphs representing Flowability 

Mix 

No. 

% of Silica Fumes 

by Weight of 

Cement 

Compressive Strength Test 

Results of Cube (28 Days) 

1 0 42.86 

2 2 43.85 

3 4 44.94 

4 6 45.82 

5 8 46.77 

6 10 44.77 

Table 3: Compressive Strength Results at 28 days 

Mix 

No. 

% of Silica 

Fumes by 

Weight of 

Cement 

Split Tensile 

Strength of 

Cylinder at 28 

Days 

Compressive 

Strength of 

Cylinder at 28 

Days 

1 0 3.14 34.36 

2 2 3.44 35.32 

3 4 3.56 36.15 

4 6 3.78 36.52 

5 8 3.86 36.84 

6 10 3.42 34.57 

Table 4: Split Tensile & Compressive Strength Results at 28 

days for Cylinders 

V. CONCLUSION & FUTURE SCOPE 

A. Conclusion 

From the present investigation and limited observations 

reported, on the effect of partial replacement of cement with 

silica fumes in SCC cast with fly ash percentage 

replacement to cement at 30% by weight of cement, and 

with water to powder ratio for all mixes maintained at 0.36 

with Super plasticizer dosage at 2.2% by weight of cement, 

following conclusions can be drawn:  

1) The slump flow varied between the ranges of 655-725 

mm  

2) Addition of silica fume nullified the stickiness observed 

in mixes without silica fumes and further, the mixes 

were highly cohesive.  

3) Increase in percentage of silica fumes content from 0% 

to 8 %, an increase in compressive strength was 

recorded.  

4) At 6% replacement of silica fume by weight of cement 

the increase in compressive strength was 7% while the 

increase was about 9% when percentage replacement 

was 8% as compared with reference mix.  

5) At 10% replacement of silica fumes with cement there 

was slight decrease in compressive strength as 

compared to 4,6 and 8% replacement of silica fumes by 

weight of cement  

6) The values of splitting tensile-strength range between 3 

and 4 MPa,  

7) The increase in split tensile strength is almost 10% at 

2% replacement and 13% at 4% replacement of silica 

fume by weight of cement.  

8) The increase in split tensile strength is almost 20% at 

6% and 8% replacement of silica fume by weight of 

cement.  

9) However at 10% replacement the increase in split 

tensile strength is only about 9%.  

B. Future Scope 

However, some properties such as the characteristics of 

absorption and thermal conductivity need to be tested before 

such SCC Mixes are accepted for use in wider applications.  

The other types of non-pozzolanic fillers, viz., stone dust 

powder, and ground glass (as recommended by EFNARC) 

may be tried in different combinations and the properties of 

the SCC mixes may be investigated.  

The cementing efficiency factor of 0.5 for fly ash 

has been considered in the present study however, the 

‘‘cementing efficiency factor’’ of silica fume need to be 

assessed. 
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