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ABSTRACT 

This research work presents the results of an experiment investigation into the use of microsilica and fly ash in self 

compacting concrete. In this study the microsilica and fly ash used in various proportions 10%, 8%, 6%, 4% & 2% 

together with that of fly ash 35%, 30%, 25% 15% & 10% y weight of cement. The mix proportions of normal concrete 

had a water/cement ratio of 0.4 while for self compacting concrete had a water/cement ratio from 0.35 to 0.30. 

 Super plasticizer and rheomatix III was used as viscous modifier. Water demand increases in proportion to the 

amount of microsilica added. The total binder ratio was 450kg/m3. The self compacting concrete (SCC) specimens 

were cured on temperature of 20±20. The compressive strengths were determined at various ages up to 56 days i.e 

3,7,28 and 56 days. Various tests were conducted on fresh self-compacting concrete i.e slump flow, V-funnel test, 

L- Box test and results were recorded down. The specific gravity and chemical composition of fly ash, microsilica 

and cement were determined. Cubes (150 X 150 X 150mm) were used to determine the compressive strength, density 

of self compacting concrete. The specific gravity of the fly ash was 2.1, microsilica was 2.0 and cement was 3.15. 

The total amount of SiO2, Al2O3 and Fe2O3 in fly ash was 67.1% which was above the minimum requirement (50% 

min.) specified by ASTM C 618 for fly ash. Both chemical compositions for microsilca, fly ash were in compliance 

with ASTM C 1240 while cement was in compliance with BS12/EN 196:1996. The density of the concrete decreased 

with increase in percentage of microsilica and fly ash replacement. Increase in the level of fly ash and microsilica 

replacement led to an increase in the compressive strength of the hardened self compacting concrete up to 10% ash 

and 2% microsilica while up to 30% fly ash and 10% microsilica in cement replacement of self compacting concrete 

led to reduction in the compressive strength of hardened concrete at 3, 7, 28 & 56days. Based upon the experimental 

results, there was a relationship between workability and strength of self compacting concrete with 10% fly ash & 

4% microsilica, 15% fly ash & 6% microsilica with viscous modifiers in comparism with the control. 

This study shows that microsilica and fly ash at 2% and 10% replacement in self compacting concrete was the best 

design and it developed strength sufficient for construction purposes. These replacements led to a reduction in 

cement quantity required for construction purposes and hence enhance sustainability in the construction as well as 

aid economic construction. 

Keywords: self compacting concrete (SCC), specific gravity, compressive strength, workability, density & 

admixture. 

1.  INTRODUCTION 

The development of self-compacting concrete has recently been one of the most important developments in the 

building industry. The important of using SCC concept is to decrease the risk due to the human factor to enable the 

economic efficiency and able to flow and to fill the pores/voids in the concrete without vibration. 

Microsilica is a very fine pozzolanic materials, as a bye product of the production which enhance the properties of 

SCC while fly ash is a bye product of cool burning at electric utility plants, which has been reported to improve the 

mechanical properties, such as sulphate resistance, alkaline-silica reaction, durability and abrasion resistance, when 

it is used as a cement replacement material in mortar and concrete (Toplu, 2007). In addition, shrinkage and 

permeability of hardened concrete are decreased due to the filling of micro pores by fly ash. Utilization of fly ash in 

concrete technology is becoming more common, causing a reduction in chloride penetration, steel corrosion and wear 

loss of concrete(Naik, 2002). The use of fly ash reduces the demands for cement; fine fillers and sand that are required 

in self compacting concrete (Dinakar, 2008). 
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Self compacting concrete was first developed in 1986 (Corinaldesi, 2004). The self compacting concrete can flow 

through and fill the gaps of reinforcement and corners of moulds without any need for vibration and compaction 

during the placing process (Kamura, 1997). Supplementary cementitious or inert materials, such as microsilica and 

fly ash, can be used to increase the viscousity and fresh concrete workability and reduce the cost of self compacting 

concrete. The use of pozzolanic admixture extends the hydration reaction and produces good micro pore structures 

resulting in improved durability (Dauksys et al, 2008). 

Superplasticizer are typically used in self compacting concrete to reduce the water/binder ratio (Dauksys et al, 2008). 

A glenium superplasticizer together with mineral admixture provides the necessary viscosity. Most of the increase in 

cement demand could be met by the use of supplementary cementing materials, in order to reduce the green gas 

emission (Bentur, 2002). Industrial wastes, such as fly ash and silica fume are being used as supplementary cement 

replacement materials (Sensale, 2006). 

When pozzolanic materials are incorporated to concrete, the silica present in these materials react with the calcium 

hydroxide released during the hydration of cement and forms additional calcium silicate hydrate (C-S-H), which 

improves durability and mechanical properties of concrete (Igarashi et al, 2005) 

According to ASTM C 618, pozzolana is defined as a silicious or silicious and aluminous materials which in itself 

possesses little or no cementitious value but which will, in finely divided form, in the presence of moisture react 

chemically with calcium hydroxide at ordinary temperature to form compounds possessing cementitious properties. 

Pozzolanas can replace 15 to 40% of Portland cement without significantly reducing the long term strength of 

concrete. There are quite a number of pozzolanic materials which are by-products of industrial processes and they 

are produced in large quantities, constituting a waste problem. If they remain unused compared with the production 

and use of Portland cement, these materials contribute to cost and energy savings help to reduce environmental 

pollution and in most cases improve the quality of the end product. Examples of pozzolanas are fly ash, silica fume 

etc. 

2. METHODOLOGY 

The methodology adopted comprised of both preliminary and experimental investigations carryout using the study 

materials and these are presented as follows. 

a). Preliminary Investigations 

for the preliminary investigation, fly ash, microsilica, and cement was subjected to physical and chemical analyses 

to determine whether they are in compliance with the standard used. 

The experimental program was designed to investigate into the use of fly ash, microsilica in self compacting concrete. 

The replacement levels of cement by fly ash, microsilica are selected as 35%, 30%, 25%, 15% & 10% for fly ash 

while microsilica are 10%, 8%, 6%, 4% & 2% for standard size of cubes for C50 grade of self compacting concrete. 

The specimens of standard cubes (150 X 150 X 150mm) were cast with fly ash, microsilica. Compressive machine 

was used to test all the specimens. The specimens were cast with C50 grade concrete with different replacement 

levels of cement from 0-35% with fly ash, superplasticizer and viscous modifier while replacement levels of cement 

from 0 to 10% with microsilica. Hundred samples were cast and the cubes were put in curing tank for 3, 7, 28 & 

56days and density of the cubes and compressive strength were determined and recorded accordingly. Workability 

were determined using slump flow, V- funnel, L-Box in accordance with the standard used. The other materials used 

are listed as follows: 

 Cement 

Ordinary Portland cement (OPC) produced by Q.N.C.C was used in this study. The cement conformed to 

the requirement of BS12 (1996). 

 Aggregates 
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There are inert filler in the concrete mixture which constitute between 70-75% by volume of the whole 

mixture. The sand used was collected from Qatar washing plant. It was clean and free from organic materials 

and clay. The coarse aggregate used were 20mm to 10mm size. 

 Water 

The water used for the study was free of acids, organic matter, suspended solids, ailkalis and impurities 

which when present may have adverse effect on the strength of concrete. 

 

 
Fig. 2.0: Showing Micro silica 

 

 

Fig.2.1: Showing Fly Ash 

 

Workability 

The workability was determined by using slump flow, V-funnel and L-box so as to know whether the design mixes 

were in compliance with the standard used. 

b) Preparation of Specimens 

in the study, a total number of 12 cubes for the control and cement replacement levels for 10%, 8%, 6%, 4% & 2% 

for microsilica while 35%, 30%, 25%, 20% & 15% for fly ash were produced respectively. For the compressive 

strength, 150 x 150mm cubes moulds were used to cast the cubes and 3 specimens were tested for each age in a 

particular mix (i.e the cubes were crushed at 3,7,28 and 56 days respectively. All freshly cast specimens were left in 

the moulds for 24hrs before being de-moulded and then submerged in water for curing until the time of testing.  
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Mix Proportioning 

Mix proportioning by weight was used and the water/cement ratio ranges from 0.35-0.30 for self compacting concrete 

and 0.40 for the control. Microsilica were used to replace OPC at dosage levels of 10%, 8%, 6%, 4% & 2%, while 

fly ash were used to replace OPC at dosage levels of 35%, 30%,25%,20% & 15% by weight of the binder. The mix 

proportions were calculated in table 2.2. 

Table 2.2: Mix Proportion for 50Npa SCC 

Ingredient Materials 
Mix Proportion (kg) 

  Control 

10% M/S + 

30% FA 

8% M/S + 

25% FA 

6% M/S + 

20% FA 

4% M/S + 

15% FA 

2% M/S + 

10% FA 

Cement (kg/m3) 450 324 384 400 437 475 

Fly Ash (kg/m3) - 162 113 108 81 54 

Microsilica (kg/m3) - 54 43.2 32.4 22 11 

W/Sand(kg/m3) 880 880 880 880 880 880 

Coarse Agg. (kg/m3) 1037 1037 1037 1037 1037 1037 

W/C (kg/m3) 0.37 0.4 0.4 0.4 0.4 0.4 

Superplasticizer (%) 5 3.5 3.5 3.5 3.5 3.5 

Rheomatrix (%) - 0.5 0.5 0.5 0.5 0.5 

Water (%) 200 218 218 218 218 218 

              

c) Test Specimen 

Compressive Strength test were carried out at specified ages on the cubes. The uni-axial compressive load was applied 

on the cubes and load required for failure was noted fig 2.2, prior to testing the density of each cube was determined 

using standard procedures for density determinations. 

 

Fig 2.2: Compression Machine 

3. RESULTS AND DISCUSSION 

The results of the chemical analysis of cement, microsilica, and fly ash are shown in Table 3.1 
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Table 3.1: Chemical properties of cement fly ash and micro silica. 

 

Density of Cubes 

Table 3.2. Shows the average densities of cured cubes before they were subjected to compressive strength 

test. 

% M/S & F/A Replacement 
Density (g/cm3) 

Control 3 Days 7 Days 28 Days 56 Days 

0 2.560 2.569 2.571 2.690 2.684 

10% MS + 30% FA 2.499 2.503 2.519 2.538 2.639 

8% MS + 25% FA 2.485 2.494 2.499 2.505 2.628 

6% MS + 20% FA 2.480 2.489 2.495 2.503 2.619 

4% MS + 15% FA 2.478 2.496 2.499 2.501 2.609 

2% MS + 10% FA 2.468 2.480 2.490 2.499 2.597 

 

 

 

Chemical 

Composition (%) 

Cementitious Materials (%) 

OPC 

Spec. 

Req. 

MS 

xteristics Spec. Req. 

Result 

by % 

mass 

FA 

xteristic 

Spec. 

Req. 

Result by 

% mass 

Specific  gravity 3.15              

SiO2 20.00   SiO2 % Min. 85.0 88.5 SiO2 50% 

Min 

ASTM 

C618 

48.05 

Al2O3 4.86   M/C % Max. 3.0 0.7 Al2O3 19 

Fe2O3 2.97   LOI % Max. 6.0 2.2 Fe2O3     

CaO 63.08   

45 

Microns 

% Max. 

10.0 0.4 MgO   1.1 

MgO 3.78 5.0 Max. Carbon % Max. 2.5 0.8 SO3   1.5 

SO3 2.92 3.5 Max.      Na2O3   0.3 

Alkalis (Na2O + 0.658 

k2O) 0.60   

Bulk 

Density 

500-

700kg/m3 650 K2O3   0.03 

Loss of ignition (LOI) 1.05        LOI   2.4 

Insoluble Residue (IR) 0.67 3.0 Max.            

Tricalcium Silicate 

(C3S) 
71.26 

66.70 

Max. Specific  

gravity 

2.0 

  

Specific  

gravity   

2.1 
Dicalcium Silicate 

(C2S) 

Tricalcium Aluminate 

(C3A) 7.86              

CaO/SiO2 3.15 2.0 Min.            

Chloride 0.023 .10 Max.            

Physical Properties                

Fineness (Balance air 

permeability test cm2/g 3230.00 No limit            

Soundness (mm) 0.50 10 Max.            
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Table 3.3:  Compressive Strength Test Result for Varying MS, Fly Ash Replacement Levels in Self-

Compacting Concrete 

% M/S & F/A Replacement 
Average Self Compacting Concrete Strength (Mpa) 

3 Days 7 Days 28 Days 56 Days 

0 (Control Mix) 27.30 40.20 50.30 55.40 

10% MS + 30% FA 21.00 29.40 42.50 49.40 

8% MS + 25% FA 25.00 36.60 47.20 50.60 

6% MS + 20% FA 30.30 40.80 50.20 55.50 

4% MS + 15% FA 31.30 41.70 52.30 58.40 

2% MS + 10% FA 33.00 44.40 56.30 62.80 

% Increased 20.90% 10.50% 11.90% 13.40% 

 

 

Table 3.4: Relationship between Compressive Strength of Varying M/Silica and Fly Ash Levels of SCC with 

Curing Days 

Table 3.5: Fresh Properties of SCC 

Tests 

Control 

(Normal 

Conc.) 

 10% MS + 

30% FA 

SCC 

8% MS + 

25% FA 

SCC 

6% MS + 

20% FA 

SCC 

4% MS + 

15% FA 

SCC 

2% MS + 

10% FA 

SCC 

Slump Flow 

(mm)  - 

 

550 600 650 670 700 

V-Funnel (sec)  -  8 7 6 5 4 

T50cm Slump 

Flow (sec)  - 

 

6 5 4 3 3 

L-Box (H2/H1)  - 
 

0.8 0.85 0.8 0.95 0.9 
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a).   Compressive Strength of Concrete 

The test was carried out conforming to BSEN: 12390-3:2009 to obtain compressive strength of C50 grade of self 

compacting concrete. The compressive strength of S.C.C with OPC, flyash and microsilica at the age of 3,7,28 and 

56 days are presented in table 3.3. 

There is a significant improvement in the strength of self compacting concrete because of the high pozzolanic nature 

of the microsilica and both the void filling ability of fly ash and microsilica. The compressive strength of the mix 

C50 at 3,7,28 and 56days age with replacement of cement by 10% microsilica and 30% fly ash did not meet the target 

strength for SCC. The average maximum of 3,7,28 and 56 days cube compressive strength of C50 grade with 10% 

of silica fume and 30% fly ash was 21, 29.4, 42.5 and 49.4mpa respectively. All other values were above the design 

strength expected for self compacting concrete. The maximum compressive strength of self compacting concrete 

with microsilica and fly ash depends on three parameters, namely: the replacement level, water ratio, and chemical 

admixture. The superplasticizer with rheomatrix plays a vital role in SCC to achieve the given workability at lower 

w/c ratio. 

It was observed that the percentage of microsilica, fly ash replacement from average SCC strength (mpa) in table 3.3 

were 20%, 10.5%, 11.9%, and 13.4% for 3,7,28 and 56 days respectively. The percentage given above shows the 

compressive strength of self compacting concrete is higher at 3days than others. There was increase in the 

compressive strength from 7days to 56days. 

The best design mix for self compacting concrete was 2% MS and 10% fly ash. Control mixes for SCC can’t meet 

up with the requirement of self compacting concrete since result of fresh properties such as slump flow, L-box, V-

funnel can’t be determined. 

The result of fresh properties of self compacting microsilica and fly ash concrete are included in table 3.5 and they 

are in compliance with the standard. 

4. CONCLUSIONS AND RECOMMENDATIONS 

Cement replacement up to 10% MS and 30% F/Ash , 8% MS and 25% F/Ash lead to decrease in compressive strength 

for C50 grade of concrete when compare to control, from 2% MS and 10% F/ash and 4% MS + 15% F/ash self 

compacting concrete lead to increase in compressive strength for 3, 7, 28 and 56 days curing period while 6% MS + 

20% F/ash Self Compacting Concrete slightly increase than control. 

It was observed that the compressive strength of C50 grade of concrete is increased from 10.5% to 13.4% and higher 

percentage increase of compressive strength at 3days for all the design mixes of C50 grade of self compacting 

concrete. 

The best mix design for self compacting concrete was 2% microsilica and 10% fly ash self compacting concrete. 

Both the physical and chemical properties of cement, fly ash, microsilica were in compliance with the standard used. 

The result of fresh properties of self compacting microsilica and fly ash concrete are in compliance with the standard 

used except control in which slump flow, V-funnel, L-box, T50cm can’t be measured. 

Based on the conclusions arrived at, the following recommendations were made for future work: 

It is recommended that testing of SCC produced with microsilica, fly ash SCC be extended to 90 days for further 

determine the pozzolanic ability of the micro silica. 

Detailed cost analysis should be carried out to determine the level of savings from the use of micro silica, fly ash in 

self compacting concrete. 
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