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Abstract— During the last three decades, great strides have 

been taken in improving the performance of concrete as a 

construction material. Fly Ash and Silica Fume are 

indispensable in production of high strength concrete for 

practical application. The use of fly ash and silica fume as a 

pozzolana has increased worldwide attention over the recent 

years because when properly used as certain percent, they 

can enhance various properties of concrete both in the fresh 

as well as in hardened states like cohesiveness, strength, 

permeability and durability. 
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I. INTRODUCTION 

Concrete is prepared by mixing various constituents like 

cement, aggregate, water, etc. which are economically 

available. Concrete is the second most highly used item in 

the world after water. Production of cement used in concrete 

involves emission of large amount of CO2 which is the 

major contributor for green house effect and global 

warming. So, this leads to the ecological imbalance and 

cause pollution. Environmental restrictions of cement used 

in concrete have resulted in search for alternative which can 

be used in place of cement in concrete. Nowadays, Silica 

Fume and Fly Ash are successfully used in concrete as a 

cement replacement which are cement saving, energy saving 

and cost saving and moreover cause environmentally and 

socio-economic benefits. This paper presents a comparison 

of Compressive Strength, Split Tensile Strength, Flexural 

Strength of the concrete made by Silica Fume and Fly Ash 

by replacing cement at different levels. 

Concept of using Silica Fume and Fly Ash is not 

new all over to the world. But using at the same time is in 

concrete as a cement replacement has not become popular. 

Hence this investigation is made to check simultaneous 

effect of Silica Fume and Fly Ash in the properties of 

concrete. 

II. LITERATURE REVIEW 

A. T.Shanmugapriya and Dr.R.N.Uma:  

With increased environmental awareness and its potential 

hazardous effects, utilization of industrial by products has 

become an attractive alternative to disposal. Silica 

fume(SF), which is by product of the smelting process in the 

silicon and ferrosilicon industry. Silica fume is very 

effective in the design and development of high 

performance concrete. This paper presents the results of an 

experimental investigations carried out to find the suitability 

of silica fume in High Performance concrete. The concrete 

used in this investigation was proportioned to target a mean 

strength of 60 MPa and designed as per ACI 211.4R-08.The 

water binder ratio (W/B) adopted was 0.32 and the Super 

Plasticizer used was CONPLAST SP 430.Specimens such as 

cubes, beams and cylinders were cast for various mix 

proportions and tested at the age of 7,14and 28 days. The 

investigation revealed that the partial replacement of cement 

by silica fume will develop compressive strength, flexure 

strength and split tensile strength sufficient for construction 

purposes. The optimum dosage of silica fume found to be 

7.5% (by weight), when used as partial replacement of 

ordinary Portland cement .Its use will lead to a reduction in 

cement quantity required for construction purposes and 

hence sustainability in the construction industry as well as 

economic construction. 

B. Faseyemi Victor Ajileye:  

Nowadays to reduce the cost of building materials, 

Particularly cement is currently so high that only rich people 

and governments can afford meaningful construction. 

Studies have been carried out to investigate the possibility of 

utilizing a broad range of materials as partial replacement 

materials for cement in the production of concrete. This 

study investigated the strength of concrete increases. 

C. Folagbade and Sameul Olufem: 

Despite their ability to perform better than CEM I, available 

data have shown that cement combination concetes have 

been under-utilised in construction. To investigate the 

permeation resistance of cement combination concrete, this 

paper examined the sorptivity of CEM I and some binary 

and ternary cement concretes containing fly ash and silica 

fume at equal water/cement ratios and strengths. At equal 

water/cement ratio, fly ash binary cement concretes have 

higher sorptivity than CEM I and while their sorptivity 

increased with increasing content of fly ash, they decreased 

with curing age. Silica fume binary and ternary cement 

concretes have lower sorptivity than CEM I and fly ash 

binary cement concretes at both early and later ages and 

their sorptivity reduced with increasing content of silica 

fume. At equivalent strengths, cement combination 

concretes generally have lower sorptivity than CEM I and 

they reduced with increasing total content of the cement 

additions. 

III. MATERIALS USED 

A. Cement: 

Ordinary Portland cement (OPC) of 53 grade satisfying the 

requirements of IS: 8112-1939 is used. The specific gravity 

of cement was found to be 3.0. 
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B. Fine Aggregates: 

Sand is the main component grading zone-II of IS: 383-1978 

was used with specific gravity of 2.62 and water absorption 

of 1.8% at 24 hours. 

C. Coarse Aggregates: 

Mechanically crushed stone of 20mm maximum size, 

satisfying to IS: 383-1978 was used. The specific gravity 

was found to be 2.62 and 2.64 and water absorption is 

0.16% and 0.18% at 24 hours of 20mm aggregates 

respectively. 

D. Silica Fume: 

Silica fume available abundantly as a by-product obtained 

from reduction of high purity quartz with coal in an electric 

arc furnace in the manufacturing of silicon or ferrosilicon 

alloy. The silica fume obtained is a waste by-product which 

creates environmental pollution and health hazards, if this 

waste is consumed by construction industry in large 

quantities, environmental impact will be reduced to a greater 

extent and thus lead to environmental enhancement. 

Constituent Silica fume(%) 

SiO2 (silicon di oxide) 85-97 

Al2O3 (aluminium oxide) 0.40 

Fe2O3 (ferric oxide) 0.40 

CaO (calcium oxide) 1.60 

MgO (magnesium oxide) 0.09 

Na2O (sodium oxide) 0.50 

K2O (potassium oxide) 0.60 

Loss of ignition <4 

Table 1: Constituents of Silica Fume. 

E. Fly Ash: 

Fly ash from power plants became available as early in the 

1930s. In the U.S. the study of fly ash for use in hydraulic 

cement concrete began at about that time. In 1960s a new 

generation of coal fired power plants was built, that produce 

a finer fly ash with lower carbon content. In addition fly ash 

containing high levels of calcium oxide became available 

(Class C fly ash). 

Component Bituminous Subbituminous Lignite 

SiO2 (%) 20-60 40-60 15-45 

Al2O3 (%) 5-35 20-30 20-25 

Fe2O3 (%) 10-40 4-10 4-15 

CaO (%) 1-12 5-30 15-40 

LOI (%) 0-15 0-3 0-5 

Table 2: Constituents of Fly Ash. 

IV. TEST PROCEDURE 

A concrete mix of M30 grade is prepared by hand mixing 

(IS: 10262-2009). The Portland cement was partially 

replaced by Silica Fume and Fly Ash. Four mixes M-1,   M-

2, M-3 and M-4 are prepared by combination of Silica Fume 

and Fly Ash i.e. 0% and 0%, 12.5% and 25%, 15% and 

30%, 17.5% and 35% respectively. For each mix 15 samples 

were casted, 12 cubes (150mm × 150mm × 150mm) 6 cubes 

for compressive strength, 12 cylinders (150mm dia × 

300mm height), for split tensile strength and 12 prisms 

(100mm × 100mm × 500mm) for flexural strength test at 7 

days and 28 days respectively. 

V. RESULTS AND DISCUSSIONS 

Following tables shows the experimental results of the test 

samples made from partial replacement of cement using 

Silica Fume (SA) and Fly Ash (FA). 

Mix 
Compressive Strength (N/mm

2
) 

7 days 28 days 

M-1 20.16 33.27 

M-2 24.38 36.04 

M-3 29.28 38.65 

M-4 31.27 40.90 

Table 3: Test Results of M30 Grade Concrete with Various 

Percentages of SF & FA. 

 
Fig. 1: Compressive Strength of M30 Grade Concrete with 

Various Percentages of SF and FA. 

Mix 
Split Tensile Strength (N/mm

2
) 

7 days 28 days 

M-1 2.52 4.41 

M-2 3.11 4.53 

M-3 3.45 4.67 

M-4 3.28 4.36 

Table 4: Test Results of M30 Grade Concrete with Various 

Percentages of SF & FA. 

 
Fig. 2: Split Tensile Strength of M30 Grade Concrete with 

Various Percentages of SF and FA. 

Mix 

Flexural 

Strength (N/mm
2
) 

7 days 28 days 

M-1 3.21 4.51 

M-2 4.95 5.88 

M-3 5.88 7.84 

M-4 6.30 8.33 

Table 5: Test Results of M30 Grade Concrete with Various 

Percentages of SF & FA. 
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Fig. 3: Flexural Strength of M30 Grade Concrete with 

Various Percentages of SF and FA. 

VI. CONCLUSION 

This paper has described the variation of compressive 

strength, split tensile strength, flexural strength, also 

workability of different specimens having different 

percentage of SF & FA as a partial replacement of cement. 

From the results following conclusions are concluded:- 

1) From Table-3 the compressive of concrete 

increases by 10%. 

2) The workability of concrete increases with the 

increase in the replacement levels. 

3) An increase in the silica fume in concrete above 

15% replaced with cement decreases the strength of 

hardened concrete gradually. 

4) The replacement should not be done more than 

15% as the strength goes on decreasing from that 

point. 

5) From Table-4 the tensile strength of concrete 

increases by 12%. 

6) Based on the test results presented in this report, it 

can be concluded that SF & FA can be adopted as 

15% at most as partial replacement material for 

cement in concrete structures which has harmful 

effects on the environment, hence enhancing the 

environment. 

7) From Table-3 the flexural strength of concrete 

increases by 15%. 
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