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Abstract— The strengthening effect in high strength concrete is dependent on the water cement ratio and is inversely related 
to the value of water/cement ratio. Addition of silica fume in concrete introduces an inherent effect that leads to an increase 
in strength of concrete at the same water cement ratio. The water reducing effect is an important benefit of silica fume 
concrete. Silica fume has been recognised as a pozzolanic admixture that is effective in greatly enhancing mechanical 
properties. The addition of silica fume in concrete also increases the durability by reducing permeability and refining pore 
structure. It is suggested that its origin is in the improved Aggregate matrix bond. The interfacial transition zone usually 
governs all the properties of concrete being the weakest zone. This paper present test results indicate that use of Silica fume 
in concrete has improved the performance of concrete in strength as well as in durability aspect.  
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I. INTRODUCTION 
 
Silica fumes also known as fine silica or micro silica. 
Silica fume is non crystalline of polymorph of silicon 
dioxide. It is fine product obtain from by-product of 
the silicon and Ferro silica alloy product of silicon 
and Ferro silicon alloy product and consist of 
spherical shape particle the average diameter of 
particle 140nm its 100 times smaller to the cement 
particle. The main field of application is as 
pozzolanic materials for high performance concrete. 
The silicon fume is referred other names 

 
i. Volatilizatized silicon 

ii. Micro silica  
iii. Condensed silicon fume 

 
Silicon fume production flow chart: 

 
It is the nature of higher degree of fines is very high. 
Amorphous silicon dioxide content. Silica fume is 
very reactive pozzolanic material. It is similar that the 
Portland cement in concrete react chemically. It 
release calcium hydroxide. Silica fume react with this 
calcium hydroxide to form additional binder material 
as calcium silicate hydrate.    
1. Chemical effect: 

The silica fume gives harden property to the 
concrete. Because it is very reactive pozzolanic 
material in concrete. It reacts with OPC and 
release calcium hydroxide. The silica fume react 
with this calcium hydroxide to form additional 
binder material called Calcium silicate hydrate. 

2.  Chemical Analysis: 

 
i. Cement Reaction: 2(3Cao.Sio2)+6H2O = 

3Cao.Sio2.3H2o+3Ca (OH) 2 
ii. Pozzolanic materials consume lime and 

form even more CSH binder phases: 
3CaO (OH) 2 + SiO2 = 3CaO.SiO2.3H2O 

3. Silica Fume work in concrete: When silica fume 
is added in concrete; initially no reaction takes 
place and it remains inert. Portland cement and 
water in the mix start reacting with each other 
and produce two different chemical compounds 
(I) Calcium silicate Hydrate (CSH Compound) 
(ii) (CH). 
While CSH is responsible for strength producing 
crystallization, the second compound,   Calcium 
Hydroxide (CH, also known as free lime) is a by-
product and leaches out of concrete rendering it 
weaker. Pozzolanic reaction occurs between 
Silica fume and the CH, producing additional 
CSH in many of the voids around hydrated 
cement particle.  This additional CSH provides 
the concrete with not only improve compressive, 
flexural and bond strength but also much denser 
matrix mostly in the area that would have 
remained as small voids subject to possible 
ingress of deleterious material 

4. Effect on fresh mix concrete: 
        The 7 days and 28 days compressive strength 

results (tested under standard conditions in 
(CTM) for the cubes prepared using silica fume 
as partial replacement of cement by weight in 
M-30 concrete are summarised in Table 1. The 
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replacement percentage used were 0%, 10% and 
20%. 

 
Table 1 

 
 

 
Figure 1 

 

 
Figure 2 

 
5.     Durability Test: 

The action of acid attack on concrete is the 
conversion of calcium compound into calcium 
salt of the attacking acid. It is found that the loss 
of compressive strength in concrete 9.85% in 28 
days and 6.25% in 7 days. Thus replacement of 
silica fume is found to have increase the 
durability against acid attack. 

Table 2 

 
 

6.    Application of silica fume: 
In the present scenario the greatest cause of 
concrete deterioration in the India today is 
corrosion induced by marine salts. Silica fume 
concrete with a low water content is highly 
resistant to penetration by chlorine ion. On the 
basis of construction application Silica fume 
concrete differentiates in the following manner 

i. High Performance concrete: High 
performance concrete with silica fume 
is used in highways, bridges, parking 
decks, marine structures and bridge 
deterioration caused by reinforcement 
corrosion. Silica fume will protect 
concrete against salts, seawater, 
freeze/thaw cycle thereby minimizing 
maintenance expenses. 

ii. High Strength concrete: The High 
strength concrete with silica fume is 
used in the construction of tall buildings 
and to provide architects greater design 
flexibility. Silica fume is often used in 
precast and pre- stress long span 
bridges.  

iii. Silica fume shotcrete: Silica fume 
produces superior shotcrete for use in 
rock stabilization, mine tunnel lining 
and rehabilitation of deteriorated 
bridges, marine columns and piles. 
Greater bonding strength and good 
performance of both wet and dry 
process make it a preferable choice. 
Other advantages include less rebound 
loss and thicker application with each 
pass of shotcrete nozzle.   
              

7. Advantages of Silica fume in concrete 
i. High Early compressive strength 

ii. High Tensile strength and modulus of 
Rigidity 

iii. Increase toughness 
iv. Very low Permeability to chlorine and 

water intrusion 
v. Increase  abrasion resistance  

vi. High electrical resistivity 
vii. High bond strength 

 
CONCLUSION 
 
It is found that the by-product silica fume used as 
partial replacement of cement,  has a positive 
influence on the compressive as well as tensile 
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strength of concrete. The 28 day compressive strength 
obtained by partially replacing cement with silica 
fume shows a noticeable increase when compared to 
the target mean strength. The tensile strength also has 
increased marginally. The results for test against acid 
attack show that silica fume contained concrete 
possesses greater acid resistance as compared to the 
normal concrete. This reinforces the earlier 
observations that silica fume helps in increasing the 
durability of reinforced concrete. In the present 
scenario silica fume is present in excess and it cannot 
be disposed of because it requires more area for 
disposal. It contains chemicals that can contaminate 
underground water table if disposed in the open 
without proper treatment. So this study can be used to 
encourage industries to use silica fume as 
replacement for cementitious materials by 10%-30% 
of their weight. It has also been found that at the same 
w/c ratio the strength of silica fume concrete is more 
than the normal concrete. The cost of concrete also 
decreases by 20%-30% by using silica fume. Good 
quality control and high early strength can be 
achieved in silica fume concrete which may be useful 
in various structural constructions such as high-rise 
buildings, bridges, chimneys, machine foundations, 
run ways etc., wherein, the timeframe of completion 
vis-à-vis the economy is an important driving factor 
for the targeted purpose as well as for the contractors 

and owners alike as this concrete will provide faster 
stage by stage or floor to floor construction. 
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