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ABSTRACT 
The phenomenon of wide spread deterioration of concrete structures during the past two decades has become a matter of global 
concern. The deterioration of reinforced concrete structures is often due to the corrosion of the reinforcing steel embedded in 
the concrete. Corrosion of steel in concrete occurs when the outside environment influences the change in composition of the 
pore solution. The permeability of concrete is one of the main reason by which the change in the PH of the pore solution takes 
place. The chloride ion diffusion into the concrete affects the passivity of steel rebar and consequently accelerates the 
corrosion. In addition Co2 and oxygen can easily diffuse through the concrete and thus destroy the passive film formed on the 
steel surface by lowering the PH of the pore solution. Therefore the microstructure and the impermeability of the concrete may 
be altered, with a high packing density of concrete as the key for obtaining durable concrete. This has been achieved and 
studied by incorporating mineral and chemical admixtures in the concrete. Fly ash and Micro silica are one such mineral 
admixtures used in concrete as the supplementary cementitious material to enhance the impermeability characteristics of 
concrete and thus reduce the risk of corrosion of the embedded steel. An attempt has made to study the mechanical and 
corrosion properties in more than 100 specimens using  flyash and microsilica. 
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1. INTRODUCTION: 

Flyash is a by product of burning pulverized coal in an electrical generating station. Specially it is the unburned residue 
that is carried away from the burning zone in the boiler by the flue gases and the collected by either mechanical or 
electrostatic separators. 
Microsilica is a by product obtained from the reduction of high purity quartz with coal in an electric arc furnace in ferro 
silicon industries.The fumes escaping from the furnace containing silicon dioxide (SiO2) to about 85-98% and is 
collected by filtering equipment.The development of this equipment enabled the concrete industry to use microsilica as 
an admixture in concrete.The microsilica has an average particle size of 150 nm (about 100 times smaller than the 
cement grains),the specific surface area is of the order of 20m2/g as measured by the nitrogen absorption method,and its 
relative density is around 2.2.Microsilica fume in concrete not only reduces the consumption of cement but provides 
ecological benefits since for each tonne of Portland cement produced an equal amount of CO2 is emitted to the 
atmosphere. Second it helps in saving natural resources which otherwise would have been used for the manufacturing 
of cement. 
 
1.1 Literature review: 
Bentur,A and Goldman, A (1989)  studied the Curing effects , strength and physical properties of high strength Micro 
silica Concrete.It was found that presence of microsilica resulted in increase in strength at 28 days. Bentur,A and 
Goldman, A (1989)  studied the Bond effects in high strength Micro silica concrete.he founded that there is an 
improved aggregate – matrix bond. Selvaraj.R,Muralidharan.S,Srinivasan.S (2003) studied the influence of silica fume 
on the factors affecting the corrosion of reinforcement in concrete .He concluded that silica fume reduces the pH and 
increases the electrical resistivity by pore filling effect. Weisun,Yunsheng Zhang,Sifengliu,Yanmeizhang (2004) 
studied the influence of mineral admixtures on resistance to corrosion of steel bars in green high performance 
concrete.he found out that the mineral admixtures possess resistance to corrosion in green High performance 
concrete.Zhang Chegzhi,Wang Aiqin,Tang Mingshu(1996)  studied  the filling role of Pozzolanic material.He 
concluded that the pozzolanic material reduces both pore sizes and porosity therefore raises the strength. 
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1.2.Reaction in Concrete: 
Fly Ash is a finely divided silica rich powder that, in itself, gives no benefit when added to a concrete mixture, unless it 
can react with the calcium hydroxide formed in the first few days of hydration. Together they form a calcium silica 
hydrate (CSH) compound that over time effectively reduces concrete diffusivity to oxygen, carbon dioxide, water and 
chloride ions. By reducing ion diffusion, the electrical resistance of the concrete also increases. Corrosion occurs at 
crevices where oxygen and chlorine ion concentration is lowest. Fly Ash is very effective in closing the coarser pores 
but may not be as effective in closing the finer pores that provide a conduit for iron in ionic form. 
 
The incorporation of Micro silica in concrete refines the microstructure of the concrete in two ways.First Micro Silica 
,being a highly reactive pozzolanic material,reacts with the Calcium Hydroxide produced on hydration of Portland 
cement and forms calcium silicate hydrate(CSH) gel.The gel formation takes place in the cement paste and forms over 
the surfaces of aggregates.Second as the Micro Silica is a very fine powder,it acts as a microfiller,occupying the voids 
between the cement grains and thereby reducing the porosity of the cement paste. As a result of these  two mehanisms,  
the permeability resistance and the strength of concrete is increased .Further the continued pozzolanic reaction between 
the Micro Silica and  Ca (OH)2 and the crystallization  of CSH produces a large reduction in the size of very fine 
capillary pores resulting in a densely packed strong and less permeable concrete.  

 
2. MATERIALS USED 
Ordinary Port land Cement – 43 Grade 
Conforming to IS 456-2000 
Fine Aggregate: 
Local clean River sand – Fineness Modulus = 2.6 
Conforming to grading Zone II of Is 383-1970 
Coarse Aggregate: 
Locally available aggregates of nominal size greater than 4.75mm and less than 12mm  
Having a fineness modulus of 2.9 was used. 
Fly Ash: 
Fly ash collected from Neyveli (Passing through 90 microns sieve) 
Properties of Flyash 
 

SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O LOI SO3 TiO2 
63.2 28.3 3.7 0.9 0.6 0.08 1.40 0.40 0.10 1.12 

 
Micro silica: 
Elkem Microsilica -  Grade 920 
Chemical Composition 
SiO2 – min 85% 
H2O – max 1% 
C – max 2.5% 
LOI – max 4% 
Physical properties : 
Bulk Density – 200-360 Kg/m3) 
Mix design: 
M20 concrete 
Target strength  fck = 27.6 N /mm2 
Mix Design = 1:1.69:3.69 
w/c ratio = 0.58 

Table 1 : Standards used for various Test: 
S.No Test Standards used 
1 Compressive strength IS 456-2000 
2 Pull out IS 2770-1967 (Part I) 
3 Rapid chloride Ion Penetration ASTM C 1202 
4 Open Circuit Potential ASTM C 876-1995 
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3.Mechanical Test 
Following test are conducted to evaluate the mechanical properties of flyash and Micro Silica added concrete 
 
3.1 Compressive Strength Test 
100mm x 100mm x 100mm concrete cubes were casted using 1:1.69:3.69 mix.Fly ash and Micro Silica were added in 
various proportions by weight of cement.The proportions  of Fly ash and Micro Silica were  weighed and placed .To 
this sand is added and weighed The coarse aggregate is mixed thoroughly.Water is added in required quantity to 
enhance the w/c ratio of 0.58 .The moulds were cleaned and oil is applied.The concrete prepared above was placed in 
three layers in the mould.Compaction was done using table vibrator to fill the voids.At last finishing is done and excess 
concrete is removed.After 24 hours the specimens were removed from the mould and subjected to water curing for 
7,14,28 days. 

 

 
 

Fig 1  concrete cubes 
3.2 Pull out Test: 
The bond between rebar and concrete is essential for reliable performance of reinforced concrete structures. The 
addition of Flyash and  Microsilica should not affect the bond strength of concrete .Cold twisted deformed bars of size 
12mm diameter  and 300mm long were used. The rod was placed concentrically in the concrete cube of size 100x 
100x100mm for the design mix .The bar was projected down for a distance of 100mm from the bottom face of the cube 
as cast and projected upwards from the top upto 200mm height in order to provide an adequate length to the grip for 
the application of load.During casting the moulds were mechanically vibrated using table vlbrator.Finally the cubes 
were finished and after 24 hours the cubes were removed and subjected to curing for 28 days.The  cubes were taken out 
and the steel concrete bond strength was determined using FIE electronic Universal Testing machine (Model UTM 60) 
of capacity 60 Tonnes.The bond strength was calculated from the load at which the slip was 0.25mm and the slip 
values were measured using the dial gauges.The test was carried out for 3 specimens in each case and the result was 
calculated using the formula ,Bond strength =    

Load at 1.25mm slip (N)               ……………………………                                              π x  d x 
l (mm2) 

  d = diameter of the rebar,    l = embedded length 
 

 
 

Fig 2 Pull out test specimen 
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4. Corrosion Test 
The performance behaviour of micro silica and flyash  mixed in the concrete was evaluated by the following corrosion 
tests 
 
4.1 Rapid Chloride Ion penetration Test 
Concrete disc of 85mm diameter and height 50mm were casted with different proportions of Micro silica. After 24 
hours the discs were demoulded and allowed to cure for 28 days. After the curing period the  discs were subjected  to 
RCPT  by impressing 60 V between the anode and cathode .Two halves of the specimen is sealed with PVC container 
of diameter 90mm.One side of the container is filled with 3% Na Cl solution. The side of the cell is connected to the 
negative terminal of the power supply. The Other side of the container is filled with 0.3 N NaOH.it is connected to the 
positive terminal of the power supply. Current is measured at every 30minutes upto 6 hours. From the results using 
current and time chloride permeability is calculated in terms of coulombs at the end of 6 hours. 
 

 
Fig 3 RCPT Test set up 

4.2 Open Circuit Potential Test 
Cylindrical reinforced concrete specimens of size 50mm diameter and 100mm height were cast with different 
proportions of fly ash and micro silica. The cylinders were cast and demoulded after 24hours. The specimens were 
cured for 28days. After 28days the specimens were taken out and immersed in 3%NaCl solution in order to accelerate 
corrosion.The potential of the embedded rebar was measured against saturated calomel electrode (SCE) using 
multimeter. The potential readings were taken once in week. They are subjected to dry for 5 days and wet for 2 days. 
The cycle is continued for a period of 6 months. The solution was changed once in two weeks in order to induce 
accelerated corrosion. The measurements were carried for all the systems and recorded. 

 

 
Fig 4 Open Circuit Potential test setup 
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5.RESULTS AND DISCUSSION 
Table 2 :Compressive Strength for 7 days 
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Fig 5 Compressive strength 7 days 

        
   TABLE 3 Compressive Strength for 14 days 
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Compressive Strength -14 days
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Fig 6 Compressive strength 14 days 

 
 
 
 

Table 4 Compressive Strength for 28 days 
 

Sp.No System Average Compressive 
load (kN) 

Average 
Compressive 

Strength (N/mm2) 
1 OPC+FA+CA 282 28.2 
2 OPC+FA+CA+5%fa+5%ms 492 49.2 
3 OPC+FA+CA+5%ms 360 36 
4 OPC+FA+CA+10%fa+5%ms 344 34.4 
5 OPC+FA+CA+10%fa+10%ms 380 38 
6 OPC+FA+CA+10%ms 386 38.6 
7 OPC+FA+CA+15%fa+5%ms 404 40.4 
8 OPC+FA+CA+15%fa+10%ms 454 45.4 
9 OPC+FA+CA+15%fa+15%ms 460 46 

 
Compressive Strength-28 days
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Fig 7 Compressive strength 28 days 
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Where, OPC - Ordinary Port land Cement 
 FA - Fine Aggregate, 
 CA - Coarse Aggregate 
 fa - flyash ,   ms  - micro silica 

Table 5. Pull out Test result 

 
 

Pull out Test

0

0.1

0.2

0.3

0.4

0.5

0.6

1
System

A
ve

ra
ge

 b
on

d 
st

re
ss

OPC+FA+CA
OPC+FA+CA+5%fa+5%ms
OPC+FA+CA+5%ms
OPC+FA+CA+10%fa+5%ms
OPC+FA+CA+10%fa+10%ms
OPC+FA+CA+10%ms
OPC+FA+CA+15%fa+5%ms
OPC+FA+CA+15%fa+10%ms
OPC+FA+CA+15%fa+15%ms

 
Fig 8 Pull out test result  

 
Table 6.  Rapid Chloride Ion Penetration Test 

 
Sp.
No 

System Charged 
passed 
(coulombs) 

Chloride ion 
permeability 

C1 
C2 

OPC+FA+CA 1132.406 
834.047 

Low 

C3 
C4 

OPC+FA+CA+5% 
fa+5%ms 

315.310 
562.812 

Very Low 

C5 
C6 

OPC+FA+CA+5%
ms 

273.495 
172.912 

Very Low 

C7 
C8 

OPC+FA+CA+10
%fa+5%ms 

339.043 
237.330 

Very Low 

C9 
C10 

OPC+FA+CA+10
%fa+10%ms 

89.5075 
81.2106 

Negligible 

C11 
C12 

OPC+FA+CA+10
%ms 

437.027 
366.958 

Very Low 

C13 OPC+FA+CA+15 317.571 Very Low 
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C14 %fa+5%ms 428.920 
C15 
C16 

OPC+FA+CA+15
%fa+10%ms 

235.861 
316.942 

Very Low 

C17 
C18 

OPC+FA+CA+15
%fa+15%ms 

311.016 
487.093 

Very Low 

 
Table 6.1  RCPT  Ratings (ASTM C1202) 

 
Charge passed 

( coulombs) Chloride ion permeability 

 4000 High 
2000-40000 moderate 
1000-2000 low 
100 - 1000 Very low 

< 100 negligible 
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Fig 9 RCPT Test result 

Open Circuit Potential Test Results: 
The  graph drawn below shows the Open Circuit Potential measurements with different proportions of flyash and 
microsilica .From the figure it is observed that all the systems are showing a potential more than -275mV,when 
compared to control concrete all the systems are showing a lesser potential than control concrete. 
 

 

 
 

Fig 10 Open circuit potential Test-control Vs  OPC+15%fa+5%ms 
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Fig 11 Open circuit potential Test-control Vs  OPC+5%fa+5%ms 

 

 
Fig 12 Open circuit potential Test-control Vs  OPC + 5%ms 

 

 
Fig 13 Open circuit potential Test-control Vs OPC+15%fa+10%ms 

 

 
Fig 14 Open circuit potential Test-control Vs OPC+10%fa+10 %ms 
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Fig 15 Open circuit potential Test-control Vs OPC+10%fa+5%ms 
 

 
 

Fig 16 Open circuit potential Test-control Vs OPC+10%ms 

 
 

Fig 17 Open circuit potential Test-control Vs OPC+15%fa+15%ms 
 

6.Conclusion 
 Addition of 15% fly ash and 5% Micro Silica gives the maximum compressive strength for 7 days . 
 Addition of 15% fly ash and 15% Micro Silica gives the maximum compressive strength for 14 days . 
 Addition of 5% fly ash and 5% Micro Silica gives the maximum compressive strength for 28 days . 
 In chloride ion penetration Test Addition of 10% fly ash and 10% Micro Silica gives negligible penetration value. 

The penetration value is about 90% less than control concrete .From this it is concluded that flyash and microsilica 
can be used in marine environments since it increases the electrical resistance of concrete and resistance to  steel  
corrosion. 
 In Pull out  Test 10% addition of Microsilica gives good bond strength. 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 5, Issue 12, December  2016              ISSN 2319 - 4847 
 

Volume 5, Issue 12, December  2016                                                                                   Page 92 

 In open circuit potential test all proportions of Micro silica and fly ash mixed concrete shows less negative 
potential compared to control concrete.The improved electrical resistivity yielded by silica fume  and flyash 
protects steel reinforcement from corrosion in concrete. 
 The reduced permeability of micro silica provides protection against intrusion of chloride ions there by increasing 

the time taken for the chloride ions to reach the steel bar and initiate corrosion. In addition, micro silica concrete 
has much higher electrical resistivity compared to OPC concrete thus slowing down the corrosion rate. The 
combined effect generally increased structures life by 5 – 10 times. Micro silica concrete is therefore suitable for 
structures exposed to salt water, de-icing salts. Because of the pozzolanic and micro filler effect of micro silica, its 
use in concrete can improve many of its properties opening up a wide range of applications . 
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