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Abstract— A large number of reinforced concrete (RC) structures that have been damaged due to corrosion of steel 
reinforcements can be rehabilitated with fiber-reinforced polymer (FRP) wraps. This paper presents the results of a 
comparative study between wrapped and unwrapped concrete cylinders. 3 specimens were wrapped  with a layer of FRP and 
1 specimen was kept unwrapped. The experiment was carried out in an electrochemical environment. Half celland  current 
readings were taken on regular intervals. The experimental results showed that mass loss in wrapped specimens were 
considerably less in comparison to unwrapped specimen. 
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I. INTRODUCTION 
 
In recent years, the use of fiber reinforced polymers 
(FRP) as an externally wrapping have achieved 
considerable popularity for the strengthening and 
repair of concrete structures[1]. Fiber-reinforced 
polymeris a composite material made of 
a polymer matrix reinforced with fibers. The fibers 
are usually glass, carbon, basalt or aramid, although 
other fibers such as paper or wood or asbestos have 
been sometimes used. The polymer is usually 
an epoxy, vinylester or polyester thermosetting 
plastic, and phenol formaldehyde resins[2]. The FRP 
composites have been used successfully for 
rehabilitation and strengthening of deficient 
reinforced concrete elements[1]. Corrosion of 
reinforcing steel in concrete leads to the premature 
failure of many structures exposed to harsh 
environments. Rust products form on the bar, expand 
its volume and create stress in the surrounding 
concrete. This leads to cracking and spalling, both of 
which can severely reduce the service life and 
strength of a member. As a result, the reinforcements 
get exposed to direct environmental attack and the 
corrosion is accelerated. Along with unpleasant 
appearance it weakens the concrete structure to a high 
degree. Moreover, bond between the steel and the 
concrete is also reduced[3]. 
 
The present paper reports a part of an ongoing 
investigation on the efficiency of FRP wrap in 
providing protection to steel reinforcements in 
concrete from corrosion. In this paper, we report 
performance of glass fiber wrap. Laboratory samples 
of FRP wrapped RC specimens were prepared and 
exposed to accelerated corrosion by impressing 
anodic current into the reinforcing bar which is 
considered to be very harsh environment. Protection 
to the corrosion by wrapping FRP sheets is 
investigated. 

1.1 Corrosion Mechanism Of Reinforced Concrete 
Corrosion of steel embedded in concrete is an 
electrochemical process. The surface of the corroding 
steel functions as a mixed electrode that is a 
composite of anodes and cathodes electrically 
connected through the body of steel itself, upon 
which coupled anodic and cathodic reactions take 
place. Concrete pore water functions as an aqueous 
medium i.e. a complex electrolyte. Therefore, a 
reinforcement corrosion cell is formed as shown in 
Fig.1 [16].  
 

 
Fig. 1: Schematic illustration of the corrosion of steel 

reinforcement in Concrete [6]. 
 
Anodic and Cathodic Reactions: 
The chemical half-cell reactions occurring at the 
anodic and cathodic areas are as follows : 
At the anode:  Fe → Fe2+ + 2e- 

At the cathode: 2e- + H2O + (1/2)O2→2(OH)- 

The hydroxyl ions, OH- arriving at the anodic area 
electrically neutralize the Fe2+ ions dissolved in pore 
water and from a solution of ferrous hydroxide at the 
anode:  

Fe2+ + 2(OH)- → Fe(OH)2 

 
This compound Fe(OH)2 reacts further with 
additional hydroxide and available oxygen, to form 
the water insoluble red rust. Red rust is not the only 
product of corrosion of steel in concrete. Compounds 
such as black rust Fe3O4, green rust, FeCl2 and other 
ferric and ferrous oxides, hydroxides, chlorides 



International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-3, Issue-1, Feb.-2016 

Effect of FRP on Corrosion of Reinforcing Bar in Reinforced Concrete 
 

86 

hydrates are also formed. 
It is possible, with varying degrees of accuracy, to 
measure the amount of steel dissolving and forming 
oxides i.e. rust by faradays law i.e.  
m = MIt/zF 
Where,   
m =mass of steel consumed in g 
M=atomic weight of metal (56 g for Fe) 
I=Average current (amperes) 
t=time (seconds) 
z=ionic charge (2) and  
F=Faraday’s constant 96,500 amperes/seconds. 
 
III. EXPERIMENTAL DETAILS 

 
Cylindrical concrete specimens with an embedded 
steel bar were used. The height and the diameter of 
the concrete specimen were 100 mm and 60 mm 
respectively, with an accuracy of ±1 mm. A 
reinforcing bar of 105 mm length with bar diameter 
of  20mm were used. The  shining surface was 
maintained and coated with epoxy sealant 10mm at 
the bottom in the embedded portion and 30mm from 
top. This served as sealant to avoid the corrosion of 
protruded part of bar and also the embedded length of 
the bar in concrete was maintained precisely at 65 
mm. Before placing the bar in concrete a groove of 3 
mm diameter was drilled on one end of the bar for the 
electrical connections. The plug was used for 
electrical connections. The bar was placed in such a 
way that bottom cover was 20 mm. Before casting of 
the test specimens, each reinforcing bar was weighed 
to 0.001g accuracy. 

 

 
Fig. 2: Geometry of specimen 

 
Out of the four specimens, three specimens were 
wrapped with a layer of FRP and one specimen was 
kept unwrapped. All the four specimens were 
subjected to electrochemical testing. The current was 
induced by a DC power supply at a constant voltage 
of 10Vthrough each specimen. Current and HCP 
readings were taken at regular intervals to do the 
comparison between wrapped and unwrapped 
specimens. 

 
Fig. 3: Schematic  representation of electrolytic cell 

 

 
Fig. 4: Experimental setup 

 
Upon completion of the test, each sample was 
visually examined for cracks, photographed and the 
cover was removed. Then the steel bars were cleaned 
and scrubbed with a stiff metal brush to make it free 
from any adhering corrosion products. The 
reinforcing bars were then weighed and mass loss 
was computed.  
 

 
Fig. 5: Retrieving of Reinforcement Steel in wrapped specimen 

 

 
Fig. 6: Retrieving of Reinforcement Steel in 

unwrappedspecimen 
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IV. RESULTS AND DISCUSSION 
 
Mass loss: 
The reinforcement mass loss in unwrapped specimen 
was much more than the reinforcement mass loss in 
all three wrapped specimen. Mass loss in unwrapped 
specimen was about six times the mass loss in 
wrapped specimen after the testing of 10 days, which 
is quite considerable to conclude that application of 
FRP is  effective in reducing the reinforcement mass 
loss due to corrosion. 

 
Table 1. Reinforcement  mass loss in specimens 

 
 
Current and HCP: 
The current and HCP reading was also found to be 
very high in unwrapped specimen as compared to 
wrapped specimens. This  may be due to the non-
permeable nature of FRP layer which does not allow 
water(5%NaCl solution) to penetrate inside the 
concrete.FRP coating forms a protective layer which 
does not allow the salts in water to penetrate inside 
the concrete and come in contact of steel to cause 
corrosion. Although some water got penetrated inside 
the specimen from the bottom as the bottom of 
specimen was not covered with FRP,the other portion 
of wrapped specimen was very well protected from 
penetration by the application of FRP layer which 
reduced the corrosion and mass loss in reinforcement. 
 

 
Graph 1. Current vs Time 

 
Graph 2. HCP vs Time 

 
CONCLUSIONS 
 
From the experimental results obtained, it can be 
concluded that application of FRP wrap is effective in 
controlling the corrosion. It helps in reducing the 
reinforcement mass loss and also the deterioration of 
concrete structure. 
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