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Abstract: Corrosion is the gradual degradation of the metal by 
chemical reaction with the environment. The service life of the 
structure is a major concern that depends on the cost involved in 
construction, maintenance, and repair works. This paper 
discusses the corrosion mechanism, factors influencing 
corrosion, corrosion monitoring techniques, and corrosion 
protection methods. The monitoring techniques include the 
Linear polarization method, Active monitoring using sensors, 
DAQ cards, impedance measurement using chips, etc. Prevention 
methods include an application of paints with various chemical 
compositions, cathodic protection inhibitors, the use of fiber-
reinforced polymer, etc.  
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I. INTRODUCTION 

Corrosion of steel reduces the life and durability of the 
concrete [15]. Reinforced concrete structures undergo 
corrosion under different environmental conditions 
including carbonation, chloride attack, and in a marine 
environment. Corrosion products create volume change in 
the steel bar which in turn affects the surrounding concrete 
leading to cracks, delamination, spalling, etc. Galvanic 
corrosion, rebar corrosion, crevice, and pitting corrosion 
cause the degradation of performance and appearance of the 
concrete structures. To monitor the corrosion different 
techniques have been used worldwide. This paper discusses 
reinforcement corrosion, its mechanism, and monitoring 
methods, and its prevention 

II. CORROSION PROCESS 

The destruction or deterioration of the material and its 
properties by reaction with its environment is known as 
corrosion[3]. There is a difference in electrical potential due 
to which the concrete acts as an electrochemical cell [1]. It 
consists of an anode, cathode, and electrolyte solution which 
initiates the corrosion. 

III. MECHANISM OF CORROSION 

The formation of rust is influenced by the presence of 
oxygen, water, and iron. There are four criteria required to 
initiate corrosion,  
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viz rupture of passivating film depassivation, oxygen 
availability, and a conductive medium between anode and 
cathode.The Balanced chemical reaction of corrosion is 

4Fe + 3O2 + 6H2O   → 4Fe(OH)3  (1) 

 
Fig.1 Corrosion process in concrete (Portland cement 

association, 2002) 
Anodic reaction   

Fe  → Fe
2+ + 2e-  (2) 

Fe2+ + 2OH-  → Fe(OH)2       (3) 

4Fe2+ +4H+ +O2  → 4Fe
3+ + 2H2O  (4) 

Fe3+ + 3OH- → Fe(OH)3  (5) 

Cathodic reaction 

4e- +4H+ + O2 → 2H2O (6) 

Ferric hydroxide is formed as a result of the above reactions. 
The solid iron dissolves into the electrolyte solution. The 
iron reacts with hydroxide ions in water to form ferrous 
hydroxide as green rust. This again reacts with hydroxide in 
water to form ferric hydroxide as the end product which is 
reddish rust. 

IV. FACTORS AFFECTING CORROSION 

The various factors affecting corrosion are  
 pH 
 Sodium Chloride  
 Moisture  
 Oxygen 
 Environment 
 Presence of chloride 
 Carbonation 
 Presence of acids like Conc.H2SO4, HCl, HF, HNO3, 

and H3PO4 (Phosphoric acid), etc. [12]. 

V. CORROSION   MONITORING TECHNIQUES 

A.  Linear polarization resistance method 
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The linear polarization resistance method is a continuous 
electrochemical method for monitoring corrosion [7].  This 
technique helps to find the present condition of the 
reinforcement and to calculate the loss of rebar in cross-
section within a few minutes [1]. The measuring instrument 
should possess the ability to maintain the electrode potential 
of 1millivolt over a wide range of current and should have a 
high input impedance of 10mΩ. The potential difference 
between the sensor electrodes is monitored and a suitable 
current is selected to maintain this potential difference 
throughout the LPR. This technique helps to identify the 
corrosion spot exactly.  

B. Impedance measuring chip  

The piezoceramic materials such as PZT (lead–zirconate–

titanate)  has been used in the field of sensing and actuation 
including the electromechanical impedance-based SHM 
techniques. The electromechanical impedance-based SHM 
technique utilizes piezoelectric patch sensors such as PZT 
and Macro Fiber Composites (MFC) sensors as self-sensing 
actuators.  In this method, the analog components are used 
for the measurement of impedance  [9]. 

 
Fig.2 Miniature  of  impedance measuring chip and 

block diagram[11] 
The active sensing devices used in the form of miniature 
impedance chip is shown in fig.2. The PZT sensor acts as 
the receiver on the structure. The corrosion is detected by 
the LED light if the light is red there is damage but if it 
glows green there is no damage. In this method, there is a 
great enhancement of safety and cost-saving. 

C. Monitoring using DAQ cards 

In this method, the data acquisition system is used to 
monitor corrosion through sensors embedded in samples. 
This acquisition system consists of signal conditioning, 
transducers, DAQ hardware, and software. Signals can be 
measured without any loss from the card up to a distance of 
about 10m. The potential at each point is measured by a 
high impedance voltmeter and is compared with the values 
from DAQ cards. This method has high accuracy [15]. 

D. Gabor wavelet transform method 

A wavelet transform is the conversion of a one-dimensional 
signal into a three-dimensional signal. The first step 
involves denoising the received signal called wavelet 
thresholding. The threshold waveform of central frequency 
50KHz is compared with the continuous wavelet transform. 
The contour is drawn with equal areas showing the presence 
of transverse cracks which can be considered as a global 
damage parameter. The frequency (50 kHz center 
frequency) causes waveform scattering, reflection, and 
mode conversion that can be captured through the Gabor 
wavelet transform [9]. 

E.Electrochemical Impedance Spectroscopy(EIS) 

Electrochemical impedance spectroscopy helps to know the 
corrosion rate directly from the polarization potential. When 
a small AC potential is applied to the specimen with 
different frequencies, it records the response and analyzes 
the clusters of frequency in a domain. The EIS method 
measures both the resistance and capacitance of the system 
[7].  

F. Sputtering Deposition Techniques 

Sputtering is the process of bombarding the target with 
energetic ions to form vapor particles. Optical fiber is placed 
in a vacuum compartment with the split ends facing an iron 
target. An experiment is performed using a glass plate with a 
strip of thin tape bonded to the surface. The plate is kept at a 
distance to the surface hit by electrons that is equal to the 
fiber/target distance in the actual sputtering process. The 
sputtering deposition is conducted for various periods [6]. 

 
Fig.3 Sputtering deposition Techniques 

After the deposition process is completed, the tape is 
stripped off and the thickness of the coated film is shown in 
fig.3 is obtained from the surface profile along with the 
coated plate, measured with a profilometer. The reflected 
signal from the fiber end is monitored using Optical Time 
Domain Reflectometer (OTDR). 

G. Electromechanical Admittance (EMA) 

The EMA technique uses piezoelectric materials to generate 
a surface electric charge. When mechanical stress is applied 
it undergoes mechanical deformation in response to an 
applied electric field [11]. In this method, the 
electromechanical impedance of the structure before damage 
is taken as reference. When the sensor is actuated there will 
be a change in impedance by the exciting signal which 
demonstrates the damage to the structure. The excitation 
frequency is an important parameter that must be taken into 
account. Variation in admittance signature indicates the 
damage of the structure [5]. 

G. Monitoring using a potentiostat 

In this method, a constant potential is applied and the 
corresponding polarization current is taken as output. This 
method is useful for detecting chloride penetrating pitting 
corrosion. When the chloride content increases and 
depassivation of steel take place it indicates the onset of 
corrosion.  
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The polarization potentiometric test is used to determine the 
initiation of corrosion by placing the reference electrode 
close to the reinforcement [4]. 

 

Fig.4  Setup to monitor using potentiostat [1] 

In figure 4 RE refers to the Reference electrode and CE 
refers to the Counter electrode. R1, R2, R3 are the 
reinforcement. 

H. Infrared thermal imaging techniques 

IR radiation is an electromagnetic wave with wavelength 
ranges from  0.75to 1000μm [8]. The temperature on the 
surface is measured by infrared radiation given by the 
external source.  Different spatial distribution is obtained 
from the different wavelengths of infrared rays. The 
difference in temperature states the level of damage to 
concrete structures.  

 
Fig.5 Imaging infrared system[8] 

 The color of the images varies from green to light red until 
it becomes white. 

I.Impressed current method 

In the impressed current method, the anode is connected to 
the rebar and the negative terminal cathode is connected to 
the steel mesh. When DC is applied corrosion is initiated 
and Faraday’s law is used to measure the time of reaction 

and the rate of corrosion [14]. 

J. Acoustic emission method 

The principle in this method is the conversion of physical 
displacement into voltage[7]. When the waves propagate 
inside the concrete there is expansion and increase in 
volume. Ultrasonic waves propagate through the material 
and help to find the internal flaws[7]. Wave propagation 
may vary with different metallic layers by acoustic 
emission. 

K. Electrical resistance method 

The electrical resistance method is one of the online 
monitoring techniques which can measure the 
electrochemical and mechanical parameters of corrosion. 
Merits of the electrical resistance technique is that corrosion 
monitoring can be made without seeing or removing the 
sample. The response is quick and can be monitored 
continuously. A sudden increase in corrosion rate can be 
detected and immediate remedial action can be implemented 
[7]. 

VI. CORROSION PREVENTION TECHNIQUES 

A. Cathodic and anodic protection 

Cathodic protection is the movement of electrons from 
electrolyte towards the metal to be protected on the 
application of current. The cathodic protection can be 
achieved in two ways viz by an external power supply and 
by galvanic coupling[10]. The current applied to the anode 
increases the dissolution rate of the metal and decreases the 
rate of corrosion[2]. 

B. Inhibitors 

A substance, when added in a small proportion, can reduce 
the corrosion rate. Organic compounds like Chromate, 
nitrate, and ferric salt can adsorb on the metal surface and 
suppress the metal dissolution [12]. Sodium hydroxide 
suppresses the cathodic reaction thereby reducing the 
corrosion potential of the steel [2]. 

C. Steel coating and painting 

The coating gives resistance against ion current. The metal 
to be coated is immersed in an electrolyte solution called 
electroplating. The coating can also be done by dipping the 
metal in a hot molten bath with less melting point. 
Galvanized steel is an example of hot dipping. The most 
common chemical conversion treatments on the cleaned 
metal surface are coating a layer of phosphate, coating with 
a layer of metal chromate, chromium-free pretreatments, 
anodizing of aluminium, engraving, and painting with an 
etching primer. They improve the adhesion of the paint 
material to the metal surface and decelerate corrosion 
underneath the coating. Coatings for rebar protection in 
concrete can be metallic, organic, and cementitious [2]. The 
most common types of paints for corrosive environments are 
Acrylic, Alkyd, Epoxy Chlorinated rubber(C10H11Cl7), 
Polyurethane          (C27H36N2O10), aliphatic Polyurethane 
combinations, purified urethane tar Ethyl zinc silicate, 
Epoxy zinc, C2H3Cl[10]. 

D. Fiber-reinforced polymer 

There are four types of FRP viz aramid fiber, Glass fiber, 
Carbon fiber, and Basalt fiber. Carbon and basalt fiber are 
resistant to an acidic and alkaline environment. 70% of 
corrosion expansion is reduced by CFRP laminates. 
Corrosion can be reduced and the liberation of corrosion 
products can be prevented [13]. Woven fiberglass can also 
be used as reinforcement because fiberglass is non -
conductive [9]. 

VII. CONCLUSION 

 It is concluded that reinforcement corrosion is a major issue 
affecting the durability of the structure. When structures are 
to be constructed in an aggressive environment special care 
should be taken before construction. Studying the corrosion 
mechanism helps for suitable protection methods. Different 
monitoring techniques are cost-effective and give accurate 
results. The various parameters viz the amount of chloride 
penetration, corrosion rate, polarization resistance can be 
determined by using sensors and other 
methods.  
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More than one protection method can also be used to 
prevent corrosion or reduce further development of cracks. 
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