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Abstract— This paper explains the process of environmental 

attack on steel and shows that there is no problem of 

durability of steel structures in India or abroad, if proper 

protective measures are employed. High performance 

paints/coatings are now available to be applied after proper 

surface preparation for providing durable life. There are 

number of examples of structures built in steel more than 

100 years ago being in use even today .This clearly indicates 

that durability can be ensured if properly designed, 

constructed and maintained. The properly protected steel 

buildings are very durable, without facing any corrosion. 

Even exposed steel structures such as bridges have served 

more than a century, still going strong in service. Concern 

about durability of steel structures is unwarranted as long as 

attention is paid to detailing and providing suitable 

corrosion protection measures at the design stage itself. 
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I. INTRODUCTION 

Civil structures are designed for different life spans varying 

from 25-35 years in Case of offshore platforms to as long as 

100-200 years in case of dams. As given in table 

Civil work Expected life time in (year) 

Housing 60-100 

Dams 100-200 

Industrial building 30-60 

Bridges 100-120 

Offshore platforms 25-35 

Nuclear containments 30-50 

Table 1: 

The construction of structures involves use of 

structural steel, reinforced cement concrete (RCC) and pre 

stressed concrete (PSC). In view of the numerous 

advantages steel intensive construction offers, the current 

trend in most of the advanced countries is primarily based 

on steel or steel-concrete composite construction, whereas in 

India RCC and PSC design option are predominantly 

employed . one of  the main reason advanced by 

construction industry in India for preferring RCC and PSC 

over steel or steel-concrete composite option this resulted in 

the unfounded fear of deterioration of structural steel due to 

environmental, corrosion thereby affecting durability. This 

has resulted in very low (about 0.31) steel to cement 

consumption ratio as compared to more than 1.5 in the UK 

and more than 1 in other advanced countries such as USA, 

Japan and Germany. 

Many designers believed that RCC and PSC do not 

have the risk of degradation or corrosion of reinforcement. 

There is also a perception among many Indian designers that 

the steel produced currently corrodes at higher rate than that 

produced in other country. This perception is based on 

general observation and not on the actual facts. Further, 

designers feel that steel corrodes in India faster than in other 

counties.   

II. CORROSION PROCESS 

Corrosion is a naturally occurring electrochemical process. 

The presence of tiny amount of electrolyte on an 

unprotected metal surface can cause electrons to flow from 

higher energy area (anode) to a lower energy area (cathode) 

initiating and sustaining corrosion .microscopic droplets of 

water that are present in air at 70-80% relative humidity 

most commonly serve as the electrolyte. The process of 

decay metal by environmental attack is known as corrosion. 

Corrosion is sometimes also applied to the 

degradation of plastic, concrete and wood, but normally 

refers to metals. Iron (steel) is metal most widely used for 

the construction. Surface of all the metal begin to decay 

more or less rapidly when exposed in atmospheric gases, 

water or other reactive liquid medium. Metal undergoes 

corrosion and replace to their oxides, hydroxides, 

carbonates, sulphides, etc. Eg. Iron undergoes corroded and 

form reddish brown color rust [Fe2O3.3H2O]. 

III. MEASUREMENT OF CORROSION 

The measurement and detection of corrosion in concrete 

structures are essential. There are several methods for the 

diagnosis, detection and measurement of corrosion in 

reinforcing steel. There is no consent regarding which 

method is used for corrosion levels in reinforced concrete 

structures accurately. The main method of detection of 

corrosion is the half-cell potential measurement.   For 

measurement of the corrosion rate of reinforcing steel in 

concrete, many electrochemical and non-destructive 

techniques are available for monitoring corrosion of steel in 

concrete structure. These methods are as follows.   

A. Open Circuit Potential Measurement 

 
Fig. 1: 

The tendency of any metal to react with an environment is 

indicated by the potential it develops in contact with the 

environment. In reinforced concrete structures, concrete 

acts, as an electrolyte and the reinforcement will develop a 

potential depending on the concrete environment, which 

may vary from place to place. The schematic diagram for 

open circuit potential measurements is as shown in Fig. 
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Open circuit potential method is the most typical 

procedure to the routine inspection of reinforced concrete 

structure. It is a non-destructive test that collects an 

enormous quantity of data from a large structural area. It is 

the most commonly applied electrochemical technique for 

diagnosis the corrosion risk of reinforced concrete structure. 

This method is useful for finding out the anodic and 

cathodic site in reinforced structures provided the 

reinforcing bars are exposed to the environment.  

B. Surface Potential Method 

During corrosion process, an electric current flows between 

the cathodic and anodic sites through the concrete and this 

flow can be detected by measurement of potential drop in 

the concrete. Hence  surface potential measurement is used 

as a non-destructive testing for identifying anodic and 

cathodic regions in concrete structure and indirectly 

detecting the probability of corrosion of rebar in concrete. 

Two reference electrodes are used for surface potential 

measurements. No electrical connection to the rebar is 

necessary in this technique. In this measurement, one 

electrode is kept fixed on the structure on a symmetrical 

point. The other electrode called moving electrode is moved 

along the structure on the nodal points of the grid as 

mentioned in OCP measurements. The potential of movable 

electrode, when placed at nodal points, is measured against 

the fixed electrode using a high impedance voltmeter. A 

more positive potential represents anodic area where 

corrosion is possible. 

C. Concrete Resistivity Measurement 

The electrical resistivity of concrete is an important 

parameter concerning determination of intensity of the 

initiated corrosion process In this measurement both surface 

and embedded probes are applied. Applying a constant 

electric field between the two embedded electrodes and 

measuring the resulting current as a voltage drop over a 

small resistance accomplish the DC measurements. The AC 

measurements can be conducted both by means of two and 

four-pin methods .The most common surface mounted probe 

is known as the Wenner array. An alternating current is 

passed between the outer electrodes and the potential 

between the inner electrodes is measured. Concrete 

resistivity is normally measured by using the wenner four 

probe method as shown in fig.  

 
Fig. 2: 

A known current (I) is immersed on the outer 

probes and the result potential drop (V) between the inner 

probes is measured and resistance (R) is given by V/I 

The electrical resistivity of concrete can be 

measured with good reproducibility using different 

techniques for specimens in various shapes and size on the 

assumption that the applied electrodes are well bounded to 

the concrete and the spacing between them is adjusted to the 

dimensions of test samples. The electrical resistivity of 

concrete is inversely proportional to the corrosion rate. 

Resistivity in (ohm.cm) Corrosion 

>20,000 Negligible 

10,000 to20,000 Low 

5,000 to 20,000 High 

Less than 5,000 Very high 

Table 2: 

D. Liner Polarization Resistance Measurement 

This technique is rapid and non-intrusive, requiring only 

localized damage to the concrete cover to enable an 

electrical connection to be made to the reinforcing steel. 

Due to the widespread corrosion of reinforcing steel in 

concrete structures there has been a concerted demand for 

the development of non-destructive techniques to enable 

accurate assessment of the condition of reinforced concrete 

structures. LPR monitoring has been developed to address 

this need. The technique is rapid and non-intrusive, 

requiring only a connection to the reinforcing steel. 

 
Fig. 3: 

This techniques is applicable for all types of 

corrosion controlling. The LPR techniques is has become a 

well-established method of determining the instantaneous 

corrosion rate measurement of reinforcing steel in concrete. 

E. Galvano static Pulse Transient Measurement 

Galvanostatic pulse method is a transient polarization 

technique working in the time domain. when a constant 

current Iapp is applied to the system, an intermediate ohmic 

potential jump and a slight polarization of the rebar’s occur. 

Under the assumption that a simple Rundles circuit 

describes the transient behavior of the rebar’s, the potential 

of the reinforcement, Vt(t), at a given time t can beexpressed 

as. 

Vt (t) = Iapp [Rp[1-exp(-t / RpCdl))]+R 

Where: Rp = polarization resistance 

Cdl = double layer capacitance 

R = ohmic resistance 

F. Electrochemical Impedance Spectroscopy Measurement 

Impedance spectroscopy is being experimented as a useful 

non-destructive technique for quantifying corrosion of steel 

rebars embedded in concrete. Impedance Z is the ratio of 

A.C. voltage to A.C. current. An alternating voltage of about 
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10 to 20 mV is applied to the rebar and the resultant current 

and phase angle are measured for various frequencies. 

The response to an AC input is a complex 

impedance that has both real and imaginary (capacitive or 

inductive) component Z and Z” as shown in fig. from the 

studying the variation of the impedance with frequency, an 

equivalent electrical circuit can be determined which would 

give the same response as the corrosion system.  

 

Fig. 4: 

This technique is most widely used to evaluate the 

corrosion rate of the steel/concrete system. This technique 

may be very attractive because, used in a wide range of 

frequencies. It can give detailed information about the 

mechanism and kinetics of the electrochemical reaction. 

G. Electrochemical Noise Technique  

A noise source is located within the probable corroding area. 

A time record of sufficient interval is monitored over the 

frequency range (10 mHZ to Hz) noise data as a record of 

potential fluctuation is obtained. Noise signal is transformed 

from time domain to frequency domain displayed in the 

form of amplitude and frequency based on either fast 

Fourier transform or maximum entropy method of spectral 

analysis. The measurement interval is usually between 2-10 

seconds depending upon the frequency range. 

A more modern version of the macro cell current 

technique is electrochemical noise, where besides the 

coupling current the voltage between the electrodes is also 

measured. EN consist of potential and current fluctuations 

spontaneously generated by corrosion reaction. One of the 

most important advantage offered by this technique is its 

lack of intrusiveness i.e. its application does not involve 

artificial disturbance of the system. Various authors have 

claimed that it is possible to characterize different corrosion 

types; such as metastable pitting, pitting and crevice 

corrosion, uniform corrosion 

H. Cover Thickness Measurement 

A cover meter or photometer is used to measuring concrete 

cover. measurements are based on the damping of a parallel 

resonant circuit. The electronic system, controls, indicator 

instruments are assembled on the indicator joint front panel. 

Eleven different bar diameter may be set in a rotary selector 

switch with a range from 8 to 34 mm. By means of this, the 

maximum cover thickness that can able to be measured is 

120 mm. A loud audio signal and bright light on the 

detection head gives a clear warning of areas of low 

concrete cover (user programmable for depth of cover). Fig 

shows the cover meter used for measuring the cover 

thickness as well as diameter and size of bar 

 
Fig. 5: 

The location of primary and secondary bars is 

detected by moving the instrument along the surface of the 

concrete. A minimum of 40 mm is necessary for marine 

exposure and 50 mm cover will be optimum. However cover 

thickness of 70 mm 100 mm have also been recommended 

for structures exposed to marine environment. Cover 

thickness is an important factors that preserves the 

electrochemical stability of steel in chloride contaminated 

concrete.  

I. Infrared Thermograph 

This technique is a new technique for acquiring the 

information about chloride content. This system consists of 

near – infrared irradiation equipment, imaging spectroscope 

and near-infrared multi spectrum camera. Dispersed near-

infrared rays through the spectroscope can be received in 

each wavelength by light sensitive element on multi 

spectrum camera. 

The sodium chloride was applied to the target 

specimen on surface area. Electromagnetic waves are 

absorbed or reflected from any substance depending on the 

characteristics of their components. Using this principle, the 

characteristic reflectance spectrum with a wavelength of 

1640nm (1630nm -1650nm) in case of sodium chloride was 

acquired. This technique is a very effective and useful 

technique in order to acquire the chloride content on the 

surface of concrete. 

J. Visual Inspection 

Visual inspection is done to inspect the structures visually, 

sometimes with the help of binoculars, once a month, once a 

year, or once in several years, according to the importance 

and the time after the structure is completed. In some cases, 

sonic inspection is carried out along with hammers in order 

to assess the soundness of concrete. The periodic inspection 

covers the visual information data such as cracks, rust stains, 

quality of concrete, spelled concrete cover, exposed 

reinforcement etc. 

IV. CORROSION RATE 

The rate of corrosion depends upon a number of factors, the 

important among them being time of wetness, level of 

pollutants in and pH of the surrounding environment. 

Time of wetness due to rainfall, condensation etc, 

when plenty of atmospheric oxygen is available, which 

affects the rate of corrosion. In dry environments e.g. inside 

buildings, corrosion is considered as due to the low 

availability of moisture .The requirement for application of 

paints or coatings in-doors becomes unnecessary other than 

for aesthetic considerations or fire protection purpose. 
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The type and amount of atmospheric pollution and 

pollutants such as  sulphates, chlorides and dust affect the 

corrosion rate by reacting with the surface of the steel to 

produce soluble salts of iron, which can concentrate in pits 

and are themselves corrosive. Within a given local 

environment, corrosion rates can vary markedly, due to 

effects of sheltering and winds. 

Factors affecting corrosion 

1) Purity of the metal 

2) Electrode potential 

3) Position of metal in galvanic series 

4) Relative areas of anodic and cathodic cell 

5) Nature of surface film 

6) Temperature 

7) Humidity in air  

8) Presence of impurities 

V. TYPES OF CORROSION 

A. Galvanic Corrosion 

When two dissimilar metals are electrically connected and 

exposed to an electrolyte the metal low reduction potential 

undergoes corrosion and the metal high reduction potential 

is protected. This type of corrosion is called galvanic 

corrosion. E.g. When Zn and Cu are connected and exposed 

to corroding environment; Zinc lower in reduction potential  

forms the anode; undergoes oxidation and gets corroded. Cu 

higher in reduction in potential acts as cathode; undergoes 

reduction and protected as the electrons released by Zn flow 

towards Zn. 

B. Concentration Cell Corrosion 

This type of corrosion occurs due to electrochemical attack 

of the metal surface exposed to electrolyte of varying 

concentrations or varying aeration. Such as 

1) Difference in concentration of metal ions. 

2) Difference in the exposure to air/oxygen                                                                  

(Differential aeration corrosion) 

3) Difference in temperature. 

Deferential aeration corrosion is common type of 

concentration cell corrosion. When a metal is exposed to 

different air concentration, it has been founded that well 

oxygenated of metal become cathodic and poorly 

oxygenated part become anodic. 

For exp. Zn rod immersed in NaCl solution; anode Zn rod 

above the NaCl solution; cathode 

C. Pitting Corrosion 

A cavity, pinholes and cracks on the protective film 

developed on the metal surface resulting in the formation of 

small anodic areas in the less oxygenated parts and greater 

cathodic areas in well oxygenated parts. The flow of 

electrons is from anode to cathode and ions move through 

atmospheric moisture medium. 

D. Carry Over 

The boiler water concentrated with dissolved salts is carried 

along a steam or in the form of Droplets of water which gets 

collected on the turbine plates. The metal under the drop 

becomes anodic due to high concentration of the dissolve 

salts and gets corroded. The remaining large area of turbine 

plate becomes cathodic. 

E. Caustic Embrittlement 

Boiler water contains certain amount of sodium bicarbonate 

which decomposes to sodium hydroxides under the high 

pressure of the boiler 

Sodium hydroxide gets deposited in the cracks/pits 

of the boiler plate forming a concentration cell. The metal 

deposited with sodium hydroxide becomes anodic while the 

metal surround the drop becomes cathodic. 

F. Underground Corrosion 

Underground corrosion is occurs due to the corrosiveness of 

the soil. As the acidity of the soil increases, the rate of 

corrosion increases. 

G. Stress Corrosion 

Stress corrosion is occurs due to the combine effect of the 

static tensile stresses and the corrosive environment of the 

metal. The tensile stress is usually observed in fabricated 

articles like alloys of Zn and Ni. 

H. Inter Granular Corrosion 

This corrosion occurs along grain boundaries. At the 

boundary the metal is more sensitive which under goes 

corrosive attack rapidly. The grain boundary contains a 

material which shows more anodic propertyl. The metal at 

the grain boundary decays as it becomes anodic and the 

center of the grain becomes cathodic which is protected. 

VI. PREVENTION OF CORROSION 

A. Cathodic Protection 

The method of protecting the base metal by making it to 

behave like a cathode is called as cathodic protection. There 

are two types of cathodic protection 

1) Sacrificial anode method 

2) Impressed current method. 

1) Sacrificial Anode Method 

In this  protection method, the metallic structure to be 

protected (base metal) is connected by a wire to a more 

anodic metal so that all the corrosion is concentrated at this 

more anodic metal. The more anodic metal itself gets 

corroded slowly, while the parent structure (cathodic) is 

sacrificial anode is replaced by a fresh one, when consumed 

completely. Metals commonly employed as sacrificial anode 

are Mg, Zn, Al and their alloys which possess low reduction 

potential and occupies higher end in electrochemical series. 

 
Fig. 6: 

2) Impressed Current Method 

In this method, an impressed current is applied in opposite 

direction to nutralize the corrosion current, and convert the 

corroding metal from anode to cathode. The impressed 

current is slightly more than the corrosion current. Thus the 

anodic corroding metal becomes cathodic and protected 
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from corrosion. The impressed current is taken from a 

battery or rectified on A.C. line  

B. Surface Coating 

The application of surface coating is the common method to 

protect the surface of the metal from the corroding 

environment. These surface coatings shows the chemical 

inertness to corrosive environment, adhesive properties and 

impermeable 

Eg. Paints 

Paint is a mechanical dispersion mixture of several 

constituents in a vehicle oil or drying oil. 

a) organic coating 

b) Metallic coating 

VII. METHOD OF APPLICATION OF METALLIC COATING 

A. Hot Dipping 

Hot dipping process is applicable to the metals having 

higher melting point than the coating metal. It is carried out 

by immersing a well cleaned base metal in a bath containing 

molten coating metal and a flux layer. The flux cleans the 

surface of the base metal and prevents the oxidation of the 

molten coating metal 

 
Fig. 7: 

B. Metal Cladding 

The surface of the base metal to be protected is sandwiched 

between two thin layers of coat metal and pressed between 

rollers. Coating of a thin homogeneous layer of a coating 

metal on a base metal such that it strongly binds 

permanently either on one side or on both sides under heat 

and pressure. The finished product may be welded at the 

edges. The coat metal has to be anodic to the base metal and 

only plain surfaces can be cladded. This method is used for 

coating Al, Cr, Ni, Duralumin, etc. All corrosion-resistant 

Metals like Ni, Cu, Ag, Au & Pt and alloys like steel/nickel 

alloys can be used as cladding materials. Duralumin is very 

light metal alloys used in aircrafts industry which is cladded 

with aluminum get Alclad. 

VIII. CONCLUSION 

Methods of corrosion control of steel reinforced concrete 

include steel surface treatment, the use of admixtures in 

concrete surface coating on concrete and cathodic protection 
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