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Abstract— Corrosion of reinforcement has been established 

as the predominant factor causing widespread premature 

deterioration of concrete construction worldwide, especially 

of the structures located in the coastal marine environment. 

The most important causes of corrosion initiation of 

reinforcing steel are the ingress of chloride ions and carbon 

dioxide to the steel surface. After initiation of the corrosion 

process, the corrosion products (iron oxides and hydroxides) 

are usually deposited in the restricted space in the concrete 

around the steel. Their formation within this restricted space 

sets up expansive stresses, which crack and spall the 

concrete cover. Corrosion loss consumes considerable 

portion of the budget of the country by way of either 

restoration measures or reconstruction. The content of 

chlorides in the salt induces corrosion in the rebar of 

RCC.As the content of chloride increases and also it 

accelerates the rate of corrosion in the rebar. 
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I. INTRODUCTION 

One of the most important causes of corrosion for 

reinforcing steel is the presence of chloride ions. They cause 

localised breakdown of the passive film that initially forms 

on steel as a result of the alkaline nature of the pore solution 

in concrete. The harmful chloride ions can be originated 

from the use of contaminated mix constituents or from the 

surrounding environment. The determination of a critical 

level, above which serious problems can occur, has been one 

of the main goals of investigation. Unfortunately, it is 

difficult to establish such a value since the chloride level is 

influenced by several factors. Thus, after concrete 

contamination, it is of fundamental importance to follow the 

activity of chlorides and the state of the reinforcing rebar. 

However, the use of electrochemical techniques such as 

polarisation resistance, electrochemical impedance, 

galvanostatic pulse and potential measurements have 

become powerful tools. Nevertheless, the interpretation of 

the results becomes sometimes a difficult task. The aim of 

this work is to present an overview on the state-of-the-art of 

the most important aspects of the corrosion process initiated 

by chlorides and its development and monitoring 

techniques. 

There have been a large number of investigations 

on the problems of deterioration of concrete and the 

consequent of corrosion of steel in concrete. Properly 

monitoring the structures for corrosion performance and 

taking suitable measures at the appropriate time could affect 

enormous saving. Moreover, the repair operation themselves 

are quite complex and requires special treatments of the 

cracked zone, and in most instances the life expectancy of 

the repair is limited. Accordingly, corrosion monitoring can 

give more complete information of changing conditions of a 

structure in time. The most inexpensive non-destructive 

technique is half-cell potential measurements to assess the 

corrosion risk of steels in concrete by using the equipotential 

contour maps. The negative potential area on the 

equipotential contour maps corresponds to high chloride 

content and localized corrosion. The measured values of the 

half-cell potential could fluctuate due to various factors, 

such as temperature, the type of reference electrode, and the 

pre-wetting time. However, the potential gradient remains at 

the same pattern on the whole of the structure. Hence, the 

equipotential contour maps are more reliable tool for 

detecting localized corrosion in RCC structural elements. 

II. LITERATURE REVIEW 

Half cell potential testing technique is used for diagnosing 

reinforcement corrosion. This method normally involves 

measuring the potential of an embedded reinforcing bar 

relative to a reference half cell placed on the concrete 

surface. The half cell is usually copper/ copper sulphate or 

silver/ silver chloride cell but other combinations are also 

used [1]. Influence of the steel surface condition and 

concrete-steel interface on the corrosion initiation and the 

chloride distributions along the concrete-steel interface [2].  

Corrosion inhibitors like calcium palmitate and calcium 

nitrate in concrete will reduce the corrosion risk. The use of 

1.5% calcium palmitate with 3% calcium nitrite will reduce 

compressive strength of the concrete by 25%, but the 

inhibitor plays an important role in increasing the service 

life of concrete by preventing the corrosion of reinforcement 

[3]. Water in Himalayan Rivers is generally soft which is 

injurious to the useful life of concrete structures as it leads 

to leaching of lime [4]. Corrosion rate analysis by half cell 

potentiometer in the presence of chlorides. There is no net 

use of chloride ions during the corrosion process. Therefore, 

once enough chloride ions reach the steel to break the 

passivation layer, only water, oxygen and a conductive 

medium is needed to maintain the corrosion reaction [5]. 

The chloride content present in the concrete specimens was 

measured by chemical analysis. Corrosion rate of the 

specimens subjected to saltwater exposure and freeze-thaw 

cycling was increased with increasing duration of saltwater 

and cycles of freeze-thaw exposures [6]. The strength as 

well as the corrosion rate was measured by different non 

destructive test methods out of which half cell potential 

reading is the most effective way of analysing the corrosion 

rate of reinforcement [7]. Equipotential corrosion mapping 

is the most effective manner of representing the corrosion 

rate in structural elements. The most negative potential area 

on the equipotential contour map corresponds to the point 

with high chlorides content and localized corrosion [8]. 

Effects of salt on corrosion rate analysis of RCC structural 

elements. It is observed that the use of road salts in New 

England leads to corrosion of reinforced concrete structures, 

most notably bridge decks. Corrosion reduces the effective 

service lives of reinforced concrete structures [9].Corrosion 
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monitoring can be a vital part of planned maintenance and 

life prediction by giving quantitative information about the 

development of corrosion as aggressive conditions to 

develop in the concrete due to chloride ingress or 

carbonation. Bridge decks are deteriorating more rapidly 

due to the routine application of de-icing salts, repeated 

freeze-thaw cycles, and other damaging effects [10].  

Corrosion monitoring using embedded sensors on the bridge 

deck [11]. Chloride-induced corrosion on the reinforcing 

steel can be assumed that chloride ion form soluble 

complexes with iron leading to localized acidification and 

consequent pit growth [12]. The losses of alkalinity due to 

carbonation and chlorides are evaluated. They highlighted 

the two most common causes of reinforcement corrosion are 

chloride ions and carbonation by atmospheric carbon 

dioxide [13]. It is also observed that corrosion rate can also 

be evaluated by many other techniques [14]. The corrosion 

of carbon steel in 0.2% sodium chloride solution was found 

to be cathodically controlled to the extent that the ratio 

between corrosion and cathodic protection currents was 

relatively constant, being about 0.9. This value corresponds 

to an average ratio of 0.83, which is found to be applicable 

for carbon and steel exposed to a variety of corrosive soils 

[15].  

III. METHODOLOGY 

Methodology consists of preparation of test specimens, 

curing and testing. It has been divided in to three phases. 

First phase covers mix design and preparation of test 

specimens, second phase covers curing and exposure 

conditions, where as the third phase illustrates the 

measurement of corrosion in reinforced slab elements  using 

half cell potential and interpretation of results. 

A. Preparation of Test Specimens 

The test samples are prepared by using M20 grade concrete 

mix. The different materials used for designing M20 grade 

mix and the properties of different materials used are as 

shown in Tables 1 and 2. 

Particulars Cement 
As per IS:8112-

1989 

Fineness (%) 9.0 10 

Specific gravity 3.13 Not more than 3.15 

Initial setting time 

(minutes) 
36 Not less than 30 

Final setting time 

(minutes) 
472 Not more than 600 

Standard consistency (%) 31 - 

Table 1: Test results of cement used 

Particulars 
Fine 

aggregates 
Limits 

Coarse 

aggregates 
Limits 

Fineness 

modulus 
2.64 

2.2-

3.2 
7.2 

6.5- 

8.0 

Specific 

gravity 
2.63 2.75 2.67 2.75 

Water 

absorption 

(%) 

1.69 2.0 0.37 0.60 

Table 2: Test results of fine and coarse aggregates 

For the purpose of measuring corrosion rate  in 

reinforced cement concrete structural members, slab 

elements of size 760mm*760mm surface area and having 

thickness of 75mm are casted using form work with steel 

reinforcements  of different diameter at 150mm spacing 

centre to centre in both the directions such that one of the 

reinforcement bar  is  kept exposed. The exposed part of the 

reinforcement is used for connecting one of the terminals of 

the apparatus during measurement. The reinforcement used 

is of 8 and 10mm diameter and the cover thickness is 

varying from 20 and 25mm.Specimens used for the tests are 

prepared with zero, 0.6 and1kg/m3 of salt content (Nacl). 

Two samples without Nacl content, 8 and 10mm diameter 

reinforcement bars with 20mm cover are casted. Another 

two samples are casted with 8 and 10 mm diameter 

reinforcement with25mm cover. Hence without the presence 

of Nacl four specimens are casted.  However in the same 

way eight numbers of specimens are prepared, out of which 

four specimens are of 0.6kg/m3Nacl content and other four 

are of 1kg/m3 of Nacl content.  

B. Specimens Exposed To the Natural Conditions 

After completion of process of curing, the specimens are 

exposed to the atmospheric conditions as shown in Fig.1. 

Then the corrosion rates of the specimens are measured with 

the help of half cell potentiometer. The corrosion rates of the 

specimens are tested for the duration of   90, 120, 150, 300 

and 360 days respectively.   

 
Fig. 1: Slab elements exposed to natural atmospheric 

conditions 

C. Interpretation of Results 

In order to investigate the corrosion rate in RCC slab, the 

nodes are located on each slab elements as well as method 

of measurement of corrosion using half-cell potential is as 

shown in Fig. 2.  The readings are taken at all the nodes and   

equipotential   lines are drawn in the form of equipotential 

contours, which shows the region with low, intermediate 

and higher corrosion rates. The potentials obtained will have 

negative values due to the reduction in the cell. The average 

values of corrosion rates obtained are reported for each set 

of readings. Further average rates of corrosion obtained are 

represented in the form of graphs. 



Corrosion Rate Analysis in Reinforced Slab Elements 

 (IJSRD/Vol. 4/Issue 11/2017/181) 

 

 All rights reserved by www.ijsrd.com 695 

 

 
Fig. 2: Slab grid and method of measurement of corrosion 

using half cell potential 

IV. RESULTS AND DISCUSSION 

The readings are taken at all the nodes and the equipotential 

lines are drawn in the form of contours as shown in Fig.3. 

The equipotential contour mapping for the slab elements 

with 0.6kg/m3 and1kg/m3 of salt content, 20 and 25 mm 

cover  with 8 and 10 mm  diameter rebars at the ages of  

90,120, 150,300 and 360 days are reported in the form of 

graphs.  Further the equipotential contour obtained interprets 

the regions with low, intermediate and higher corrosion rates 

with different colours is as indicated in the Fig.3.   These 

equipotential contours are drawn for all the slab elements at 

different ages in the present investigation. 

 

 

 

  
Fig. 3: Slab specimen with equipotential corrosion mapping 

(sample case) 

Equipotential contour mapping is the most 

effective pictorial representation of corrosion rate analysis. 

The most negative potential area on the equipotential 

contour map corresponds to the point with high localized 

corrosion. From the above equipotential contour map it is 

clear that the corrosion rate is increasing with increase in 

age. From the present study overall results of experiments 

include the half-cell potential values of all the specimens 

used for corrosion rate analysis at various ages viz: 

90,120,150,300 and 360 days. The average values of 

corrosion rate in each specimen with all the parameters 

considered for the present investigation is reported in 

Table.3.  

Age in  

days 

Zero salt content with 

20mm cover 

Zero  salt content with 

25mm cover 

8mm dia 

bars 

10mm dia 

bars 

8mm dia 

bars 

10mm dia 

bars 

90 -150 -147 -183 -128 

120 -155 -160 -192 -137 

150 -157 -161 -187 -139 

300 -162 -170 -194 -163 

360 -170 -176 -200 -170 

Age in  

days 

0.6kg/m3 salt content 

with 20mm cover 

0.6kg/m3 salt content 

with 25mm cover 
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8mm dia 

bars 

10mm dia 

bars 

8mm dia 

bars 

10mm dia 

bars 

90 -161 -157 -184 -153 

120 -171 -160 -184 -143 

150 -177 -165 -186 -146 

300 -195 -182 -192 -163 

360 -188 -181 -198 -180 

Age in  

days 

1kg/m3 salt content 

with 20mm cover 

1kg/m3 salt content 

with 25mm cover 

8mm dia 

bars 

10mm dia 

bars 

8mm dia 

bars 

10mm dia 

bars 

90 -179 -146 -148 -213 

120 -185 -177 -175 -233 

150 -188 -180 -180 -230 

300 -200 -188 -200 -246 

360 -206 -198 -209 -257 

Table 3: Average corrosion rate corresponding to different 

age with various salt contents. 

From the Table 3, it is observed that corrosion rate 

always depends on the salt content and age of concrete. 

Further the   results obtained reveals the corrosion rate of 

concrete at different ages corresponding to different salt 

contents. However as the salt content and age of concrete 

specimen increases the corrosion rate also increases. Graphs 

are drawn for the average values of corrosion rate for each 

slab elements. The graph represents rate of corrosion of slab 

elements for different  ages  as shown in Figs. 3-6. Further 

the graph represents all the parameters considered in the 

present investigation. The graphs are drawn after completing 

the curing of samples casted with different salt content at 

different age and with different covers of reinforcement. 

 
Fig. 3: Graph of average corrosion rate of 8mm diameter 

rebar and 20mm cover with different age in days. 

 
Fig. 4: Graph of average corrosion rate of10mm diameter 

rebar and 20mm cover with different age in days. 

 
Fig. 5: Graph of average corrosion rate of 8mm diameter 

rebar and 25mm cover with different age in days. 

 
Fig. 6: Graph of average corrosion rate of 10mm diameter 

rebar and25mm cover with different age in days. 

From the graphs it is observed that, the rate of 

corrosion increases with increase in age in all the cases. It is 

also observed that the rate of corrosion will increase with 

increase in salt content also. The slab elements with 1kg/m3 

of salt content exhibits more corrosion rate with ages in all 

the cases. 

V. CONCLUSIONS 

On the basis of equipotential contour map results, the 

following conclusions can be drawn. 

 The content of chlorides in the salt induces corrosion in 

the rebars of RCC. As the content of salt (especially 

chlorides) increases it accelerates the rate of corrosion 

in the rebar of the specimens in all the ages. 

 As the cover thickness changes the rate of corrosion 

will also change but not in a notable manner.  

 As the diameter of the reinforcement changes there is 

no difference in the rate of corrosion. 

 If the reinforcement is in contact with the environment 

then the corrosion rate will be rapid. 

 As the age of RCC increases the rate of corrosion will 

also increases when the rebars are exposed to the 

atmosphere. 
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