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Abstract: This paper presents electrochemical corrosion behaviors of cement mortar specimens in the high salinity condition. 

Chloride ion is known as the most detrimental parameter to cause the corrosion in reinforced concrete. Increasing the concrete 

cover thickness is one of the corrosion protection methods against chloride ion; so, this study mainly focuses on the effects of 

mortar cover thickness on corrosion protection. In specimens, rebar, which was a height of 200 mm and a diameter of 10 mm, 

was installed at the center of the small size form. Later on, mortar was injected into the form, and 10, 20, 30, 40, and 50 

mm of the different mortar cover thicknesses were selected. Potential measurements, linear polarization resistance tests, and cy-

clic potentiodynamic polarization tests were performed for specimens that were exposed to seawater. These results were com-

pared with visual inspection results of rebar. The results show that an increase in the cover thickness contributes to corrosion 

protection. In addition, the result of electrochemical corrosion tests generally agreed with that of an autopsy visual inspection.
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1. Introduction

Over the past few decades, most heavy structures, such as 

bridges and harbors, have been constructed using concrete be-

cause reinforced concrete structures exhibit both high strengths 

and long service lives [1]. In general, reinforced concrete is 

known as a strong corrosion-resistant material. The reinforcing 

bars (rebar) in concrete are protected from corrosion because a 

strong passive film prevents them from reacting with other 

corrosive substances [2]. 

However, serious deterioration due to corrosion can occur 

when reinforced concrete structures are exposed to harsh con-

ditions [3]. Chloride ions and carbon dioxide are major causes 

of corrosion because they locally or completely destroy the 

passive film through chemical processes [4]-[6]. Chloride ions 

are an especially critical cause of corrosion in reinforced 

concrete. Once chloride ions penetrate into the concrete cover 

and reach the rebar surface, the passive film is destroyed by 

the production of hydrochloric acid through chemical reactions. 

Once the passive film is broken, the corrosion rate increases 

drastically [7]. Careful corrosion analysis is required, espe-

cially for marine bridges and port structures [8][9]. As these 

structures are located at the coast and subjected to repetitive 

wet and dry cycles, the reinforced concrete structures rapidly 

deteriorate because of the abundance of both oxygen and sea-

water, which contains chloride ions [10]. 

To prevent corrosion, chemical protection, such as coatings, 

and electrochemical protection, such as cathodic protection, 

can be useful [11]; however, these solutions require monitoring 

and periodic repair. A good alternative solution is to increase 

the concrete cover thickness; this study primarily focuses on 

the effects of the concrete cover thickness on corrosion pro-

tection [12]. Experiments were performed on cement mortar 

specimens with different cover thicknesses to evaluate the pro-

tective effects. To evaluate the corrosion characteristics, elec-

trochemical tests, such as potential measurements and potentio-

dynamic polarization techniques, were conducted. Following 

the electrochemical tests, the rebar in the concrete was sepa-

rated from the cement mortar specimens and visually inspected 

to evaluate the degree of surface corrosion.

2. Experimental Method

Figure 1 shows a schematic drawing of a cement mortar 

specimen. Ordinary round rebar (D10), which functioned as a 

working electrode, was positioned at the center of a small con-
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crete specimen with a height of 200 mm and diameter of 10 

mm. With the exception of the central area of the rebar 

(length of 100 mm), the specimen was sealed with poly-

ethylene and silicon resin, which minimized the corrosion of 

the rebar due to the invasion of chloride ions from the top or 

bottom of the specimen. This meant that only chloride ions 

that entered from the side of the specimen could influence the 

corrosion behavior. 

Figure 1: Schematic drawing of specimens      

Following the positioning of the rebar, mortar was injected 

into the mold. Type 1 Portland cement (KSL 5201) was used. 

The cement mortar mixture had a fine aggregate: cement: wa-

ter ratio of 2:1:0.45. Various cover thicknesses of 10, 20, 30, 

40, and 50 mm were selected. Subsequently, curing was con-

ducted by periodically pouring water over the specimen at the 

laboratory temperature of 25 °C. Following curing, a hole with 

a diameter of 1 mm and depth of 7 mm was drilled at the up-

per end of the rebar, and a copper cable was connected at this 

location for electrochemical testing. Moreover, the top and bot-

tom of the specimen were sealed with epoxy to prevent chlor-

ide ion invasion via these sites.

As shown in Figure 2, all the specimens were exposed to 

natural seawater at a depth of 15 mm. Subsequently, the tests 

commenced. The seawater was replaced periodically to ensure 

that the experimental conditions were similar to actual sea-

water conditions.

As a function of the degree of steel corrosion, the corro-

sion potential provides an indication of the risk of corrosion 

for the steel in the concrete, and it is linked by empirical 

comparisons to the probability of corrosion. The corrosion 

potential of the reinforcement in the mortar specimens was 

initially measured on alternating days until a stable potential 

was reached. Subsequently, it was measured every week. 

The potential measurements were initially performed on the 

specimen for a period of six years. A digital multimeter, 

Fluke 233 (Fluke Corporation), was used to measure the po-

tential, and a saturated calomel electrode (SCE) was se-

lected as the reference electrode for the potential 

measurements. 

Figure 2: Specimens in sea water bath      

A linear polarization resistance test is usually used to ob-

tain a rapid estimate of the corrosion rate of a rebar specimen 

without damage to the metal surface. From this analysis, the 

polarization resistance (Rp) is indicated by the slope of the 

potential (E)–current density (I) relationship at the corrosion 

potential (Ecorr). The corrosion current density (Icorr) can be 

calculated from the Rp through electrochemical equations. For 

the linear polarization resistance tests, potentiodynamic tests 

were also adopted with the following test conditions; scan 

range: ±30 mV vs Eoc, scan rate: 0.167 mV/sec (10 mV/min). 

For the linear polarization tests, a reference electrode, namely 

a silver/silver chloride electrode (SSCE), was installed at the 

polarization test cell. Using the test results, Tafel analyses 

were used to calculate the polarization resistance (Rp) and cor-

rosion current density (Icorr).

In addition, potentiodynamic polarization tests were per-

formed to evaluate the relationship between the corrosion 

potential and current density, as well as the corrosion rate. 

These tests are also useful to qualitatively evaluate the pas-

sivation of a metal in a specific environment [13]. Figure 3 

depicts a schematic drawing of the potentiodynamic polar-

ization test. In this test cell, two counter electrodes, fab-

ricated using carbon, were positioned at both sides of the 

specimen. A uniform current distribution could be obtained 

from the arrangement of the two counter electrodes. A com-

mercial potentiostat, Reference 600 (Gamry Instruments), was 

used to conduct the potentiodynamic polarization tests, and an 

SSCE was utilized as the reference electrode.
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Figure 3: Schematic drawing of polarization test cell  

Cyclic potentiodynamic polarization tests were performed 

to evaluate the corrosion characteristics and passivation state 

on the rebar surfaces. The corrosion potential, pitting poten-

tial, re-passivation potential, and corrosion current density 

were thoroughly investigated via the test. Silverman [14] 

states that the results of cyclic potentiodynamic polarization 

tests are highly related to the surface characteristics of a 

rebar. For example, the test results of a rebar surface with a 

passive film will differ to those that exhibit pitting or uni-

form corrosion.

Each rebar was removed from the cement mortar specimens 

after the experiments were performed. Subsequently, a visual 

inspection of each rebar was conducted, and the observations 

were compared with the results of the potential measurements, 

polarization resistance tests, and cyclic potentiodynamic polar-

ization tests. 

3. Experimental Results

Figure 4 presents the variation in the potential of the speci-

mens over a period of 6 years; an average value per month is 

presented to eliminate error factors. The results clearly show 

that the potential of each rebar differs depending on the cover 

thickness. Specifically, the specimen with the cover thickness 

of 40 mm has a greater potential, of approximately -100 

mV/SCE, compared with the other specimens. The potential 

for the specimens with a cover thickness of 30 mm remains 

at -200 mV/SCE for a period of 400 days. However, the po-

tential of the specimens with a cover thickness of 30 mm de-

creases to approximately -600 mV/SCE, and fluctuates 

frequently. In the case of the specimens with cover thick-

nesses of 10 and 20 mm, the corrosion potentials decrease 

over 100 days.

Figure 4: Potential variation of specimens

The polarization resistance (Rp) and corrosion current density 

(Icorr) results obtained from the linear polarization resistance 

tests are shown in Table 1. As the cover thickness of the speci-

mens increased, the polarization resistance increased and corro-

sion current density decreased. In the case of the specimens 

with cover thicknesses of over 40 mm, the passive film on the 

rebar surface was maintained for 7 years. From these results, it 

is evident that the specimens with the cover thicknesses of 40 

mm and 50 mm have superior corrosion resistance to the other 

specimens, and the passive film is maintained for the specimens 

with cover thicknesses of over 40 mm. In addition, these results 

demonstrate that it is important to select an appropriate cover 

thickness to prevent corrosion due to chloride ions.

Table 1: Results of measuring for polarization resistance and 

corrosion current density

Cover 
thickness
(T: mm)

Polarization resistance
(Rp: Kohm·cm2)

Corrosion current 
density

(Icorr: μA/cm2)
10 22.7 0.54
20 44.6 0.19
30 70.9 0.12
40 187.7 0.06
50 188.9 0.05

 

Figure 5 represents the results of the cyclic potentiodynamic 

polarization tests for the specimens with the various cover 

thicknesses of 20, 30, 40, and 50 mm. The corrosion current 

density of the specimen with the cover thickness of 40 mm is 

very low, less than 6 × 10-7 A/cm2. In addition, the specimen 

with the cover thickness of 40 mm shows passivity behavior 

since it not only demonstrates a positive hysteresis pattern, 

which shows a lower current density in the reverse scan com-

pared with those of the forward scan during the potentiody-

namic polarization tests, but also high repassivation potential 

values. From the results, it is evident that a strong passive 
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film has formed on the rebar surface.

However, corrosion occurs in the case of the specimens 

with cover thicknesses of less than 40 mm. This is indicated 

by negative hysteresis behavior; higher current densities are 

obtained in the reverse scan compared with those of the for-

ward scan during the potentiodynamic polarization tests. The 

corrosion current density of the specimen with the cover thick-

ness of 20 mm is 5 × 10-4 A/cm2, which is the highest 

amongst all the specimens. 

Figure 5: Polarization diagram of specimens

(a) rebar surface of 40 mm cover thickness

(b) rebar surface of 20 mm cover thickness
Figure 6: Autopsy visual inspection results

In addition, in the case of the specimen with a cover thick-

ness of 20 mm, pitting corrosion occurred (negative hysteresis 

behavior). A lower pitting potential, as well as the highest pit-

ting current density, was obtained for this specimen. It is as-

sumed that the passive film on the rebar surface was primarily 

destroyed by the extremely high current density due to the pene-

tration of chloride ions.

To measure the quantitative effects of the various cover thick-

nesses, the rebar was removed from the specimen, and a visual 

inspection was performed. As shown in Fig. 6, the rebar speci-

mens were classified according to the cover thickness. In gen-

eral, all the specimens with a cover thickness of 40 mm show 

less traces of corrosion compared with those with a cover thick-

ness of 20 mm. In the case of the specimens with a cover thick-

ness of 40 mm, less than 10% of the surface area is corroded 

while in the case of the specimens with a cover thickness of 20 

mm, more than 70% of the surface area shows traces of 

corrosion. 

From the results, it is evident that the cover thickness is a 

major factor for the maintenance or restoration of the passive 

film on the concrete reinforcement, which functions as a pro-

tective layer against chloride ion invasion. Finally, it can be de-

termined from the visual inspection that the trend associated 

with the corrosion generally correlates with the results obtained 

from the electrochemical tests.

4. Conclusion

From this study, the following conclusions can be drawn: 

1. Potential measurements can be satisfactorily used to eval-

uate the degree of corrosion of reinforce concrete. In the 

case of the specimens with a cover thickness of less than 

40 mm, the reinforcement exhibits severe corrosion.

2. From the potentiodynamic polarization tests, it can be de-

termined that the specimens with cover thicknesses of 

less than 40 mm exhibit pitting corrosion. The rebar sur-

faces do not maintain a stable state, and the passive film 

of the rebar surface is destroyed by chloride ions. 

However, the passive film is maintained for the speci-

mens with a cover thickness of 40 mm.

3. The observations made during the visual inspection of the 

rebar specimens also correlate with the results of the 

electrochemical tests.

4. Amongst various factors, the cover thickness is a major 

factor for the maintenance or restoration of the passive 

film on concrete reinforcement, and the trends are dis-

tinct, especially for the specimens with cover thicknesses 

of over 40 mm. From this experiment, it is evident that 

the presence of chloride ions seriously accelerates the 

corrosion of concrete reinforcement.
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