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a b s t r a c t

The purpose of this research was to evaluate the influences of concrete cover, chloride content, compres-
sive strength and moisture content on the half-cell potential measurement in reinforced concrete struc-
ture. The relationship between the level of corrosion and the half-cell potential value was also evaluated.
Twenty one concrete slabs with the dimensions of 300 � 300 � 100 mm3 and three concrete slabs with
the dimensions of 300 � 300 � 125 mm3 were prepared for various experimental cases; that is, three
levels of cover (25, 50 and 100 mm), three levels of chloride content (0.6, 1.2 and 1.8% by weight of
cement content) and two levels of compressive strength (17.65 and 20.59 MPa). After curing in water
for 28 days, the half-cell potential was measured in accordance with the ASTM C879 every week to detect
corrosion under wet-dry accelerated until 140 days. The specimens were then broken to observe the cor-
rosion condition of reinforcement inside them. The results showed that the half-cell potential decreased
(more negative value) with the increase of chloride content and moisture content but increased (less neg-
ative value) with the increase of compressive strength. The influence of concrete cover was still not
definitive. The variation of half-cell potential decreased with the increase of concrete cover, chloride con-
tent and moisture content. On the other hand, the variation of half-cell potential increased with the
increase of compressive strength. The relationship between the level of corrosion and the half-cell poten-
tial was found; that is, the level of corrosion increased with the decrease of the half-cell potential.

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Corrosion of steel bar in reinforced concrete structures is a sig-
nificant problem in reinforced concrete structures as it decreases
structural capacity and performance. The decrease of structural
capacity is due to the reduction of bond strength between steel
bar and concrete and the reduction of steel cross section. The
decrease of performance is due to the cracking of concrete cover
and the increase of deflection. Half-cell potential measurement
has been recommended as a non-destructive method for assessing
the probability of corrosion of reinforcing steel bar before the dam-
age is evident on the surface of concrete structure. The half-cell
potential measurement is currently well-known and is standard-
ized in the ASTM C876 [1]. Its principle is simple and is fast for
non-destructively detecting corrosion. However, the environmen-
tal aspects and the background in concrete behaviour must be con-
sidered in the interpretation of the test results. Several reports
provided the background, application and guidelines for the inter-

pretation of half-cell measurements in the reinforced concrete
structures [2–4]. Assouli et al. [4] suggested that half-cell potential
measurement should take into account various environmental
parameters for interpreting the test results. Several researches
attempted to use the half-cell potential measurement in investi-
gating the corrosion of reinforced concrete. Leelalerkiet et al. [5]
applied the Boundary Element Method (BEM) to the results of
the half-cell potential measurement by analyzing the potential dis-
tributions and current flows in estimating the corrosion of rein-
forcing steel-bars in concrete slabs under the cyclic wet and dry
conditions. They found that the half-cell potential measurement
was marginally successful, compared with analytical results of
potential distribution and current flow by BEM. Hussain [6] inves-
tigated the chloride induced corrosion potential in submerged
reinforced concrete structures in comparison to various other rela-
tive humidity conditions. The results showed that the underwater
half-cell measurements were not the true representative of corro-
sion rate and needed to be re-calibrated in light of bench mark
measurement results obtained in his research. He stated that the
result provided the basis for future calibration of under-water
half-cell potential values of corroding steel in chloride contami-
nated concrete in a number of material and environmental
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variables. Also, several researches used the half-cell potential mea-
surement in experimental studies for evaluating corrosion poten-
tial [7–10].

In Thailand, the half-cell potential is widely used in evaluating
the corrosion in existing reinforced concrete structures before
maintenance measure was determined. It is also standardized in
the DPT Standard 1506-51 (Standard Test for Non-destructive
Inspection of Reinforced Concrete Structure: Test Method for Rein-
forcement Corrosion by Half-cell Potential Measurement) by the
Department of Public Works and Town & Country Planning [11].
However, there are still few studies about the half-cell potential
in Thailand, where the environmental condition is different from
those in other researches. Therefore, the purpose of this study
was to evaluate the impact of factors on the half-cell potential
measurement and the relationship between the level of steel corro-
sion and the half-cell potential value. With the results of this
research, the more precise interpretation of the half-cell measure-
ment and the relationship between the half-cell potential and cor-
rosion level were attained. This should substantially benefit the
repair planning and management of existing reinforced concrete
structures.

2. Materials and specimens preparation

Twenty one concrete slabs with the dimensions of
300 � 300 � 100 mm3 and three concrete slabs with the dimen-
sions of 300 � 300 � 125 mm3 were prepared for determining
the influence of concrete cover, chloride content, compressive
strength and moisture content on the half-cell potential measure-
ment. There were transverse and longitudinal deform bars embed-
ded at 5 mm depth from each side surface and 25 mm, 50 mm and
100 mm from top surface for the case of varying concrete covers.
All deformed bars (SD30) were 12 mm in diameter. Copper wire
was joined to the steel in the concrete at the top-left corner for
the half-cell potential measurement as shown in Fig. 1. The
designed compressive strength of concrete of 20.59 MPa was used
as it was normally used in reinforced concrete structures in Thai-

land. The concrete mix proportion with the water-cement ratio
(w/c) of 0.57 is shown in Table 1. Ordinary Portland cement type
I with 3.15 g/cm3 was used. Fine aggregate was river sand with
specific gravity of 2.60 and fineness modulus of 2.40. Coarse aggre-
gate was crushed lime stone with the 20 mm maximum size and
with specific gravity of 2.77. The chloride contaminated concrete
was casted on the right side of the specimen, to be used as the
anode side; tap water concrete was casted on the left side of the
specimen, to be used as the cathode side. In the case of varying
chloride content, the concrete at anode side was mixed with chlo-
ride solution. The chloride concentration used were 0.6, 1.2 and
1.8% by weight of cement. The experimental cases are shown in
Table 2.

3. Half-cell potential measurement

Fig. 2 shows the process of curing and the half-cell potential
measurement. After specimens were cured in fresh water for
28 days, they were kept in closed container with dry condition
for 1 week. Then, the 3% of sodium chloride solution (artificial sea-
water) was poured into the container and the specimens were
cured in wet condition for another 1 week. This process was simu-
lated the sea water environment under the cycle of wet and dry [5].
The half-cell potential was first measured on the second cycle and
it was alternating measured in wet and dry conditions until
140 days. The schematic of the half-cell potential measurement
technique is shown in Fig. 3. The measurement was performed fol-
lowing the ASTM C876-09 [1]. The copper/copper sulphate was
used for reference electrode. The potential were totally measured
25 points on top surface of the specimens as shown in Fig. 4. Three
duplicate specimens were prepared and measured for each case of
impact factors (three levels of concrete cover, three levels of chlo-
ride content and two levels of compressive strength). In case of dif-
ferent moisture contents, the specimens of 50 mm concrete cover
were used to measure the half-cell potential in different moisture
contents by varying the water immersion durations.

Nomenclature

pd is the average half-cell potential value in one specimen
in dry condition

pe is the average half-cell potential value in one specimen
in wet condition

xi is the half-cell potential value of each point on the spec-
imen surface

Pd is the average half-cell potential value of three duplicate
specimens in dry condition

Pe is the average half-cell potential value of three duplicate
specimens in wet condition

PD is the average half-cell potential value for total mea-
surement period in dry condition

PE is the average half-cell potential value for total mea-
surement period in wet condition

nD is the number of weeks for total measurement period in
dry condition

nE is the number of weeks for total measurement period in
wet condition

cd is the coefficient of variation of half-cell potential value
in one specimen in dry condition

ce is the coefficient of variation of half-cell potential value
in one specimen in wet condition

Cd is the average of coefficient of variation of three dupli-
cate specimens in dry condition

Ce is the average of coefficient of variation of three dupli-
cate specimens in wet condition

CD is the average coefficient of variation for total measure-
ment period in dry condition

pa is the average half-cell potential value in anode side of
one specimen

pc is the average half-cell potential value in cathode side of
one specimen

xai is the half-cell potential value of each point in anode
side on specimen surface

xci is the half-cell potential value of each point in cathode
side on specimen surface

Dp is the difference of potential between anode and cath-
ode in one specimen

DP is the average of difference of potential between anode
and cathode of three duplicates specimens

DPD is the average of difference of potential between anode
and cathode for total measurement period in dry condi-
tion
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