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Corrosion	potential:	infl	uence	of	moisture,	water-
cement	ratio,	chloride	content	and	concrete	cover

Potencial	de	corrosão:	infl	uência	da	umidade,	relação	
água/cimento,	teor	de	cloretos	e	cobrimento

Abstract		

Resumo

The corrosion potential technique is used as an electrochemical method to support the monitoring of reinforcement corrosion in reinforced 
concrete structures. The corrosion potential ranges and its correlation with corrosion’s likelihood (recommended by ASTM C 876:2015) are usu-
ally employed as an evaluation criterion of the results. The thermodynamic state of corrosion in the structure or specimen (laboratory) can be 
established if these criteria are well used. However, the method is infl uenced by numerous factors related to the concrete, environment and the 
procedures adopted at the time of the test. In order to provide useful information to technical and scientifi c community for the correct use of this 
type of non-destructive evaluation technique, the aim of this article is to evaluate some of the possible factors of infl uence on the corrosion po-
tential measures, such as concrete moisture content, water-cement ratio, thickness of the concrete cover and degree of chloride contamination. 
The results indicate that moisture and the degree of chloride contamination tend to make more electronegative corrosion potential. Furthermore, 
the infl uence of concrete cover is diff erent for concrete contaminated (1% of chloride by weigh of cement) and not contaminated by chlorides: 
the infl uence of the cover thickness in the concrete contaminated with chlorides was reverse because the greater the cover thickness, the least 
electronegative corrosion potential value; on the other hand, in the concrete without contamination by chlorides, the eff ect of the cover thickness 
in corrosion potential readings was irrelevant. All these statements were proven with 95% statistical signifi cance.

Keywords: corrosion potential, concrete moisture content, water-cement ratio, chloride, concrete cover.

O método de medida de potencial de corrosão é utilizado como uma ferramenta eletroquímica de auxílio ao monitoramento da corrosão das ar-
maduras de estruturas de concreto armado. Como critério de avaliação dos resultados, é comum que sejam adotados os intervalos de potencial 
de corrosão e sua correlação com a probabilidade de corrosão, preconizadas pela ASTM C 876:2015. Com este critério é possível estabelecer um 
panorama da situação termodinâmica de corrosão na estrutura ou no corpo de prova em laboratório. Porém, o método é infl uenciado por inúmeros 
fatores relacionados ao concreto, ao ambiente e aos procedimentos adotados no momento da realização das leituras. Visando fornecer informações 
para orientar o meio técnico e científi co ao uso correto deste tipo de método de avaliação não destrutiva, o objetivo deste trabalho é avaliar alguns 
dos possíveis fatores de infl uência nas medidas de potencial de corrosão, tais como: teor de umidade do concreto, relação água/cimento, espessura 
do cobrimento das armaduras e grau de contaminação por cloretos. Os resultados indicaram que a umidade e o grau de contaminação do concreto 
por íons cloretos tenderam a tornar o potencial de corrosão mais eletronegativo. Além disso, foi verifi cado que a infl uência do cobrimento é diferente 
para o caso de concreto contaminado (1% de cloretos em relação à massa de cimento) e não contaminado com cloretos: a infl uência da espessura 
de cobrimento, no caso do concreto contaminado com cloretos, foi inversamente proporcional, ou seja, quanto maior a espessura de cobrimento, 
menos eletronegativo foi o valor do potencial de corrosão; por outro lado, nos casos de concretos moldados sem a contaminação por cloretos, o 
efeito da espessura de cobrimento nas leituras de potencial de corrosão foi irrelevante. Todas estas afi rmações foram comprovadas com 95% de 
signifi cância estatística.

Palavras-chave: potencial de corrosão, teor de umidade do concreto, relação água-cimento, cloretos, cobrimento.

a Universidade Federal do Paraná, Curitiba, PR, Brasil;
b   Universidade de São Paulo, São Paulo, SP, Brasil.

Received: 12 Feb 2016 • Accepted: 12 Jan 2017 • Available Online: 27 Jul 2017

  M. H. F. MEDEIROS a

medeiros.ufpr@gmail.com

F. C. ROCHA a

francielle.rocha@cimentoitambe.com.br

R.	A.	MEDEIROS-JUNIOR	a
ronaldodemedeirosjr@yahoo.com.br

P.	HELENE	b
paulo.helene@concretophd.com.br



1.	 Introduction

Corrosion of concrete reinforcements is one of the possible mech-
anisms of degradation reducing the resistant capacity of reinforced 
concrete structures. The speed of deterioration, in these cases, is 
variable according to several facts, intrinsic to the execution and 
use of the structures.
The presence of microcraks is the priority access regarding the 
input of aggressive agents inside the structures. Once having di-
rect access to the reinforcements, the aggressive agents start the 
corrosion process in the reinforcements acting together with the 
electrolyte (water) and oxygen – the micro and macro corrosion 
stack phenomenon.
Factors interfering in the corrosion process are: exposure environ-
ment, conditions of the structure, efficient or deficient cover and 
penetration of aggressive agents inside the concrete and even ma-
terials used during concreting.
According to Andrade & Alonso [1] and Assouli et al. [2], the open 
circuit corrosion potential and electrical resistivity are the most 
common techniques for evaluating the corrosion of reinforcements, 
even if they are merely qualitative techniques evaluating the ther-
modynamics of the process, not providing data about the kinetics 
of the phenomenon. Despite this affirmation being more than 10 
years old, the method of corrosion potential continues to be one of 
the more common electrochemical tools for helping the inspection, 
monitoring and diagnostic of the corrosion of the reinforcements of 
concrete structures [3], being cited as a method of monitoring in 
inspection works in the field as recorded in the following studies: 
Andrade & Alonso [1]; Liam et al. [4]; Helene [5]; Broomfield et al. 

[6]; Elsener et al. [7]; Feliu et al. [8]; Helene et al. [9]; Poupard et 
al. [10]; Castro-Borges & Ordaz [11]; Medeiros et al. [12]; Castro-
Borges et al. [13]; Medeiros et al. [14,15].
This method has also been used to evaluate the efficiency of repair 
systems, measuring the repassivation capacity of reinforcements in 
concrete submitted to extraction of chlorides, besides testing the effi-
ciency of realkalisation and corrosion inhibitors [16]. Besides, McCarter 
and Vennesland [17] applied the open circuit potential as the principle 
for elaborating a corrosion sensor for reinforced concrete structures. 
In the context about the importance and representativeness of this 
method in works of inspection and diagnosis of reinforced concrete 
structures, the objective of this work is to evaluate the influence 
of some factors in the readings of corrosion potential in order to 
provide information to guide the technical and scientific sectors 
using this kind of non destructive evaluation technique. Factors 
evaluated in this work are: moisture content, water-cement ratio, 
concrete cover thickness and degree of chloride contamination.

2.	 Corrosion potential

The measurement of corrosion potential is used to classify the 
probability of corrosion of carbon steel reinforcements immersed 
in concrete, according to ASTM C 876:2015 [18], being possible 
to use it for monitoring reinforced concrete structures along time 
[5]. This tool is a fast and low cost way of identifying depassiv-
ation layer of steel needing analysis or repairs [14]. Reinforcing the 
applicability of the assay, study from Pradhan and Bhattacharjee 
[19] corroborates with the information that corrosion potential is 
an effective measure for finding the beginning of the corrosion of  
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Figure 1
Configuration of circuit for determination of corrosion potential (ASTM C 876:2009 [18] adapted by 
ROCHA [21])
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reinforced concrete structures exposed to environments contami-
nated by chlorides.
The corrosion potential of the reinforcements is a mixed potential, 
resulting from the combination of the kinetics of two processes: (1) 
metal oxidation, and (2) reduction of dissolved oxygen [20]. The 
method consists in measuring the difference of electric potential 
between the steel and a reference electrode, with the last one be-
ing able to keep its electric potential stable. Figure 1 shows the 
system configuration needed, where the reference electrode sup-
ported is illustrated immediately after the surface of the concrete 
covering the reinforcement, the high impedance voltmeter and the 
electric connection with the steel bar (indispensable for executing 
the readings).
According to Song and Saraswarhy [22], the aqueous solution con-
tained in the network of pores in the concrete acts as an electrolyte 
and, thus, the steel develops an electric potential that may vary 
from one place to another of the structural pieces as a function of 
discontinuities that may be generated in the reinforced concreted 
structure such as: carbonation, chloride contamination, variations 
in porosity and moisture, among others. Assouli et al. [2] also cor-
roborate regarding the effect of these sources of discontinuities in 
the readings of the corrosion potential of concrete reinforcements.
The equipment used for measuring the corrosion potential con-
sists in a voltmeter (able to record measurements of potential dif-
ference), a reference electrode and a high conductivity sponge. 
As reference electrode it is usual to use a copper/copper sulfate 
electrode. This electrode is composed by a plastic or glass tube, 
inside which there is a copper rod immersed in a saturated aque-
ous solution of copper sulfate. In order to ensure the saturation of 
the aqueous solution it is worth to always use an amount of copper 
sulfate enough to cause the accumulation of this compound at the 
bottom of the solution. The contact end of the electrode is made 
by a porous point in order to proportionate the electrical continuity 
of the reference electrode with the work electrode (iron/concrete 
system). Darby et al. [23] showed, in their technical guide for test-
ing and monitoring the durability of concrete structures that the 
voltmeter may be replaced by a digital voltmeter, provided that it 
has a minimal impedance of 20 MΩ.
The evaluation criterion of results defined by ASTM C 876:2015 
[18] is in Table 1. Those values, as the mentioned standard precog-
nizes, should not be considered as absolute, being accepted only 
as reference ranges. If well used, and results are combined with 
determinations of chlorides’ amount, electric resistivity of concrete 
and depth of carbonation, for instance, it is possible to establish a 
perspective of the situation of corrosion in the reinforced concrete 
structure or in the test specimen in laboratory by mapping the in-

spected piece, indicating areas with different probabilities of corro-
sion. According to Romano et al. [20], most of the studies dealing 
with the systematic monitoring of reinforced concrete structures do 
not use only one technique of inspection, but the combination of 
several evaluation methods, contributing to obtain more reliable 
information regarding the situation of the corrosion of structures. 
Gonzalez et al. [24] argument that the corrosion potential must be 
interpreted together with the electrical resistivity of the concrete 
and with the corrosion rate of the steel. Besides, the reference 
electrode may be moved over the surface of the concrete in order 
to develop a map of potential showing the possible places of ac-
tive corrosion in the structure [25,26]. The work of Pour-Ghaz et al. 
[27], with the title “Quantitative Interpretation of Half-Cell Potential 
Measurements in Concrete Structures” follows this same line of 
reasoning and presents a proposal for the quantitative evaluation 
of corrosion potential together with electrical resistivity, cover thick-
ness and temperature. 

3.	 Experimental program

For the experiment of this research, the following independent vari-
ables were determined:
n	 Thickness of reinforcement cover (2 levels: 1 cm and 3 cm);
	 Reason: the criterion was to simulate covers likely to exist in 

conditions of real buildings. The concrete cover of 1 cm was 
chosen for simulating buildings that do not comply with the 
minimum coverage established in engineering projects, but that 
are still part of the reality of many operating buildings. On the 
other hand, the concrete cover of 3 cm was chosen for simu-
lating pillars and beams in marine atmosphere in an internal 
and protected environment (class of aggressiveness II of NBR 
6118:2014 [28]).

n	 Degree of contamination of concrete (2 levels: without 
chlorides added to concrete and 1% of Cl- regarding the 
cement mass in the moment of the concrete mix);

	 Reason: Thomas [29] developed an experiment that evidenced 
that 0.70% of total chlorides, regarding the cement paste, is a 
critical limit for depassivation of the carbon steel inside the re-
inforced concrete. Nygaard and Geiker [30] also evidenced the 
critical amount for depassivation of reinforcements under con-
taminating conditions by chlorides as being between 0.52 and 
0.75% of the total chlorides regarding the cement paste. Both 
studies were executed with cements similar to the one used 
in this experiment. Based on this information, and intentionally 
aiming to produce a concrete with a degree of contamination 
by chlorides causing the depassivation of reinforcements, the 

Table 1
Ranges of corrosion potential and their correlation with corrosion probability according to ASTM C 876: 
2009 [18]

Copper /Copper sulfate electrode Corrosion probability

More negative than – 350 mV Over 90%

More positive than  – 200 mV Under 10%

From – 200 until – 350 mV Uncertain
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option of adding 1% of chlorides regarding the cement mass in 
the mixture of concrete in fresh state was taken.

n	 Moisture content in concrete (variable as a function of the 
moisture state of the concrete);

	 Reason: This is the first parameter that varied as a function 
of environmental conditions to which the test specimens were 
submitted. The focus of this stage was to make the internal 
moisture of the concrete to vary under controlled conditions, 
specifically to investigate the result of this interfering factor on 
the readings of corrosion potential.

n	 Water/cement ratio (3 levels: 0.43; 0.50 and 0.59), for a 
same consistency (100±10 mm).

	 Reason: in order to keep the coherence of simulating edification 
in the aggressiveness class II of NBR 6118:2014 [28], it was 
decided to use, in this experiment, concretes with water/cement 
ratio under 0.60. The water/cement ratios indicated in this item 
are reflexes of applying the method of dosing from IBRACON 
[31], taking the care of not exceeding the already mentioned 
water/cement limit ratio.

3.1	 Test specimens

Twelve prismatic test specimens of reinforced concrete were pro-
duced for the experiment, with dimensions of 15 x 15 x 45 cm, 
simulating a stretch of a reinforced beam. The traces (relation 
cement:aggregates) in mass 1:3. 1:4 and 1:5 were used. It is im-
portant to point out that this range of variation comprises conven-
tional concretes it terms of compressive strength, in other words, 

having a large applicability of those traces in general buildings. 
In each molding date two prismatic test specimens were molded. 
Table 2 presents the traces of concrete defined for casting the test 
specimens, which were executed using the dosing method from 
IBRACON [31].
In each test specimen, four steel rods were distributed, positioned 
with concrete cover thicknesses equal to 1 cm and 3 cm in Faces 
1 and 2 respectively, as shown on the schematic representation in 
Figure 2. It is important to highlight that the four rods had 10 cm out-
side the concrete element in each extremity of the test specimens, 
serving as a contact area for the equipment of corrosion potential. 
Two test specimens for concrete with chlorides and two without 
chlorides were produced for each one of the three concrete mix-
tures, in a total of twelve prisms of concrete.
The prismatic test specimens remained in wet chamber (95% of 
R.H and 23±2°C of temperature) until day 70. This long cure period 
was chosen for simulating real structures who suffer the need of 
field tests, in other words, concrete with advanced degree of hy-
dration along its service life.
At the end of the mentioned cure period, all test specimens were 
transferred to a laboratory with conditions of controlled environ-
ment in 23±2 oC and relative humidity between 65 and 75%. The 
reason for this change of environment is supported by the fact that, 
in this moment, the test specimens enter the drying regime and this 
paper has, as one of its objectives, to study the influence of mois-
ture in the readings of corrosion potential. Thus, this procedure 
allowed executing readings under different conditions of internal 
moisture of the concrete.

Table 2
Summary of the proportions of materials in concretes

m Cement Sand Gravel w/c Slump
(mm)

Cement 
content 
(kg/m³)

Compressive 
strength
(MPa)

Specific mass 
of concrete 

(kg/m³)

3 1 1.08 1.92 0.43 105 540 50 2390

4 1 1.60 2.40 0.50 90 421 41 2315

5 1 2.12 2.88 0.59 95 346 30 2280

Figure 2
Schematic representation of prismatic test specimens
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3.2	 Materials

Materials used for producing the test specimens were:
n	 Cement CP II-F-32, with 6% to 10% of calcareous filler (charac-

terized in Table 3);
n	 Coarse aggregate, with modulus of fineness equal to 6.94 and 

dimensions between 9.5 and 25.0 mm;
n	 Natural sand with fine aggregate, with modulus of fineness 

equal to 2.23;
n	 Carbon steel rods, type CA50, with 10 mm diameter and 65 cm 

length, which underwent a cleaning process similar to the one 
used by Medeiros [32];

n	 Water from “Companhia Paranaense Sanepar”;
n	 NaCl incorporated into the water of the test specimens, with 

controlled contamination.
All materials used for dosing the concretes of this experiment 
were obtained by donation from a concrete production plant lo-
cated in Curitiba, Brazil. This way, they are materials effectively 
used in the composition used in real buildings and, because of 
that, they were chosen for this experiment. Besides, steel CA50, 
in the shape of bars with 10mm of diameter, was also chosen 
because it is an option frequently used in the existing structures.

3.3	 Test procedures

Readings of corrosion potential were executed using a high input 
(>20 MΩ) impedance voltmeter connected to a reference elec-
trode of copper/copper sulfate and to the reinforcement of the test 
specimens. In order to improve the electric conductivity between 
the reference electrode and concrete, a sponge humidified with 
water was positioned in the contact surface between both at the 
moment of readings.
The chronogram of readings was established according to the 
curing conditions of the concrete, as well as according to their 
evolution along time. Readings were executed in three stages:
n	 Stage 1: at 70 days, conditioned in wet chamber since 

casting;
	 Reason: simulating a structure operating for many years, with 

hydration of cement in advanced stage. Those structures are 

normally objects for measuring the corrosion potential, because 
they have been under degradation process along the years.

n	 Stage 2: at 98 days, kept in laboratory environment (tem-
perature of 23±2 °C and moisture between 65 e 75%) since 
day 71;

	 Reason: To study the influence of the saturation degree of the 
concrete over the corrosion potential readings, since all test 
specimens left the saturation condition (Stage 1) and passed 
by an environment leading to concrete drying.

n	 Stage 3: after one year of casting, test specimens were 
submitted to immersion in water during two days and a 
new series of readings executed in the test specimens.

	 Reason: Investigating the corrosion potential, after one year, 
of the pieces of reinforced concrete in operation.

Reading consists in the potential difference (ddp) between the 
parts involved in the test (unstable electrolyte – steel/concrete 
system – and another one stable – reference electrode).
The planning of the tests comprised the realization of readings 
in the two faces of the test specimens, with different cover thick-
nesses, in a total of 12 points (6 points in each face), previously 
determined and symmetrically distant between them. Thus, each 
piece of the same trace and contamination level propitiated 6 
readings regarding the 2 bars of the same cover. The result was 
a total of 12 readings, considering the 2 pieces for each trace, 
each cover thickness and each level of chloride contamination. 
Figure 3 shows a schema of the reading points in a face of the 
test specimen.
In order to make feasible the determination of the moisture con-
tent of the test specimens, at 70 and 98 days, it was necessary 
to obtain the mass of the test specimens at the moment of the 
corrosion potential readings. The mass of the test specimens in 
dry state was obtained by drying them in oven at 60 oC until mass 
constancy, right at the end of Stage 2 and in the same test speci-
mens used in all monitoring. Moisture content was obtained as 
a percentage of the mass of the test specimens used during the 
whole monitoring. Moisture content was obtained as a percent-
age of the mass of the test specimens in dry state.
All results of this experiment were analyzed by the statistical 
method of variance analysis (ANOVA).

Table 3
Physical, mechanical and chemical characteristics of cement CP II F – 32

Chemical analysis

CaO
(%)

SiO2
(%)

Al2O3
(%)

Fe2O3
(%)

MgO
(%)

SO3
(%)

Free CaO 
(%)

Fire loss
(%)

Insoluble residue
(%)

59.64 18.35 4.07 2.54 5.19 3.07 1.20 5.35 1.47

Physical and mechanical characteristics

Expandability 
in hot
(mm)

Start 
setting 
time 
(h)

Final 
setting 
time 
(h)

Normal 
consistency

(%)

Blaine
(cm2/g)

# 200
(%)

# 325
(%)

3 days*
(MPa)

7 days*
(MPa)

28 days*
(MPa)

0.83 03:31 04:10 25.5 3.338 3.87 17.76 25.1 32.0 40.4

* Compressive strength
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4.	 Results and discussions

4.1	 Influence of moisture content

The effect of the moisture content inside the test specimens was 
analyzed in two moments: at 70 days (Stage 1) and at 98 days 
(Stage 2). Those dates were chosen because they are extremes of 
two adverse monitoring conditions. The first with moisture content 
over 95% and the second in laboratory environment with average 
temperature of 23°C and moisture content between 65 and 75%. 
Results are shown in Figure 4.
It is worth to highlight that data of corrosion potential for Stage 3 
(age between 425 and 450 days) were not used in this evaluation, 
because the ages of the samples are very different between them-
selves and could compromise the comparison of data.
It is possible to observe that the corrosion potential is more 
negative for greater moisture contents, as also evidenced by 
Elsener et al. [7] and Leelalerkiet et al. [33]; in other words, 
corrosion potentials at 70 days measured in the test specimens 
that were in humid environment (saturated) are more negative 
than corrosion potentials at 98 days (drying in laboratory envi-
ronment between 71 and 98 days), when the test specimens 
had a smaller moisture content.
The interaction between moisture content and corrosion poten-
tial is significant and this fact was evidenced by means of vari-
ance analysis ANOVA (Table 4), where the value of F calculated 
is higher than the F critical tabulated for 95% of significance. 
This behavior is coherent with recommendation from Helene [5] 
and Poursaee and Hansson [34] about previously saturating the 
pieces of reinforced concrete (at least one hour before) for start-
ing the corrosion potential readings. According to Medeiros et 
al. [15], this practice is adopted in works of inspecting reinforced 
concrete structures in order to execute the corrosion potential 
readings under the worse possible condition. The trend of the 
corrosion potential value becoming more negative as the con-
crete becomes more humid is substantiated in the increasing 
of the electric potential of the concrete, facilitating the electri-
cal contact between the reference electrode and the steel bar, 

which is the focus of the corrosion state measurement. Gonza-
lez et al. [24] also discuss the importance of moisture on the 
readings of corrosion potential. According to these authors, the 
same steel immersed in carbonated concrete, or contaminated 
by chloride, may indicate probability of active or passive corro-
sion according to classification of ASTM standard C-876/2015 
[18], depending on the moisture content of the concrete at the 
moment of the inspection work.
It is worth to highlight that from this point, the interpretations will be 
placed substantiated in the technique of variance analysis (ANO-
VA), however tables similar to Table 4 will not be presented in order 
to avoid making this paper too extensive.

4.2	 Influence of water/cement ratio

Following are presented analyzes for the three stages of the ex-
periment, verifying the influence of the water/cement ratio on the 
corrosion potential.

Figure 3
(A) Execution of test for determinating the corrosion potential with high impedance voltmeter; 
(B) Positioning of reading points with voltmeter

Figure 4
Correlation between corrosion potential 
and moisture content
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4.2.1	 Stage 1

In Stage 1, the test specimens remained under curing conditions 
in wet chamber. Figure 5 does not indicate a clear trend about the 
influence of the water/cement ratio on the corrosion potential read-
ings. However, using ANOVA with 95% of significance, the effect of 
the water/cement ratio is considered as significant.
It is important to note that for all cases, including traces without 
chloride, the values of corrosion potential are more negative dur-
ing this stage, indicating that there is some activity of the corrosion 
process over the surface of the bars. This is due to the formation of 
the passivating film of the reinforcements inside the highly alkaline 
concrete, as also observed in other studies. Araújo [35] found that 
the formation of the passivating film for water/cement ratios equal 
to 0.40 and 0.70 happened after 130 days identified by corrosion 
potentials greater than -200 mV and values of corrosion speed 
smaller that 0.1 μA/cm2. It is known that this film is formed by iron 
oxides and, as it is being formed, the occurrence of values of cor-
rosion potential more negative than -350 mV is normal, indicating 
active corrosion process.

4.2.2	 Stage 2

After removing the test specimens from the wet chamber cure con-
dition, they were transferred to laboratory environment, with aver-
age temperature of 23°C and moisture between 65 and 75%. The 
test specimens stayed under this condition during 28 days, period 
called Stage 2. Comparing Figure 6 with Figure 5 (Stage 1), it is 
possible to see that the potential reached less negative values, 
especially in the test specimens without contamination by chlo-
rides. This may be explained by the reduction of moisture inside 
the concrete in face of the new monitoring condition, delaying the 
corrosion process inside the structures. It was also observed that, 
in almost all cases, the averages of corrosion potential remained 
located in the probability zone of corrosion of 10%.
Regarding the influence of the water/cement reaction, in this stage 
there is also a lack of a clear trend about the corrosion potential 
readings, as presented in Figure 6. However, with the statistical 
method of variance analysis, considering 95% of significance, it 
was once again found that there is significant influence of the wa-
ter/cement ratio.

Table 4
Statistical treatment – ANOVA for interaction between moisture content and corrosion potential 
(95% of significance)

ANOVA

Source of 
variation SQ GL MQ Fcalculated Fcritical Factor

Humidity 
levels

433107.512 1 433107.512 31.370 4.301 Significant

Inside groups 303740.667 22 13806.394 – – –

Total 736848.179 23 – – – –

Figure 5
Influence of water/cement ratio on corrosion 
potential with different traces – Stage 1

Figure 6
Influence of water/cement ratio on corrosion 
potential with different traces – Stage 2
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4.2.3	 Stage 3

The Stage 3 of readings comprised three cycles of immersion and 
drying during 21 consecutive days. Graphs were obtained accord-
ing to data of 16 days of cycling, considering the date representing 
the period in which the test specimens were removed from the con-
dition of immersion for the last week of readings. Figure 7 shows 
the result of corrosion potential readings at the 16th day of cycling, 
in other words, right after the exit of the last immersion period of 
the cycle.
Regarding the ranges of corrosion probability, it is seen that the 
levels of corrosion potential for traces with or without chlorides are 
well defined, with greater probability of corrosion (90%) in contami-
nated concretes and zone of uncertainty for concretes uncontami-
nated by chlorides.

Regarding the water/cement ratio, a clearer influence is verified in 
the corrosion potential reading of the trace with chlorides, which 
may be proved with the statistical method of variance analysis us-
ing 95% of significance. For the trace without chloride, variance 
analysis indicated that the water/cement ratio had no direct influ-
ence on the results. Thus, it becomes evident that the influence of 
the water/cement ratio becomes important by showing a clear ten-
dency of influence when the reinforced concrete is contaminated 
by chlorides and with enough internal moisture for favoring the cor-
rosion process. It is verified that the greater the water/cement ratio 
of the concrete is, the more electronegative are the values of cor-
rosion potential. This result is explained by the fact that the network 
of pores formed in concrete with greater water/cement ratio has a 
tendency of propitiating a greater input of water, reducing the elec-
trical resistivity of the system and tending to make the values of 
corrosion potential more electronegative, in the case of concretes 
with reinforcement debased by chlorides.

4.3	 Influence of concrete cover thickness 

Figure 8 shows the results of corrosion potential readings at day 16 
of the cycling period (Stage 3) for the case of concrete contaminat-
ed by chlorides. It is observed that the values of standard deviation 
for cover equal to 3 cm were greater when compared to the ones 
of cover equal to 1 cm. This may be explained, because the greater 
the cover thickness is, the worse the conditions of electric contact 
between the work electrode (steel bar) and the reference electrode 
are. Using the analysis of variance for the case of contamination 
by chlorides it is possible to say that the thickness of the cover 
directly influences the corrosion potential readings, according to a 
95% confidence interval.
Figure 9 shows data regarding concretes not contaminated with 
chlorides. In this case the effect of the cover thickness is irrelevant, 
as confirmed by variance analysis applied with a 95% significance 
level. Coca et al. [36] performed a similar experiment in which the 
influence of the variation of the cover thickness of the reinforce-
ment (1.5; 2.0 and 3.0 cm were tested) in the corrosion potential 

Figure 7
Influence of water/cement ratio on corrosion 
potential with different traces – Stage 3

Figure 8
Influence of cover on corrosion potential with 
w/c= 0.43; 0.50 and 0.59 – with chloride

Figure 9
Influence of cover on corrosion potential with 
w/c= 0.43; 0.50 and 0.59 – without chloride



872 IBRACON Structures and Materials Journal • 2017 • vol. 10 • nº 4

Corrosion potential: influence of moisture, water-cement ratio, chloride content and concrete cover

readings for concretes with water/cement ratios of 0.45 and 0.60 
was investigated. In this study concretes were not contaminated 
by chlorides, neither carbonated, and it was also found that cover 
thickness has no significant influence on the corrosion potential 
readings.
Comparing Figures 8 and 9 it is seen that the influence of the con-
crete cover on corrosion potential readings is different for concrete 
contaminated by chlorides and for uncontaminated concrete. Thus, 
cover thickness is an important influencing factor in the first case 
and in the second case it has no importance to results.
The ranges of corrosion probability are also requisites to be taken 
into consideration. It is seen that the corrosion potential levels for 
the two amounts of contamination are well defined, with greater 
probability of corrosion (90%) in concretes contaminated with 1% 
of chlorides by mass of cement (Figure 8), and classified as zone 
of uncertainty in the case of concretes uncontaminated by chlo-
rides (Figure 9).

4.4	 Influence of the degree of contamination 
	 by chlorides 

Despite the comparison between Figure 8 and 9 already allowing 
understanding the effect of the contamination of concrete by chlo-
rides in the corrosion potential, Figure 10 and 11 also evidence this 
fact, split by values of the cover thickness of reinforcements, with 1 
cm and 3 cm, respectively.
A difference between results is clearly noted: a trend for more neg-
ative values of corrosion potential in cases where the concrete is 
contaminated with 1% of chlorides. This may be asserted with 95% 
of significance both for the cover of 1 cm as well as for the one of 3 
cm. This behavior is explained by the trend of increasing the elec-
trical conductivity coming from the chloride ions in the concrete, as 
well as by the corrosion activity provided by the presence of those 
ions, breaking the passivating film and installing the process of 
reinforcement corrosion.

González et al. [24] also had data indicating that contamination by 
chlorides has a tendency of making the corrosion potential read-
ings more electronegative, corroborating results obtained in this 
research.  

5.	 Conclusions 

This study produced information contributing to the inspection 
works of reinforced concrete structures using the technique of cor-
rosion potential.
Influence of the moisture content of the concrete: with data 
obtained in this experiment it is possible to assert, with 95% of sig-
nificance, that there is influence of the moisture content on the cor-
rosion potential and that higher moisture contents have a tendency 
of resulting in more electronegative values of corrosion potential 
due to the increase of the electrical conductivity of the system.
Influence of water/cement ratio: it was possible to verify the influ-
ence of the water/cement ratio, with the only exception of the trace 
of concrete without chlorides in Stage 3, when test specimens 
were exposed to the cycling process. It is worth to highlight, how-
ever, that it was not possible to define a clear trend of the water/
cement ratio on data of corrosion potential.
Influence of cover thickness: it was verified that the influence of 
the concrete cover is different for the case of contaminated (1% of 
chlorides by mass of cement) and uncontaminated concrete. With 
data obtained and by the variance analysis applied, in the case of 
concrete contaminated by chlorides, it is possible to assert that the 
concrete cover has influence on the corrosion potential readings, 
according to confidence interval of 95%. The influence of the cover 
thickness in the case of concrete contaminated by chlorides is in-
verse, in other words, the thicker the cover, the small the value of 
corrosion potential. In the case of concretes without chlorides, the 
effect of the cover is irrelevant with 95% of significance.
Influence of degree of contamination by chlorides: with 95% 
of significance, it is possible to assert that the chlorides have  

Figure 10
Influence of contamination by chlorides on 
corrosion potential with w / c = 0.43; 0.50 and 
0.59 – concrete cover = 1 cm

Figure 11
Influence of contamination by chlorides on 
corrosion potential with w / c = 0.43; 0.50 and 
0.59 – concrete cover = 3 cm
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influence in the values of corrosion potential. The framing of the 
ranges of corrosion probability of the two amounts of contamina-
tion in this study (0% and 1% of chlorides by mass of cement) is 
well defined, with uncontaminated concretes classified in the zone 
of uncertainty and contaminated concretes situated in the zone of 
90% of corrosion probability. Thus, it is possible to say that the 
presence of chlorides reduces the values of corrosion potential.
Regarding the practical aspects of applying the method of cor-
rosion potential for evaluating buildings of reinforced concrete, a 
great sensibility of readings can be noted regarding ages analyzed 
in the first stage of the experiment (wet curing period of 70 days). 
This happened due to the formation of a layer of iron oxide com-
posing the passivating film. Because of that, it is possible to mis-
represent the corrosion potentials of the stage of passivating film 
formation, in a structure with few months of building, with possible 
zones of active corrosion. 
It is important to record that those findings are limited to the ex-
ecuted experiment and to materials used in this research. The 
generalization of the conclusions is only possible with more stud-
ies involving other types of cement, the presence of additives and 
mineral addictions, as well as other variations in the concrete dos-
ing. However, this work contributes by showing the importance of 
controlling the access of moisture to the reinforced concrete, of 
the cover thickness of reinforcements and of the influence of the 
degree of contamination in the result of the corrosion potential of 
reinforcements in concrete structures.

6.	 Acknowledgments

The authors of this work thank the “Coordenação de Aperfeiçoa-
mento de Pessoal de Nível Superior (CAPES)”, the “Conselho Na-
cional de Desenvolvimento Científico e Tecnológico (CNPq)” and 
“Fundação Araucária” by granting scholarships and founding the 
equipments that supported this research.

7.	 References

[1] 	 ANDRADE, C.; ALONSO, C. On-site measurements of cor-
rosion rate of reinforcements. Construction and Building Ma-
terials, v.15, n.2-3, 2001, p.141-145.

[2] 	 ASSOULI, B.; BALLIVY, G.; RIVARD, P. Influence of environ-
mental parameters on application of standard ASTM C876-
91: half cell potential measurements. Corrosion Engineering, 
Science and Technology, v.43, n.1, 2008, p. 93-96.

[3] 	 MEDEIROS-JUNIOR, R.A.; LIMA, M.G. Electrical resistiv-
ity of unsaturated concrete using different types of cement. 
Construction and Building Materials, v.107, 2016, p.11-16.

[4] 	 LIAM, K.C.; ROY, S.K.; WOOD, D.O.N. Chloride ingress 
measurements and corrosion potential mapping study of a 
24-year-old reinforced concrete jetty structure in a tropical 
marine environment. Magazine of Concrete Research, v.44, 
n.160, 1992, p.205-215.

[5] 	 HELENE, P. R. L. Contribuição ao estudo da corrosão em 
armaduras de concreto armado. 231f. Tese (Livre docência) 
– University of São Paulo (USP), São Paulo, 1993.

[6] 	 BROOMFIELD, J.P.; DAVIES, K.; HLADKY, K. The use of 
permanent corrosion monitoring in new and existing rein-

forced concrete structures. Cement and Concrete Compos-
ites, v.24, n.1, 2002, p.27-34.

[7] 	 ELSENER, B.; ANDRADE, C.; GULIKERS, J.; POLDER, R.; 
RAUPACH, M. Half-cell potential measurements – Potential 
mapping on reinforced concrete structures. Materials and 
Structures, v.36, 2003, p. 461-471.

[8] 	 FELIU, S.; GONZÁLEZ, J.A.; MIRANDA, J.M.; FELIU, V. 
Possibilities and problems of in situ techniques for measur-
ing steel corrosion rates in large reinforced concrete struc-
tures. Corrosion Science, v.47, n.1, 2005, p.217-238.

[9] 	 HELENE, P.; PEREIRA, F.; CASTRO, P. Performance of a 
40-Year-Old Concrete Bridge with Embedded, Prestressed 
Galvanized Strands. Materials Performance, v.43, n.10, 
2006, p.42-45.

[10] 	 POUPARD, O.; L’HOSTIS, V.; CATINAUD, S.; PETRE-LA-
ZAR, I. Corrosion damage diagnosis of a reinforced concrete 
beam after 40 years natural exposure in marine environ-
ment. Cement and Concrete Composites, v.36, n.3, 2006, 
p.504-520.

[11] 	 CASTRO-BORGES, P.; ORDAZ, J.M. Corrosion Perfor-
mance of Concrete Columns after Localized Repairs in a 
Tropical Coastal Environment. Corrosion, v.65, n.2, 2009, p. 
118-125.

[12] 	 MEDEIROS, M.H.F.; GIORDANO, D.E.; PEREIRA, E.; VI-
GNOLIO, A.; GALEANO, R.; HELENE, P. Inspeção no pala-
cio de la luz - Montevideo: uma visão de durabilidade. Re-
vista Alconpat, v.2, 2012, p.94-109.

[13] 	 CASTRO-BORGES, P; TORRES-ACOSTA, A; BALANCAN-
ZAPATA, M.; LOPEZ-GONZALEZ, A. Análisis de daños por 
la interacción de cargas ambientales y estructurales en una 
subestructura marina. Revista de la Construcción, v.11, n.3, 
2012, p. 88-98.

[14] 	 MEDEIROS, M.H.F.; KNUUTILA, M.; PEREIRA, E.; HE-
LENE, P. Inspection of buildings in Rio de Janeiro-Brazil: 
Proving the greater tendency of corrosion at the base of 
reinforced concrete columns using potential corrosion tech-
nique. American Journal of Engineering Research (AJER), 
v.2, 2013, p.102-112.

[15] 	 MEDEIROS, M.H.F.; GOBBI, A.; RÉUS, G.C.; HELENE, P. 
Reinforced concrete in marine environment: Effect of wet-
ting and drying cycles, height and positioning in relation to 
the sea shore. Construction & Building Materials, v.44, 2013, 
p.452-457.

[16] 	 ELSENER, B. Half-cell potential mapping to assess repair 
work on RC structures. Construction and Building Materials, 
v.15, 2001, p.133-139.

[17] 	 McCARTER, W. J.; VENNESLAND, Ø. Sensor systems 
for use in reinforced concrete structures. Construction and 
Building Materials, v.18, 2004, p.351-358.

[18] 	 AMERICAN SOCIETY FOR TESTING AND MATERIALS. 
ASTM C-876: Standard Test Method for Corrosion Potentials 
of Uncoated Reinforcing Steel in Concrete.  Philadelphia, 
2015.

[19] 	 PRADHAN, B.; BHATTACHARJEE, B. half-cell potential as 
an indicator of chloride-induced rebar corrosion initiation in 
RC. Journal of Materials in Civil Engineering, v. 21, n. 10, 
2009, p. 543-552.



874 IBRACON Structures and Materials Journal • 2017 • vol. 10 • nº 4

Corrosion potential: influence of moisture, water-cement ratio, chloride content and concrete cover

[20] 	 ROMANO, P.; BRITO, P.S.D.; RODRIGUES, L. Monitoring of 
the degradation of concrete structures in environments con-
taining chloride ions. Construction & Building Materials, v.47, 
2013, p.827-832.

[21] 	 ROCHA, F. C. Leituras de potencial de corrosão em estrutu-
ras de concreto armado: influência da relação água/cimento, 
da temperatura, da contaminação por cloretos, da espes-
sura de cobrimento e do teor de umidade do concreto. Dis-
sertation (Master in Civil Construction) – Federal University 
of Paraná (UFPR), 2012.

[22] 	 SONG, H.; SARASWARHY, V. Corrosion monitoring of rein-
forced concrete structures – A review. International Journal 
of Electrochemical Science, v.2, 2007, p.1-28.

[23] 	 DARBY, J.; CAPELING, G.; GEORGE, C.; DILL, M.; HAM-
ERSLEY, G. Testing and monitoring the durability of con-
crete structures. Draft – Concrete bridge development group 
–Technical guide n.2, 1999, Londres. 

[24] 	 GONZÁLEZ, J.A.; MIRANDA, J.M.; FELIU, S. Consider-
ations on reproducibility of potential and corrosion rate mea-
surements in reinforced concrete. Corrosion Science, v. 46, 
2004, p.2467-2485.

[25] 	 PARTHIBAN, T.; RAVI, R.; PARTHIBAN, G.T. Potential moni-
toring system for corrosion of steel in concrete. Advances in 
Engineering Software, v.37, 2006, p.375-381.

[26] 	 MEDEIROS, M.H.F.; BALBINOT, G.B.; HELENE, P. In-
speção em prédios no Rio de Janeiro: corrosão em pilares. 
Concreto & Contrução, v.57, n.38, 2010, p.58-66.

[27] 	 POUR-GHAZ, M.; ISGOR, O.; GHODS, P. Quantitative in-
terpretation of half-cell potential measurements in concrete 
structures. Journal of Materials in Civil Engineering, v.21, 
n.9, 2009, p. 467-475. 

[28] 	 ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS. 
NBR 6118: Projeto de estruturas de concreto - Procedimen-
to. Rio de Janeiro, 2014.

[29] 	 THOMAS, M.D.A. Chloride thresholds in marine con-
crete. Cement and Concrete Research, v.26, n.4, 1996,  
p. 513-519.

[30] 	 NYGAARD, P.V.; GEIKER, M.R. A method for measuring 
the chloride threshold level required to initiate reinforcement 
corrosion in concrete. Materials and Structures, v.38, 2005,  
p. 489-494.

[31] 	 TUTIKIAN, B.; HELENE, P. Dosagem dos Concretos de Ci-
mento Portland. In: Concreto: Ciência e Tecnologia, ISAIA, 
G. C. (Ed.), IBRACON, São Paulo, 2011, p. 415-452.

[32] 	 MEDEIROS, M. H. F. Estruturas de concreto armado com 
corrosão de armaduras causada por carbonatação: es-
tudo comparativo de argamassas de reparo quanto à pro-
teção do aço. 2008. 193f. Dissertation (Master in Civil and 
Urban Engineering) – University of São Paulo (USP), São 
Paulo, 2002.

[33] 	 LEELALERKIET, V.; KYUNG, J.; OHTSU, M.; YOKOTA, M. 
Analysis of half-cell potential measurement for corrosion of 
reinforced concrete. Construction and Building Materials, v. 
18, 2004, p. 155–162.

[34] 	 POURSAEE, A.; HANSSON, C.M. Potential pitfalls in as-
sessing chloride-induced corrosion of steel in concrete. Ce-
ment and Concrete Research, v. 39, 2009, p. 391–400.

[35] 	 ARAÚJO, A. Estudo para o estabelecimento de metodolo-
gia de avaliação de vernizes na proteção ao concreto ar-
mado contra a penetração de agentes agressivos. 2004. 
195f. Dissertation (Master in Civil Engineering) - Institute 
of Technological Research of the State of São Paulo (IPT), 
São Paulo, 2004.

[36] 	 COCA, F.J.O.; ALMERAYA-CALDERÓN; CARMONA, 
V.M.O.; BORUNDA, A.; TIBURCIO, C.G.; VILLAFAÑE, A.M.; 
TORRES, A. Influence of environmental and electrochemical 
factors in the durability of concrete. Portugaliae Electrochi-
mica Acta, v. 22, 2004, p. 321-334.


