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ulate the electrochemical behaviour of steel in concrete. Another concern is related to the relationship between
the chloride content in concrete and the chloride content of a SPS. To investigate this issue a comparison between
the polarization curves of steel in mortar and in SPS was performed. It was found that the SPS is not fully repre-
sentative of the corrosion behaviour of steel in mortar but it yields conservative results. The relationship between
the chloride content in mortar and in SPS that yields similar behaviour is not straightforward but depends on the
electrochemical parameter considered.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

For several practical reasons the corrosion of steel bars used as rein-
forcement in concrete is frequently performed using the so called simu-
lated pore solutions to replace tests performed in reinforced concrete
specimens. These solutions contain alkalis and are basically developed
aiming at simulate the pH of the real pore solution (between 12.5 and
13.5). Different formulations are found in the literature [1-9], but they
differ slightly in composition, being Ca(OH),, KOH and NaOH the main
constituents. Besides, to study the effect of the chloride content in con-
crete, chloride ions are usually added to the simulated pore solutions.

Numerous works are published regarding the behaviour of different
types of rebars (carbon steel, galvanized steel, stainless steel, etc.) in
simulated pore solutions [8,10-12 just to mention a few of them].
Some authors studied the threshold chloride level for localized corro-
sion [5,8,9,13], others studied the effect of pitting corrosion inhibitors
[14-17], while others evaluated the role of the microstructure and/or
surface state on the corrosion behaviour [18-21]. The electrochemical
techniques used are the common ones, such as electrochemical
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impedance spectroscopy, polarization curves, measurements of linear
polarization resistance, etc. The objective of these works is to predict
the behaviour of the materials in real service. However, the following
question arises: do the simulated pore solutions simulate the electro-
chemical behaviour shown by the steel embedded in cementitious ma-
terials (mortar or concrete)? And, what is the relationship between the
chloride content in concrete/mortar and the chloride content of a simu-
lated pore solution? To answer these questions it is essential to compare
the electrochemical behaviour observed in simulated pore solutions
with that obtained in concrete/mortar specimens. Though this seems
to be obvious, such a study is not found in literature. Up to the authors
knowledge, the only work that mentions this issue is due to Koufil
et al. [8], who state that “the concentrations of 15 and 80 g Cl~/I were
found to be close to 0.4 and 3 wt.% Cl~/cem, respectively, when concrete
moisture is in equilibrium with RH (relative humidity) 90% air”. Howev-
er, Koufil et al. did not mention either the origin of this relationship or
the experimental tests that support it.

The objective of this paper is, in general terms, to determine up to
what extent the use of simulated pore solutions allows predicting the
behaviour of rebars embedded in concrete/mortar. A comparison be-
tween the polarization curves of steel bars embedded in mortar with
and without chloride content and with different aging times at 98%
RH, and those obtained for steel bars immersed in a frequently used
simulated pore solution [3] with different chloride ion additions, were
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performed. The comparison was performed using different electro-
chemical parameters, such as the corrosion potential, the passive cur-
rent density, the pitting potential and the polarization resistance.

2. Materials and methods

Experiments were performed on mortar prismatic specimens mea-
suring 7 x 7 x 6 cm®, as shown in Fig. 1. Four 6 mm diameter and
60 mm length carbon steel smooth rods, symmetrically embedded in
the prisms, were used as working electrodes (WE). The rods were
used in the as-received condition, and they were degreased with ethyl
acetate. These rods were embedded in mortar and the mortar-air inter-
face was isolated with adhesive tape in order to avoid crevice corrosion
due to differential aeration. The embedded ends of the rods were also
covered with adhesive tape, to obtain an active surface area of
5.7 cm?. The chemical composition of the rods was (in wt.%): C, 0.39;
Si, 0.30; Mn, 0.66; P, 0.007; S, 0.005; Cr, 0.04; Ni, 0.02; Mo, <0.003, Fe,
balance.

Mortar specimens were prepared with a cement/sand/water ratio of
1/3/0.6 with chloride additions (as NaCl) of 0, 0.5, 2, 5 and 10%, relative
to cement weight. The cement used was Sulphate Resistant Portland Ce-
ment (CPN 40 ARS, Loma Negra™) and its chemical composition is
shown in Table 1. The sand used was a standard one (CEN-NORMSAND
DIN EN 196-1).

Three specimens for each condition were prepared (so that for each
chloride content, 12 steel rods were available for electrochemical tests).
The mortar was cast in metallic moulds and after curing for 24 h, the
mortar blocks were taken from the moulds and kept at 98% RH at
room temperature for 28 days (moist curing). The compressive strength
of the mortar specimens after 28 days was 22.6 &+ 2.3 MPa. The three
specimens prepared for each chloride content were kept at 98% RH for
periods of 0, 90 and 180 days after the moist curing. After these aging
times, the electrochemical tests were performed.

A three electrode configuration was used to perform the electro-
chemical tests (Fig. 1). A stainless steel cylinder of 7 cm diameter with
a central hole to place a saturated calomel electrode (SCE) as reference
electrode (RE) was used as counter electrode (CE). A damp cloth was
used to allow electrical conductivity between the electrodes.

Cyclic potentiodynamic polarization curves were drawn at a scan
rate of 0.2 mV/s using a Gamry Ref. 600 potentiostat. Before starting
the measurements, the open circuit potential was measured for 1 h
and, in all cases, after this period, the open circuit potential reached a
stationary value. The scan started at a potential 300 mV lower than
the open circuit potential, and the reverse scan started when the circu-
lating current density reached 0.2 mA/cm?. The resistance of the mortar
to the electrical current was obtained as the real impedance measured
when applying a sinusoidal signal (AV = 10 mV, v = 1 kHz) in the

ortar Specimen

Fig. 1. Prismatic mortar specimens and cell configuration for electrochemical tests.

Table 1

Chemical composition of the cement used in the

present work.
Compound wt.%
Si0 214
Ca0 64.5
Al,04 3.46
Fe,03 4.90
SO3 2.04
MgO 0.82
Na,0 0.07
K;0 0.93
- <0.01
S?- <0.01

three electrode configuration. The results were used for the Ohmic
drop correction.

For the tests in aqueous solutions, the measurements were per-
formed in an acrylic cell with a platinum CE. Potentials were measured
through a Luggin capillary with a SCE acting as reference electrode. The
simulated pore solution (SPS) used was one frequently found in litera-
ture [3], whose composition is: 7.4 g of NaOH and 35.6 g of KOH per
litre of Ca(OH), saturated solution (pH 13.2). Chloride ions were
added as NaCl in concentrations of 1, 5 and 10 wt./vol.%. The steel rod
samples (prepared similarly to those used in the mortar tests) were im-
mersed in the solutions so prepared and allowed to reach a stationary
open circuit potential for 1 h. Afterwards, potentiodynamic polarization
curves were obtained in a similar way as in mortar specimens. The ex-
periments were repeated at least 3 times using a new specimen and
fresh solution each time. Ohmic drop correction was performed in the
same way as in mortar specimens.

From the anodic branch of the polarization curves, polarization resis-
tance was evaluated as AE/AI between the corrosion potential (Ecoyy)
and Ecqr + 10 mV.

3. Results and discussion

Fig. 2 shows the polarization curves of steel in mortar immediately
after the moist curing time and in SPS. Some differences are found.
The corrosion potential is approximately 100 mV more positive in mor-
tar than in SPS. Though in both sets of curves a passive zone ranging al-
most 800 mV is observed, the passive current densities are always
higher in SPS than in mortar. Moreover, while in SPS the current density
is almost constant and its value is close to 10~ A/cm?, in mortar spec-
imens the current density increases slightly with the potential varying

10° ————v¥¥7—

10°

Current Density (A/cm?)
=
&

107° PR U RS RS R R T B
-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

Potential (V

SCE)

Fig. 2. Polarization curves of steel rods in mortar specimens and in simulated pore solution
(SPS).
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from 1078 to 10~ ¢ A/cm?. At a potential equal to 0.5 Vscg in SPS and 0.6
Vsce in mortar, the current density increases abruptly until the total cir-
culated current is of the order of 1 mA. At this point, the scan was re-
versed and no hysteresis was observed. This increase in current is
associated to the oxygen evolution due to the decomposition of the so-
lution; being the difference between the oxygen evolution potential in
SPS and mortar ascribed to the difference in pH of both media (although
some authors attribute this increase, referred to as transpassive dissolu-
tion, as a result from dielectric breakdown of the passive film [22]). Tak-
ing into account the suggestions made by Poursaee and Hansson [6]
regarding the fact that for steel in pore solution the corrosion rate
took about 3 days to drop to passive levels; some additional polarization
curves were performed in SPS after immersing the steel specimens in
SPS for 28 days to allow a pre-passivation (simulating the moist curing
in mortar). The results showed that, while for pre-passivated specimens
the corrosion potential increased some mV and the average passive cur-
rent density decreased from 2 x 10~ to 10~ A/cm?, the difference is
not significant. For this reason, all tests in SPS in the present work
were performed without a pre-passivation period, as in the usual way.
Fig. 3 shows the polarization curves of specimens embedded in mor-
tar with different chloride contents. The curves were drawn immediate-
ly after the 28 days moist curing time (0 aging time). Repetitive results
were obtained (n = 4) and representative curves are shown in Fig. 3 for
the sake of simplicity. For low chloride contents (0, 0.5 and 2% Cl~/ce-
ment), similar curves were obtained: from the corrosion potential an in-
crease in current density with potential is observed, being the currents
in the range 10~ 8 to 10~ % A/cm?. At approximately 0.6 Vs the current
density increases and no hysteresis is observed during the reverse scan,
confirming that the increase in current density is due to the oxygen evo-
lution. When increasing the chloride content of the mix (5 and 10% Cl—/
cement), a different behaviour is obtained. In both cases the corrosion
potential is 400 mV lower than in the cases with low chloride contents.
A passive zone is clearly identified with higher current densities than in
the cases of low chloride contents but, unlike in the previous cases, the
current density remains almost constant or increases with a small slope.
In the case of 5% Cl~/cement, the current density varies from 3 x 10~
to 10~% A/cm?, and at 0.4 Vscg the current density increases abruptly.
When reversing the scan a high hysteresis loop is observed, indicating
the existence of localized corrosion (pitting). In the case of 10% Cl~/ce-
ment the passive current density is almost constant in the order of
2 x 1077 A/cm?. The initiation of pitting is also observed but at a poten-
tial considerably more negative than in the previous case (—0.15 Vscg).
Similar polarization curves were obtained when the specimens were
kept at 98% RH for periods of 90 and 180 days after the moist curing.
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Fig. 3. Polarization curves of steel rods in mortar specimens with different chloride
contents.

At this stage it is worth mentioning that the chloride contents neces-
sary to exhibit pitting in the present work are higher than most values
reported in literature [23,24]. It is well known that when measuring
pitting potentials (Epit) by potentiokinetic or quasi-stationary methods,
one obtains values that depend on the scan rate used [25]. The fact that
chloride contents necessary to exhibit pitting in the present work are
higher (5% Cl/cem) than most values reported in literature could be ex-
plained if one considers that the scan rate used in the present work
(0.2 mV/s) is higher than that suggested in the Standard ASTM G5
(0.167 mV/s) [26]. However, the difference is not so high and it seems
improbable that the high chloride contents necessary to induce pitting
could be accounted for the slight difference in scan rates. Besides,
some authors [25] show that E;; is more positive at a high scan rate
than at a low scan rate but, in some cases, opposite results are noted: no-
bler Epit values are found at a lower scan rate. This can be explained tak-
ing into account that at a low scan rate it is possible the development
and improvement of the protective properties of a passive film within
the passivation potential range, which increases the resistance of metals
to pitting. In particular, no systematic studies were found concerning
the specific effect of the scan rate on E;; for steel embedded in mortar
or immersed in alkaline aqueous solutions containing chloride, so it
was impossible to confirm if this fact (the apparently high scan rate
used) is responsible for the above mentioned effect. Some papers deal
with the effect of scan rate on the shape of the polarization curve; for in-
stance, Mansfeld and Kendig [27] presented a general model concerning
the choice of the scan rate for polarization measurement, while
Poursaee and Hansson [28] showed results of polarization curves for
steel in concrete at different scan rates. These works should be taken
into account carefully for the selection of scan rates in potentiodynamic
experiments and serve as a warning that uncritical use of potentiody-
namic techniques can lead to erroneous results [27]. Another possibility
(to explain the high chloride contents necessary to exhibit pitting) is to
consider the surface finishing of the steel samples used. It is known the
effect of surface finishing (roughness and/or the presence of a mill
scale) on pitting potentials [25]. For mechanically prepared specimens
the pitting potential decreases monotonously with the increasing sur-
face roughness. When reading the literature concerning the critical
chloride content in reinforced concrete chloride to induce pitting [23,
24] it was observed that most of the data obtained in laboratory were
taken from ribbed bars of steel with a mill scale bar steel not machined,
while in the present work as-received AISI 1040 carbon steel smooth
rods were used. Then, it is expected that this material shows a nobler
behaviour than the ribbed bars, so higher Ey;; are expected (or more ag-
gressive conditions are probable necessary to observe the chloride
attack).
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Fig. 4. Polarization curves of steel rods in simulated pore solution (SPS) with different
chloride contents.
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Fig. 4 shows the polarization curves of specimens immersed in SPS
with different chloride contents. Repetitive results were obtained
(n = 3 at least) and representative curves are shown in Fig. 4 for the
sake of simplicity. For low chloride contents (0 and 1 wt./vol.%), similar
curves were obtained: from the corrosion potential a passive zone rang-
ing >800 mV is observed, the passive current density is almost constant
and its value is close to 2 x 10~% A/cm?. At approximately 0.5 Vscg the
current density increases and no hysteresis is observed during the re-
verse scan, confirming that the increase in current density is due to
the oxygen evolution. When increasing the chloride content of the solu-
tion (5 and 10 wt./vol.%), a different behaviour is obtained. In both cases
the corrosion potential is 50-100 mV lower than in the cases with low
chloride contents. A passive zone is clearly identified in both cases,
being the current density higher in the most chloride concentrated solu-
tion. Unlike in the previous cases, the existence of localized attack was
observed because of the abrupt increase of the current density and the
presence of a hysteresis loop when the scan was reversed. In the solu-
tion with 5 wt./vol.% of chloride, the potential at which the localized at-
tack begins (E,;) coincides with the oxygen evolution potential (0.5
Vsce). In the solution with 10 wt./vol.% of chloride, the E; is consider-
ably lower (0.1 Vscg).

Table 2 shows the average values and standard deviation of the cor-
rosion potential (Eo.) obtained in mortar (at different aging times) and
in SPS, with different chloride contents.

In order to facilitate the comparison, Fig. 5 shows only the average
value of the E.,,,. In the case of mortar tests, the E,, is almost constant
for chloride contents between 0 and 2%. For higher chloride contents a
significantly decrease in the E, is observed, and then the E,; remains
constant up to 10% of chloride content. No significant effect of the aging
time was observed. On the other hand, the addition of chloride to SPS in-
duces a slight and constant decrease in the E, with additions of chlo-
ride up to 5%, and then it remains almost constant. From this figure it
seems that the E., measured in mortar is equal to that measured in
SPS when the chloride content is around 3%.

To characterize the passive state of the steel in mortar at different
aging times and in SPS, with different chloride contents, the passive cur-
rent density (current density at a potential 300 mV higher than the
Ecorr) Was measured. Table 3 shows the average and standard deviation
of the passive current density (Ipass) S0 obtained. It should be noted that,
in some cases, the deviation in the I, is appreciable. For the sake of
simplicity Fig. 6 shows only the average values of I.ss. As expected, in
general terms, the higher the chloride content the higher the Ip,s. In
the case of mortar specimens no matter the aging time, the I,ss sShows
an increase when increasing the chloride content between 0 and 5%.
For higher chloride concentrations, the behaviour observed depends
on the aging time: while for 0 days aging time the I,,5; remains constant
for chloride contents between 5 and 10%, for higher aging times an in-
crease in the Ip,s was observed. The higher the aging time the higher
the increase in Ipags. In the case of tests performed in SPS, the I, in-
creases monotonously with the chloride content. Besides, in SPS the
Ipass is at least one order of magnitude higher than in mortar, indepen-
dently of the chloride content.

As observed in the polarization curves, pitting was found only for
chloride contents higher than 5%, both in mortar and in SPS. Fig. 7
shows the average and standard deviation of the E;; measured on mor-
tar specimens with different aging times and in SPS. The first
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Fig. 5. Corrosion potential of steel rods in mortar specimens after different aging times and
in simulated pore solution (SPS), as a function of the chloride content.

observation is that the aging time has little or no effect on the E;; of
steel embedded in mortar. For 5% chloride concentration the E; was
close to 0.5 Vscg while for 10% chloride concentration Ep; is close to
—0.2 Vscg. In the case of tests on SPS, the average Ep; for 5% of chloride
is 0.54 Vscg and decreases to 0.08 Vsc; when the chloride content is 10%.
It can be observed that, under certain conditions, the deviation in the
Epic is appreciable. This fact has been previously reported by Li and
Sagiiés [5] who mentioned that results from a large series of repeat
tests show significant deviation. Similar E,;; were measured in mortar
with 5% Cl~/cement and in SPS with 5 wt./vol.% of chloride.

Table 4 shows the average values and standard deviation of the po-
larization resistance (Rp) obtained in mortar (at different aging times)
and in SPS, with different chloride contents. Again, this parameter
shows an appreciable deviation under certain conditions.

In order to facilitate the comparison, Fig. 8 shows only the average
value of the Rp. The first observation that arises from the figure is that
the aging time has little or no effect on the Rp in mortar tests. However,
the chloride content has a significant effect on the Rp: when the chloride
content increases from 0 to 10%, the Rp decreases one order of magni-
tude, and hence the corrosion rate that is inversely proportional to
this value [29] increases one order of magnitude. A similar tendency is
observed in SPS but the Rp in this case is one order of magnitude
lower than in mortar, for all the range of chloride contents studied, re-
vealing the fact that the SPS is more aggressive to the steel than mortar.

As it was mentioned in the Introduction section one of the objectives
of the present work was to determine whether the SPS simulates the
electrochemical behaviour shown by the steel embedded in
cementitiuos materials. As it can be observed in Fig. 2 the polarization
curves in mortar and in SPS, though quite similar in shape, differ in
the values of the different electrochemical parameters. From Tables 2,
3 and 4 it can be observed that the Ecor is 60 mV lower, the I, is 25
times higher and the Rp is 14 times lower in SPS than in mortar. All
these electrochemical parameters reflect the fact that the SPS is more
aggressive to the steel than the mortar itself. This aggressiveness cannot
be attributed neither to the pH of the SPS, that is close to 13.2 and quite

Corrosion potential (in Vscg) of steel rods embedded in mortar with different aging times and immersed in simulated pore solution (SPS), with different chloride contents. In mortar, chlo-

ride contents are expressed as wt.% Cl~/cement, while in SPS are expressed as % Cl~ wt./vol.

0% ClI™ 0.5% ClI™ 1% Cl™ 2% Cl™ 5% Cl™ 10% ClI™
Mortar 0 days —0.300 + 0.052 —0.236 + 0.035 - —0.279 £+ 0.013 —0.703 + 0.028 —0.717 £ 0.016
Mortar 90 days —0.297 + 0.006 —0.259 + 0.012 - —0.357 + 0.047 —0.651 £+ 0.076 —0.657 + 0.049
Mortar 180 days —0.290 + 0.003 —0.286 + 0.006 - —0.308 + 0.008 —0.595 £ 0.113 —0.688 + 0.021
SPS —0.366 + 0.033 - —0.393 + 0.021 - —0.473 £ 0.065 —0.483 + 0.042
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Table 3

Passive current density (in uA/cm?) of steel rods embedded in mortar with different aging times, and immersed in simulated pore solution (SPS) with different chloride contents, at a po-
tential 0.3 V higher than the corrosion potential. In mortar, chloride contents are expressed as %wt. CI~/cement, while in SPS are expressed as %Cl~ wt./vol.

0% Cl™ 0.5% ClI™ 1% Cl™ 2% Cl™ 5% Cl™ 10% C1™
Mortar 0 days 0.077 + 0.014 0.100 + 0.033 - 0.17 + 0.05 0.300 + 0.025 0.260 + 0.098
Mortar 90 days 0.043 + 0.006 0.047 + 0.007 - 0.078 + 0.045 0.460 + 0.057 0.860 + 0.760
Mortar 180 days 0.065 + 0.005 0.071 £ 0.016 - 0.110 £ 0.036 0.390 + 0.230 22+23
SPS 19+ 1.1 - 20+ 06 - 6.1+28 81+77

similar to that of not carbonated mortar, nor to the pre-passivation pe-
riod (as it was shown above). Then, the main conclusion is that the SPS
is not fully representative of the behaviour of the steel in mortar. How-
ever, the results obtained by using this solution to evaluate the corro-
sion resistance of steel in concrete are conservative and thus useful,
but results must be considered with caution.

The other issue that the present work is aimed at is to determine the
chloride content in SPS that yields a similar behaviour in a cementitious
material contaminated with chloride. To this purpose different electro-
chemical parameters can be taken as reference. If the E.,,, is considered
it has been shown in Fig. 5 that the E.,, measured in mortar equals that
measured in SPS when the chloride content is around 3%. Besides, other
data are comparable: E, for SPS with no chloride is comparable to that
of mortar with 2% CI™/cement; SPS with 5 and 10% wt./vol.% are compa-
rable to mortar containing 4 wt./cement chloride. However, if the I, is
considered, from Fig. 6, it can be concluded that I,,s measured in mortar
with 10% Cl~/cement (at 180 days aging time) is approximately equal to
that measured in SPS with 0 and 1 wt./vol.% of chloride. When the E; is
considered, Fig. 7 shows that steel in mortar with 5% Cl~/cement be-
haves as in SPS with 5 wt./vol.% of chloride.

Finally, taking into account the Rp, from Fig. 8, it can be inferred that
the Rp value obtained in SPS with 1 wt./vol.% of chloride is approximate-
ly equal to that obtained in mortar with additions of chloride higher
than 5% Cl~/cement. All these data has been included in Fig. 9, together
with some data obtained from literature [8,30]. In [8] it is stated that a
mortar with 0.4% Cl~/cement behaves close to a SPS with 1.5 wt./vol.%
of chloride, and a mortar with 3% Cl~/cement behaves close to a SPS
with 8 wt./vol.% of chloride. Anders et al. [30] analysed the chloride con-
tent of pore solution extracted from cylinders of cement paste with
known admixed sodium chloride content assuming that these data are
applicable to corrosion testing of rebars in synthetic concrete pore solu-
tion. Fig. 9 shows the results of Anders et al. [30] converted to the exper-
imental conditions of the present work (w/c = 0.6) by employing the
technique proposed by the authors (assuming 50% hydration). It can
be observed that the results obtained in the present work differ from
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Fig. 6. Passive current density of steel rods in mortar specimens after different aging times
and in simulated pore solution (SPS), as a function of the chloride content.

those of the literature [8,30], no matter the parameter considered. It is
clear from Fig. 9 that the relationship between the chloride content in
mortar and in SPS that yields similar steel corrosion behaviour depends
on the electrochemical parameter chosen as reference. To sum up, a di-
rect comparison is not straightforward. Therefore, the use of SPS, with
or without chloride, is adequate when comparing different materials,
surface treatments, the effect of inhibitors, etc. but, by no means, the re-
sults obtained reflect the behaviour of those materials in concrete (cor-
rosion rate, chloride threshold for corrosion initiation, etc.).

4. Conclusions

» The polarization curves of steel in mortar and in SPS, though quite
similar in shape, differ in the values of the different electrochemical
parameters.

» The use of pre-passivated specimens in SPS (simulating the 28 days
moist curing time in mortar) do not modify the results.

 The SPS is not fully representative of the behaviour of steel in mortar,
being more aggressive, so that it provides conservative results.

* The relationship between the chloride content in mortar and in SPS
that yields similar behaviour could not be established because it de-
pends on the electrochemical parameter considered.

* The use of SPS with different chloride levels is useful when comparing
the corrosion behaviour of different materials, but an extrapolation to
the behaviour in mortar is not adequate.
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Table 4
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Polarization resistance (in kohm - cm?) of steel rods embedded in mortar with different aging times, and immersed in simulated pore solution (SPS) with different chloride contents. In
mortar, chloride contents are expressed as wt.% Cl~/cement, while in SPS are expressed as %Cl~ wt./vol.

0% ClI™ 0.5% Cl™~

1% Cl™

2% Cl™ 5% Cl™ 10% C1™

Mortar 0 days
Mortar 90 days
Mortar 180 days
SPS

2230 + 541

3270 + 522 2640 + 84

1750 + 255 1470 + 665
155 + 67 -

1800 + 475

186 + 181 -

1220 + 264
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Fig. 8. Polarization resistance of steel rods in mortar specimens after different aging times

and in simulated pore solution (SPS), as a function of the chloride content.
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Fig. 9. Equivalence between chloride content in simulated pore solution (SPS) and in
mortar (as % chloride/cement), based on different electrochemical parameters (Eco:
corrosion potential; I, passive current density; Ey;: pitting potential; R,: polarization
resistance) measured in the present work. Data obtained from literature [8,30] are also

shown.
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