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The authors of this paper deserve to be congratulated for
their paper on chloride threshold value to depassivate rein-
forcing bars in mortar specimens. The authors very nicely
explained the chloride threshold values in terms of free
chloride, total chloride and C1 ™ /OH ~ ratio. A paper defin-
ing chloride threshold values in terms of these terms will be
no doubt essential for the concrete professions. However,
based on the experiences on corrosion of steel bars in
concrete, some observations are noted that are necessary to
be considered in the definition of chloride threshold values.

1. Corrosion of steel bars with respect to orientation in
concrete

Steel—concrete interfaces are generally varied with
respect to the orientation of steel bars against the casting
direction of concrete. For the steel bars oriented perpendi-
cular to the casting direction, gaps under the steel bars may
form due to the plastic settlement as well as bleeding of
water after casting concrete. In such a situation, a very small
amount of chloride may cause the initiation of corrosion of
steel bars in concrete. With the presence of this situation, the
definition of chloride threshold value seems to be contra-
dictory. A detailed study on the corrosion of steel bars in
concrete based on their orientation was carried out [1]. It
was concluded that the presence of gaps under the steel bars
as shown in Fig. 1 led to the formation of an active area that
was subjected to significant macrocell and microcell corro-
sions. In this investigation, 10 kg/m’® sodium chloride
(cement content =330 kg/m> for W/C =0.5) was added with
mixing water. The conditions of the steel bars at the age of
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60 days are shown in Fig. 2. The details on the specimens
can be obtained from Ref. [1]. From Fig. 2, clear observation
of chloride ion-induced corrosion based on the orientation of
steel bars can be obtained. Further investigations were also
carried out on the specimens exposed to the marine envir-
onments for a period of 23 years. The observations of these
studies were also reported elsewhere [2]. Significant amount
of corrosion under the steel bars oriented perpendicular to
the casting direction was found (water-soluble chloride ion
concentrations was about 1% of cement). The steel bars
oriented along the casting direction (vertical legs of the
stirrups) were not corroded even though the water-soluble
chloride ion concentrations were about 2% of cement.

The occurrence of corrosion at the locations where the
steel—concrete interfaces were damaged by the presence of
void or cracking was also reported by another group of
researchers recently [3]. In this investigation, it was con-
cluded that steel—concrete interface has a major influence
on the prediction of the onset of corrosion in relation to
the chloride content. It was also mentioned that the
chloride threshold value cannot be considered as a suffi-
cient and single criterion to forecast the corrosion devel-
opment. The nature of the steel—concrete interface was
emphasized with regard to chloride ion-induced corrosion
of steel bars in concrete.

Further investigation on the corrosion of steel bars
oriented along the casting direction in concrete was also
carried out utilizing 10-year-old concrete specimens made
with different types of cement as noted later. The detailed
result was submitted for publication and will be presented in
the 7th CANMET/ACI International Conference on Fly
Ash, Silica Fume and Natural Pozzolans in Concrete,
Chennai, India, 2001 [4]. It was found that deeply localized
corrosion occurred when there was a void at the steel—
concrete interface as shown in Figs. 3 and 4. In these cases,
the steel bars were oriented along the casting direction of
concrete. In addition, it was also observed that for concrete
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Fig. 1. Gaps under the steel bar.

made with slag cements with high slag contents (60—70%),
corroded areas were only concentrated to the voids at the
steel—concrete interface. The chloride level and the cor-
roded area of the steel bars are shown in Fig. 5. Here, OPC
means ordinary portland cement, SCA means slag cement
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Bottom Halves
(corroded due to the gap under the bar a shown in Fig. 1)

Perpendicular to the Casting Direction

of type A (slag contents 5—-30%), SCB means slag cement
of Type B (slag content 30—60%), SCC means slag
cement of type C (slag content 60—70%), and FACB
means fly ash cement of type B (fly ash content <10%).
These cements are specified in the specifications of JSCE
[5]. Tt was found that for a water—soluble chloride con-
centration less than 0.5% of cement weight, the corroded
area was negligible. Based on these results, it was con-
cluded that a chloride level of 0.4% may be considered as
chloride threshold value as with other studies [8]. How-
ever, more investigation on chloride threshold limit was
suggested considering the above-mentioned points.

The casting direction of the specimens of this paper is not
clear based on Fig. 1. The possibilities of the above-men-
tioned factors were also not considered. The size of the
specimens was 8 X 5.5 x 2 cm. For this, the effect of bleed-
ing and differential settlement will be low. However, the
presence of voids at the steel—concrete interface could not be
completely neglected and seems to be very important to
consider in the definition of chloride threshold values.
Regarding this matter, the authors also did not mention any
comments. From Fig. 1 of this paper, many voids on the
surface of the specimens were found. Also the steel bars were
located at only 0.5 cm from the surface. Generally, voids are
expected to be more near the concrete cover.

2. Corrosion of ribbed and smooth bars
In this paper, it was also reported that mean corrosion

current density for the ribbed bar was slightly higher than
for the smooth bar. The reason is not clearly mentioned in

Rusts under the ribs

W/C=0.5

W/C=0.7

Along the Casting Direction

Fig. 2. Rusts on the steel elements.
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Water Soluble Chloride Content 1.28% of Cement
Concrete Cover =2 c¢m, Tidal Exposure for 15 years

Fig. 3. Rust in voids located at steel—concrete interface.

the paper. It seems to be that for ribbed bar, the
possibilities of the formation of gap under the ribs is
higher even for casting direction along the steel bar.
Observations of rust can be noted under the ribs of the
deformed bar for W/C=0.7 (Fig. 2), even though the
casting direction is along the steel bars. It is worth
mentioning that corrosion of plain (smooth) and deformed
bars (ribbed) in uncracked concrete was also compared
and found that deformed bar corroded more than the plain
bar [1]. In addition, a study on corrosion of plain and
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Fig. 5. Corroded area and water soluble chloride ion concentrations.

deformed steel bars in cracked concrete was also carried
out and concluded that deformed bar is more prone to
corrosion than plain bar [6].

3. Consideration of active corrosion current density as
0.1 wA/cm’

The consideration of active corrosion for a corrosion
current density of 0.1 pA/cm® seems to be very conser-
vative. With this current density, if the authors exposed
the specimens for 1 year, a depth of only about 1/100
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Fig. 4. Deep localized corrosion due to the void at steel—concrete interface.
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mm can be expected based on the following equation [7]
and considering a pit concentration factor as 8.

d =0.01151,,tcx.

Here, d is the depth of corrosion in mm, I, is the average
current density in pA/cm?, ¢ is the time in year, and « is the
pit concentration factor (generally varies from 4 to 8).

4. Consideration of only microcell corrosion to define
chloride threshold limit

In this paper, the authors did not consider the macro-
cell corrosion of steel bars in concrete. As the chloride
ion-induced corrosion is very localized, therefore, the
consideration of macrocell corrosion together with the
microcell corrosion is necessary to evaluate the magnitude
of corrosion.

Further studies based on the above-mentioned points are
still necessary in order to define the chloride threshold limit.
At this stage, it seems that the definition of chloride thresh-
old value will be more meaningful if it is defined as
“Chloride threshold value is a level of chloride ion con-
centration that caused the initiation of active corrosion of
steel bars in concrete, provided that there are no voids/
damage at the steel—concrete interface.” In this case, the
decision-maker will be aware about his limitation during the
application of chloride threshold limit in the evaluation of
the initiation of corrosion or the prediction of service life of
the structures. It is necessary to note that the study on the
removal of voids at the steel—concrete interface will be very
useful in order to ensure the long-term durability of concrete

structures in marine environments. Of course, this was
beyond of the scope of this paper.

Again, the contribution of the authors of this paper in the
field of concrete technology is highly appreciated.
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