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Abstract

Fusion bonded epoxy coated (FBEC) bars are being utilized by the construction industry in
several regions of the world to minimize corrosion damage to the reinforced concrete
structures. While the use of FBEC bars in concrete is debated among the concrete
technologists, contractors and owners are using them as one of the methods to enhance the
useful service-life of reinforced concrete construction. Several studies have been conducted
at King Fahd University of Petroleum and Minerals to develop methodologies for enhancing
concrete durability under severe environmental conditions of the region. One of the studies
has been to evaluate the usefulness of FBEC bars under local conditions, which are
characterized by high chloride contamination in concrete and elevated environmental
temperature. The effect of high chloride concentration and elevated temperature in
conjunction with damage to the FBEC on the corrosion of the substrate metal was studied in
plain and silica fume cement concretes. The corrosion current density on mild steel and
damaged FBEC bars was noted to increase with an increase in temperature. The performance
of FBEC bars in the silica fume cement concrete was better than that in the plain cement
concrete at both normal and elevated temperatures. The long-term performance of FBEC bars
was satisfactory at elevated temperatures in the silica fume cement concrete specimens even
with up to 2% chloride, by weight of cement.
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1.5% and 3% damage tended to be between potential values for uncoated and
undamaged FBEC steel bars.

Figures 5 and 6 show the corrosion potentials on the uncoated and FBEC bars in the
plain and silica fume concrete specimens exposed to a temperature of 48 °C. As
expected, the corrosion potentials on the uncoated steel bars were more negative than
those on the FBEC steel bars.

The corrosion potentials depicted in Figures 1 through 6 were utilized to assess the
time to initiation of reinforcement corrosion according to ASTM C 876 criteria.
These data are summarized in Table 1. The data in Table | indicate that the time to
initiation of reinforcement corrosion was influenced by the exposure temperature,
extent of surface damage and the cement type. The time to initiation of corrosion
decreased with the extent of surface damage and increasing exposure temperature.
Further, corrosion initiation was noted later in the silica fume cement concrete
specimens compared to the plain cement concrete specimens.

Corrosion Current Density

The variation of corrosion current density, I, with time on the uncoated and FBEC
steel bars in the plain and silica fume cement concrete specimens exposed to 25, 35,
and 48 °C temperature is depicted in Figures 7 through 12. The values at each age are
the mean of measurements conducted on three similar specimens.

Figures 7 and 8 depict the I, values on steel in the plain and silica fume cement
concrete specimens exposed to a temperature of 25 °C. The data in these figures show
that the I o increases with time. The I, was generally less in the concrete specimens
with FBEC steel bars.

Figure 9 shows the ., values on steel in plain cement concrete specimens exposed to
a temperature of 35 °C. The I, was generally the least on FBEC steel bars with a
value less than 0.1pA/cm?. The I values on the uncoated bars was more than 0.3
uA/cm? from the initial period of exposure. The I ., in all the specimens increased
with the time of exposure. The I on steel in the silica fume cement concrete
specimens exposed to a temperature of 35 °C is depicted in Figure 10. The I, was
the least in FBEC steel bars it was the maximum on the uncoated bars. The I . on
FBEC steel bars with 1.5% and 3% damage tended to be between that of the uncoated
and FBEC bars. In all the specimens. the I.. value was less than 0.3 pA/ecm?
indicating better resistance to corrosion.

Figure 11 shows the I, values on steel in plain cement concrete specimens exposed
to a temperature of 48 °C. As expected, the I on the uncoated steel bars was more
than that on the FBEC steel bars. The corrosion current density was more than
0.3uA/cm? from initiation of exposure itself. The I.r in the undamaged FBEC steel
bars was less than 0.3 pA/cm?®. The I, on steel in the silica fume cement concrete
specimens exposed to a temperature of 48 °C is shown in Figure 12. The trend of
these data was similar to that noted on the specimens exposed to 35 °C. However, the
[.orr in the specimens exposed to 48 °C was more than that in the specimens exposed
to 35 °C.



CONCLUSIONS

The following conclusions could be drawn from the data developed in this study:

1.

[

(%]

The time to initiation of corrosion decreased with increasing surface damage,
and exposure temperature. Corrosion initiation was noted earlier in the plain
cement concrete specimens than in the silica fume cement concrete
specimens.

The data on the corrosion current density indicated very low corrosion in the
concrete specimens prepared with undamaged FBEC steel bars. As expected,
the L. values on the uncoated steel bars were very high. In these bars, the L.,
increased with increasing temperature.  While the I, values in the
undamaged FBEC bars were very low; they tended to increase with increasing
surface damage, and exposure temperature.

The Leor values on steel in the silica fume cement concrete specimens were
less than in the plain cement concrete specimens, this trend was noted at all
the exposure temperatures. This indicates that silica fume cement concrete
should be used in the structures that are exposed to high temperature and
excessive chloride contamination.
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Table 1: Time to initiation of reinforcement corrosion in the uncoated and FBEC steel
bars in plain and silica fume cement concrete specimens exposed to varying

temperature.

Surface Plain cement concrete Silica fume cement concrete
damage. % 25°C 35°C 48 °C 25°C 35°C 48 °C
0% -* 150 150 -* 250 240
1.5% 110 15 15 250 200 190
3% 55 15 15 190 140 130
Uncoated 25 Active Active 140 50 40
* Corrosion activation was not noted.
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Fig. 1: Corrosion Potentials on uncoated and FBEC steel bars in Plain Cement
Concrete Specimens (Exposure Temp: 25 °C).
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Fig. 2: Corrosion Potentials on uncoated and FBEC steel bars in the Silica Fume
Cement Concrete Specimens (Exposure Temp: 25 °C).
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Fig. 3: Corrosion Potentials on uncoated and FBEC steel bars in the Plain Cement
Concrete Specimens (Exposure Temp: 35 °C).
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Fig. 5. Corrosion Potentials on Uncoated and FBEC steel bars in the Plain Cement

Concrete Specimens (Temp: 48 °C).
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Figure 6: Corrosion Potentials on Uncoated and FBEC steel Bars in the Silica Fume
Cement Concrete Specimens (Temp: 48°C).
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Figure 7: Corrosion Current Density on steel in the Plain Cement Concrete Specimens
exposed to 25 °C.
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Figure 8: Corrosion Current Density on Steel in the Silica Fume-Cement Concrete
Specimens exposed to 25 °C.
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Figure 9: Corrosion Current Density on Steel in the Plain Cement Concrete
Specimens exposed to 35 °C.
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Figure 10: Corrosion Current Density on Steel in the Silica Fume Cement Concrete
Specimens exposed to 35°C.
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Figure 11: Corrosion Current Density on Steel in the Plain Cement Concrete
Specimens exposed to 48 °C.
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Figure 12: Corrosion Current Density on steel in the Silica Fume Cement Concrete
Specimens exposed to 48 °C.



