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ABSTRACT

This paper presents the results of a research program for examining the post-repair performance of
eccentrically loaded corrosion-damaged reinforced concrete (RC) columns wrapped with carbon fiber
reinforced polymer (CFRP) composites. The specimens, except a control undamaged group, were initially
exposed to accelerated corrosion for 30 days using an impressed current technique. Following the initial
corrosion, the damaged specimens were either repaired with full or partial CFRP wrapping systems or
kept unrepaired. A group from the damaged specimens were further exposed to 60 days of corrosion
exposure. All specimens were tested to failure under various eccentric loading with a nominal eccentric-
ity-to-section height ratio (e/h) in the range of 0.3-0.86. Test results showed that full CFRP wrapping sys-
tem effectively reduced the post-repair corrosion rate relative to that of the unwrapped specimens
whereas partial CFRP wrapping had almost no effect on the steel mass loss. The strengths of the damaged
specimens fully wrapped with CFRP were higher than those of the control specimens at the end of the
post-repair corrosion phase. The strengths of the damaged partially wrapped specimens were higher than
those of the control at nominal e/h values <0.43. At higher e/h values, the strengths of the partially
wrapped specimens were lower than those of the control but still higher than those of the damaged unre-
paired specimens. An analytical model that accounts for the confinement effect of the CFRP and the
change in geometry under eccentric loading was employed to predict the columns’ strength. The model’s

predictions were validated against test results.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Chloride-induced corrosion in reinforced concrete (RC) struc-
tures is a major worldwide durability problem. Reinforced concrete
structures located in industrial regions are also vulnerable to car-
bonation-induced corrosion due to the increased concentration of
carbon dioxide. The appearance of the first surface corrosion crack
is usually used to define the end of the functional service life of the
structure where structural rehabilitation is required [1-3].

Externally bonded carbon fiber reinforced polymers (CFRP)
composite system has emerged as an effective innovative solution
for rehabilitation of corrosion-damaged RC beams [4-6] and axially
loaded columns [7-9]. CFRP wrapping system was found less effec-
tive in increasing the structural capacity of undamaged RC columns
under combined flexural and axial loading [10-12]. Although RC
columns are often exposed to eccentric loading, the effectiveness
of CFRP wrapping system to upgrade corrosion-damaged eccentri-
cally loaded RC columns has received little attention in the
literature.
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The present work is the second phase (phase II) of a research
program aimed at examining the viability of CFRP wrapping sys-
tem to upgrade corrosion-damaged RC columns in the short-and-
long term when tested to failure under eccentric loading. Results
of phase I showed that CFRP wrapping system was effective in
increasing the structural capacity of eccentrically loaded corroded
columns in the short term [13]. In this paper, the post-repair per-
formance of CFRP-repaired columns under additional corrosion
exposure is examined. An analytical model proposed by the author
for performance prediction of eccentrically loaded RC columns
wrapped with CFRP [14] was employed to verify test results. The
model takes into consideration the change in eccentricity caused
by the lateral displacement under eccentric loading and the con-
finement effect caused by CFRP. The effect of corrosion damage
was accounted for in the analysis of the present study. The analyt-
ical and experimental results were in good agreement.

2. Experimental program
2.1. Specimen details

Test specimen was a square RC column (125 x 125 x 500 mm)
with end corbels, 250 x 250 x 350 mm each (Fig. 1). Because of
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Notation
e load eccentricity
Coxt external eccentricity
Cint internal eccentricity
€nominal NOMinal eccentricity
4 compressive strength of unconfined concrete
- compressive strength of CFRP-confined concrete under
eccentric loading
o compressive strength of CFRP-confined concrete under
concentric loading
fi effective lateral confining pressure provided by CFRP
h depth of the column section
M, nominal moment strength

Pexp experimental compression strength

Py nominal compression strength

Ppre predicted compression strength

Ecc ultimate compressive strain of CFRP-confined concrete
under eccentric loading

Eccu ultimate compressive strain of CFRP-confined concrete
under concentric loading

Ecu ultimate compressive strain of unconfined concrete
mid-height curvature

A lateral mid-height displacement

Aexp experimental lateral mid-height displacement

Apre predicted lateral mid-height displacement

the limitation in the capacity of the reaction frame available at
the structural laboratory of the UAE-University, a larger cross
section could not be employed. The longitudinal steel reinforce-
ment in the test region consisted of four No. 10 deformed steel
bars with a total area of about 298.5 mm?. The column’s ties in
the test region (the middle 500 mm) were 6 mm diameter plain
bars having a clear concrete cover of 15 mm. A tubing stainless
steel bar with an outer diameter of 8 mm and a wall thickness
of 1 mm was placed in the middle of the column to act as a cath-
ode during the accelerated corrosion process. To facilitate electri-
cal connections for the accelerated corrosion, the longitudinal
steel and the stainless steel tube were extended about 100 mm
out of one end of the specimen.
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2.2. Materials properties

Normal strength concrete with mix proportions by weight (ce-
ment:sand:gravel:w/c = 1:2.6:2.4:0.65) was used in the present
study. Three concrete cylinders, each having a diameter of
150 mm and a length of 300 mm, were cast from the same mix
used in fabrication of test specimens to determine the concrete
compression strength. The concrete compression strength was on
average 28.5 MPa with a corresponding standard deviation of
2.5 MPa. To simulate chloride contamination of concrete, 3% NaCl
by weight of cement was added to the concrete mixture used to
cast the middle 400 mm of the column. The longitudinal steel rein-
forcement was Grade 520. Three steel samples were tested under
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Fig. 1. Details of test specimen [13].
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uniaxial tension to determine the tensile strength. The measured
yield and ultimate strengths of the longitudinal steel were on aver-
age 550 and 725 MPa, respectively. The CFRP composite used in the
present study was unidirectional and consisted of SikaWrap Hex
230C fibers and Sikadur Hex 300 resin. For a cured CFRP composite
sheet the manufacturer’s data sheet specifies a typical modulus of
elasticity of 65.4 GPa, an ultimate tensile strain of 1.33%, and a
thickness of 0.381 mm.

2.3. Test matrix

As shown in Table 1, the research project is designed to be
implemented in two phases. Specimens of phase I [13] were di-
vided into four main groups, [A], [B], [C], and [D] whereas spec-
imens of phase II (current phase) consisted of three groups, [E],
[F], and [G]. All specimens, except those of group [A], were ini-
tially exposed to 30 days of accelerated corrosion exposure. Fol-
lowing the initial corrosion, specimens of group [B] were tested
to failure without repair while specimens of groups [C] and [D]
were repaired with full and partial CFRP wrapping systems,
respectively, then tested to failure under various eccentric load-
ing. A schematic for the full and partial CFRP wrapping schemes
used to repair the corrosion-damaged specimens are shown in
Fig. 2 [13]. In both schemes one layer of CFRP sheet was wrapped
around the column’s section in the test region with the fibers
oriented in the transverse direction with an overlap of about
50 mm. The specimens’ corners were rounded to a radius of
about 10 mm prior to CFRP application. Details of surface prepa-
ration and CFRP application are given in Ref. [13]. The full and
partial CFRP wrapping schemes corresponded to effective con-
finement ratios (fi/f!) of about 0.2 and 0.12, respectively [14]
where fi is the effective lateral confining pressure provided by
CFRP and f! is the compression strength of an unconfined con-
crete. To examine the post-repair performance, specimens of
phase II were further exposed to 60 days of accelerated corro-

500

Full CFRP-wrapping Partial CFRP-wrapping

Fig. 2. CFRP repair schemes [13].

sion. Specimens of groups [F] and [G] were fully and partially
wrapped with CFRP, respectively while specimens of group [E]
were kept unwrapped during the post-repair corrosion phase.
All specimens were eventually tested to failure under various
eccentric loading in the range of 0.3-0.86.

2.4. Test set-up and procedure

All corroded specimens were initially subjected to accelerated
corrosion for 30 days under a constant impressed current of

Table 1
Test matrix
Phase Group Specimen?® Initial corrosion time (days) Additional corrosion time (days) Confinement condition Nominal e/h
Phase I [13] [A] NUW-e1 - - No wrapping 0.30
NUW-e2 - - No wrapping 0.43
NUW-e3 - - No wrapping 0.57
NUW-e4 - - No wrapping 0.86
[B] CUW-e1/30 30 - No wrapping 0.30
CUW-e2/30 30 - No wrapping 0.43
CUW-e3/30 30 - No wrapping 0.57
CUW-e4/30 30 - No wrapping 0.86
[C] CFW-e1/30 30 - Full wrapping 0.30
CFW-e2/30 30 - Full wrapping 043
CFW-e3/30 30 - Full wrapping 0.57
CFW-e4/30 30 - Full wrapping 0.86
[D] CPW-e1/30 30 - Partial wrapping 0.30
CPW-e2/30 30 - Partial wrapping 0.43
CPW-e3/30 30 - Partial wrapping 0.57
CPW-e4/30 30 - Partial wrapping 0.86
Phase II [E] CUW-e1/90 30 60 No wrapping 0.30
CUW-e2/90 30 60 No wrapping 0.43
CUW-e3/90 30 60 No wrapping 0.57
CUW-e4/90 30 60 No wrapping 0.86
[F] CFW-e1/90 30 60 Full wrapping 0.30
CFW-e2/90 30 60 Full wrapping 0.43
CFW-e3/90 30 60 Full wrapping 0.57
CFW-e4/90 30 60 Full wrapping 0.86
[G] CPW-e1/90 30 60 Partial wrapping 0.30
CPW-e2/90 30 60 Partial wrapping 0.43
CPW-e3/90 30 60 Partial wrapping 0.57
CPW-e4/90 30 60 Partial wrapping 0.86

2 N and C refer to no corrosion and corrosion, respectively. UW, FW, and PW refer to unwrapped, fully wrapped, and partially wrapped specimens, respectively. el, e2, e3,
and e4 refer to nominal e/h values of 0.3, 0.43, 0.57, and 0.86, respectively. 30 and 90 refer to total times of corrosion exposure.



T. El Maaddawy / Cement & Concrete Composites 30 (2008) 822-830 825

Fig. 3. Structural test set-up.

75 mA that corresponded to a current density of about 90 pA/cm?.
The specimens were connected in series in order to ensure that the
electrical current passing through all specimens was the same dur-
ing the initial corrosion exposure. Fogging compressed air mist
nozzle was utilized to spray mist over the test specimens to facil-
itate corrosion reactions.

Specimens of phase Il were further exposed to additional 60
days of accelerated corrosion under fixed potentials. In the first
30 days of the additional corrosion exposure the applied fixed

potential was 12V while in the last 30 days the fixed potential
was increased to 15V. The power supply used to impress the
current has several outlets through which the same applied po-
tential could be fixed between the ends of each group of phase
Il during the post-repair corrosion phase. The power supply has
an LCD screen that can display the instantaneous current, which
allowed continuous monitoring of the fluctuation in the post-re-
pair impressed current with time. The current passing in one of
the three groups was monitored by cutting off the current
through the other two groups. After current stabilization, the
current passing in the connected group was recorded. All groups
were subjected to the same procedure before recording the cur-
rent values.

In the structural test to failure, the load was applied monoton-
ically by means of a hydraulic jack and recorded by means of a load
cell. The longitudinal concrete deformation and the lateral mid-
height displacement were measured by means of linear variable
differential transducers (LVDTs). Fig. 3 shows the structural test
set-up.

3. Experimental results
3.1. Summary of the results of phase I

Results of phase I showed that the initial 30 days of corrosion
exposure (4.25% measured steel mass loss) corresponded to a
maximum corrosion crack width of about 0.4 +0.12 mm. Struc-
tural test results showed that 4.25% steel mass loss had no
noticeable effect on the strength of eccentrically loaded RC col-
umns. At nominal e/h of 0.3, the strength of the damaged column
repaired with full CFRP wrapping system was about 40% higher
than that of the control. However, the strength gain decreased
as e/h was increased. Only 5% enhancement in the column’s
strength over the control was recorded at nominal e/h of 0.86.
At nominal e/h of 0.3, the strength of the damaged column par-
tially wrapped with CFRP was 8% lower than that of its counter-
part repaired with full CFRP wrapping but still 28% higher than
that of the control undamaged column. At higher e/h values,
the confinement level had a negligible effect on the columns’
strength. Detailed description and discussion of the results of
phase I are presented in Ref. [13].
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Fig. 4. Monitored current versus post-repair time relationship.
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3.2. Results of phase Il

3.2.1. Current monitoring

Fig. 4 shows the current measured in each group versus post-
repair time relationship. From this figure, it is evident that for
the same applied potential, full CFRP wrapping effectively re-
duced the monitored current. The current reduction was more
pronounced at the lower applied potential (12 V). The current
measured in the specimens fully wrapped with CFRP was on
average about 25% and 12% lower than that measured in the un-
wrapped specimens at fixed applied potentials of 12 and 15V,
respectively. Full CFRP wrapping may have reduced the diffusion
rate of oxygen and moisture into the concrete which increased
the apparent resistivity of the specimen, impeded the cathodic
reaction at the surface of the embedded stainless steel tube,
and thus reduced the corresponding current. From the same fig-
ure it can be seen that partial CFRP wrapping was less effective
than full wrapping in reducing the current. It resulted in only
12% reduction in the current, compared with that of the unre-
paired specimens, at applied fixed potential of 12 V whereas it
had no noticeable effect on the measured current at a fixed ap-
plied potential of 15 V.

3.2.2. Steel mass loss

Sample corroded steel bars were extracted from some of test
specimens after the structural test to failure to measure the steel
mass loss caused by corrosion. The corroded steel bars were
cleaned of rust using the chemical cleaning procedure, C.3.5,
specified by the ASTM Standard G1-90 [15] (Fig. 5). The
measured steel mass loss at the end of the first corrosion phase
(30 days) was on average about 4.25%. All damaged specimens
are assumed to have same initial steel mass loss (4.25%) at the
end of the first phase of corrosion exposure. Fig. 6 shows the
effect of CFRP wrapping on the post-repair steel mass loss. From
this figure it can be seen that full CFRP wrapping resulted in
about 28% reduction in the post-repair steel mass loss relative

10
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Post-repair steel mass loss (%)

No-CFRP Full-CFRP Partial-CFRP

Fig. 6. Effect of CFRP wrapping on measured post-repair steel mass loss.

to that of the unwrapped specimens. On the contrary, partial
CFRP wrapping had almost no effect on the measured post-
repair steel mass loss compared with that of the unwrapped
specimens.

3.2.3. Corrosion cracking

All corroded specimens exhibited longitudinal corrosion crack-
ing parallel to the longitudinal steel reinforcement. The corrosion
crack width at the end of each phase of corrosion was measured
by a microscope that provides a magnification of 25x and a
resolution of +0.05 mm. The maximum corrosion crack width
measured in the corroded unwrapped specimens at the end of
the second phase (13.8% measured steel mass loss) was on average
about 1.65 + 0.35 mm. Fig. 7 shows a typical corrosion crack pat-
tern and width at the end of the second phase of corrosion

exposure.

Fig. 5. Steel mass loss measurements: (a) extraction of steel samples, (b) rust removal and (c) steel weighing.
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3.2.4. Structural performance

The load versus lateral mid-height displacement curves for spe-
cimens of groups [A] and [E] are shown in Fig. 8 while Fig. 9 depicts
the load-lateral displacement curves for specimens of groups [F]
and [G]. The compression strength and deflection capacity of the
specimens are summarized in Table 2.

3.2.4.1. Mode of failure. All specimens of group [A], except NUW-e4,
exhibited a brittle mode of failure without warning. Specimen
NUW-e4 exhibited a ductile mode of failure where yielding of ten-
sion steel preceded crushing of concrete. Specimens CUW-e1/90
and CUW-e2/90 from group [E] exhibited a compression mode of
failure whereas specimens CUW-e3/90 and CUW-e4/90 had a ten-
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Fig. 7. Typical corrosion crack pattern/width at 13.8% steel mass loss.

sion mode of failure. Because of the severe corrosion damage, the
whole concrete cover at compression side was spalled off at the on-
set of failure for specimens of group [E] (Fig. 10a). All wrapped spe-
cimens failed by rupture of the CFRP in transverse direction and
bursting of concrete at compression side (Fig. 10b). In specimens
CFW-e1/90 and CPW-e1/90, rupture of CFRP occurred without
yielding of tension steel. In all other wrapped specimens, rupture
of CFRP was preceded by yielding of the tension steel (see Fig. 9).

3.2.4.2. Strength. From Fig. 8, it is evident that 13.8% corrosion sig-
nificantly reduced the load carrying capacity of eccentrically
loaded RC columns. The reduction in the strength caused by corro-
sion was in the range of 20-31%. The percent strength reduction
was much greater than the percent reduction in the steel mass loss.
This is attributable to cracking and deterioration of the concrete
cover caused by corrosion which reduced the concrete section size
and thus further reduced the strength. From Table 2, it can be seen
that despite corrosion damage the strengths of specimens of group
[F] fully wrapped with CFRP were still 35%, 24%, 3%, and 1% higher
than those of the control undamaged specimens at nominal e/h va-
lues of 0.3, 0.43, 0.57, and 0.86, respectively. The strengths of speci-
mens of group [G] partially wrapped with CFRP were 14% and 6%
higher than those of the control specimens at e/h values of 0.3
and 0.43, respectively. At higher e/h values the strength was lower
than that of the control but still higher than that of the damaged
unrepaired specimens.

3.2.4.3. Deflection capacity. For the unwrapped specimens, 13.8%
corrosion reduced the deflection capacity when a compression
mode of failure was dominated. About 23% average reduction in
deflection capacity was recorded at e/h values of 0.3 and 0.43.
The deflection capacity of the unwrapped columns was not re-
duced due to the 13.8% corrosion at e/h values of 0.57 and 0.86.
At the end of the post-repair corrosion phase, full CFRP wrapping
system resulted in an increase in deflection capacity, relative to
that of specimens of group [E] that were corroded but unwrapped
with CFRP. About 43% average increase in the deflection capacity
due to full CFRP wrapping was recorded at e/h values of 0.3 and
0.43. The increase in the deflection capacity was less pronounced
at higher e/h values. About 20% average increase in deflection
capacities due to full CFRP wrapping was recorded at e/h values
of 0.57 and 0.86. The deflection capacities of the columns partially
wrapped with CFRP were almost the same as those of their coun-
terparts repaired with full CFRP wrapping system.

4. Analytical modeling

An analytical model that accounts for the additional eccentricity
caused by the lateral mid-height displacement and the confine-
ment effect of CFRP under eccentric loading was employed to ver-
ify test results. The materials constitutive laws, basic assumptions
and main components of the model are presented in details in Ref.
[14]. In the model, the enhancement in strength and ultimate
strain of concrete caused by CFRP wrapping is conservatively as-
sumed to reduce as e/h is increased as follows:

o= E B~ £ (T 7). 1)

1
Ecc = &y + (Sccu - Scu) <m> 5 (2)

where f/. and ¢ are the strength and ultimate compressive strain of
a CFRP-confined concrete at a given e/h value, f;., and &, are the
strength and ultimate compressive strain of a CFRP-confined con-
crete under concentric loading, and &, is the ultimate compressive
strain of an unconfined concrete.
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Fig. 9. Load versus mid-height displacement curves for groups [F] and [G].

The modeling procedure can be summarized as follows: step 1 -
for a given initial eccentricity use the undeformed geometry to
determine the sectional forces and curvature at the mid-height of
the column; step 2 - use the mid-height sectional curvature to
calculate the lateral mid-height displacement; step 3 - modify
the initial eccentricity to account for the lateral mid-height dis-
placement; step 4 - use the modified eccentricity to recalculate
the sectional forces and curvature at the column’s mid-height; step
5 - return to step 2 if there is a significant change in the sectional
forces. A computer program was developed to carry out the mod-
eling procedure. Flow chart of the program is given in Fig. 11.
Methodologies for prediction of the confined concrete strength
and ultimate strain under concentric loading, sectional forces, cur-
vature and lateral displacement at the mid-height of the column
are presented in Ref. [14].

Sectional geometry, material properties, and measured steel
mass loss reported earlier were used as input data in the com-
puter program. For the unwrapped specimens having 13.8% steel
mass loss (group [E]), the clear concrete cover was neglected to
account for the severe damage occurred in the concrete section.
From Table 2, it can be seen that the predicted and measured
deflections are in good agreement. The variation between the
predicted and measured deflections had a negligible effect on
the predicted strengths. All predicted strengths but that of spec-
imen CUW-e3/90 were within 16% error band. The error in
strength prediction for specimen CUW-e3/90 was —22% which
can be ascribed to a variation between the actual steel mass loss
and that measured from the corroded steel samples. It can then
be concluded that the analytical model employed in this study
gives reasonable predictions for the deflection and strength of



T. El Maaddawy / Cement & Concrete Composites 30 (2008) 822-830 829

Table 2

Experimental and analytical results

Group Specimen Deflection capacity (mm) Compression strength (kN) Strength error (%)?

Experimental (Aexp) Analytical (Apre) Experimental (Pexp) Analytical (Pyre)

[A] NUW-e1 9.5 6.7 215 212 -1
NUW-e2 10.6 7.5 165 164 -1
NUW-e3 10.3 8.2 145 132 -9
NUW-e4 9.4 10.5 92 81 -12

[B] CUW-e1/30° NA 6.7 NA 208 NA
CUW-e2/30 8.9 7.5 167 160 -4
CUW-e3/30 9.3 8.2 141 129 -9
CUW-e4/30 8.4 10.8 91 78 -14

[C] CFW-e1/30 103 8.4 300 269 -10
CFW-e2/30 10.0 9.5 208 207 -0.5
CFW-e3/30 11.8 123 156 145 -7
CFW-e4/30 10.6 15.5 97 83 -14

[D] CPW-e1/30 9.9 7.5 276 264 -4
CPW-e2/30 9.4 8.6 203 204 +0.5
CPW-e3/30 11.5 10.5 153 146 -5
CPW-e4/30 9.4 13.7 94 84 -11

[E] CUW-e1/90 73 8.1 149 136 -9
CUW-e2/90 8.2 9.0 124 109 -12
CUW-e3/90 10.2 9.8 116 90 -22
CUW-e4/90 10.4 14.6 65 58 -11

[F] CFW-e1/90 9.6 8.5 290 262 -10
CFW-e2/90 12.6 10.0 204 198 -3
CFW-e3/90 12.1 12.8 150 136 -9
CFW-e4/90 12,5 16 93 78 -16

[G] CPW-e1/90 9.3 7.6 246 255 +4
CPW-e2/90 12.2 8.7 175 196 +12
CPW-e3/90 11.2 11.2 144 135 -6
CPW-e4/90 12.0 14.5 83 77 -7

@ Error (%) =100 x (Ppre — Pexp)/(Pexp)-

b Specimen was broken during handling.

both CFRP wrapped and unwrapped eccentrically loaded RC col-
umns suffering from active corrosion.

5. Conclusions

The post-repair performance of corrosion-damaged eccentri-
cally loaded RC columns wrapped with CFRP was examined in this
paper. The main conclusions are as follows:

¢ For the unwrapped columns, 13.8% corrosion that corresponded
to a maximum corrosion crack width of about 1.65 + 0.35 mm
significantly reduced the columns’ strength. The strength reduc-
tion caused by 13.8% corrosion was in the range of 20-31%.
About 23% reduction in deflection capacity was recorded at
13.8% corrosion when a compression mode of failure was domi-
nated. The deflection capacity slightly increased at 13.8% corro-
sion when a tension mode of failure was dominated.

e During the post-repair corrosion phase, full CFRP wrapping sys-
tem, with an effective confinement ratio of fi/f, = 0.2, reduced
the measured current by about 25% and 12% at fixed applied
potentials of 12 and 15V, respectively, relative the current of
the unwrapped specimens. Partial CFRP wrapping with
fi/fl =0.12 resulted in only 12% current reduction at applied
fixed potential of 12 V whereas it had no noticeable effect on
the measured current at a fixed applied potential of 15 V.

o At the end of the post-repair stage, the steel mass loss measured
in the fully wrapped specimens (fi/f/ =0.2) was about 28%
lower than that of the unwrapped specimens. On the contrary,
partial CFRP wrapping system (fi/f/ = 0.12) had almost no effect

Fig. 10. Failure modes at the end of the post-repair stage: (a) corroded unrepaired on the measured steel mass loss compared with that of the
specimens and (b) CFRP wrapped specimens. unwrapped specimens.
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Fig. 11. Flow chart of the computer program.

o At the end of the post-repair corrosion exposure, the strengths of
the specimens fully wrapped with CFRP (fi/f! = 0.2) were still
35%, 24%, 3%, and 1% higher than those of the control unda-
maged specimens at nominal e/h values of 0.3, 0.43, 0.57, and
0.86, respectively. The strengths of the damaged specimens par-
tially wrapped with CFRP (fi/f! = 0.12) were 14% and 6% higher
than those of the control specimens at nominal e/h values of 0.3
and 0.43, respectively. At higher e/h values the strength of the
partially wrapped columns was lower than that of the control
but still higher than that of the damaged unrepaired specimens.

¢ At the end of the second phase of corrosion exposure, the deflec-
tion capacity of the specimens fully wrapped with CFRP
(fi/f: = 0.2) at e/h values of 0.3 and 0.43 was on average 43%
higher than that of their counterparts that were corroded but
unwrapped with CFRP. Only 20% average increase in deflection
capacity due to full CFRP wrapping was recorded at e/h values
of 0.57 and 0.86. The deflection capacities of the columns par-
tially wrapped with CFRP (fi/f! = 0.12) were almost the same
as those of their counterparts repaired with full CFRP wrapping
system.
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