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A B S T R A C T

The aim of this paper was to investigate the seismic behavior of shear walls reinforced with CFRP (carbon fiber
reinforced polymer) bars as longitudinal reinforcement. Three full-scale shear walls with same geometry and
dimension were tested up to failure under pseudostatic cyclic lateral loading. The first one was a conventional
reinforced wall (as a reference specimen). The second was reinforced with steel bars in boundary elements and
CFRP bars in the wall web as vertical reinforcements. The third was reinforced with CFRP bars totally in the
vertical direction. Residual deformations and cracks were of particular interest. The experimental results show
that the CFRP-reinforced shear wall achieved comparable lateral strength, post-yield stiffness, acceptable lateral
drift and lower level of energy dissipation compared with the reference wall. Besides, excellent self-centering
behavior was observed, and the residual deformation of CFRP-reinforced shear walls decreased by more than
50% compared to the reference wall at a lateral drift of 1.0%. These promising results demonstrate the feasibility
of CFRP bars as linear-elastic material to achieve self-centering behavior of shear wall.

1. Introduction

Shear walls are designed to resist lateral forces induced by winds
and seismic events. And conventional reinforced concrete shear walls
have been proved to be an excellent, cost-effective lateral-resisting
system in modern high-rise reinforced concrete buildings during natural
disasters [1–8]. Zinov’ev and Smerdov [9] believe that the dynamic
behavior of structures, to a great extent, depends on the energy ab-
sorption (damping) ability. According to this theory, researchers on
traditional reinforced concrete shear walls emphasized the importance
of ductility and energy dissipation. By making full use of the excellent
plastic deformation performance of steel bars, enough energy could be
absorbed during natural disasters to achieve ductile failure and avoid
collapse [10–12]. However, the low yield strain of steel bars may result
in large residual deformations, and they cannot get back into shape by
themselves. As a result, large lateral deformations will remain in
buildings after earthquake. Things may get worse when aftershocks
happen, then buildings may become unsuitable to maintain their ser-
viceability. Besides, residual displacements will cause considerable
costs to repair these damaged buildings. Some of them even have to be
demolished due to severe damages [13]. Consequently, controlling re-
sidual deformations of structures after earthquakes is crucial for them

to maintain sustainability and serviceability [14–16]. With the devel-
opment of seismic design, self-centering behavior and residual de-
formation after experiencing large lateral displacements become critical
factors. They indicate whether damaged structures could be repaired or
buildings can maintain in service.

Fiber reinforced polymer (FRP) materials for construction were in-
itially used to solve the corrosion of steel reinforcement and to repair
the damaged structures. Glass fiber-reinforced polymer (GFRP) bars,
basalt fiber-reinforced polymer (BFRP) bars and carbon fiber-reinforced
polymer (CFRP) bars are several common types of them. They have
excellent tensile strength up to more than 1000MPa and remain elastic
until fracture without yielding during the tension test. The main con-
cerns towards FRP bars for construction are their brittle failures and
bond-slip conditions when they work together with concrete. Fig. 1 il-
lustrates stress-strain curves of FRP bars in comparison to steel bar.
Their expected tensile fractures of FRP bars for use are also marked.

Several pioneers have made an attempt to use FRP bars as flexural
reinforcement to mitigate the residual displacements. Mohamed et al.
[3,5] evaluated the seismic behavior of three GFRP exclusively re-
inforced walls under cyclic loading. These walls failed due to concrete
crushing and reached their flexural capacity and acceptable lateral
drifts. They also exhibited reasonable recoverable behavior before
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moderate damage. Cai and Wang [17] tested six cantilever columns
with variable reinforcement ratios of CFRP and steel bars under con-
stant axial loads and reversed lateral loading. Their studies show that
the post-yield stiffness was improved and residual displacements de-
creased dramatically when additional CFRP bars were added into the
conventional columns. Besides, the hysteretic energy dissipation of
these specimens remained the same as that of the reference. By contrast,
the increase of steel-reinforcement contributed little to the post-yield
stiffness and self-centering performance. Ghazizadeh and Cru-Noguez
[18,19] compared the behavior of a steel fiber-reinforced concrete
(SFRC) wall reinforced with FRP-steel bars as flexural reinforcement
with a traditional RC wall under cyclic loading. The new specimen
achieved goals of self-centering and mitigating residual displacements
apart from similar strength, stiffness and ductility as RC shear wall.
They also developed a finite-element analysis model for hybrid GFRP-
steel reinforced walls for moderate seismic demands which can be used
to identify the best hybrid-reinforced scheme.

Fig. 1 also shows that for various FRP materials, the CFRP bars have
better tensile strength and closer elastic modulus to steel bars. But FRP
bars also have some drawbacks such as brittle failure and low ductile
capacity which should be considered carefully in design. Considering

their excellent linear-elastic behavior and high tensile strength, the
combination of CFRP bars and dampers together to reinforce buildings
may achieve multiple goals such as self-centering and large energy
dissipation (damping), that is, CFRP bars help control the residual
displacement and dampers can be used in some particular sites of
buildings to absorb more earthquake energy. Then the first step is to
study the validity and applicability of shear walls reinforced with CFRP
bars. CFRP bars were used to replace steel bars as longitudinal re-
inforcement in this paper. In addition to studying the hysteretic prop-
erty, stiffness, energy dissipation, the main purpose of this experiment
is to investigate the effect of CFRP bars on displacement demand and
residual deformation of shear walls. The strains of steel and CFRP bars
at the boundary elements were measured by strain gauges. Crack pat-
terns, residual cracks and residual displacements were recorded to
evaluate the self-centering performance of shear walls reinforced with
CFRP bars.

2. Methods and material

Three specimens were tested up to failure under quasi-static cyclic
lateral loading. The first one (RCSW) was a conventional reinforced
wall (as a reference specimen). The second (S-CFSW) was reinforced
with steel bars in boundary elements and CFRP bars in the wall web as
vertical reinforcement. The third (CFSW) was reinforced with CFRP
bars totally in the vertical direction. They had same geometry and the
aspect ratio was 2.33, which belong to medium-rise shear walls. The
detailed information about shear wall specimens, material property and
test setup are included in the following parts.

2.1. Design of shear wall specimens

Three specimens shared the same size in height, width and thick-
ness, with hw=2800mm, bw=1200mm and tw= 200mm, respec-
tively. The top of the wall was reinforced by steel bars in horizontal
direction, and designed as a concealed beam to bear axial and lateral
loads during the test. The dimensions of three walls are shown in Fig. 2.
Fig. 3 illustrates the detailed reinforcement information. Three speci-
mens were reinforced with two-layer grids of reinforcement bars. Each
grid in the wall web was comprised of steel or CFRP bars in vertical
direction (a vertical reinforcement ratio of 0.52%) and steel bars
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854

GFRP Bar

6

expected tensile fracture of FRP

Fig. 1. Stress – strain curves of FRP and steel bars.

Fig. 2. Dimensions of specimens.
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(10mm in diameter) with a spacing of 100mm in horizontal direction
(a horizontal reinforcement ratio of 0.79%). The seismic design code in
China stipulates a minimum steel ratio of 0.25% in shear wall. And the
minimum steel ratios of vertical and horizontal reinforcement by ACI
318 are 0.15% and 0.25%, respectively. Four steel bars (10mm in
diameter) were arranged in each boundary column (for RCSW and S-
CFSW) with the same cross-section (200mm×200mm). Likewise, four
CFRP (10mm in diameter) bars were placed in each boundary of CFSW.
Steel stirrups (10mm in diameter) were spaced at 100mm in the
boundary columns. All shear walls complied with the requirements of
minimum reinforcement ratio and thickness of shear walls suggested by
codes [20–22]. The reinforcement details are illustrated in Fig. 3.

2.2. Material properties

The shear wall specimens were constructed and tested in the lab of
structural engineering. C45 commercial concrete which is widely used
for main supporting members in construction was adopted. 12 concrete
cubes (150mm×150mm×150mm) and 9 concrete prismatic blocks
(150mm×150mm×300mm) were reserved in the same condition
with shear wall specimens according to Chinese code [23]. Table 1

gives the tested values of concrete compressive strength, tensile
strength and elastic modulus. The tensile strength of steel bars HRB400
was gained according to GB/T 228.1-2010. And the longitudinal tensile
strengths of CFRP bars were collected through testing 5 specimens ac-
cording to GB/T 26743-2011. Table 2 lists the mechanical properties of
steel and CFRP bars.

2.3. Test setup and loading procedures

The test setup is illustrated in Fig. 4. Cyclic Lateral forces were
imposed on specimens through an actuator fixed horizontally to the
reaction wall. An axial load of 10% of its design compressive capacity

Fig. 3. Detailed information of reinforcement. Notes: VI denotes vertical reinforcement and Hz denotes horizontal reinforcement. For example, “Hz steel 10mm @
100mm” means horizontal steel bars with 10mm in diameter and a spacing of 100mm.

Table 1
Mechanical properties of concrete.

ƒcu (MPa) ƒc (MPa) ƒt (MPa) E (MPa)

56.75 43.47 3.4 4.52×104

Notes: ƒcu= cubic compressive strength of concrete; ƒc= axial compressive
strength; ƒt = split-tensile strength; E= elastic modulus in compression.
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(1080 kN) was induced on the top of the wall and remained constant
throughout testing. The axial loads were provided by two synchronous
hydraulic cylinders that could move horizontally and smoothly. The
shear wall specimens were fixed on the heavy box-beam of the ground.
Lateral displacements were recorded at the height of 600mm,
1200mm, 1700mm, 2200mm, and 2700mm at two sides of the wall.
An automatic data-acquisition system monitored by a computer was
used to collect various data. Crack progression and width were marked
and recorded throughout the loading. The force-displacement con-
trolled method was adopted as shown in Fig. 5. At force-controlled
stage, the lateral load was cycled only once and the increase of lateral
force was 10 kN. Displacement-controlled method took over when steel
yielding occurred. Considering the fact that there is no yielding strain in
CFRP bars until failure, the yielding displacement of RCSW was used as
the increase of displacement Δ for all specimens. This makes easy to
compare their behaviors such as energy dissipation and residual dis-
placement between them at the same displacement levels/cycles. Shear
walls were cycled three times at each displacement level. When 85% of
ultimate lateral strength occurred after strength degradation, loading
should be terminated and the specimen was considered to be failure.

3. Experimental results and discussions

3.1. Lateral load-top displacement response

Hysteretic curves of three specimens are shown in Fig. 6. The curves
of RCSW and S-CFSW were similar. And the longitudinal steel bars at
boundary elements yielded when lateral drift rose up to 0.13% and
0.12% in RCSW and S-CFSW, respectively. Hysteretic loops of the tra-
ditional wall were plumper than those of S-CFSW at the same drift le-
vels. In particular, CFSW had much more pinched hysteretic loops than

the other walls.
Fig. 7 illustrates the envelop curves of the three walls. RCSW, S-

CFSW and CFSW achieved similar lateral peak loads with 372.74 kN,
372.5 kN and 380.28 kN in the positive direction. And they reached
peak loads at a lateral drift of 1.4%, 1.2% and 1.2%, respectively. Then
their lateral forces fell to 85% of peak values at a drift ratio of 1.54%,
1.41% and 1.33%, at which specimens were considered to be failure.
From yielding to peak load, permanent deformations were evidenced by
plump loops of hysteresis curves in RCSW and S-CFSW, in comparison
to pinched cycles of CFSW. Three specimens were subjected to flexure
and shear forces. As lateral displacement increased, all the walls fell to
failure finally, along with concrete cover spalling, crushing and then
vertical reinforcement materials fractured at their boundaries. The re-
ference specimen had the largest drift capacity. It also had larger lateral
strength than the others at the same drift during the negative loading.
When a lateral displacement was imposed on the wall, steel bars could
bear more loads than CFRP material before steel yielded due to larger
elastic modulus. This may be the reason why steel-reinforced wall had a
lager reaction force than two others before 0.25% drift. Two factors
may cause the non-symmetric response in S-CFSW and CFSW. One is
concrete damage, the other is the bond slip between CFRP bars and
concrete. When the displacement level increased, it would cause con-
crete damage first in the positive cycle. Considering that the bond be-
tween CFRP bars and concrete is not as good as that between steel and
concrete, the bond slip between CFRP bars and concrete might also
contribute to the non-symmetric response. Then during the following
negative loading, the CFRP-reinforced shear wall would not perform as
well as in the positive loading. Since RCSW had the largest drift capa-
city between them, this type of system would not be ideal now for re-
gions with high seismic hazards where large displacement demands are
expected. In the authors’ view, the lower elastic modulus of CFRP bar
(only 97 GPa used in this experiment) might limit its potential of high
tensile strength. The advantage of CFRP bars started to develop after
the steel yielded. CFRP bars with better bond conditions and further
study are still needed to identify this feature.

3.2. Crack patterns and failure progression

The first crack emerged in CFSW when the lateral force reached
40 kN. For S-CFSW and RCSW, however, crack started to develop when
loads reached 70 kN and 80 kN, respectively. As lateral force continued,

Table 2
Mechanical properties of steel bars and CFRP bars.

Material D (mm) ƒy (MPa) ƒu (MPa) Ɛy or Ɛƒu E (MPa)

HRB400 10 424 658 0.0019 2.24×105

CFRP bar 10 – 1102 0.0118 9.7×104

Notes: D= diameter of bars; ƒy= yielding strength; ƒu= tensile strength;
Ɛy= yielding strain of steel bars; Ɛƒu= ultimate tensile strain of CFRP bars;
E= elastic modulus in tension.

Fig. 4. Instrument and test setup.
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more horizontal cracks began to form up. And the original cracks
propagated more deeply, then followed by flexural-shear cracks. Figs. 7
and 8 illustrate crack patterns and crack process at different drifts.
Cracks are numbered according to the sequence of emerging. RCSW
evidenced smaller initial crack than the others when lateral drift was
less than 0.27%. With loading increasing, RCSW experienced a wider
crack as a result of steel yielding in boundary elements. However, more
cracks were clearly found in CFRP-reinforced walls. Their cracks nearly
doubled compared with cracks in RCSW. Besides, cracks were only
distributed along 1/3 of RC wall, while cracks spread up to approxi-
mately a 2/3 of wall height in the two others. The fact indicates that
CFRP bars reduced deformation concentration. More small and narrow
cracks developed along the two latter walls. The steel bars in RCSW

yielded at the bottom and remained large residual deformations. Then
less but wider cracks remained. Although more narrow cracks may
cause some discomfort for occupants, they are easier to be repaired than
those larger ones. Overall, cracks were distributed more widely in
CFSW and S-CFSW than in RCSW, which indicates the use of CFRP bars
has promoted their crack spreads.

The difference of failure progressions between RCSW, S-CFSW and
CFSW was that there was a sharp turn in envelop curves of RCSW and S-
CFSW, while the envelop curve of CFRW was smoother until failure.
The turning point occurred after yielding of steel bars at the boundary
columns, as shown in Fig. 7. The CFRP-reinforced wall CFSW went on
carrying loads without strength deterioration until concrete crushing on
the compression side and the fracture of vertical CFRP bars on the

Fig. 5. Loading protocol.

Fig. 6. Hysteretic loops of specimens: (a) hysteretic loops of RCSW; (b) hysteretic loops of S-CFSW; (c) hysteretic loops of CFSW.
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tension side. By contrast, the reference wall RCSW experienced the
buckling of steel bars and concrete cover crushing at the compression
side of the wall. As displacement increased, concrete spalling and
crushing along with longitudinal bars’ buckling occurred at the com-
pression side, associated with the fracture of vertical bars at tension
side, as illustrated in Fig. 9. Then the lateral strength decreased sharply.
The failure progression of S-CFSW was similar to RCSW. Although the
displacement capacity and load capacity between the three walls were
different, concrete cover spalling occurred when the lateral drift
reached 1.2%. For S-CFSW and CFSW, steel bars and CFRP bars in the
boundary elements fractured at this drift level. But the fracture of steel
bars in RCSW happened when the drift reached 1.4%. CFSW had brittle
failure, more cracks, and less displacement capacity compared to the
reference.

3.3. Secant stiffness

Stiffnesses at various displacement levels were calculated and the
secant stiffness versus lateral displacement curves are illustrated in
Fig. 10. The slope of hysteretic curves decreased at 0.13% drift, re-
flecting the stiffness degradation of shear walls. Stiffness deterioration
took place in all specimens as drift levels increased. Despite a similar
pattern of stiffness degradation, some discrepancies could also be ob-
served among them. While RCSW and S-CFSW experienced higher
stiffness up to the lateral drift of 0.56%, after that, CFSW had similar or
even a little higher post-yield stiffness. As discussed in Section 3.1,
CFRP bars with larger tensile stiffness may make CFRP-reinforced shear
wall have larger lateral load capacity and post-yield stiffness than the

steel-reinforced wall. In the authors’ view, adequate post-yield stiffness
is important for buildings to avoid collapse during aftershocks. Higher
post-yield stiffness can make structures work better in areas where se-
vere earthquakes happen frequently.

3.4. Energy dissipation and pinching

There is a widespread consensus among researchers and scholars
that the energy dissipation ability is an important parameter in evalu-
ating seismic performance of structures, in addition to ductile capacity
[2–5,24]. The energy absorbed by shear walls could be estimated by
calculating the area of hysteretic loops. Fig. 11 shows the accumulated
energy consumed versus numbers of half cycles. It can be seen that
before 18 half cycles (a lateral drift of 1/375), there was no significant
difference in energy dissipated by RCSW, S-CFSW and CFSW. Little
residual deformations were left when the load was released. Accumu-
lated energy, however, increased rapidly after 18 half cycles, especially
for RCSW. The total energy absorbed by RCSW was 72773.2 kNmm at
48 half cycles (a lateral drift of 1.0%), in comparison to only
46259.9 kNmm in S-CFSW and 34804.2 kNmm in CFSW at the same
drift. Then it reached up to 128,284 kNmm at the drift of 1.2% (cor-
responding to the peak load), compared with 75,778 kNmm and
54,664 kNmm at the same drift for S-CFSW and CFSW. The energy
absorbed by RCSW doubled the amount dissipated by CFSW, which
demonstrates shear walls reinforced by steel bars could absorb much
more energy than the walls reinforced with CFRP bars. This may be
attributed to the excellent plastic behavior of steel bars. Through plastic
deformation more energy could be absorbed, while CFRP bars remained
in elastic all the time until failure.

From a traditional point of view, adequate drift capacity and large
energy dissipation are considered two desirable and long-cherished
design goals for shear walls [3]. For a long time, hysteretic pinching
was recognized as an undesirable characteristic by engineers and re-
searchers, and they thought it is adverse for these structures to with-
stand seismic activities. However, recent studies [15,25,26] conveyed a
different view towards hysteretic pinching that hysteretic pinching
without stiffness deterioration will not lead to undesirable response
directly. Based on some SDOF studies, Krawinkler and Seneviratna [27]
has concluded that pinching does not have a significant effect on the
inelastic displacement demand for SDOF except for very short period
systems. In order to investigate the dynamic impact in the global

Fig. 7. Envelop curves of specimens.

Fig. 8. Crack patterns of specimens.
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response of shear walls with varying pinching characteristics, a single
degree of freedom system model and a bilinear hysteretic model (as
shown in Fig. 12) have been adopted to evaluate the displacement re-
sponses under a few ground motions. Several earthquake motions (El

Centro 1940, Kobe-CHY 1995, Taft 1952 in two directions) are selected
to perform the SDOF time-history analysis. A matlab program is used to
calculate the dynamic response by applying Newmark’s linear accel-
eration method. All parameters of two SDOF examples (RC wall and CF

Fig. 9. Failure Progression of Specimens: (a) concrete cover splitting; (b) the bucking of vertical steel bars; (c) concrete cover spalling; (d) the fracture of vertical steel
bars; (e) concrete crushing; (f) the fracture of vertical CFRP bar.

Fig. 10. Secant stiffness – lateral displacement curves. Notes: The secant stiffness is defined by =
+ + −

+ + −

K F F
D D
| | | |

| | | | ; F+ = the maximum lateral force during the positive

cycles; F_= the maximum lateral force during the negative cycles; D+= the lateral displacement corresponding to F+; D_= the lateral displacement corresponding
to F_.
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wall) are obtained from the data of RCSW and CFSW in this experiment
(in this case, the given mass is 108,000 kg, for RC wall,
K1=80,000,000 N/m, r=K2/K1=0.05, c= 100,000 N s/m; for CF
wall, K1= 70000000 N/m, r=K2/K1=0.11, c= 100000 N s/m). The
time-history analysis results are shown in Table 3. From the results, it
can be seen that, for SDOF system, pinching does not have a consistent
effect on the displacement demand under different earthquake motions.
According to the maximum displacement demands (measured by
maximum absolute values in positive and negative directions) from the
analysis results in Table 3, it might be hard to conclude that pinching
will always amplify the displacement demands of structures during
different ground motions. It is not very clear about the actual effect of
pinching on the displacement demand of MDOF systems, and further
research is still needed.

3.5. Crack width and residual deformation

Crack width and residual displacement were recorded in this paper.
The maximum values of crack width at different lateral drifts are shown
in Fig. 13. Fig. 14 shows the residual displacements at various lateral
displacements. Several findings can be seen from the following figures.
The maximum crack of RCSW, S-CFSW and CFSW was 1.08mm, 1mm
and 1.06mm, respectively at 0.25% drift. However, cracks in RCSW
and S-CFSW grew larger rapidly with increased displacements, and
were up to 4mm and 3mm at the drifts of 0.9%, then reached 4.4 mm
and 4mm at 1.06% drift. By contrast, the maximum crack in CFSW
remained less than 2mm until 0.9% drift, and reached only 2.4 mm at
1.06% drift. This indicates that the crack progression of steel-reinforced
shear walls RCSW mainly concentrated on the bottom of the wall where
steel bar yielded. This can also be verified by their crack patterns in
Fig. 8.

The lateral residual deformations of all specimens remained small at
0.25% drift. Before this drift level, the maximum residual deformation
of RCSW and S-CFSW were 1.0mm, while there was no residual de-
formation in CFSW. The residual deformation in RCSW increased
sharply up to 8mm, 10mm, 13mm when the lateral drift reached
0.89%, 1.0%, and 1.28%, respectively. Despite of a flat growth of lat-
eral drift from 0.4% to 0.77%, S-CFSW showed a similar trend as RCSW,
and its residual deformation rose up to 4mm, 4.9mm and 9.1mm at
lateral drifts of 0.89%, 1.0% and 1.28%. By contrast, there was no sharp
growth of residual deformations for CFSW. Its residual deformation was
less than 2mm until failure. The results indicate that CFRP bars can
provide remarkable centering performance compared to steel bars. The
allowable inter-story drifts for shear wall structures are required to be
less than 1/120 (0.83% lateral drift) by Chinese code GB50011-2010,
corresponding to a lateral displacement of 6Δ in this paper. And at this
level, the residual deformations of RCSW, S-CFSW and CFSW were
5.8 mm, 2.4 mm and 1.5 mm, respectively. Fig. 7 shows that all speci-
mens experienced a rising lateral strength until 8Δ (a lateral drift of

Fig. 11. Accumulated energy curves.

(a) Single degree of freedom system   (b) Bilinear hysteretic model

Fig. 12. Simplified SDOF model and time-history analysis model adopted.

Table 3
Maximum displacement demands under different earthquake motions.

Maximum displacement demand El Centro (N-S) (W-E) Kobe-CHY (N-S) (W-E) Taft-Lincoln Sch (N-S) (W-E)

RC wall (reference) 10.4 mm 10.1 mm 4.2 mm 4.8 mm 9.1mm −9.3mm
CF wall −13.8 mm 14.6 mm 3.8 mm −3.7mm 7.8mm −11.1 mm
Displacement demand ratio −1.33 1.45 0.90 −0.77 0.86 1.19
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1.0%). Three shear walls had enough lateral drift capacities and the
data show it was possible for CFRP bars to be used in reinforcing shear
walls in the future. Hence, it could be seen that well-designed wall
reinforced with CFRP bars could meet the deformation requirements by
codes, and they will have less residual deformation after cyclic loading
than RC walls.

Hysteretic loops reflect different levels of energy dissipation and
self-recentering behavior. A pinched loop represents less energy dis-
sipation, but it also leaves less residual displacement. The results de-
monstrate that using CFRP bars can help control the maximum crack,
increase crack spread, reduce deformation concentration and improve
self-centering behavior. The ability of recovering and reclosing cracks
after experiencing large drifts could be recognized as an excellent ad-
vantage of using CFRP bars.

4. Conclusion

This paper aimed to verify the feasibility of using CFRP bars to re-
inforce shear walls, and to identify their effect on self-centering

behavior, in addition to achieving acceptable displacement capacity
and stiffness to resist lateral forces. Three walls were tested up to failure
under quasi-static cyclic loading. CFRP bars were used as the long-
itudinal reinforcement material in two walls, one traditional RC wall
was designed as a reference. Some valuable findings could be concluded
as follows:

• The crack progressions of three shear walls were similar. They were
dominated by flexure at first, then controlled by the combination of
flexure and shear forces under larger drifts until failure. But CFSW
had more cracks and a wider spread of cracks than RCSW.

• The CFRP-reinforced concrete shear wall achieved acceptable ca-
pacity, post-yield stiffness and less drift capacity compared with the
reference wall. But the displacement capacity can still meet the re-
quirement by code such as GB 50011-2010.

• Pinched hysteretic loops of CFSW indicate that the CFRP-reinforced
shear wall has less residual deformation and excellent self-centering
behavior, while plump hysteretic loops of RCSW show that the
conventional steel-reinforced shear wall can absorb more energy.

Fig. 13. Maximum crack width – lateral displacement.

Fig. 14. Residual deformation at various lateral displacements.
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• The use of CFRP bars in vertical direction made CFRP-reinforced
wall have a wider spread of cracks, less displacement capacity and
brittle failure in comparison to RC shear wall. However, the residual
deformation of CFSW decreased by 81.3% and 84.7% at the lateral
level of 0.89% and 1.28% compared with RCSW. Besides, its max-
imum crack width decreased by 50% and 45.5% at a lateral drift of
0.9% and 1.0%, respectively.

• Despite these interesting findings, further research is still needed
before application and the effect of FRP bars on the energy dis-
sipation and cracks of shear wall should be specially considered in
design.
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