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To explore the influence of the applied axial compression ratio and preloaded axial compression ratio on the seismic performance
of unbonded prestressed concrete columns, pseudo-static tests were carried out on four prestressed columns and one ordinary
column in this study. *e seismic performance indexes of test columns were studied and analyzed, including failure modes,
hysteresis curves, skeleton curves, stiffness, ductility, and energy dissipation. *e test results show that compared with concrete
columns with ordinary reinforcement, the hysteresis curve of reinforced concrete columns with prestressed tendons has a pinch
phenomenon to a certain extent, and the energy dissipation performance becomes worse. For the prestressed columns, the greater
the applied axial compression ratio, the worse the fullness of hysteresis curves and the energy dissipation performance, the greater
the residual displacement, the faster the strength attenuation, and the worse the self-centering performance. For the posttensioned
unbonded prestressed concrete columns, the greater the preloaded axial compression ratio, the worse the energy dissipation
performance of the test column, the slower the strength attenuation, and the better the self-centering performance.

1. Introduction

*e previous analysis of earthquake disasters has shown that
building structures after the earthquake can produce large
residual deformation. Many building structures are not
damaged but difficult to repair due to large residual dis-
placement and have to be demolished and rebuilt, resulting
in resource waste and property loss [1]. *erefore, the de-
velopment and research of a building with small residual
deformation after an earthquake are an important direction
of building development in the future [2–10]. At present, the
commonmethods to improve the self-resetting performance
of specimens are adding unbonded prestressed reinforce-
ment, adding viscous damper, setting unbonded high-
strength reinforcement, and so on. Unbonded prestressed
tendons are widely used because of their advantages of
convenient construction and low cost. *e existing research
has shown that when unbonded prestressed tendons are
added to the ordinary reinforced concrete columns for
applying the prestress, the high-strength elastic recovery

characteristics of prestressed tendons can be used to ef-
fectively reduce the residual displacement of structures or
members and obtain good self-centering performance.

Roke [11] conducted the time history analysis of three
central braced frame structures with different positions of
prestressed tendons and found that this structure has a good
self-centering effect. Luo Haiyan [12] carried out compar-
ative tests of three concrete columns with unbonded par-
tially prestressed tendons and one concrete column with
ordinary reinforcement. It was found that the prestress level
has an important influence on the performance of the
specimens. Yang Yiming et al. [13] performed pseudo-static
tests of two RC frame column base joints equipped with
unbonded prestressed tendons and energy dissipation
damper. It was reported that the axial compression ratio has
an important impact on the seismic performance and self-
centering performance of RC frame column base joints.
*rough the above research, it can be found that the axial
compression ratio is an important factor affecting the
seismic and self-centering performance of reinforced
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concrete frame columns. However, there is no research on
the specific influence law of the applied axial compression
ratio and preloaded axial compression ratio on their per-
formance. In this study, four concrete columns with post-
tensioned unbonded prestressed tendons and one ordinary
reinforced concrete column were designed at a reduced scale
of 1/2, and pseudo-static loading tests on these columns were
performed to analyze their energy dissipation performance,
strength attenuation, and self-centering performance.

2. Experimental Investigation

2.1. Description of Specimens. In this test, four concrete
columns with posttensioned unbonded prestressed tendons
(marked as PURC) and one ordinary reinforced concrete
column (marked as PTRC) were designed and fabricated in
the proportion of 1/2. *e column height was 1200mm, and
the section size was 300mm× 300mm. Table 1 and Table 2
show the axial compression ratio of the test piece, and
Figure 1 shows the size and reinforcement of the test piece.
*e C40 concrete was used, and the measured compressive
strength of the cube was 44.5MPa. *e longitudinal main
reinforcement was HRB400 grade, with a diameter of
20mm, the measured yield strength of 536.2MPa, elonga-
tion of 19%, and elastic modulus of 2.00×105MPa. *e
stirrup was HPB300 grade, with the measured yield strength
of 371.0MPa and elastic modulus of 2.10×105MPa. In this
study, ζ � Np/fcA and η � N/fcA, where ζ is the preloaded
axial compression ratio, η is the applied axial compression
ratio, Np is the axial pressure exerted by prestressed tendons,
N is the applied axial pressure, fc is the design value of
concrete compressive strength, and A is the column section
area.

2.2. Prestressed Tendon Tensioning. To exert the prestress,
four ΦS15.2 (fptk �1860 N · mm− 2) 1×7 steel strands were
uniformly arranged at the four corners of the column section
during the production of the column specimens. To ensure
the flatness of the upper and lower sides of specimens, one
end of the prestressed tendons was pretensioned at the
column top and embedded in the concrete. *e steel strand
was covered with a thin steel pipe and fixed at the design
position through the perforated steel plate at the column top
and the column bottom to avoid the shift of the steel strand
during the pouring and vibrating of concrete. To obtain the
smooth bottom of test columns for the subsequent test, a
groove of 300mm× 400mm × 150mm was reserved at the
bottom of the column during the fabrication for tensioning
and anchoring prestressed steel strand, and the single-hole
tool anchor was used.

*e size of the prestressed members used in this test was
smaller than that in the actual project; moreover, the re-
duction in length can cause a large amount of prestress loss
[14]. To solve this problem, a support foot device developed
by the China University of Mining and Technology was used
to supplement the tension by the insert gasket [15]. Figure 2
shows the specific operation process, and Table 3 shows the
detailed tension control stress.

2.3. Loading Device and Loading System. *e test was con-
ducted in Jiangsu Key Laboratory Environmental Impact
and Structural Safety in Engineering, China University of
Mining and Technology. *e electrohydraulic servo loading
structure test machine was used for pseudo-static loading
under low-cycle repeated loading [16]. Figure 3 shows the
loading device. *e vertical load was applied to the design
value through two hydraulic jacks at the top of the column,
and the horizontal load was applied by the actuator at the top
of the column.

*e load-displacement control mode was adopted in the
loading process. *e loading system was as follows: the yield
displacement Δ of each test column was obtained by the load
control with an increase of 10 kN. After the test column
yielded, the loading was performed according to the con-
trolled displacement of 1Δ, 2Δ, 3Δ, and so on. Before the test
column yielded, load control and displacement control were
cycled once; after the test column yielded, displacement
control was loaded for three times at each level. When the
load dropped below 85% of the maximum load value, the
specimen was considered to be destroyed and the test was
terminated.

3. ExperimentalPhenomenonandFailureMode

Figure 4 shows the final failure modes of test columns. *e
loading failure process of test columns is described as
follows:

(1) Specimen PTRC-1. After formal loading, the test
column showed significant elastic characteristics
before yielding. When the horizontal force was ap-
plied to 56.8 kN, the first horizontal crack appeared
on the right side of the column 130mm from the
base. When the controlled displacement was 18mm,
cracks on the front and rear sides extended obliquely
and vertically, and multiple through cracks appeared
on the left and right sides. *e through cracks were
clearly observed during the unloading. When the
controlled displacement was 27mm, a small area of
damage was generated in the concrete of the column
corner, and vertical cracks appeared in the middle of
the left and right sides of the column body. *e
specimen reached the limit state, and the horizontal
force had an extreme value (200.71 kN in the forward
direction and 173.20 kN in the reverse direction).
When the controlled displacement was 54mm, the
horizontal load dropped below 85% of the ultimate
load value. After the test termination, the failure
mode of the test column was mainly the flexural
shear failure, showing good ductility characteristics.

(2) Specimen PURC-1. After formal loading, when the
load was added to 59.3 kN, the first horizontal crack
appeared on the right side of the column 75mm
from the base. When the controlled displacement
was 18mm, vertical cracks were gradually produced
in the bottom beam during the first cycle, and the
horizontal cracks continued to extend and develop.
When the controlled displacement was 27mm, the
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specimen reached the limit state during the first
cycle, and the horizontal force had an extreme value
(201.06 kN in the forward direction and 195.19 kN in
the reverse direction). When the controlled dis-
placement was 54mm, the horizontal load of the test
column dropped below 85% of the ultimate load, and
the test was terminated.

(3) Specimen PURC-2. After formal loading, when the
load was increased to 53.2 kN, the first horizontal
crack was produced at the connection between the
column body and the base. When the controlled
displacement was ±27mm, the cracks on the column
body were widened and the four cracks extended
vertically. During the cycle under the controlled

displacement of 30mm, new cracks were no longer
generated and the load peak appeared (198.50 kN in
the forward direction and 203.57 kN in the reverse
direction). When the controlled displacement was
60mm, the horizontal load of the test column
dropped below 85% of the ultimate load, and the test
was terminated.

(4) Specimen PURC-3. After formal loading, when the
load was added to 76.4 kN, multiple horizontal cracks
were generated on the right side of the column
50mm, 150mm, 250mm, and 375mm away from the
base. When the controlled displacement was ±24mm,
the vertical crack perpendicular to the horizontal
crack began to appear. When the controlled

Table 1: Design parameters of specimens.

Specimen
number

Section size
mm×mm

Concrete
strength
grade

Longitudinal
reinforcement

Reinforcement
ratio ρt/%

Column
stirrup

Prestressed
tendons

Effective
prestress

Shear
span
ratio λ

PTRC-1 300× 300 C40 8
20 2.79 Φ8@50/100 - - 3.5

PURC-1 300× 300 C40 8
20 2.79 Φ8@50/100 4ΦS15.2 0.65 fptk 3.5

PURC-2 300× 300 C40 8
20 2.79 Φ8@50/100 4ΦS15.2 0.65 fptk 3.5

PURC-3 300× 300 C40 8
20 2.79 Φ8@50/100 4ΦS15.2 0.65 fptk 3.5

PURC-4 300× 300 C40 8
20 2.79 Φ8@50/100 4ΦS15.2 0.45 fptk 3.5

Table 2: Axial compression ratios of specimens.

Specimen
number

Axial compression ratio
n

Preloaded axial compression
ratio ζ

Applied axial compression
ratio η

Applied axial compression
kN

PTRC-1 0.15 — 0.15 238.05
PURC-1 0.55 0.40 0.15 238.05
PURC-2 0.45 0.40 0.05 79.35
PURC-3 0.65 0.40 0.25 396.75
PURC-4 0.40 0.25 0.15 238.05
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Figure 1: Size and section reinforcement of test columns (mm).
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displacement was ±32mm, the specimen reached the
limit state during the first cycle, and the extreme value
of the horizontal force was obtained (211.16 kN in the
forward direction and 209.83 kN in the reverse di-
rection). After that, the bearing capacity decreased
continuously with the failure of the specimen. When
the controlled displacement was 48mm, the hori-
zontal load of the test column dropped below 85% of
the ultimate load, and the test was ended.

(5) Specimen PURC-4. After formal loading, when the
load was 59.3 kN, the first horizontal crack appeared
on the right cylindrical surface 160mm away from
the base. When the controlled displacement was
27mm, the new cracks were not generated. During
the first loading of 0⟶27mm, the load peak
appeared (192.14 kN in the forward direction and
192.46 kN in the reverse direction), the concrete at
the column corner of the left foot began to crush, the
cracks developed vertically, and a main vertical crack
was formed in the middle of the left and right sides.
When the controlled displacement was 54mm, the

horizontal load of the test column dropped below
85% of the ultimate load, and the test was ended.

4. Experimental Results and Discussion

4.1. Hysteresis Curves. *e hysteresis curves of different
specimens are compared (Figure 5). It can be seen that:

(1) At the initial stage of loading, the hysteresis curve of
each specimen approximates a straight line, indi-
cating that the specimen is in the elastic stage at this
time.With the increase in load and displacement, the
area of the hysteresis loop increases continuously,
and the hysteresis curve no longer grows as a straight
line. It indicates that the specimen enters the elastic-
plastic stage. After unloading, the residual dis-
placement increases, the plastic damage develops,
and the energy dissipation performance is improved.

(2) Hysteresis curves of PURC-1-PURC-4 and PTRC-1
are compared. It can be found that there is an ob-
vious pinch phenomenon in hysteresis curves of

(a) (b)

(c)

Figure 2: Insert gasket for tension supplement. (a) Insert gasket for tension supplement and (b) brace angle and gasket (c) after tension
supplement [15].

Table 3: Tensioning data of prestressed tendons.

Specimen No. PTRC-1 PURC-1 PURC-2 PURC-3 PURC-4
Prestress loss/(N · mm− 2) — 60.06 60.06 60.06 50.82
Tension control force/ kN — 176.40 176.40 176.40 149.26
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(a) (b) (c)

(d) (e)

Figure 4: Failure modes of specimens. (a) PTRC-1. (b) PURC-1. (c) PURC-2. (d) PURC-3. (e) PURC-4.

Figure 3: Test loading device.
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specimens with posttensioned unbonded prestressed
tendons, and the peak load of these specimens is
increased by 5.97%, 7.53%, 12.59%, and 2.86%, re-
spectively. It shows that the addition of post-
tensioned unbonded prestressed tendons can reduce
the energy dissipation performance of concrete
columns, but cannot significantly improve their
bearing capacity.

(3) Hysteresis curves of PURC-2, PURC-1, and PURC-3
are compared. Under the same preloaded axial
compression ratio of specimens, when the applied
axial compression ratio increases from 0.05, 0.15, to
0.25, the fullness of hysteresis curve becomes worse,
the limit displacement becomes smaller, and the load
after yield decreases faster. It indicates that the en-
ergy dissipation performance of posttensioned
unbonded prestressed concrete columns becomes
worse with the increase in the applied axial com-
pression ratio.

(4) Hysteresis curves of PURC-1 and PURC-4 are
compared. Under the same applied axial compres-
sion ratio of the specimen, when the preloaded axial
compression ratio is 0.4 and 0.25, the fullness of the
hysteresis curve of PURC-4 is relatively good, and
the limit displacements of PURC-1 and PURC-4 are
similar. It indicates that the greater the preloaded
axial compression ratio, the lower the energy con-
sumption capacity of the specimen.

4.2. Skeleton Curves. Figure 6 shows skeleton curves of test
columns. *e skeleton curves of test columns are compared.

(1) By comparing skeleton curves of PTRC-1 and
PURC-1, it is found that the rising section and falling
section of the skeleton curve of PTRC-1 are steep,
and the initial stiffness is large, while the falling
section of the curve of PURC-1 is relatively gentle.
*is is because when the prestress is applied to the
test column, the column is compacted, which is
conducive to improve its stiffness. However, after the
peak load, the concrete damage is accelerated and the
bearing capacity is degraded rapidly due to the
pressure of prestressed tendons.

(2) By comparing the skeleton curves of PURC-1,
PURC-2, and PURC-3, it can be seen that the rising
and falling sections of the skeleton curve of PURC-3
are the steepest, with the largest initial stiffness and
the smallest ultimate displacement; the rising section
and the falling section of the skeleton curve of the
PURC-2 are the most gentle, with the smallest initial
stiffness and the largest limit displacement. It indi-
cates that the greater the applied axial compression
ratio, the smaller the ultimate displacement of the
posttensioned unbonded prestressed concrete col-
umn and the more significant the ductility reduction.

(3) By comparing the skeleton curves of PURC-1 and
PURC-4, it can be seen that the rising section of the
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Figure 5: Hysteresis curves of specimens. (a) PTRC-1. (b) PURC-1. (c) PURC-2 and PURC-p3. (d) PURC-4.
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skeleton curve of PURC-4 is relatively gentle, the
limit displacement is large, and its ductility is good.

4.3. Stiffness Degradation. Under the condition of pseudo-
static test, the stiffness degradation characteristics of
structures or members are usually characterized by loop
stiffness:

Kj �


n
i�1 V

i
j


n
i�1 Δ

i
j

, (1)

where Kj is the stiffness under the jth level load; Vi
j is the

average value of forward and reverse loads under the jth

level load at the ith cycle; and Δi
j is the average value of

forward and reverse displacement under the jth level load at
the ith cycle. Figure 7 shows the skeleton curves of different
specimens.

As shown in Figure 7, it is concluded that

(1) *e stiffness degradation curves of all specimens are
smooth without sudden change, indicating that the
damage of posttensioned unbonded prestressed
concrete develops stably under seismic load.

(2) Compared with ordinary reinforced concrete col-
umns, the columns with posttensioned unbonded
prestressed tendons present higher initial stiffness,
but rapid stiffness loss after loading. It suggests that

PTRC-1
PURC-1

-250

-200

-150

-100

-50

0

50

100

150

200

250

Lo
ad

 (m
m

)
-40 -20 0 20 40 60-60

Displacement (mm)

(a)

PURC-1
PURC-2
PURC-3

-250

-200

-150

-100

-50

0

50

100

150

200

250

Lo
ad

 (k
N

)

-40 -20 0 20 40 8060-80 -60
Displacement (mm)

(b)

PURC-1
PURC-4

-250

-200

-150

-100

-50

0

50

100

150

200

250

Lo
ad

 (k
N

)

-40 -20 0 20 40 60-60
Displacement (mm)

(c)

Figure 6: Skeleton curves of specimens. (a) PTRC-1 and PURC-1. (b) PURC-1, PURC-2, and PURC-3. (c) PURC-1 and PURC-4.
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the prestressing can accelerate the damage of
specimens.

(3) As shown in Figure 7(a), the effect of applied axial
pressure ratio on stiffness degradation is significant.
*e greater the applied axial pressure ratio, the faster
the stiffness degradation. As shown in Figure 7(b),
the change in preloaded axial compression ratio
before the specimen yielding has little effect on the
stiffness degradation rate of the specimen; after the
specimen yielding, the stiffness degradation of the
specimen with a high preloaded axial compression
ratio is accelerated. It shows that the greater the
applied axial compression ratio, the faster the
damage of the specimen and the faster the stiffness
degradation. Besides, the preloaded axial compres-
sion ratio rarely affects the damage rate of the
specimen before yielding, but accelerates the damage
rate of the specimen after yielding and the stiffness
degradation is accelerated.

4.4. Bearing Capacity

4.4.1. Test Value of Bearing Capacity. Tables 4 and 5 show
the load, displacement, displacement angle, and displace-
ment ductility coefficient of different characteristic points of
the specimen. *e yield displacement is obtained by the
energy method [17], and the ultimate load and displacement
are the corresponding load and displacement values when
the load drops to 85% of the peak load. *e experimental
results show that

(1) By comparing the PTRC-1 with PURC-1-1 and
PURC-1-4, it can be found that the yield

displacement of concrete columns with unbonded
prestressed tendons increases, while the addition of
unbonded prestressed tendons rarely affects the peak
load, peak displacement, ultimate load, and ultimate
displacement. Compared with PTRC-1, the yield
displacement of PURC-1 and PURC-4 increases by
36.31% and 26.18%, respectively. *e three speci-
mens enter the yield state at the displacement angle
of 1/37–1/36 and fail at the displacement angle of 1/
22–1/21. *is is because for large eccentric com-
pression members, the reinforcement in the tensile
area first yields, and then, the concrete in the
compression area is damaged by compression, but
the existence of preload slows down the yield of
reinforcement in the tensile area, resulting in the
increase in yield load and displacement of the
specimen; however, after the specimen yields, the
prestressed tendons basically stop working. At this
time, the specimen can be approximately equivalent
to an ordinary reinforced concrete column. *ere-
fore, the peak load, peak displacement, ultimate load,
and ultimate displacement of PURC-1 and PURC-4
are not significantly different from those of PTRC-1.

(2) *e test values of PURC-1, PURC-2, and PURC-3
are also analyzed. Compared with PURC-2, the yield
load of PURC-1 and PURC-3 increases by 19.39%
and 22.20%, and their yield displacement decreases
by 9.88% and 9.70%; the peak load of PURC-1 and
PURC-3 increases by 2.64% and 11.63%, and their
peak displacement decreases by 13.43% and 25.30%;
the ultimate load of PURC-1 and PURC-3 increases
by 3.71% and 10.19%, and their ultimate displace-
ment decreases by 12.57% and 17.52%, respectively.
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Figure 7: Stiffness degradation curves of specimens.
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It shows that under the same preloaded axial com-
pression ratio, the greater the applied axial com-
pression ratio, the greater the yield load, peak load,
and ultimate load, and the smaller the yield dis-
placement, peak displacement, and ultimate
displacement.

4.4.2. Bearing Capacity Attenuation. Under the control of
displacement amplitude at the same level, the bearing ca-
pacity of the specimen after yielding decreases with the
increase in loading times, which is called bearing capacity
attenuation. *e bearing capacity attenuation Φi can be
expressed as follows:

Φi �
Pj−i

Pj−1
, (2)

where Pj−i is the peak load value of the ith cycle under the jth
level displacement amplitude; Pj−1 is the peak load value of
the first cycle under the jth level displacement amplitude.

Figure 8 shows the strength attenuation of different speci-
mens. It can be found that:

(1) *e strength attenuation of each specimen increases
with the increase in loading displacement; during the
same level displacement loading cycle, the attenua-
tion degree of the third loading is less than that of the
second loading.

(2) *e average attenuation rates of PURC-1, PTRC-1,
PTRC-2, PTRC-3, and PTRC-4 before failure are
4.70%, 6.16%, 5.98%, 7.13%, and 7.46%; their max-
imum strength attenuation rates are 10.05%, 10.23%,
10.14%, 10.21%, and 11.93%, and the corresponding
displacement angles are 1/23, 1/29, 1/26, 1/26, and 1/
39, respectively. It can be found that the strength
attenuation of prestressed reinforced concrete col-
umns is faster than that of the ordinary columns.
Comparing PURC-1 and PURC-4, it can be found
that the average attenuation rate of PURC-4 is
21.10% higher than that of PURC-1, and the maxi-
mum attenuation rate of PURC-4 is 16.62% higher

Table 5: Average value of load and displacement angle of specimens.

Specimen
number

Yield
load

Py/kN

Average yield
displacement
Δy/mm

θy � Δy/H
Average
peak load

Pb/kN

Average peak
displacement
Δb/mm

θb � Δb/H

Average
ultimate
load

Pu/kN

Average
ultimate

displacement
Δu/mm

θu � Δu/H

PTRC-1 164.55 11.65 1/99 186.96 31.42 1/37 158.91 55.34 1/21
PURC-1 183.62 15.88 1/72 198.13 27.62 1/42 168.41 55.39 1/21
PURC-2 153.80 17.62 1/65 193.04 31.94 1/36 162.38 63.35 1/18
PURC-3 187.97 15.91 1/68 215.50 23.86 1/48 178.92 52.25 1/22
PURC-4 162.60 14.70 1/69 192.30 31.28 1/37 163.46 56.81 1/20

Table 4: Ductility coefficients of the specimens.

Specimen
No.

Loading
direction

Yield
load

Py/kN

Yield
displacement
Δy/mm

Peak
load

Pb/kN

Peak
displacement
Δb/mm

Ultimate
load

Pu/kN

Ultimate
displacement
Δu/mm

Ductility
coefficient
u � Δu/Δy

Ductility
coefficient
average

PTRC-1

Forward
direction 168.29 11.22 200.71 29.92 170.60 51.16 4.56

4.75Reverse
direction −160.80 −12.07 −173.20 −32.92 −147.22 −59.52 4.93

PURC-1

Forward
direction 178.26 15.73 201.06 25.00 170.90 53.84 3.22

3.29Reverse
direction −188.98 −16.02 −195.19 −30.24 −165.91 −56.94 3.35

PURC-2

Forward
direction 153.26 17.35 188.50 28.02 160.23 62.86 3.62

3.60Reverse
direction −154.33 −17.89 −193.57 −35.85 −164.53 −63.83 3.57

PURC-3

Forward
direction 189.97 15.22 211.16 22.82 179.47 53.53 2.94

2.92Reverse
direction −185.96 −16.59 −219.83 −24.90 −178.36 −50.97 2.90

PURC-4

Forward
direction 161.42 14.45 192.14 27.56 163.32 54.05 3.29

3.41Reverse
direction −163.77 −14.94 −192.46 −34.99 −163.59 −59.57 3.52
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than that of PURC-1. It indicates that for the
specimen with a small preloaded axial compression
ratio, the faster the strength attenuation, the smaller
the maximum strength attenuation rate. *is is
because during the loading process, with the increase
in displacement, the deformation of prestressed
tendons increases, and the preloaded axial pressure
gradually increases; for the specimens with a small
preloaded axial compression ratio, the prestressed
tendons quit work in the later stage. By comparing
PURC-1, PURC-2, and PURC-3, it can be found that
the greater the applied axial compression ratio, the
greater the strength attenuation rate and maximum
amplitude of the specimen.

4.5. Ductility and Energy Dissipation. Ductility refers to the
deformation capacity of a certain section of a structure or
component from the beginning of yield to the maximum
bearing capacity. *e calculation equation of ductility is as
follows:

u �
Δu

Δy

, (3)

where u is ductility coefficient; Δu is the ultimate dis-
placement of the structure or member under load; and Δy is
the yield displacement of the structure or member under
load. *e yield displacement is determined by the energy
method. Based on the test data and calculation results, the
ductility coefficient and displacement angle of each test

column are obtained, as shown in Tables 4 and 5, Table 4
shows the ductility coefficients of the specimens, and Table 5
shows the average value of load and displacement angle of
specimens. *e energy dissipation performance can be
measured by the equivalent damping coefficient he, and the
calculation results are shown in Figure 9.

As shown in Tables 4 and 5, the ductility of the column
with unbonded prestressed tendons is worse than that of an
ordinary reinforced concrete column. *rough the data
comparison of PURC-1, PURC-2, and PURC-3, it can be
found that the greater the applied axial compression ratio,
the smaller the displacement ductility coefficient of the test
column; through the data comparison of PURC-1 and
PURC-4, it can be found that the larger the preloaded axial
compression ratio, the smaller the displacement ductility
coefficient of the test column.

As shown in Figure 9, the energy dissipation coefficient of
the columnwith unbonded prestressed tendons is less than that
of ordinary reinforced concrete column. It indicates that the
addition of prestressed tendons can lead to the deterioration of
the energy dissipation performance of the member. Regardless
of the axial compression ratio, the greater the loading dis-
placement of each test column, the greater the equivalent
damping coefficient; the larger the applied axial compression
ratio and preloaded axial compression ratio of each test col-
umn, the smaller the equivalent damping coefficient. It shows
that the increase in the applied axial compression ratio and the
preloaded axial compression ratio leads to the deterioration of
the energy dissipation capacity of the column.
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Figure 8: Strength attenuation of each specimen. (a) PTRC-1. (b) PURC-1. (c) PURC-2. (d) PURC-3. (e) PURC-4.
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4.6. Self-Centering Performance. *e self-centering perfor-
mance of a structure or member refers to its recovery
performance to the initial state after applying the load. To
intuitively reflect the self-centering performance of test
columns, the self-centering capability coefficient c is used,
and it can be calculated as follows:

c � 1 −
Δr

Δm

, (4)

where c is the self-centering capability coefficient; Δr is the
residual displacement of the structure or member after the
load; and Δm is the maximum displacement of the structure
or member under load. Figure 10 shows the changing curve
of the self-centering capability coefficient of test columns.

As shown in Figure 10, it is concluded that

(1) *e concrete column with unbonded prestressed
tendons has a large self-centering capability coeffi-
cient and strong self-centering performance, which
can reduce the residual displacement of the test
column. When the loading displacement is +54mm,
the residual displacement of PURC-1 is 34.10% less
than that of PTRC-1, and the reduction capacity
coefficient of PURC-1 is 1.3 times larger than that of
PTRC-1.

(2) When the displacement is small, the self-centering
capability coefficient of the specimen is relatively
stable with a small changing trend, and the self-
centering capability curve is basically parallel to the
x-axis. When the loading displacement increases, the
self-centering capability coefficient of the test

column decreases gradually. *e greater the loading
displacement, the faster the reduction in the self-
centering capability coefficient.

(3) At the beginning of loading, the larger the applied
axial pressure ratio of the test column, the larger the
initial self-centering capability coefficient. However,
with the increase in the loading displacement, the
decline rate of the self-centering capability coefficient
accelerates, the changing curve of the self-centering
capability coefficient becomes steeper and steeper,
and the self-centering capability coefficient of the
column with a large applied axial pressure ratio is
gradually smaller than that of the column with a
small applied axial pressure ratio. It shows that the
excessive applied axial compression ratio is not
conducive to maintain the self-centering perfor-
mance of prestressed concrete columns after dam-
age. *is is because the restoring force of the test
column is provided by the prestressed tendons and
the main reinforcement.*e greater the applied axial
pressure ratio, the more work the restoring force
needs to overcome the axial pressure in the process
of specimen recovery.

(4) *e larger the preloaded axial compression ratio, the
smaller the residual displacement of the test column,
and the larger the self-centering capability coeffi-
cient. *is is because the greater the prestress, the
greater the restoring force provided. Besides, the
preloaded axial compression ratio has little effect on
the reduction rate of the self-centering coefficient of
the test column.
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Figure 9: Comparison of equivalent damping coefficients.
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5. Conclusion

In this test, the low-cycle repeated loading tests were con-
ducted on one ordinary reinforced concrete column and
four reinforced concrete columns with posttensioned
unbonded prestressed tendons under different axial com-
pression ratios. *e conclusions are obtained as follows:

(1) Adding posttensioned unbonded prestressed ten-
dons to ordinary reinforced concrete columns can
lead to poor energy dissipation performance, but it
can effectively improve the self-centering

performance of the test columns and reduce the
residual displacement of the columns.

(2) Axial compression ratio is an important factor af-
fecting the seismic performance of test columns.
With the increase in the applied axial compression
ratio, the bearing capacity and initial stiffness of the
column increase, but the ductility and energy dis-
sipation performance become worse, and the stiff-
ness and bearing capacity decay faster. *e increase
in the preloaded axial compression ratio can dete-
riorate the ductility and energy dissipation
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Figure 10: Self-centering capability coefficient of specimens.Note. (a) and (b) present the self-centering capability coefficients of specimens
under the forward loading; (c) and (d) present the self-centering capability coefficients of specimens under the reverse loading.
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performance of columns, but rarely affects the
bearing capacity of columns. Besides, the increase in
the preloaded axial compression ratio can reduce the
attenuation rate of bearing capacity.

(3) *e elastic displacement angle of each test column is
between 1/21 and 1/18, which meets the design re-
quirement that the displacement angle between
elastic-plastic layers is not less than 1/50 under rare
earthquake action. It indicates that the posttensioned
unbonded prestressed concrete column has good
collapse resistance.

(4) *e average strength attenuation rate of each test
column under all levels of loading displacement
amplitude is not more than 8%, and the maximum
strength attenuation rate is not more than 12%. It
indicates that the posttensioned unbonded pre-
stressed concrete column has good seismic bearing
capacity under earthquake.

(5) *e axial compression ratio has an important in-
fluence on the self-centering performance of post-
tensioned unbonded prestressed concrete columns.
*e larger the applied axial pressure ratio, the better
the initial self-centering performance of the column,
but the faster the self-centering performance at-
tenuation in the later stage of loading, the worse the
self-centering performance. *e greater the pre-
loaded axial compression ratio, the better the self-
centering performance of the column. Besides, the
preloaded axial compression ratio has no significant
effect on the attenuation rate of self-centering
performance.
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