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Abstract. In order to fully utilize the advantages of large construction tolerance of socket connection and self-
recovery of prestressed connection after earthquakes, a hybrid connection prefabricated assembled bridge pier (PCSC)
with socket connection and prestressed reinforcement connection is proposed. Based on the actual engineering bridge
pier, a finite element model of the pier was established using a fiber model, and the accuracy of the numerical model
was verified by the in-situ full-scale test results. The performance indicators such as damage failure mode, hysteresis
behavior, skeleton curve, energy dissipation capacity, equivalent stiffhess, and residual displacement of the hybrid
connected bridge pier was Analyzed. The results indicate that the failure mode of the PCSC bridge pier specimen is
bending failure. The numerical analysis model established in this study can reproduce the experimental results well.
The load displacement curve of PCSC bridge piers is roughly trilinear, and there is still a certain strengthening stage
after yielding, with nonlinear inflection points and strength decline points. Compared with traditional cast-in-place
(CIP) bridge pier, the configuration of unbonded post tensioned prestressed tendons in reinforced concrete hollow
bridge piers greatly compensates for the weakened peak load and post yield stiffness of the piers due to the presence
of connection, prolongs their yield point, improves ductility, yield strength, and horizontal resistance. The PCSC
bridge piers exhibit weaker energy dissipation capacity. The prestressed tendons reduce the equivalent damping ratio
of the bridge pier, increases the equivalent stiffness of the bridge pier, and has little effect on the residual displacement
of the bridge pier.

Keywords: fiber model; in situ full-scale test; prefabricated connection; segmental bridge piers; socket
connection

1. Introduction

In order to improve on-site construction efficiency and component quality, prefabricated
assembly systems are becoming increasingly popular, and precast segmental concrete columns are
one of them (Li et al. 2018, Zhang et al. 2021, Haraldsson et al. 2013, Li et al. 2016). Compared
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with traditional cast-in-place (CIP) bridge piers, prefabricated segmental bridge piers have many
advantages (Nikbakht et al. 2022). They can shorten on-site construction time and save
construction period. Factory prefabricated pier and column segments can help improve the quality
of piers, reduce the impact of construction on sensitive areas under the bridge and surrounding
environment, reduce traffic interference in busy areas at the bridge site, and ensure the safety of
construction workers in high-risk areas such as high altitude, sea, and highways, and reduce the
full life cost of bridges, etc. (Wang et al. 2019, Tong et al. 2020, Sung et al. 2017).

At present, the prefabricated segmental bridge piers that are widely studied and applied mainly
include prestressed connections, socket connections, grouted sleeve connections, and grouted
corrugated pipe connections (Zou et al. 2022). Among them, socket connection refers to reserving
slots larger than the size of the pier column in the socket, lifting the prefabricated pier column into
the reserved hole, and pouring grouting material into the gap between the pier column and the
reserved hole to make it a whole (Fig. 1) (Jin et al. 2011, Han et al. 2023, Wang et al. 2019). The
socket connection (SC) bridge pier has advantages such as simple construction technology, fast
construction speed, and large allowable errors, so it is widely used >3\, Previous research has
shown that socket depth is a key parameter for socket connection. When the depth of the socket
connection is not less than 1.0D, the design goal of "equivalent cast-in-place integral pier" SC
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bridge pier can be achieved (Kan et al. 2003, Hieber et al. 2005). However, in order to ensure
smooth railway traffic, railway bridge piers often need to have greater stiffness to reduce the
displacement of the upper structure of the bridge during earthquakes. This makes most high-speed
railway bridge pier columns designed with large cross-sectional dimensions and high stiffness. If
the SC bridge pier column is designed according to the requirement of a socket depth of no less
than 1.0D, it will inevitably greatly increase the thickness of the bearing platform, increase costs,
and also bring about the problem of hydration heat during the pouring of large volume concrete
(Zou et al. 2023). In addition, there is a problem of large residual displacement after earthquakes
for SC bridge piers (Zou et al. 2023, Han et al. 2023).

Prestressed concrete (PC) bridge pier columns are decomposed into several lightweight
components, which are prefabricated in the prefabrication yard and then transported to the
construction site to be assembled into bridge pier columns (Bu et al. 2012). Then insert prestressed
tendons into the reserved hole. Prefabricated components are assembled into integral bridge piers
through the pre-pressure of prestressed tendons (Fig. 2) (Bao et al. 2023). Prestressed connections
can significantly improve the self- recovery ability of bridge pier columns, but the connection
method has poor energy dissipation ability, usually requiring additional dampers to dissipate
seismic energy, and the column base in the compression zone is prone to damage (Wang et al.
2019).

In order to increase the energy dissipation capacity of PC bridge pier columns, Mohebb et al.
(2018). arranged prestressed tendons on the basis of socket connections. The results showed that
pre-stressing can significantly increase the self-resetting ability of prefabricated bridge pier
columns. Therefore, fully utilize the advantages of the tolerance of the socket connection
construction and achieve post-earthquake self-resetting of pier columns, and improve the energy
consumption capacity of bridge piers, PC bridge columns with socket connection (PCSC) have
been proposed.

In summary, this article combines the Hetian-Ruogiang Railway Bridge Project to conduct on-
site full-scale in-situ loading tests on PCSC. Based on the experiments, fiber model is established
to explore the mechanical properties of prestressing precast bridge columns with socket connection.
At the same time, the local damage, hysteresis curve, skeleton curve, cumulative energy
consumption and other behaviors of the pier columns are compared and analyzed to verify the
feasibility of the numerical modeling method. The research conducted on this basis will provide
reliable basic research data for the promotion and application of PCSC bridge piers in China.

2. Research object

The PCSC bridge columns in the Hetan-Ruoqiang railway line were taken as the research
object. As shown in Fig. 3, the PCSC bridge pier is a double column circular hollow section bridge
pier, with a pier height of 12 m, an outer diameter of 1.8 m, a wall thickness of 0.4 m, and a lateral
center distance of 2.8 m. The horizontal width of the pier cap beam is 5.6 m, the vertical width is
2.4 m, and the height is 1.3m. The lateral width of the pier bearing platform is 5.8 m, the
longitudinal span is 5.8 m, and the height is 2.0 m.

The pier column is a single segment. The cap beam, piers column and bearing platform are
connected by 6 prestressed tendons. The prestressed tendons are wrapped in a polyethylene pipe
and passes through the interior of the concrete, with the lower part anchored at the bottom of the
bearing platform. Place the pier columns inside the reserved connection foundation pit inside the
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Fig. 4 ZSM self-anchoring anchoring system

Table 1 The characteristic parameters of PCSC bridge piers

Material Characteristic parameters
Size 12d15.2 mm
Prestressed tendons Yield strength 1890 (MPa)
Initial stress 1116 (MPa)
Longitudinal Size 90D12
reinforcement Yield strength 410 (MPa)
) Size D12 @100 (Encrypted area); D12 @150
Stirrup Yield strength 410 (MPa)
Concrete Yield strength 50 MPa

bearing platform, and after positioning are completed, tensions the prestressed tendons. The upper
part of the prestressed tendons are anchored at the top of the cap beam. Apply epoxy adhesive
between the cap beams, piers columns and bearing platform. Pour concrete into the reserved
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foundation pit of the pier bearing platform. Grouting between prestressed tendons and
polyethylene sleeves to prevent corrosion of steel tendons and complete the overall connection of
bridge piers. The longitudinal reinforcements are discontinuous at the connection of the each
segment. As shown in Fig. 2, each pier column section is equipped with 6 prestressed tendons,
each consisting of 12 @ 15.2 mm high-strength low relaxation steel strands with a standard tensile
strength of f=1860 Mpa. The anchor adopts a matching ZSM self-anchoring anchoring system
(Fig. 4). The tension control stress under the anchor is 1116 Mpa. The pier and abutments are made
of concrete with a strength grade of C40, while other parts are made of concrete with a strength
grade of C50. The reinforcement form of the pier column are shown in the figure, all using
HRB400 hot-rolled ribbed steel bars with a diameter of 12 mm.

3. In situ full-scale load test
3.1 Test piece weighting

A constant vertical load of 200t is applied to the top of the cap beam by setting up a vertical
reaction frame to simulate the actual dead load of the bridge pier. As shown in Fig. 5, the vertical
reaction frame is anchored to the bearing platform by a loaded steel beam through 16 threaded
steel bars with a diameter of 32 mm. Set a jack between the loading steel beam and the pier cap
beam. By lifting the jack, an axial load is applied to the top of the cap beam in one go and remains
constant throughout the entire experiment to simulate the constant load on the top of the bridge
pier. At the same time, in order to reduce the constraint effect of vertical steel frames on the
longitudinal displacement of bridge piers, the cylindrical steel bearings with very small friction
coefficients were installed between the jack and the loading crossbeam. The maximum
displacement of the bearing is 10 cm.

3.2 Loading system

Horizontal load is applied to the bridge pier cap beam through a horizontal reaction frame. The
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horizontal reaction frame, as shown in Fig. 6, is a highly rigid steel frame with a height of 15 m.
Sufficient concrete blocks are stacked at the bottom of the horizontal reaction frame to ensure that
the steel frame is not lifted when applying horizontal displacement loads to the bridge piers.
Reserve a hole with a diameter of 15 cm at the center of the cap beam, anchor the prestressed
tendons through one end of the cap beam, and connect the other end to a jack set at a height of 12
m above the ground on the horizontal reaction frame.

3.3 Test conditions

Apply horizontal displacement load step by step along the bridge using a jack, as shown in Fig.
7. Load control is displacement control. The loading displacement amplitudes are 5 mm, 10 mm,
15 mm, 20 mm, ... , 90 mm. Each level of load is held for 5 minutes, and observation and marking
of damage phenomena are carried out.

3.4 Testing content

Install a laser displacement meter at the top of the bridge pier to measure the displacement at
the top of the pier during horizontal loading. In order to observe the strain evolution process of
concrete and steel bars in bridge pier specimens under horizontal loads, strain gauges were
installed on the outer concrete and steel bars near the foot of column, plastic hinge area, and the
height of the filled concrete. The arrangement of strain gauges is shown in Fig. 8.

3.5 Test results

3.5.1 Failure mode



Seismic performance of prestressing precast bridge columns with socket connection

Vertical
reaction
frame

Scaffolding

Fig. 7 Test loading site

wl 4 | | 0 '
L___1 ———
| | | |
| I | |
| I | |
| I | |
| | | |
| I | |
| | | |
| I | |
| I | |
| I | |
| | | |
| | [T
T ;:: T T T
| | | |
| I | I
e 1 kg i : : .
L] 2] g
Plastichinge ¢\ i’ I‘? %’_‘ 34 Phstichinge ¥ 0§ 1| -
height130 2 il P height 180 T —fes
T E2—ps1 T I I 64
Al !_ _: n 72 l ‘I 63
et . | I
B SRR | 2l | !
2 SO B | ) z | H
TA ot tsg— 7t ?:Ff' . WAl i 4| 31Ir
byt ! Vg Lo
AT l‘ ) 'l |
vV I T ) w _l L Y
(W PR ) R

Fig. 8 Layout of strain measurement points (cm)

39



40 Chongbin Zhang, Shuang Zou and Heisha Wenliuhan

Hollow |
Sotia | |

Fig. 9 Crack distribution diagram of the column specimen

The final state of PCSC bridge pier is shown in Fig. 9. The failure mode of the bridge pier
specimen is bending failure, mainly manifested as slight cracking of the concrete protective layer
at the root of the pier column. No plastic hinge occurred. This type of damage can be quickly
repaired after a major earthquake. The Fig. 9 show that almost all cracks are mainly consisting of
small cracks, and distributed on the surface of the connection area of pier column and the pier
bearing platform. Due to the development of small cracks, it can effectively prevent damage to the
plastic hinge area of the bridge pier.

3.5.2 Strain analysis

Table 2 shows the situation where the concrete and steel bars of the pier specimen reach the
ultimate tensile strain measured by strain gauges under step-by-step displacement load loading.

As shown in the table, when the horizontal loading displacement at the top of the pier specimen
reached 21 mm, the first crack was observed on the tensile side of pier column, located at the
connection of the pier column and the bearing platform (Measurement point 70%). When the
horizontal loading displacement reaches 31mm, the concrete at the bottom of the pier column
(Measurement point 71%), the sudden stiffness change of the pier column (Measurement point 72%),
and the plastic hinge height of the pier column (1800 mm) (Measurement point 73" and 74%)
reaches the ultimate tensile strain and circumferential cracks appear. When the horizontal loading
displacement reaches 40 mm, at the area of the plastic hinge, the strain of the concrete at more
measuring points gradually reaches the ultimate tensile strain, indicating an intensification of
concrete cracking in the plastic hinge area. The compressive strain of the concrete on the
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Table 2 The measuring point enters the yielding state

Horizontal displacement Measurement points reaching ultimate strain
(cm) Concrete Reinforcement
21 70% 31#
31 715, 72%, 73%, 747 —
40 75%. 76*. 77* 32f

compression side did not reach the ultimate compressive strain, and the concrete was in an
unconfined state. No cracks were observed at the connection of the pier column top, and the
concrete did not reach its ultimate tensile strain. This indicates that the concrete in the plastic hinge
region is most prone to tensile failure.

When the horizontal loading displacement reaches 21 mm, the outer reinforcement at the
bottom of the pier column reaches the ultimate tensile strain, and the outer reinforcement of the
pier column begins to yield. When the horizontal loading displacement reaches 40 mm, the inner
reinforcement at the bottom of the pier column reaches the ultimate tensile strain, and the inner
reinforcement of the pier column begins to yield. The steel bars at other measuring points remain
in an elastic state until the end of loading. This indicates that the reinforcements at the bottom of
PCSC bridge pier are the first to fail.

4. Finite element analysis

In this paper, the fiber finite element model is used to verify the hysteretic capacity of the
PCSC bridge pier and CIP bridge piers. As shown in Fig. 10, the fiber modeling techniques, based
on software Uc-win/FRAME(3D), are schematically described. The top load on the top of the pier
is simulated using a concentrated mass element. The bottom position of the pier bearing platform
is consolidated.

The entire model includes 2 eclastic beam elements and 20 elastic-plastic fiber beam column
elements. The 2 elastic beam elements were used to simulate the bearing platform and cap beam.
Using reinforced concrete fiber beam column elements to simulate the pier columns. The
reinforced concrete section is discretized into core concrete fibers constrained by hoops, protective
layer concrete fibers, and steel reinforcement fibers (Zhu et al. 2021, Fu et al. 2024). The
constitutive relationship of concrete is simulated using the Mander model. The core constraint
concrete is shown in Fig. 10(a). The steel reinforcement fibers are simulated using the Menegotto
Pinto model. The prestressed tendons adopts an ideal elastic-plastic model, and its constitutive
relationship curve is shown in Fig. 10(a). The plain concrete fiber beam column elements was used
to simulate the mechanical properties of connection parts, as shown in element 1, element 2,
element 11, element 12 and element 22 in Fig. 10(a). The top prestressed anchorage end of the
prestressed tendon is connected to the top of the column with a rigid wall, and the bottom is
consolidated with the bearing platform. The cross-sectional grid division of the pier columns fiber
unit, as well as the arrangement of steel bars, concrete, and prestressed tendons, are shown in Fig.
8(a).

The model is loaded according to displacement based on the test loading system.
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Fig. 10 Finite element model of pier column fiber

5. Analysis results

In order to compare and analyze, a cast-in-place (CIP) bridge pier with the same size and
reinforcement as the bridge pier specimen was also established for quasi-static analysis.
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Fig. 11 Load-displacement curves

5.1 Load-displacement curves

The load-displacement relationship curves was shown in Fig. 11. Among them, the black solid
line is the load-displacement relationship curve of the PCSC bridge pier specimen measured by the
experiment. The gray thick line is the load-displacement relationship curve of PCSC bridge pier
specimens obtained from numerical analysis. The black dashed line is the load - displacement
relationship curve of the CIP bridge pier obtained from numerical analysis. The equivalent yield
point and corresponding load values of the load-displacement curves are shown in Table 3.
According to the load-displacement curves and the key points of strength deformation, it can be
inferred that:

(1) Considering the safety of on-site full-scale testing and the limitations of testing equipment,
the horizontal displacement load was only loaded to 90mm (0.8%) and did not reach the ultimate
displacement of the pier specimen. And the load-displacement relationship curve of PCSC bridge
pier connection is roughly trilinear, and after yielding, there is still a certain strengthening stage,
with nonlinear inflection points and strength decline points.

(2) The load-displacement relationship curve of the PCSC bridge pier obtained from the fiber
model analysis is in good agreement with the load-displacement relationship curve measured in
the experiment. This indicates that the fiber finite element model established in this study can
accurately simulate the mechanical properties of PCSC bridge piers.

(3) The shape of the load displacement curve of CIP concrete bridge pier is similar to a flag
shaped curve. The bearing capacity of the bridge pier remains stable after yielding, without any
significant strength decrease.

(4) Compared with CIP bridge pier, the elasticity of PCSC bridge pier has decreased by 10.6%,
the yield load has increased by 60.8%, the maximum horizontal bearing capacity has increased by
54.4%, and the displacement ductility has decreased by 53.4%. This indicates that the use of
prestressed tendons can effectively improve the ultimate bearing capacity of PCSC bridge piers.
However, after the PCSC bridge piers reach their ultimate load, their bearing capacity rapidly
decreases. After the CIP bridge piers yield, their bearing capacity remains unchanged without a
significant downward trend, and their displacement ductility is significantly better than that of
PCSC bridge piers.
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Table 3 Strength and deformation key points

Maximum bearing

First cracking Yield Ultimate failure

Case capacity displacement
Force Displacement Force Displacement Force Displaceme Force Displacement  ductility
(kN) (mm) (kN) (mm) (kN)  nt (mm) (kN) (mm)
PCSC(TEX.) 1371 31.0 1497 38.7 1722 81.0 — —
PCSC(FEM.) 1387 31.2 1504 37.0 1722 81.0 1483 126.0 4.04
CIP(FEM.) 947 19.0 1045 23.0 1115 29.0 1020 165.0 8.68
2000 11—
1000+ -
z
=
3
Q
—
-1000+ -
CIP(FEM.)
PCSC(FEM.)
_ PN AT I IS T A
20q950 -100 -50 0 50 100 150

Displacement (mm)

Fig. 12 Hysteresis curves

5.2 Hysteresis curves

The hysteresis curves of CIP bridge piers and PCSC bridge piers obtained from fiber model
analysis are shown in Fig. 12. From the comparative analysis of hysteresis loops, it can be seen
that in the small load stage, the two type bridge piers are basically in the elastic stage, and the
hysteresis loops are concentrated and overlapped. With the occurrence of phenomena such as
cracking of concrete, yielding of ordinary steel bars, and the development of cracks, the hysteresis
loops gradually opens up and presents a shuttle shape, increasing the area enclosed by the
hysteresis loops and enhancing energy dissipation. During this stage, the hysteresis curves of the
CIP bridge pier exhibited a significant pinching effect, with the hysteresis curves taking on a "flag"
shape. The PCSC bridge pier, due to the sufficient restoring force provided by the prestressed
tendons, still has no significant hysteresis curve pinching effect until the pier reaches its ultimate
displacement.

5.2.1 Energy consumption capacity

Fig. 13 shows the energy dissipation capacity curves of CIP bridge pier and PCSC bridge pier
under six different peak displacement hysteresis loops analyzed using a fiber model. As shown in
the figure, with the increase of loading displacement, the energy dissipation capacity of the bridge
pier increases. When the horizontal displacement of the pier top is 120 mm, the energy
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Fig. 13 Energy consumption capacity curves
consumption of the CIP bridge pier is 85% higher than that of the PCSC bridge pier. This indicates
that compared to CIP bridge piers, PCSC bridge piers have weaker energy dissipation capacity.

5.2.2 Equivalent stiffness and equivalent viscous damping ratio
According to Priestley et al. (Sung et al. 2017), the equivalent viscous damping ratio is defined

as follows
o = 272'\;AhmAm B 47% M
Ket = X—m (2)
Where F. =w 3)
A = IAmaXIZIAmmI @

In the formula, &

o 18 the equivalent viscous damping ratio; 4n is the area of a complete force-

displacement hysteresis loop, i.e., dissipated energy; Vm and A are the average maximum load

and average maximum displacement; K. is the effective stiffness of an equivalent linear elastic
system; A. is the elastic strain energy. Vmax and Vmin are the maximum positive and negative
horizontal loads at a certain displacement, respectively; Amax and Amin are the maximum positive
and negative displacement, respectively.

Fig. 14 shows the equivalent viscous damping ratio curves of PCSC bridge piers and CIP
bridge piers obtained through fiber model analysis. As shown in the figure, as the loading
progresses, the equivalent viscous damping ratio of the PCSC bridge pier tends to stabilize,
maintaining around 0.35. The initial equivalent damping ratio of CIP bridge piers is basically the
same as the PCSC bridge piers. When the horizontal displacement load reaches 40mm, the CIP
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bridge pier enters the plastic stage. While the horizontal force remains unchanged, the horizontal
displacement continues to increase, and the equivalent viscous damping ratio of the CIP bridge
pier significantly increases. When the horizontal load at the top of the pier is 120 mm, the
equivalent viscous damping ratio of the PCSC bridge pier is reduced by 67.2% compared to the
CIP bridge pier.

Fig. 15 shows the equivalent stiffness curves of PCSC bridge piers and CIP bridge piers
obtained through fiber model analysis. As shown in the figure, with the increase of loading
displacement, the equivalent stiffness of both PCSC bridge piers and CIP bridge pier shown a
decreasing trend. Due to the use of prestressed tendons, the equivalent stiffness of PCSC bridge
pier is higher than CIP bridge pier. When the horizontal load at the top of the pier is 120 mm, the
equivalent stiffness of the PCSC bridge pier is increased by 66.7% compared to the CIP bridge pier.
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Especially when the horizontal displacement load is less than 60mm, the decrease in equivalent
stiffness of CIP bridge pier is significantly greater than PCSC bridge pier. When the horizontal
displacement load exceeds 60mm, the equivalent stiffness of the two types of bridge piers
decreases at the same rate. This is because prestressed tendons not only improve the bearing
capacity of PCSC bridge pier, but also increase the equivalent stiffness of PCSC bridge pier. The
displacement is small, and the effect of prestressed steel bars is significant. As the displacement at
the top of the pier increases and the prestressed tendons fail, PCSC piers and CIP piers exhibit the
same equivalent stiffness.

5.2.3 Residual displacement

The average residual displacement in a single cycle was considered as the residual
displacement of the bridge pier under six levels of hysteresis displacement. The relationship
between the residual displacement of the loading displacement for PC bridge piers and CIP bridge
pier are shown in Fig. 16. As shown in the figure, before the horizontal displacement reaches 0.2%,
the residual displacement of the PC bridge piers and CIP bridge is basically the same, indicating
that under the restoring force of prestressed tendons, these two forms of bridge piers exhibit
similar hysteresis performance. However, after the horizontal displacement exceeded 0.2%,
significant behavioral differences were observed between the two forms of bridge piers. As the
displacement load increases, the residual deformation of the CIP bridge pier remains unchanged
after reaching a certain value. This result indicates that at this point, the concrete of the bridge pier
has entered yield, and only the steel bars bear displacement loads, while the steel bars are in an
elastic state and the residual displacement remains unchanged. When the horizontal displacement
is within the range of 0.2% to 0.7%, the steel reinforcement of the PC bridge pier is in an elastic-
plastic state. As the horizontal displacement load increases, the residual displacement also shows
an increasing trend. After the horizontal displacement exceeds 0.7%, the precast prefabricated pier
concrete also enters a yielding state, and the prestressed tendons bear the horizontal displacement
load. Due to the elastic state of the prestressed tendons, the residual deformation at this stage is a
fixed value. Comparing the residual deformation differences between PC bridge piers and CIP
bridge piers, it can be seen that the use of prestressed steel strands has a relatively small impact on
the residual displacement of the bridge piers, with a difference of only 3 mm.
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6. Conclusions

Based on the Hetian-Ruoqgiang Railway Bridge Project to conduct on-site full-scale in-situ
loading tests on PCSC bridge pier. Through experiments and fiber model numerical simulation
analysis, the mechanical properties of PCSC bridge pier are studied. The main conclusions are as
follows.

(1) In full-scale tests, the failure mode of the PCSC bridge pier specimen is bending failure,
mainly manifested as slight cracking of the concrete protective layer at the root of the pier column.
No plastic hinge occurred.

(2) The load-displacement relationship curve of the PCSC bridge pier obtained from the fiber
model analysis is in good agreement with the load-displacement relationship curve measured in
the experiment. The fiber finite element model established in this study can accurately simulate the
mechanical properties of PCSC bridge piers.

(3) The load displacement curve of PCSC bridge piers is roughly trilinear, and there is still a
certain strengthening stage after yielding, with nonlinear inflection points and strength decline
points. Compared with CIP bridge pier, the elasticity of PCSC bridge pier has decreased by 10.6%,
the yield load has increased by 60.8%, the maximum horizontal bearing capacity has increased by
54.4%, and the displacement ductility has decreased by 53.4%. The configuration of unbonded
post tensioned prestressed tendons in reinforced concrete hollow bridge piers greatly compensates
for the weakened peak load and post yield stiffness of the piers due to the presence of connection,
prolongs their yield point, improves ductility, yield strength, and horizontal resistance. the PCSC
bridge piers exhibit weaker energy dissipation capacity.

(4) The prestressed tendons reduce the equivalent damping ratio of the bridge pier, increases
the equivalent stiffness of the bridge pier, and has little effect on the residual displacement of the
bridge pier. When the horizontal displacement of the pier top is 120 mm, compared with the CIP
bridge pier, the equivalent damping ratio of the PCSC bridge pier decreases by 67.2%, the
equivalent stiffness increases by 66.7%, and the residual displacement only increases by 3 mm.
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