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Currently, the bearings of Poyanghu Bridge, a 636-meter long cable-stayed bridge, have been damaged. According to numerical
analyses, the mechanical state of the damaged bridge unfavorably deviates from the ideal design state, and the bridge should be
repaired in time to restore its safety and serviceability. However, compared with the bearing repair of beam bridges, much less
scientific and engineering endeavors have been made in the history to direct the bearing repair of cable-stayed bridges.-is article
proposes two innovative bearing repair schemes for cable-stayed bridges and reports the numerical validations, the on-location
applications, and the monitoring of the proposed repair schemes under the engineering backgxround of Poyanghu Bridge.
-rough these works, it is found that the proposed repair schemes are effective in practical use.

1. Introduction

Bearing damages are usual structure diseases for bridges in
operation. If they are not repaired in time, the health of the
bridges could be endangered. For bearing repairs of beam
bridges, the jack-upmethod is generally utilized. For jack-up
practice to take place, the beam will be jacked up and rested
on temporary bearings; after the damaged bearing is
repaired, the beam will be reset. A lot of scientific research
studies and engineering applications suggest that the jack-up
technique is mature and applicable to bearing repairs of
beam bridges [1–5]. Under operational loads and envi-
ronmental corrosions, the bearing damages can also be
detected on cable-stayed bridges. However, different from
beam bridges, when the bearings on cable-stayed bridges fail,
the main girders will be lifted up by the stayed cables near the
damaged bearings, leading to the dangerous scenarios in
which the main girders and the bearings are separated.

With regard to the mechanical states, cable-stayed bridges
with bearing damages might be more unfavorable than beam
bridges with bearing damages due to the complicated in-
teractions among the stayed cables, the main girder, the
damaged bearings, and the piers on the auxiliary pier-girder
connecting regions of the cable-stayed bridges [6–12].

However, compared with the bearing repair of beam bridges,
much less scientific research studies or engineering endeavors
have been dedicated to the bearing repair of cable-stayed
bridges to the writers’ knowledge. In July, 2019, bearing
damages were observed on Poyanghu Bridge, a 636-meter
long cable-stayed bridge. To repair the bearings, two inno-
vative repair schemes were proposed by practicing engineers,
which are reported and numerically validated in this article.
By comparing the two repair schemes, one of them was
chosen and successfully implemented on the location by the
repair personnel during September to October in 2019. -is
article also reports the on-location monitoring of the bearing
repair of Poyanghu Cable-stayed Bridge. Different from
monitoring of the bearing repair of beam bridges which
generally focuses on the displacements of the beams near the
bearings [13], the present monitoring practice measured the
forces of some stayed cables in comparison with the calculated
results from numerical models.

1.1. Engineering Background. Poyanghu Bridge is a long-
span bridge on the highway from Jiujiang City to Jingdezhen
(Figure 1). -e total length of the bridge is 636m with four
spans (65 + 123 + 318 + 130m). It is a prestressed concrete
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cable-stayed bridge with high and low pylons (Figure 2). -e
structure is a fundamental semifloating system with the
main girder and the pylons separated. Bearings are arranged
on the lower cross-beams of the pylons to support the main
girder. In the side span of the high pylon, auxiliary piers are
constructed with bearings arranged on top to support the
main girder. -e main girder cast in C55 concrete is n-
shaped in cross section. -e width of the main girder is
27.5m.

Poyanghu Bridge was constructed and opened to traffic
in 2000. However, in July, 2019, its administrative staff
detected damages in both the downstream side and the
upstream side bearings arranged on top of the auxiliary
piers. -e damaged bearings of type QZL-3300-4200ZXS are
spherical tension-compression type. -eir tensile capacity is
3300KN, and compressive capacity is 4200KN. -e size of
the damaged bearings is 150 cm× 112 cm.-e rotation angle
limit is 0.02 rad, and the longitudinal and the transverse
displacement limits are ±15 cm and ±2 cm, respectively, for
the bearings. -e cross-section view of a bearing is shown in
Figure 3. For the downstream side bearing, all anchoring
bolts connecting the upper steel plate to the main girder fell
off, and the main girder and the bearing were separated
(Figure 4(a)). Besides, transverse displacement was observed
for the main girder near the downstream side bearing. For
the upstream side bearing, two anchoring bolts broke
(Figure 4(b)). Based on engineering experiences, the ad-
ministrative staff thought that the mechanical state of

Poyanghu Bridge was dangerous at that time. If the bearings
were not repaired in time, the safety and the serviceability of
the entire bridge might be endangered.

1.2. Repair Schemes. Two innovative repair schemes have
been proposed by the practicing engineers for bearing repair
of Poyanghu Cable-stayed Bridge, including one relying on
the tensioning of the steel strands and the other one
employing the temporary supports and the vehicle ballast.
-ey are reported as follows.

1.2.1. Repair Scheme 1. Repair scheme 1 is a two-level repair
plan, which relies on the tensioning of the steel strands.-e 1st
level of repair is an emergency rescue practice, which utilizes
the four X-shaped steel strands arranged near the bearings
tensioned with 1000 kN force each to rapidly strengthen the
stability of the structure (Figure 5(a)). -e X-shaped steel
strands are attached to two 3.6 meter long steel channel
members with the dimension shown in Figures 5(b) and 5(c)
arranged on two sides of the bridge piers by planting rein-
forcing bars at the height of 1 meter below the capping beam.
-erefore, the repair practice might cause the damage of the
piers at the connections of X-shaped steels. X-shaped steel
strands employed are PES5-85 type hot extrusion polyeth-
ylene sheath cables made of 85 5mm-in-diameter steel wires.
-eir cross section area is 16.69 cm2; their weight per unit
length is 13.1 kg/m; their external diameter is 6.1 cm; their

Figure 1: View of Poyanghu Bridge.
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Figure 2: Elevation sketch of Poyanghu Bridge (unit: cm).
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breaking force is 2620 kN; and their strength is 1570Mpa.-e
2nd level of repair is a repair practice in its true sense, which
utilizes eight vertical steel strands tensioned with 2000 kN
force each to position correctly the main girder in relation to
the bearings to facilitate the repair of the bearings
(Figures 5(d) and 5(e)). -e vertical steel strands employed
are PES7-85 type hot extrusion polyethylene sheath cables
made of 85 7mm-in-diameter steel wires. -eir cross section
area is 32.71 cm2; their weight per unit length is 25.7 kg/m;
their external diameter is 8.3 cm; their breaking force is
5136 kN; and their strength is 1570Mpa.

1.2.2. Repair Scheme 2. Due to the feasibility and other
considerations, another two-level repair plan (repair
scheme 2) is also proposed by the practicing engineers.
During the 1st level of repair, two steel cylinders of 25 cm
in diameter are arranged near each of the two damaged
bearings as temporary supports so that emergency rescue
can be realized (Figure 6(a)). During the 2nd level of

repair, after the bearings are repaired, a vehicle of around
25 kN is utilized as ballast to adjust the position of the
main girder to facilitate the tensioning of the anchoring
bolts arranged between the main girder and the bearings
(Figure 6(b)).

1.3. Numerical Simulations of the Repair Processes. To ex-
plore the effectiveness of the two repair schemes, the repair
processes are simulated correspondingly on a commercial
finite-element (FE) platform. Two FEmodels are established,
including a simplified beam element model for the entire
bridge and a detailed solid element model for the main
girder section above the auxiliary piers. -e beam element
model can be utilized to study the mechanical behaviors of
the entire bridge under multiple scenarios, while the solid
element model can be used to explore the stress fields of the
local position. By changing the boundary conditions and
connections of the two FE models, four scenarios are
simulated for Poyanghu Bridge during both of the two repair

(a) (b)

Figure 4: Damaged bearings: (a) downstream side bearing and (b) upstream side bearing.
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Figure 3: Details of the bearing (unit: mm).
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Figure 5: Sketches for repair scheme 1. (a) 1st level repair (emergency rescue). (b) Cross section of steel channel members arranged on two
sides of the bridge piers for fixing the X-shaped steel strands (unit: mm). (c) Top view of steel channel members arranged on two sides of the
bridge piers for fixing the X-shaped steel strands (unit: mm). (d) 2nd level repair (bearings repair). (e) Plan view of 2nd level repair.
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Figure 6: Sketches for repair scheme 2: (a) 1st level repair (emergency rescue); (b) 2nd level repair (bearings repair).
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processes, i.e., the damaged case, the emergency rescue case
(1st level of repair), the repair case (2nd level of repair), and
the intact case.

1.3.1. Numerical Models. -e beam element model is
established on MIDAS FE platform (Figure 7). -e pylons
and the main girder are modeled using 339 beam elements,
and the stayed cables are modeled using 152 truss elements.
-e internal forces of the stayed cables are identified using
the optimization module provided by MIDAS. For the intact
case, the vertical displacements of the main girder at the 1/4,
1/2, and 3/4 spans of the main span are regarded as the
optimization targets. For the damaged case, the vertical
displacements of the main girder and the transverse dis-
placement of the main girder on top of the auxiliary piers are
both regarded as the optimization targets. For the emergency
rescue and the repair cases of repair scheme 1, the steel
strands are modeled using truss elements, and the tensile
forces are applied to the steel strands by using the initial
tensile loads provided by MIDAS. For the emergency rescue
case of repair scheme 2, the temporary supports are modeled
using beam elements. For the repair case of repair scheme 2,
the ballast on the main girder is simulated by the concen-
trated force.

-e solid element model is established for the main
girder section above the auxiliary piers on ANSYS FE
platform using 12803 hexahedron elements (Figure 8). -e
numerical simulation process for the solid element model is
of three steps: (1) extracting the displacements of related
nodes from the computational results of the beam element
model in different scenarios; (2) calculating the displace-
ment distributions on the whole cross-sections of the solid
element model using linear interpolations based on the
plane-section assumption; and (3) calculating the whole-
field stress responses of the solid element model in different
scenarios by applying the displacement boundary conditions
calculated in the previous step.

1.3.2. Mechanical States of Poyanghu Bridge for Intact and
Damaged Cases. -e beam element model is utilized to
calculate the static mechanical states of Poyanghu Bridge
under the dead load for the intact and the damaged cases.
-e displace responses, the stress distributions, and the cable
force distributions calculated are shown in Figures 9–11,
respectively. As shown in Figure 9, the surface of the main
girder is smooth along the bridge for the intact case; for the
damaged case, the main girder section above the auxiliary
piers noticeably deflects upward on the downstream side,
which adversely affects the driving safety for vehicles run-
ning along the bridge. In Figure 9(b), the displacements
calculated at the damaged support from the numerical
model are 5.31113E− 003m, 2.50000E− 002m, and
7.33101E− 001m for longitudinal, transverse, and vertical
directions, respectively. -ey are with 15.96%, 19.09%, and
1.26% relative errors compared with the values measured in
the real site (6.32E− 03m, 3.09E− 02m, and 7.24E− 01m).
According to Figure 10, after the bridge is damaged, the
stress distribution on pylons and the main girder changes

noticeably; the maximum compression stress increases, and
the maximum tensile stress is amplified by an order of
magnitude. According to Figure 11, after the bridge is
damaged, the cable force distribution deviates from the ideal
design state; the cable forces distributed nonuniformly at the
side span of the high pylon, and the cable force changes
significantly between neighbouring cables there. According
to Figures 10 and 11, the calculated stresses for the pylons,
the main girder, and the cables of the damaged bridge are
fortunately within the strengths of these components. Al-
though there is no serious safety issue for the time being, the
stability of the entire bridge might still be endangered if the
bearings were not repaired in time.

Besides, the dynamic characteristics of Poyanghu Bridge
are also calculated using the beam element model for the
intact and the damaged cases and shown in Figure 12. As can
be seen, after the bridge is damaged, the low-order natural
frequencies of the bridge decrease, possibly leading to
stronger resonances of the bridge under strong winds. Be-
sides, the mode shapes of Poyanghu Bridge in intact case can
be clearly classified as vertical bend type (Figures 12(a) and
12(g)) or torsion type (Figures 12(c), 12(e), and 12(i));
however, the mode shapes of the bridge in damaged case
usually feature complicated coupling between vertical bend
and torsion (Figures 12(b), 12(d), 12(h), and 12(j)).

Both the static responses and the dynamic characteristics
calculated using the simplified beam model suggest that the
Poyanghu Bridge becomes unfavorable in safety and ser-
viceability after the damage, and it must be repaired in time
to avoid the structural failure and restore its serviceability.
Similar results are obtained by using the solid element model
to calculate the local stress field of the main girder section
above the auxiliary piers in the damaged case. As shown in
Figure 13, for the damaged case, stress concentrations can be
observed on the corners of the main girder section. Besides,
the maximum von Mises equivalent stress exceeds the
material strength of C55 concrete, suggesting that local
strength failures might be induced on the bridge in the
damaged case.

1.3.3. Mechanical States of Poyanghu Bridge for the Emer-
gency Rescue Cases. For both the repair scheme 1 and the
repair scheme 2, the mechanical states of Poyanghu Bridge
in emergency rescue cases under the dead loads are calcu-
lated. As shown in Figure 14, the displacement responses
calculated for the two emergency rescue cases are close, and
they are also close to the displacement response calculated
for the damaged case (Figure 9(b)). Similar situations hold
true for the stress distributions on pylons and the main
girder (see Figures 15 and 10(b)) and the cable force dis-
tributions (see Figures 16 and 11(b)). Besides, the von Mises
equivalent stress distributions on the main girder section
calculated for the two emergency rescue cases (Figure 17) are
both close to stress distribution calculated for the damaged
case (Figure 13). -ese analyses suggest that the static
mechanical state of the damaged Poyanghu Bridge is not
improved by the emergency rescue for both the repair
scheme 1 and the repair scheme 2. In addition, for the
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emergency rescue case of repair scheme 1, the X-shaped steel
strands utilized are attached to the two steel members
arranged on the sides of the piers.-erefore, the safety of the
piers in that case is additionally examined using a detailed FE
model. As shown in Figures 17(c) and 17(d), von Mises
stresses at some positions on the piers are slightly greater
than the material strength, indicating the unfavorable local
behaviors of the piers in emergency rescue case of repair
scheme 1.

However, the buckling analyses suggest that the
emergency rescues are helpful for improving the stability of

the bridge. As shown in Figure 18, for both the repair
scheme 1 and the repair scheme 2, the buckling eigenvalues
of the entire bridge calculated for the emergency rescue
cases increase to 1.25∼1.5 times the original values cal-
culated for the damaged case. Besides, according to Fig-
ure 19, when the emergency rescue is undertaken on the
damaged bridge, most low-order instability shapes change
from unfavorable out-plane patterns to favorable in-plane
patterns. -ese suggest that the purpose of the emergency
rescues is to improve the spatial stability of the whole
structure and guarantee the construction safety of the
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Figure 10: Stress distributions on pylons and the main girder for (a) intact case and (b) damaged case (unit: tonf/m2).
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Figure 11: Cable force distributions for (a) intact case and (b) damaged case (unit: tonf).

Figure 7: Simplified beam element model.

Figure 8: Detailed solid element model.
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Figure 9: Displacement responses for (a) intact case and (b) damaged case (unit: m).
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subsequent repairs (2nd level of repair), rather than to
directly solve the strength and the stiffness problems with
the damaged bridge.

1.3.4. Mechanical States of Poyanghu Bridge for the Repair
Cases. Global and local mechanical states of Poyanghu
Bridge in the repair cases are calculated using the numerical
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(i) (j)

Figure 12: Mode shapes for intact and damaged cases. (a) 1st mode for intact case (1.13Hz). (b) 1st mode for damaged case (0.98Hz). (c) 2nd

mode for intact case (1.44Hz). (d) 2nd mode for damaged case (1.33Hz). (e) 3rd mode for intact case (1.51Hz). (f ) 3rd mode for damaged case
(1.5Hz). (g) 4th mode for intact case (1.67Hz). (h) 4th mode for damaged case (1.57Hz). (i) 5th mode for intact case (2.13Hz). (j) 5th mode for
damaged case (1.94Hz).
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Figure 13: Von Mises equivalent stress distribution on the main girder section for the damaged case (unit: Pa).
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Figure 14: Displacement responses for the emergency rescue cases (unit: m): (a) repair scheme 1 and (b) repair scheme 2.
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Figure 15: Stress distributions on pylons and the main girder for the emergency rescue cases (unit: tonf/m2): (a) repair scheme 1 and (b)
repair scheme 2.
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Figure 16: Cable force distributions for the emergency rescue cases (unit: tonf): (a) repair scheme 1 and (b) repair scheme 2.
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Figure 17: Von Mises equivalent stress distributions on the main girder section and the piers for the emergency rescue cases (unit: Pa). (a)
Repair scheme 1 (the main girder section). (b) Repair scheme 2 (the main girder section). (c) Whole view of piers in repair scheme 1. (d)
Enlarged view of a pier in repair scheme 1.

8 Advances in Civil Engineering



0

5

10

15

20

25

30

35

40

45

50

Bu
ck

lin
g 

ei
ge

nv
al

ue
s

Damaged case
Emergency rescue case (repair scheme 1)
Emergency rescue case (repair scheme 2)

1 2 3 4 5
Order

Figure 18: 1st∼5th buckling eigenvalues calculated for different cases.

(a) (b)

(c) (d)

(e) (f )

(g) (h)

(i) (j)

Figure 19: Low-order instability shapes for different cases. (a) 1st order for damaged case. (b) 1st order for emergency rescue case (repair
scheme 2). (c) 2nd order for damaged case. (d) 2nd order for emergency rescue case (repair scheme 2). (e) 3rd order for damaged case. (f ) 3rd
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models for both repair scheme 1 and repair scheme 2, and
the results are shown in Figures 20–23. As shown in Fig-
ure 20, the displacement responses calculated for the two
repair cases are close, and they are also close to the dis-
placement response calculated for the intact case
(Figure 9(a)). After the repairs, the displacements for the
main girder at the auxiliary piers are the same as those for
the capping beam of the auxiliary piers. Similar situation
holds true for the stress distributions on pylons and the main
girder (see Figures 21 and 10(a)). -ese suggest that the
mechanical states of the entire bridge are close to the ideal
design state after the repairs, and ideal maintenances can be
achieved for both repair schemes. However, after the repairs,
the cable force distributions (Figure 22) are different from
that for the intact case (Figure 11(a)), suggesting that cable
force adjustments are required after the bearing repairs.
According to Figure 23, after the repairs, the stress dis-
tributes uniformly on the main girder section; no stress
concentration is observed, and the maximum von Mises
equivalent stress is not greater than the material strength of
C55 concrete. -ese suggest that the local strength failure
can be avoided after the repairs.

1.4.BearingRepairUndertakenon theLocation. Based on the
numerical investigations of the repair processes, both of the
two repair schemes are proved to be effective in solving the
strength and the stiffness problems with the damaged
Poyanghu Bridge. However, in view of the feasibility, the
repair cost, and the local behaviors of the piers in the
emergency rescue cases, the repair personnel finally chose to
repair the bearings according to repair scheme 2.

During September to October in 2019, repair scheme 2
was successfully implemented on the location by practicing
engineers. Four steps were actually undertaken during the
repair process with details shown in Table 1. According to
Table 1, the displacements of the main girder and the forces
of the stayed cables near the auxiliary piers were monitored
during the whole repair process, which guaranteed the safety
of the structure during the repair process and the quality of
repair.

1.5. Repair Monitoring on the Location. According to Ref.
[14], the forces in stayed cables measured on the cable-stayed
bridges can be employed to calculate the real-time elevations
of the main girders and detect the uncertain parameters of
the structures. -erefore, different from the traditional
monitoring practice of the beam bridges, the present repair
monitoring of Poyanghu Cable-stayed Bridge not only
measures the displacements of the main girder but the forces
of the stayed cables as well. Special attention is focused on
information extraction and utilization from the monitored
forces of the stayed cables. As shown in Figure 24 and
Table 1, the forces in six stayed cables above the auxiliary
piers on both the upstream side (1#∼3# cables) and the
downstream side (1′#∼3′# cables) are monitored during
repair steps 1–3 by arranging one accelerometer on each of
the six stayed cables.

Using the Fourier transform and peak-picking method,
the fundamental frequencies of the monitored stayed cables
are identified from the one-min-long transverse acceleration
samples measured continuously using the accelerometers
arranged. -en, using the cable force formula, the contin-
uous forces of the stayed cables are calculated from the
fundamental frequencies. Figures 25(a) and 25(b) show two
continuous force samples of the 1# stayed cable measured in
repair steps 1 and 2, respectively. As can be seen in Figure 25,
the measured force time-histories of the 1# stayed cable vary
in small intervals, and they are much smaller than the al-
lowable and the ultimate cable forces, suggesting that the
mechanical states of the structure are stable and safe in
different scenarios; the time-varying mean values of the
measured cable forces calculated by using empirical mode
decomposition are constants, suggesting that the measured
cable forces do not have the gradual changing trends; the
mean values of the measured cable forces are close to the FE
analysis results (the relative errors between them are kept
within ±15%), suggesting that the safety of the structure
during the repair process and the quality of repair are good.
Similar situation holds true for 1# stayed cable in other repair
steps or other cables in different scenarios.

According to Ref. [14], if the horizontal displacements of
the pylons are not taken into account, the following equation
can be used to calculate the real-time elevations of the main
girder:

Δu �
F2 − F1( L

EA sin α
, (1)

in which E is the elastic modulus of the stayed cable; A is the
cross-sectional area of the stayed cable; α is the included
angle of the stayed cable and the main girder; L is the length
of the stayed cable in its initial state; F1 and F2 are the cable
forces in times 1 and 2, respectively; and Δu is the vertical
displacement of the main girder from time 1 to time 2 at the
cable anchorage. Using equation (1), the real-time elevations
of the main girder at the anchorage of 2# stayed cable are
calculated for repair steps 1∼3 (Figure 26). According to
Figure 26, the real-time elevation varies in the interval
[−300mm, 100mm] for repair step 1, and it varies in the
interval [−300mm, 0mm] for repair steps 2 and 3, sug-
gesting that the overall stiffness of the structure is
strengthened, and the mechanical state of the structure is
gradually stabilized with the process of the bearing repair.

1.6. Safety Assessment of the Repaired Poyanghu Bridge.
During the repair, the repair personnel arranged a rubber
cushion of 56mm thickness between each bearing and the
main girder. -erefore, the vertical stiffness of the bearings
has been changed and should be regarded as a noticeable
uncertain parameter. For the safety assessment of the
repaired Poyanghu Bridge to take place, a truthful FE model
with the bearings of the accurate vertical stiffness should be
employed. Since the forces measured in stayed cables can be
used to identify the uncertain parameters with the bridge
[14], this portion of study updates the simplified beam
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element model of the entire bridge based on the measured
cable forces before the safety assessment.

1.6.1. Model Updating of the Simplified Beam Element Model.
-emodel updating of the simplified beam element model is
undertaken by a meta-model-based parameter identification
method [15]. First, the vertical stiffness of the downstream
side bearing above the auxiliary piers is regarded as the
uncertain parameter, and the FE model established for the
repair case of repair scheme 2 is used for sampling based on
single-factor experimental design. After the sampling, the

cable forces of 1#∼3# cables are obtained at five sample
points (Table 2).

Second, the regression models are established for the
cable forces of 1#∼3# stayed cables using data listed in Ta-
ble 2. -e regression model established for the cable force of
2# stayed cable is formulated as follows:

F2# � 3.773e6 + 55.56e − 10 ∗A, (2)

in which F2# is the cable force in 2# stayed cable and A is the
vertical stiffness of the bearing. With regard to the estab-
lished models, F value tests suggest that the regression
models are significant and the lack-of-fit terms are
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Figure 21: Stress distributions on pylons and the main girder for the repair cases (unit: tonf/m2): (a) repair scheme 1 and (b) repair scheme
2.
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Figure 22: Cable force distributions for the repair cases (unit: tonf): (a) repair scheme 1 and (b) repair scheme 2.
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Figure 23: Von Mises equivalent stress distributions on the main girder section for the repair cases (unit: Pa): (a) repair scheme 1 and (b)
repair scheme 2.
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Figure 20: Displacement responses for the repair cases (unit: m): (a) repair scheme 1 and (b) repair scheme 2.
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insignificant; R2 tests suggest that the models are accurate
and the experimental errors are small; adequate precision
(i.e., signal-to-noise ratio) tests suggest that the signals are

sufficient and the fittings are valid over the entire design
spaces. -ese all suggest that the regression models estab-
lished can replace the FE model for model updating.
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Figure 24: Monitored stayed cables above auxiliary piers with accelerometers arranged (unit: mm): (a) upstream side and (b) downstream
side.
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Figure 25: Continuous cable force samples of the 1# stayed cable. (a) Sample measured on 18 September (repair step 1). (b) Sample
measured on 25 September (repair step 2).

Table 1: Details of repair process and monitoring practices.

Step Time Location of the
repaired bearing Specific works Monitored displacement

directions
Monitored
cables

1 19∼20
September Downstream side Establish temporary supports Longitudinal, transverse,

and vertical directions
1#∼3#,
1′#∼3′#

2 25
September Downstream side

Remove temporary supports, apply heavy vehicles,
and tension anchoring bolts arranged between

main girder and bearings

Longitudinal, transverse,
and vertical directions

1#∼3#,

1′#∼3′#

3 12∼24
October Upstream side Remove the damaged anchoring bolts and ream

holes
Longitudinal, transverse,
and vertical directions

1#∼3#,
1′#∼3′#

4 25 October Upstream side Apply heavy vehicles and tension anchoring bolts
arranged between the main girder and the bearings

Longitudinal, transverse,
and vertical directions
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Finally, optimization is undertaken using the regression
models established treating the mean values of the cable
forces measured on the location as the optimization targets,
and vertical stiffness of the repaired bearing is identified as
299999682617N/m.

1.6.2. Safety Assessment Using the UpdatedModel. Using the
updated FE model of Poyanghu Bridge, the eventual me-
chanical state of the repaired structure under the dead loads

is calculated and shown in Figures 27–29. According to
Figure 27, after repair, the bridge deck is smooth under the
dead loads; the maximum displacement (around 0.15m) is at
the center of the main span. According to Figure 28, after
repair, no stress concentration can be observed on the pylons
and the main girder of the bridge; the maximum stress on
the pylons and the main girder is not greater than the
material strength of C55 concrete. According to Figure 29,
after repair, the cable force distribution is slightly different
from the ideal design state.
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Figure 26: Real-time elevations of the main girder at the anchorage of 2# stayed cable. (a) Sample calculated for repair step 1. (b) Sample
calculated for repair step 2. (c) Sample calculated for repair step 3.

Table 2: Sampling results using the FE model based on single-factor experimental design.

Sampling
number

Vertical stiffness of the
bearing A (N/m)

Cable force in 1# stayed
cable F1# (N)

Cable force in 2# stayed
cable F2# (N)

Cable force in 3# stayed
cable F3# (N)

1 1E+ 011 381.22e4 377.27e4 405.36e4
2 1.5E+ 011 381.22e4 377.27e4 405.36e4
3 2E+ 011 381.22e4 377.28e4 405.36e4
4 2.5E+ 011 381.23e4 377.28e4 405.36e4
5 3E+ 011 381.23e4 377.28e4 405.36e4
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2. Conclusions

-e main findings of this study concerning bearing repair
and monitoring for Poyanghu Cable-stayed Bridge are
summarized below:

(1) Safety assessments of the cable-stayed bridges with
damaged bearings have rarely been undertaken by
the engineering community in the history.
According to the present numerical analyses, the
static mechanical state of the Poyanghu Bridge with
damaged bearings unfavorably deviates from the
ideal design state. Besides, the dynamic properties of
the bridge change due to the damage, possibly
leading to amplified dynamic structural responses
under strong winds. -erefore, the damaged bear-
ings of this and other similar cable-stayed bridges
should be repaired in time to quickly restore the
safety and the serviceability of the entire structures.

(2) Two innovative bearing repair schemes for cable-
stayed bridges have been proposed. According to
numerical analyses, the mechanical states of
Poyanghu Bridge during the repair processes are
similar for the two proposed repair schemes, and
both repair schemes can basically guarantee the
safety of the structure during the repair process and
the quality of repair. However, with the concerns of
the feasibility, the economy, and the local behaviors
of the piers in the emergency rescue case, repair
scheme 2 is superior to repair scheme 1. -e prac-
ticing engineers finally repaired the bearings of
Poyanghu Bridge according to repair scheme 2.

(3) Different from the traditional repair monitoring
practice for the beam bridges which focuses on the

displacements of the main girder, more attention
should be paid to the forces of the stayed cables for
the repair monitoring of cable-stayed bridges. -e
monitoring results for Poyanghu Bridge suggest that
the safety of the structure during the repair process
and the quality of repair are good. Moreover, the
monitoring data are employed to update the nu-
merical model of Poyanghu Bridge. Using the
updated numerical model, the safety and service-
ability of Poyanghu Bridge after the repair are
assessed.-e assessment indicates that the safety and
the serviceability of the repaired Poyanghu Bridge
are good overall; but, the cable force distribution
might be different from the design values, and related
adjustments are required in the next stage.
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Figure 27: Structural displacement after repair (unit: m).
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Figure 28: Stress distribution on pylons and the main girder after repair (unit: tonf/m2).
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Figure 29: Cable force distribution after repair (unit: tonf).
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