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Earthquakes can cause serious damage to traffic infrastructure and even induce the collapse of bridges, which is even worse. At the
same time, earthquakes are key factors to the overall service capacity of the traffic network. +erefore, mastering the failure
mechanism and evaluating accurate residual seismic resistance of a bridge under earthquakes are of great significance to the rapid
recovery of traffic network function. For this reason, a performance-based methodology for the evaluation of the residual seismic
resistance of a suspension bridge is proposed. In this paper, we provide the fragility curves of the key sections of the pier by
incremental dynamic analysis (IDA), mathematical statistical analysis, and the damage law and obtained the failure state of the
structure and the overall seismic capacity residual ratio and the stage seismic capacity residual ratio of the structure. +en, based
on the research results of IDA, the reserve seismic capacity is analyzed as well. +e research results explore a new method to
accurately estimate the residual seismic capacity for resilience assessment.

1. Introduction

In recent years, earthquakes have occurred frequently all
over the world, causing serious damage to building struc-
tures, making earthquake resilience one of the key issues in
the field of engineering [1–3]. Seismic resilience means the
ability of a structure to recover its functions after an
earthquake [4]. It was a new concept proposed by Bruneau to
evaluate the resilience of a community after an earthquake,
and later, the idea was applied to the field of civil engineering
[5]. Determining the residual seismic capacity of a bridge is
the key to study seismic resilience.

Over the past decades, suspension bridges, which are
associated with exquisite shape and lightweight configura-
tion, are widely used to adapt to objective traffic conditions
and supply effective traffic operations in modern infra-
structure [6–9]. It is generally considered that the seismic
performance of suspension bridges is better than that of
cable-stayed bridges and continuous rigid-frame bridges.
Actually, their working performance has not been well

understood yet due to complex mechanical structure and the
lack of evaluation methods. In recent studies, a series of
numerical simulations and theoretical and methodological
investigations have been carried out to investigate this issue
in the world.

Numerical simulation of bridges often analyzes the re-
lationship between the deterioration of materials and their
recoverability. For instance, Casciati et al. numerically an-
alyzed the concept of seismic resilience of a cable-stayed
bridge and a strategy for recovering the optimal configu-
ration of the bridge after suffering a damaging event [10].
Amir and Devin introduced the finite element method to
analyze the performance of other in-service bridges de-
graded under the effect of different damaging scenarios,
which provided the possibility to determine a measure of
capacity, resilience, and remaining service life [11]. Vish-
wanath and Banerjee numerically analyzed the resilience of
the deteriorating reinforced concrete (RC) bridge under
seismic ground motions (GMs) and found a degrading trend
of resilience of the bridge as it ages [12].
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Appropriate theories and methods are also the basic
prerequisites for fruitful results. +erefore, numerous re-
search studies, about evaluation of the seismic capacity of the
bridge, have been conducted. For instance, Dong proposed a
probabilistic framework for assessing the risk and resilience
of a bridge suffering frommajor shock and aftershocks while
incorporating its uncertainties [13]. Decò et al. used the six-
parameter sinusoidal-based recovery model [14]. Bocchini
and Frangopol put forward an optimal cost recovery
identification method, which could automatically identify
the most critical bridge in the transportation system and
calculate the optimal recovery scheme based on available
funds [15]. Alicia carried out the experiment of RC columns
and CFFT columns, and from that, the residual axial load-
carrying capacities of them were obtained. +ey also esti-
mated restoration time and repair cost for each type of
column [16]. Hazus developed restoration curves for
highway bridges that had the functional form of a normal
cumulative distribution function [17].

All these research studies have greatly promoted the
application of seismic reliance of bridges. However, there are
still some tough problems which have been puzzling re-
searchers and restricting the development of this field. (1) As
is known to all, the response mechanism of different bridge
structures under an earthquake varies greatly. Although
numerous theories and methods were proposed in the past
years, they have not yet achieved an accurate method for the
seismic residual capacity under different earthquake in-
tensities for suspension bridges with asymmetric towers
even for simply supported beam bridges [17]. While the
structure is undergoing restorable repair, this situation di-
rectly leads to overuse of materials and excessive economic
costs in engineering applications. (2) +e information about
earthquakes cannot be predicted before they occur. +us,
many researchers have selected the largest seismic waves in
the history of the structure location to evaluate the seismic
response of bridges. It is difficult to know the expected
residual seismic value of bridge structures, and the per-
formance of bridges cannot be evaluated rapidly and ac-
curately after different earthquakes.

Following the aforementioned extensive review, many
researchers just studied the seismic responses of bridges to
earthquakes. However, until now, no researcher has studied
the residual seismic resistance of the long-span bridge with
asymmetrical suspension bridges. Hence, the purpose of this
paper is to provide a method to quantify the residual seismic
resistance of asymmetrical suspension bridges, which can
not only assess the overall seismic residual capacity but also
the seismic residual capacity in stages. First, the fragility is
studied in detail by the incremental dynamic analysis
method and mathematical statistics. +en, according to the
damage state, the indexes of overall recoverability and stage
recoverability are established. Finally, the expected residual
ratio of aseismic capability under three different seismic
intensities is analyzed. +e method proposed in this paper is
based on the analysis of the performance of the bridge.
Compared with other restorability assessment methods, the
seismic residual capacity of the bridge under different
earthquake intensities can be quantified. It is of great

significance to the design, construction, and recoverability
analysis of bridges.

2. Methods and Theories

2.1. Method of Incremental Dynamic Analysis.
Incremental dynamic analysis (IDA) is a useful tool to
evaluate the performance of structures against seismic ac-
tions. In this, the recorded ground motion is magnified
according to the calculation requirements, and the external
load acts on the finite element model; then, the response
value of the finite element model under the action of the
nonlinear time history is obtained [18].

2.2. Fragility Function Methodology. Analytical fragility
functions have been widely used in recent years because of
their characteristics of flexibility and accuracy [19, 20]. It is
also a useful tool to evaluate the probability of a certain limit
state or conditional probability and the basis for resilience.
+e results of fragility functions can be expressed by fragility
curves [21, 22].

Analytical fragility curves can be developed in three
ways, which are known as the statistical method, regression
analysis, and capacity demand ratio. Each of the three
methods has its own advantages. +e method of capacity
demand ratio is adopted because of its accuracy in this study:
it uses the scaling approach for intensity measure (IM) and
evaluates specific engineering demand parameters (EDP) so
that IDA has been performed by scaling and applying the
selected accelerograms [23]. +e fitting curve is expressed as
follows:

DI � A[ln(IM)]
2

+ B[ln(IM)] + C,

σ �

������
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ln(1) − μ
σ

  � Φ
μ
σ
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(1)

where DI is the seismic demand; IM is the intensity measure;
A, B, and C are the regression parameters; σ is the standard
deviation; Sr is the residual sum of squares; n is the sample
number; Pf is the damage probability; Sd is the demand of
structural response; Sci is the damage index; μ is the mean
value.

2.3. Damage Index. +e key to seismic fragility analysis is to
determine the performance target of the structure and
quantify the damage state. According to the assessment
method of section damage, researchers put forward the park
index, capability demand index, crack index, displacement
ductility index, and curvature ductility index. +ese five
indices can be used to quantitatively analyze structural
damage.

+e curvature ductility index is more accurate for high-
rise structures, such as suspension bridges [24, 25]. Hence,
the curvature ductility index is adopted in this study. Here,

2 Advances in Civil Engineering



there are five types of damaged states in the key section:
nondamaged, slightly damaged, mud damaged, severely
damaged, and completely damaged. +e critical curvature is
defined as φ1,φ2,φ3, andφ4, respectively, and information is
shown in Table 1 [26]. +e main steps are as follows:

First, the axial force and bending moment of the key
sections of the tower under the most unfavorable load
combination are calculated using the numerical model.
+en, by analyzing bending moment and curvature, the
relationship between bending moment and curvature is
obtained. Finally, the damage range of the section is divided
by the relation between the section bending moment cur-
vature and the strain limit of the material. +e interval
positions of the defined damage states are shown in Figure 1.

2.4. Seismic Resilience Index. As is shown in Figure 2, the
curve can reflect the evolution process of nonlinear atten-
uation of the seismic resistance of the structure from the
intact state to complete damage. Its expression is as follows:

C(D) �
IMDi

IM
, (2)

where C (D) represents the residual ratio of the seismic
capacity of the structure when the damage value is D; IMDi
represents the residual seismic capacity corresponding to the
structural damage of D; IM is the intensity measure (when
D� 0).

In performance-based seismic research, the overall
seismic resilience index can be used to evaluate the seismic
capability of the structure macroscopically, but it is not
suitable to classify the seismic capability of the structure step
by step. In view of the problem that the recoverability of the
structure in different damaged states cannot be quantified,
this study proposes the seismic recoverability index of the
structure at different stages, and its expression is as follows:

IDi �


Di+1

Di

C(D)dD

Di+1 − Di

,
(3)

where IDI is the index of recoverability; Di+1 and Di are the
corresponding residual seismic ultimate ratios within the
adjacent damaged intervals.

2.5. Assessment of the Seismic Residual Capacity.
According to the seismic fragility analysis, the probability of
different degrees of damage to the section of the main tower
under the excitation of the arbitrary ground motion in-
tensity level is obtained, and the probability of occurrence of
each damaged stage under the action of a specific intensity
earthquake is obtained through the method of conditional
probability statistical analysis, as shown in the following
equation:

P Di(  �

1 − P Di+1( , i � 0,

P Di(  − P Di+1( , 0< i< 4,

P Di( , i � 4,

⎧⎪⎪⎨

⎪⎪⎩
(4)

where P(Di) is the probability of different damage states.
As shown in equation (4), the probability of different

damaged stages depends upon the specific ground motion
intensity, and the expected value EIM of the seismic resis-
tance residual ratio of the key section of the bridge’s main
tower under the action of specific ground motion intensity
grade IM is obtained by combining it with IDi, the recov-
erable index in the structural stage, as shown in the following
equation [26]:

EIM � 
4

i�0
P Di(  · IDi. (5)

3. Engineering Application

3.1. InvestigatedBridge. +e Puli Bridge in Yunnan Province
of China, an earth-anchored suspension bridge with a span
of 166＋ 628＋ 166m, is illustrated as an example in this
study. +e overall layout of the bridge is presented in
Figure 3(a).

+e main cable consists of 91 prefabricated parallel steel
wire bundles with a transverse distance of 26m, and the rise-
span ratio is 1/10. +ere are 50 pairs of suspension cables in
the whole bridge. +e standard spacing is 12m. As is shown
in Figure 3(b), the cable tower is made of reinforced concrete
with the height of left and right legs of 153.5m and 138.5m,
respectively. In addition, it is made of C50 concrete. In
Figure 3(c), the girder is 3m in height with 2% cross slope
and 28.5m in width. It is made of low-alloy high-strength
structural steel. Detailed information is available in the
literature [27].

In order to reveal the seismic behaviour of the long-span
suspension bridge with legs of different heights and study the
residual seismic capacity, this work determines the key
sections according to the principle of frail section and equal
interval. As shown in Figures 3(b) and 3(d), six key sections
are taken from the left and right legs of the main tower,
respectively.

3.2. Analysis of the Bridge. +e earth-anchored suspension
bridge model is constructed using finite element software
SAP 2000 [28]. In order to simulate the bridge accurately, a
large number of references are consulted [29–36]. In the
finite element analysis, the three-dimensional finite element
model is established according to the structural character-
istics of the suspension bridge. Both the girder and the main
tower adopt the space beam element, in which the girder
adopts the single girder to carry on the simulation. +e
second stage of constant load is mainly simulated by dis-
tributed mass. +e main cable and derrick are simulated by
the cable element. According to the design cable force and
material parameters provided by the design unit, the overall
cooling method is adopted to apply tension. +e bottom of
the tower and the end of the main cable, both, are fixed end
constraints. +e connection stiffness between each tower
pier and the main beam is applied according to the specified
stiffness value provided by the design unit. +e main vi-
bration modes are shown in Figure 4.
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3.3. Selection of GroundMotions. To establish a probabilistic
model based on the measured data obtained from nonlinear
dynamic analysis, an appropriate ground motion record
should be selected [2, 37]. As mentioned by general rules
[22], the ground motion bin should contain sufficient in-
formation about the strength and structural characteristics
of the earthquakes. Each selected ground motion record
should be independent of the type of structure and appli-
cable to a variety of structures at different locations. In
addition, the number of records should be large enough to
cover seismic variability in a reasonable way. Previous
studies have shown that 12 ground motions can provide
sufficient precision in the estimation of seismic demands
[38, 39].

According to the mentioned objectives, the seismic
waves with good applicability are selected.+e seismic waves
used in this study were selected from the ground motion
database of the Pacific Earthquake Engineering Research
Center and processed by seismic signals. From the calcu-
lation of the dynamic characteristics of the structure, it is
known that the first-order vibration mode is a positive
symmetrical transverse bending, so this study analyzes and
calculates the lateral ground motion of the bridge structure.
According to the Chinese standard JTG/T D65-05 (2015)
[40], the damping ratio of the suspension bridge is deter-
mined as 2%, and then, the intensity index of groundmotion
Sa (T1� 6.64 s, ξ � 2%) is calculated.

In order to meet the needs of IDA calculation, seismic
waves are divided into 10 grades from small to large. +e
selected seismic waves are shown in Table 2, the classification
of ground motion intensity is shown in Table 3, and the
amplitude modulation coefficient of seismic waves is shown
in Table 4.

4. Analytical Results and Discussions

4.1. 6e Results of Incremental Dynamic Analysis. +e seis-
mic responses of the key sections of the piers are obtained
through the calculation results of IDA. Figure 5 shows the
IDA curves of each section of the main tower. By comparing
the IDA curves of 10 key sections of the left and right legs of

Table 1: Characteristics of the curvature ductility index.

Damage status Damage characteristics Specific parameter index
Nondamaged +e outermost longitudinal reinforcement is not yielded φs ≤φy

Slightly damaged +e yield strain of the outermost longitudinal bars is less than the initial strain, and the
compressive strain of unconstrained concrete is less than 0.004 φy <φs ≤φsh, φc ≤ 2φco

Mid damaged
+e longitudinal reinforcement strain is less than 0.55 times of the ultimate tensile
strain, and the constrained concrete is less than 0.75 times of the ultimate compressive

strain

φsh <φs ≤ 0.55φsu,
2φco <φc ≤ 0.75φcc

Severely damaged +e longitudinal reinforcement strain is less than the ultimate tensile strain, and the
constrained concrete is not larger than the ultimate compressive strain

0.55φsu <φs ≤φsu,
0.75φcc <φc ≤φcc

Completely
damaged

+e longitudinal reinforcement strain is greater than the ultimate tensile strain and the
restrained concrete cracks φs >φsu, φc >φccu

where φs represents the tensile strain of the outermost longitudinal reinforcement of the section; φc represents the compressive strain of unconstrained
concrete on the outermost side of the cross section; φy represents the theoretical yield strain of longitudinal reinforcement; φcc represents the compression
strain of the outermost constrained concrete of the section; φco represents the strain corresponding to the peak compressive stress of unconstrained concrete;
φsh represents the tensile strain when the longitudinal reinforcement is initially hardened; φccu represents the tensile strain of the outermost constrained
concrete of the section.

M
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t

Curvature
φ1 φ2 φ3 φ4

Mid damaged Severely damaged Completely damaged

Slightly damaged

Non-damage

Equivalent bending moment curvature
Bending moment curvature

Figure 1: Schematic diagram of the damage state interval.
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the main tower, it can be concluded that the section cur-
vature is obviously different under different earthquakes;
especially, section A, section C, and section F are sensitive to
earthquakes.+e seismic performance is also relatively weak.
In addition, under the action of the earthquake, the response
of the key sections of the right leg is more sensitive than that
of the left leg.

4.2.6eResults of FragilityAnalysis. According to the results
of seismic performance by the method of IDA in this study,
the probability of various damages to key sections of piers
under the action of the longitudinal bridge to the ground is
obtained. Based on the method of obtaining seismic vul-
nerability curves, the seismic vulnerability curves of 12
sections with different damages are drawn in Figure 6.
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Figure 3: Puli Bridge. (a) A general view of the bridge. (b) Photos of the tower. (c) Cross section of the deck. (d) Cross section of the tower
(units: m).
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From Figure 6, it can be concluded that the damage
probability of the right leg of the tower column with the
same position key section is higher than that of the corre-
sponding section of the left leg of the tower column under

the same damage state. +us, it indicates that, in the case of
towers with legs of unequal heights, the one with shorter
height has more damage probability among its key sections.
+e damage probability of section A, section C, and section F
increases rapidly with the ground motion strength, and the
damage probability is larger. +ese sections should be fully
considered in seismic design.

4.3. Analysis of Integral and Stage Seismic Resistance.
Based on the abovementioned analysis results of the Puli
Bridge, it can be concluded that section A, section C, and
section F on the right leg of the main tower entered into a
state of complete damage under the action of multiple
earthquakes. +erefore, seismic resilience analysis is carried
out on these sections. +e residual ratio of seismic capability
corresponding to each section was averaged and plotted in
the plane Cartesian coordinate system, and then, the overall

T = 6.64s
f = 0.151Hz

(a)

T = 4.89s
f = 0.204Hz

(b)

T = 3.68s
f = 0.272Hz

(c)

T = 2.95s
f = 0.339Hz

(d)

Figure 4: +e dimensional model of the Puli Bridge in SAP2000. (a) First-order vibration mode. (b) Second-order vibration mode.
(c) +ird-order vibration mode. (d) Fourth-order vibration mode.

Table 2: Characteristics of the earthquake ground motion histories.

ID no. Year Event Station PGA (g) Sa (T1) (g) Duration (s)
1 2013 LS, China Lushan 1.026 0.0121 5.7
2 2008 WC, China Wolong 0.978 0.0075 29.5
3 1999 CHI-CHI, China TCU045 0.361 0.0251 11.8
4 1999 Kocaeli YARIMCA 0.35 0.0900 15.8
5 1995 Kobe, Japan KAKOGAWA 0.345 0.0218 13.2
6 1994 Northridge, America CDMG 24278 0.568 0.0245 8.9
7 1992 Landers, America SCE 24 0.78 0.1202 15.4
8 1989 Loma Prieta, America CDMG 47381 0.367 0.0324 11.62
9 1983 Trinidad CDMG 1498 0.194 0.0081 8.0
10 1979 Imperial Valley USGS 5115 0.315 0.0396 8.4
11 1976 Friuli, Italy TOLMEZZO 0.351 0.0082 4.2
12 1961 Hollister, America USGS 1028 0.195 0.0087 16.3

Table 3: Classification of ground motion intensity.

Magnitude of the earthquake Sa (T1) (g)
1 0.009
2 0.018
3 0.027
4 0.036
5 0.045
6 0.054
7 0.063
8 0.072
9 0.081
10 0.090
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Table 4: Seismic waves amplitude modulation coefficient.

M 1 2 3 4 5 6 7 8 9 10
Wave 1 7.3 14.6 21.8 29.1 36.4 43.7 51.0 58.3 65.5 72.8
Wave 2 11.8 23.5 35.3 47.0 58.8 70.6 82.3 94.1 105.8 117.6
Wave 3 3.5 7.0 10.5 14.0 17.6 21.1 24.6 28.1 31.6 35.1
Wave 4 1.0 2.0 2.9 3.9 4.9 5.9 6.9 7.8 8.8 9.8
Wave 5 4.0 8.1 12.1 16.2 20.2 24.3 28.3 32.4 36.4 40.5
Wave 6 3.6 7.2 10.8 14.4 18.0 21.6 25.2 28.8 32.4 36.0
Wave 7 0.7 1.5 2.2 2.9 3.7 4.4 5.1 5.9 6.6 7.3
Wave 8 2.7 5.4 8.2 10.9 13.6 16.3 19.0 21.8 24.5 27.2
Wave 9 10.9 21.8 32.7 43.6 54.5 65.4 76.3 87.2 98.1 109.0
Wave 10 2.2 4.5 6.7 8.9 11.1 13.4 15.6 17.8 20.0 22.3
Wave 11 10.8 21.5 32.3 43.0 53.8 64.5 75.3 86.0 96.8 107.6
Wave 12 10.1 20.3 30.4 40.6 50.7 60.8 71.0 81.1 91.2 101.4
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Figure 5: Continued.
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Figure 5: Continued.
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residual ratio curve of seismic capability of the key section
was obtained. Taking section R-A as an example, the mean
value of the R-A section’s seismic capacity residual ratio was
calculated, the overall seismic capacity residual ratio curve of
section R-A was drawn, and the overall seismic resilience
index of 0.5352 was obtained. +e same method was used to
obtain the overall seismic capacity residual ratio curve of
sections R-C and R-F, as shown in Figure 7.

+e variation trend of the overall seismic reserve capacity
of the abovementioned three sections is shown in Figure 8.
For section R-A, when the damage index (D) ranges from 0
to 0.5, the overall seismic residual capacity is more convex
than that of the curve and the attenuation rate is slow. When
the damage index ranges from 0.5 to 1, the shape of the curve
is concave and the attenuation rate is fast. For section R-C,
the seismic residual ratio curve is approximately linear in
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Figure 6: Continued.
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Figure 6:+e fragility curves of the Puli Bridge. (a) Slight damage fragility curves of the key section of the left leg. (b) Slight damage fragility
curves of the key section of the right leg. (c) Mid damage fragility curves of the key section of left leg. (d) Mid damage fragility curves of the
key section of the right leg. (e) Severe damage fragility curves of the key section of the left leg. (f ) Severe damage fragility curves of the key
section of the right leg. (g) Complete damage fragility curves of the key section of the left leg. (h) Complete damage fragility curves of the key
section of the right leg.
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Figure 8: Residual ratio curve of stage seismic capacity. (a) Section R-A. (b) Section R-C. (c) Section R-F.
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distribution and the attenuation rate is fast. For section R-F,
the attenuation of the overall seismic residual capacity ratio
of the damage index (D) varies linearly in the range of 0 to
0.7. When the damage index exceeds 0.7, the attenuation
curve is similar to concave.

+e overall recoverability index can quantitatively de-
scribe the overall seismic reserve capacity of key sections of
the structure, but it cannot well obtain the seismic reserve
capacity under different degrees of damage. In order to solve
this problem, the ratio of seismic capacity surplus to the
ultimate seismic residual ratio at each stage is defined as the
stage seismic recoverability index in each damage interval.
+e stage recoverability of cross sections R-A, R-C, and R-F
is shown in Figure 8, after the calculation.

4.4. Expected Residual Ratio of Seismic Resistance. To reflect
the development law of the expected residual ratio of seismic
resistance of a section under specific earthquake action, this
study calculated the expected residual ratio of seismic re-
sistance of the section for three specific ground motions:

Sa� 0.03 g, Sa� 0.06 g, and Sa� 0.09 g, respectively, for the
key sections with high damage probability.

+e results of the calculation of the expected residual
ratio of seismic capacity under specific earthquakes are
shown in Figure 9 and Tables 5–7. +e results show that the
seismic reserve capacity of the section has been obviously
reduced under the action of ground motion and it needs to
be strengthened or repaired in time.

+e expected values for the given earthquake intensities
could be easily estimated according to equation (5). +e
results are shown in Table 8.
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Figure 9: Different interval fragility curves. (a) Section R-A. (b) Section R-C. (c) Section R-F.

Table 5: Seismic resilience of the stage index and damage prob-
ability (section R-A).

Damage interval IDi Sa� 0.03 g Sa� 0.06 g Sa� 0.09 g

D0 0.983 0.382 0.093 0.021
D1 0.958 0.260 0.164 0.057
D2 0.697 0.216 0.272 0.170
D3 0.191 0.037 0.075 0.063
D4 0 0.105 0.396 0.689
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5. Conclusions

+is study mainly focused on the residual seismic resistance
and proposed a new methodology for the structure with
unequal height. +e proposed methodology is based on the
performance of seismic fragility. +e main conclusions of
this study can be summarized as follows:

(1) +e residual seismic capacity ratio curves of the
bridge based on a large number of incremental
dynamic analysis reflect the weak damage resistance
of the long-span asymmetric suspension bridge,
which also directly reflect the strength preparation of
the bridge in the face of sequential strong earth-
quakes. +ese curves have an obvious nonlinear
relationship with the damage degree and also have a
great relationship with the structural system, seismic
intensity index, and other factors.

(2) +e results of fragility analysis show that most of the
critical sections of the right arm of the main tower
are in a state of severe loss. On one hand, these
results support the idea that the shorter piers are
obviously weaker than the higher piers. On the other
hand, it also reflects the rationality of the method
used in the paper.

(3) +e results of integral and stage seismic resistance
find that while the damage state is complete damage,
the residual seismic resistance of the bridge is in-
sufficient and it is very difficult to repair.

(4) An interesting and noteworthy phenomenon was
found when we studied the residual seismic bearing
capacity of short piers under specific earthquake
loads. In the case of a high pier, the expected residual
ratio of seismic resistance of the top is smaller than
that of the bottom of the pier.

+is study focuses only on the seismic residual capacity
of a suspension bridge with asymmetric tall piers. More
research studies are needed to investigate the effects of other
structural characterizations on the seismic response and
fragility analysis of bridges.
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Table 6: Seismic resilience of the stage index and damage probability (section R-C).

Damage interval IDi Sa� 0.03 g Sa� 0.06 g Sa� 0.09 g

D0 0.989 0.638 0.402 0.277
D1 0.924 0.287 0.347 0.272
D2 0.622 0.065 0.198 0.337
D3 0.188 0.006 0.043 0.079
D4 0 0.004 0.01 0.035

Table 7: Seismic resilience of the stage index and damage probability (section R-F).

Damage interval IDi Sa� 0.03 g Sa� 0.06 g Sa� 0.09 g

D0 0.9775 0.715 0.274 0.076
D1 0.9132 0.276 0.649 0.521
D2 0.6088 0.002 0.069 0.335
D3 0.1828 0.002 0.002 0.056
D4 0 0.005 0.006 0.012
where D0, D1, D2, D3, and D4 are the damage intervals of the intact section, no damage, slight damage, mid damage, severe damage, and complete damage,
respectively.

Table 8: +e expected values for given earthquake intensities.

Key sections E0.03 E0.06 E0.09
Section R-A 0.7824 0.4524 0.2058
Section R-C 0.9374 0.8491 0.7495
Section R-F 0.9523 0.9028 0.7642
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15K), and Natural Science Research of Anhui University
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