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.e geometric agreement, commonly hailed as load-transferring paths within bridge structures, is significantly crucial to the
bridge structural mechanical performance, such as capacity, deformation, and collapse behavior. .is paper presents a meth-
odology dependent on alternative load paths to investigate the collapse behavior of a double-pylon cable-stayed bridge with steel
truss girders subjected to excess vehicle loading..e cable-stayed bridge with steel truss girders is simplified using a series-parallel
load-bearing system. .is research manifests that the enforced vehicle loading can be transferred to alternative paths of cable-
stayed bridges in different load-structure scenarios. A 3-D finite element model is established utilizing computer software ANSYS
to explore the collapse path of cable-stayed bridge with steel truss girders, taking into account chord failure, loss of cables together
with corrosion in steel truss girders. .e results show that chord failures in the mid-portion of the mainspan result in brittle
damage in truss girders or even sudden bridge collapse. Further,the loss of long cables leads to ductile damage with significant
displacement..e corrosion in steel truss girders has a highly slight influence on the collapse behavior of cable-stayed bridge. .e
proposed methodology can be reliably used to assess and determine the vulnerability of cable-stayed bridge with steel truss girders
during their service lifetime, thus preventing structural collapses in this type of bridge.

1. Introduction

Bridge structural collapse is characterized with collapse of an
entire structure or a disproportionate portion in structure
resulting from initial local failure in an individual member.
.e failures of critical members in bridge structures typically
occur due to overloading. Cable-stayed bridges with steel
truss girders are widely applied for bridge construction
spanning rivers and valleys. .e truss girders can provide
sufficient and harmonious space for vehicles and trains
individually due to double-layer driving, and also the cables
can supply adequate tension on truss girders tomaximize the
bridge span, as shown in Figure 1. Unfortunately, some of
these bridges have collapsed commonly originated from
damage produced by heavy live loads. For example, the
chords and joints can be damaged by fatigue, such as the
I-35W Highway Bridge over the Mississippi River in Min-
neapolis, which collapsed suddenly, resulting in the death of

13 and injury to 145 people, as shown in Figure 2 [1].
Similarly, the sudden failure of a single rod led to the fracture
of several other rods, causing the collapse of the Silver Bridge
over the Ohio River between Ohio and West Virginia,
resulting in the death of 46 people [2].

Bridge systems are vulnerable to collapse under extremely
heavy loads due to the complicated connections of compo-
nents and low robustness. Existing assessment approaches fall
into three categories: the deterministic method, the proba-
bility and reliability method, and the risk-based approach [3].

.e deterministic method assesses structural safety in
terms of displacement under loads, structural capacity, and
energy and component sensitivity. Pandey and Barai proposed
the structural response sensitivity to measure redundancy for
continuum and discrete structures and assess structural
damage [4]. Nafday proposed the minimum difference be-
tween the stiffness matrix and singular matrices and the
correlation between the stiffness matrix and column vector as
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safety indices for discrete structures [5]. In addition, methods
for determining the key structural components and the failure
path were also proposed [5]. Hunley andHarik investigated the
redundancy of double-steel box curved beam bridges, con-
sidering the effects of the span, continuity, curvature, damage
location of the beam, external supports, and girder spacing on
bridge failure [6]..e study indicated that additional criteria to
those in the American Association of State Highway and
Transportation Officials (AASHTO) Load and Resistance
Factor Design (LRFD) code were required to ensure the re-
dundancy of the double-steel box curved beam bridge system
[6]. NCHRP 406 is a study of the collapse resistance of various
structural systems [7]. A system factor table was developed for
common-type bridges, including simple and continuous
bridges with multiple girders, and step-by-step calculations are
provided to assess the redundancy of bridges with complex
structures [7]. .e collapse behavior of long-span bridges was
analyzed using experiments and numerical simulations [8–12].
In the literature [8], the collapse behavior of a suspension
bridge and cable-stayed bridge due to sudden cable loss was
investigated. A dynamic amplification factor (DAF) of 2.0 was
required to meet the safety requirements of the cable design;
the cable-stayed bridge did not survive the sudden loss of more
than two cables [8]. .e bending moments enforced on the
cross sections of bridge girders were computed to determine
the importance in ultimate limit state of failure at a stay lo-
cation in cable-stayed bridge. .e average DAF values of the
undamped and damped movements were 3.35 and 2.52, re-
spectively, for the positive bending moments [9]. .e average
DAF values of the axial stress in the pylon cross-sections and

the stays of a cable-stayed bridge were smaller than 2.0 and 1.68
for the undamped movement and 1.47 for 2% of the critical
damping, respectively [10]. A model describing large dis-
placement effects and internal damage and time-dependent
damage functions were established to describe the constitutive
relationships [11]..e results showed that the sudden failure of
cables resulted in DAF values of 2.5–3.5 for vertical dis-
placement, 5.5–8.5 for the bending moment, and 1.3–2.8 for
torsional rotation in the midspan [11]. .e cable system of a
hybrid cable-stayed/suspension (HCS) bridge can redistribute
the additional stresses produced by internal damage of the
bridge components [12]. To reflect the structural safety of cable-
stayed bridges before and after damage quantitatively, a
technique based on the plastic limit analysis is proposed,
considering the change of ultimate load-carrying capacity [13].
To classify the twin steel tub girder bridges as redundant and
nonfracture critical, the effect of key parameters on redundancy
are investigated, thus relieving concerns over selection of this
bridge type by reducing fabrication and life-cycle inspection
costs [14]. Extreme load and hazards as well as the cost in
maintenance were taken into account based on literature, with
the focus on the effects of collapse of bridges [15].

Four reliability indices were developed for the four limit
states of a bridge under heavy static loads, namely, member
failure, ultimate limit state, functionality limit state, and
damage limit state [3]. .e differences in the reliability indices
of the member failure in the latter three limit states are the
structural redundancies, as demonstrated with a standard TS-
20 truck load [3]. Consequently, several approaches based on
reliability have been developed to assess structural redundancy
and failure probability due to insufficient capacity and overload
[16–20]. In [16, 17], the geometric configuration and safety of a
truss bridge system were analyzed using system reliability,
considering the uncertainties of the critical members and fu-
ture loads. It was shown that the system safety, which influ-
ences public security and national defense, depended on the
number of girders, the girder spacing, and the presence of
diaphragms [17]. .e target reliability index was calculated by
considering the expected life of the structure, importance of
individual members, design experience, andmaterial costs [18].
.is index was used to determine the members’ strength and
applicability and prevent fatigue damage [18]. .e redundancy
concept has been applied to many types of infrastructures. .e
target reliability index provides a good balance between safety
and costs in infrastructure networks [19, 20]. It is noticeable
that the consequences of structural collapse can take several
forms in the range of structural damage and human injuries to
functional downtime and environmental impact, including the
probability of structural damage and the causing economic and
social effect [21–26]. It is shown that structural collapse should
be categorized by the economic, social, and environmental
consequences as well as human loss [21].

Many significant results have been obtained from studies
focusing on redundancy and collapse of structures. However, it
is necessary to extend the current methodologies to long-span
bridges..e simplified deterministic approach for assessing the
collapse behavior of suspension bridges has been extended to
complex bridge systems, such as arch bridges and cable-stayed
bridges. In this study, the deformation and cable force of a

Figure 1: Yu Men Kou Huanghe River Bridge.

Figure 2: Collapse of the I-35W Highway Bridge [1].
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double-pylon cable-stayed bridge with steel truss girders are
considered using a series-parallel load-bearing system to in-
vestigate the transfer of the absorbed loads to alternative paths
in different scenarios. .e collapse behavior of the bridge is
analyzed using increasing traffic loads to determine the optimal
structural system. It is shown that the series-parallel load-
bearing system of the structural members affects the me-
chanical behavior of the cable-stayed bridge system.

2. Selection and Description of Cable-
Stayed Bridge

.e cable-stayed bridge has a total length of 700m, with
360m between the two pylons and 170m on each side of the
pylons, as shown in Figure 3. .e main beam consists of 2
truss girders with a height of 6m and spacing of 26m. .e
chords have box sections, and the vertical and diagonal bars
have H-shaped sections; 104 steel-wire cables are anchored
in the truss girder and the pylons. Each pylon consists of 3
parts, with lengths of 133.5m, 38m, and 38m or 44m. .e
material properties are listed in Table 1.

3. Numerical Model

.e alternative load paths of the bridge during the failure of
individual members are investigated to study the collapse
behavior of the cable-stayed bridge. A numerical model is
established to simulate the performance of the bridge under
vehicle loads in different cases and is verified by an ex-
periment using live loads.

3.1. Analysis Details. Without alternative load paths, a
bridge can collapse entirely or partially under a load. If a
cable-stayed bridge consisting of a steel truss girder and
cables collapses entirely when the girder fails, the girder lacks
alternative load paths, as depicted in Figure 4(a). In contrast,

the bridge does not collapse when one cable fails if the
adjacent cables act as alternative load paths and bear the
absorbed load from the failed cable, as shown in Figure 4(b).
For the analysis of the structural load paths, the cable-stayed
bridge can be simplified as a conceptual model that includes
series and parallel systems, as shown in Figure 5. .e girder
segments, which lack alternative load paths, comprise the
series system, whereas the cables with many alternative load
paths form the parallel system.

.e conceptual collapse model of the series-parallel
system depicts the configuration of the alternative load
paths in the cable-stayed bridge. .ese load paths signifi-
cantly affect the collapse behavior. .e loss of chords in the
truss girder and the failure of cables correspond to the
series and parallel systems, respectively. .e truss girder
segments of the two trusses are illustrated in Figure 5. Each
truss section with upper and lower chords and bars pro-
vides limited alternative load paths, indicating that the
failures of the upper and lower chords would significantly
decrease the capacity of a truss section. If the chords fail, the
limit alternative load paths in the truss girder represent the
series system..us, if a small deformation occurs before the
collapse, the cable-stayed bridge is prone to global collapse,
indicating an insufficient number of alternative load paths
to absorb the loads from the lost chords. In contrast, the
cables represent a parallel system, providing a sufficient
number of alternative load paths, which is reflected by
changes in the forces in the adjacent cables in the damage
model of the cable loss scenario. A change in the cable
forces and the large deformation before total collapse in-
dicate that the loading of the failed cables is absorbed by the
other cables.

.e series and parallel system model is used to assess the
collapse behavior of the bridge. A three-dimensional finite
element model (3D FEM) is established to simulate the bridge
under different load scenarios and is verified using a live load
experiment..emechanical behavior of the bridge (force and
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Figure 3: Double-pylon cable-stayed bridge with steel truss girders (Units: m).
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deformation) after the removal of individual members and
the corrosion of the truss girder is investigated. In addition,
the damaged bridge after the removal of chords and cables is
thoroughly analyzed to investigate its capacity and collapse
behavior..e mechanical behavior is assessed with the series-
parallel structural system to determine alternative load paths.
.e flowchart of the analysis is shown in Figure 6.

3.2. Numerical Discretization. .e 3D FEM is established in
the ANSYS software to study the structural collapse be-
havior. .e pylons and truss girder are discretized using
BEAM189 elements, and the cables are modeled with
LINK180 elements. MPC184 rigid link/beam elements are
used to connect the cables and pylons. BEAM189 has three
nodes with six degrees of freedom at each node, i.e., three
translations in the nodal x-, y-, and z-directions and three
rotations around the x-, y-, and z-axes [27]. .e beam
element is based on the Timoshenko beam theory, which
includes shear deformation effects; thus, it is suitable for
analyzing 3D slender to moderately stubby/thick beam
structures. LINK 180 has two nodes with three degrees of
freedom per node, i.e., translations in the nodal x-, y-, and
z-directions [28]. .is element does not bend or rotate,

making it suitable for modeling 3D cables, links, and
springs. .e MPC184 rigid link/beam has two nodes with
six degrees of freedom at each node, i.e., three translations
in the nodal x-, y-, and z-directions and three rotations
around the x-, y-, and z-axes.

.is element models a rigid constraint or a rigid com-
ponent. .e material stiffness properties are not required;
thus, it can be used to simulate a rigid constraint between
two deformable bodies or a rigid component that transmits
forces and moments. To simplify the supports on the pylons,
the translations of the nodes of the tie beam of the pylons
and the nearby nodes of the truss girder are coupled in the
nodal x-and z-directions. .e ends of the pylons are con-
strained in all degrees of freedom, i.e., three translations in
the nodal x-, y-, and z-directions and three rotations around
the x-, y-, and z-axes [29]. .e supports at the ends of the
truss girder are simulated by constraining some degrees of
freedom, i.e., translations in the nodal z-direction and x-
direction with an allowance of ±500mm.

.e node-to-node interactions are modeled to finely
discretize the structural model and illustrate the common
action of the cable-stayed bridge [30]. Common nodes are
shared between the beam elements of the truss girder and the
link elements of the cables, between the link elements of the
cables and the rigid link/beam elements of the rigid con-
nections, and between the beam elements of the pylons and
the rigid link/beam elements of the rigid connections [31].
.e 3-D structural model, the mesh, and the constraints for
the structural analysis are shown in Figure 7.

Inelastic material properties are adopted in the FEM for
the structural collapse analysis under extremely heavy
vehicle loading. .e cables and truss girder have ideal
elastic-plastic properties with yield strengths of 1670MPa
and 370MPa, respectively (Table 2). All the failures of the
chords and bars of the steel truss girder subjected to
considerable compression are considered in the analysis
since they may lead to bridge collapse. As the static load
increases, the data on the member failure and the changes

Table 1: Material properties of the cable-stayed bridge.

Members Material Modulus of elasticity (MPa) Sectional area (m2)
Pylon Concrete(fcu · k � 32MPa) 3.45×104 16.04∼27.0
Deck Concrete(fcu · k � 26MPa) 3.25×104 4.70
Truss girder Steel(σS � 370MPa) 2.06×105 0.10
Horizontal and lateral bars Steel(σS � 345MPa) 2.06×105 0.27×10−1

Cables (per) φ7mmwire(fpk � 1670MPa) 1.95×105 (0.53∼1.34 )× 10−2

Absorbed load Absorbed load

(a)

Absorbed load

Absorbed lo
ad

(b)

Figure 4: Failures of individual members of the cable-stayed bridge: (a) load transfer after girder failure; (b) load transfer after cable failure.
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in the forces are recorded until the analysis is terminated
when the bridge collapses.

3.3. Calibration of Numerical Model. .e selected bridge is
subjected to a live load test to calibrate the 3D FEM of the
cable-stayed bridge (Figure 8). .irty-two strain gauges are
attached to the upper and lower chords to determine the

mechanical performance of the truss girder, and the bridge is
subjected to a standard truck load (Figure 9). .e strain
gauges are connected to a wired data acquisition system to
collect the data.

According to the influence line of the cable-stayed
bridge, three load cases are designed to obtain the critical
bending moments in the side and main spans. .ree-axle
dump trucks with a combined axial weight of 300 kN are

Start
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·Corrosion of truss girder

Removal of chords

Collapse of series 
system

Structural 
behavior

Collapse of parallel 
system

Removal of cables

Different collapse patterns of the 
series and parallel systems

End

Figure 6: Flowchart of the collapse analysis of the cable-stayed bridge.
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Figure 7: Finite element model of the cable-stayed bridge.

Table 2: Strain of the chords for the three load cases.

Load case Section Strain gauge location
Strain (με)

Ratio
Measured FE model result

1 I-I Upper chord −134 −150 0.89
Lower chord 159 165 0.96

2 II-II Upper chord −87 −90 0.97
Lower chord 75 79 0.95

3 III-III Upper chord −228 −231 0.99
Lower chord 190 204 0.93

Advances in Civil Engineering 5



used to apply the loading. .e axle weights of the trucks are
60 kN for the front axle and 120 kN for each of the two rear
axles, and the axial spacing is 3.5m at the front and 1.35m at
the back, as shown in Figure 9. Figures 9 and 10 show the
location of applying the truck load in a cross-sectional and
longitudinal view and the locations of the deflection points.
.e data are used to obtain the vertical deformation of the
truss girder.

Table 2 shows the three load cases, the strain gauge
locations, the measured strain, and the strain obtained from
the FEM. Similarly, the vertical displacement values ob-
tained from the measurements and the FEM for the three
load cases are listed in Table 3.

.e ratios of the measured strain and vertical displacement
to the FEM model results in Tables 2 and 3 range from 0.89 to
0.99 for the three load cases, indicating a good agreement
between themeasured andmodeled results..erefore, the FEM
accurately simulates the behavior of the cable-stayed bridge with
steel truss girders subjected to heavy truck loading.

3.4. Analysis Procedure. .e instability of the truss girder
and the failure of the cables can result in the collapse of the
cable-stayed bridge subjected to high vertical loading. Steel

Figure 8: Live load test.
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Figure 9: Cross-sectional view and load paths (units: mm).

126 90 90

I

I

170 360 170

Z1 Z2

II

II

III

III

51.5 8.95
24.85

4.85 51.5 9.25 23.6 4.85 4.85 9.15
9.25

9.4 148.9

Load case 1 Load case 2 Load case 3
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Table 3: Vertical displacement of sections for the three load cases.

Load case Section
Vertical displacement (mm)

Ratio
Measured FE model result

1 I-I 87 92 0.95
2 II-II 101 104 0.97
3 III-III 214 221 0.97
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corrosion can significantly change the material properties,
such as the elastic modulus and yield strength, potentially
causing failure of the members or bridge collapse. We an-
alyzed the ultimate capacity of the bridge by removing in-
dividual members. Without alternative load paths, the cable-
stayed bridge collapses, resulting in the automatic termi-
nation of the analysis in the software. .e effect of corrosion
of the truss girder on the mechanical behavior of the bridge

is assessed by changing the cable forces and the deformation
level of the truss girder. .e removed members and the
corroded sections of the cable-stayed bridge are depicted in
Figure 11.

According to the influence line of the members of the
bridge, it is assumed that chords A8-A9, A29-A30, A44-
A45, and A59-A58′ and cables S9, M8, and M13 failed.
According to the Technical Standards for Highway
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Figure 11: Failed members and corroded bridge sections (units: m).
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Figure 12: Loading location for the loading scenarios.

Table 4: Load types and placement for different loading scenarios.

Failed members
Loading location

Uniform load Concentrated load
A8-A9 Entire side span −306m
A29-A30 −350m to −60m −218m
A44-A45 −350m to −40m −90m
A59-A58′ −60m to 60m 0m
S9 Side span and main span −294m
M8 Side span and main span −78m
M13 −66m to 180m and side span −18m
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Engineering (JTG B01-2014), the Highway-I lane loading is
combined with a concentrated force of 360 kN and a
uniformly distributed load of 10.5 kN/m. .e loading types
and placements causing bridge collapse are shown in
Figure 12 and Table 4.

4. Results and Discussion

Two load scenarios, the removal of individual chords and cables,
and corrosion of the truss girder sections are considered to
conduct an in-depth analysis of the response of the collapsing

S10 S6 S2 M3 M7 M11 M12′ M8′ M4′ S1′ S5′ S9′ S13′
Cables

Fo
rc

e (
kN

)

0

200

400

600

800

1000

1200

1400

1600

1800

Intact
M8 failure

S9 failure
M13 failure

Figure 14: .e cable forces in the cable loss scenario.
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cable-stayed bridge. .e relationship between the load and
displacement and the collapse patterns are investigated.

4.1. Damage to the Cable-Stayed Bridge. .e failures of the
chords A8-A9, A29-A30, A44-A45, and A59-A58′ and the
cables S9, M7, and M13 change the internal forces of the
truss girder and cables, as depicted in Figures 13 and 14.
Compared to the intact bridge, the forces of cables S6, S7, S8,
S9, and S10 increase by 0.3% to 4.4%, while the forces of
cables S1 to S5 and S11 to S13 decrease by 0.3%–1.7%. .e
loss of chords A29-A30 reduces the force of cables M1 and
S1 anchored in the girder of the side span by a maximum of
34.7% and 32.1%, respectively, and the proportion increases
toward the pylon. In contrast, the failures of chords A29-A30
or A59-A58′ do not significantly increase the cable forces (a
maximum increase of 3.5%). Since the truss girder is a series
bearing system with a lack of alternative load paths, the
absorbed load is not transferred to the cables, resulting in
small changes in the cable forces.

In the cable S9 loss scenario, the increase in the axial
force of the cables in the side span ranges from 1.9% to
13.8%, and the force of the other cables changes only slightly.
.e failure of cable M8 results in an increase in the cable
force ranging from 4.7% to 13.3%. .e decrease in the axial
force of cables S6 to S13, M1 to M4, and M2′ to S6′ is a
minimum of 15% in the cable S13 loss scenario, while the
increase in the axial forces of cables S5 to S1, M5 to M3′, and
S7′ to S13′ ranges from 0.1% to 23.2%. Since the cables are a
parallel bearing system with many alternative load paths, the
absorbed load is transferred to the other cables, reflected in
the changes in the cable forces.

.e material properties can be changed by the corrosion
of members, resulting in different properties for different
corrosion rates. It is assumed that the corrosion rate equals
10% of the bars and chords in sections I, II, III, and IV of the
truss girder (Figure 11). .e calculated values of the elastic
modulus and tensile strength of the materials are 146.26GPa
and 292.3MPa, respectively..ese values lead to the changes
in the forces of the cables subjected to a dead load, as
depicted in Figure 15.

Compared to the cable forces of the intact bridge, the
forces in cables S5, S6, S7, S9, and S10 decrease from 2.2% to
2.6%, with a 3.4% increase in the force of cable 13 in section I
corrosion scenario. Similarly, the force in cable M1 increases
by 5.7% in section II corrosion scenario, while the corrosion
in section III leads to a reduction in the forces of cables M1
to M10 and S9 to S13 of 2.0% to 3.7% and 1.1 to 3.9%,
respectively. .e forces of cables S13, M13, and S13 decrease
by 3.7%, 2.7%, and 3.4%, respectively, in section IV cor-
rosion scenario. In contrast, the corrosion of the girder has a
negligible effect on its vertical displacement, with a maxi-
mum value of 14mm (Figure 16). .e truss girder, a series
bearing system, does not transfer the absorbed load to the
cables if the main beam is corroded due to an insufficient
number of alternative paths.

4.2. Collapse Behavior. .e loss of chords A8-A9, A29-A30,
A44-A45, and A59-A58 causes a decrease in the ultimate
capacity and ductility of the remaining structures. Figure 17
depicts the axial and vertical displacements of the girder of
the remaining structures subjected to increasing traffic
loading.
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Figure 15: .e cable forces in the corroded truss girder scenario.
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In the chord loss scenarios A8-A9, A29-A30, A44-A45,
and A59-A58, the vertical displacement values of the de-
graded structures are much larger than the lateral values
when the bridge is subjected to high traffic loading. .e
remaining structures exhibit significant deflection and
collapse when chords A8-A9, A44-A45, and A59-A58 are
lost. In the chord loss scenario A59-A58, the axial dis-
placement of the girder increases rapidly, whereas the
vertical displacement is very small. .e degraded bridge
can bear 12 times the design load, but its deflection, in-
cluding the vertical and axial displacement, is very small.
.e collapse patterns of the bridges for different loading
cases are depicted in Figure 18, and the maximum

displacements and load factors are listed in Table 3. .e
brittle collapse of the damaged bridge occurs without
deformation. Since the truss girder is a series bearing
system, the load is transferred in limited paths to the truss
girder after the individual chords fail.

.e loss of cables S9, M8, and M13 leads to a decrease in
the ultimate capacity and ductility of the remaining struc-
tures. Figure 19 depicts the axial and vertical displacements
of the girder of the remaining structure subjected to in-
creasing traffic loading. Under the critical loading, the
remaining structure exhibits significant vertical displace-
ment before it collapses, indicating insufficient ductility of
the degraded bridge. .e axial and vertical displacement
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Figure 16: Vertical displacement in the corroded truss girder scenario.
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Figure 17: Displacement of the girder in the chord loss scenarios: (a) axial displacement-load response obtained from the finite element
model; (b) vertical displacement-load response obtained from the finite element model.
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values increase to 29mm and 580mm, respectively, when
the bridge is subjected to the most critical loading in the
cable S9 loss scenario. .ese are the minimum values in the

three cable loss scenarios. On the other hand, once a dis-
placement of 4.7mm is reached, the axial displacement value
increases to 20mm in the opposite direction when the bridge

(a) (b)

(c) (d)

Figure 18: Collapse patterns of the bridge in different chord loss scenarios: (a) loss of chords A8-A9; (b) loss of chords A29-A30; (c) loss of
chords A44-A45; (d) loss of chords A59-A58.
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Figure 19: Displacement of the girder in the cable loss scenarios: (a) axial displacement-load response obtained from the finite element
model; (b) vertical displacement-load response obtained from the finite element model.
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collapses in the cable S13 loss scenario. .e collapse patterns
of the bridge for the different load scenarios are shown in
Figure 20. .e vertical displacement reaches 1150mm,
which is the maximum value in the three cable loss scenarios
(Table 5)..e large deformation before the bridge collapse in
the cable loss scenario shows that the parallel bearing system
provides ample alternative paths for absorbing the load after
the cable loss.

.e chord loss does not result in a change in the cable
forces under a dead load; however, the cable failure leads to a
redistribution of the cable forces. A chord failure close to the
pylon results in brittle damage of the entire bridge under a
critical loading, whereas a cable loss leads to outstanding
ductility of the remaining structure. In addition, the cor-
rosion of the truss girder does not significantly influence the
cable force and vertical displacement of the beam. Overall,

the truss girder, a series bearing system, provides limited
alternative load paths after the bridge is damaged by a chord
loss. In contrast, the cables, a parallel bearing system,
provide sufficient load paths for the bridges damaged by a
cable loss.

5. Conclusions

An approach, taking into consideration a series-parallel
load-bearing system and alternative load paths, is pro-
posed to investigate collapse behavior of cable-stayed
bridge with steel truss girders. .is approach reveals
structural load paths and collapse behavior. .e load-
bearing systems can also be used to evaluate and deter-
mine the damage to cable-stayed bridge and further im-
prove their structural performance design. .e
conclusions are drawn as follows:

(1) A series-parallel load-bearing system of a cable-
stayed bridge is proposed to assess and determine
alternative load paths in damaged bridges and attain
structural ultimate bearing capacity.

(2) As a series bearing system, the loss of an individual
chord in truss girders has negligible effects on the
cable forces; thus, the truss girder can bear most of
the load without required alternative loading paths.
Similarly, corrosion in truss girder has highly slight
effects on cable forces and vertical displacement in
the main beam. In contrast, as a parallel bearing
system, cables provides alternative paths to transfer
the load when forces changed due to cable loss.

(a) (b)

(c)

Figure 20: Collapse patterns of the bridge in different cable loss scenarios: (a) loss of cable S9; (b) loss of cable M8; (c) loss of cable M13.

Table 5: .e collapse performance of the bridge in the cable loss
scenarios.

Failed members Node Load factor

Maximum
displacement

(mm)
Axial Vertical

S9 18 12.9 29 580
M8 90 13.1 21 960
M13 110 12.3 21 1150
A8-A9 14 7.9 40 434
A29-A30 54 12.0 5 31
A44-A45 86 5.1 -25 406
A59-A58′ 116 2.9 1 309
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(3) After individual chord failure, a brittle collapse of the
damaged bridge occurs, with a maximum displace-
ment of 40mm along the longitudinal axis..e series
bearing system of truss girders can transfer load in
limited paths to other members in truss girder after
failure of individual chords. .us, additional bars
should be recommended to add into truss girders to
create more alternative load paths at mid-span and
near pylon.

(4) Unlike the chord loss scenarios, the damaged-
bridges collapse after exhibiting significant defor-
mation in cable loss scenarios due to the fact that
the other cables absorbed loading; this effect is more
pronounced when a long cable fails. As a parallel
bearing system, cables provide various alternative
paths to absorb loading if individual cables fail.For
cable-stayed bridges with steel truss girders, bearing
capacity in cables is required to be twice dead and
live loads, which is less than 2.5 times recom-
mended in specification.
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