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ABSTRACT

Background: One of the novel methods for evaluating suspension bridges during
and after earthquakes is the use of the DEMATEL method. This approach provides
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an effective framework for identifying the relationships and importance of
influencing parameters in the seismic assessment of complex structural systems.

Methods: In this study, the seismic behavior of a suspension bridge equipped with

a tuned mass damper (TMD) under far-field earthquake records (Case study:
Golden Gate Bridge) was investigated using the DEMATEL method. A three-
dimensional finite element model of the bridge was developed in ABAQUS
software. Time-history analyses were performed using seven far-field earthquake
records. First, modal analysis was conducted to extract the natural frequencies and
mode shapes of the bridge. Subsequently, the time-dependent structural responses
under earthquake excitations were evaluated.

Results: The results indicate that the main cables and towers have the greatest
contribution to seismic energy absorption, while the flexibility of the suspension
system reduces the transmission of seismic forces to the deck. Furthermore, it
was demonstrated that applying nonlinear analysis in the modeling of suspension
bridges can significantly improve the accuracy of seismic response predictions.
The results also confirm the effectiveness of the tuned mass damper in reducing
seismic displacements. The use of a TMD reduced the average permanent
displacements developed in the bridge by approximately 35%.

Conclusion: Based on the proposed neural network approach, with an accuracy
exceeding 90%, and using the DEMATEL method, it was determined that structural
displacement and vibration modes are the most influential response parameters.
In addition, foundation and cable stiffness, as well as the behavior of the tuned mass
damper, were identified as the most effective influencing parameters. The long
computational time and high complexity associated with modeling and analysis
represent the main limitations of this research.
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Introduction

ong-span suspension bridges

are considered among the

most complex civil

engineering structures due to

their high flexibility, low

stiffness-to-mass ratio,

geometrical nonlinearity of

cables, and the complex
interaction between towers, deck, main
cables, and hangers. These characteristics
have made the seismic behavior assessment
of such structures one of the important
challenges in earthquake engineering and
finite element analysis. The response of
suspension bridges under dynamic loads
induced by earthquakes and wind is highly
nonlinear and strongly dependent on the
interaction between the cable system,
towers, and deck.Early investigations of the
seismic behavior of the Golden Gate Bridge
were mainly based on two-dimensional
analytical models and conventional modal
analysis approaches. In these studies, the
dynamic response of the structure was
evaluated using simplified beam-mass
models under the assumption of linear
structural behavior. Although these models
were effective in estimating fundamental
natural frequencies and primary vibration
modes, they were unable to accurately
simulate large deformations, nonlinear cable
behavior, and multi-support excitation
effects. Therefore, in the present study, the
nonlinear behavior of the bridge is
investigated using ABAQUS finite element
software.A review of previous studies and
the structural characteristics of the Golden
Gate Bridge indicates that only a limited
number of comprehensive numerical models
have been developed for this bridge. The
main reason is the high complexity and
computational challenges associated with
modeling and analyzing such a large-scale
suspension system. Consequently, only a
limited number of researchers have
successfully developed detailed numerical
models of the Golden Gate Bridge. One of the
major challenges of the present study is
therefore the accurate three-dimensional
modeling and nonlinear analysis of this
bridge. Furthermore, the application of a

tuned mass damper has demonstrated
considerable potential for improving the
seismic performance of suspension bridges
by reducing earthquake-induced
displacements and controlling dynamic
responses. The effectiveness of the proposed
vibration control system is evaluated
through numerical simulations, and its
influence on the seismic behavior of the
Golden Gate Bridge is investigated.

Methods

In this study, the seismic behavior of a
suspension bridge equipped with a tuned
mass damper (TMD) under far-field
earthquake records (Case study: Golden Gate
Bridge) was investigated using the
DEMATEL method. A three-dimensional
finite element model of the bridge was
developed in ABAQUS software. Time-
history analyses were performed using
seven far-field earthquake records. First,
modal analysis was conducted to extract the
natural frequencies and mode shapes of the
bridge. Subsequently, the time-dependent
structural responses under earthquake
excitations were evaluated.

Results

The results indicate that the main cables and
towers have the greatest contribution to
seismic energy absorption, while the
flexibility of the suspension system reduces
the transmission of seismic forces to the
deck. Furthermore, it was demonstrated that
applying nonlinear analysis in the modeling
of suspension bridges can significantly
improve the accuracy of seismic response
predictions. The results also confirm the
effectiveness of the tuned mass damper in
reducing seismic displacements. The use of a
TMD reduced the average permanent
displacements developed in the bridge by
approximately 35%.
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Conclusion

Based on the proposed neural network
approach, with an accuracy exceeding 90%,
and using the DEMATEL method, it was
determined that structural displacement and
vibration modes are the most influential
response  parameters. In  addition,
foundation and cable stiffness, as well as the
behavior of the tuned mass damper, were
identified as the most effective influencing
parameters. The long computational time
and high complexity associated with
modeling and analysis represent the main
limitations of this research.
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   [ M ]  { ü } +  [ C ]  {   u . } +  [ K ]  { u } = − [ M ] { r }     u ¨  g


   [ C ] =   a 0  [ M ] +   b 0 [ K ]


    a 0 =   𝜉  i ×   2   𝜔  i ×   𝜔  j    𝜔  i +   𝜔  j


    b 0 =   𝜉  j ×  2    𝜔  i +   𝜔  j


   a 0


   b 0


   ω i


   ω j


   ξ i


   ξ j


   [   M  T B ]  { ü } +  [   C  T B ]  {   u . } +  [   K  T B ]  { u }


  = −  [   M  T B ]  {     u ¨  g  ( t ) } +  { D } F


  = −  [   M  T B ]  {     u ¨  g  ( t ) } +  { D } F


   { D }


   [  M TB ]


   [  K TB ]


   [  C TB ]


  ɛ = 𝘐 𝘯 (   1 + 𝘦   )


  𝜎 = S  (   1 + 𝘦   )


  A s ​ = 275724 ( 𝜋 d 2 ​ ) / 4


   a i


    a  i ∈ {   a 1 .   … .     a  n }


   x ij


   x ij


   x ij


  i f   : i = j ⇒     x  i j = 0


   x ij


   x ij


              a 1    a 2  .  .  .    a  n   x =        a 1     a 2   .   .   .     a  n  [    0    x 12  .  .  .    x  1 n     x 21  0  .  .  .    x  2 n   .  .  .  .  .  .   .  .  .  .  .  .   .  .  .  .  .  .     x     n 1    .  .  .  .  0 ]


  K =   X    m a x  i  [   ∑  j = 1  n    x  i j ] =   (     K  i j )  n × n     ( 1 ≤ i ≤ n   .   1 ≤ j ≤ n )


  G = K +   K 2 + … +   K  n =    (   G  i j )  n × n


  G = K   ( K − E )  − 1


    m  i =   ∑  j = 1  n    g  i j                           ( i = 1 . 2 . … . n )


   m i


    n  i =  [   ∑  j = 1  n    g  i j ]                       ( i = 1 . 2 . … .   n )


   n i


    P  i =   m  i +   n  i                   . ( i = 1 . 2 .   … . n )


    q  i =   m  i −   n  i               . ( i = 1 . 2 .   … . n )

