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ABSTRACT

Article info: Background: One innovative approach is the use of fuzzy control. With its robust
logic, adaptability, and intelligence, fuzzy control offers promising prospects for

Article History: application in the field of structural vibration control.

Received: 26 November 2025 Methods: This study investigates Type-1 and Type-2 fuzzy algorithms for
Revised: 16 March 2026 controlling the vibrations of the Golden Gate suspension bridge using a tuned mass
Accepted: 28 March 2026 damper (TMD). The bridge is modeled in 3D using ABAQUS software. A fuzzy logic
Published: 22 June 2026 algorithm implemented in MATLAB is utilized to adjust the damping, and the

damper is modeled for active control within the MATLAB Simulink environment.
To optimize performance for both active and passive control modes, the TMD's
damping and frequency parameters (for the passive mode) and frequency
parameter (for the active mode) are optimized across various mass ratios using a
numerical search method; subsequently, the optimal mass ratio is selected for
conducting analyses and comparing the control systems. To this end, a passive
control system using a Tuned Mass Damper (TMD) was modeled in ABAQUS
software. Following the finite element modeling of the Golden Gate suspension
bridge, the implementation of fuzzy logic, and the optimization of TMD parameters,
time-history analyses were conducted using seven near-field ground motion
records.

Results: 3D modeling of the Golden Gate Bridge, incorporating a tuned mass
damper at the mid-span, demonstrated that across all seismic records, the
displacement of the bridge equipped with the damper was lower than that of the
bridge without it. Furthermore, the seismic response under earthquake excitation
differed between fuzzy control strategies A and B, indicating that the fuzzy control
function is input-dependent.

Conclusion: The results demonstrate the high effectiveness of the Type-2 fuzzy
control system (System B) in controlling seismic displacements. Based on

¥3§¥o&2§5 Damper displacement response control, System B (Type-2) outperformed System
Fuzzy Logic A (Type-1) by approximately 15 percent. Furthermore, seismic displacements and
Fuzzy Control residual displacements of the Golden Gate Bridge under Type-2 fuzzy control
Suspension Bridge (System B) were about fifty percent lower than those observed without any control
Golden Gate Bridge system.
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Introduction

suspension bridge is a type of
flexible structural system; the
suspended deck acts much
like a natural isolation system,
helping to reduce the
transmission  of  seismic
forces. However, these
bridges face  significant
challenges regarding span length and the
substantial displacements at girder ends
during sudden earthquakes; such
movements can easily lead to collisions
between adjacent girders, potentially
causing structural damage or even collapse.
Consequently, appropriate control measures
must be implemented. One innovative
approach is the use of fuzzy control. With its
robust logic, adaptability, and intelligence,
fuzzy control offers promising prospects for
application in the field of structural vibration
control. In the design and modeling of
suspension bridges, controlling structural
vibrations under realistic earthquake
conditions—specifically considering the
simultaneous effects of horizontal and
vertical seismic = components—is  of
paramount importance. Furthermore, the
concept of employing a semi-active tuned
mass damper for structural control holds
particular significance and forms the basis of
the present study.

Methods

In this study, a numerical example is
employed to evaluate the effectiveness of the
proposed control method. The Golden Gate
Bridge in San Francisco, USA, is analyzed,
and a Type-2 fuzzy logic controller is utilized
to generate control forces for a mass damper
system. Two mass dampers are designed for
the mid-span of the bridge, as displacement
reaches its maximum at this location. The
structure is subjected to excitation from
seven near-field earthquakes. To formulate
the dynamic equations of motion for the
bridge-accounting for vertical and horizontal
seismic accelerations applied as support
excitations-finite element modeling using
ABAQUS software is employed, and the
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structure's stiffness and mass matrices are
derived based on energy principles.

Results

This study investigates the seismic vibration
control of suspension bridges using a semi-
active tuned mass damper—controlled by
Type-1 and Type-2 fuzzy logic systems—
subjected to near-fault seismic records
(using the Golden Gate Bridge as a case
study); the results are presented below, As
the function range in fuzzy control increases,
the control current changes, and the bridge
displacement response decreases with the
increase in control current; however, if the
control current range within the
membership function is excessively large, it
amplifies the structural acceleration
response, thereby inducing a resonance
phenomenon. 2- When comparing the two
types of fuzzy control—Type A and Type B—
the phenomenon of resonance must also be
considered; however, the Type B fuzzy
control demonstrated superior performance
in reducing displacement, outperforming
Type A by approximately 15 percent.Under
the influence of seismic waves, the seismic
response associated with fuzzy control
strategies A and B is not identical, indicating
that the fuzzy control function is input-
dependent. The seismic displacement of the
Golden Gate Bridge equipped with a mass
damper was lower than that of the bridge
without a mass damper across all near-field
seismic records. 3D modeling of the Golden
Gate Bridge structure in Abaqus software
and the application of three-component
near-fault seismic records have
demonstrated the actual performance of the
semi-active tuned mass damper within the
bridge.

Conclusion

The results demonstrate the high
effectiveness of the Type-2 fuzzy control
system (System B) in controlling seismic
displacements. Based on displacement
response control, System B (Type-2)
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outperformed System A (Type-1) by
approximately 15 percent. Furthermore,
seismic  displacements and residual
displacements of the Golden Gate Bridge
under Type-2 fuzzy control (System B) were
about 50 percent lower than those observed
without any control system.
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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   )


  𝜁


  X = P C . C o s 𝛳 − N C . S i n 𝛳


  Y = P C . S i n 𝛳 + N C . C o s 𝛳


  { input   variable / output   variable } = { VS , S , M , B , VB }

