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Abstract

This article investigates the coupled vibration problem of suspension bridge
structures under earthquake action, and conducts static and dynamic analysis
using computer algorithms. In terms of static analysis, complex structures
are divided into many small elements, and the stress and deformation of each
element are calculated through finite element analysis, thereby obtaining the
static characteristics of the entire structure. In terms of dynamic analysis, the
seismic response analysis method based on time history considers seismic
action as a time-varying external excitation, and calculates and simulates
the dynamic response of the suspension bridge structure. In order to achieve
efficient and accurate calculations, this article also adopts optimization algo-
rithms and numerical calculation methods. Through a comprehensive study of
statics and dynamics analysis, the key characteristics and regularities of cou-
pled vibration of suspension bridge structures under earthquake action have
been obtained. These research results not only provide important theoretical
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guidance and technical support for related engineering practices, but also
provide useful references and inspirations for dynamic analysis and optimiza-
tion design of similar structures. Meanwhile, using computer algorithms and
simulation software for static and dynamic analysis can significantly reduce
analysis costs and time, improve analysis accuracy and efficiency, and have
broad application prospects.

Keywords: Earthquake action, computer algorithms, suspension bridge
body, structural coupled vibration.

1 Introduction

Suspension bridge is an innovative bridge structure with important transporta-
tion significance and engineering application value. With the increasingly
prominent problem of urban traffic congestion, suspension bridges, as an effi-
cient and flexible mode of transportation, have received much attention and
praise; Simultaneously suspended bridge is a type of bridge that suspends the
bridge in the air through a suspension system. Its main feature is that it does
not require the support piers and abutments of traditional bridges [1], and
can fully utilize water surface space to improve traffic capacity. Suspension
bridges can be widely used in rivers, lakes, bays and other water bodies, con-
necting transportation between two continents, greatly facilitating people’s
travel. More and more cities both domestically and internationally are paying
attention to and adopting suspension bridge technology. For example, the
Hengqin Suspension Bridge in Zhuhai, China, as the world’s first commer-
cial suspension bridge, has successfully solved the transportation bottleneck
problem between Zhuhai and Hengqin Island. Meanwhile, countries and
regions such as Japan, South Korea, and the United States have also utilized
suspension bridge technology to improve urban traffic conditions. However,
suspension bridge structures also face certain challenges when facing seismic
effects. Earthquakes are a highly destructive natural disaster, and the damage
and losses caused to bridge structures cannot be ignored. Due to its special
design form and working principle, the seismic response characteristics of
suspension bridge structures differ greatly from traditional bridges [2, 3].
Therefore, studying the static, dynamic, and coupled vibration characteristics
of suspension bridge structures under seismic loads is of great significance.
Through in-depth research on the mechanism and laws of seismic response of
suspension bridge structures, scientific basis can be provided for the seismic
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design of suspension bridges, further improving their seismic resistance and
safety [4].

Earthquakes are a destructive natural disaster [5, 6], and for bridge
structures, their damage and losses cannot be ignored. Although suspension
bridges, as an innovative bridge structure, can fully utilize water surface space
and improve traffic capacity, there are also certain challenges under earth-
quake action. This article will introduce the threats that earthquakes pose to
suspension bridge structures [7] and emphasize the importance of addressing
these issues. Possible bridge damage and safety hazards caused by earth-
quakes. During earthquakes, ground vibrations can cause strong vibrations
in bridge structures, leading to problems such as vibration amplification, res-
onance, and damage. Compared with traditional bridges, suspension bridge
structures have significant differences in seismic response characteristics due
to their special design form and working principle [8]. The importance of
addressing the threats posed by earthquakes is self-evident. Specifically, the
following measures need to be taken: (1) Seismic design: In the design
stage of suspension bridge structures, the impact of seismic loads on the
structure must be fully considered, and scientific and reasonable seismic
design methods must be adopted to improve the seismic capacity and safety
of the structure. (2) Testing and monitoring: After the completion of the
suspension bridge, regular testing and monitoring are required to timely
detect changes and hidden dangers in the structure, take corresponding mea-
sures for repair and reinforcement, and ensure the safety and stability of the
structure Emergency plan: In response to sudden events such as earthquakes,
it is necessary to develop a scientific and reasonable emergency plan, timely
organize personnel for evacuation and rescue, and predict and handle possible
structural problems to reduce losses and risks.

With the rapid development of society and the advancement of urbaniza-
tion, the demand for bridge structures is becoming more and more urgent.
As an emerging bridge structure, the suspension bridge has the signifi-
cant advantage of improving traffic capacity and saving construction costs.
By studying the seismic response of suspension bridge structures, the devel-
opment and application of suspension bridge technology can be effectively
promoted, making contributions to the development of social transportation.
Through in-depth research, the seismic resistance of suspension bridges can
be improved, relevant design specifications and standards can be improved,
and strong support can be provided for the development and application of
suspension bridge technology. This is of great significance for ensuring the
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safety of people’s lives and property and promoting social and economic
development [9, 10].

The mechanical analysis of suspension bridge structures under earth-
quake action is an important and complex issue [11], which requires con-
sideration of various factors such as seismic waves, suspension cables,
main beams, and bridge decks. Research based on computer algorithms can
improve analysis efficiency and accuracy, providing scientific basis for the
design and seismic reinforcement of suspension bridges [12]. Computer algo-
rithms can be used to explore the influence of seismic input on the structural
response of suspension bridges. By establishing a reasonable seismic input
model, considering factors such as the characteristics and intensity of differ-
ent seismic waves, conducting parametric analysis and sensitivity analysis,
further exploring the influence of seismic characteristics on the structural
response of suspension bridge structures, and providing more scientific ref-
erence for structural design. Research based on computer algorithms can
also be used to optimize the seismic design of suspension bridge structures.
By using multi-objective optimization algorithms and combining multiple
indicators such as engineering economy, structural safety, and construction
feasibility, the optimal structural form and parameter configuration are sought
to improve the overall performance of the suspension bridge under earthquake
action.

In this study, a computer algorithm is used to analyze the mechanical
structure of a suspended bridge under seismic action [13], which can effec-
tively study the seismic response characteristics of the structure, analyze the
structural response law under ground motion input, and propose an optimal
design scheme, which provides strong support for the seismic design and
engineering practice of the suspended bridge.

2 Static and Dynamic Analysis of Suspension Bridge
Structure Under Earthquake Action

2.1 The Basic Principles of Mechanical Analysis

The static and dynamic analysis of suspension bridge structures under earth-
quake action involves basic principles in the field of mechanics, including
relevant theories of statics and dynamics. Statics is a discipline that studies
the laws of force and deformation of objects in a stationary or uniform linear
motion state, while dynamics focuses on the laws of motion and deformation
of objects under external forces [14].
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In terms of statics [15], we first need to consider the stress and defor-
mation of the suspension bridge structure under static loads. According to
Newton’s first law, when an object is in a state of rest or uniform linear
motion, the resultant force it experiences is zero [16]. Therefore, we can
analyze the stress situation of the suspension bridge under self weight and
external loads through the balance equation and force balance conditions,
and then obtain the static mechanical characteristics of the structure such as
internal force, stress, and deformation. In addition, it is necessary to consider
the stiffness and damping characteristics of the support, which are crucial for
the stability and safety of the structure.

In terms of dynamics, the coupled vibration problem of suspension
bridge structures under earthquake action needs to be analysed using relevant
theories of dynamics [17]. Dynamics studies the motion laws of objects
under external forces, including their dynamic responses such as acceleration,
velocity, and displacement. Under earthquake action, seismic force is consid-
ered as a time-varying external excitation [18], therefore time history analysis
methods such as Newmark integration or Wilson are needed — # the method
is used to solve the dynamic response equation of the structure. Through
these methods, we can obtain the vibration characteristics of the suspension
bridge structure under earthquake action [19], including parameters such
as mode shape, amplitude, and frequency, in order to evaluate the seismic
and comfort performance of the structure. The processing model of the
mechanical algorithm is shown in Figure 1.
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Figure 1 Mechanical algorithm processing model.
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2.2 Seismic Mechanics Theory and Seismic Wave Input

In the static and dynamic analysis of suspension bridge structures under
earthquake action, seismic mechanics theory and seismic wave input are very
important aspects [20]. Earthquake mechanics studies the ground motion
caused by earthquakes and the regularity of their forces and deformations
on structures, while seismic waves describe the time displacement or time
acceleration curves of seismic forces [21]. In computer algorithms, seis-
mic wave input can be achieved by establishing appropriate input models.
A common method is to use seismic record data, preprocess the seismic
record data, extract key parameters such as acceleration time history, velocity
time history, and displacement time history, and use them as seismic wave
input models. Another method is to artificially synthesize seismic waves and
generate seismic wave inputs using numerical simulation methods based on
seismic wave characteristic parameters and seismic mechanics theory [22].
These seismic wave input models can be loaded in computer algorithms
and used as external excitations for suspension bridge structures to simulate
vibration responses under earthquake action.

At the same time, it is necessary to consider the spatial variation and
spectral characteristics of seismic waves. Seismic waves typically have a
wide range of frequency content, thus requiring spectral analysis. By using
spectral analysis methods such as Fourier transform [23], seismic waves can
be converted into frequency domain data to analyse the energy of seismic
waves in different frequency bands. These spectrum analysis results can be
used for seismic response spectrum analysis of structures to evaluate the
response of suspension bridge structures at different frequencies.

2.3 Design Methods and Requirements for Suspension Bridges

In the design of suspension bridges, it is necessary to consider the static and
dynamic issues of the structure. Static analysis can be simulated using com-
puter algorithms, while dynamic analysis requires consideration of external
factors such as seismic effects, wind loads, and traffic loads [24]. Coupled
vibration analysis is required for suspension bridge structures under earth-
quake action. Coupling vibration analysis can be achieved by establishing
appropriate structural models and computer algorithms to simulate vibration
response under different conditions and evaluate the seismic resistance of
suspension bridges. Material selection and structural form also need to be
considered. The main structure of a suspension bridge includes bridge towers,
bridge cables, bridge decks, and support systems. Among them, the bridge



Static and Dynamic Analysis of Coupled Vibration 525

tower and cable are the main load-bearing parts of the suspension bridge,
and high-strength and high stiffness materials need to be selected to ensure
the stability and durability of the structure [25]. The bridge deck needs to
consider anti slip performance and adapt to the requirements of different
vehicle types. The support system needs to consider the impact on the
vehicle and stability requirements; The safety of suspension bridges needs to
consider various factors, such as natural disasters, adverse weather, and traffic
accidents. The safety of suspension bridges can be evaluated by establishing
a safety assessment model and computer algorithms. The maintainability of
suspension bridges also needs to be considered, and the maintainability of
bridges can be improved by selecting materials and structural forms that are
easy to maintain [26].

The design of a suspension bridge needs to consider various factors [27],
such as structural stability, durability, safety, and seismic resistance. Static
and dynamic analysis can be conducted by establishing appropriate structural
models and computer algorithms to evaluate the performance and seismic
resistance of suspension bridges [28]. In terms of material selection and
structural form, multiple factors need to be considered and comply with traffic
flow and load requirements. At the same time, the safety and maintainability
of the suspension bridge also need to be considered. The application of these
requirements and methods can provide scientific basis for the design and
optimization of suspension bridges.

2.4 Mechanical Analysis Results and Discussion

In terms of static analysis, the finite element method was used to model the
suspension bridge structure [29], and the influence of multiple parameters
such as seismic wave frequency, amplitude, and incidence angle on the
structure was also considered. The displacement, acceleration, and other
data of the suspension bridge under different seismic waves were calculated
and analyzed. Through static analysis [30], the hysteresis curve and force
characteristics of the suspension bridge in earthquakes were obtained, and
analyzed and discussed [31].

In terms of dynamic analysis, modal analysis and time history anal-
ysis [32] were used to analyze the dynamic response of the suspension
bridge. The dynamic response of the suspension bridge was calculated and
analyzed under different seismic waves. The main vibration modes of the
suspension bridge in earthquakes and the frequency, amplitude and other
data of each vibration mode were obtained through dynamic analysis, and
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Figure 2  Algorithm recommendation of multi-objective algorithms in mechanical analysis.

discussed and analyzed. Using the data processing module in the computer to
analyze and summarize the force situation of the suspension bridge body, the
multi-objective algorithm recommended in mechanical analysis is shown in
Figure 2.

In terms of coupled vibration analysis, the coupling vibration mecha-
nism of suspension bridge structures was deeply explored by integrating the
results of static and dynamic analysis. Research has shown that suspension
cables have a significant impact on coupled vibration, with the stiffness
and damping parameters of the suspension cables having a more sensitive
impact on coupled vibration. Based on in-depth analysis of coupled vibration
mechanisms, suggestions for optimizing suspension structures to improve the
seismic resistance of suspension bridges have been proposed.

3 Coupling Vibration Analysis of Suspension Bridge
Structure Based on Computer Algorithms

3.1 Establishment of Model Framework

Establishing an accurate structural model is crucial in the coupled vibra-
tion analysis of suspension bridge structures based on computer algorithms.
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In this paper, a three-dimensional structural model was established using
finite element method, which includes components such as suspension bridge
deck, suspension cables, and support systems. This model can reflect the true
structural characteristics of the suspension bridge and accurately simulate the
structural response of the suspension bridge under earthquake action. After
establishing the structural model, use ANSYS software for simulation calcu-
lations. This software can perform static and dynamic analysis on structural
models, and provide corresponding structural response results. The influence
of multiple parameters such as frequency, amplitude, and incidence angle
of seismic waves on the structure was considered, and the displacement,
acceleration, and other data of suspension bridges under different seismic
waves were calculated and analyzed. Using the mechanical algorithm data
processing framework shown in Figure 3, establish a model framework in a
computer to obtain an ideal structural coupled vibration analysis.

When constructing the structural model, the model construction method
based on BIM technology is adopted. This method can integrate the geo-
metric information, material information and mechanical information of the
structure into a unified model to improve the accuracy and reliability of the
model. MATLAB-based data processing and analysis methods are also used

(b) Cross-section of the steel guide beam
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(c) Steel guide beam plan

Figure 3 Schematic diagram of steel guide beam (unit: mm).
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for kinetic analysis, which enables rapid processing of large amounts of data
and corresponding results.

3.2 Coupling Method Between Statics and Dynamics Models

The coupling between static and dynamic models involves multiple aspects,
mainly including the following:

(1) The material properties of the static and dynamic models should be
consistent. When establishing static and dynamic models, it is necessary
to consider the material properties of the structure, including parameters
such as elastic modulus, Poisson’s ratio, density, etc. These parameters
have a significant impact on the response of the structure, therefore,
when establishing static and dynamic models, it is necessary to ensure
the consistency of these parameters to ensure the correct coupling of the
two models.

(2) The boundary conditions of the static and dynamic models need to
be matched. When establishing static and dynamic models, it is nec-
essary to consider the boundary conditions of the structure, including
support constraints and load conditions. These boundary conditions
should be matched between the static and dynamic models to ensure
proper coupling between the two models. For example, when conducting
dynamic analysis, it is necessary to use the results of static analysis
as boundary conditions for dynamic analysis to ensure continuity and
consistency between the two models.

(3) The static and dynamic models should use the same mesh division.
When establishing static and dynamic models, it is necessary to consider
the geometric shape of the structure. These geometric forms can be rep-
resented by meshing the structure. Therefore, when establishing static
and dynamic models, it is necessary to use the same mesh generation
method to ensure the geometric consistency between the two models.
Otherwise, if the grids between the two models do not match, it may lead
to coupling failure between the models, thereby affecting the accuracy
of the calculation results.

(4) The static and dynamic models should use the same numerical methods.
When conducting static and dynamic calculations, it is necessary to
use the same numerical methods and algorithms to ensure consistency
in the calculation results between the two models. For example, when
conducting finite element calculations, the same integration methods,
solvers, and convergence criteria need to be used. This can ensure that
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Figure 4 Schematic diagram of bridge installation stress.

the calculation results between the two models are consistent, thereby
ensuring the correctness of the model coupling.

On the basis of the coupling of the static and dynamic models, we further
analyze the coupling model of the correlation pairs in the schematic diagram
of the bridge installation force in Figure 4. With this analysis, we hope to be
able to obtain the desired mechanical property targets. Specifically, we will
consider the effects of statics and dynamics to ensure that the requirements
of the bridge structure in terms of stability, bearing capacity and vibration
response under different stress conditions are met. Through this analysis, we
can provide targeted guidance for the optimal design of the bridge to achieve
the expected level of mechanical properties in practical use.

3.3 Modeling

The suspension bridge body adopts a combination of modular steel structure
and concrete, as well as reverse construction. Among them, modular steel
structure buildings are prone to relative sliding during the bending deforma-
tion process of laminated steel beams, which in turn has a significant impact
on the overall bending mechanical performance of the laminated steel beam
structure. By using the basic differential equation of bending for composite
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steel beams and combining it with the basic physical equation of slip strain
on the composite surface of double beams, the relative strength of composite
steel beams is derived.

The slip differential control equation is used to establish a relative slip the-
oretical model for composite steel beams under different load conditions, load
boundary conditions, and the degree of connection between the composite
surfaces.

The basic assumption for the bending of a double beam structure is that:
(1) the materials of the floor and ceiling beams in the composite steel beam
are both linear elastic, and the deflection and beam end angle of the composite
steel beam belong to the small deformation range; (2) The floor and ceiling
beams in the composite steel beam have the same bending curvature, and
there is no relative vertical displacement between the upper and lower beams;
(3) The upper and lower beams in the composite steel beam do not consider
shear deformation, and the upper and lower beams respectively conform to
the assumption of a flat section; (4) The shear connection of the composite
surface of the floor beam and ceiling beam is uniformly distributed along
the beam span direction, and the tangential load distribution of the composite
surface is proportional to the relative sliding of the layer beam. The following
formula can be obtained based on the equilibrium condition of internal forces
in the section:

Nyrzy = t(r) = KS(x) (1)
Virz) = —q(x) +r(z) 2)
Myiay = Vi) + t@)hs /2 3)
Netz) = —tp@) = —KS(z) “4)
Verwy = —1(z) ©))
Mo (zy = Ve(z) + t(2)he/2 (6)
V() = —q(x) (7)
M'(z) =V (z) (8)

According to the internal force balance conditions of the cross-section,
establish the internal force balance equation of the composite steel beam:

N¢(x) + Ne(z) =0 )]
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V(@) + Ve(z) = V(z) (10)
M(x) = Mg(x) — Ny(x)ho (11)

According to assumption (2), the bending curvature of the floor beam
and ceiling beam in the composite steel beam is the same. Combining the
relationship between bending moment and curvature, it can be concluded
that:

w'(z) = —My(x)/EIf (12)
w’(x) = —M.(x)/EI (13)
From formulas (11) to (13), it can be concluded that:
w”(z) = —=[M(x) + Ng(z)ho|/EI (14)
F(t) = YoTrili  Yolei Foitanag)ly Y {ci + [0s + 04i) tan ¢ }H;

Tl > Tili > [7si + Taillo

(15)
S  Oas ;‘Uys Ozs ; Oys COS 20; + Tyys Sin 20y, (16)
i = % Sin 20t; — ty €08 2003 (17)

Compared to the overall beam structure, the composite surface of the
double beam structure generates a certain amount of slip strain. The relative
slip of the composite steel beam is an integral function of the slip strain.
Combined with the boundary condition equation, the integral solution of the
slip strain equation is obtained to obtain the theoretical model of the relative
slip of the composite steel beam.

4 Model Experiment and Result Analysis

Under the action of horizontal loads, the composite steel beam bears the
bending moment load at the end of the beam, and the double beam structure
undergoes antisymmetric bending deformation. The flange of the laminated
beam composite surface produces strain difference, which in turn leads to
slip strain and relative slip mechanical behavior of the double beam com-
posite surface. According to the horizontal loading test and finite element
analysis results of modular steel structure composite beam column elements,
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the composite beam column elements mainly undergo local deformation
and failure at the beam end of the double beam structure under horizontal
loading. The relative sliding behavior of the laminated beams has a significant
impact on the mechanical properties of the modular steel structure composite
beam column elements. Therefore, the sliding of the composite surface has
an important impact on the bearing characteristics of the reverse bending
moment at the beam end of the double beam structure. The bending defor-
mation of composite steel beams under horizontal loads is different from that
under vertical loads, and the relative sliding mechanical behavior of floor
beams and ceiling beams is also different. Based on a modular composite
beam column element three-dimensional finite element model that verifies
rationality, four key points are arranged at equal intervals on the laminated
surface of the layer beams to obtain the relative sliding curve of the upper
and lower double beam structure over the entire span under horizontal loads,
Furthermore, the focus is on analyzing the development and distribution of
slip on the double beam composite surface under horizontal loads.

The development curve of interlayer relative slip of laminated steel beams
under horizontal load is shown in Figure 5. The mechanical behavior of
relative sliding in the same direction is generated under the horizontal load
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Figure 5 The slip curve of key points on the composite surface under horizontal load.
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of the composite steel beam. The sliding curve of the composite surface
defines the additional displacement in the horizontal loading direction of
the floor beam relative to the ceiling beam as the positive sliding direction.
Therefore, the sliding direction of the double beam structure is consistent
with the horizontal loading direction throughout the entire span. For the
distribution of slip on the overlapping surface, the relative slip curve shows
a parabolic pattern throughout the span range, and the relative slip curves
on the left and right half spans are symmetrically distributed. The relative
slip of the double beam structure is most obvious at the mid span position,
and the corresponding slip value is the peak point of the curve. In modular
steel structure systems, the corner points of the upper and lower modules are
connected by column column inserts, and the shear stiffness of the beam end
is relatively high. Therefore, the beam end slip is the smallest in the slip curve
of the composite surface, and the beam end slip remains basically O under
horizontal loads. In the initial stage of horizontal loading, the relative sliding
phenomenon of the composite steel beam is not obvious, and the sliding value
of the composite surface is at a lower level. With the increase of horizontal
load level, the increment of the sliding of the composite surface increases,
and the amplitude of the sliding of the composite surface gradually increases
accordingly. For modular steel structure pure friction composite beam column
units MSF-LFCB-C and MSF-LFFB-C, there is no composite surface load
between the floor beam and ceiling beam under horizontal load, and the
double beam structure undergoes independent anti bending deformation.
The shear slip stiffness of the composite surface is 0, so the composite
surface slip increases rapidly with the increase of horizontal load level.
When the composite beam column units MSF-LFCB-C and MSF-LFFB-C
reach the ultimate load of 146 kN and 166 kN, There is a significant increase
in the increment of slip on the overlapping surface, with the maximum slip
at the mid span position of the double beam structure reaching 4.8 mm and
4.3 mm, respectively, as shown by key points A and B in the figure. The
composite beam column elements MSF-LFCB-C-4B and MSF-LFFB-C-4B
are connected by four high-strength bolts to strengthen the double beam
flange overlap surface. The shear slip stiffness of the composite steel beam is
significantly increased, and the degree of double beam overlap and structural
integrity are significantly improved. Under the same horizontal load level, the
relative slip amplitude of the mid span section of the double beam structure
is significantly reduced. When the horizontal loads reach the failure loads of
160 kN and 185 kN for the composite beam column model, the relative slip
increment of the laminated beam is significantly increased, and the mid span
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slip amplitudes of the composite surface reach 3.5 mm and 3.4 mm, as shown
in key points C and D in the figure.

When the sliding distance is small, there is a slight change in the con-
tact position between the suspension bridge structure and the foundation,
and elastic recovery occurs. In this case, the slip curve exhibits a linear
relationship and a relatively small slope. As the sliding distance increases,
the contact position of the suspension bridge structure begins to undergo
significant changes and gradually tends towards a stable state. At this point,
the slope of the slip curve gradually increases and reaches its maximum
value within a certain range. As the sliding distance continues to increase, the
contact position of the suspension bridge structure begins to show significant
displacement, and the sliding curve also shows a non-linear relationship,
gradually tending towards saturation.

To verify the reliability and effectiveness of the seismic wave oblique
incidence model theory in calculating dynamic stress in this article, ANSYS/
LS-DYNA was used to perform seismic explicit nonlinear dynamic analysis
on rock slopes under the same model parameters. The dynamic stress at a
point within the slope was calculated, and compared with the dynamic stress
calculated through Matlab programming based on the seismic wave oblique
incidence model theory.

The parameters of the structural theoretical model under oblique inci-
dence of seismic waves are as follows: medium parameters, density 2000
kg/m3, Elastic modulus E = 5.454 x 10°N. m2, Poisson’s ratio v = 0.25; The
finite element mesh size Ax = Ay = 5 m, with a time step of At = 0.001 s,
an incident wave input model function, a duration of 0.15 s, and a calculation
deadline of 0.5 s.

By utilizing the effect of seismic waves on the suspension bridge body,
the time history curves of key points under two working conditions were
obtained, as shown in Figure 6. Working condition one: seismic waves are
P-waves; Condition 2: The seismic wave is an SV wave.

From Figure 6, it can be seen that by comparing the acceleration time
history curves and peak acceleration sizes of the key nodes in the structure
under the above two working conditions, it can be found that the peak
acceleration size of the key nodes in each working condition changes with
the position of the key points. As the depth of the soft soil interlayer deepens,
the peak acceleration of the key nodes in the structure also decreases.

In the static and dynamic analysis of coupled vibration of suspension
bridge structures under earthquake action, soil parameters are a key research
object. The stiffness of soil directly affects the speed of seismic wave
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Figure 6 Time history curves of key points under different working conditions.

propagation and the energy transfer of vibration. The damping characteristics
of soil directly affect the attenuation of seismic waves and the vibration
response of structures. Different types of soil have different densities, humid-
ity, and particle gaps, thereby affecting the propagation speed and attenuation
characteristics of seismic waves. The thickness of the soil layer can affect
the reflection and refraction of seismic waves in the soil, thereby altering the
vibration response of the structure.

Figure 7 shows the range distribution of the maximum internal force and
maximum displacement angle of the top and bottom plates of the structural
characteristic points of the soil parameters around the suspension bridge
under a single horizontal seismic action. As shown in the figure, among the
four soil layer parameters shown, the variation of elastic modulus parameter
has the most significant impact on the maximum axial force, maximum shear
force, maximum bending moment, and maximum displacement angle of
the top and bottom plates; The influence of the variation of Poisson’s ratio
on the maximum shear force is similar to that of cohesive force. Specifically,
the variation of cohesion has a relatively small impact on the maximum axial
force, maximum shear force, maximum bending moment, and maximum dis-
placement angle of the top and bottom plates of the structure. This indicates
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Figure 7 The structural dynamic response to changes in corresponding soil layer parameters
is extremely poor.
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Figure 8 The variation of stress with incident angle.

that under a single horizontal seismic action, cohesion is the least sensitive
parameter among the four parameters.

From Figure 8, it can be seen that when a seismic P-wave is incident at
an angle of 60° and the slope angle gradually increases, the overall trend of
stress change in the x-direction is to first gradually decrease, then increase
and then decrease. Its minimum value appears at a slope angle of about 42°;
The overall trend of stress change in the y direction is basically consistent
with that in the x direction, and its minimum value appears at a slope angle of
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about 45°; The overall trend of stress variation in the xy direction is also basi-
cally consistent with that in the x direction, with its minimum value occurring
at a slope angle of around 38°. The overall trend of the stress change of
the maximum principal stress is also gradually decreasing, then gradually
increasing, and then gradually decreasing. Its minimum value appears at a
slope angle of about 42°; Its larger value occurs in the area with a slope angle
of around 50° to 70°. The direction angle of the maximum principal stress
within the range of slope angle of 35° to 48° is more consistent with the
direction of the slope angle, making it more prone to sliding and cracking.

Computer algorithms have broad practicality in bridge structures and the
field of bridges. It can assist engineers in structural design and optimization,
evaluate seismic performance, conduct load and fatigue analysis, and conduct
construction simulation and monitoring. By providing accurate and efficient
analysis tools, computer algorithms can improve the design level and safety
of bridge structures, and provide important support for the implementation
and maintenance of bridge engineering.

5 Conclusions

Through this study, we have successfully conducted static and dynamic anal-
ysis of the coupled vibration of suspension bridge structures under earthquake
action. We have achieved significant results in structural mechanics research
using computer algorithms, providing important theoretical and practical
value for seismic design and engineering practice of suspension bridges.
At the same time, we have also provided feasible methods and technical
routes for structural mechanics research based on computer algorithms.
The following conclusions have been drawn:

(1) By establishing relevant models of the suspension bridge structure and
considering the dynamic effects of seismic loads, efficient solutions for
the stress, deformation, and vibration of the structure under seismic
action have been achieved.

(2) Based on computer algorithms, the influence of seismic input on the
response of suspension bridge structures was thoroughly studied, pro-
viding scientific basis for seismic design of structures. At the same time,
multi-objective optimization algorithms were applied, combined with
the static and dynamic characteristics of the structure, to seek the opti-
mal structural form and parameter configuration, in order to improve the
overall performance of the suspension bridge under earthquake action.
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Future work will further deepen the research on the seismic response
mechanism of suspension bridge structures, continuously improve the
application of computer algorithms in this field, and provide more
reliable support for engineering practice.
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