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Abstract: Various uncertainties often influence the serviceability of cable net structures, which can
impact their structural safety performance. The accurate identification of sensitive factors during
the structure’s service life and the determination of its serviceability state is crucial for achieving
intelligent serviceability safety. In this paper, based on the digital twin model, a multi-factor-based
assessment method for the serviceability safety of cable net structures was proposed. Firstly, the
assessment method for serviceability safety under multi-factor influence was described in detail,
outlining the specific workflow. Secondly, key indicators that affect the structural safety state are
selected, and their range of variation is determined. Subsequently, a comprehensive dataset of sample
data, considering long-term multi-factor influence, was constructed, through combined simulation
using MATLAB 2021 and ANSYS 15.0. Finally, a support-vector-regression-based structural safety
assessment model was established and validated.
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1. Introduction

Cable net structures, as a prominent structural system within prestressed steel struc-
tures, have experienced rapid development and wide application in recent years, attracting
extensive attention and research interest from scholars. In the field of structural analysis,
most studies typically combine model experiments and simulations to investigate the
mechanical performance and safety of cable net structures under different influencing
factors [1-3]. Experimental methods are the most effective approach in structural anal-
ysis research, as they consider various initial errors, environmental factors, and human
factors. However, model experiment methods often suffer from drawbacks such as long
equipment-installation and testing cycles, significant environmental influences, and high
human-resource costs. Conducting multiple model experiments can be cost-prohibitive
and impractical [4].

The emergence and widespread use of finite element analysis software have signifi-
cantly increased the complexity of problem-solving in engineering structures, particularly
in the construction of large-span, high-rise, and large-scale buildings. Nevertheless, classi-
cal numerical calculation methods, similar to finite element analysis, are not always suitable
for practical engineering and have certain limitations. Firstly, the accuracy and computa-
tional efficiency of these methods depend heavily on the precision of various constitutive
models, which can be theoretically challenging and require a high level of expertise. Devel-
oping and refining corresponding constitutive models can be time-consuming. Secondly,
traditional numerical calculation methods are not only slow in computation speed but also
costly when applied to fine-grained unit simulations. Thirdly, although there are mature
commercial software platforms available in the industry and academia, such as ANSYS
and ABAQUES, it is challenging to achieve efficient conversion between different platforms,
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and the quality of simulation results often relies on the operator’s proficiency. Lastly, due
to inherent limitations in numerical calculation methods, it is difficult to accurately deter-
mine sensitive indicators that affect the structural safety state during the service life of the
structure. It is also challenging to classify the safety condition of the structure and provide
guidance for maintenance strategies. In summary, classical numerical calculation methods
still heavily rely on manual operations, and there is significant room for improvement in
areas such as parameterization, computational efficiency, and cost savings [5].

Furthermore, as the service lives of cable net structures extends, key structural com-
ponents, such as prestressed tendons, experience continuous deterioration in material
properties and mechanical performance due to adverse environmental factors such as
tendon relaxation, corrosion, and temperature variations. This degradation significantly
affects the structural safety performance. Fang et al. [6] analyzed the effect of partial tendon
relaxation on both static and dynamic structural performance. Shi et al. [7] studied tendon
prestress loss and anchor failures” influence on cable net structures, rigorously validating
the accuracy and reliability of numerical models using finite element methods. Shi et al. [8]
studied the influence of damage factors, including connection node failure, prestress loss,
and anchor damage on the static load-carrying capacity and displacement variation rate in
cable net structures. Wang et al. [9] investigated stress and deformation characteristics of
high-vanadium sealed tendons subjected to 100-year return period wind loads, focusing
on their fatigue durability performance. Zhou et al. [10] examined the impact of prestress
losses on anchor failure in cable net structures, analyzing mechanisms under long-term
loads. Li et al. [11] investigated the influence of uncertain factors like elastic deformation,
thermal deformation, and measurement uncertainty on the accuracy of cable net structure
analysis, and established a surface adjustment optimization model. Yue et al. [12] studied
the deflection evolution patterns of large-span cable-stayed bridges under temperature
effects and employed deep learning to predict temperature-induced deflection. Currently,
most research and analysis of structural mechanical and safety performance are conducted
under the influence of a single factor. Even when considering the combined effects of two
or more factors, it is often challenging to assess the long-term structural safety performance
due to limitations in experimental conditions and time. Therefore, it is necessary to find
an alternative method to traditional serviceability safety assessment—one that can effec-
tively evaluate the serviceability safety of cable net structures over the long term while
considering the influence of multiple factors.

This study focused on the intelligent assessment of the structural safety state of cable
net structures under the influence of multiple factors during their long-term service. A
digital twin-based intelligent assessment method for the serviceability safety of cable
net structures under multi-factor influence was proposed. Compared with the existing
research, this method can overcome the limitations of test-cost and time. On the premise of
ensuring high fidelity of the model, a variety of influencing factors are fully considered to
evaluate the safety state of the structure. Firstly, key factors that affect the structural safety
during the service life of cable net structures were selected, and the range of variation for
these key factors was determined. Secondly, using a high-fidelity finite element model of
the structure, Monte Carlo simulation and random sampling methods were employed in
combination with MATLAB and ANSYS to generate a large dataset of sample data over the
long-term under the influence of multiple factors. Subsequently, a support vector regression
(SVR) structural safety assessment model was established, trained, and validated based on
the generated dataset. Finally, using the trained structural safety assessment model, the
safety of the structure was evaluated under real experimental conditions to validate the
feasibility and effectiveness of the proposed method.

2. Structural Service Safety Assessment Method

As the service lives of building structures continues to increase, the prestressed cables,
which are key structural components in cable network structures, experience continuous
deterioration of material properties and mechanical performance due to factors such as
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cable relaxation, corrosion, and temperature fluctuations. This deterioration severely
affects the safety performance of cable network structures [13-15]. Currently, most studies
and analyses of the mechanical or safety performance of prestressed steel structures are
conducted under the influence of a single factor. Even when considering the combined
effects of two or more factors, it is difficult to determine the structural safety performance
in long-term conditions due to limitations in experimental conditions and time constraints.

In the structural safety analysis of cable network structures, various methods, such as
theoretical analysis, numerical simulation, and model testing, have been widely applied
to the structural analysis process, enabling comprehensive and systematic evaluation of
the safety performance of cable network structures [16]. Nonetheless, given the intricate
nature and complex structural configuration of cable network structures, they often present
several challenges. For instance, theoretical analysis methods often rely on assumptions,
simplifications, and analyzing and calculating under ideal conditions, which may not apply
to real engineering cases. Numerical simulation methods, such as finite element analysis,
can accurately simulate and capture structural responses. However, the extensive knowl-
edge base and complex operational difficulties associated with these methods hinder their
further promotion and application [17]. Model testing methods are generally considered
the most effective structural analysis method in the field of civil engineering. However,
they have limitations such as high costs, long cycles, and demanding requirements, making
it difficult to meet the need for rapid analysis in the study of new structural systems [18].

Therefore, there is an urgent need to find or establish an effective alternative to tra-
ditional structural safety assessment methods that can meet the practical requirements
of rapid structural assessment and achieve long-term planning for safe structural oper-
ation under the influence of multiple factors. This emerges as the primary task at hand.
Consequently, based on the aforementioned digital twin model, this paper proposes a
method for assessing the safety of cable network structures considering the influence of
multiple factors. The specific workflow of this method is illustrated in Figure 1 and consists
of the following four steps: (1) selection of multi-factor indicators; (2) establishment of a
sample dataset; (3) development and validation of a structural safety assessment model;
(4) application of the assessment in practical scenarios.

Step 1: Key sensitive factors that affect the structural safety of cable network structures
during service are determined through extensive review of literature and adherence to
empirical standards. Due to the unique spatial forms and materials of cable network
structures, these factors mainly include load conditions, material quality, design and
construction quality, cable relaxation, cable corrosion, temperature, etc. Among them, the
load, material, design, and construction quality cannot be changed or can be changed little
after the building is formed; cable relaxation, corrosion, and temperature changes occur
continuously during the service period of the structure. Relaxation and corrosion will
become more and more serious with time, and the temperature will change with the season
at any time. Therefore, these are mainly discussed [9-12]. The parameter variation ranges
for these key sensitive-factor indicators during service are subsequently determined based
on relevant standards and existing literature [19-22].

Step 2: Firstly, a high-fidelity finite element model of the structure is established based
on given geometry, materials, loads, and boundary specifications. The geometric shape and
size of the cable net structure are determined, including the overall shape of the cable net
(such as plane, arc, etc.) and the arrangement and connection of the cable net elements (such
as cable lines, nodes, etc.). The mechanical properties of the materials used are determined,
including the elastic modulus, yield strength, fracture toughness, and other parameters of
the cable net material. The cable net structure is discretized and decomposed into many
small finite element elements, such as triangular or quadrilateral elements. More dense
grids are used in the key parts and deformation areas of the structure to better capture the
distribution of stress and deformation. The boundary conditions are applied to the model
to simulate the constraints and loading conditions of the cable net structure, including cable
relaxation, corrosion, temperature change, and so on. Considering the nonlinear behavior
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and contact force of the material, the appropriate material model and contact algorithm are
selected to accurately simulate the mechanical behavior of the cable net structure. Finally,
the numerical solution method is used to analyze the model, and the mechanical response
information, such as stress, deformation, and displacement of the cable net structure, is
obtained to evaluate its performance and safety.

Intelligent Evaluation Method for Service Safety of Cable Net
Structures under Multiple Factors

A

Step 1: Selection of multiple factor indicators

Multi regional long time domain

Cable relaxation Cable erosion Temperature
Step 2: Establishment of sample dataset
+yMATLAB&ANSYS Finite
Structural
Monte carlo > Randgm » element eSDONSe
sampling simulation L
I v
> Model Input | | Model output | | Actual model test data |
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!
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Safety Assessment structural security
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structural safety state Evaluation Application

Figure 1. A method of structure service safety evaluation of a cable net under the action of multiple
factors based on a digital twin.

Next, using the determined indicator ranges from the previous step, MATLAB is
used to randomly generate values for input parameters. Subsequently, a large dataset of
structural responses under various operating conditions is generated using the combined
simulation application of MATLAB and ANSYS. This dataset contains the safety states of
cable network structures across numerous operational scenarios over the long term. The
dataset records the cable relaxation, cable corrosion, temperature, and structural responses
(such as deflection and cable forces) under different operating conditions.

Step 3: Building upon the established dataset, the multi-factor indicators are used as
input parameters, and the corresponding structural responses are used as output parame-
ters. A well-established structural safety assessment model is trained to accurately evaluate
the safety performance of cable network structures during service. The key to the success
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of this step lies in constructing an accurate dataset that authentically represents the real
conditions of engineering structures.

Step 4: The trained structural safety assessment model is used to evaluate the safety
of structural model data generated under actual experimental conditions to validate the
feasibility and effectiveness of the proposed method.

This workflow framework, as depicted in Figure 1, is not confined to cable network
structures during service but also holds the potential for further exploration and application
as a versatile framework for assessing the safety of various types of structures in service.

3. Selection of Multiple Factor Indicators
3.1. Cable Corrosion

To validate the effectiveness and applicability of the proposed method and establish
the model, it is important to consider the varying corrosion rates of cables in different re-
gions [23], especially in coastal and high-humidity areas where cables are more susceptible
to corrosion. In contrast, in inland and dry regions, the corrosion rate of cables tends to be
lower [19]. To demonstrate this, this study selects the corrosion rates of cables in four key
cities in China for comparison.

The assumed minimum effective diameter of the cable after corrosion is denoted
as dmino. The effective cross-sectional area of the corroded cable can be calculated as
Ay = ndzmin,O /4. The equation for calculating the diameter of the cable after corrosion,
denoted as dmin o, is as follows:

dmin,O(t) = dO - 2Dcor(t) (1)

In the equation, D (t) represents the cumulative corrosion depth after t years, fol-
lowing a power function law: Doy (1) = Vigeel tV. Here, Vool represents the corrosion rate
in the first year, and w is the long-term corrosion index that characterizes the corrosion
development trend. The corrosion rate parameters for cables in different regions in China
under various climatic conditions are provided in Table 1 [24]. Therefore, based on this
information, the present authors can calculate the remaining cross-sectional percentage of
cable corrosion over a certain number of years, in this case, a 50-year period.

Table 1. Cable corrosion parameters in different regions.

Parameter Beijing Wuhan Qingdao Shenzhen
Climatic Temperate semi Subtropical Temperate Humid and hot
characteristics humid Moist ocean areas
Vsteel / (mm /a) 0.032 0.047 0.058 0.024
w 0.45 0.39 0.57 1.03

3.2. Cable Relaxation

Due to their high tensile strength and low transverse stiffness, cables are widely used in
major engineering fields such as cable-stayed bridges and prestressed spatial structures [20].
In China, most structures or buildings that use high-strength cables are public works
with a typical design life ranging from 50 to 100 years. As key structural components
carrying high tensile loads, the tensile and holding capacity of cables significantly affect
the overall stiffness and strength of the structure. Thus, the service performance of cable
network structures is closely related to the long-term characteristics of these structural
components [6,25]. High-strength cables composed of high-strength steel wires, experience
permanent strain and undergo stress relaxation and stiffness reduction under long-term
loading. However, in practical engineering, obtaining precise relaxation rates is challenging
due to the continuous variations in temperature and internal forces.

According to experimental results in reference [26], for ordinary cables with a ratio
of initial stress to ultimate stress not exceeding 0.55, the stress relaxation rate in a 1000-h
relaxation test does not exceed 1.5%. For low-relaxation cables, the stress relaxation rate
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does not exceed 0.8%, and the majority of stress relaxation occurs within 1000 h. Moreover,
in actual engineering, the design value of cable stress typically falls within 55% of the
ultimate stress, and the majority of cable lifespans typically operate at room temperature.
Referring to the experimental results of Wang Xiaoxiang, Chen Zhihua, et al. [21], the
long-term relaxation rate of high-strength steel wires is below 3%, and the recommended
value for a 50-year relaxation rate is 2.6606%. Therefore, this study assumes the long-term
relaxation rates of cables as presented in Table 2.

Table 2. The long-term relaxation rates of cables.

Time 100 h 1000 h 10 Years 30 Years 50 Years
Cable relaxation rate (%) 1.27 1.56 2.3 2.54 2.66

3.3. Temperature Effects

Temperature is an important factor that affects the safety state of cable network
structures during service and must be considered [22]. Similarly, through literature research
and data collection, this study has collected the highest and lowest temperatures within 50
years for four regions: Beijing, Wuhan, Qingdao, and Shenzhen, as shown in Table 3.

Table 3. Temperature changes in different regions.

Parameter (°C) Beijing Wuhan Qingdao Shenzhen
maximum temperature 36 37 33 35
minimum temperature -13 -5 -9 8

average temperature 10 15 12 22

4. Establishment and Process of Structural Service Safety Assessment Model
4.1. Establishment of Sample Dataset

The availability of an adequate training dataset is crucial for improving the perfor-
mance of machine learning models [27]. However, due to the lack of a structural safety
database specifically for cable network structures during service, it is challenging to find a
sufficient amount of training data. Therefore, generating a large dataset of samples from
finite element models is a key step in training the safety assessment model. To address
this issue, this study utilizes MATLAB and ANSYS along with Monte Carlo simulation
and random sampling methods to generate a substantial dataset. When generating the
learning data using Monte Carlo simulation, probability models with corresponding ran-
dom variables or parameter ranges should be employed. Referring to the results from Liu
Zhansheng [28], the probability distribution types for cable corrosion and cable relaxation
are assumed to be normal distributions, with a coefficient of variation of 0.2888 for both.
For simplicity, the temperature is considered at its highest and lowest values. Furthermore,
considering the data requirements of machine learning models, this study initially focuses
on exploratory research on the cable forces of ring cables in cable network structures. As
ring cables are critical components of cable network structures, their deformations typically
occur before local or overall structural failure.

When generating data from a finite element model, it is necessary to repeatedly solve
the model by changing multiple physical parameters. Performing these operations solely
within the ANSYS operating environment not only involves significant repetition but also
requires considerable time and effort. As a result, this study uses MATLAB in conjunction
with ANSYS for combined simulation and solution. MATLAB serves as the main control
program, wherein all parameters and options are configured and passed to ANSYS. The
calculations in ANSYS are then performed using the batch processing mode invoked by
MATLAB. Following the completion of ANSYS calculations, MATLAB processes the output
files, allowing for the generation of a substantial dataset comprising the safety states of
cable net structures under various operating conditions in the long-term domain. This
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dataset serves as a foundation for subsequent structural safety assessments. The process of
using MATLAB to call ANSYS and generate a dataset can be divided into the following
three modules:

(1) Initial Parameter Configuration

The initial parameter configuration module involves setting up the structural pa-
rameters and external environmental parameters. The structural parameters include the
dimensions and material properties of the structure. However, this study focuses on ex-
ploring the structural safety performance under multiple factors, so the dimensions and
material properties of the structure are quantified in this research.

Regarding the external environmental parameters, the previous section determined
the indicators and their corresponding ranges for various factors. In this module, MATLAB
generates random values using a random sampling approach. These random values are
assigned to input variables using assignment statements. Subsequently, the assigned values
are written to a .txt file for easy access by the ANSYS software in the subsequent steps.

(2) MATLAB Call Module

The main purpose of this module is for MATLAB to call the ANSYS software, perform
finite element calculations, and output the results to generate the dataset. The key aspect of
the MATLAB and ANSYS combined simulation is the ability of MATLAB to automatically
invoke ANSYS for computations, thereby fulfilling the requirement of time efficiency.

In this study, MATLAB achieves this by using the SYSTEM function to call ANSYS in
batch mode for processing and analysis. Under ANSYS’s batch mode, a macro file written
in the APDL language can be used to retrieve data from the .txt file, perform finite element
calculations, and conduct post-processing. The results of these calculations are then output
to a .dat file.

(3) Data Exchange Module

The data exchange module’s purpose is to facilitate data processing and calculations
between MATLAB and ANSYS. Both MATLAB and ANSYS can read and write files,
enabling data exchange between the two programs. Files with the .txt extension are used
for data interchange between MATLAB and ANSYS. The data exchange process is depicted
in Figure 2.

The specific steps for data exchange are as follows:

Step 1: MATLAB writes the numerical values generated through random sampling into the
input file “datain.txt”.

Step 2: MATLAB uses the SYSTEM function to invoke ANSYS in batch mode and performs
finite element analysis calculations by reading the data from the “datain.txt” file.

Step 3: ANSYS extracts the computed results of the structural model and writes them into
the output file “dataout.txt”.

Step 4: MATLAB reads the array data from the “dataout.txt” file and checks if the computa-
tion requirements have been met.

Step 5: If the requirements are not met, the process continues; if the requirements are met,
the computation stops.
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Figure 2. Data interaction between MATLAB and ANSYS.

4.2. Process of Service Safety Assessment Using SVR

Support vector regression (SVR) is a classical machine learning model known for its
good generalization performance and robustness [29,30]. Since SVR is a well-established
machine learning model with mature theory, a detailed explanation of its principles is
omitted [31]. To achieve an accurate assessment of structural safety, this study uses the
SVR algorithm to evaluate the service safety of cable net structures under the influence
of multiple factors in the long-term domain. A well-developed SVR-based structural
safety assessment model is trained using the generated sample dataset. These models are
utilized to accurately determine the safety state of cable net structures during their service.
The specific process of SVR-based structural safety assessment for cable net structures is
illustrated in Figure 3, and the steps involved are as follows:

(1) Importing and processing the sample dataset: The sample dataset is generated as
described in Section 4. Additionally, since the influencing factors may have different
scales and significant numerical differences, it is necessary to normalize the data in the
sample dataset. This study mainly employs the method of min—max normalization
for data processing.

(2) Division and selection of training and testing sets: To avoid overfitting and underfit-
ting, 80% of the data are used for training, while 20% are reserved for model testing.
The samples are randomly divided into training and testing sets.

(3) Model training: The key to SVR model training lies in selecting appropriate kernel
functions and parameters. The radial basis function (RBF) kernel outperforms other
kernel functions in terms of accuracy and computational performance. Therefore,
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this study adopts the RBF kernel. The penalty coefficient C and the kernel function
parameter g are determined through k-fold cross-validation.

(4) Model testing: The testing process uses a randomly sampled testing set, and the SVR
model provides predicted values. By comparing the predicted values with the actual
values, the coefficient of determination R? is calculated. The closer the R? value is to 1,
the more accurate the prediction. The larger the discrepancy between R? and 1, the
lower the accuracy. Therefore, the above steps (3) and (4) should be repeated.

(5) Structural safety assessment: Using the established machine learning model, the
collected data can be input into the model to obtain real-time safety state probabilities
of the cable net structure at a given time.

Sample Dataset Import

'

Partition of Training Set,
Cross Validation Set, and
Testing Set

Is the
performance of the

Model Performance

! !

! !

| |

training model ! Optimization i
atisfactory? ! !

| |

| |

Yes i v i

Model Testing - 3 SVM Model Generation i
! !

¢ ,,,,,,,,,,,,,,,,,,,,,,,

Comparison between
Test Values and Actual
Values

Does the
Accuracy Meet the
Requirements?

Structural Safety Status

End

Figure 3. Service safety assessment of cable-net structure based on SVR.

5. Verification of Structural Service Safety Assessment Model
5.1. Establishment of Structural Service Safety Assessment Model

To account for the random combination of multiple factors under different operating
conditions, this study conducted tests on a cable net structural model. Three service
safety-sensitive parameters, as discussed in Step 4, were used as input variables in the
finite element model. A total of 2000 different combinations of operating conditions
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were analyzed, with 1400 combinations used as training data for the subsequent safety
assessment model and 600 combinations used as test data.

Figures 4 and 5 depict the contour plots of internal forces and displacements for
one of the designed operating condition combinations in the cable net structural model.
It is evident that the tension in the cable net structure, particularly in the cable loops,
which serve as critical components, exhibits the highest values for both internal forces
and displacements. Therefore, the internal force and deformation of the loop cable are
considered important goals for safety assessment.

| ¥

L —
=15,291.3 -10,031.8 -4772.23 487.29 5746.82
-12,661.5 —-7402.00 —-2142.47 3117.05 8376.58

Figure 4. Model internal force diagram.

&

—-3.64 x10% -1.91x 10 -1.81x 10+ 1.549 x 10 3.279 x 10
-2.775 x 10 -1.046 x 10 6.84 x 10+ 2.414x 103 4.143 x 10

Figure 5. Model displacement diagram.

Using ANSYS on a computer with an Intel® Core™ i7-9750 CPU@2.60GHz and 32GB
RAM, it takes 20 s to obtain numerical results for one operating condition in the structural
model. Taking the cable net structure in this study as an example, the finite element model
consists of 136 elements. Typically, as the number of elements increases, the computation
time increases significantly. Therefore, the time-cost suggests that the finite element method
is not suitable for solving problems that require real-time results.

5.2. Results of Service Safety Assessment

The SVR-based structural safety assessment model was trained using the training
dataset of 1400 different operating conditions and tested using the testing dataset of
600 different operating conditions. Table 4 presents the mean squared error (MSE) and
coefficient of determination (R?) for the testing and training sets of the safety assessment
models in different regions. Figures 6-9 display some of the evaluation model results.
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Table 4. Evaluation results of different regional security assessment models.

Region Training Set Test Set
8 R MSE R MSE
Beijing 0.9879 0.452 0.9656 0.759
Wuhan 0.9927 0.387 0.9755 0.632
Qingdao 0.9914 0.349 0.9862 0.546
Shenzhen 0.9921 0.343 0.9867 0.579
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Figure 8. Model results of samples from Qingdao area.
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Figure 9. Model results of samples from Shenzhen area.

Despite variations in the range of influencing factors and the structural safety states
across different regions, the MSE values obtained from the corresponding databases are
small, and the R? values are very close to 1. This indicates that the proposed SVR-based
structural safety assessment method exhibits good applicability and effectiveness in eval-
uating the safety states of cable net structures under the influence of multiple factors in
different regions. Furthermore, according to the results of the safety assessment models,
the safety state probabilities of the cable net structures in different regions consistently
exceed 99%.

5.3. Practical Application of Assessment

To validate the performance of the SVR-based structural safety assessment model,
actual experimental data were used to assess the model’s performance. The trained struc-
tural safety assessment model was applied to evaluate the service safety states of cable
net structures. The results of the actual experimental data are shown in Figure 10, where
the predicted values from the structural safety assessment model closely match the ac-
tual values. Furthermore, throughout the evaluation process, the R? value is close to 1,
and the error values (MSE, MAE) remain at low levels. This indicates that the proposed
structural safety assessment method under the influence of multiple factors exhibits good
generalization and robustness during practical validation. The SVR-based structural safety
assessment model can accurately assess the safety status of cable net structures under
various operating conditions.
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Figure 10. Results of actual test data.
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The cable net structure model is a scale model of a project. The structure form is
relatively simple, and the force transmission path is also very clear. In addition, in the
early stage of the construction of the structure, the construction data are relatively intact.
Therefore, the model of the structure is relatively simple, the required data are relatively
complete, the training and testing of the evaluation model are also very smooth, and
the results are satisfactory. However, in practical engineering, the structural form of the
building will be more complex, and the construction data and required data may be lacking.
Therefore, the establishment of the finite element model of the actual project and the
training of the evaluation model may encounter difficulties.

6. Conclusions

This study proposed a method for assessing the service safety of cable net structures
under the influence of multiple factors, based on a digital twin model. The specific steps
and application process of the safety assessment method under multiple factors were
introduced. MATLAB and ANSYS were used for combined simulation to model the
structural response under multiple factors in the long-term domain, creating a sample
dataset for cable net structures under numerous operating conditions. Subsequently, a
structural safety assessment model was trained using this dataset. The proposed method
for assessing the service safety of cable net structures under multiple factors allows for the
evaluation of structural safety states using a structural safety model based on a sample
database, overcoming the limitations of traditional safety assessment methods in terms of
time consumption and high costs under different operating conditions. Compared with the
existing research, this method can weaken the constraints of test-cost and time and fully
consider various influencing factors to evaluate the safety state of the structure under the
premise of ensuring the high fidelity of the model. The main conclusions of this study are
as follows:

(1) The results of different regions showed that the proposed structural safety assessment
method under the action of multiple factors is suitable for structural safety assessment
in multi-region scenarios. At the same time, it has good generalization ability and
fault-tolerance ability, which improves the safety assessment of the structure under
the action of multiple factors. The predicted value of the structural safety assessment
model based on SVR is consistent with the actual value, and the accuracy can be
guaranteed above 95%.

(2) The established structural safety assessment model exhibits high potential for appli-
cation in the assessment of structural safety under multiple factors, both in terms of
evaluation accuracy and computational efficiency. It can help staff evaluate the safety
performance of structures in various scenarios, fully consider regional factors and
structural characteristics, and ensure the accuracy of the results.

(3) There are still some limitations and shortcomings in this study. The applied model
example is only a simple cable net structure, whose appearance and size are relatively
simple, and the material properties change little. At the same time, this study only
considers the effects of cable corrosion, cable relaxation, and temperature on structural
safety, which is not comprehensive enough compared with the actual situation of the
structure. More factors or parameters can be added to improve the accuracy of the
model, such as material aging, environmental vibration, structural reliability, and
SO On.

(4) The multi-factor structural safety assessment framework proposed in this study is
not aimed at a building structure with certain characteristics. In further research,
this method can be developed and trained for more building structures. According
to the different forms and characteristics of different structures, the corresponding
key control factors of structural safety are found. The structural safety assessment
framework and model proposed in this paper are appropriately adjusted to explore
the applicability of the proposed structural safety assessment model under the action
of multiple factors with more diversified and more realistic structural forms and sizes
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and to develop structural safety assessment models for various building structures
during service.
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