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Abstract: The evaluation of construction safety risks has become a crucial task with the increasing development of bridge
construction. This paper aims to provide an overview of the application of backpropagation neural networks in assessing
safety risks during bridge construction. It introduces the situation, principles, methods, and advantages, as well as the

current status and future development directions of backpropagation-related research.
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1. Introduction

The development of bridge engineering and the scale of construction is continuously expanding in China.
The risk factors for bridge engineering projects are more complex compared with other engineering project
constructions. Since bridges are an integral part of modern transportation infrastructure, ensuring their
construction safety is of paramount importance. The number of studies on risk analysis for bridge engineering
projects by researchers has been increasing year by year globally, but there still is no authoritative project risk
evaluation model. Traditional methods for evaluating construction safety risks often rely on statistical analysis
and expert judgment that have subjective limitations and may not comprehensively consider various factors.
Identifying and analyzing the risk factors for bridge engineering projects, proposing reasonable and feasible
control measures, guiding accident prevention during the project construction process, and achieving safe
construction of the project have become important aspects of bridge engineering project management. With
the rapid development of artificial intelligence technology in recent years, backpropagation neural networks
have been increasingly applied in bridge project risk assessment to reduce bridge construction risks and ensure

bridge construction safety.
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2. Status of domestic and international research

2.1. Research on project risk management based on AHP

The analytic hierarchy process (AHP) is a decision analysis method that groups decision factors into different
hierarchical levels. It establishes a judgment matrix based on the importance of factors to calculate eigenvectors
and eigenvalues, thereby obtaining the weight of the importance of decision schemes. The AHP method is
logical and practical, making it a widely used risk analysis tool currently. In recent years, numerous researchers
have verified the feasibility of using AHP for project risk evaluation and analysis. Wang et al. confirmed
that the improved AHP is a feasible method for project risk evaluation "' Sun analyzed and summarized the
characteristics of water project risks, establishing a multi-level fuzzy comprehensive risk assessment model to
quantitatively evaluate the risk analysis of water projects, verifying the feasibility of project risk management
based on AHP "\, Zhang combined the fuzzy comprehensive evaluation method and AHP to establish a
comprehensive evaluation model for large-span bridge projects, verifying the effectiveness and practicality of
AHP "), Shang established the feasibility of applying AHP to project risk analysis by quantitatively analyzing
the risk of a construction project using AHP and a fuzzy comprehensive evaluation method . Pu identified
potential risk sources and proposed preventive measures by utilizing AHP to analyze the risk factors of an
oilfield project, ©.

2.2. Research on bridge project risk management

With the necessity of risk evaluation in bridge projects being increasingly emphasized since the 1980s,
researchers have actively conducted risk analyses on bridge engineering . Skorupka established a risk
rating system for bridge projects and applied it to some bridge constructions . Alberto and Dan analyzed the
hazardous states of bridge projects and established a risk assessment system . Sexsmith and Reibd achieved
constructive results for bridge construction safety through the risk research of temporary works .

Domestic research on project risks has also developed rapidly, with various researchers conducting risk
analyses on different types of bridges. Zhang proposed risk schemes under different circumstances based
on the characteristics of bridge construction and the theoretical study of risk control "”. Xu conducted in-
depth research and analysis on the project risks of bridges, establishing a risk management manual """, Gan
researched bridge project risks, establishing a project risk evaluation system, a project risk safety control
system, and an emergency management system for unexpected construction disasters "'?. Zhang used AHP and
fuzzy comprehensive evaluation methods to conduct safety evaluations on bridge construction through model

establishment "/,

2.3. Research on project risk based on neural networks

With the rapid development of artificial intelligence in recent years, people have conducted extensive research
on machine algorithms. The backpropagation neural network is a machine algorithm currently widely used as a
prediction model.

The BP neural network is a multi-layer artificial neural network that has been widely applied in various
complex systems due to its strong non-linear mapping capability and learning function. This demonstrates its
significant application value in pattern recognition, image processing, and machine learning. As the theoretical
research on artificial neural networks has become increasingly complex, it has been widely applied domestically
and internationally, such as in function approximation and pattern recognition ""*'"*). A BP neural network model
typically completes specific application problems through mathematical transformation, utilizing mathematical
optimization to analyze input and output based on training samples "'®. The structure of the BP neural network
consists of three layers, the input layer, the output layer, and the hidden layer '”. Neurons in the same layer
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have no connection, allowing the BP neural network to extract more information in the input layer and perform
more complex information processing '*\. A typical BP neural network uses the Sigmoid function to process
the hidden layer and employs linear functions in the output layer. The BP neural network learns through the
error backpropagation algorithm, with the network correcting layers according to errors. In theory, BP neural
networks can be used for risk prediction. In recent years, researchers domestically and internationally have
begun combining BP neural networks with project risk control, researching the application of models in project
risk management. Sanchez applied an artificial neural network model to predict project cost risks, providing
a basis for project risk control by contractors """, Hu established an improved self-adapting algorithm-
based BP neural network model, studying its feasibility in bridge construction control *”. Zhang predicted
formwork elevation through a BP neural network model, realizing project risk control ). Liu constructed a risk
assessment system for large-span bridges and adopted a BP neural model for evaluation, providing a reference
for the feasibility of applying BP neural network models to large-span bridge engineering evaluations .

From the above research, it is shown that overseas risk control research started earlier and has more
complexity. Although domestic-related research began later, it has been gradually narrowing this technological
gap in recent years alongside the prosperity of the bridge field. Risk control in bridge engineering projects has

been integrated into project management, forming a relatively complete theoretical system of risk management.

3. The advantages of BP neural networks in bridge construction safety risk
assessment

BP neural networks offer numerous advantages as a tool in the safety risk assessment of bridge construction

contributing to the improvement of construction safety and controllability **.

3.1. Adaptability

The adaptability of BP neural networks is a crucial factor ensuring their widespread application in diverse
construction environments and conditions. Traditional risk assessment methods often require manual
adjustments based on specific scenarios, whereas BP neural networks can autonomously learn and adapt
to changes in input data. This implies that BP neural networks can flexibly adjust to different geographical

locations, seasons, and construction processes, thus providing accurate assessments based on the latest data.

3.2. High accuracy

BP neural networks excel in providing high-precision safety risk assessments. Their training process relies on
a substantial amount of historical data, and through iterative processes and backpropagation algorithms, the
output data becomes closer to real-world situations. This characteristic enables BP neural networks to assess
construction risks with high accuracy, aiding decision-makers in gaining a more precise understanding of

potential risks and safety issues.

3.3. Consideration of multiple factors

BP neural networks can simultaneously consider multiple factors that influence construction safety, including
weather conditions, geology, and construction processes. Traditional methods often struggle to handle even a
limited number of variables, making it challenging to consider complex interactions among multiple factors
comprehensively. BP neural networks can process a large number of input features, analyzing various factors
through the connection weights between the factors, leading to a more comprehensive risk assessment.
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3.4. Real-time capability

The real-time capability of BP neural networks is another advantage. Leveraging historical data and real-
time monitoring data, BP neural networks can achieve real-time risk assessments to monitor the safety status
of construction sites continuously. This provides crucial support for implementing necessary safety measures

promptly to prevent accidents and ensure the smooth progress of engineering projects.

4. Principles and methods of safety risk assessment for bridge construction based
on BP neural networks

In the field of bridge construction, safety risk assessment is a critically important task for ensuring the smooth
progress of projects and avoiding potential hazards. The application of BP neural networks as a powerful tool in
this domain has garnered widespread attention.

BP neural networks are a type of feedforward neural network composed of input layers, hidden layers, and
output layers. Each neuron is connected to neurons in the next layer, with weights assigned to these connections,
with crucial parameters being continually adjusted during the training process. The training of BP neural networks
is based on supervised learning that minimizes the error between the model’s output and actual targets through
the backpropagation algorithm. This iterative optimization process gradually refines the ability of the model to
approximate desired outputs, enabling it to perform tasks such as classification and regression based on data.

As there are no connections between neurons within the same layer, the BP neural network can extract more
information from the input layer and undertake more complex information processing. The transfer functions
commonly used in BP neural networks are typically the Sigmoid function and linear functions. In a typical
BP neural network, the Sigmoid function is employed in the hidden layer, while the linear function is used in
the output layer. The BP neural network learns through the error backpropagation algorithm, with the network
correcting itself layer by layer based on errors. Figure 1 depicts the workflow diagram of the BP neural model.
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Figure 1. The BP neural model flow
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In the safety risk assessment of bridge construction, the application process of BP neural networks can be
divided into several steps. Firstly, data preprocessing is required. Data needed for safety risk assessment may
include geological conditions at construction sites, meteorological data, construction plans, historical accident
data, and various other information **. As these data often come from different sources, standardization and
normalization processes are necessary to ensure data consistency and comparability.

Next, the process involves feature selection. Not all features in extensive datasets are equally important
for safety risk assessment. The goal of feature selection is to identify the most representative and relevant
features, reducing data dimensions to enhance the efficiency and accuracy of the model. This requires a deep
understanding of field knowledge and data analysis to determine which features are crucial for risk assessment.

Subsequently, the model training process of BP neural networks utilizes training data that typically
comprises historical construction data that includes information on safety events and accidents under different
construction conditions. By inputting this data into the BP neural network, the model adjusts connection
weights through the backpropagation algorithm, enabling the model to assess construction safety risks based on
input data. While this process may require substantial computing resources and time, it ultimately produces a
risk assessment model with high accuracy.

Finally, the last stage involves prediction and assessment. Once the training of the BP neural network
model is complete, it can accept new construction site data and output corresponding safety risk levels. This
output data assists engineers and decision-makers in understanding potential risks and taking appropriate
measures to mitigate them. Moreover, the real-time nature of the model allows continuous monitoring of safety
conditions during actual construction processes, facilitating timely adjustments and feedback.

However, there are certain limitations to utilizing BP neural networks for rapid estimation. The supervised
learning method needs the model to be trained with relevant data and then tested with a certain number of
samples. If the sample number is insufficient, it will affect the model prediction results. Hence, the construction
of a BP neural network model requires extensive relevant data for training. Issues such as limited information
sharing and data collection exist in some engineering project sample data. So the simulation capability of the BP
neural network is highly dependent on the training samples, making it somewhat over-reliant on these samples.
If the samples are selected improperly, it may result in poor performance of the BP neural network model,
failing to achieve the expected performance. Due to the complexity of engineering projects and the multitude
of factors influencing project costs, selecting different influencing factors as indicators may lead to varying
prediction results.

5. Current research status and future directions

Presently, BP neural networks have achieved some success in the field of safety risk assessment for bridge
construction . However, as the field continues to evolve with increasing demands, there are still challenges
and issues that need to be addressed for future development.

First, one key direction for future research is the improvement of data collection and processing
technologies. The environment of bridge construction is complex and dynamic, which poses numerous
challenges to data collection, including wide geographical distribution and high deployment costs of sensor
networks. Therefore, researchers need to focus on enhancing data collection devices to improve the quality and
real-time nature of the data. The application of next-generation sensor technologies, remote sensing techniques,
and Internet-of-things technologies is expected to enhance the efficiency of data collection and transmission,
providing more reliable data support for risk assessment.
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Secondly, future research could explore how to integrate other artificial intelligence technologies, such
as deep learning and reinforcement learning to further enhance the accuracy and efficiency of risk assessment.
Deep learning excels in handling complex data and pattern recognition, which is suitable for feature extraction
and model training. Reinforcement learning can assist models in learning from continuous trial and error,
continually optimizing risk assessment strategies. Combining these technologies with BP neural networks holds
the potential to further improve the performance and adaptability of the model.

Lastly, the integrated application of multimodal data is a promising direction for future research. In
addition to traditional data types like numerical and textual data, multimodal data sources such as images,
sounds, and videos contain rich information for a more comprehensive risk assessment. For instance, image
recognition technology can be used to monitor the physical status of construction sites, sound data can detect
abnormal noises, and video data can facilitate real-time monitoring of construction processes. Combining these

multimodal data with BP neural networks can achieve a more comprehensive risk assessment and prediction.

6. Conclusion

The BP neural network possesses strong capabilities in pattern recognition and data fitting as an artificial neural
network. Its application in bridge engineering project safety management continuously exhibits its functionality,
thus attracting an increasing number of researchers to delve deeper into the subject. A substantial amount of
researches indicate that applying BP neural networks to bridge engineering management significantly improves
the accuracy of project cost estimates, hence effectively controlling corporate costs.

In conclusion, BP neural networks, have broad prospects in the safety risk assessment of bridge
construction as an effective artificial intelligence technology. Through continuous research and improvement,

their application in this field can be further enhanced, ensuring the safe progress of bridge construction projects.

Funding

Key natural science research project of Anhui Province in 2023 research on risk assessment of bridge
engineering project based on BP neural network (2023 AH052746)

Disclosure statement

The author declares no conflict of interest.

References

[1T Wang HX, Wu XG, Zhou Q, 2006, Research on the Risk Evaluation of Construction Projects Based on the Improved
Hierarchical Analysis Method. Construction Economy, 2006: 70—73.

[2] Sun SX, 2008, Application of Multi-Level Fuzzy Comprehensive Risk Evaluation Model in Water Conservancy
Projects. Hydropower and Energy Science, 2008: 94-96 + 112.

[3] Zhang L, 2011, Risk Assessment of Long-Span Bridge Engineering Projects Based on Fuzzy Synthesis Theory.
Highway Traffic Technology (Applied Technology Edition), 7(12): 270-272.

[4] Shang XF, 2014, Project Risk Research Based on Hierarchical Analysis. Shang, 2014(20): 15-16.

[5] PuTT, 2018, Risk Early Warning Analysis of Engineering Projects based on the AHP Model. Statistics and Decision
Making, 34(21): 182—185.

29 Volume 8; Issue 2



[10]

[11]

[14]
[15]
[16]

[17]

[18]

(21]

Wei Q, 2011, Research on the Construction Risk of Large-Span Bridge, thesis, Chang’an University, Shaanxi.
Dariusz S, 2008, Identification and Initial Risk Assessment of Construction Projects in Poland. Journal of
Management in Engineering, 24(3).

Alberto D, Dan MF, 2011, Risk Assessment of Highway Bridges under Multiple Hazards. Journal of Risk Research,
2011, 14(9).

Sexsmith RG, Reibd SG, 2003, Safety Factors for Bridge Falsework by Risk Management. Structural Safety, 25(2):
227-243.

Zhang LY, 2005, Research on the Risk Management Methods of Bridge Projects, thesis, Chang’an University,
Shaanxi.

Xu DZ, 2008, Risk Assessment and Risk Management during the Continuous Construction Stage of the Cantilever
Pouring Prestressed Concrete, thesis, Tongji University, Shanghai.

Kang WK, 2013, Research on the Risk and Safety Control Technology of Bridge Engineering Project, thesis,
Zhengzhou University, Sichuan.

Zhang Wei, 2013, Study on the Safety Evaluation of Temporary Structures in Bridge Construction, thesis, Chongqing
Jiaotong University, Chongqing.

Biegler-Konig F, Barmann FA, 1993, A Learning Algorithm for Multilayered Neural Networks Based on Linear Least
Squares Problems. Neural Networks 1993(6): 127-131.

Hagan MT, Demuth HB, Beale M, 1996, Neural Network Design. PWS Publishing Co, Boston.

Huang BR, 2016, Analysis of Traffic Flow based on Data Mining Techniques. Global Market, 2016(13).

Wang F, Zheng ZL, Guo 1J, et al., 2014, Prediction Model of Highway Engineering Cost Based on Neural Network.
Journal of Hebei University of Engineering (Natural Science Edition), 31(04): 102—104.

Chen M, 2013, MATLAB Principle and Examples of Neural Network. Tsinghua University Press, 2013(03): 156—
165.

Sanchez PM, 2005, Neural-Risk Assessment System for Construction Projects. Construction Research Congress
2005: Broadening Perspectives, 1-11.

Hu X, 2009, Application of BP Neural Network with Improved Self-Genetic Algorithm in Bridge Construction
Control, thesis, Wuhan University of Technology, Hubei.

Zhang, Liu G, 2010, Line-type Control of a Large-Span Bridge Based on a Neural Network. Transportation
Technology and Economy, 59(3): 62—64.

Liu JY, 2013, Study on the Risk Assessment of Large-Span Continuous Rigid-Frame Bridge Girder Engineering
Project, thesis, Changsha University of Science and Technology, Hunan.

He Q, 2021, Cost Model of Railway Bridge Concrete Engineering Based on BP Neural Network. Construction
Technology Development, 48(17): 106—108.

Liu DB, 2021, Application Research of BP Neural Network in Safety Risk Assessment of High-Speed Railway
Bridge Construction Across Existing Lines. Sichuan Cement, 2021(02): 316-317.

Wang FQ, Huang JL, Fu J, et al., 2019, Safety Risk Assessment of High-Speed Railway Bridge Construction Across
Existing Lines Based on BP Neural Network. Journal of Railway Science and Engineering, 16(05): 1129-1136.

Publisher’s note

Bio-Byword Scientific Publishing remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

30 Volume 8; Issue 2



