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Research on Intelligent Safety Control of Deep Water Foundation of

Bridges Based on Digital Twins
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(1. Pingxiang Comprehensive Transport Law Enforcement Brigade, Pingxiang, Jiangxi 410004, China;

2. Hunan Communications Research Institute Co., Ltd., Changsha, Hunan 410004, China)

Abstract: To achieve real-time monitoring data collection, intelligent evaluation and warning of safety risks, and

rapid disposal of emergency plans for steel cofferdam structures during the construction process of deep water

foundations of bridges. Research on intelligent safety control of steel cofferdams of deep water foundations of

bridges was conducted based on digital twins. Firstly, BIM software was used to construct a virtual model of the

entire construction process of the steel cofferdam, and IoT devices were used to collect real-time data on the stress,

displacement, and construction water level of the steel cofferdam structure. Secondly, by using the Web-GL engine

to couple physical data with virtual models, a real-time interconnected digital twin scene was built. Finally, based

on finite element simulation analysis and construction technology, a structural safety assessment index system was

established, as well as a safety warning and response system, achieving intelligent safety control throughout the

entire process of steel cofferdam construction. The reliability and scientificity of this technology have been

verified through practical engineering applications, and the research results will effectively improve the efficiency

and accuracy of steel cofferdam monitoring, ensuring controllable construction safety risks.

Keywords: digital twin; internet of things; steel cofferdam monitoring; safety risk; emergency response;

intelligent safety control
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Figure 1 Architecture of digital twin scenario model

construction
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Figure 2 Model construction process
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Figure 3 Monitoring data and corresponding equipment
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Figure 4 Coupling process between monitoring data

and model



%24

Pk, F RATHFFANHRRKRARBTREETENL 249

ER ey
|

I l }
[mmifcas | (W] [k

HE T | (SRS )| R i
fi s fi ¥ (55

i T KA

Bs5 sHEREITAERER

Figure 5 Dynamic risk assessment index system
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Table 3 Weights of safety risk assessment indexes
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Figure 6 Intelligent warning model
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Figure 10 Visualization of intelligent monitoring scenarios
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Table 7 Warning thresholds of partial stress deformation
measurement points

e WeBR/RER 1/ AR T 000 HAREIEE/ Wi/
W A5 G 5

MPa U R f1/MPa MPa MPa
YB12-1-01 —161 —17.9 [—143.1,0] —143.1
YB12-1-02 161 17.1 [0,143.9] 143.9
YB12-1-03 161 6.8 [0,154.2] 154.2
YB12-1-04 —161 —22.6 [—138.4,0] —138.4
YB12-1-05 —161 —14.3 [—146.7,0] —146.7
YB12-1-06 —161 —35.6 [—125.4,0] —125.4
YB12-2-07a —161 —40.2 [120.8,0] —120.8
YB12-2-07b —161 —46.8 [—114.2,0] —114.2
YB12-2-07¢ —161 —40.2 [—120.8,0] —120.8
YB12-2-07d —161 —58.2 [—102.8,0] —102.8

E12 ERBHIATERIEMEGSRTMERER
Figure 12 Intelligent safety warning scenario and warning
information of Xiangjiang Bridge at Zhangshu Port
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Figure 13 Intelligent response scenario of emergency plan
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