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Identification of cable tension based on physics-informed
neural network

XU Hao', SHAN Deshan’, WU Kang?, YU Zhongru’

(1. School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, P. R. China; 2. Henan Rail Transit
Research Institute Co., Ltd., Zhengzhou 450046, P. R. China)

Abstract: Accurate identification of cable tension holds significant practical importance, but the vibration-based
tension estimation methods commonly used in engineering have the problem of complex and diverse calculation
formulas. To achieve high-precision cable tension identification, the physics-informed neural network (PINN) is
introduced into the field for cable tension identification in cable-stayed bridges. This method incorporates the
string vibration equation representing cable tension as physical information into the loss function of the neural
network, sets the cable force as a learnable parameter of the neural network, and uses the dynamic displacement
response of the cable for network training. The cable tension can be identified by minimizing the loss function.
Finite element models of five typical cables were established to obtain response data, and cable tension

identification using this method was conducted. The results indicate that the identification error of this method
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does not exceed 3% in all set cable tension identification problems, demonstrating high accuracy. While the
network’ s predicted displacement field cannot fully reconstruct the actual displacement of the cable, it
effectively restores the low-order vibration displacement field. On this basis, model bridge tests were
conducted, verifying the effectiveness of the proposed method, confirming its high identification accuracy,
strong reliability, and good scalability, making it suitable for identifying cable tension in real engineering
applications.

Keywords: cable-stayed bridge; physics-informed neural network; oscillation equation; cable tension identifica-

tion; parameter identification
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Fig. 2 Flowchart of cable tension identification process
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Table 1 Basic parameters of five typical stay cables

x5 R HLAR L/m L,/m A/cm® E/GPa m/(kg/m) A/ kN
BSO01 LPES7-163 86.35 85.62 62.73 195 49.2 1234
BS06 LPES7-187 135. 26 134.50 71.97 195 56.5 2684
BS13 LPES7-241 208. 95 208. 08 92.75 195 72.8 3150
BS18 LPES7-301 265.91 264. 96 115. 84 195 90. 9 3575
BS21 LPES7-241 300. 54 299. 67 92.75 195 72.8 3720
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Table 2 Cable forces of five typical stay cables before

and after normalization

/ H—1k H—fk
m
R L/m  t/s a b WES EEREN
(kg/m)
A/ kN ¢/ kN

BSO1  86.353 49.2  0.0116 0.25 1234  2.648
56.5 0.0074 0.25 2684  2.347
72.8 0.0048 0.25 3150 1.154

90.9 0.0038 0.25 3575  0.809

BS06 135.261
BS13 208.947
BS18 265.907

S

BS21 300.536 72.8 0.0033 0.25 3720  0.659
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Table 3 Configuration of PINN
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Table 4 Tension identification results of five

typical stay cables

£l HIERA /RN RBIRT/RN HRRE/ %
BSO01 1234 1203 —2.6
BS06 2684 2651 —1.2
BS13 3150 3089 —2.0
BS18 3575 3540 —1.0
BS21 3720 3791 1.9
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Recognition results of BS13 cable under environmental excitation
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Table 5 Force cable identification results of the

model bridge

R Z%RKT/N PUE /N XTI 2/ %
S1 105 104.1 —0. 86
S2 89 89.6 0.96
S3 71 69. 2 —2.07
S4 52 51.3 —1.22
S5 35 35.8 1.69
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