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Deformation Behavior and Prediction Model of Newly Built Stations
Closely Underpassing Existing Structures

WANG Jianming”
(Shanghai Lujiazui (Group) Co.,Ltd., Shanghai 200122, China)

Abstract To mitigate safety risks induced by excessive additional deformation of existing structures in closely
aligned underpass projects—such as inadequate structural bearing capacity and uneven rail transit lines—this
study investigates the disturbance deformation mechanism and develops a prediction model for the overlying
existing structures during new station construction. Using the case of a newly built metro station at zero
distance beneath an existing station as the engineering context, the zero-clearance excavation method and an
automated monitoring scheme are first introduced. Subsequently, based on field monitoring data, the
disturbance-induced deformation response of the existing station structure is analyzed, covering vertical and
horizontal displacement, track bed settlement, rail level difference, and track gauge variation. Finally, a
structural deformation prediction model integrating a Long Short-Term Memory (LSTM) neural network, an
Adaptive Weighted Particle Swarm Optimization (AWPSO) algorithm, and Prior Information Constraints
(PIC) is constructed and validated. The results demonstrate that the proposed AWPSO-LSTM-PIC model
effectively incorporates prior information constraints and a hyperparameter optimization module, exhibiting
outstanding predictive performance in small-sample, multi-task prediction scenarios. The average coefficient
of determination (R?) reaches 0.938, reflecting considerable interpretability and generalization capability.
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Table 1 Mechanical parameters of soil in the

proposed site
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Fig.2 Schematic diagram of excavation for the hidden excavation section of the newly-built station
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Fig.3  Layout diagram of monitoring points for the existing station
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Fig.4 Development of measured vertical displacement of

the existing station with time
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Table 2 Comparison of prediction results of

three models

TR LD J2.5 16.5 J14.5 J18.5

MAE 0.216 0.202 0.200 0.267
LSTM RMSE | 0.276 0.248 0.259 0.340
R’ 0.870 0.915 0.971 0.891

MAE 0.224 0.225 0.266 0.247

LSTM-PIC | RMSE 0.272 0.271 0.322 0.311

R 0911 0.910 0.960 0.923

MAE 0.185 0.193 0.229 0.222
RMSE 0.237 0.233 0.273 0.271
R 0.920 0.941 0.957 0.933

AWPSO-
LSTM-PIC
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