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Abstract

Uneven subgrade settlement is a critical form of deterioration that induces structural deformation
of ballastless tracks and affects the operational safety and ride comfort of high-speed trains. To ad-
dress the limitations of conventional subgrade settlement monitoring methods, such as low effi-
ciency, high cost, and the difficulty of achieving real-time, accurate, and all-weather assessment, this
study proposes an intelligent identification method for ballastless track subgrade settlement based
on a CNN-LSTM hybrid neural network. Taking the CRTS II double-block ballastless track as the re-
search object, a vertical coupled vehicle-track-subgrade dynamic model is established to systemat-
ically investigate the dynamic vibration response characteristics of the high-speed train vehicle sys-
tem under different subgrade settlement conditions. Through comparative analysis of dynamic re-
sponse data under multiple operating conditions, key feature parameters that are highly sensitive
to subgrade settlement, including car-body vertical acceleration, car-body pitching angular velocity,
and rail vertical displacement, are identified. By integrating the feature extraction capability of
CNNs with the time-series data fitting capability of LSTMs, an intelligent subgrade settlement state
identification model is developed to accurately identify and classify different settlement conditions.
The effectiveness and stability of the proposed model are further validated through numerical sim-
ulation experiments. The results demonstrate that the proposed CNN-LSTM identification model
achieves an overall accuracy of 99.26%, enabling accurate and efficient identification of ballastless
track subgrade settlement conditions. The proposed method can provide new technical support for
intelligent monitoring, early warning, and maintenance of subgrade settlement in high-speed rail-
ways.
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Figure 1. Technical roadmap
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Figure 2. Vehicle-track-subgrade coupled system
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Table 1. Basic parameters of the vehicle, ballastless track, and subgrade
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Figure 3. Correlation analysis of subgrade settlement
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Figure 4. Analysis of vehicle body vibration responses under different amplitudes at the same wavelength
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Figure 5. Analysis of vehicle body vibration responses under different wavelengths at the same amplitude
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Table 3. Structural parameter settings of the CNN-LSTM model
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