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Study on Vertical Random Vibration of Train-bridge
Coupled System Based on Improved Iteration Model
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Abstract: By using the improved iteration model for train-bridge coupled system., the analysis model of
train-track bridge vertical random vibration based on Pseudo Excitation Method (PEM) was established.
PEM was applied to transform the random track irregularities into the superposition of a series of vertical
harmonic irregularities, while the iteration calculation was applied to solve the equation of the train-bridge
coupled system. Taking a five-span simply-supported beam bridge passed through by a CRH2 high-speed

train as numerical example, the accuracy and efficiency of the improved iteration model for train-bridge
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coupled system was verified. The results show that the calculation efficiency of the improved model is a-
bout 5 times that of the conventional model under the same calculation accuracy. The mean value and the
root mean square (RMS) of the vertical random vibration response for train-track-simply supported beam
bridge, which are caused by deterministic load and track irregularities, respectively, were calculated. It
can be seen that the vertical displacement of the bridge is mainly controlled by the weight of the train, but
the excitation of track irregularity has little effect on it. The vertical acceleration of the bridge and car
bodies are significantly influenced by track irregularities, and the improvement of the track condition can
effectively improve the riding comfort. The RMS of the train-bridge coupled system random vibration and
the discrete of the vibration caused by track irregularities increase with the acceleration of train speed.

Key words: train-bridge coupled vibration; iteration model; Hertz contact; pseudo excitation method;

simply supported beam bridge
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Fig. 1 Simplified train-bridge system under

the wheel-rail linear Hertz contact
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Fig. 2 The change rule of the spectral radius
of the improved model and the traditional
model with the integral step
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Fig. 3 Nonlinear and linear Hertz contact curve
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Tab.1 Fitting formula coefficient of track
vertical profile irregularity PSD
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Tab.3 Comparing maximum value and computation efficiency of train-uack-bridge system
vertical response with different wheelrail contact models
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Tab. 4 Calculation model of train-bridge coupled system
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Tab.5 Maximum value of vertical random response of bridge and train under two types of calculation models

PRSP R/ mm PSRRI/ (m . s B ERERNEE/ (m - s A/ (m - s™%)

R WE R EWRE BE BOUR ERE HE BoyR BRME BE B LRE
B 1 0.77  9.59E3  0.79 0. 41 0.116 0. 69 0.029  0.038  0.142  0.024  0.042  0.148
LT 2 1. 10 1. 05E2 1.12 0.36 0.088 0.57 0.026 0.037 0.136 0.039 0. 040 0.156
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Fig. 9 Random response of vertical acceleration of middle span midpoint
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Fig. 12 PSD of vertical acceleration of locomotive car body
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Tab. 6 Maximum value of random response of train and bridge under different speeds
7 PESE RO /mm PESESRFRNEE/ (m e 577 BN/ (m e s7?) AL/ (m - s—%)
/Ckm=h™D oy By RRME E BV BRME BE HOPR BRME BE AR LI
200 0.71 6.09E3 0.73 0. 39 0.026 0. 45 0.016 0.024 0.088 0.019 0.027 0.098
225 0.74 9.03E3 0.75 0. 39 0.042 0. 49 0.018 0.028 0.099 0.020 0.030 0.109
250 0.73 1. 04E2 0.76 0. 39 0.063 0.53 0.020 0.031 0.113 0.019 0.034 0.118
275 0.75 1. 03E2 0.78 40 0.093 0.62 0.025 0.034 0.127 0.023 0.038 0.133
300 0.77 9.59E3 0.79 0.41 0.116 0. 69 0.029 0.038 0.142 0.024 0.042 0. 148
325 0.83 1. 03E2 0. 85 .95 0.121 0.83 0.029 0.041 0.152 0.032 0. 046 0.164
350 0.81 1. 10E2 0. 84 44 0.123 0.73 0.025 0. 044 0.157 0.041 0. 049 0.185
375 0.82 1. 18E2 0.85 0.51 0. 145 0.83 0.021 0. 048 0.161 0.036 0.053 0.195
400 0.82 1. 46E2 0. 85 0. 56 0.169 0.98 0.021 0. 051 0.168 0.032 0.057 0.202
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