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Abstract

Based on the 3D simulation software, this paper adopts the calculation model of a 10 km long tunnel
with a train head type (nose length 15 m) and a tunnel headroom area of 100 mz2. The initial compres-
sion wave propagation process of high-speed railway tunnels with train speed classes of 350 km/h,
400 km/h, and 450 km/h was simulated by CFD. The results show that the compression waves at
350 km/h and 400 km/h velocity classes have wave-front deformation during the propagation pro-
cess. After the pressure fluctuation is stabilized, the amplitude of the compression waves decreases
with the increase of the propagation distance due to the friction effect, and the local peak value of
the fluctuation appears, showing the feature of “intensification”, and there is no “attenuation”. Sec-
ondly, the maximum pressure gradient value of the compression wave at the speed level of 450
km/h presents a trend of first increasing and then decreasing. That is, the compression wave at this
speed level has shown the characteristics of first “intensification” and then “attenuation”, and its
maximum “intensification” distance is about 7 km, that is, between 5 km and 9 km. Finally, with the
increase of train speed grade, the maximum pressure gradient of the same measuring point in the
tunnel increases to different degrees. Compared with the speed class of 350 km/h, the pressure gra-
dient of 400 km/h and 450 km/h trains gradually increases during the initial compression wave
propagation in the long tunnel, and the increasing trend gradually decreases around 7 km. This may
be related to the gradual change from a nonlinear effect to a frictional effect of the dominant factor
of pressure gradient in the range of maximum “intensification” distance corresponding to each ve-
locity class. The results can provide some reference for the propagation and distortion of the initial
compression wave.
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Figure 1. The pressure gradient increases gradually during the propagation
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Figure 2. Calculation domain and boundary condition diagram
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Figure 3. Schematic diagram of tunnel calculation model
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Figure 4. Tunnel exit shape diagram (adjacent slope 45°)
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Figure 5. Tunnel model grid division diagram
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Figure 6. Tunnel wall pressure measurement point distribution
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Figure 7. Train geometry and dimensions in Japanese dynamic models
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Figure 8. Tunnel section distribution and measuring point arrangement in Japanese dynamic model
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Figure 9. Comparison of numerical simulation results with Japanese dynamic model test data
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Figure 10. Pressure and pressure gradient-time history curves at 45D measuring points with
and without train motion
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Figure 11. Comparison of pressure curves at each measuring point in the tunnel at 350 km/h
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Figure 12. Comparison of pressure gradient curves at each measuring point in the tunnel at 350 km/h
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Figure 13. Comparison of pressure curves at each measuring point in the tunnel at 400 km/h
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Figure 14. Comparison of pressure gradient curves at each measuring point in the tunnel at 400 km/h
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Figure 15. Comparison of pressure curves at each measuring point in the tunnel at 450 km/h
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Figure 16. Comparison of pressure gradient curves at each measuring point in the tunnel at 450 km/h
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Table 1. Statistics of the maximum pressure gradient and growth rate of each measuring point in the tunnel at different speeds
# 1 FRIEE THER SN RENHERAEREKRGIHTER

I T PA 8000 s 70 EE i R AB S M K [Pas]
1km 3km 5km 7 km 9 km

PRI

350 km/h 11,151 (/) 14,991 (/) 18,883 (/) 22,582(/) 25,680 (/)
400km/h  18575(66.58%) 27,255 (8L.81%) 35714 (89.13%) 41585 (84.15%) 44,365 (72.76%)
450 km/h 29,915 (168.27%) 48,301 (222.20%) 61,245 (224.34%) 64,564 (185.91%) 62,424 (143.08%)
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