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Abstract

The micro-pressure wave generated by high-speed railway tunnels is an environmental effect caused
by the compression wave radiating outward from the tunnel exit when a train passes through. The
resulting noise and vibration issues significantly affect the surrounding environment and residents’
lives. This study focuses on the radiation and propagation characteristics of micro-pressure waves
in tunnel group terrains. An aerodynamic model incorporating an idealized mountain and a double-
track tunnel group was established. Using CFD numerical simulation based on the RANS method,
the propagation behavior of micro-pressure waves within the space between tunnels when a train
passes through a tunnel group with a tunnel gap of 30 m at a speed of 400 km/h. By arranging meas-
urement points at different azimuth and pitch angles, the spatiotemporal distribution and directiv-
ity characteristics of the micro-pressure waves, as well as their influencing mechanisms due to tun-
nels and mountain terrain, were systematically analyzed. The results show that the presence of ad-
jacent tunnels in a tunnel group significantly alters the propagation path and pressure distribution
of micro-pressure waves. Within short inter-tunnel distances, the energy attenuation of micro-pres-
sure waves is not pronounced, and tunnel 2 exhibits a focusing effect on the wavefront. Moreover,
the mountain terrain further deforms the wavefront, leading to noticeable spatial non-uniformity.
This study provides a theoretical basis for environmental assessment and mitigation measures of
micro-pressure waves in high-speed railway tunnel groups.
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Figure 1. Geometric model of the train
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Figure 2. Geometric model of the mountain and tunnels
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Figure 3. Computational domain model and boundary conditions
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Figure 5. Schematic diagram of the micro-pressure wave measure-
ment points
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Figure 7. Distribution of 50 Pa pressure iso-surfaces in the free space between
tunnels at different times
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Figure 9. Peak-value curves of micro-pressure waves at different azimuth and pitch angles
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