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Abstract: In the process of urbanization, long-term cyclic vibrations from subways tend to cause cumulative
damage to historical structures, with a particularly greater threat to historical air-raid shelters that have both
wartime bunker functions and age-related damage. Existing studies on the interaction between subway vibrations
and historical structures mostly simplify underground structures as regular undamaged materials and use local
simplified models in numerical simulations, which fail to accurately reproduce the complex stress environment
of historical air-raid shelters characterized by underground space constraints + age-related structural damage
and cannot fully reflect their irregular shapes, material performance degradation, or the complete transmission
path of vibration loads in the subway-soil-air-raid shelter system. Taking the air-raid shelter at the former site of
Xinhua Daily Headquarters as the research object, this study used PLAXIS 3D to establish a full-system
coupling model, analyzing the vibration deformation law and quantifying the cumulative deformation. The
results show that: subway vibrations have the dual characteristics of distance attenuation-frequency filtering on
the air-raid shelter; the vibration in the shelter area is dominated by low frequencies of 1.98~8.67 Hz, and the
main frequency of 8.67 Hz; the spatial difference in the dynamic response of the shelter is determined by
distance-shape-medium; the peak vertical acceleration and maximum principal stress on the north side (closest to
the track) are 1.05 m/s* and 531 kPa respectively, and the vibration focusing effect of the arc vault leads to a
residual plastic deformation of 2.0 mm at the top; the settlement of the shelter under cyclic subway loads shows
the characteristic of fast initial stage and stable later stage; calculated by the improved Monismith formula
+ layered summation method, the 50-year long-term settlement is 30.5 mm, which meets the settlement limit
(<50 mm) for historical structures specified in the Code for Monitoring Measurement of Urban Rail Transit
Engineering (GB 50911—2013).

Keywords: metro vibration; former air-raid shelter; structural safety performance; dynamic response; vibra-

tion-induced cumulative damage
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