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Abstract: Taking the shield tunnel of Nanchang Metro Line 3 as the background, LS-DYNA software was used to simulate and 

analyze the dynamic response of the shield tunnel structure with cavities behind the pipe segments under the load of subway trains. 

Selecting the location where voids are most likely to occur, selecting appropriate train loads, establishing corresponding models for 

analysis and calculation, and comparing and analyzing the dynamic stress and acceleration of shield tunnel segments at different 

positions under the conditions of arch crown with voids, arch shoulder with voids, and arch waist with voids. The simulation results 

indicate that the dynamic stress and acceleration of the shield tunnel segment significantly increase at the location where the cavity 

appears; When the cavity appears in the upper half of the arch ring, that is, at the arch shoulder, the dynamic stress and acceleration of 

the shield tunnel segment are significantly greater than those of the cavity appearing at the arch waist. Corresponding effective 

measures need to be taken to reduce the impact of the cavity and ensure tunnel safety. 
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1 模型建立和基本原理 

1.1 隧道模型 

图 1  衬砌环构造      图 2  衬砌三维模型 

图 3  隧道衬砌局部放大图 

1.2 材料基本参数 

表 1  隧道衬砌材料基本力学参数 



表 2  地层物理力学指标 

 φ

1.3 有限元模型 

图 4  地层模型平面视图 

图 5  环向和纵向连接螺栓 

图 6  列车荷载施加示意图 

1.4 基本原理 
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2 列车振动荷载和空洞选定 

2.1 列车振动荷载模拟 

   1 2 0 1 1 2 2 3 3sin sin sinP t k k P P t P t P t     
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表 3  列车振动荷载相关系数 

 
图 7  车速 80km/h的列车时程曲线 

2.2 空洞选定 

图 8  拱顶空洞示意图     图 9  左右拱肩空洞示意图 

图 10  左右拱腰空洞示意图 

3 结果和分析 

表 4  不同空洞位置竖向峰值加速度（m/s2） 
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图 11  各测点峰值加速度 
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图 12  各测点峰值动应力 

4 结论 
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