W44 % 8 wmOE 5 W & Vol. 44, No. 8
2024 4 8 J EXPLOSION AND SHOCK WAVES Aug., 2024

DOI: 10.11883/bzycj-2023-0454

RFEZREEER T REREIETE
G S PR LIRS

2EX, & B R, ERE FE
(1. P B TR EAR S A TR Be, 7070 B9 & 330099;
2. hERERBE R IUA + S5, B4 L 430071)

FEEE: Jyin ik B A Uk R B R R 58 A Rl 45 X M R U RO I R e A, £ A AL R N SRR B L Uk R B T
Graf 2 R GG 7 L4 5 7 RV THI 48 U5 1 38 1 5% 34 I3 0 3R 52 A Rl 45 B 3 3 77 v o7 1) R B0, 38 I A 0 P9 b 3 57 o
PEVR A2 B 5 R T R 2% RARIR T Z MR RIRE B . B Z R BRI AT S BT, RGBT T A S H AR
Pl R RE | At RASE R L A R B R S R R e VR B S S DRI 3t et ) P9 3R THD S B R 1 BY R R . S5 RER A A
T 5 B 2 1D 4 Al IR 5 of g 36 ) 50 g o 2 LA S 3 1 RS T, I T B N ik DO B R OO S B B0 7 i e A T g Al
B KA AR B £ RN, (B[R I 2 5 B0R 1) BY R 8860 6 DK A ) A I I O /N 6 B R R ) B S A5 B8 K B
TE YRR 2 A5 B KA RS R R I B RE 7 i B S B T PR RS 2y 1 K 2R IR SRR T A K T B B 2 S R T 9 00 A o {0 K

KRR VRIERRE MR RN ST TR IR I R BRI

FEZES: 03473 EfRZERKE: 13015 XEKFRERE: A

Research on the dynamic response of shallow-buried circular non-complete
bonded tunnels under anti-plane line source loading

LI Zhiwen', LI Qian*, XU Bin', LI Xiaofeng®, LI Haibo®
(1. College of civil engineering and architecture, Nanchang Institute of Technology, Nanchang 330099, Jiangxi, China;
2. Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, Hubei, China)

Abstract: The scattering of seismic waves by shallow-buried underground structures has significant theoretical value in the
engineering field. However, previous studies have mainly focused on the case of plane waves or the case of complete bonding
between lining and surrounding rock, with little consideration of the effects of source distance and non-complete bonding
between lining and surrounding rock. In order to deepen the understanding of the influence of source distance and non-
complete bonding on seismic wave scattering, the series solution of the dynamic response of shallow-buried circular non-
complete bonded tunnels under the loading of anti-plane line source was derived based on the displacement discontinuity
model, wave function expansion method, Graf formula and mirror method. The accuracy of the obtained solution was verified
by the relationship between the residuals of the inner and outer boundary conditions of the lining and the number of truncated
terms in the series solution. By systematically analyzing the parameters of this series solution, the influence of factors such as
the contact stiffness between lining and surrounding rock, lining modulus, lining thickness, tunnel depth and source distance on

the displacement and circumferential shear stress on the inner surface of the lining was discussed. The results show that the
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contact stiffness between lining and surrounding rock has a significant influence on the dynamic response of the tunnel,
especially in cases with relatively low contact stiffness, where the amplitude of the dynamic response of the tunnel can be very
large. Increasing the lining modulus reduces the displacement but increases the circumferential shear stress. Increasing the
lining thickness can simultaneously reduce the displacement and circumferential shear stress. As the tunnel depth increases, the
maximum displacement and circumferential shear stress on the inner surface of the lining shifts towards the apex of the tunnel.
Increasing the horizontal distance between the line source and the tunnel increases the relative amplitude of the tunnel's back
wave side.

Keywords: shallow-buried tunnel; seismic wave scattering; anti-plane line source; wave function expansion method
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