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Analytical solutions for scattering of plane waves by a cylindrical lined
cavity in unsaturated poroelastic media
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Abstract: In this study, two-dimensional scattering of plane waves by a cylindrical lined cavity embedded in an infinite
unsaturated poroelastic medium is solved by the wave function expansion method. The unsaturated poroelastic medium is
simulated as a poroelastic model formulated using the theory of mixture with interfaces, and the governing equations are solved
by reduction to four Helmholtz equations. The lining structure is considered as a single-phase elastic medium and decoupled
into two Helmholtz equations. Using the boundary conditions to solve the undetermined coefficients in the wave function, the
analytical solutions are obtained for the scattering problem of plane P-waves and SV-waves around cylindrical lined cavities in

unsaturated porous elastic media. Using the analytical solutions, numerical calculations are conducted to analyze the effects of

factors such as saturation on the dynamic stress concentration coefficient around the lined cavity.
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Fig. 1 Cylindrical lined cavity in unsaturated medium
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Fig. 2 Comparison results of concentration factors between cavity

and lining cavity with 1.000001 of ratio of outer radius to

inner radius in unsaturated porous media
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shear modulus under incidence of P-waves

ANEEXT BY DI (K20, SRAEIF M 1 WA B AR
X AT AT W 2 2 BB P R IR, A58 3 s
g5t

(1) MM EEXS BN S8 P A 5 I R AN B AL
Tl P PR SV BN, M SR A 53R
M A REAF . H P RPN, A3 N 5%
H AT I A TR RO, B AT I, B
TR TR KA I LB A 0° fts, Zh gk
Rl RAEE W . SV AT, MAIEEN T 1



$ T 2

W s S ARV 2 FLSRAE S o A A W S0 1 1 S B A A 47

(PR PR e VAL B SRS A LS

(2) BT P#ELS SV BRI AR, w1
F AN E T AAE . PR, ZhM
TR A E 2 BRI “BE K SV K
NI, Bl R ER A PR A R

(3) NS L B B 8 R R0
BEE NS G0, P AT SV NS T % 14
EIINAE LU RPN ERSE LTI

SE -

[1] PAO Y H, MOW C C, ACHENBACH J D. Diffraction of
elastic waves and dynamic stress concentrations[J]. Journal of
Applied Mechanics, 1973, 40(4): 872.

[2] LIU QJ, ZHAO M J, WANG L H. Scattering of plane P, SV or
Rayleigh waves by a shallow lined tunnel in an elastic half
space[J]. Soil Dynamics and Earthquake Engineering, 2013,
49: 52-63.

[3] F&E, G, T, VRt o 5 ] A 7 45 1 %o o
BB [0 A A s TRk, 2005, 2409):
1572-1576. (ZHOU Xianglian, ZHOU Guangming, WANG
Jianhua. Scattering of elastic wave by circular cavity with

Chinese Journal of Rock
Mechanics and Engineering, 2005, 24(9): 1572-1576. (in
Chinese))

[4] JIANG L F, WANG J H, ZHOU X L. Scattering of elastic

lining in saturated soil[J].

compression waves by circular lining in half-space saturated
soils [J]. Geotechnics.2008, 29(2): 315-320.

[51 7k i, BEK, XIhsE, & e A Bl AR
TEATRNREIE XT SH I ) B A AT e [0, A 0 2 224,
2017, 34(2): 243-249, 401. (ZHANG Hai, YANG Guogang,
LIU Zhongxian, et al. An analytical solution to scattering of
plane SH waves by a semi-circle lined tunnel in elastic
half-space  boundary[J]. of Applied
Mechanics, 2017, 34(2): 243-249, 401. (in Chinese))

[6] DING H B, TONG L H, XU C J, et al. Aseismic performance

Chinese Journal

analysis of composite lining embedded in saturated

poroelastic  half space[J]. International Journal of
Geomechanics, 2020, 20(9): 04020156.

[71 HASHEMINEJAD S M, KAZEMIRAD 8S. Dynamic response
of an eccentrically lined circular tunnel in poroelastic soil
under seismic excitation[J]. Soil Dynamics and Earthquake
Engineering, 2008, 28(4): 277-292.

[8] LIU Q J, YUE C, ZHAO M 1. Scattering of harmonic P1 and

SV waves by a shallow lined circular tunnel in a poroelastic
half-plane[J]. Soil Dynamics and Earthquake Engineering,
2022, 158: 107306.

[9] #RKTY, T, B4, 55 2 TER¥E Biot BLg T AN
PR AT FEAT RSP i A B U 0], A TR
%, 2018, 40(9): 1563-1570. (XU Changjie, DING Haibin,
TONG Lihong, et al. Scattering waves generated by
cylindrical lining in saturated soil based on nonlocal Biot
theory[J]. Chinese Journal of Geotechnical Engineering, 2018,
40(9): 1563-1570. (in Chinese))

[10] XU C J, DING H B, TONG L H, et al. Scattering of a plane
wave by shallow buried cylindrical lining in a poroelastic
half-space[J]. Applied Mathematical Modelling, 2019, 70:
171-189.

[11] DING H B, TONG L H, XU C J, et al. Dynamic responses of
shallow buried composite cylindrical lining embedded in
saturated soil under incident P wave based on nonlocal-Biot
theory[J]. Soil Dynamics and Earthquake Engineering, 2019,
121: 40-56.

[12] LI W H, ZHENG J, TRIFUNAC M D. Saturation effects on
ground motion of unsaturated soil layer-bedrock system
excited by plane P and SV waves[J]. Soil Dynamics and
Earthquake Engineering, 2018, 110: 159-172.

[13] LI W H, YANG Z, ZHANG A C, et al. Scattering of plane
waves by cylindrical cavity in unsaturated poroelastic
medium[J]. Applied Sciences, 2022, 13(1): 494.

[14] TAN Y, YANG M S, LI X Y. Dynamic response of a circular
lined tunnel with an imperfect interface embedded in the
unsaturated poroelastic medium under P wave[J]. Computers
and Geotechnics, 2020, 122: 103514.

[15] WEI C F, MURALEETHARAN K K. A continuum theory of
porous media saturated by multiple immiscible fluids: I
Linear poroelasticity[J]. International Journal of Engineering
Science, 2002, 40(16): 1807-1833.

[16] VAN GENUCHTEN M T. A closed-form equation for
predicting the hydraulic conductivity of unsaturated Soils1[J].
Soil Science Society of America Journal, 1980, 44(5): 892.

[17] AR UL, ARVt 3 5 5 3L a1 3)) g SLAfE 75 [D]. T M1
LR T K%, 2010. (XU Mingjiang. Investigation on
Dynamic Response of Unsaturated Soils and Foundation[D].
Guangzhou: South China University of Technology, 2010. (in
Chinese))

(iRz: IR





