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Multi-domain FMM-IBEM simulation of plane SH wave scattering
by inclusions in elastic half-space

. 1,2 . 1 .1,2
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(1. Tianjin Key Laboratory of Civil Structure Protection and Reinforcement, Tianjin Chengjian University, Tianjin 300384, China;
2. Tianjin Institution of Earthquake Engineering, Tianjin Chengjion University, Tianjin 300384, China)

Abstract: By combining with the fast multipole expansion method (FMM), a fast and high precision multi-domain indirect boundary
element method (IBEM) is developed for solving plane SH wave two-dimensional (2D) scattering by large-scale inclusions in the
elastic half-space. Numerical results show that the FMM-IBEM can solve the problems of large-scale multi-domain scattering
efficiently and accurately, and the storage capacity is also dramatically reduced. Then the rapid solution of millions
degree-of-freedoms (DOFs) of plane SH wave scattering problem in the multi-domain is achieved on a personal computer. Finally, in
the case of SH wave multiple scattering by inclusions with uniform distribution and random distribution in the half-space, the effects
of stiffness and inclusion shape on plane SH wave scattering are investigated. Due to the multiple coherence scattering of elastic
wave, the plane SH wave scattering by inclusion group is significantly different from that by single inclusion, and the characteristics
of spatial distribution and displacement spectrum of the total wave field become complicated. The scattering properties of plane SH
waves mainly depend on material hardness, geometric characteristics, the angle and frequency of incident wave. In addition, this
study to some extent provides new techniques and theoretical basis for forward and inversion analysis of elastic wave scattering by
complex inclusions in the half-space.
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Fig.7 Displacement nephograms near the elliptic inclusions under incident plane SH wave
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Fig.9 Surface displacement amplitude spectra of plane SH wave scattering on different stiffness circular inclusions

6 4

(1) FMM-IBEM RE4% i 30Rs i b SR g stk e
[ KRR A ST THT SH. 9% (R R 1) 8, [) A
% KM 5 AR v S AP o, T/ H AT 23 PCBsE
PRECE )T B R EEEUR AT

(2) HTZ RSB AT 0N, 2 ok
FHEXT SH B U [7] 58 i e B AT Wl 25 2201
I35 25 () 4 AT AR RS AT 50 A R s o 5K
B BT H B 75 B AR M R R R R L LA
TEARFFAE RIS (0 A7 B2 L A

(3) SH AP, Jeaeff B
T BTN Bk (B35 . R AL, 40X
WA B RAEIAF] 5.0,

(4) =it SH JEEAG T, ZXRFFR I
FER I BH S 1) BB 2 B, T A e b g e 2 )
eI 2 O L R R = B/

A SCHIF G T V0] hy v 23 ) KRR 22 Sl
SF I SR AR AT IR SR, B R A A
R BB oA ST RS CARSRIE B AR . )
Ah, ARCFEIS IO PR H I % AU
MR R — S %M.

2 % 3 MR

(1] 3EWess. MR T BB IR FEX - I AR X i 1 3 1
SEIR[T]. M ERYIELAER, 1996, 39(3): 373 —381.

YUAN Xiao-ming. Effect of a circular underground
inclusion on surface motion under incident plane SH
waves[J]. Acta Geologica Sinica, 1996, 39(3): 373 —381.

[2] S, XL, K. AT D A I e RN

PEIEAR 1) B Green BREURL]. [l 24244]), 2006,
27(2): 207—212.
SHI Wen-pu, LIU Dian-kui, SONG Yong-tao. The anti
plane Green function solution of the problem of a fixed
rigid circular inclusion in right-angle plane[J]. Chinese
Journal of Solid Mechanics, 2006, 27(2): 207 —212.

31 MAebk, Viters, MREOP. SRR R 2 AR G0
SH MR [I]. zh b ppiti, 2013, 32(11): 56—61.
YANG Zai-lin, XU Hua-nan, HEI Bao-ping. Interaction
of elliptical inclusion and crack under incident SH-wave
in a half-space[J]. Journal of Vibration and Shock,
2013, 32(11): 56—61.

(4] SFME, TibeRk, skve. 9 E S TR R R AN SH
P O HUE ST A L 0%, 2016, 37(8):
2151—2158.



543

PUL SRR L G S EIPS R 0 R TN R 3 ERNl RS E 2/ € 20 S UL pPIwrN U E)

1163

(3]

(6]

[10]

(11]

[12]

[13]

QI Hui, DING Xiao-hao, ZHANG Yang. Study of
scattering of SH-waves by a buried elliptic inclusion near
a vertical interface and ground surface vibration[J]. Rock
and Soil Mechanics, 2016, 37(8): 2151 —2158.
DRAVINSKI M. Ground motion amplification due to
elastic inclusion in a half-space[J]. Earthquake
Engineering and Structural Dynamics, 1983, 11: 313—
335.

DRAVINSKI M, YU M C. The effect of impedance
contrast upon surface motion due to scattering of plane
harmonic P, SV, and Rayleigh waves by a randomly
corrugated elastic inclusion[J]. Journal of Seismology,
2013, 17(2): 281—295.

B, SRIE, BT ARG B S A RS
SEMARE AT, MU TR TRERESD, 2009, 29(5): 1
—12.

LIANG lJian-wen, ZHANG Bing-zheng, BA Zhen-ning.
On the effect of a lenticle in a layered site on ground
motion[J]. Earthquake Engineering and Engineering
Dynamics, 2009, 29(5): 1—12.

HEYMSFIELD E. Two-Dimensional scattering of SH
waves due to a discontinuity in bedrock[J]. Earthquake
Engineering and Structural Dynamics, 1999, 28(8):
841—855.

TONG M S, CHEW W C. Nystrdom method for elastic
scattering by obstacles[J].
Journal of Computational Physics, 2007, 226(2): 1845
—1858.

XSS, BEEEIC, AL SR A A R FE
11 SV WITELGTI]. J17%75 1, 2012, 33(2): 256—268.
LIU Zhong-xian, LIANG Jian-wen, LI Fan. Diffraction of

wave three-dimensional

plane SV waves by an inclusion in saturated poroelastic
half-space[J]. Chinese Quarterly of Mechanics, 2012,
33(2):256—268.

CASTRO I, TADEU A. Coupling of the BEM with the
MES for the numerical simulation of frequency domain
2-D elastic wave propagation in the presence of elastic
inclusions and cracks[J].
Boundary Elements, 2012, 36(2): 169— 180.

KANAUN S, LEVIN V. Scattering of elastic waves on a

Engineering Analysis with

heterogeneous inclusion of arbitrary shape: An efficient
numerical method for 3D-problems[J]. Wave Motion,
2013, 50(4): 687—707.

BRI 5V RIS U ) SUR IRE PN S LSy
BN ). TREI%, 2008, 25(9): 23 —27.

WANG Hai-tao, YAO Zhen-han. Application of fast

multipole boundary element method on large scale

thermal analysis[J]. Engineering Mechanics, 2008, 25(9):

[14]

[13]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23—27.

W, W, T, —4Epek ) as 2 iaa oo
IERIFAT IS TR )7, 2004, 21: 305—308.

LEI Ting, YAO Zhen-han, WANG Hai-tao. Parallel
computation of 2-d elastic solid using fast multipole
boundary element method[J]. Engineering Mechanics,
2004, 21: 305—308.

iU N Y I VS UE 2 SRR IWE (LSS i
Gyt SR N[, Pesh 5 i, 2011, 30(8): 187—
192.

CUI Xiao-bing, JI Zhen-lin. Application of FMBEM to
calculation of sound fields in
materials[J]. Journal of Vibration and Shock, 2011,
30(8): 187—192.

SONG J, LU C C, CHEW W C. Multilevel fast multipole

sound-absorbing

algorithm for electromagnetic scattering by large complex
objects[J]. IEEE Transactions
Propagation, 1997, 45(10): 1488 —1493.

LIU Y J, NISHIMURA N, YAO Z H. A fast multipole

on Antennas and

accelerated method of fundamental solutions for potential
problems[J]. Engineering Analysis with Boundary
Elements, 2005, 29(11): 1016—1024.

FUJIWARA H. The fast multipole method for integral
equations of seismic scattering problems[J]. Geophysical
Journal International, 1998, 133(3): 773 —782.
BONNET M, CHAILLAT S, SEMBLAT J F. Multi-level
fast multipole BEM for 3-D elastodynamics[M]//Recent
Advances in Boundary Element Methods. Netherlands:
Springer, 2009: 15—27.

Mg, TN, ARESEBE R oI P SV B KRS
RN AT R B 03 T R BT,
712, 2016, 37(4): 1195—1207.

LIU Zhong-xian, WANG Shao-jie. Isolation effect of
discontinuous pile-group barriers on plane P and SV
waves: Simulation based on 2D broadband indirect
boundary integration equation method[J]. Rock and Soil
Mechanics, 2016, 37(4): 1195—1207.

SAAD Y, SCHULTZ M H. GMRES: A generalized
minimal residual algorithm for solving nonsymmetric
linear systems[J]. SIAM Journal on Scientific and
Statistical Computing, 1986, 7(3): 856—869.
UTSUNOMIYA T, WATANABE E, NISHIMURA N.
Fast multipole algorithm for wave diffraction/ radiation
problems and its application to VLFS in variable water
depth and topography[C]//Proceedings of 20th
International Conference on Offshore Mechanics and

Arctic Engineering. [S. 1.]: [s. n.], 2001.



