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Analysis of 3-D Elastic Wave Scattering by a Cavity in Various Anisotropic Media

Using Convolution Quadrature Time-domain Boundary Element Method
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This paper presents a convolution quadrature time-domain boundary element method (CQBEM) for

general three-dimensional anisotropic elastodynamics. A convolution quadrature method (CQM),

first proposed by Lubich, is applied to the convolutions of time-domain boundary integral equations

for general three-dimensional anisotropic elastodynamics. Laplace-domain fundamental solutions

are utilized for this proposed time-domain BEM formulation. Elastic wave scattering by a cavity

in various anisotropic solids is analyzed using a hybrid parallelization with MPI and OpenMP to

validate the proposed CQBEM.
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Fig.1 Elastic wave scattering in anisotropic media.
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Fig.2 A schematic of parallelization used in this study.
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Fig. 3 Elastic wave scattering by a cavity with radius @ in an
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2 plane (b)z2-xsplane.

EEMET 5. FHMMBIINT 574 —2 PRI S Nz fE
I, WATHA .

(30 10 10 0 0 0O
30 1.0 0 0 0
Cap _ 30 0 0 0 (19
Ces Sym. 1.0 0 0
1.0 0
I 1.0 |

72720, N(19) 1%, Cos TEIRTAINT VWS Z LITERES
N7\, Figd,Fig513, R @) IXHBITBCQM T A —ZD§
DFEIZ, TN F N BDFI, BDR2 Z WA D A, B, C &I
BT 5 EELE ui®/uo DIFFZE(LZRLTWVWS. WTIhEHA
REMATY T N=L =512 UL7. £/, AfHEz2PIkE
LU, & (17) Teqp = V3eoleo 1% S PWHEE) & U, HEEHESIZ,
SPWIHEE co £ 0, coAt/a = 0.01, AR DR coT/a = 1.0
LTV, D728, Pao & Mow?D 1z & 2 & i B beis
TOMNRZ ST — ) TEMT 52 &L TRO MR E2EH TR

—aP 1 —aP
qs1 oSt
2 — qS2 21 i f —=aqS2
1 14
o °
Gl o
} 0 ~N 0
& )
1 14
2 2
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
gi/co g1/co

Fig.7 Group velocity curves of an austenite steel in (a)z1-22 plane

(b)z2-x3plane.

ROGEIZSIHMTR UL &SRB 72 5 {flfi % ko 5
ZEIRWETH B, FEOB LT OFZ Y M: & BE
U0 2 prif, WO IEHE O EA B TIAMT 5. RTR L
$ 5 —Ji[A CFRP, & AT F 4 ~ Rt ORLEE hARIE, %
NZNFig6, Fig7 L RTEHEVTHD. nd, BIZRTM
MiEROLBD =Dz, FHHMEARDOHEDZEHIZL S A
S D BELIAT RS R Fig.8 IR L TH L. Fig8 ik, 5.1
D BDR2 % W 72358 O 5MF N TF 6 Nz 22 E L O £ 465
|ul/uo ®—HITPH 5. 72721, Fig.8(a),(c) ILFEM R T v TH
n M n =280, Figdb)(d) lxn =14 DFEDERTH 5.

52.1 —7AM™ CFRP D&

£3, — /i CFRP D ZEHIC & 5 A ST O BREL AR s 3R
%R3. —H M CFRP OMEER Cop BIRD LS IZHZ

LTH5.

Fig4 &9, BDF1 Z HH\Wgi&ld, AB,CERIZBIT K

KRENHRIEHS Pao & Mow DRIz & 2 BUflifdt e —H L T\
WZeWbhd, £, ZBEICBIBBEOILE A0 K
H, PORBRBZZ LN b0S. —H, Fig.5 D BDF2 DEEIZ
FHT 2L, AB,CEUIBIIZ2BRAIRIEPRIEDOSL S LM
DIZNIHBHE L B L TWB Z e bnb. b, Figs
D A RIZH T 5 CQBEM DR IE, KXl 3.0 < cot/a < 4.0
BREIZEWT, PPRERHLTWS. 21X BDF2 & HWTER
TBERZTHBALZGAECELIHRKTH L. ZORE)
1, BRI ZNSSHELEZELTHAEL, BHIFELARL
@2 BDF2 Tt <, RKOVY T 2y Ry HEE WS Z L TF
DIEERIWHEESND L EZS LN, HEAMIHATSZ ®),
UFT, FHEAMEZERL, BDR ZHWVWTEHEE2ITS Z
Lr95,
52, EAMEMEAPOERICEK 2 NG OREL BT

I, BRI S A VERMEAR R O 221 X B A Sk Dk
LT 217 5. FHEIZ BDR2 2, MIFEI AT v T N =
L = 256, R4 coAt/a =0.02 & U7z, F7z, BRI

[193 80 80 0 o0 0 |
151 83 0 0 0
Cas _, 151 0 0 0 0)
Ces Sym. 052 0 0
1.0 0
I 1.0 |

Fig.9 1% — J5 8 CFRP 1 D Z2 iz & % BRELIEM SR 2R L T
B, Fig9(),b) & z1 — z2 FiH, Fig.9(c),(d) ¥ z2 — x5 FH
TOMEEZRLTWS. &8, Fig9@a).(c) B £ U Fig.9(b),(d)
i, TNENEMATY 78 n b n =32,64 DEEORERT
HB. ZogE, AHEORMIE cpT/a ~ 253 THZ 7=,
Fig.9(a),(b) ® z1 — zo EHIZB T BFERIZEH TS &, R4
THEELIIE, o1 AAICELSEHRL TWB Z e bbb, A
B 2322 i D 4% S5 12 fL B T B Fig.9(b) DA T, oS (i
WG 2FEE L TV BT BT 5. Fig6 TRU R
HEHIRIZ L B L, Fig6la) TRT L D1Z, 21 —22 HATIE,
x1 HEIZ P IAE B L, BN T S A FKET S, &
Zbb, Fig9 TR U 7RI Fig.6 TR U 2 BEHEE iR L
TR oT, BXERHPEHRLTWEZ ehbhrs. Fiz,
Fig.6(a) & 0, 1 A DOBEHEE g1 /co 1EB X Z g1/co ~ 4.39



z2/a z2/a

(©) (d)

Fig.8 Elastic wave scattering by a cavity in an isotropic solid in

(2),(b) x1-z2 plane and (¢),(d) z2-zsplane.

FBETHD. REHS I cot/a =002 TH20256, n=32 A
TvTETIZ qPIIEE X% 4.39 x0.02 x 32 ~ 2.81 F£[E, (&
Wz ricmsd., £, Fig9a) £, qP HOMmEIX, 22
st o ARELRBL TWE Z ehibhsd.

—Ji, Fig9(c) IZEH T % &, Fig9a) DIERNSEFRTN
W, AHERBE LT 20—z HIZEEL TWB 28, B
[ul/uo BB L Z, TORRREMEZRL, AWEAIZEDE
Bl AR E o T WD Z Wb 5b. FD#K, Figod) &
O, FA U IRELIR RS S PE DA D Fig.8(d) & Ak, %5
WEMHL TW AT 2 R TliNns. EE, Figob) D s — 3
HCB U AEEREMHREE2 AT, WHIXELHERTE
ZoNb. Tibb, Fige OFLEREMHGOMER L, BfEm
MR OB L ZOZUYMZRT I ENTELLEEZEZOND.

522 FR7TFA MREMDOEE

WIZ, A AT F A4 bR A D2 & B NS O EREL 7
Wi RE2RT. &b, A AT+ bREWH OBMEI Cop X
WD ESITE 2 7.

(316 1.19 1.76 0 0 |
316 1.76 0 0
Cas _, 263 0 0 0 on
Cse Sym. 157 0 0
157 0
I 1.0 |

772U, A @19) FEk, X QDI Ces TERTILEINTWVS
ZEIZERI NS, Figl0dA AT+ bR D 2=
IZ & BEELIE RS R 2R L THE Y, Fig.10(a),(b) 1% 1 — 22
i, Fig.10(c),(d) ¥ z; —z3 B TOFERERL TS, 7L,

z2/a

z3/a

z2/a z2/a
(©) (d)
Fig. 9 Elastic wave scattering by a cavity in a uni-directional

CFRP in (a) x1-x2 plane and (b) x2-x3plane.
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Fig.10 Elastic wave scattering by a cavity in an austenite steel in

(a) z1-x2 plane and (b) x3-x1plane.
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