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Abstract

For the propagation of elastic waves in unbounded domains, absorbing boundary conditions at the fictitious numerical boundaries
have been proposed. In this paper we focus on both first and second order paraxial boundary conditions(PBCs) in the framework of
variational approximations which are based on paraxial approximations of the scalar and elastic wave equations. We propose a
penalty function method for the treatment of PBCs and apply these into finite element analysis. The numerical verification of the
efficiency is carried out through comparing PBCs with Lysmer-Kuhlemeyer’s boundary conditions.
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AAFE AFAQ A Bag), ozig A3 AAE
&4 73A (absorbing boundary)2tz 3, I EAld
de] ARSI At AS7R AAAN7IE 248 Al F
271 9 (Lysmer %, 1969), Dirichlet & Numann
BAFAE 5 (Smith, 1974 5 Givoli, 1992),
o] BAAAE o] &3sh= WY (Lindman, 1975 5 Clayton
%, 1977 : Higdon, 1992 : Krenk, 2002), 1414 (ext-
raploation)< ¢]&st= W (Liao 5, 1984), &&At
(buffer zone)E 84:¢] Ao F2X|7]= W (Hu, 1996
; Komatitsch %5, 2003 ; Basu %, 2004), #3a4H¥}
BALAHE 233= WY (Karabalis 5, 1985 : Estorff,
1991), 283 F3a4g o] &8st WH(Yerli 5, 1998 ;
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H}2 8 F-AS 93 Paraxial AAZRAL] F3a s

AF=AAT. ©0]F Clayton (1977 &l AAD F+7
AE vl FAAAE Ak} A7 Al 27 (paraxial boun-
dary condition)& ©|83F Aoz Ago] $5unl of
Yzt 2ARE @Alo met S AT 5 ey, £R34
Al AFAEQ Bg FA ged g AAxde] E3e
HolE e g RHEH] glo] fekatEsid e Age
folaht frataasirfoze] A gol ot ol #AE
343sl7] 8l Cohen(1983)2 AWM B oy 2z}
paraxial AAXAE FH8l AARES TR {3
Lo e FRsth 2y old @ e AV B3
2o ol e T3 k1] Eaitt(Kellezi, 2000).

B =&oM¥E penalty function methodZ o] &sle] =
A AR He4=(kinetic & total potential energy func-
tional) ® paraxial AAZAS A A2} Fo2H
Faseg St ofd WL paraxial AAZEA
of A o] Metol ¥z|o] Aujrbgle] FAHER
BAZRDE 1nH37] A FUHHQ A Ayt 23t
4] Ho7t a7=HA ¢kett. 28y paraxial AARAS
12k 2 2zte] ARFFER P JoBR FAHEA] 2
2+ AujRo] ke Bgkee} 13 2 22 HEdSEd o
& Jacobiand o] A7ET WA £ =RoM e FAHE
Al serendipity84E AMSSln 1-23 AL i
JacobianFEBE ATz FTLNS FPSAT
T3 g f3ked 23S o] 435l paraxial AAZ
A7 AA72718 o| &3 Lysmer 5(1969)] AAZA
o] JFE& vwatcl.

2. Paraxial A=A

Paraxial ZAZAE 27w 9 @45 2549 para-
xial ZAt8Happroximation)& B3 FEHv FFAAz
oz APsh= FHwave field) S 48tz st 49
tez Rgshe dtet JH oz JPshe 2 Eldl
g wrogol so] 8] paraxial ZAFEE FEToZHN
fredn, oj3d AARAL Az Fhol tiE %A
(local)e]™ &jMo] 7k Z7173AR EAE IA
(Engquist &, 1977). 3t FXIAHA] gt Alabd e
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2 &3"o|H(Clayton %, 1977). Paraxial AAZAL
a3 12 3¢ A9 sHe 4 ()9 e 2237 (disper-
sion relation) 2%€ =¥},

kx=2—”= 27 =kcosf
A, Afcosé
P 2? = ksin® (1)
A, Afsin@
K=+
AZIM A A, ke, 3BR k. AL T R T

B (wave length)# T=(wave number)e]®, A9} ke
Ao o 3 ot

A T3 de) SRAd AAzdE 401 dst 4
(1= 2AEA7IE 4 (2)& 22 & 3Tt

(kJw)1=~(A+B(k jo)+C(k, [0) )+ O(k [0) (2)
A7NA = 9gddEolz A, B Jd1n Ce Aol
Qele] oI, o) 2L Fai FelN BelE A ()9 7
A S vl Bdu W alo] AdEe] AR ETh

1+D, (k /) +H(k,[0)(k, /) +D, (k jo) =0 (3)

2 ()X we 34 (angular frequency)el® Dy,

H 18]31 Dyv o3} o] Fejdn}, o7 pe A9
Uzeld A8 pE AR A9 (Lame’s constant)°|t}.

Dl{(uzy)/p 0}’ H{( 0 (/1+ﬂ)/P],

0 u A+u)lp 0
|ulp 0
DZ_[O (ﬁ+2ﬂ)/P}

AlztdGoll A9l Paraxial AAZRAE 4] (2)°l Fourier
%S FPgoaN dojxl= IHEA 1 HE FE
Foll met dsol e ate] AARME 48 7 Utk
2 Qe 2 (29 P8 A4S uHsd aFdE 139
paraxial AAIZzle, 4 (5)& ¥E A, B a8z C
133k A E 2219 paraxial AAZFAC|T} o] w 1}
g gk(gstat-y) ol wet 12k 2 2%4] paraxial %7
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1% order paraxial boundary conditions

ux*y 1/ﬂ 0 ux,t 0
up-going wave : " +{0 l/a} ‘. = 0
u""y 1/ﬂ 0 ux,l 0
down-going wave : {u }—{ 01 /aHu }: {0}
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teftroing wave {” } _[0 l/ﬂHu }:{0}
| [Ya 0 0
right-going wave : " {0 1/ = 0 ()
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ux,fy 1/ﬂ 0 Upn 0 (a - ﬂ)/ﬂ U,
{Ho l/aHuy,nH<a-ﬂ>/a 0 H}
L (B-2a)2 0 fu] {0}
0 (@=28)/2||4,0] |0
down-going wave :

1 . - - - . - - : '
P-paraxial
0.9- N S-paraxial
~  P-dashpot
08- ©+  S-dashpot

0.7~
0.6
0.5

0.4

Reflection coefficient

0.3-

0.2

s
0.1- o

. 7 A
Qo & ke 3 A -/ . e
0 10 20 30 40 50 60 70 80 90
Incident angle{degree}

(@) Put AAM| HEALA

08 o] e e
PR S

0 (28-

left-going wave :
P o O P i
{(2/3—(1)/2 0 “uw} _ {0}
0 (2a-p)/2||4,,,| (0
right-going wave :
B s ARl v

A il =X R

=8 4 D (59 455 1E7] A8 okt St
7b BARA BARste B34S et Az g WA

1 z : 7
P-paraxial
09- S-paraxial -
*  P-dashpot
08- o S-dashpot Tt
0.7 /\\\ /
5
g 06 ‘
3 /
g 0.5 +
p=s
g
% 04 //
4
0.3 + x
0.2 // - ¥ s .
0.1 /.72' i - \
iy v . . . . )
10 20 30 40 50 60 70 80 20

Incident angle(degree)

(b) STt RAAMA| HRARA

12| 2 1& paraxial ZAZA Chst StAbAIE

1- . N ¥
P-paraxial /
09~ B S-paraxial )
08 »>  P-dashpot
. . . - -
. *  S-dashpot ‘
0.7+ .
5
S 06 w
£
3 ‘
S 05 /
8 ,
8 04 /
<
g 7
03- e
0.2- s
Fa
0.1 P, .
S * .

0,_.._ P T - : . : «
10 20 30 40 50 60 70 80 90
Incident angle(degree)

(@ PTh LA EEARA S

22| 3 2X paraxial ZAI=E

1 M - - - AADUEE S S z ¥
P-paraxial
0.9- - §-paraxial N
P-dashpot
0.8- S-dashpot
07 /
5
E 06
g s ‘
¢ os
2
8 04 « .
g v
-

e

s .
02 / . < Y-
L A
0.1- P N e R
- \
[P S S : . . . y

10 20 30 40 50 60 70 80 90
Incident angle(degree}

(b) ST LAIAl BEARA S
ol CHER BhAls

ZEMTETEE =27 H20W HM35(2007.6) 305

o



B8 EAS 9% Paraxial AAZAY FEasdy
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AE s1d37] 938 Cohen(1983) ZARANAN A3
7} paraxial AAZAE 28k 7IHE /sl AARE
< FRFeEN FFease FPsHAT. aev X
MA 7ol AEeo] LASHA HAL, olF FAHY TR

oAl 2 A8HE upwindingZ['g-& ol&sle] AlAstnAt
R ot Aol Bt Buk ofg}l £431A Ry Aes
A = A et

E =8ME penalty function methodZE o|&3}
paraxial AAZAE B oAl HA U] W4
o A4 F AR ForA fFIeldNE FABIA
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o o] Aol PHHBE FARALE uI}=
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4 (®) A (@ (5)8 27 o)
Paid 4 (D (9% 247 2L + Ak

0= { - a;’f Sudv - [ o,86,dv + [ fudv
+J‘t5udS}dt +f[L71[a; ;a(;’ ]5 dV}d
L0555

0= '[{ - ‘Z;"‘ Sudv - | o,06,dv + [ foudv
+ J.St,.é'u,.dS}dt T EZ{LyI[Z;g;+éG;;X

_ 62 2
OB @ 2B0u sy |ar

a Otdy 2 9
a-pB&u,

6u 1 6u
o[ 1[Gt T
Otox ﬂ or’ B Oty

B-2a &u
+ 7 o Jé dV}dt (8)

J&ude}dt 7

deaids FAE AR HFE A (DF (8) g
ga 77+ 4 (9) 2 (10)7 2}
[ P¥"VavA+ [ ¥TPGYASA+ { [ B"CBar

+ [ ¥ (PB,+CB, +CB,)ds|A= [ ¥1ay (9

{[ p¥"¥ay + [ WTPG,wds|A+ [ ¥'P(B,+G,B, )dsh
+{ [B"CBar + [ ¥ (PGB, +CB, +C2By)dS}A

= 'L‘I’deV (10)
oq7IA e BAEsdE, ce ARSSFEE, &= AF
H(body force)¥El o™, Ymz| FHAEL ollle} Zo] Fe
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1. ol A)

[(a-2p8)/2 0

B=| 0 0w, 0
0 (p-2a)/2 Vio 7 Vi Var |

Wiy Vi Vo, Vor "Wy Vs
L _[#e0vs,0 oy, 0
LO Wl,xo V/Z,x O W",X

:l Wix 0 Vox 0 W 0

B - _W1‘y0 V/Z,y 0o - Wn,y 0
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B _ l//l,yyo l//2,)g/ 0 e l//n,yyo
bid 0 l/’l,yyo l//Z,yy ... 0 y/n,yy

3.2 #3 A% (Numerical Integration)

2 ()3 (8)ellX e AT 1A+ Eet opzel 2349
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< f3iM e 23k Hlgo] 7 d 1_-_61;]- o 1A% 22t A=
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