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BEM ANALYSIS OF THE TWO-DIMENSIONAL ELASTIC WAVE FIELD IN A HALF-SPACE

ol - G NR = -3 -
By Shinpei UESUGI and Masayasu OHTSU

An alternative method for calculating the two-dimensional scattering of P, SV and SH
waves by near-surface inhomogeneities is presented. As problems are classified into the
elastodynamic problems in a half-space, the BEM formulation based on a fundamental
solution in a half-space is usnally employed. A fundamental solution of the SH wave
field in a half-space is obtained with no difficulty, but the problem of the P and SV
wave fields in a half-space is of complicated nature.

In the present paper, we replace an infinite stress-free surface in a half-space by a
trancated boundary of finite length and propose a method to apply the fundamental solu-
tion in an infinite space to the problems in a half-space. On the basis of the indirect
boundary element method formulation, the feasibility of the method presented is investi-
gated by solving several problems of P, SV and SH wave fields.
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angle b=45°).

7z, REMETHGRRICKE 5B AH 0,
HESEOLATOEZEHKDMD

wiz, ZAEKEORSICEED A, S SHENKA
456 E20RBEMOEMIERE, ka=0.79 (p=
0.25) DBH/IH>WVTEEL, Fig.5 1R d. KTHE,
Sanchez-sesma', Shah' 5» D& KB L T 5 25,
RO LN TAERIEHE EIERIC LS —BL TSI EN
brb. AREOHE b=0"H LT 45° OBEIE, ED
EERET AMEFORATREIIRENPRLZY, BRI
Lo THDEFEMSRI>TWVEIEN L DM S,
Fig. 6 1214, ISP E T 5 ZAEKMRIORA T,
EBEOFMD SEPAH U & & OERSERMOEFIRIE
EE U, %139 Shah 5 OFRY EHEULTRLTH
%, Fig.6a) &, MALE AL SBEHB AL EBE
THHM, Fig. s KR LIBADREHWEDERRTHT,
MATCOBELSL L VEEBELTWEIESDOML B 45T,
KFFE D 5 OASIZX U TXEBEIRMEOELIGE
OREMFKEELY, AAEATZOEISRNE S -
TWa. LML, Fig.6b) IZRT EHICHAL HED
ASUI5E IR, ALISGEWEIORAREDISEIZH
OEBIHFTOHTOLENI LN, Fig.5 DHAD K
WHEDEHET B EThh b (Fig. 5 W HBEETH
5 &, s, Fig.6 @ b=135°, 180° ®F 43, Fig.5
D b=45", 0CICHIELTWVB L &iEEIhZV). &
N, BT cHoESEC 28, ML TORGEL

BEENRATHEVIIDERDNS.

D

461

———~— 3han et al.

_____ Sanchez et al.

fusag]

®

~

o
T

fisplacement

*

° -
-1.0 -0.5 0 0.5 1.0

Fodul

b) 2
§
E
¥
]
3
=
“ 1.0
P = 0.25
o ! | 1
-i.0 -0.5 0 0.5 1.0
x/a
3.0
L 2.0
]
3
Y
=
ok
o 9.2
0 | | !
-i.0 -0.5 2 0.5 1o
x/a
Fig.5 Displacement amplitudes at the surface of a triangular

canyon ; a) the case of the slope of a canyon==45" and
the oblique angle b=0°;b) the case of the oblique
angle b=45" and c) the case of the oblique angle b=
90°.

(2) BENEERE

Fig.7 &, ¥ a OHEMTERC, ETL0 PN
AHUIZEXOFEBRER FORABENTEZERDOLT
Wa. HEFUES EL #BEHoRERS a (22T
BWEEREED) DALY, ka=1.0, 0.5, 0.1 D
BAICOVWTCEHEL, MALCHOHE feLDlkEL-
TRLTH B, ka<L.OOEANTE, A, HEEN
B> THIINS B> THY, HEERCREITE



462
———— Shah et al.
30
S
a) £ 2.0
Fl
]
g
E
=
210
é b 0.4a P =0.25
1 ! |
°o 0.5 0 3.5 1.0
. x/a
b) £
§
E
o
g
5
&
Z1oH
a
P =0.25
° 1 i L
-1.0 -0.5 [ 0.5 1.0
x/a
Fig.6 Displacement amplitudes at the surface of a triangular
canyon with a cavity ; a) the case of oblique angle b=
0° and 45° and b) the case of oblique angle b=135" and
180°. The slope of a canyon is 45° and the radius of a
cavity 1s 0.4 a.
X; -Cir2ction = <a=1.0
——T1  ——ka=05
. ‘fc ~——— ko =01
S [p
gl.OF
5
o
b
3
1%

Distance X,/

Fig.7 Distribution of the surface density on the free boundary
for normal incident plane P waves (the effective length
EL=40a).

BRI ESTVBIENDNSE. ZOBEOHILE
HOENIRNE (x. @) # Fig.8127R¥. ka=0.51C
S2WT, Fig 70#RLVERALIRE EL%10a i
&Y, EL=40a b0 LHELTWS. £/, 2EOD

o R0 N

Xp-direczion
«a=035 P

P

20

Displacement | u / u'f

0 6 180
Angle C(degree)

Fig.8 A displacement amplitude at the surface of a circular

cavity for normal incident plane P waves.

Xy-direction »-JJ - ka=10
~ —--—ka =05
3a ———-ka =01

PN
(s
e
ib

°

Surtace density { /1.

0 10 20 30 40
Distance X/ a
Fig.9 Distribution of the surface density on the free boundary

for obliquely incident plane P waves (incident angle b
=50°).

1ZHIZ, EL26ailE1BAITPVWTHHELTSH
5. QBT THIERROMED 2HIZSDEBHL SN
55, EL¥10allbicisl3E3EAE—BLTWS
ZENDbM5.

Fig.9icix, PHEMAE b=50" tHO»SAH LK
BEOFRRER LOBIEE f OoS%ERT. h
bERIC, MALLOME ffEDHEE>THRDL TS,
BEANS VEHITISHELOEE L /NS, BOEED
SHELHBNB OO TH BN, BEOSKEL<EBEEN



BREREIC & 5 FWRMEKIZ B 5 ZIRTTHBIS ORI

BRI BEOEENBRGE T A EPbM A, JO
EEDOMALEROENIER % ka=0.5 12 >WTEEL,
Fig. 101X’ R%. EL=40a DE &> W0a B LU 6ail
ESTHBELUIBEOENIHTORRNSAEL, L0
o, BOASRHEMERIOGENRERCHETH S,
THICLTS, Erfonrs ARUBEIE, BT,
S5DOAFIHARTEEDREEVELES 2 & 508055
BIEFDPS CONNES ELOREEELH
EThHsh, BRCUEBELOBBRIBEL M TIREL,
CCTORMMBITIE, EL=40ai& > THIE LM

ot ——— Il =40a X,-direction
38

—

A
@ 1
AP

——--—Zi =10a ka=035

---—-Zia6a

Q

g
o
T

~
(o]

Disptacement | u / u'}

0 180 360
Angte C(degres)
Fig.10 A displacement amplitude at the surface of a circular
cavity for obliquely incident plane P waves {oblique
angle p=50°).

X, ~direction EL

b
ka=10

—-—ka =05 10
e k@ =011 o~

Do (\j

2 Cf

@ SV

5

I

£

U:))()5

20 30 40
Distance X,/ a

Fig. 11 Distribution of the surface density on the free boundary
for normal incident plane SV waves (the effective
length EL=40 q).

463

BELNTVWIENWIEATRBRTBICELEHTHL.

Wi, SVENSAHULBEDOIRBIC>OCEHELR
WRERNT L. Fig. 111, ETFASEMAHLLE
EO¥EBRERLOBESEE f OonfizlALCAD
B fe O TERDOLIELDTHS. ka=0.1 DIFAL,
Pokrzxl@ERICALY» 5@ H 5 I/ - THILHE
HLTHY, EL=10a BE > Xz W ERDN
5. Lo, ka=0.5B LU LOKBVTIE, ML
HIPEOBENT L ENERET, BIPELNEN. 1
L, #OMIAILEOED 30 % BETH Y, FHEIC
BETHEEBINIVLDEEZTEVSALLALL. &
DHZBADMALDICEENIRIEE ka=0.51 20 TEE
B, Fig.1210nd. BEALIEX EL I, 6a, 10a
BLUWaE-THELTH . MERDOEENK
FOKEMEREOARAITCERNKRELL EH->TVS &
HTHHN, ELMH10aBEL EICL2 L3 EIWHET
XLERPBOLNTVEES>THS. PEOKBEAY
WCHAR B EREEADFLIE I3 505, T HMEEN
BOHBERELTWEEWNWD SVEOEE4EZ 20t
EROVERELEZ SRS,

Fig. 13 B LU 14121k, SV EASfoms s AL IS
BOFEBEERERY. 9, Fig. 130FHEHEF LD
HMOZE fONtEtdbE, REAFICHEXTSEDN
KKESHEERLCHY, BREEITCHALT ALK

BEBEPERFEITAIEHNTFRINDG., CoLx0MILE
X,-direction EL ~— EL=~40a
—-— EL=10a
--=- EL = 6a

ka=05
3a

Displacement | u / u'l

o] 80 180
Angle C(degree)

Fig.12 A displacement amplitude at the surface of a circular

cavity for normal plane SV waves.



464

Ay -dissciion ka=10 EL
—-—ka =05
———-ka =01 3a
(o [
. /: SV
N L2
.?10
§
O
o
2
3
in
o PR

0 10 20 30 40
Distanc2 X,/ a

Fig.13 Distribution of the surface density on the free boundary
for obliquely incident plane SV waves {oblique angle

b=50%).

X,~direction EL ~——=EL =400

ka =05 — —-—EL=10a
o TTTT EL = 6a

0 780 360
Angle Cl{degree)

Fig.14 A displacement amplitude at the surface of a circular
cavity for obliquely incident plane SV waves {oblique
angle b=50°).
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Fig.15 A displacement amplitude at the surface of a circular

cavity for obliquely incident plane SV waves (oblique

angle p=50°).

Table2 Comparison of results in a circular cavity for obli-
quely incident plane waves (oblique angle §=50°,
effective length EL=6 a).

C case 1 case 2
(deg.) | P-wave tv-wave P-wive SV-viave
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2706 0.57581 | 0.85399 0.57581 | €.854C4
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