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SCATTERING OF SH-WAVE BY SUBSURFACE CIRCULAR CAVITIES AND
INCLUSIONS IN A LAYERED HALF-SPACE
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Abstract: The solution to the dynamic stress concentration of circular cavities and inclusions subject to
SH-Wave in an elastic half-space covered with an elastic layer is attained in this study, using the complex function
method and the wave function expansion method. According to the attenuation characteristics of SH-Wave
scattering, the problem is attempted by using the large-arc assumption method, in which a circular boundary of a
large radius is used to approximate the straight boundary of the surface layer to transform the original problem to
a surface boundary problem. With the theory of Helmholtz, the general solution of the Biot’s wave function is
obtained. Subsequently, infinite linear algebraic equations with unknown coefficients are formulated using the
Fourier-Hankel series expansion and boundary conditions, and the approximate analytic solution is derived by
truncating the equations. Finally, the dynamic stress concentration factor around the circular inclusion is discussed
in a numerical example. Results show that different stiffness and thickness of the surface layer and the existence
of cavities can remarkably change the dynamic stress concentration distribution around circular inclusions.
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Fig.1 Schematic diagram of the computational model

TR o 2 BN LS — A SR AR &R XOY , AE

[ LA S % A [ o SN R R ARAR R X,0,Y; 0 R
F o7 1 AR BEAN XK B R T 1L TIT=AS
AT oA, DX T N E AR o R 23], X e
RHRESGE, XD EAETE IS, T, AR
I I “AFLA T,
12 &S5 1E
SEPE B PRI ) R, 5 T B R TR gl 2 L P
B YEsh ) SH P A-SH NS ALE x, y ~FIHIA
BT BOR 1 S ¥ 1AL #% (I R KO W (x, p,t) BT
x,y Vi, H5z806K, MBREW,(x,p,0) S5hf
B R RN exp(—iot) « SINEHEE (2,2) ,
z=x+1y, Z =x—1iy , LR VIl (z,2) WA FIIALEE
%3 /2 ] Helmholtz 77 F£4:
o'W, oW,
L2
ot o
b WA R, AR RS N )OO &
Jge s (AR 207 B 25 0 A3 AR5 7 )

O . e . L
ki =— 0 NALFKE W (x,y,0) BSEE, cf N ITHIBY

Ik o =\/E(i:1,2), P~ W SRR
Pi

+ kW, =0 (1)

o AN BT Y

INWAESINEJIESEY
ow
sz = ug’ Tyz = ug (2)
FER T (z,7) b, ROFRQ)AFR T
oW, 1,
=+—kW,=0 3)
0z0z 4
il
sz _#I(E-i- 62 )’ Tyz _#1( 62 6E (4)
MM AA R R, NI RIE (DA
W, o W, i
Trz:lui(_le +—e )9
oz oz 5)
. OW, g OW, iy
T@z:”’li(ge ¢ )

1.3 HEBIREE AL
FEIR T, SRAF— MU D, ek
[ FLAN e 2% DL e R B o J2= 1A R 3 ™ A I U
WD RwSV AR, BA
W =W (6)

(ESTFiH (2,7) b O s



42 T 1%

&
4k

(SI)(Z 7)= ZZAS (1)(k |z— c, |){| - J

S=1n=

(7)
Hep: A (s=1,2,---,m) NFFE RS m NN

LRI A% H s HY () 8 n B 55— Hankel
MR AbRI, BIEAR B R S E) j LA

0o b, 1 (2,,2) £ z=z,4¢;, , HF,
d; =c,—c;, MR c, AREI, s JLFLHE
by XAEI(T)BI AT
WT(SSI)(Zjan):i z A;EH,E]) ’
s=1 n=—0
(& | d;, )| ————— — 4 (®)
z. —
1 J | Sd |
PSP () b W W;j” %
m@w?=§&H%MA%%} 9)
P n=—o z

Hep: 2=z+iR,; HW(*) Nnr5—33¢ Hankel

B HP () N n B8 = 3% Hankel 5%
A’ B, (n=0,£1,%2,--;5 = 1,--m) NFER R
FHSE PRI, F7 AT KR A«

iil)TS _ 1!11 Z z A5

s=1 n=

R n '
HO\ (|2, d, )| 22— | & -
Ak | ) =z =]

_ S

H) (k| z; Wﬂ%—jﬁéﬁ(m

éS;)TS _ 1k1lu1 z Z A

s=1 n=
_Sd' n'
HO (k| z;-'d, S B B
Sk | I)| T

N

B d n '
H (K |z, ="d, l){Tf———;giT} et an

n-1
@wu% }éﬂ
Ed
, n+l
H) (K, |z'|>[|z—,|} e} (12)
zZ
ik -
%;‘MZB{@wu%|J-

, n+l
W+%%mm%ﬁ}eﬁ- (13)

1.4 BRI IEN
FEDCHR 1 AR g — MU w e, ek
BRI L RIS, AT, AR RO B A

W g, A

W(Sll) _ WT(USII) n WT(DSII) (14)
P (2,2) Ly Bt Fwh

Wi, Y=Y C, H Uy |2 D272 (15)

n=-o0

W (2,2 ZDHW@MWHM"G@

n=—00

/ﬁ\:‘:':': z'= Z+iRD H
A INYARIE VAR

n-1
zZ
f%‘”bZC%WMIDP%-

Cn\ Dn(n = O’ilin"") y\jﬁ%

, n+1
—HY (k| z D } (17)

2 z'|

n=—0w

T(.()il’l}p :lkzl-lz Z C, {H(l)l(k |Z |)|:i’
¢+ HY (k|2 D[|Z H”+‘e‘w'} (18)
%%Z”ZD{@MM%—
n+l

e’ —HZ (k|2 } (19)

ik
iy <Mt 5, {H% 2=

n=-0



T &

AR 43

, Tl
' z -0’
¢ +HE (k, | 2 |)[m} e 9} (20)

1.5 HBIKAREFZL
TE DXL P R 4 e 2 N P AR B BE AL A% 3
W ISP (2,7) ERIERRN:

=—0

A En(n—O,il,iZ---)jj%E?ﬁL I FH 2 7 5%
HERIRAS: J, () N n i Besell BRi%L.
FIRE, Beahbr, QDB S L.

(Slll)(z Z)_ ZEJ
(k 'd; ) _Sdf n 2
s|Zj | | Sd| ( )
By W MR 150 9

ku, <
g _ Sk
2

W(snl)(z Z)= ZEH J, (k,|z—c, |){| J 21

En {Jn—l (ks |Zj - de |) :

2~
sd -l
zZ.— i
’ s 619, _Jn+] (ks |Zj - de D
|Zj - dj |
n+l
z; - de Sy (23)
|Zj - dj |
ik ~ g
Tésiﬂ) 52#.? Z En {Jn—l (ks |Z] - d/ |)
— Sd n-1
L e k2, )
|Zj - dj | |
_ Sd n+l
; : ; Sy (24)
|Z- - dj |

1.6  [CIRRAIRE
w1 s, B—FEN SH WIR5 x #hiEm
J o, (5 TINS5 B B A Hh 2 78 o5 2 P 3 bk 2 2

{ES I (2,2) b, NSO 5.
w9 =W, exp {%[z g% 1 7.¢'% ]} (25)

X, W NS B i KR AL

HH LR LA AT R A

7 = it cos(d —a,) exp {ﬁ(zei% +ze'% )} (26)

) =—it, sin(0 - ao)exp{ L(ze % + e'“o)} 27)

K, 1, = kW, 7R NGB A IR BY R AR

P T o thRBEHEM LR LN A
B, FLIARE A LR E H, Jede i1 DL R A X3
(1) “CNFEDFE C BRI R ES:, IR IR
v R ) 5 i 77 R 2H

T(|Zl|—a1) T(’)+T(SI) +T£ZSIT) =0

(282)
Tpy(2|=Rp):) +2l) +170 =1+ (28b)

rz,Tg rz,Tp rz,Tp

Tp(|2| = Rp): W + W + Wi =

W(Sll) n WT(DSH) (28¢)
T(2|=Ry):t iy 47,07 =0 (28d)
T (|22|_a2) Tl +T,(ZSIT) +T,(ZSIT)D —Tizi“}; (28¢)
T, (|Zz| =a,): W +W(SI) + Wr(zs;l Wr(f"TI) (28)

7£:0(282)F 14 [F] ¢ exp(—im0), ) , 1ER(28b)~(28d)
PiiA Rl exp(—im0") , 1E20(28e). F(28f)H il [F]2fe
exp(—im0,) HAE (—n,m) A5, Wz 7 FE Ak & R

HERMAR A, AL B C D,ME, 1—HT
F3 BT TR ui 42 1] ot 7 R A A A R T

(AT 9 TORETI R A I8
KPR LA E) 107,

2 BUELR

H R, A

TEH A H SR 78 55 2 s v s R i T R
AeJA AL B LT 5  RE ko = 0.5 AZAGIG L,
Hrpr, AIRIER:

Tp, =T, /Ty |gey> 2 =a-exp{i0} (29)
R,y = sk W, e NS 0 R B

X 2 Frosi B RAMEEEARCRA T EN S

2, WAL R=1.0), HAaHEFI

[ FLAN R 2550 SH. IR HUR '?Zﬂf”jj%qjllﬂ RBEAT 7

Vo, ZHHAEN w=u/pu w=w/ g

K =ky ki~ Ky =ky !k, WAHRERZNKE
JRFARIN 100, FEHIZR WA 3~ 12 P



44 T 2
W .- —k =0.5
—k =10
7 [ A
hy 7" x N k=20
T k=40
y
h] X 0
—_— 01
SH / 1
o /
K \ ]
0,

K2 FERIEARRE

Fig.2 Schematic diagram of the numerical example
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