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DYNAMIC ANALYSIS FOR SHALLOWLY BURIED CIRCULAR
INCLUSIONS OF ARBITRARY POSITIONS IMPACTED BY SH-WAVE IN
BI-MATERIAL HALF SPACE

QI Hui , YANG Jie

(College of Aerospace and Civil Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: Green’s function and complex function methods are used here to investigate the problem of the
dynamic response for shallowly buried circular inclusions of arbitrary positions impacted by SH-wave in a
bi-material half space. Firstly, the expression of the scattering wave field was constructed, satisfying the free
boundary conditions in a right-angle plane by the method of ‘image’, then Green’s function was constructed.
Secondly, the bi-material media was divided into two parts along the vertical interface using the idea of interface
‘conjunction’, then a series of Fredholm integral equations of first kind for determining the unknown forces could
be set up through continuity conditions on the surface and Green’s function. Finally, some examples for the
dynamic stress concentration factor of the cylindrical elastic inclusion are given. Numerical results show that the
dynamic stress concentration factor is influenced by the interface, free boundary, circular inclusion, incident wave
and so on.
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by a line source force
BINER B z=x+iy, zZ=x-1y, BRI
G(z,zy) 5 I B R RN exp(—ior) « (£ 11
(z,2) by TR i e 4 ol 2
°G Ligoo (1)
0z0z 4
K k=0 /c, BEEG ¢, =Ju/ p AN TIIEY)
POk s o ARIFE R BIIE: uy p 735 A o
BTN i
R LN NINIE S WA

Trzzu(ﬁeihﬁe_ie)

15)
Z 0z @
. [0G 9 OG _ip
f: T 5 ¢ T C

TG AT ARy «

Fl T |x:d:5(Z_ZOI)
Iy ool =0 G)

Iry: T;z |r:R:TgI S G' |-r= G" [
Hrf: 8(-) 4 Dirac-Delta p%; t_ . v hyede
SRR TBIEIN s Gy G ARIRN AN R
WA T RS (D)L S &) I B
FEARMR, NIRRT i DX S B Sk
THT 2 Y5 Ay 807 A2 IR B 2 R T3 T 3 e 2% BT U 1)
BT o X TR AT 3K 8 (2 — z,)) AE— A5 M EL A
BRSSO R A G, Al R A
B [ T 5 2 2 R B AR P T AN ) A A
K SCER141R 32 “ B i ” 2 Ak bR s
BIFAKM I, IS T DL IR Ky«
G“)(z,z):2¢[1L1(§”(1c1|z—zo1 D)+ HEO (k|2 245 )]

H

)
Rz =d+ith=yy) s 2z =d +ilh+y,) s

H () I ZF B sE—2 Hankel % 2. 2z 10K
VTR R
NI BTN PR . ) 23k 3N «

0k 0, o
=@ )

o | 5)
75 :Zl(‘pl e —¢,-e™)
R
b= HO (K, | 22 ) =20
—Zy
| z—2zy, |
Hl(l)(kl | 2=z |)—02
zZ—2g
z—z
¢2=H1(l)(k1|z—201 ) o
|22y |
z—z
Hl(l)(k1|z—202 ); =
|z—2g |

T TP 3 AP S 2% BT 8 A ) IR o 2 A
PRSI A T I XAk H i B2k 2 RO
SOAE 83 AL EL AL I N ) A P R ik
EARAMEST tH o DA T SEX— e, SR “BER7 ik
L 2 AR RS B ARG LA IE D -

GY(z,2)= i Anisf,«” (6)
n=— Jj=1

st



322 T 2

SO =HP (k|2 Dlz/ |z (1"
SP=H"(k|z,Dz,/ |2z, 1"

SO = (=" H (k| 23 Dzy/ | 25 1" :
S =(=)"HP (k| z, Dzy/ | 2, 1"

-2d, zy=2z —12h, z,=2z,—12h
A%Xﬂ%i%%ﬁ LR AR . I,
SEBAE, L3k 2% 2 RE S 2 B A %fﬁﬁm

& AFe
I B A N RN T 438 50N «

z,=2, z,=2

ALY A ™)
o ™
d%%%24m€%%6%

A

D2 :Hr(z?l(kl |z, |)(
—n+l
Hﬂw|m( J

(=" H(l)l(k A |)[_J

z |

n+l
(DH%@|A{ J
EA

FE B 5 e SR 2 9 = AR BE e, LR R IA
EWAF

G = Z&J@u%ﬁ] @)

n=—0

Hre B, A RFNKMREL, Il FRATE
ky=w/cy & 90 PE R 25 N SH 3¢ 1) 3% %k,
1N =mﬂ3 SH /Bifﬁf A TN AT R
B J, () 2 n M EE—2K Bessel B4l
LRIV RSP WA R

] &
(t) _ .“3 3 B -0
. (21,7) = ) Z Vo e’ —V,pe ]
i knj ©
Tétz)(zlafl) :% z Bn[anl .ele +ll/n2 'e_le]
A
n—1
V4
ll/nl = Jnfl(k3 | z |) (_j
|z
z n+l
l//nZ = ‘]n+1 (k3 | z |) [_j
|z]
PSS UR TS WA 2 IV BEESHc UL
G + G =g®
. (10)
0 e =el

RENERTE REL A, « B, IR, Rl

Z Anénl + Z Bnnnl :Cl

" — ,n=0,%1--- (11)
Z An§n2 + z Bnnn2 =€2
e

Sl H(l)(k|l|)(| |
Z

+H," (k| 2, I)£| J +
)

z —n
| z5 |

ewHﬁmum—ﬂJ
|z, |

mf*dﬂ@|ﬂ{ii)
H

i
Gy == U |2 =2, )+ O G | 2= 2 )

(~D)"H (k; | z3 )

k i —i
énZ ZIT'UI(¢nl'eQ _¢n2 € 9)

_ Hsky
rInZ 2

[l//nl ' eie _ll/n2 ' e_ie]

&, :%(@ T +¢, ‘eiie)

T ks Ry, FERQD)MLE T,
FHAE (-, ) BBV, AR 2 — R AT FE4L

Z Anémnl + Z Bnrlmnl = le

, m=0,+1,---(12)

Z Anéng + Z Bnnng :CmZ



i 2% 323

Hr:

_1 T —im0 _1 T —im0
émnl_%_'lnénl ¢ deﬂnmnl_ﬂ_'lnnnl € d9

— 1 pr —im0 _ I = —imo
é‘ml_ﬂjlné‘l "© dg’&mn2_gjlnén2 '€ de

- 1 —im0 . 1 = —im0
nng_EJ:nnnZ "© dg 94/m2_%‘|:n§2 "C d@

X7 FEA 3 (12) 38 A TR T 15 2 R AN R A0
B R IR A . AEASCE B, 0T RIR TGS
RO R ()R — A B 7 TR TR 4
AL TGS R IO SRS B (107°)
Rk, FIAA ST Green PRAEL:
G(z,2))=G"(z2,2)) + G¥(z,2,) (13)

2 HERREASSH

T PR 3T AT A6 (5 T I 2% IR OUUAH A o P
(RSN 2 Frome B2 IE] TR 0 I 2 i By
DIBPER R > 3 oy Rl gy, EAA S I SAH R 1)
54 py By o FLHA I TG A0 L i 2480
R« Ry METEHIEIEA, A BT S BE F0 8 1) 5
PRI 7300 A py By S py Ty s [RTE IR 50 2
IRV 320 5 R A TS PR B S 4 A by d Ry
dy o BELJRFBARRR R x,0,0, 1 x,0,y, , SL 5 AR
s &R x0y KRN zy=z+d, »
i(h —hy) -

z,=z—d, —

yﬂ

BENY

1 1T
Vi A
hl ER 62 V
IR Oz ;
\ ﬁ 0\ . \/ ’
Q/ g P

g
SA % -

Y

B2 St BT SR T AR SR A S5 2 i R 2
Fig.2 Bi-material media model with circular inclusions of
arbitrary positions near the interface in half space

XPRUAHAN Jo0 FE T ) 8, AIR <3257 i
58, RIVE SRR “ 50537 Sh T A DI TR XK I,
W 3 i MRAEHI FIELR A, gk
A0 D1 BRI E SRRy T R4

FH T 1 R T S AU A ST T A AR, AT 5 A
F“BA8 7 105, B LA R 4 2% (8] [R ST ) 80K A
PR, A ) R SRS T AR R A

szm{w%%ﬁe%+%%%+
ik, . “ify = - i
exp 7[(2 —12h)e " +(z —12h)e™ ] (14)

L By =n—ays Wy AINFBEE KRN ay N
SH Y% NS B .

yll Ay
A © o L
§ & A) ,
D 2
h ! O /R
! © © v &
e g 0.1V,
(i 8 c 2 of  Je
vy IHO 0] o © o ,
X
K/ SR PRI
© %* »
- di =8 ®

B3 2 SR A o I ) B2 e A 27
Fig.3 Conjunction of bi-material media interface in half-space
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