H27% W1 wOE 5 W ik Vol. 27, No. 1

2007 41 A EXPLOSION AND SHOCK WAVES Jan. . 2007

XEHS: 1001-1455(2007)01-0057-06

“HRERTENEE R FE R
RSNG R FE YIRS

BRI B ROET AR Al
(1A RFH AR E TR, IR G 2640055
2. My ORI TR R 250 TR 2 B SR B VT WA R IE 1500015
3B KFS AT BB B AR B ILAR & 2640055
4G TP AR %R, IR MG 264002)

WE : F 28 R0 2 A b BT M G0 B AR SR A% T 4k 1 AR - 18 DY B E R Je A xR A A
I B -1 B9 V) (shearing horizontal, SH) I AU AR, 7 5848 1 11 A0 0 P9 A 42 78 & 2% B 00 A S 382 3 R 33
WY - SR G ST A T AR AR IE 2 i el e = 1 ™ AR W BB 6% B 3l W86 2 LA A 0 0 1 el AR 4 0 S IR A L DT R
HEE S B A BTN R . ) Je 44 01 540 6 B S5 14 R8T i G080 R F T 3k B b SR AR HI0AR I8 o ok
FABN TG TF AT TR AL A6 0 R THIRORY BE A A B T 38 ek A R I L A 0 A A B A A R A A R o
B BRI T A A T KT 30 S0 R I R L N A A B e A — D B AT A AR e Sk
AN [R) T A A A 0 L 45 SR R WL T B B A A M

KR [y [ B Je gk s B AR R R S SH R s 2 BT 2 AR AR BR AR e

FESES: 0347.2 E#rFERAK/B: 130+ 15 XHEARERD: A

1 531 &

L 0 IS PR 7 R TR IR TR TG R R 7 A U AT Tz B T O T EEE A TR
A 2 AT X T TR A T R A W50 S T F 2 A M (B A R . PRk A PR, — Rl
FEMTIE 53 A — PO RUE S . F R A R T AR ) BB B L LB G R AR BUOA BUE i A T EE LAY 1
A L E TR A B ) DRI | A AT 3 AT SR A AR DR ) SRy BR P 5 T K {0k 7 5K A 52 4% 0 A 190 R85 1 AN A 7
VEGE— o T L3 FH S [ AER A o 0 R R A 5 T A0 — 7 ) TR g BR o ST I8¢ 80 A A i P 90 K
S TR e L A T B A Y A B b PR BB (BTSSR T 2 30 R I R St A AR g ke . S
KoK B AT A 4 25 18] w25 (8] ) J0 L AF 5 1 22 T A O A ~F- Th0 25 1) A 35 A T8 90 2 e 24 26 5 o AR 119
SH PSS BT R A A L2 0L, BUE R B TE B I

AR SCHR R M A2 7 e B L A A AR R B A R ST I 5K O T 0 B T A - T X A [ E [
B e Ze X RSBV SH LSS R AT BT

2 HERBRERSNT

UNTEL 1 IR 3 5 4% 1) [l P A 4k A 1 T2 5 A 5T DX N — [ 5 [ e A R A AR &R 2Oy N
AL B AR (—d s —h) o S O RE B BT DR RV 8 B 200 N oo BT RS AP 10 SH I 915
M AN E AR W (a,y, OB H T oy V1, IF 5 2 7 2

OW  OW _ 1 oW

: . - 1
oxt oy* vi ot’ D

» Wi HEE: 2005-10-13; & E HEY: 2006-05-29
EEWA: MEK¥AEE )G sh i 4 (JX03B5)
TEEB AN i 963— LB A, Bl Rz,



58 DS 1 5 et i 827 %

Kfave=/p/p BN BT SH P& H#E 3 A, 4,
[IYFARSER AN P T,
. =poW/ar, . =pdW/d (2) y - >
e fr e el S S AN S S )
SIANBER AT 2=xtiy. z2=x—iy. ERH - P / h
Foff 8 # A (D TS ?'h -
1 v \
o'W _ 1 o'W -~ >
oz0= 4vk o’ ) RJ p /| "
Xt T RaAS SH kI B (S T B ) /
W(z,2z,2) =Re[W(z,2)exp(—iwt)] (4) i
Kf Wz, 2)J& 2,2 INE BB o 2R A o
B & 5 A TR SRR . st 4y T LAV TR o Ak AT I SH 3 69 Ot
RAFFEGB) . H Fig. 1 The scattering of fixed circular inclusion
) SN 2 in the right-angled plane to the incident plane SH wave
oW =(&j W (5)
Oz0z 2

K k=w/vs EIEEL
M1 255 % s )8 3 B 55 A
I'y: ¥ =0, Iry. V=0, I'r: W@ =0 (6)
by ol S IR AN B B S BT VT ) s W R e A A B b Y B LR
A2 B AR R B2 BB R
r.. =p(@W /o + W /a2), 7. =ip (OW /2z — oW /3z) «P)
KA T FE(5) , IF LRI T 0l /2 4k T AR V- T A% B A LN ) A el AR DU el e A TR B P
THT A J5T PN 7 A I BRI (RE AR AR &R %, Oy D

W (2020 = ) A,,ES,&/) (8)
S
Aqrp
SP =HLP |z D&/ |2 D" S =H" (k|2 D/ |2, D"
SP =(—=D"HP (k| 25 D5/ | 25 D, S =(=D"H (k| 2, D/ | 2 D"
z1=rexp(i0,) sz, =2 —2hisz; =2 —2d.,z, =2z; —2hi, (r; , 0 R H AR R x, 01y, WABBARER,
R (2O ABH-FTE SH B PR R xOy WRRH
WP (r,0) =Wyexplil krcos(0 —a) — wt ]} (9)

o AU A T7 81 FA W o S A B A3 B IR JEE
TEAT N AR IR B OL Tt T AG I W G O BIE R P B Ty M Ty B AE A BTN
PRI R SR S S CE AT L P LA IR T A R S A

W (r,0) =Woexp{il krcos(+a) —wt |} (10)
W (ry0) =Woexp{il— krcos(0+a) —wt |} (1D
W (ry0) =Woexp{il— krcos(a — ) —wt |} (12)

BT FFH Je 24 B4 W 1 5 A0 B B 3E SR A, R 2 A A AR AR 4, IR FE R BB AL FR &R x, Oy NBIA
BAFR 20 =11exp (i) sz =r11exp(—i0,) , W F A A G A S 51 3 1) &2 503 k08 2843 51 R

wo :Woexp{(ik/Z)[zleﬂ“—F%lem]}zo.i (13)
W2 =Woexp{(ik/2)[z1e" + ze “ ]}z, an
W =W,expl (—ik/2)[ze* +ze “ )z, (15

WP =Woexp{(—ik/2)[ze ™+ z;e" |} 25, (16)



%13 SRSCTE A T AT T A B E IR e 2 X0 AR A A B B T B D7) 3 A 59

Kb
2o =exp{(—ik/2)[zye ™ + z,e" ]}, 21, =exp{(—ik/2)[z,e" + zpe “ ]},
2., =exp{(ik/2) [ zye” + zoe ]}, 25, =exp{(ik/2) [ zye “ + 2o |}, 2o =d +ih
XAE L AEAS VT SH 3 WO PR TR o o1 I 2% (08 BICR A PR AR 320 09 BSR4 B A - T A BT N
PR LR g ] R

WO =W® + W + szm Aan
HI 5 5 (6) Hh T S5 b A0 B8 30 B A5 A P 5 R SR A R N R AL (n=0, £ 1, £2, ) By R4
2 AL =7 (18)

itquﬁ,,:iSf,” = [W® —f—kin{”) ]1s21=Rexp(i0,),z, =Rexp(—il,),
=1 =1
R TSR AT AR (18D W AE Ty R W [ s e AR F e p(—im 0, L FFAE X B[ — 7. J N B3 L 45 5]

> A,f g,e " do, =J" qe % do, m=0,41,4£2, (19)

TEH R TH ARG BE G B0 T o6t Dy R A (19) 38 4o A7 B 30 4 DB 75 38 EL A A PR AN oA o0 85 1) Oy 7 A 9 oK i
BIATf3 8 R A A K A, (n=0,+1,£2,),

Xof - B AT T DX S8k P A R e 2 X AR S AT Y SH PRI IR0, AT DL 8 Je 2% 30 AL (4 B v
T BB v, VU AT XG0 FEAL s AL RS R EE L A= | W /W [ FIARAL A BE B 55 2 8B E A G
BRI A M BE o AT 49— R kR L[58 Je 24 1A R AL 8 (d/RO By 22 4 22 fk i 16 0 . Heef v, R B
QE i B

Y. =| /7 |, —x s B =arctan[ ImW® /ReW ] (20)
Pt = kW, S AT AR B 5 U0 R 708 s A — I8 kR E U kR=wR /v, Bl A S5 Kk i se 2
et R B E L, WOl QDR GHE M o) T HARK o) =p(0W? /oz+0W ™ /2 2) ¥ (7)) XAt
AR 28], AR B A SO FO SR R B T T DN A R [ R e 2 i e % E | K
iR b o /REL—3,3JVEB NS M) A=W /W, | il B #2810 B . Al 2 50028 (A% B0 AT 28T
W Hrpz =x, +ih, X8 x, BEHMAFHEAEDR ESELIRR x, 0y, WBATR,

3 BHIRSH

A SCA B 4k BT T B AR SHOBE Y R — AL AR=0.1,1. 0,1. 93 AJF I3 A A
S o 53 IO, /4 s m/ 25 [ 52 R & 24 1) it 20— B AR AR 280 (d /R h/R) 43 31 R (3. 0,1, 1), (300,
L1 7E 7 B AL (19) A S R BB 11 T, B AT 3 /2 9 5 38 AT R E 10 ° IFE S R IR . (D 2(a) |
(OF) (DA HIRE d/R=3,h/R=1.1 Fl d/R=300,h/R=1.1 55 T A5 K F A G I i 3155 45
Hs (B 2(e) (@ FD (W35 d/R=3,h/R=1.1 F1d/R=300,h/R=1.1 5 F A5tk 45°7KF
NSRRI 2D Ao (D433l d/R=3,h/R=1.1 Fl d/R=300,h/R=1. 1 &
TG I A RS R

HpE 2 (b)) () (D (D (D REEMMBIRE L A=W /W, [ 2L B 20 (D
(g) (b (k) (D& N BN AT B AR 4. MIHRZ5 5Ok BB B A0 T 2538 .

(1) R [ 2 [V 9 2% W A7 AE o B AT T KT 301 80 b o508 07 B i B AT B S R B % HL de KA
% R BB A S A 3 i H g 4 O . v 2 ASHBOK S A O B R S O A 7 T B BURD A 3 B
AF AR L R A e RS B R R L4 R 1. 0.4, 3.6, 05 2 e 2t 85 45 11 B (2 /R = 300) {ELAT 5 3T
LB Ch/R=1. 1) B AR, 830 | v A3 e KA A% M B2 LG43 5010 1..0.3.5.6. 00 2 A BT 4580 R A S
By b 3R P A 50 B AR A s A R e KBS IR RE B 4 il 1.8.8.2.5.8 A1 1.3.4.1.5.0, A



60

B/rad

B/rad

B/rad

(d) a=0" .. " " e
s et
. . ?\ i" 1 ’1
~ ) 1: 1 . o
] “ HE ] 1 4
) § s . 7]
BT STTTTTTTTON-g PUPTTY TTT PP A
3 '\--.-.3’{ -.' i-'n oenad
-2 N L s L L
-3 -2 -1 0 1 2 3
x/R
6 v T T T T
) a=45°
N,
sotea, ,0 \’ FOLLLL
< :.’ ..: ‘.\‘ " \.s .‘..‘
! 4 AN Y y (o0~ TTS of
/ K 2 o ey s J o ~ U4
()-‘.\— s p———— 0 L OIS cnnanl
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
x,/R x,/R
2 — - 2 T v
(9] 9:45 a(h) a=45° fy
H H
=l ] . ‘.
0 :\‘3 1]} i ’.---lq. -, ! \’ i
q a Ll AT
L) \ H
( s.'
) . . A . -9 A R A A R
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
x,/R x,/R
8
(i) a=90° 0 () o=90° et ..,
6 _"5.\ JURCCTCTI N i —'-'§.~. ‘.‘0 ‘a-~. o..’. R Ll T
RN e N i R A
4+ ‘v‘o .'o .7-_,____._"“ < ."..o . o
RO X4 - o gpeeet =]
2. e Mo 5\ & E )

. \‘,\ ..“ s . \ /
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
x,/R x,/R

2 v v v v v 2

(k) @=90° 1) a=90°

o " NSl 3 JesnenTit e, sevemmetateieeL,,
OP*a._., 7 *.:_:---.-.. 5 0 2 T e ]
- L N " N . -2 . L L R
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3

x,/R x,/R
d/R=3 h/R=1.1 ==FkR=0.1 = kR=1.0 == kR=1.9 d/R=300 h/R=1.1 ==kR=0.1 e kR=1.0 == kR=1.9

& 2 [ E e 2 0E B 07 WA FRKPF AR b 2 /REL—3.0,3. 0 FEHIN

HR LIRS IR L H A AR 2 1 B Y22 4E

Fig. 2 Variations of the displacement ratios A and the phase angles B of the points

on the horizontal boundary of the right-angled plane which are j

ust right

above the fixed circular inclusion and in the range of z;/R€[—3.0,3.0]



H1 SRSCTE A T AT T A B E IR e 2 X0 AR A A B B T B D7) 3 A 61

SO e 3 LN S I ARRAE | H B e 0 N R A B W R L 2350 1.5.6.2,6.5 F11.5,6.0,5. 0,

(2) TCA S K A S TR A S 30 S T B S 5 AR AR L B A K F 5 SR e R OE |
7 34k — 5 Y R PN R 8L R R G B O 2 kT R R L [ A e Ak Y i 2 ) B 24 R 3 Y

(3) e A 5 T I LA T S R T 1 A B IO D A 3 [R5 7K 1 120 5B 6 A8 R EE A
FRAE A1 BE ) A8 A B A — R R MU E 5 (ELJR 2 e Akt B A 30 B L OF ELA S 90l 3 B0 AU R L RSP 3 5 Y
0 B8 1 B2 LG AR 2 A BE 1Y 728 A AR X T e R 0E B 07 B 7K P 10 50 B A9 2 0 R 23 A B9 U0 B B L A S T
A7 31 G B RS 5 W T LA 220 S PR B R 2 d/R=>250 I X S e B RT 2200

(O MR [RRE DT IE ISR W], Y e e fg i A5 it B I 8 B35 (h/R=250) , 3 HA S K P
A SFIE AR T A S RS B R B L AR AL A B0 R At B X R L AT A A AR
SEE R S A B A S5 R SR ERARRLA R S A, R THE R R A A R T

4 F it

ARSI ) FUR TR T S R e 2% i 4k AR O T KOS i R Ay (e /REL—3.0,3.0)
LR MR R L B CHAR S A R A9 78 A S B0, T 2R SE B i 22, ol 3158 Al AT S S R AL Al e e Ak
S Ak 3y 1% B v 2R B0 A T TR PSS B B B O LA R A% R BE L R 1 R AR 1 AL . A
A B 7 V5 8 A I R SR R A B AR A, AT LG R A T v R E e A B . AR
FOE VAL e A B9 007 B 75 ot — 20 93530 AR AR SO0 3 T R M6 7 T iy B8 R A 5 53 S AS SOOI T
HE N [5) R A) B 38 53 L 3 0 At B AT — S 9 IS 18 5 5 S0 X T A 1 A [ AL L P gl ke 2 | g e
SEAAU IR AR A BF 5T Rl R B AT BRIE 2 5 T

S Uk -

[1] KR, s2 303k X B, SH A IR 54 19 3y ) 37 [T ], R JR i TR K2 2% 41, 2001, 22(6) : 90-94.

LIN Hong. SHI Wen-pu, LIU Dian-kui. On the scattering of SH-wave by interface crack and circular cavity near
the interface[ J]. Journal of Harbin Engineering Nniversity, 2001,22(6) :90-94.

(2] BBt bR Py B AR JE AL AR X SH O 08U 5 gl [T ], 845 whi . 2003,23(1) 1 6-12.

LIU Dian-kui, LIN Hong. Scattering of SH-waves by a shallow buried cylindrical cavity and the ground motion[ J].
Explosion and Shock Waves, 2003,23(1):6-12.

(3] Bl sC, SRAR L, I &, 55 61 SR J2 0K 111 Bea 2 % %) - T SH. ik i #8C8 LT . 3k 3l TR 2441, 2003,16(2) : 159-165.
LIANG Jian-wen, ZHANG Yu-shan, GU Xiao-lu, et al. Scattering of plane SH waves by a circular-arc layered
canyon[ J]. Journal of Vibration Engineering, 2003,16(2) :158-165.

L4 XBBUEEL , bR 2. SH X WU A J5E 55 T B30 18 0 L3 A9 3R L. 1A ) 2% 4, 2003, 24(2) : 197-204.

LIU Dian-kui, LIN Hong. Scattering of SH-waves by circular cavities near bimaterial interface[ J]. Acta Mechanica
Solida Sinica, 2003,24(2) :197-204.

(5] EREBR, X B, SH B v #LAR 48 224 IR FLAE F 19 3 J1 4387 [T . i JR i TR K2 454, 2003, 24(1)108-113.
WANG Guo-ging, LIU Dian-kui. Dynamic analysis for effect of SH-wave on shallow fill multiple circular cavities
[J]. Journal of Harbin Engineering University, 2003,24(1):108-113.

(6] SRFKER XL Ak ) DR, 5 Wk 681 A s 2% s vl A B 949 ) B 1 TR 1 [T . 1A ZR 0 AR R 2 24 4, 2003, 24 (5) : 574~
577.

SONG Tian-shu, LIU Dian-kui, FU Guo-qing. Dynamic anti-plane characteristic of piezoelextric medium with rigid
cylindrical inclusion[J]. Journal of Haerbin Engineering University, 2003,24(5) :574-577.

[7] Emets VF, Kunets Y I, Matus V V. Scattering of SH waves by an elastic thin-walled rigidly supported inclusion
[J]. Archive of Applied Mechanics, 2004,73(11-12) :769-780.

[8] Lul]F, Hanyga A. Scattering of SH-wave by a crack terminating at the interface of a bimaterial[J]. Computational
Mechanics, 2004,34(1) . 74-85.

(9]  BRAEWI, X B t. SH ¢ oh iy T ML BOB LI p3h 43 (7], M T 5 THIRS) 2004 ,24(4) :32-36.



62 Bk 5 & %27 %
CHEN Zhi-gang, LIU Dian-kui. Dynamic response on a shallowly buried cavity of arbitrary shape impacted by ver-
tical SH-wave[]J]. Earthquake Engineering and Engineering Vibration, 2004 ,24(4) ;32-36.
(100 ety O30, T 4088, JURR I 3 V- 10 SH O R BIUN [T, A 58 R 4R 3E 5 Be 2 4 . 2004, 17(3) : 71-74.
CHANG Jian-mei, FENG Wen-jie, DING Jun-xia. The scattering of SH-wave in infinite areal J]. Journal of Shiji-
azhuang Rail Way Institute, 2004,17(3):71-74.
[11] ARICZE A JE B #4524 x [ FL SH B it 5 3 i 03 28 v R B 52 o [ . e 7R I Tl K2 %% 4R, 2005, 37
(8):1077-1079.
DU Yong-jun. ZHAO Qi-cheng. HUANG Yan, et al. Dynamic stress concentration problem of SH-wave by
cracks near a circular hole edge[J]. Journal of Harbin University of Technology, 2005,37(8):1077-1079.
C12]  onl b ek, 8 [ . A 388 B R AL ) BRESEE A 2 BB 9 82 00 SH. I A 0 LT 0. g 2% 2% 4, 2006, 38(2) : 209-218.

LIU Dian-kui, WANG Guo-qing. Anti-plane SH-deformation of a semi-cylindrical hill above a subsurface cavity
[J]. Chinese Journal of Theoretical and Applied Mechanics, 2006,38(2):209-218.

Scattering of fixed circular inclusion in right-angled plane
to steady incident planar shearing horizontal wave

SHI Wen-pu'" . LiU Dian-kuiz. CHU Jing-lian® . GONG Hua-rong! » GUO Shu-hong!

(1. School of Electromechnical Automobile Engineering » Yantai University ,
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Abstract; Complex function method and multi-polar coordinate and Fourier series expansion technolo-

gy are used to study the scattering of fixed circular inclusion in right-angled plane to steady incident

planar SH-wave. The incident wave and the reflection wave in the right-angled plane which has no cir-

cular inclusion are constructed; and the scattering solution excited by the boundary of the circular in-

clusion existing in the space, which satisfy the free stress conditions of the two right-angled bounda-

ries are formulated, therefore, the total displacement field can be constructed using overlapping prin-

ciple.

An infinite algebraic equation of unknown coefficients appearing in the scattering wave solution

field can be gained using multi-polar coordinate transformation and Fourier series expansion technolo-

gy and the conditions of displacement at the boundary of the circular inclusion. It can be solved by u-

sing limit items in the infinite series which can give a high computation precision. An example is given

to illustrate the variations of the displacement ratio and the phase of the displacement on the horizon-

tal boundary of the right-angled plane with the variations of dimensionless wave number and the inci-

dent angle and the location of the circular inclusion. The results of the example show the effectiveness

and efficiency of the method introduced here.

Key words: solid mechanics; fixed circular inclusion; complex method; scattering of steady SH-wave;

right-angled plane; multi-polar coordinate transformation
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