%038 % B 2 o %

2006 % 3 H

Chinese Journal of Theoretical and Applied Mechanics

¥ O®

Vol. 38, No. 2
Mar., 2006

B

x| 32

N zsia HEmEE B Ige — % (L RS E L

E #

(BHEAZLATHE, L5 100084)

BE BT M P SH BAL S kK P B2 e 28
FEREATAT I T o0 A R 23 W, 1% 1) R TR EOHG A A R T PR BE AR ROR T,

S[A]F [ H 5 I B 55 B — e A R T T T
IR 16 o A RS i i ] B P K

AR E, I H ST RIS R 4. SRR B TSR, R B SN A A S O B 7E 3 A R
b SRR AR R SR B TIE A RO 2 SR A S ST BB TR, R REKSF T A 4R T R A B i R

FHAB I 2 3B B oR, TR SRR 7T w38 3h 9 — e 5 R AL e b o —

g7 RRA. RigMLITREA, MR H himE

B — SR A, REREAT AR RIS R, AT (MR AR B . ER AT B E IR, &%

FEEARE RN R iR e
XKEIE KEREEE
mESES: P316 XEkERIRE: A XEHS:
G-
X8+ - 53 1M B AE B E RN 98

H, Bl A AL S B TR R W B o
SRR RERI AT A5 BE (1. 3¢ — B T I b 58 R 4
Br, HUEBR O B E W BSR4 S, R E S
T 09 SR A R 7 LB — AR ) BB, AT DA B A N S
BB ERX TR R, WL, RS KR
¥, RS BRI 3 T 52 3l Y 3 — B0 25 4
BRMARAREW P 4T it K TR 7
R T Z A, ABEAEHE R HHEBE
VAN IH B FE W LR RN S I SR 2 ] B H
&%mﬁﬁTuEﬁﬁ%% B B e % i A A

AE BRI ER A BTN 5T M, BRI N 2R B
Aﬂ%*?ﬁ?# SREAY. 3 7R Ul AN S I K T
JZ 22 A % S AT AR s ), R
FEARAE SR, T B BERE % KRB v S BLAE i 2 (R A
PRSI PR, R R JRORE R R S A kB Y
B E TR SRS B B .

3CHR [5] KA I e A PR IC M B, RS Snell g i
WEHS BT R, B T ARG AE SOAEL
X, HMATAMBHELXHES, Sl THE
BRI B B o S i U, (HR TR
2005-06-16 HeF4 1§, 2005-11-15 BRI ks

1) ExRERBIFEES (50478014) |
2) E-mail: liujb@tsinghua.edu.cn

SHE, #IASH, BRNAMITE, Snell g, ATR, RN

0459-1879(2006)02-0219-07

BB ST S KA SN BOT BT LR
HIk. AXHWT—AEEESTH— %05
% fEA BT R iy, BT SR AR MR
Rk 7K 775 1a B e R i IR] 8 8 R K P
I FH e, JFHAshEA TR, TRt
AT, 5 TREPEI. EREEA IR
BT B B B R S BEL B, K B sh B AN e b o 55
RO B M AE L R R b RS R B G
RO ZE AR S S AL RB s TR, R
IR J7 1) A /B 5 132 Bl 3% 5 05 A /8 I %1 B 3B Bl
FOR, MRS KA s sh ity — e TR o — 2
Tired. KigueTiredl, ESE| A s B —
T R IEEh. BJa RIEAT B AR K A, A5
Mo K A BB, X RE, HURR BRI I K P
JZ 22 A R e v S A ) R A A TR
) — 4 [ L.

1 HERBHARTERLAR

1.1 BANGHER TR EE R =

W LTS, BEa BOKSFITR, v BABE
Jite,  SH W EI NS MBI Besh &7 M5 y Blieg sk
A 0. ABH ¢ MR F TR K P I5 1 (¢ 7

E %K 973 3R (2002CB412706) Adbmiii B R B AL E ST E (8061003) ).



220 H1 7 L i 2006 4 FE 38 H
wavefront I ar I Ar I
1 T T -
1 [ x
1 1
! 1 P1,€s1
wavefront 2 ! !
1 1
1 1
1 1
! > i (m,n—1) i
Ay gy ‘ h
] =1 l(m=1,n) |(m,n) 1m+1,n)
nput wave Ay 1
2 i (m7n+1) E Pls Csl
+1 T T
Y | 1
1 1
i i
BL SRR CP L K R L— .
Fig.1 Relation of wave velocity and horizontal apparent :
4
wave velocity Yy

) FPLE B A

C

Cp = —
7 sind

(1)

RN B AT RENBT, W Snell g [©
AT, [ — T TR e R B M o 2 (A NS B A e
+ 2 R ACE Y AR S, T R RN A
Yz B AL B c,.

Xt F RPN, WP (¢ Bi5) Bssh
HATVE, RS AU ¢, , FHIIEFHES
H

x
U(%th) = U<07y7t - a) (2)
R ) B OB R R A A, W (2) TR
BEITRARK

u(x + je, At,y,t) = u(z,y,t — jAL), j € (—o00,00)
3)

1.2 HEXIBHMERISM—HENHENEL

KOFRUZ 2 AR N 1 2 iz, H T R
RFH_EAKPRZE N B, &R KR8 R
BI04 o P ocqr (1=1,2,---,L). RAFR
JCTT B AL, B B R Ay, KT R A% R
A Az, BARRR A (mAx, nAy) B RIEA (m,n),
FHAHRFZT AL t = pAt BZIK B HIHRBEIEA ub),
Bl by, = u(mAz,nAy, pAt). 1E80A BTk,
8 (m,n) 7E pAt B2 BB TR A

m+1 ntl

S0 (il 4+ bigil 4 eiul ) =0 (4)

i=m—1j=n—1

B BT, A9 (m,n) KB3R5 %9 1

B2 K802 23 ) 1 PR G B A A Y
Fig.2 The finite element model of layered half-space

HEMERT RS K T RIER (4) MR 5
HRAT A% BB I 4 5 S LR B9 A R o B AL T
BH B i WA T Ay (Ay ATRAARE], R T7E,
Gi—M Ay F£oR) BUERE, THKT o B Rk R
T, ¥4 Az, H

Az = c, At (5)
MARFEX (3), Hj=+1 1
Uﬁ,l’n = ug@f}z
! ©)
uﬁlJrl,n = ufnjn

KA, wTLIfE]

p _ ,,pt1 P _ .p+l
m—1,n—1 — U’m,n—l ’ U’m—l,n—i—l - um,n—i—l } (7)

ulr)n-i-l,n-l-l = uil_,'rll-i-l
) B, 9 s P R N R B R PE AR E LR R R
Hik, Bsh AR (4) TME A

n+1 p+1
! -k ! - k ! k _
Y| Do (ah, iy bl ik, e )| =
j=n—1 Lk=p—1
(8)

B (8) AT, H5 R (m,n) £E pAt B 21 (383 J7
i A I LT 1) b AR 48 A A 48 I 2 B s B,
FERBIZBET M L REsh)E, s BUR#EC (2)
WA H BB, XA, RANARESITER
TR BUR AL T — 4 ) R

2 AILBFRMEHEMA

2.1 ATHREBIEE
16 3 F A BR J6 ¥ 2 4 b R U sl s ) R,
FMNETLERATH U HA R EX, HETHE

U

P _
U’m—i—l,n—l - um,n—l ’



® 2 M

XU AR A3 ] H ST H 5 B — 4R b A 221

XA EBIAAERAT DR E&4E, DUATIE R
o, ERIBEENSEIER. BWERKET ZH/
ANTH5, windph s B fitkh i O g
5RO S % F SH ORI R, TN A
BB AP, BEAS T e e, Himsk
A N T30 53R AT LIRS R 4L 35 30 ) 35 o
oA R R R R B, R R
B, T DUA SCHE X B S BRI T Rtk a R
B AN FAEATIR FiE—RHB
A UUBLLE R AR LR, R 3 s, X T
SH e NS5 fe) 7 T80 ) S8, G PR PHLJR 2% R B KRB X
b)
Cy = pes 9)

Horp, Oy R NTL 5T pi b i~ 1 ) 1e] ) BHLJE 25
RE, p ANPURREE, o AN UIRE.

1 m ] s,
B — fB‘ _I_
C'y el &

B3 A R R R

Fig.3 Model of viscous boundary and its separation
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A 1-D TIME-DOMAIN METHOD FOR 2-D WAVE MOTION IN ELASTIC
LAYERED HALF-SPACE BY ANTIPLANE WAVE OBLIQUE INCIDENCE

Liu Jingbo? Wang Yan

(Department of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract A 1-D finite element method in time domain is developed in this paper, which can be used to
calculate the wave motion of free field in elastic layered half-space by antiplane SH wave oblique incidence.
When the layered half-space is discretized, the vertical element size is determined conforming to the simulation
accuracy; the horizontal element size is determined automatically by the horizontal apparent wave velocity and
the discrete time step in the step-by-step calculation, and then the elements are divided virtually. Artificial
boundary is constructed on the bottom of the computational area and the input wave motion is transformed
into an equivalent load, which is applied on the nodes of the boundary. Then, the finite element method with
lumped mass and the central difference method are combined to establish the wave motion equations in 2-D
finite element model. Since the displacement of any node in the finite element model can be represented by
that of the adjacent node in the horizontal direction, the 2-D wave motion equations can be transformed into
1-D equations. By solving the 1-D equations, the displacement of nodes in one vertical line can be obtained.
Finally, the wave motion in elastic half-space is obtained based on the propagation characteristics of traveling
wave. Both the theoretical analysis and the numerical results demonstrate that the proposed method features
high accuracy and good stability.

Key words layered half-space, oblique incidence, explicit finite element method, Snell law, artificial boundary,

virtual division
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