%38 % B 5 /-

2006 % 9 H

Chinese Journal of Theoretical and Applied Mechanics

S

Vol. 38, No. 5
Sep., 2006

iktaFnz FLov

EFE 4

BREEEI W ANTSD

REWN - # R

a5y

(LSO A S A ST AR BB 5 % TAWFSU, Jbst 100044)
TG A A TRESEE, ME 264001)

WE BT Biot MAKMUM L LA BIAMITRE, 70575 56 R A48 5 BE e 14 /5 i S0 A8 T 36 01 BR T 398 2 50 Ak T A
BRI T35t BRI, Y1 N g AR, e A RATE L, AR A B LB ALK B 3 e A 1 5
R PSR, B BRI LR R BE AR IE L, B, VT N D30 5 9 1w A 1 38 B A S 4> A B
BRSEEE - REVHRHJE A8, PSRBTl 57 BLAR i T8 A BTRS 5R B A BRI S8 ST 3 3h g RE R BOBE L, A
B AR T AR AN FLA BT R #AE 3 0 N T 5t AR 2 FL A BT B 3 8l 0 A T30 5 vr U7 (5 K &Y
WAL, AT AN R LA R S5 - Mo 3h A TR L. SR W AR & LA B 3

TINTH 5 BA BT RS BER RS € 1

KEIWE  MARIMEIAR, BRI AR, ARtk TR, EiTEE

mESHES: 03474, P315.3  X@E4RIAEG: A

51

i1

VAT 2 FLA BIAE B R AR ) 2 E. BE—
F R EH I A B 2R R A L B R B AR AL . M E
ZRVFFLESN ST A EAE R I, 3 W A A BT B I8 Le 4% 3
A RBE R T E AR, S8 U B e ik
YO % FLA BT B A% 38 B8 1 56 i1 Biot®®] g7,
WARMLFN 2 LA L3l 7 i) R AT AR AL e A T D 3
U3 5, K 22 ) BUHT T B8 5% FH B8 75 vk S k.
75 76 BR 552 TE PR 2% 7] B AR A R0 2 LA BBl 1A R
T, T H SR A R X ST, X — A W
DX IR 520 S A b B R S R B X — FF I R Se 3l S
WSSk B, X — ) BUE H AR A A T
B R TIRARMF 2 FL 4 BN Tl A BE 77 1)
WF5E B L A AR A i1 4. Modaressi 2 M
SEH FHOE A T3 AR5 N WA 2 fLA BT,
HBATILR L u-p RiEAGIANH BRI Hr
Degrande % 5 75 &} A i B RS 448 T 15 ik
WRI 2 FLA BB T3 R 445 Akiyoshi 25 (6 F)
F Biot 3 7 77 2 H1 3% R S B A Tia 5t E u-
p, u-U, u-W IR RN FER; Gajol %
] 3% 5 N T30 R4 4F 5 TN B AR A 2 AL A B
2005-08-19 #gF% 1 #, 2006-05-29 BrF 6 K.

1) Jexr B ARG E AIUE (8052015) ¥H).
2) E-mail: wzh9306@sohu.com

XEHS:

0459-1879(2006)05-0605-07

Akiyoshi % I8 5] A 25 85 Mg 6 $078 23 A 4 1 [
P B 1 [R] P R 45 1) Sk B AR AR 2 £L A BT
ATHR; BBEREVIERTFEIDLR, BE WA
ML FLARFN A BT RO T BUP A T3 R, R
I B e PRI ST R Zerfal'O) B2 —
A E AN R TLR. U B S, W
AL LA BRI R S 5, TR T R AR
F AL BT R R A T S0 I0 IR R L HRGE.
Xt T WA A2 £ BT LB 5 K% B9 N T3t SR HfE
AR AE P T B B AT IR T REAT Y, T B % R
feif R b B 4RI B (BULATREJR) 2808, SR T X
THREEMA RN IERE KGO, & HEEEE
P EE, SELMBEBHIEMRKGE M. M
o3 A R AFAE— A RMHIR (B U IR) W, a7
P T S A% R B A BRI TR . 0 ol P i 3R
T, A e e e T DA~ IR T B =X ) 4% i 1145
SRS AT O, R R T SOR B A B U P TR DL BR
T 2 1 S5 1 BB AR R, HEE S
R T U5 B Wt R B % 9% B A 9 KT RE Oy, D
FFAERRITBJE. A4 i L& T AR £ L4
B ROTTHE AT 5, ASURYE Biot HAREH
Z AL BUARI KT, ZHHT 17 S B0l X R 32 R



606 ) £

= i 2006 F i 38 %

XEFRE (6T FR A AE 1T I FHER T 82) 51582 19 [ 40 A BT A
FL B LA [ AL T R BR AT N T3 53k 1] DD 1]
1 FBEA, NN HFEEEXEE, NIy RE MR
AR, Ho—I5 PR KA BRIE L, HRETH
I PENIBEANR, 7 —I0E B BB R IE L,
HAZTAHRMMWHEEAE. BEik, TEANTHRRY
32 T U] 16 18 . 36 468 20 A 1) 01 8 i BELJE 4 B e
f, REWSIRER DAL RE, To A AE Bl
KR FAE AN T a0 5. BfE vk SR WA SCHR Y X A
TR LA SR s D AT R R A B K
X BE AR R

A SCH) B R4 — A& TR AR £ L4 B
I R A — s R R B S T TR N B A
TR, EHfESFIEPRUABATRNEE, &
75 I8 B P TG ¢ B A R A B RS IR R, BRI, R —
WAL AT 5.

1 REMBIANTROEREERE
Biot 3 Wi HeHuA £ LA B A J7 72 2

oij = 2pei; + (Ae 4 Qe)dy; (1)
5=Qe+ Re (2)

Hrr, oy AEMABNIIKE; s A LB N
715 €€ 530 A AR AT FLBR AR B AR AR A, Q, R
AEBEEREREETE;, e=V -u,e=V U,
w, U 43590 A [ AH A 570 L B AR 1 AL
(wi,j + uj,i)/2; 6;; A Kronecker £ 5.

2 FEMEHHDATLRR

93 59175 J8& — 4 T TR S0 T R T e A0 = 2 = 1) B A1
ek, HMBALBMATRME. A5, BT Po
PR, E—RAEWSI M LA AE, ERMsh
VR AL 1) AR BRI ) F B R Py EHER), Pn
XF N ST B ET s 2 Wk, A Tk, BREHE
ANTAR ERGRBERAE P W,

2.1 “HFHEEATIAR
ZRHMTIRE B, EAaHE P ok, SV B
SH ¥, tHMNKZEE X 0H_BEMEZES, Y]
1B Bl A R B P aE Bl 09
2.1.1 RFIED
AR R, IR AMT RO AREEE Py .
T e BT AR R DL Y2 R, R

eij =

S D BB, T P A
ik 0

wr= I = ent) 3)
o, e P WU, RSB S L B

B 3N (3) 2R W T I8 L A iR L B % % B B 9 9 K
ik, BIAARSt R, FLBRI AR At oh 19

Ur:flur (4)
He, A ABHZS5F% Bl 3) H
ou, _ u, 1 Ou,
o T o o ot (5)
HFREREME, W
ou, U, Ou, ou, U,
e= or 7’61’1’:5’5:]“1(54-7)

Bk (5) B e e, e FIFRRMAR (1), X (2) BE
__k=QAHQA)/2 A+ 2u+ QA

Orr = r r
r C1

(6)

_Q+Rf1 _Q+Rf1~
s = o U, ah U, (7)
ﬁ¢,m:%%JL:%%ﬁ%ﬁ%Emﬁﬁﬁ%

Bk m . K (6), K (7) #BE B PTALRA,
1 S PR KL RIE B, R BT ) R
WIBEARE, 55 2 TS PR BB AR IE L, w7 %
PBARZE. W RT3 R A — B, ATAEAT
5 T BB L A IR - R Y)
B TR R AR T34 A LU T R A B A T34
S 40 T AH A BRI LB AR B B SRR A, B
RETANTILFXIMT P Br e R SbER (& 1).

artificial boundary

T1

ST YN R
Fig.1 Viscous-spring artificial boundary

212 ek YIE
FEREABAR R, B IR SMT BRI BRAE T SV i,
B ALY RS v, SRR A 1
v = ig(r — ¢st)

\/,F



5 M

EFHESE  MAAREME LA RS AL R 607

m

o __v_ 1o _qﬁge)
or 2 ot T 2\or 1
A (1) &
_ 3k, K,
or0 = 27" csv ®)

B e FLBR AR TE Rk, U AE B A T N T3 5t
B ) A B A R A BT N g, FLBR AR AR
BNy, s (8) AT, A TN T3 SR D) 1) 1
o P IALAK, BR D R AR A B R . B,
FEN T30 5 B0 17 LB % L2 734 (¥ BRH - R PEL
Je W B ook R AR SR A Tl UMM TE BR A TR A
TR EFN BV s EER, ERAET A
TR HMT SV By RE R (LA 1).

2.1.3 #iEBIYIEsh (1 Pz
FERERFRRT, FEAMTHIT AT SH 3, U

SRR
1 8%w

w A B RS B AR, HAL Rl Ay [
T
ow . .
BYINA €. = 5 RAK (1)
Ow
Ter = /’45
X
ow _ _w 10w
or 2r ¢, Ot
Jir EA
. H
Tzr = 27“w Csw (10)

1K (10) AT %0, AL TN Tk 5B P T8 D 1) 5
o PR A i PR U R BB . AT AE R
FE T\ T30 55l ) 38 B 8 20 A B R IR 2 - B
i BEL 2 4 B e A ok AR 3 N T34 5 DA S i T8 B A S
Xt A T30 548 W AR A B ) (4P T 5 1) 52 3 B B
YifEA, ®AERT ATLARX ST SH 3 # e &)
et A

22 ZHFEMEAIDLR
FEHMTHIERTE P ¥ S ¥, HMIEzhE X
o f HE BRI e By D1z gl 11

2.2.1 &EmiEgh
FE = 4 23 i) o 25 SR ST B BRTE Pr . BRTAT 3
] S R R e, BT BRI L et L
BIREPR, r AP SIS DR EEE, R AL
BExR 1
Up = %q(r —¢qt) (11)

Hr,  uy AERRBBRRFEMANTREMLE, o
A P E. S (11) RUIMBIRE I 1/r el
K, B AE SRS .

ou,  u, 1 0u,

or r c; Ot

BT RRRE, DL ERBER, o =
o S fre, fRASE (1), % (2) 8

e il ra
—(>\+Qf1)u >\+2N+Qf1u

Opp = — r = T
r C1

(12)

(13)
_ Q+ Rf1 Q@+ Rf1

rfi Ur fia Ur

B (13), (14) AT, W SREA TR A —BR

T, 54N SR UAT 7E BR 1A T34 5 R0 32 il 2 B

HEBE A B IR R - R R W u A R AR A

5 LA i T8 FR AR A SR A T 52 Ak 1 AH A S5 A

LB A RE B, ERAET ATER
XFAMAT P RE R R PR A

2.2.2 JE¥EBIVIZEE)

FEZ s i LB BAMTROERT S ¥, WEAHA
BB UL i it = (1)

v:%s(t—i), w:%s(t—i) (15)

Cs Cs

(14)

Hr, v,w ABEMN B IELZE VAR s A
BYPI P,

(16)
T r o
T A% B LB AR K Rk, AR BR T & D] [

HAFARS BUAHBT N . AEERMHR R A EBR T 9 D)
Te] BY YINE S3 A

_2p
Trg = ——0V — —U
r Cg
17
o u (17)
Tro = ——W — —W

r Cg



608 ) £

= i 2006 F i 38 %

BBk, FEBRT A T34 58990 1 b [RA AT 508 % 4k
I ERFEE - LR Y B o REAT LR
LA i T B 34 Bk AT 32 5 I8 AR A 5T B ) 1) 32 3l
HIFER, BEWARETXIMT S Bkt BB IBER.

3 FEMEATLLSF A LERE MR

PA b SR T ARG L FL 40 SR E N Tad 50
J7 BT AR BN T3 SRR [ R Th BRR T, {ELAE 5K
B A B G 3l Bl v R N Tl R — BOR R B B
WKIF&TE, AR R SR, B A 0525 H
R T AP0 R TAT N T3 S A A S5 LB I A Y
BEATAR R e, BIOREAR AR AR R FNERAAR R T HIAT
BRI FB X B AEABTRTIALLR
M7 FaR . A SO Gty S T B AR AR A T B
PAVE AN T S B MR B, Ok T = 4 28 ) i AR b %
Bl BEATRBUMES. B, BEMSTON A K,
£ 2425 6] TR B AT PR B A AR AR R TR B AL
WA BAETE AT AR B R R KRS Y R ES
SRR AR R (AN 2), BN g R B R R R 0

ol =K'zl + C'% (18)
Hrp
ke O
Ul = (09707’) ’ Kl =
0 k
Cy 0
C' = , 2b=(u,v)T
0 ¢
2t AR RE, ko, co 44 D) I SR BE R HOM

BYEPHEREG ko 2000 040 1 2 R BE 2R HORN

P(t)=PFysint

t
P() | free surface z
A

Tx Uz

76
cylindrical surface

Ty y

B2 AR HER

Fig.2 Finite element model

FUEHERE. RMARRATHNISMBRES
HAMIRR TR SHBRENZBRKRA

ol =To (19)

=Tz (20)

Hoft, 0= (000,) 7, 2 = (up,u,)T, T A ABREE B

il T:Y@H’“”Lewymﬁﬁmm%
sinf  cosf

i, RAMAE y BE A MEUEME, £ v Bl 22 S EC
. R (19), (20) RAN (18), BHEABIRRTH
INIES )

oc=Kz+Cz (21)

Hi, K=T'K'T,C=T"'C'T. % TRk
B, CEHAMRRTFERN

s; = Kluy + da; (i = x,y) (22)
Hor, KL A 00h ViR SRR B R AR R R
. K (21), (22) AEMALIRRTREBATILR EK
WA FBENX. o, A ANTB R ER— G A
S BAFLBR AR N S R &, fEA ot Ed, T
{7 P IHUORE 3 SR b 46 N SR DAL T IR, AR 4
R HFIN N TR, FF AR B AR NI BE AR B
PR FEF. Kb, EATHR LR EELE S
R SF RS B - e BEJB o f 1R D BE B W iead SeT
T TA BT, JUH R X R R R
WARFARBE R CEFPH, HHTRIAKITER
SR i Hr St

4 BETE

B 1, 2 43 545 H PR e OB U T M — A
Mgk, IFEXNEFATLRATRRETRESR
BEAT A BT R LE. &R A BR 0 M At = R A\ T A
AE 1575 1 5 B ) B A AN T30 7 53 [ ok ) e AN e
F5A i 2% 18 B R R R DX Rk ik SR SR F SCHR (6]
BIT5 ¥k — s A 2R A DCHR [16] B 75 4.

B 1 Z4ppmsEE e, EMERIER KPR
FEIAER (LA 2), P(t) = Pysinwt, Py = 1N/m, }
BTRRBGBI B A 0.1~10Hz. BHFHE 55
4 0.1Hz, 3Hz, 5Hz, 10Hz. & XH: 12mx6m,
SRR IETT T8 o0 B SOt R X, B 8t 18 AR JS0RE A AT
E48, MRS RE 1 HEAEKTFERIERT,

YER RAL KPR N FE fh 2k L 3. B G T



® 5 M

EFHESE  MAAREME LA RS AL R 609

RPEL R —Br B AL . Bkl RO N e
fi, KWK A A PROT AR A BROT T SR SR
(17] BT . B 3 2 W], AEARCFEhEIMEAT, AR
KR TR B RS RARCFRA

B, BARAESH ) EBR B (f = 0.1Hz), %
WHAT AT HERS Y RAR UL —EN
w2, (HBEBh B R B 5 R P T g SR
RLGF (G BE AR R 1

R1 MEBHESH

Table 1 Basic properties of the material

ps/(kgm=3) pr/(kgm=3) p/(kg:m~3)
0.3101 0.2977 0.306

A/Pa pu/Pa n
33.3 1250 0.333

Q/Pa R/Pa
1.541x10% 1.535%103

k/(m*(N-s)~")
0.004 883
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A VISCOUS-SPRING DYNAMICAL ARTIFICIAL BOUNDARY FOR
SATURATED POROUS MEDIA Y

Wang Zihui*t?  Zhao Chenggang* Dong Liang*
*(Institute of Tunnel and Geotechnical Engineering, School of Civil and Architectural Engineering,
Beijing Jiaotong University, Beijing 100044, China)
T(School of Civil Engineering, Yantai University, Yantai 264001, China)

Abstract In the dynamic finite element analysis of saturated porous media in whole space or half-space, a
finite region is usually selected for computing, so how to deal with the boundaries of this finite region is the
key procedure for simulating and analyzing the open system. Based on the constitutive equations of saturated
porous media, this paper discusses the normal and tangent stress formulae on the artificial boundary of cylinder
and sphere shapes under the assumption of out-going cylindrical waves and spherical waves, respectively, which
attenuate with distance. With regards to the form of the formulae, the normal or tangent stress includes
two terms, which are proportional to the particle displacement and velocity, respectively, so the continuously
distributed parallel connecting springs and viscous damping dashpots can be placed on the artificial boundaries
in the normal and tangential directions to simulate the energy absorbing function of the unbounded media
outside the artificial boundaries. The viscous-spring artificial boundary can be easily applied in a large universal
finite element software to analyze sophisticated dynamic problems. The examples show that the viscous-spring

dynamical artificial boundaries enjoy good accuracy and good stability.

Key words saturated porous media, viscous-spring artificial boundary, finite element method, infinite domain,
radiation damping
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