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Numerical Analysis of Dynamic Behavior of Seepage Flow with Finite Volume Method
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Dynamic behavior of seepage flow has been neglected when soil stability and deformation are investigated
in geotechnical engineering because of the experimental and analytical difficulties. This study provides the
novel work presenting the numerical analysis on the dynamics of seepage flow. In this paper, the numerical
method for the dynamic phenomenon is proposed, applying the finite volume method with unstructured
grids to the continuous and momentum conservation equations of seepage, and the numerical simulations
of some two-dimensional problems subjected to dynamic boundary conditions and under a seismic accel-
eration are reported.The numerical results has shown the dynamic responses of seepage flow which cannot

be produced by conventional static seepage analysis.
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B (r<0) ClRREMITEFREICHSD & LT, MK
J£ p 121 x=0 T 9.8kPa, x=1.0m T 0kPa & 7 % #JZ455
fi (BRI 1.0) , REHRMEICIE u=2.0x10"cm/s,
v=0Ocm/s & 5-2.7=.

-6 (21X %) 1=0.015 5 COBIBRAKE AR % 759, [H]
M550 5 & 912, BBKEDSMmIE—%E %8Ik
Bz FF o E O 1R, KIEZ REEIK
2 B S E72 x=0 OBFUTE TR AL BIKARR A
LT & 7o T\ B . RIFNTIE x HTAIO—RITHETH
D, y=0.25 DO (FEHTEIR O HLER) T ORMBEKE
DREHEZEAL 2 BT\ R T, BEZ) ¢+ <0 CTLIERIZ 55 A
L TWzBBRKER, =0 TH 25N x=012BIT5
RO FETIZALIC X - TEFOBIZ x=0 DA Tl
JENDERTBD, x=101CFTEDOEENRREDI|Z
IR ET A, BREIERETLEEHIZ, x=0
DAL T Z DEKABAVNS L 2, W2 x=1.0 D
fHETIEBIKRAEATKE { %5 2 & TERIREOE
GATS LT L (L ERSANISHTE T S £ TSI
W HPDORFHEEL, FHLIXIZ ORFBIZEKRFREK
WNESLK G BIEEELS DAL EZHENLDTND.

B KA S LB R % BB A TR TSR IS
b 2HAEITHY, FIOREEEBHICEBRLT
Wh. 2 CORMERATRE R I 2 & b E 20T
% BEFUT I TUEAER O %87 it & AT 3 5 1R B T Tl
B /KB % 38/ N RIS A TR DS B 2 & R oRIE S
LLEZD.

5. Fe&d

K L CTRBIWN IR EROEE = Tl T 5720, %
oI 2 CES RN GEBERAR]) % 50
WREIIR T e HR L Wi E L2, £
DTN & B BABERAT O AT HE R D s B2 I % AR
L72RBRBT 2 513155 2 L D TELRWVIRETOE)
7288 % KT 5 2 LWL E o7z, R T
ONFHRZDTICE LD S,

o REMOBEN X ZLEMITH 12IF, BEHIC

Mbzv—RAHES, “BRNICHELLEDSHD. By
i 72 51558 A2 C 13 Jawahar&Kamath(2000) 12 & -
TIRESN-AEHIFR (Slope limiter) % F\T%
BoEmafmzEm L, i) —~< V=&
TVD V> - 7y ¥ EE#ET A 2 L CRERHA
HUFETH 5.

o MHEZLE 2T A REBEKEIENEBBRIZELS
UBROZERD 5 { &b, TONETITHEMER K
EZALAEL 5.

o BROETIOZENVLIEERNEEIET DI

K2 Hd 5. €070, BNZRKELRLE 2T
HEEFAE T, EHERED? S TR SN2 HIKE
BLL D b RELZENDPEHT 5.
TARR M T FEDOFEFTIE, BFERZ DS DDZEEE)72
T, 2R ERICRIT TR LT 5 2 &%
HETH L. D RIGENTHMZEESHIIMA T, =
Rz OMENEHZWONIZT A ENEGHRED
ICHEELRELEERD.

182 A TEAERXOEH & HIEEFM

Al EERDEHHHERX
BEROEFERIIOWTIE, BEE ofEE 5o
HKDEREFAUA#EZAZETUTOLHIIIEZS

M' ([ma) -0

(AD)

@+Bpn1~)j

ot 6xj
Vi ZRBR DY MAEZ TR L, YL —iit
Hy LIZLTORERYEH Y, jIZOWTIIRAELR
HwTwnsb,

=0 (A2)

- > )~
g_L_bk,

Vi = n\7,~ (A3)

EHERFANICOW T, #HlE 50 2 KkOE)&E &
EHS$2T10BREZEZ TUTOL ) IZH5Z N5,

(fpm"/,- dv) = —f pt; ds+fpng,-dv—ffidv (A4)
v Sp+S; v v

22U, s TR ERES, £ 3RERICIND S T
PODEIEWETIE LTHE LD DTH Y, sp, s
EZFNENFIBOBET, SISO LR & KDOBES
EHRYT 2 ((HE-A1 ) . (A4 DEBIZOVT
Reynolds Dk e B 2@ L,

Y Opnv;  Opnvv;
(fvpnvidv) = i %t +T;]dv

(AS5)

Soil particle

fTER-A1 BEKE TR FOBR
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2155, JICOWTHRIBK T Wb, Ao
HIZOWTIZFHEB OB 5, & TR T L RKDOEER s, T
BENAKDE D DT Y ZDOFEERE w5
T

op ap
t; ds = —d w = —d
fsws.\- Pl I 0x; ’ fv‘n[)x,- Y

W

b, TTICv, BKOEDAEEEZRLTEY,
DH D5 TId dv, = ndv & I\ CTHEIBER T OS>
(2 5 2 & THRER fTo T b, I (AS), (A6)
R (AD) ITFEALT

a%'zv’ + % 5:;V’ = —ng—i +png; — f;
5. [ 2OV TIER (A7) DEFIREDODS ) A
REZDHIET

(A6)

(AT)

_ png

U
EERBREE TR T EREROBICE L HEE
FMET 5. K (A2), (A7) IR (A3) AT B2 L

TR Q), 3) &2155.

(A8)

A2 TEAEXOEIEME

RILDEE 3 T CHI L7 BN FE I RAER U
DIEARICET AR A LEET L. 22T, i
LT AER @), 5) ODHFLMEEIZ O W TR
W ewsn, X7 2H, V- AHDZE 2B LT
K@), ) x—krTHEICEZLDL L

ou oF
E + a =0 (A9)
u=| " |, r=| , ™ (A10)
pu pu”/n+nkK,Inp
b, KA ZDTOL)ITEET 5.
ou ou JoF
E‘f‘AE—O,A—% (A11)
175 A DAL
0 1
A=| K, u? 2_,,, (A12)

p nr n
THY, ZOFHIOEAMEIRAFET U IR L 7R
WHEL s, ERICHEAHBLEIET AL

A =u/n- \/m AN =u/n+ \/m
DELD2ODEAFMHEA & AT PHELNS.
KA ICE->Tu, pk A LA TEbLT &
n(A* +17) 4K,,
2 P vy
i h. R (A14) R (A9), (A10) 1IZfE AL, Rk
n—ETHDHELTEREEDL L
OR*  _OR* 31T - A

A =0, Rt =
ot * ox 2

(A13)

(A14)

(A15)

OR~ ,OR” AT +3
R I e
155, 1 (A15), (A16) (XM dx/dt = A~ &
dx/dt = 27 2> TR L R DPIEHTHZ L ZRL
TWwh, RRER 2 AD) ZHVTu bk plldoT

(A16)

gL
K K
R—:E_z,/_W,mzhz,/—W (A7)
n P n P
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