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Influence of gas-phase on seepage failure and development of seepage failure analysis with SPH: Mamoru SAKAI,
Kenichi MAEDA and Takahiro SAKAI (Nagoya Institute of Technology).



—
N

A Smoothing Function

n«h»«

O
for 2D

—
(=

(=1
<
Differential Function of Wzyxh’

—
(=
T

Smoothing ]
Functiory

e
w
T
~
=3

Smoothing Function, W (i,-)/nhz

e
(o

[
[ay
b
(=3
—
&

(xx;) /h
: ] X-2 SPH ki LB #HER TR O %t
X-1 SPH iz X % (L% (Smoothing A7 E ¥4k B % ( Smoothing

Function) Z HW-HHEEDORE » Function) D&%

DFRY, FEE, SHERORAMBECHEEARMER Y OBEEE (Discrete 72) ZBORENTREL 2 5.
Fo, RIFREROESE, RAUOKNFRAPL I TBINHABRICL > TXEIND. BTFREAFOKHOT
Bix, BE OEGEMENT L AFEOREFBEXCERRN BV AL I L CEHENLS, ZRHDEEND
SPH 41X Discrete 72 ##4T & B AT 2 BAE S -BITFIEE VW2 3.

B L72X S5, SPHETHERTSHMITERORABES LEWCERYHS Z L TRBRTH. fiE
AN FATRENBER o>axb_mmwﬁif(x)@wﬂwﬁ( (x)) 2. BEEGEN CRRCTIRA

FRADYERD 215 2h) ZHDRTFERX UD%Eif(x)%:]:i’JﬂSEg%IW(Smoothmg Function ¥ 721
Kernel) ICL > THRIETHZ L TUTOLIKEREIND (K-12881) ,

< f(x)>= j FW(x—x', h)dx'= j F(X"W (r, h)dx' ), 1= J.W(r,h)dx' Q)

ZIZT, r=x—-xX Th5.
it,h»O@&%Uh»ef&ﬁ%%.&ﬁxﬂ%ﬁé%gédﬂt?5&ﬁm%iw%%%%mu
TOXOICEEXHBZLNS.

< f@®>= [lfe) o) @ mpdx @) V< fx)>= [[f&)/ p&NwE e @)

= 2T, V=(0/ox,0/0p) 135 HET gradient Th 3.

S, ROV EERBMFRA CHBILTS. MFRA i OTLMIE, BREEEZETATHhX,, m,,
p,.aa“z). e, MTFRF | LRTRF j OFLERY Mgy £T5. RE)LOPL. (f(xi)),
w;vgﬁ»iumeﬁ TEBT B EMNTED.

(f)—<f(x)>~Zm —W(ry, h) ) V{f)= V<f(x)>~zm jVW (r;,h) (©
’C N iﬁ@ﬂ?"ﬁﬁlﬂ@ﬂ%%ﬁf&f%é EBIC Mﬁfa%é;néoto , RLFRFj OFHLRIHK
DEBHEICPLEETIRTFRAOKL2S.

[x, —x,|=[r,| <28, o h=(n+h )2 %)

SPH I CIIMI TR i NEOMBEE f, = f(x,) 3R FEAOTL L HICBHT .
E7o, PHLBEW & L CERE E CREHMS &S Gauss \ﬁ%:!z% ELTHBEOBEPRESAT

50 ARXTHIHLEEN & LTUTFOZRO B-Spline BIsE AV . 27 L, 7, =r|, S=r, /h,
£E95.
(E—S2+—1— ’
3 2 0<S<I1
W, =a,x} %(2—8)3 1<5<2 ®)
0 2<S8
|




IITC, auBR@QERETEICRESN, 1, 2, 3RETRENENE K, 1572k, 3/270° 125
22 EHOXSLUVEBHFEROERARE
(1) HEEEoX
—IRENCAHDEE L ERERT vk p, v 75 LEBEORIIUTOL S 122T 5.
op

P ~pV-v=—pD, 6 V.v=D (divergence) Q)

TIT, CORNBEERTS.
2 E#HHEKX
WENDER L7eRE L BICBEHTIBRA» DR EEE, WhTFr e, KEHXS A E2HAN
5L EEEFRANE—RICULTO X ik 5.
ﬂ=—lV-<r+f (10), c=pl-7 an
ot p
ZIT, sDEFEMISHAS (FHEIED) , HRREESHESEZETNEhp, T35, Lo
THERMETRARDER HF R & kME2 E B & 72 Navier-Stokes D FRAIIRED X 725,
ﬁz_lva,f (12), @=—le+uV2v+f, v=ul/p (13)
ot P ot Yo
2L, p&vIiIFSERR L BERETHS.
(3) OTHEER X OaldmEE
DE, OTAEEEIIRAXTEBESNS.

sz-%&®v+W@wY} (14)

TIT, QEIFAT N, RAFED THEBZZWRT . BCEABNOTAEE ! b BEEEE o 13,
BUTOLScREh S,

éd=é—%Tr(é) (15), w:—%{V@v—(V@v)T} (16)

23 EFOXBLCEHSERD SPH £

(1) EEEOIK

SPH {£TiX Lagrange HFIE 7L TY XA THAD CRIEHFET AR IFER OBEOBRMABE L2
RY ROEFEFMHEIIATINDZ LIRS, TR FEADEEDEEFEIC OV CER®RTS.
=Y, BTFRA I DEE p i, RQ)DOBEHK f2 p KBEMZ DL TTOEHETE 3.

N p N
P =ij—’W,.J. =Zm,~Wif a7
j=l P; j=1

72, 9D SPH RFEBIZOWTHHAT S, £/, EHEORDOWMHTIL,
d,D,- N N
?zz:‘mf("i -v,)- VW, :Z;mjvij Vil (18)
J= Jj=

£18%. ZIT, vy=v,-v,, ViIRFRF i OEBZICET M EET gradient ThHB.
XANZRAVWIZEE, BRERAEMTICMETARTEABLIOBRET AR TFEFICOWVCIAERICAL
BETORABDRLRD1D, BERESEESKALWHIBENRLELS. BHOBTHIRR)EH
LR IOMEEZETHZ LR TEE. —F, FHLEEOR LEIC X A2EHILEITS = & TX0)
PHERTH-TH LROMELZERTE S Y. L, ZHRAOMELME<EAICI, ELsmER O
RANECTRBEOREFEILIISOIEHERSLETHS. LWVIHDT, REFBEANRRLVEEL kXL
L RMEROBEREMETER (18) AV THLERAMECEESNABEICKE LHEERE L D)
5THDL. FIZE, KPCHFEETLIERORIBEELD AL ERE TIHREFERXLEY, BE LK 1000
BOLERD. LEP-T, [IBLOBEREIL TRADEEZB/NEML, KL OEREEICH 5K



TIHBRFMT I & d. ZOHA, BRK - B/IHMESWTEEENDEEINDIENIRERENR
ADEHEALESEDIEDICHEREL 2D, ZOMERXRAT7), A)DWTNEEDEERWTH BT
BT EMWTER.

FIC, BmXTHE, XANEAVLIERCR CYWENORFREAICOWTORA I ZETTLHI & TLRE
OMBEE RS2 Z & 2R 7. Landrini'® S 13RED T D& 2 F 2 RNANTIEH L TV B R Z DA
FPRUEESICERBMEDEEZELEELTLEIZLERD. LEEN-T, WE a (Materiala) £
B b (Material b)) DRI FZEROBEZEETAHBAICEIKRARDISICENENRI UHEIZONWTOAR T %
LB LTS

N N
2 W 2 m W,
_ ___Jj=leMaterial a for Material a , _ _ J=leMaterial b for Material b 19
PieMaterial a = PieMaterial 6 =
N N
m g m j
DI e DI bt (7
Jj=leMaterial a P J Jj=leMaterial b P J

WHEBRTAREAESHDI2H00, LRI THEERKRELL BR2WERMBEREATICBONTHEWE
ECTRGEEEYEETDHILNTES.
2) E#HHFEX
FAROFEMIER L OEAEO A TR % % Ei Morris'” & Monaghan-Gingold' D FiE% V5 L FRA
i OEEBFEN(0), A12)FEehFnR(20), QDO LIRS,

_ N + ow;
iv—’:—ij pf ( ,uJ)V 1 +f,  for viscous fluid (20)
a5\ P "o ;ope Ty on
_ N G
ad =—>m, —+—+H I[-VW_ +f  for general solid 2n
J ij i
d S N\p; P
ZZ T,
— 2
— Ty + By ifv,-r, <0
I, = D, vy (22)
OIJ otherwise
5™ kmxcite,, =01k LE) L & =l +c, )2, B, =(p+p, )2
l ‘+8 Lo A 2 g =lete )2, py=\pitp,
AF

ThHY, ¢ iIBFRA i OMEEERTIEMBEOEETHS. RQDPOTLIIRFRA i, j S E6ET
D56 (v 1 <0) KERSE D ATHMEENTHY, AFRARTOHERFOEALZEMS 5 RAE
BonR—DRE 0. BFER i OOTHEET Ve (F315) LEHEEET Y vw ((16)) X

T
_ZL—V®VWQ{;4r®Vm] (23), ©, == Z

j=1 pj J Jj=1 pj J

T
Ly, @vw, (m—v ®V,Wy] } 24)
P

L5,
24 FEROREAEBRBIVCEEXROERETIL
(1) PWEOREESTEN

REOMPMOES, BREDEN, MHOEHNOEBSEZZNEp,, p, p,&T5. £, KREER
BEBETH. 7P, KEHOREBFRRIIUTOL TS 7.

Di=SP—Dop= B'D;—po for gas (25) B=y-p for gas (26)

0



T, REEEAEBIRKRRNOILIICEARR LI > TREEIND. [EHATIIEE LR E EEBLAOL
#6 ZZRIZOVW T y=1.403 & Uiz, D& WCREMEE & ZIEKITFEEEEL T2, SPHIETIIEE»D
EHZEETHEOICKRRD X 5 RREFERE AV CEEEEMERA L LTRYVES Y.

4
Py=D=Dy =Dy {[ﬁ) _1} for water @7
Po

ZITy=1¢ L. BEBEPEALBICEZDSEZBIREVS, W22 ¢ BEREWDIENEEZE
ABDOBEEIINEIL TEL, BLUEERERERIND. ERICHERZITo R, 1%RBED
BEETHo . .
) B (1) oBRET L
BRETHENFPECBVTERET VERET D LEHEITRL, ﬁ%kﬁ@&%m%rw%mwnm;
. ARXCHMEOEDIZUTO LS REBEERETAVE AW, BELBEEEE{EE L. AR
mﬁfi#«174v4&//~ﬁ%4)TT//muiosm EEE L. it,i@&ﬁﬁ@%
KEAMIEE 7, = ptang & LHEERMZO0 L L, gRBERONKERATHD. Y7 HREKE°,
ABTTEPERINE G L RRRBMER B B IT WA SN p OB E L.

e oY e[ D) o E 1 . (pY
E =201+v')G —Eo(p] 28), B q 2(1_Ve)E O[po] 29)

0 2(1-v

Thb. LIzdB-oT, BROREN D L OEBEEITBERICIIT 5 EHE TR DOED SRIEEFET
BZE0D, TORBEANOEENRE YV AT INBEHEINBZZ LIRS,

—F, REOTHEE &, 105 FABIS /I DOHES t & OBRMKRITEMER THILIE, Hooke BIDE ST
HAN, BEMNBIZEERRAE U B HA 21X Jaumann rate XA IS,

T =2G¢, (30), T=t-o-T+T-0=2G%, @31
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