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Analytical Solution for Bentonite Intrusion Considering Variation of
Swelling Pressure in Crack (Proceedings of Symposium on Applied Mechanics)
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Yuya KANEUIJI, Tottori University
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Hiroharu HIURA, Tottori University
E-mail: kaneuji@tottori-u.ac.jp

Understanding bentonite intrusion into cracks is essential for evaluating the performance of natural barrier
systems in high-level radioactive waste disposal. In this study, an analytical solution was presented to predict
bentonite intrusion while accounting for variations in swelling pressure within the crack. The analytical
results indicate that solute transport velocity increases as the rate of swelling pressure rises. This transport
behavior occurs because the swelling pressure reaches its maximum value earlier when the rate of pressure

increase is higher.
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Fig. 1 Schematic of the bentonite intrusion in crack
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Fig. 2 Solution concentration distribution in channel for
various physical constants (x and Da)
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X-ray CT-based evaluation of the effects of model soil nails on cylindrical soil specimens
(Proceedings of Symposium on Applied Mechanics)
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This study evaluates the influence of the soil nailing method on ground deformation using X-ray CT imaging.
Cylindrical soil specimens containing a stainless steel wire representing a model soil nail were displaced and
scanned before and after deformation. Displacement was induced by tilting an aluminium rod at the specimen
centre. CT images enabled evaluation of void redistribution and density variations around the model soil nail at
each stage. Digital Volume Correlation (DVC) analysis showed reduced displacement on the passive side in the
region between the model soil nail and the specimen periphery. Vertical displacement indicated upward particle
movement along the model soil nail. These findings suggest that the model soil nail resists sand movement and
contributes to displacement restraint within the shear zone.
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Analytical study of the effect of large wood on impact loads using DEM
(Proceedings of Symposium on Applied Mechanics)
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This study reproduces a large wood model with cylindrical elements using DEM and investigated the
mechanism of impact loads of large wood accumulation acting on woody debris retention structures. As a result,
the large wood accumulation density at the time of collision is the main factor in impact loads.
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@ : Analysis result @ : Experiment result @ : Number of contact N, @ : Number of trapping N;
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Fig.6 Analysis result (n = 100)

AKAH n=100) 255 L L=, Figd (i EFHILEE OfE
Wres vaRd. MARHIE LT MR ERIC L Y AE
L, HEHI 2 MOREER CRE L. MR ERER
BRI TIXNER THEHAE L, TR0 ZbE»HIEM
2 Lz, Figs TR A R~ T. R & FRRICT
TRESIC TGS E 250 E L, =0 Lk 3.4 m OALEICHE
RETFNEEELICRE LZ., Z0&x, PIMEIEEN R
EEFRTDH. WMATT /MIMAAFERECERILL, BEEICIE
% TFIEE A, KB FREREZ A CHBE L. Jik
DEBIITESAET N VAV TEEL, WATT VIS
EEHEZ G322 TR L., WHSAAET MY
HKER L OFEHEOSM1E, EBREERICE SO TREL
7o, b, ERERMOXRERL, ERTHERLEZT IV
MO IESEHE L.

4. BIHER

Z 2T, UIHIECEREER=05m, 1.0m, 5.0m D5
TITo 7. bR % Fig6 (ORd. £, Fig.6(a)DfiiE
—FEFIBMRICE H 95 &, RKEEMEITER TP =215
N, T TP =222 N L720, AREHTTIEIC LY HRAMEZE
IEORE SEPWAFE TS Z ERERINZ. —F
TFERAED S R KEH LM EICE 5 F TORER 41 1%, EBRT
At=0.37[s], fEHTT 4:=020[s]&, fERHTOIT AN ME M %
RLTZ. ZHUE, METICR W CHRAREN GO BB L0
EFHOIRXL>ENERLV/NSLFHMES N, BEELTO
BEDERHDICHRE IS T W=D EEZLND. T
72U, R0 mEE OME I REREZFE T T»
5. WIC, WIHIECENRE R ORBELE TS L, RVAKE
72 BIE EWABEEE MK T L, Fig.6(e)IRd & 5 ICHfk
TR KL E NI LIC K 0B Z E R ENT-.

2T, R TICH T AR OB - RRIUCER T
%, YR TICEBEEEAR U - RS 2 BEAAEL Ne, R TS
EFEA 0.5 m OFEFICTEEL, D 2OIADH FIEED v =
0.3 m/s DFARE A AL N L EFRT D, KERIIZE(L
R E, N OBBERBERIZESEETELEL TV,
t=1.0 [s]iZ3B\ T Fig.6(a) T Ne= 14, Fig.6(b)T N. = 25,
Fig.6(c) T N. = 10 & ERBA U, 2L, SRy
FEIRCBETE FE DFE O A ARG IR E HFL T D Z
& BT R KEZET BRI 1T B BRI AL N. & R AR
N DOBRE RS L, Figb6TIE N =15, No=75 L %50
TEADERERE CREE L CHIfR TIZHZE L WD DITH L,
Fig.6(b) TlZ Ne =5, Ni=35 &AfH % OFEADIEIERIFFI E2E
THIRREL 22> TS, Z OFERIE, FIIRC B IEEE R (it
KT 2 FARBEBE OB NDBEEA = X 8% KRELEBS

BDHIENDND. BENKEWNGEITE, BEOFEAN
REE LCEET 578, RM7mf EHIN & R & Al KAfife
RENBEETDH. —TF, BEMREOEAIZIEHAMERNC
EET D DORIRNTE D, W7 R REZEA EIZAE T
lZ< v,

PLEORER KV, BEEEREO AT LD Fe K 22 faf B D
HAEBLOZOKRE I BT 5 FEHRKTh 25 TREM SR
Bz, bbb, WAL L CEET L HE L@
BT D56 & CIIMTEIEAE A I = X LRREIT R
D, TR EEWEOA B L O OFIRIC B
ERIFTEEBEZOND. Lo T, WARREEZEYIC
PS5 2 &A%, R To®R EFMHICB W TEETH
LlE\EZBND.

5. % §

ARFZE, MERERZEZ AW FEREREICLY, WA
REC L DE RO A B = X % SR D
L7z, BRZ, TR EMREMARS L OEE2E I E
BL, MAROHAIRENSWEY — 7 & IiE S 55
DWW TR L2 5 b iz B2 LU R ISR T.
1) fEPTIC LY, AR ORKEEMEOKE S 2R
TEXDZEEMERL, AT RS =S A 2
ThHZ EERLT-.

2) P E BEEE R OB, B 28 O AT B MK
TL, mAEEWESEDTHZ L, ILICHEERWELY
— I BEAELROWEENFET DL L2 LN LT
3) e RKTETZETRT BT, FFZERE D FRAKER 3 L OV R B2 floA
BUTHRUKAFT A EERL, TEADFEL L TEZE 32856 L
BN 89 B E L TR EIEEAD =X BINAE N R H T
LEIRLTE.

PbX v, AR X O Rl RE 2 w5
WCRHT 2 2 &3, fiE TIC/EA 3 2 Bi@2Emr O & B
FIEEHIIC B W CEETHD I ENRB I NI,

SE XAk

1) BKEECD, 4RFE, TAREY, EBRK=RE 40 B
O FEPRAKFIZB T 5 ERAREOMHAIZONT
BN S FEMB TR R RS ELE, pp.613-614, 2023.
2) #JIKE, B AERIT  RARIE TIC X 2 AR O/E AT
BT 2 EBRAURRGT, #EiE L5 imSCE, Vol.71A, pp.817-
827, 2025.

3) FAR, BA—, KMA, BEOAL, AIUEMHE 53]
BRIEIC K 2 ERBRE AR OFERIR U Y L Aimimie g
Wr, AR SCE A206H715), Vol.69, No.l, pp.16-
29, 2013.
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BHOME & TEREEEE LT SPHIEICK DREBEOREN (0RO LEEHE)
SPH-Based Simulation of Slope Failure
Incorporating Heterogeneous Geology and Discontinuity Surfaces
(Proceedings of Symposium on Applied Mechanics)

HH il GRECK - THA T

I AR (QRECR - 7Y A 1)

Naoya NUMATA, Hosei University
Hisakazu SAKAI, Hosei University
E-mail: naoya.numata.6v@stu.hosei.ac.jp

This paper proposes an SPH-based framework for seismic natural-slope failure simulation. We propose two
methods: one is an internal force divergence formula handling layer boundaries with different densities and
stiffnesses, and another is a technique to generate discontinuity surfaces caused by tension cracks. Results of
dead-weight analysis suggest that the proposed divergence formula mitigates analytical errors. Furthermore,
in the seismic slope failure simulation, the proposed discontinuity SPH model can reproduce failure behavior
with tension cracks and displacement of the surface layer. These results partially support the proposed
methods that work as tools to analyze slope failure with tension cracks.

1. [FL®HIC

MR O O ZE B & AR R O FENEERE & HE 9 5 5Kk
TEMEAT TR & LT, BUUBMEREIIZ 3 A L 7= SPH ik VoM
T e BRI (R > B SRR ICARZE L X 5 SPH 35 DDt % 23
MBS TWA., 2D OWFEIE, SPH IEDFEN % £ 5
WA B O RE R Fik L LTOAMAMEEZ R LTV,

—J5, —#&r972 SPHIEOW 1 L O O3 g0 FH R,

T SR D B 7 DS DO W THERR S D BRI O JE
BEREFJICEETETWARNVWEEZ NS, £, £l
FEIIFIEAAEE I BANDL A2, U R ZFHEIZREW
T, BRI LA RNEREOBENLELEZ HND.
ARFFEClE, TIEME SPH 154 WEEIC K 5 H 2/ o B
HEEOMNTICEAT D 2 &2 B, BESCHIMENRZ D
B DOHE & x5 &3 2N OFRBEOFHE I & AREEm o
HAEEBEBLIEETNVERET D, METIEELEALL
SPH 4% 51 IR A U 2 £ AR O FRELAENT I 35
Z&T, FEORRAMAEREE L.

2. BIFEOBE
2.1 SPH %12 & B ERfET
WEZEUEEROES FREAZ, ) TRand. 22
T, e TN L VAR S VAN, b 3R K OME
PEINZ K2R A R 7. AL TIE, (1) D ¢ IZ Rayleigh
Bz WM T 2720, /N ORRET 5 FiEE AV,
SPH {E D EAMREHT TlL, WHDFHE R Q)DAIDE —H
ORI Faes v ) Tl A EBNE . 2T, 6
WS AT Y, m XER, p (TR, WX kernel Bk %
FI. F, CIEBMELEMEODIZHEASRDS AT
FHHETH Y, A TIEAN TR & ALIS ) ofnz £
LA AL S (1)
dt P

V.6 | e o’ } B
- = / - - VW7 +CY 2
< P > 2m {(p’)”(pf)z} ! @

22 REFEONNOREBOHE

KW L DN DFMOFHERL, KiFFIAET 555
TERBCAE i 7= L, IEJEREI COFHR N L ET 5 —F T,
AEER COFR THIEALZ ENEAFHET D 2 L3 ER S
NTW5 D AT, BWENRR DB T2 i i

M UT5Es, SHRRR DS IRET 2 Z L 23d 5 (Fig2 ZH).

B SRARHAT (378 B SOMIE D B 7 D O EH TR ST
BY, SIEAKRALEZET 2HAILLIRE FOFREELLE
SEEIMERHDHEBEZOND. £ T, AT, ¥
A5 IPRET DHEETT NVEOREN)OFREOFHFIZHE
AT a2 A7 MAT, RS YORET 5 HMEA
OFBEFFEXE FAWT, BECRIEN B 2 BEER CoRt
HoREER 7. KQ3), @, FNEFhEmHELE
WHL7EET L, ET M X AN AOREBOFERT
b5, 22T, LiLkemel BEOARDIEEITFITH S .

oL, RQ)ZBH U2 E RGN CiX, K15 083 il
72 B R U CHUE R N A L, B LT & EAT
T&Ehote. ZOH, AL TIE, BEORTIZx L
TG GEET V), BHEHRFBRR IR LTEXG) (Fi
BTN ENIIOFBROFFEIHERT 258 L.

F72, OTHBEE de/dt B OIS I1HRE do/dr DFRITIE,
FERE & OD4EET 2 WK OB G R RUHE IEITH L %3
FAL7=RG), O)FEMTS. 22T, IRFEa fITEESH
ERL, GIXEAWHMELRE, K ISRREMELRE, 013
0y H—DOT NABE, dey= dewtdeytde: THD.

(Lr)-rgime s aie @
p TP ptp
i J J i i R .
<Vf>:L§:¥Q@“1hTf}VWqCU @
p TP pp
de! i, i i
gaﬂ:lﬂ (V;—V;)LilaW +(Vé_V’lg)LilaW (5)
da 2p’ Ox 0x,

do-:’ﬁzzz Kin dé'gy

2G'G7 [ del, 1ds),
dt K'+K’ dt

j G +G'\ dt 3m‘mj@
3. FEGEOFKEEEELE-ETIL
31 BRZRERUVUTEGEAFOEE

R B &R & O RERE ORI, hiriEick s
WIREST CAVWON2 HRREFEEOTEZEMT L. &
WL ClL, Marrone o YO HE%EBEIZ, EEITH] L O
NEAEABELL T TH 0, HEREEEEN (Fig.l 2MR)
DRI RTEE LW 2 BEREER & Lz, 22
T, BHRERERT &£ OREkEHEK (Fig.l ) ITFEET
BRIt 2 REERL D~ & LTRE L, LT SPH
B & Dl RO REHE T <, #foFHEE1T .
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3.2 NEHFMEICH T EEMOEE 3) VelaSEE, EELE, BRI AJEE S LeIRERNEDR
kit EEOBEMOFFIX, BE DEM & FEEEOBRFIE- KZx5 L Uiz SPH EDJE S AELE T VO F USR],

Hyvaly NATFTAX—IZXLDETNVEBA L. 272 T+ AR TCEE, Vol.79, No.15, 22-15023, 2023.

L, Ri+OEEEEEIE B LTV, AEFZE T, 3R 4y WERRER, /NEGER, ANLER, SR, mA

{%%$5 % Hertz-Mindlin ®F VA FEICREL, vy a®R v b SPH {£IT & % Bffid B SR OEEMEOMT, HAR

IZ Rayleigh JEE A1 L7-. BEEERNT, k4 5 Ri+[F AR 2 A (A FR) ,Vol.77, No.777, pp.834-842, 2011.

TOWEEEAOFME (LFR35.0deg) Zi%E L7z, 5) S. Marrone, A. Colagrossi, D. Le Touze, G. Graziani: Fast

free-surface detection and level-set function definition in
SPH solvers, Journal of Computational Physics, Vol.229,
No.10, pp.3652-3663, 2010.

6) M. Shinoda, K. Watanabe, T. Sanagawa, K. Abe, H.
Nakamura, T. Kawai, S. Nakamura: Dynamic behavior of
slope models with various slope inclinations, Soils and
Foundations, Vol.55, No.1, pp.127-142, 2015.

Table.1 Material Parameters (SPH model)

Density Elastic Poisson’s | Cohesion Friction | Tensile
Layer (kg/m’) modulus ratio (kN/m?) angle Strength
(KN/m?) (deg.) | (KN/m?)

Surface 8.200 107.4 0.0 26.85
, A : mat. 1) | 2000 | gt | O30 1 344 | 084 | (1443)

Fig.1 Sketch of Free surface and Discontinuity Detection Weak 67 5637 0214 29 305 2460
(mat. 2) X 10% : (1.7) 363) | (0.407)

4. REFEZRVEHEIC KL 2HE ARG Bedrock 1.000 280.5 573
IR - eHoTt 1 1890 0.267 ; : —
RBEFEEZANC, BEHO OOHERIC XD REAEER | (mat.3) x10° : (5.4 (534)

OB 2 Fhii U 7=, FETICH V2 SPH 5V O#PENE % Peak state (Residual state)
% Table.l [Z/”9. BERSME, K% EE, 5% hEr
—7—L L, RERAROMES) (Figd ) &EMT) & Standard —= Proposed
LTAN LTz, 22T, BEOMERA% 45 & Lk pethed i
MIRREE O R 2 x5 & 9 2 BT OfE R A2 =T

Fig2 |2, —M%f72 SPH ik & REFIRIC L 5 B ERITE
THOREIC IR OWEREZ R, BEFEFZHNDZ L

T, —ME 7 SPH 1ETHRA LI B T ok ) O 23 125 (NI

il s, 2 LIS I IRIEZ S 6N 2 E R ah5. Fig.2 Comparison of Dead Weigh Analysis Results between
Fig.3 \ZA&bHEREMET O AT~ 7 a v b, Figd (25 A Standard and Proposed Methods

A (Fig.3 ZR) 1281 BN & K5 TAINGE B O REAE % ‘ ‘

¥ Fig3, Figd LV, BIEMZE CIEE O5E S Az TS0/ TIMS:1 006

TOEEE, REPTEITIHE T D RS 2 EERIC T ot ot
BTEZ &5, Ei, RITHE TR DL (K 0.58 m)
EFEROENM (K 0.55m) (IR —HwLTWD. —J, &£
BRCHERE S LT 1B BRARTE (K7 [ O DL 23 0 1235

SEFOFIHMEITRV. ZhuL, REfim DR O Time: 2.40(s) Time: 3.20(s)
BEICHNT, HAROMIETEIC M 5 B & 51 & = _
BCETCWRWIERERELEEZ 2 bND. S : e
5. £&®

ARFFETIX, BEOHBEMEZ B E LN OB O i s
B NG ORAEEZE LT SPH VEDOET VA RE Fig.3 Snapshot of Slope Failure Analysis Result
L, WEIC K DREAEOMITICEN Lz, £ORfR, 12
RFREOBREME S RimpEIc 3 2 Tt e o Input wave ——Acceleration —Displacement

o
o

&l AT, RERE ORF OFHEIZOWT, BRI 070
LY 2R RIEBOR D RILTFEZEA L, EATIEOR s
DRIWEZONTHRREZAT ) TETH .

s0 | 1 060

20 | 1 050

e
S
S

BE X

1) /REpthl: SPH YEIZ X 2Rt O HIFRIGE & FRiEZt 8o
fEhT, LAREARSCE Al (i - HIEET5) |, Vol.69,
No.4 (HiEE T ¥ 3CEL 32 %) |, pp.650-660, 2013.

41 0.30

o
S
Displacement (m)

1 0.10

Horizontal acceleration (m/s?)
o
o

-6.0 g . x L L s 0.00
2) D. S. Morikawa, M. Asai: A phase-change approach to 00 04 08 12 Tir:‘f(s) 2024 28 32
landslide simulations: Coupling finite strain elastoplastic
TLSPH with non-Newtonian IISPH, Computers and Fig.4 Time History of Displacement and Horizontal
Geotechnics, Vol.148, pp.104815, 2022. Acceleration Response at the Observation Point
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3 Rt MPM-VOF D 2B HIRFMADEAMY (LRI LEEHNE)
Applicability of three-dimensional MPM-VOF method for seepage failure analysis
(Proceedings of Symposium on Applied Mechanics)

A EM (hEHEAN L E o MRS, IR - T
A R GUERs: - 1)
Naoki ORAI, Chuden Engineering Consultants and Kyoto University
Ryota HASHIMOTO, Kyoto University
E-mail: orai@cecnet.co.jp

As a result of case study analysis of the 2011 Great East Japan Earthquake, it was shown that tsunami
resistance of breakwater is effective in mitigating tsunami-induced damage at coastal area. Therefore, it is
preferable to assess continuous deformation process from earthquake to tsunami for examination of tsunami
countermeasure. Although computational methods which are capable to simulate three-dimensional flow field
is essential for tsunami resistance evaluation, practical method was not available. As a potential solution,
MPM-VOF has been proposed. However, previous studies have been limited to two-dimensional analyses,
which poses a significant limitation for evaluating tsunami countermeasures where three-dimensional
behaviors are predominant. In this study, two-dimensional MPM-VOF were expanded to three-dimensional
MPM-VOF to address the issue. In following section, implementation of MPM-VOF method and example of

OABHEEATIARER BANFERES

calculation are presented.

1. [ZC&MHIZ

2011 FE B A AR TIE, HUE (BrCiekib) Lo
WXt DA DA ORI LD, B EkoEE
BB\ EENAE T A Z EAUREN D, BB SR DM
FHZ B W T B~ IO 2 AT 2568 2 —# T %
T EMEFE LWV, ERN RN FIEI TN ST R0,

TRARALCHI I X D VRIS IR U 7= it O KA TE & 5
L9 DT FIEE LT, KT EF20M Lk ok
TEFENT 15D —FE T & 5 Material Point Method? (MPM) 73
H5H. MPM 13%%], BEROKREFEMITFIEE L TRES
NI, ZOtk, HEEZELRLIAERORE — Bk
TORA Y o T 90900 11215 O BT 1R A i ~ &
RSN TWD. S DIZEEETIE, WIS oRESL R
&~ MPM O %2 BRE LT, S B i A
fENTEDONE D> TH D Wolume of Fluid (VOF) %<& MPM
& AR & H 72 2 IRIT MPM-VOF 838 D — A2 & v #2
LEN7-. MPM-VOF TiZ, TE#DEZE MPM, Kk
MOFMRE%Z VOF HIC X 0 Rir L, WEFOFHFERER
HICHHERLT 5 Z & T, TEEOENS & [ OF RS
IR Z LI LTWS. L= -> T, MPM-VOF i,
HIEER A D DI E D R O —E OB 58 % AR
IR AT RE 72 fifAT TV & L CORBEMZ A L T 5.

5 & g Water level
- e difference:
Tsunami Flow .~ % s-Y.050.. 8
FFERECERTE
R

“h MO SF A FloRELL
RN el 2 iR
Fiaar == D RS R b

EET RN

Fig. 1 Effect of flow field due to tsunami for ground modified on 4)

72720, WKEROGHRERESRT 5L, 3 Wil
B (B2 380E, BH#iE Y = v M, REE O RIPTTEN)
R 2R AWK O FEEARER TH -7 D2 b
19538 B2 D T I P BE 00 BT 3V Y T 3 R ITHE AR Sy D AR
DARPKRTH 5. Fig.L IZBHEERENICET 5 3 RoCii ik
OFERT. L LR, BEED MPM-VOF TOfEHTIX
2 WILICBRE SN TRBY, MITRICOBRNBIX, PR
O HRE A T 95 Pk L LTHy &IV 2 7.

T AT, 3 Rt & E AT HE S MR D%
EMEFMT S5 2AME LT, BE® 2 KT
MPM-VOF % 3 ¥k 7& MPM-VOF ~ & HEiE L7=. B4R T
1%, BB OREME TH D, HRNAKALZEICHE O BB
BEfFAT~0D 3 R IT MPM-VOF D3 F 1 IZ DWW TREE L 7=

PIEZ T MPM-VOF O ik, it & x4,

2. F%
2.1 SANMZ AL ERDEEHER

AHFSE THARIRITIZ AV S VOF 1 TITRIFAT 7 2 %
28, HUEEITAFREE AR E T 5. HE A TR (FEFE)
LB ) o7 2faMEFLUERE 72 LTz & X,
ZOHEBHERIIRQ) D L H IcEES.

(1 — n)psits +nppitp = V-0 — V-ppl + (1 —n)psh + nppb (1)

TICEHED Ry MRS, S—d B A L,
THERAFO SIEEM, FITKEBICETIEHRTHD
ZEEEWT D, niXMERR, ulIENARY b, plTERE,
G VXEFOELNE 1T > Vv (BIREMNIE), pUlXikM O E 17,
11 2 BOEALT > Vv, b i~ 7 "L Th 5.

2.2 [URHEOEZAER

AMFFE IR F1EI2IE-S < VOF RIS X 0 KR O TEE)
ZIRHTS 5. WA O DA & G157 D% BV Ic - 2 % VOF
BFCEL, MIKOEEZpr=Fo+ (1-F)ps, FElEREE
ur=Fu+ (1-Fue THRL (22T, THEHRATGIEIR
MoOZEHERT), B—0 (Darcy) Fidish vie s L OIE 1
pe Citik &+7= Darcy-Brinkman o iEEh 7 ((2)
&, A R TR T 5.
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5V},~ v’F 4 n U oo T 1
L % py = — 2ppp + L V20, 4 nb - LR
ot n vF PF Pr PF VP PF (2)

2T, RIFEENSZTDHNX7 FATHY, KI5
Tl Darcy HIZ 2B HERECHESINDLFm LA VR
WHEBR L 7= @SS AEEM /=7 s iz AvnT-.

u F
R=n{—+—=v'p —nvg|; W'r —nv
{pFK =1v'r sl}( F = nvs) @)

Z ZC, X Kozeny-Carman & AW CHIBER IV EE S
BABARRE, FITRERRRE 2B LTEE D%
ThHD.

K )ITHE EFAAEER (n=1, k— o) TiE Navier-Stokes
FERR, LIAEERER (0<n<l) Tk &HERHSIT/NE
WG T Darcy HNCHE T 2L 7o TR Y, FEEMH:
PRV D L FUB S TEI & Ji A HE I A RIS RN T & 5.

2.3 REOBRARERR
RirEix=RRT 2 VOFfE (0=F=1) X, W (KIEH)
DVEG ORI B A HE Li2tk, FHOBRELZHET
52T, RuORHFEREZIBHT S, RiuoBi iR
FR@A)D LD ICEE D,
oF vp

E+7'VF=O (4)

2.4 SHERE

AWFFETIE, EEOER FEAT MPM IZXY, KK
MoEEF AR L OERAIT VOF B L ZnEnfE
< SyBEERMIRE R Lz, MR EOHEELZHICETL,
HEMREEMEICAND L LTEXDZ LT, TEBOEN
5, WAROREEY - JE135 ORISR & i3 5.

MPM X, 777 aliphit & A A 7 —ies st
FRFEMBEDEIANAL T v RFRETHD. AFET
%, B EAIREOWE S ki) THEBYkL, &R
NRATHZRE R, HE, ISR EOWHEEEZRRTS. &
DT, SR 5E O WRHBEK T 28, ShTE2KT0
BB EEDTEBEIARERE SR E LT, RQ)DFEX
ERA B 2B, Ak IXERE OB D % ik
L, RQ)OWMIZEIT B2 E%I2iE VOF ECTiE St
IEEERT 5.

VOF JEIZ WIS, ZERIBEHLIC AR ZE A A L
VR EENOFEIZ TS 7 a N - 2T v FIETERED
12175 . KE@)OBREICITAEREL CIP 35, FEMEIE & £
AEEIZITHRLES ZHEHA L, VOF EOBIE, REOH
MEEGEIZ WLICIE O L= K — - 7774 —kT
REENFHT 5.

2.5 5tEFIE

BRI & & DB AT v 7 TIEET, MPM Ok~ DR
BICHESE, MREOZEMSMEHET LS. ZO0MM%
VOFiE~D AT & L, ES I X OES135% 5B L CTiFE<
T v aFoe AT v FIKRICTHHE, fiE, EHE,
PUVHEDNAICHE L%, EnlaWle s L 2EIoR
7 iR ERE, EHARELYHET . K*%KIZ, &
LNT-RESE D VOF [EOBHHEETTH. £ LT, &
LI TESPE S, VOF D450 Z V72 235, MPM T
TEHBOEREZMRS, EWVOIDONR L AT v TORNTHS.

U EOFEEZFFED AT v THIZE Y 0 k.
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3. B

BB BRI 2 AT 1L 0w A2 M5 7=
b, MR & LC U BRI R 2R 1 U v ZEOMR
Wiz i L7z, Fig.2 \ZTT VX %R d. 1% 0.0lm D%
FHT-L L, WAKIEIE 10 B, BATIZ LB E L, FE
(28 4 B A DOREKEE Z %1 72, R MPM R+
ZRCE L, MR 0.4, FLREE 162 glemd, Yo 7% 1.0
X 10% kPa, WEBEE#EA 30°, Ak ) 0 kPa, Kozeny-Carman
KU H-Z HREREE 2 mm & L7, BEFROBERSEMEIZON
T, FommbEidseeEE, MR IXhE e —7—¢&
L7z, SRIRFRII A OYIHKAL & 0 105 o e RIEE 135
B & L1z D 2T, HMIAKIE A~k 2 13K LU CKEAZE Z 5
RKEE, RA VT EFR L.

Fig.3 IZARA U v V7 RAEBEB OB 2T, IRAKIFEAED
HERME 2.02m (23t L, ARFE CTORFUKHEZEIL 2.0m S
N—B LD, AHEIIZYTHD I L 2GR LT,

i 1]

o

2.4

00 —00
02% 027
04 £ 042
06 8§ 04
085 08E

L1 © BT
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