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ABSTRACT

This thesis describes the innovative method of the advection-dispersion phenomenon and
its applications. Recently, ground pollution becomes one of the most serious environmental issues all
over the world. Soil contaminants discharged from human activities or natural factors infiltrate the
ground and damage plants and animals indirectly. Therefore, it is extremely important to know the
transfer behavior of contaminant movement in the ground. Firstly, the deformation properties of the
soil material and transmission of interstitial material including dissolved material are discussed.
Continuous equations and the advection-dispersion equation are derived from mass conservation
laws in soil, water, air and dissolved material phases. Governing equations are applied to the
constitutive model for unsaturated soil and formulated in the framework of the initial boundary value
problems. Next, using the finite element method with the soil/water/air/dissolved material coupled
analysis program, DACSAR-MP_ad is coded. Applying simple initial boundary value problems, it is
found that the performance of DACSAR-MP_ad is high. Lastly, the theory and the codes are applied
to recent real world issues of soil contamination. With the theory, the mechanism of ground salt
damage in Thailand is discussed and its countermeasures are studied. Additionally, the soil
contaminations in the Tohoku after the Tohoku Earthquake in 2011 are organized and its salt damage
is simulated. Finally, the performance verification of a capillary barrier is conducted and it is found

that its effect depends on rainfall intensity and slope gradient.
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MTEZDHZENTEXS, REFSIT™ fafiid (2.15) TR L, fafENED 15
&, BERISDBER L, BRENEDIERT 2T V2 HRe L. BRafEnRs, =0 &
720, WED F b @R RIZ I8 1T B JEE RGO B fnalEHI - 2 e KR 2 U E T
HNTGA—HEak L, SHEDEMERECK T 2B RImEZNEL, TOMEEE
KINRIA=F & (1< <a)b LTEDEAEAXE, ROXHITERL TV D.

¢ =exp| (1-5,)" Ina (2.16)

ZZT, n:e—Inp EOEMMEROMELRT /ST A—F. n=1TS, ~¢ BERITH
ks,

WNIRBIE D AR Z K (2.15) I2RAT 5 & REafisleto Bk EIEkIE,
p

D, exp[(l—se )" In a}

!

(2.17)

+Dn-&? =0

f@%5y¢)=MDm£L+Dnﬂ$=MDm
P&
L%,

X-2.12 135X (2.17) TR H Rl
Lo FEREmOMEKTH 5. Ao
FEES, =1TIEX (2.15) (IR S Hafn
T ORREFEIC—E L, ARhEaFE O
DO BER M TR L, S, =0 TIE,
WRIA RN FIS I D EAFIRE O afis & 72 D
p'=ap, L Liz, & (2.15) O

€4

S, =0
/&%Wt
S, =1

Py &P, ap) In p’

®-2. 11 FEfLBREEOE FILESE
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O R 2 < L KRB D I3A ZhBFNEE D3RR Bl i O YRR/ N R TIRER L 725 Z 0T
JV % Se-Hardening €7 /v 'Y L 4T TS,

q
S—1.0
@y '
78,0 &= exp[(l—Se )'In a]
S S =100 ¢ =1
S =000 =a
0 p.s’"at ap.s"at p’

-2.12 FgafitPRRenEMER (n=1)

23 JN-OFHER
ATEICROTZBERBIE G (217)) 12, WHE (227 rv—) &, BERN
RIS 2@+ 2 2 LIic kY, ARG O5)-0F2B86%) OEHZ1T 5.

i

by

231 BEEFMH

B-2.12 © X S5 IZBUS IV FITEAREENICAAET 2 EIRET 5 &, BRIRBIEL
f(a)=00:ﬁb, f(a+da)=07§§55zﬁ“9’“5@“(“, ﬁé\%fﬁl:ﬁif(a):O&fiZ). Z D&M
A (217) L THEMT 5 &,

afd+an+ﬁS:ﬂ (2.18)

oo " Os, oS, °

f(O'i},Se,evp):

PFHND.

2.3.2. BEEFRNAI
— A 7R AH (BPEONT AT B R 7 o v v VICEAS T D) 1,

a9
ooy

&P =A

]

(2.19)

ERBLEIND., ZIZT, A MRS, g BMERTUrL. K (219 i f=g LT
% &, BhEFAA] MR T v v WIERRREIEIC—% 4 %) &7z 0,

&P =A

v oo

(2.20)
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Tho.

2.3.3.  ARASFmEPERE R

ﬁ(m&)@Emmm@ﬁ%%aLf%_wwWULgymﬂ%%zég,

K
e’ = In P

(2.21)
1+€ exp[(l—se)”lna} P,
Thsb. X (221) OomLOEWyEED, BEHT DL,

o l4+e, e , n-1 . . e
== gt —np'| (1-S,)" M Inal|S, | e =
p'== g —np'| (1-S,)" Ina [ ‘ ]

YT lte,
PiEoisg. X (222) FIAEMBEEICET Se-Inp BfEZ R LTHD.

KEFE O 1, R (222) EWETBE AW & i 7 ARG E T L,

Sy =Djuén +Ks S5

S, “e™ij

!

(2.22)

(2.23)

ERELTND. 2T, Dy, - MR T > Y L Dy, :(K—%Gjéuékl +G (8,8, +6,5; )

K:%E%%%ﬁK:E&w,G:ﬁh%ﬁ%%ﬁGzﬁzf?K,v:ﬁ?yym,
K 1%

Kg 0y @ NEFIERERT >V LK, 6 = —( pn(1-S,)" " In a)éij :

K (2.23) [ZOF B OGN iR
EHT S L,

L e | . of :
Oy = Dijkl [‘gm _Aa_,]"‘ Kseseé‘ij

Oy

(X @25)), arv2TFrr—454M (L (220) %

(2.24)

PrFH 5. A (U(2.18)) (IBE AU (X (2.20)), SRR (3 (2.23))
ZRAL, BMREAICB LTS &,

of . . of : of .
P Diuéu +ﬁ Kse Seé‘ij +— S
A = 2% i

of . of of

e

Dz +29
oo oo, 0oy (2.25)
aa;. D aa;. R zfsf of e, of
= ij ékl + ij e S'e R —l, v 5"_ ’(S'.VP — A—,
of D of + of ) of D of o 0g;° g, Jo;;
a 2 ijkl a ' a r ij a ' ijkl a [} a r ij
Oj Oy Oj Oj Ou Jj

s K (224) 12X (2.25) AL,
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of of . of [ of of
(DA L D ——| — K. +—
., . ™ ooty o, M| Wa@(}@ S a&] .
Uij = Dijkl_ of . of of Eg — of . of o 5 _Kseé}j Se (226)
Oo, e oo, oo, ™ oo, e oo, oo, "
ﬁ%%hé.::?,ﬁ<2%)@ﬁﬁ32mﬁbf,
ot
! 3s.
I _wmpl pd_Dfy_9) @ 1, o_D d_=%5 (2.27a-d)
op' PPt pU P doy 37 g pdoy 29
& @20 xv, T
80'ij
! 3s.
A _adow da _Bibs . p-m-d (2.28)
ooy 0p' ooy 0qoo; p'\ 3 2q p
. of
LD EbIZ, —IZELT,
oS,
of 0 n n1
—=—(-MD(1-S,) InaJ=MDnlna(1-S 2.29
%eag( (1-5.) ) (1-5.) (2.29)
ZHRWE. X (2.28), X (2.29) &= (2.26) ITfRALEHT S L
(ﬂK%+§G%XﬁK%+§G%J
d-ij = Di?kl - ; Eq
ﬂ«+m+%ﬂ
(2.30)
2
(B°K +3G)Kg 3 +Mn 'T) In a(l—se)“(ﬁmij +3Gs")
— d _Kseé‘ij Se:Dijklékl_CijSe

’

,32K+3G+%ﬂ

{,BK&‘U. +3Gsijj[,[5'K5kI +Gsk,j
MAEBIND. 22T, Dy =Dt L SV R

ijkl ,

ﬁ%+%+gﬁ

2
O¥K+KHK$%+Mnﬁ)ma@rSJn{ﬁK%+sG%j
g
i ; - Kseé‘ij

2K +3G + P
pK+36+ 2 p

AN LT Y

b 2 (2.30) I ERHEMERE AT S D
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2.4 FKSyREPERER
241 FRSYHEPEREBR OBEE

REAF L OEE 2 B2 DEICHELE SNHORF Y hA LA GEEIGH) EH7 v
9 Thd. V7 ia ATRBUKORE (O« FBREAR) (X TEMT D720
FAREICRTFT 2B L L TRk SN2 2 EnZ W, 7 v a v EffiEORMRERL
7= OIFAKFFEERR  (soil-water characteristic curve) & FEIEL 5.

ARG REPE H R ZBURL ORLE AR 72 £, TOMWEIC X o TR K E e
5. IOICERFE—OWE TH-> THREY K LESCHROSAMIZ L - TH RO IX
k%, 72, BiK - BKENETNDOHEFRIC PTEXT)/X(ﬁ7/3/®EF@
fEPE) 27T 2 e b RERRFFHO—DOTHD.

B 2. 13 12 FBRD bR D B To K FerEdhfR 0 1 fil 2 7~9. fafmikig (A ) hov2r
Ta rEEIMESERAKETY &, KV 7Y ar (EfE) iz T ER ok
Ko THEL[OEARY T O TRMEOE(IZIIZEREI V. L, 57
g (B ) 2R 5 EABICEMEND TS, 2ot r v a VEITZESEAEE
FREn 5. S5 7y a v EZHEMSETHL L H L EDHMEICIRT S, =
FBRO SV 7 KR 72K 720, LRIFRIO XA ZABZAKOBPELT-DTHDH. ZDL X
OFAFIELIIIRS () faFE LMEHINS2 D TH D.

Z LT, BKE#R EICHD—R (CHR) Mot 7 varidbsgTnd &, Bk
e ITE S MR 2 W CRAFE NN L TS Z ENgnD. £ LT, WKi\BREIZ
wf%Dﬁ@iaﬁQ%ﬁﬁEMé._@ﬁ?@#7ya/@i@ﬂ%_mﬁﬂﬁkw
T\ 5.

2T, BKMRRIZIB W TRz ZE Vrvar
%ﬁﬁﬂéhftiot@ FAFIEEDS A

BIFOHMEETEE LW LD 1¢
nTng

AE (s=0) moHriaralns \\\

H C AU E D hiRE ERiA R, b

FIEREED C b7 v a VAKT & PN
s =010 2 MR IE =Wk Hif & PEIEI P \QQ\D
THY, LR xFEolz S FREICRD \
ZENHMBNTED, W OND/NT A
— & W Z ot a ' T VT 2R
AT TND

BN

X-2.13 KoHriEehR
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Fz, ITH, BN X B KGFHEMBRO BN E AT OI, HROSHEIEA TR
H. UNSODA (SVOFFICE ) 9 22 D5 — & X— 23 A TN 5.

242 KEGyRREREBROEHEE TV

T2 TIHMREMN B TH D Van Genuchten TNz, /3T A — X RENKS ThH
DEDGI B AIRETHFERG L OB MEICHEHA LT WEHLIZE D2V AT 1 v
74 LS b
1) Van Genuchten Oz 7

Van Gunichten |2 X 5K REHERITZED S FRIZ M O NICRBITE 5L LT, H< XD
REFNZEMEIZ L > THWL LT 7.

Se:%q}ﬁ(asf}m (2.31)

ZZTanm : KGRHEGIRNT A =4 (@H m=1-1/n).

TR NT A =2 DBFEIZ LV KRDFEEREE LS RIT LI L B AETH LD, F8l
W72 X7 A —H[AE, RBEGPEEL S, K37 A—F ZMSLIZFHT 5 2 & I3REHE L
AN
2) I, FBIC X KRR 1Y

2 H- T 8713 Van Gunichten 23T A — X BE O U S & [BhEES 2 72 D#RIEE LAY AT RE
TS TFIRRERBTX 2B EZREL TV .

S, = 1 (2.32)

1+exp(A+ BInSJ

So

ZZTAB 74T TRTA=H, st B g
KA BRI Van Gunichten & RIERO HIFRIZIR ZHi < Z & T&, ERIZ I VG o
s~S BIRAERE LS LR T DI ENARETHD. £, ZRENME, AKEAER, X(2.1)
BT HEMEOME L BEfT 1T 5 2 ENATRETH H. BiAKH#R & Wk TXAE T 5
=iz, BRI TDRT 2 —2 % A° B, WKHIRCOT 2 —x AV BY L4 5. K
e TIEEt (2.2) ZERARBKERE LTERAL TV,
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243 ERXAT YV ARBEET IV

ERO X IICERICE D kDT s~S BN, TEBAKREAKMEAZ T2 &0
AIRECHDH. L LFEBEDs~S, BRIZENRKBREOME O RIZBWTHFEEL, iH
MOV T g NN (D) % 52T 7o AR RORH I S R K R o0 NS A B D S 23 s (M
I F 2 HFECBEIL, X-2.13 D X 5127 v a UAEIZI Ul R E ORI ICRET 5.

Tihbb, BIEOKDFEMBONEID s~ S, BIfRIL, BEDs~S BIfRICH 2%
=T, ADICEEKGEE (AT VT R) DT ENbns.

REAFIHERRE T /L LIRIBET L, BILOEIDS &N S 2 IRFRIZ B TR MK il
BRI DAL E D RICBIT 5 EERE ERLT 2 2 LIFIHFICEETHD. I HICK TR
N (b LIEH 7 v a ) ORMBOHEZAT 5720, BEITHELNTHY,
Frl R AR W CH 2 Z L NEREF SN 5.

WHD W 3, T85OI X o TRE SN KGR RE T L2 AV, ERTK
BHARNER O B 27 U v ARBIN W[ RE 7R KRR AR E T L 2R L T D,

1) Bk@EE
iR TIE, EEDOY 2 va, fME(s,S,)Z @i 2 BAKMIRITSs >0 TH
BRFCE K EE w IR L, R BREE O S % 2 A 3 1T s > oo TULIR T 5 A Al A2 1
S.=CGw,/et7en. ZoOXEMET 5SS, 1X
S..—S 1

0=Se _ (2.33)
St —S. 1+exp(A°+BPlog,s)

L%, TRUC Ko TR S, B AVAUBTE D (5,8, ) 1B Bk %

*

S% —S
mTre +S (2.34)

Sr = I
1+exp(A°+Blog,s,)

LEFTED (H-2.14).

2) KB

AR TIHEEDOY 7 v a v, BRI (s, S, ) Z @i 3 2 WK i IE s — o TOUR
FAFE N —EIT 2 59, BKHEBRE &S, &S, D2 DD/RT A —H EIwd D MEH
bo. S,LS, DEBREKRNTEZS.
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Srf _Srfc

S-S
ra rco_ 2 35
1- Src 1_Srfc ( )
1-S_ )(S,,-S
Srf (Sra):( rf;_)_(sra rC)_'_Srfc (236)

I T, Sy lds— oo TONUREIFNE 2 BRAGIFIE & 3 5 WKIIFRIZ BN Ts=0 Z7R
FTEMETH D, Z O, WoKih#fiTh bl oUoKihi & 7220, Z ookt Xk v
TORMEITERTE V. ZOWKMBREZRD D Z LT TE RV, EERORAK KR
MHEBNTS,, &S, % (2.35) ITfRATHZ Licky

ral

_Sﬁl_sral+src_srflsrc (2 37)
* 1_Sra1 .
LIEFETED. EHIT,
%n =S L (2.38)

Sﬁ(Sm)—S;::1+exp(AW-+BWIogeg)

X (2.38) Ziw/Ed 5SS, ZROIUL L.
LLEINOAERE D (8,,S,,) 128 D BARB KR Z KD D Z L3 TE, R % o7 v
ay (fufnfE) MofafiE (7 vay) 2RIETDHZERAEEICR S (K-2.15).

100 —— — 100

ERRK EE

80 ] 80
60 1 60
“ 40 1 =40
20 20
()_ P T N S S S S S 0 P S R S It E R
0 50 100 150 0 50 100 150
Suction s(kPa) Suction(kPa)
X-2.14 Rri/KeHEE X-2.15 R/Kph#R
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FBIE MREFOWRMEDES

RETIHHAEN OFE (BA, FREL, ERWE) OEBIc >V CRE L, b
T5. 3Bz, BAFOHAEN OFIKROERIC STk, SRR R L, Tk,
B3 DR A SO THIAT 5.

3.1 #HEBRNOWMEBBIER S

KM E DK & & B ICHIIRN 2 B B9 5 Z 3R, Z22M 22 B e LT 2
DOBRITKATE D,

MR IR T O IE, ZERINORKE (EART v v )V ENLERT 2 v b D)
DIXBHOEITEY, BB BAELS.

S BT, ZEMICEDORENAM L TW DLW EOBENCIX, Z0Eb>E 2% —(k
LE9&ET2 [5G PBRBIRERFHIAT L. B-3.1, 2 IZBIREBIE, HHEis
D& 27~ c t=telt

0

X X

®-3.1 BRARSKHBER H-3.2 HBRKBTE
3.2 BHBL (advection) -
321 HAv—H|" | ] l’

& — (Darcy) 1ZE-3.3 © L H I “—| T

ATl S T RO AR L '
B S L, (T 0 Mt S 7 | A0 o
U 7= Bk oo R R B (Darcy STE) 12, T a | on
HiAE P D Ik 0 A KR (FE J)KEH & iz L | et h,
KEEOF) OZEM A (BKAR) : | Efe
R U e I T B !

L 7777 77

STERTELLLT, —KEAICEL  ®-3.3 Darcy” [Z& B EKEEKER
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g =k e=h (3.1)
L

EAN—AlZER L. 22TV hET AV —E, ko SpiE T AN Z KR
. A B IFEZBRTICEHL THILEMRETH Y, —KIRE L —HEX

Vv, =—k, — (3.2)

TEHRSND. ZITY AT —HENY by, Kk, BREKERT Vb, &

JKEH
. Dy k + | P k 3 o
Bear (LEBNRMIFHNC LY Darcy Rz | o | = H jam| o *
000(?15 mgx;g: .l'f.‘]ﬂf}’.if{#iil.‘_}‘ 0.18 [6.85x10-5| & %
A - . - — I 05X 107 | ke 2 ) 0.20 |8.90x 10-5 “
HICEHTE D Z AR LTINS 2, 0.2 [4.00% 107 | HIHE S0 b | 025 | 140 % 104 ”
2.03 8.50% 107 " 030 |220x 10| & @
L 0.04 | 1.75% 10-6 ” 035 |3.20% 104 “
X 51T, Cregar I3 ~2 7RifRZFE O3B 005 |280x106|  » | 0do |430% 19
g,gg éggx:gg BESHRE | 045 |5.80 % 10~
e /) 3 50X 10 & 4 4
R L Ci% 7knit%;5_’9:<ﬁ|ﬁb Do 1 BigE (K 0.08 |9.00% 10-6 ” g:gg Hgi}g—* LR B
3,03 140> 10-3 " 0.70 | 1.60 % 10-3 ”
—f \ N \La . N = 2 3
TR 553 R D 20%KiR%) LB ARBREBOB] D 'R0 e | §89 (2kx0]
0.14 | 3.8%10-5 v 1.00 |3.60% 10-3 “
1%%_3.43> D r 5 LC, B LTWA. 0.16 | 3.1x10-5 ” 200 | 180> 10-2| HI B

7o, ARES Y, BT, Taylor” [EL g3 4 4 L—H—Iz& BHE-BKFLER?
OB 70 & B B0 O 1% KA 2K

BT 2 HEEZFEHDTND J—
m35:%¢i5:,£W@ﬁ@¢ *g::: ?E:ﬁgm

DR wak&w/~%fw
KFEEKEI(=nS, ) &I
Vi =0V, =nS,v, (3.3)
ROHBBNRH D, 22T, on o MR,
: faFOBE,

FILD — iR
\7f

itqimﬁifﬁ*@ku KEED
HThy, UFORTRSNG. Q= Anv, Q=AY
; ®-3.5 RIEREE 2L —FREOEE
h= fg +Q (3.4)
Pw

ZIT, Py BIBOKIE, g, MUKERE, g EMEE, Q : LA
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322 S/KEDOEH

TR, B, JEJEIZ L > TEDOBENERE2 G 2 8625 X5 Rl L THE Ly
—AIZEFRT DHE, TORKIEITMAKERZST-LDOTHD Z LITHEETLILEND
5.

émﬁh@Eﬁmezpf(%@KE%%K@%&W%E%T%LK%@)k,ﬁ

w

kg = 2%

Pl
N5, ZZTp  IWREE, 1 FREMENSORESS. MAKOEBEILI-ETHDH L
L.

DI, AFFED L 9IS, WRITEEICL Y ZOBENEILTHMETH D LE
T5HE, BEOEICE > TEENEL, MBEBNICEKE (KT vy v) A%
AL, BRI, BN TITRE (BE) N0k ETHICBRIEET DL LIC
5. ZOBRIZOWTERT 5720, LITIZ1) MADEKER, 2) BEH—WEOE
KEE, 3) BE-BEEEZEOWEDLKBEICONTELDD.

(WLET RNV —Z MK OBAAFHERE TRLIZ D) Ofe LTERS

1) Ak (pp=p,) OEKHE

®-3.6 O X I IHREO TN MO 7 DKz A SOEmSETEFSES
ERERIRNICEK OB R AT, BT TRV, 2ol E, AN OEEOR S
D B ROIESIKEIE A S0 S OFEEE (L-1), MLEKFILB ROEESS (1+2) TF
i, FEINORKIEEITEICh=L+Z TR TN,

ZOMRRBIE, A RICHEKRELTY, 7 OfLiEZ BT S L5FOERIT L > THRMASK

ML SERWIR Y EF IRz, .

TROOEMIC Lo TR [ T “ﬁﬁ” p=p,
SEFELRWERY , 2672 DIZES _
KIETHDZLENDMND. 1B N T
R 5 B, Wb K i .

Bai o3 H 0TI, Bix 2R ' Bﬁ% I+2 | L+z
\Z &> TZEAL L 7= 2K BEAEIE F7 7k . | o2 |, s

SHOZALIZERT 2D E LTS ]*ﬂg P

(dQ=0). 0

-3.6 HKDEKESH
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2) BREX—WE (p; =ap,,a=const.) DO2/KEH
VIR DB E DMK DEEDOEREOSEE (B-3. TR TlXa=l), WRE, (ETx/L
X —NENEIEIR & MK DBEE O TETRIENCRE S INS L 2D 2 Enbins.
Z D72, MERIKRO TGI8 DK & IR O 178 % Il 3 2 11E, Mk iz

SN B ) A BRI U E S DL (L4 Z) £ ¢ LA THSE 3 UER S 5.

Pu
EEOES (BA) DK L 1
ik 'pw w(|_+z)A
PV o =, W
SE DL(L-1), i AEE 1A ho P P, PO
Pu BBt Ps9 Py  a=const.
Py EAKE B KEE £KE
L+z)TREh, fEENO ) B . .
f f
P s NI T AR 0 p—;(L+Z)p—W(L+Z)
PN = _ pf _
v Pud | Pu P
LLbEns, ko Egos 2 L gl | p ’

_ . . A | —/— | =7 |[Z(L+2)
DIKEEEIE, MK ZH D r— A I Pud Pu Pu
YRR REES EBRELD g o777
Pk L 725 L DD, ®-3.7 EEH—MEOLKESH

3) BME-BELEETIEEK (p,=c(2)p,) DRKE
B0-3. 8 |2 A% e AE (L A A5 3 2 WD EL D A /K BES AT & 5. VAR OD 8 E AN i © oD Bk

(p,=c(2)p,) ThHY, FE

. . - N p, Pr(2)
DNERFIR] » 22 2 MR B L LT 3 h=—1+"1"27 p.(z)=c(z2)p,
. . Btk P8 Pu '
R s e
3 B
} 1
RN Sy i (2) MAFET 1 L R L I =127
Be, BEBTRAET A% i | oa Lot s, ) Cntnt o0,
iy 1 RS H-Z
&%LL{#I/\, %7}(@@875 %&é L/, c o “‘Z’"pr(:)gd: 2(2), L p/(:)gd:+MZ
BT 5 (WIHNTR = { p.g Py P8 P,
MHBMECTHNARNET D LR 0
X 2) 1TIFA). M-3.8 BE-REZLZEITLIMEDOLKESH

EEOW/IEmSd NEL S
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HOMBRENL pgdz TH Y, EEOmS (B /) OFEJKEZH/NESIZE T DES

H+Z

L P (z)gdz

Pu

%AB&%T%L%@%:&K&D,L LD, ETALEKBAIZENE R S

l+Z
wﬁu5%£<%£>@%ﬁ&bff%;;m+aa%én,Eﬁ@%é@émﬁm

H+Z
hZLQ pi(2)98z p, (1+2)
Pud Pu

(1+2) L7225, AKFUEIAM S0 OB TH Y, Bk

@E%ﬁmmﬁ%f,%%WK@%E%ﬁmiofﬁm%ﬁﬁéﬁq2)®%%K&6

FTEFOEINIKE LW Enbhind.
F 7, RO THEIZIB T Ak L IEKOFE 12 Z2 I+ A121%, MK THEEZ SR

1o 8 vy BRI AT B T s jngﬁfh

ICHICBEISE S

WD D Z ENDND
BT, ZBRIWNBRGEZBZT5E, R—mS Tho THIREICERT2EEDITH
DXV ESIKEE, NEKENER D280, N TITZEMIICRENE —I2 b %
TRRES T &2 5. MK LR OBI (X ir—) WEDE N OMER 2 -3 9
e e

LLED X212, WROBEEIZ L - TOKEEENEL, BRAKAET BT 5
FEVE) LRI D. BEEENRERIRE R EORBEBIZ K> THES NG, B
OB NRZE) OfEE NREZE CRUHETHR > W EITREDOIXL & 21—
IbL LD ETHHBBENRRRICAEL D)) OfELZ “EICHERSELMNENELD.
BEEROMEIL, OFEN
72 D IO FRAK D Fi i D E

e V., $lk DR EE

ERTEEL, OWEZRET = g
PRUSS > S S, > (v -V ) = v“’ = K . h = p;_;'_Q %;[:;%g ;%
BERENREWIRAK QRN 4C TS T s, p.g
\7_-_‘ § :“ \A e IN -

0] PHREIEY V) BEORE

ToIEF DRBLL, @R FERRIC >
B HHEARS SO (P (,, _v)zv_fz_ﬁv.h hfzp_f+/’_fQ

4 nS. ns, 4 P.E  Pu

KRBSELRITRZE T 2815) [ J
V] — N By he ==
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3.2.3  FEIFIHE T OB FEREE

HAE I AR LIS L0 BARENBAD T2 Z L0 mb TS, Regfniii s o ki
1%, TOWMEIZY 7 g vnié LTRIBEICED 7200 TR <, EMOAFR, Hil
HIEM~DIRIGIR L, Ha RBIGI B2 JTIEFICEERMETH S .

BUE, #H0 7Y MF, HHY, MT6 % ERZ0BEHITE - #EERTORM
FEMEDTNDN, —MRIIC, EEEAICZE T 2 8 EOE(b & BFRITB W e 55K
REZFHT 5121%, EFITEWEM LT NBUELE S TWD. 207, (RO
T2 B B A Fnds KR E K, 13, R O FLBR O mEMECE Hh B 72 & O S 2
TULL, BEBIICE DN T — X ONFRBEE LTRSS,

Mualem'” [ ZHE 25T HRBIBEDIES & &2, -3 10 l[IRTEROEL D 2 &
HOFH/EET L E L TR L., EERr LRIERI ORI

I1/I2 = 1/r2 (3-5>
I
72 5B EEA L Tna. K (35) 12, MR ////Fi::ix\
DB, BB 2 E R L oERET oM, \\\\——////

e OFFIERI S 722 & 2w L, BRI %
ANEAFNIRE O F K VE 2 R HREE T & % He i KGR
% RIS, L ooa L ORIRA L LT

—ds
K :kﬂzs' —'[O S (36)

Ky s,
0s

2

ELTWbh. ZZ Tk, : fafndKeE, | ik
INT A=K,

Mualem (%, ZORzE S LWL OO EHBHZI DWW T Z O AMEEZREE L, BER
IZ1=1y2& LTV 5.

Van Genuchten 1%, = (3.6) IZH RS LK ReEdfR, X (2.31) @A L,

X-3.10 Mualem ®FE/KEKETIL 'Y

Km=sg{1—a—&mw} (3.7)

E LT, RafnE KRB EZAEDIRMEORME L TEREDLEL TS, Z2C, m: E
— L A (0<m<1).

REAFIBE KB OHGREB L REORBICHOWTI/NE, Bl ™, 5dE Wi O3
LTW5.
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324 ZBERICEATIFL—HIOEA
Muskat' |2 & 2 &, ZHEEARF OKFE—RITHEETICITZ V> —RI2NEH T,
F DO EITE IR <,

__k dp, (3.8)

"o, X
ERTIENTEDELTWD., 22T, k, : BEAEEHRE, p, : EOMESRE, p,
iRENEEWAN

FEL 'YX, ZoBZ2EMREKICELTCLEMA LTS, MK, MBRZESICEL
TR (38) Ziikd 5 L,
- k. op,, k. op,0h  p,0k, oh oh

g, =——*w___k =— k — =k, — (3.9)
n, OX n, OX n, OX OX
Va__g%:_k_kapagha :_pagkk a_ha:_ aaha (310>
M, OX 1, OX M. OX OX
ZIT, p, o EREE, k, : MEREE (S, =S, BT LEXRE), h, @ ZER
Eﬁmi(ﬁkf%%m®$u¢ﬁﬁifﬁ ,kﬁuﬁﬁbt@)iﬁﬁZ%waﬁ
K, 22k Zrd. A (3.9), (3.10) ZLEgd 5 & fafniG KR & fufnd KRB O MIZ I
pwgkk 5 v
Ka Mo _ (3.11) | orse-zeeac T
k, PuIK 7, & A BITHEN B o
RAHBRNRH D Z NN . Fie, n /ﬂ
HIER b= 00— 0 2 R TSI 1 B R ﬁ S
RO, n,/n,=10480C), 489 |} K Z100.%.
(25C)TH 5 7. ——=—10C
X R —— 15°C
H-3. 11 iZHFT7 AL —X, B> m o e 90°C
WCEHEI S - fafnig K iE SR o e
10!

2y N Th D, fafnd KUREI LG K
¥ > 50~100 5 DOHFPFANIZILE > T
W5, PLEORERENS, fafnE et
AR KRBT T 2 MRREE R & <
RAHZEMNbND.

%72, Lenhead, Paker'® |%, iR % Maulem 23 W ZRIRET V1Y ZHWTE
LTW5. ZEXRICELTHE-3.10 D OROER D 2 SOENRER LT V2N,

BAFNFE K % Hhk,, (cm /)

-3 11 A1k B 5 AR
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B RRE K, 22 v ay, AOEMEIC L - Tilikd 5 &,
"gs

k | Se S

Ko=-2=(1-S .
ra ka ( e) llds
0g €

e

(3.12)

EFEITL. 22T, Kk, AfafnE A X (3.12) iz (2.31) #RAL, A (3.12)
DYPERT A —H =12 : & LTEIT S L,
1 1
K,=@-S,)?@-S,m)" (3.13)
PIFHILD.

MRS W ITEFREOW, v FREIOWRHEKIEBFEIZ 31T D A g S AR A FHRIL,
X (312) & H#AZITHS Z & T (3.13) OFAMMEEZMHERL T 5.

F72, HEKERAREITIE Mualem EEZ TEAR T A — & &3 DA 20 E O BI%K
Th 5. B-3.12 12 Mualem EE DI K 2 H B E-Lhd KB SR BBIRE =T, H
DEAFE DR (FEIN) L & bICHEARREITED () L, HESAEITEm
BT 25 Z &R bnd. iz Mulalem SIS BIFROMEEL RS /T A =2 TH DN,
RRZ B KAREC B L C, O Z BT 5 B o i LA L BEE CTH Y, Mualem &
BR 03 <UEE, BB ISR T, BRI kT 5 i KM D AR DS U
272D Z ERNDND.

I(Z\ T T ,)
-~ 0.8
B
g6k _
O
B
2 X O ik
*{R‘J‘@ A WER AR
REE) —m=0.3
R 02 ::0.6 —

—m=1.0
02 04 0.6 0.8

HEEFE S, ()

®-3.12 AMEaME-LLEK/ EIFEHRE R
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3.3 8IS (dispersion) 22V

VIR E ML 7 E DR E OB ENEB T 581X, —EORFERLX v U T —
OkRZER 72 L) LR OHETHEEZITIH 9 L3250, flx THED X 512 fUE R
KToH WP Z RN EE T 2 BRI21E, FIEHELZEE L TV L5 Tho T, F
¥ U7 —RNEIR T L EENR I (RRIER, MRIKNE, MREREEE & v U 7 — O, EE S
) OB ALY, WEITEMRIEN 2R, £, 2%y )T — NS
L TWRWIEE THOMIRITITEM R EIROEEE, RE, EiE, BEahod Licy
HEZH IR E D ETIHRPME (RIFFETIEF ¥ U 7 —Th DB ERNIES
REELY L L LD LT 2B ARG L L TRERAELTWD). AU TIIERY
BOBHBRDH 6, EHRWNIZAE L TV HEEOREXE (WHE) 28—l L5 ET
DR (331) &, TR LA OBEE, MREOZEMBSA, KR, WK
OB RIS L0 EMEE R MENIET b b 25 (3.3.2), B 7 DEWIC
K OMEN—EDO T MBS AR > TEET 5815 (333) 260 T, [H#BE]
EERL, UTICESOFEMEZRL, TORBRTFELHALNIT 5.

331 BEEZFHLLLY LT3R (LEES)

I OVRBEE D5y 111X, 77 0 VBB L - T ORENE (LI D ERM
B, RENEMMICSTONGHE (2y7OFROEKIZA 7 2L LTEE, A
7 DEBENFEOHRICIENS) BELS. ZOHPEISFIEHRE LTERSH, 74
> 713 H DB OWIH NS I EN2WERE (77 v 7 RA) I3 ORE AR HF
5E LT, EEERSEZ L FORX (Fick’s law of diffusion) (2 &> TEFRLT-.

), -0, & (3.14)
i

LT REORET T v A, Dy o o KRR T

HAED KO IZEBILBEROILBIRR 25 2 D603, WEOBEREE A T ok 54
s, ORI TS Z L&, FRXORMBITEMLT (AVMHAT) BY, TOH

BEFTIEETH Bl Er=(1/,) 25ET 5L, X 32) FLUFIcHEZHmALND.

3, =nS.J, =—enS.D, & —_ns D, & (3.15)
| ' ox] "o
Jo : REBORET Z v 7 A, | SRR, | MR D, : AR
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332 WHEOBKBRIICZ LV HEPERICIET o D53R
ERBHIZLEBATH Y, T OB OBHEG, KBS L - THEIR O EEhRE

IR 2 IR S D

TR T OMBRAEILKL, 7 a2 T
B ZBIERT 2 EE-3.13 0k HickD,
IR 2 3 2 TR O TE B2 R & i 5
AR DEEN T TE D Z &b 5.
kLT & DS & e D RIBRBE AT DA I
FIBRBE ) D DFEEER A 1T, EWNE & _Z
DT 5. BAROBEHR P A2 D
PR O A TR R & LT kBRI
S3Ai L2, IR O SEERH L, BRI E D
OB EZWmEE TR LB DI D729,
Z DI JE 1 M B o 0D F KA e~ T
DL, B TR ET 5.
H—pRBRICI T DItk oEs) 2 81537
5E, BB OMBILHERSCRO R R D
Bex e bRl ko Tl Eh TRy, K
=3.14 D X O (ZI KR 23 ZE I 794 L T
W5, H—OBZMADMEITHFICHFE LW
ZlaEZLE, HEBEOIILSEIZX
RIS I SV IHOER I <, ORVEREE
TITWREE L 220, WESMBELD.
F72, BRI ERICAFET DIMKKICHEHR
THE, FNBIER-8.15 DX HIZEIr LT
BY, FHIZBWNTHERE, Bl IAZ

Gzt

DT

X-3.13 MR DFRED

X-3.14 FREICEL DIEEL

RS )
0

X-3.15 MEFZEFRNDKDFN

PAFEL, [T 2 KEOEIIEOTHOEBORBNFEST D 2 e hbhs. Eilkka
KTER D LRBEOBPUTELICH Y, WIRDNIEIRT 2RI L > TWE ORI 22MH

HINCHET B D Z &R bns.
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333 EBIHROEBEWIZL Y WENF BT LR CGEET 288

HEENZEMINCH —TH 5 & 5 R A — L TWE OEE 28122 L7354, 2RIy
B OWEESATDET SN2 BIRITIEHBIRIC AN T THEX D ENARETH D, JuH
BICBWTREEN TN A > TEH L TV DA, oAl T T 5 i3 E5Er
SR BENIEDN > TSR EN D, FEICH KRR mE AT 5Nt
CTWelmt, WIREDRD > TO < ST O G AN Ek L, JRiVC R E R &
IZITNENZ ERBZBND. ZOHFARFEALD FITIRD > T < EIIHES B o,
WYE DA DB ST W S AL THAL T < BEEEI IR R o, & L OB S 4L, —fRIIC
B BRIIBEA T — /UREENH Y, BEIEREO 110 FE, ORI B o
1/100~1/10 DfEZ & 5 & STV 5.

Z DM, HE ORI PRI 4 D i KM D 22 22 AR I - Toy BOEEh A 28 b
LZENEBEZONDN, ARG TH O mHEIZIEH ETH—TH D LTl TE %l
IZBWTET MEEITH) 2 2B 2 TEHY (Bl IXENFER, TREERCHILAERD
D), BGAT — BT DB BRORE —DEBEIT (FARRBAZZZ M B 7 53456 %
TeH 0L FERIC) BEMEIOES &L L TR, k5 3.3.1~3 OZFRIC X 0 EiEmE I
RN CEMMICIAT oD &2 D.

FBRIERICB T D A=A NFHE SN T D 00, HREHAES RS e
ThY, FFICHRE, BE3HREZR SI3ERNRFMAIER ICEHE L < ER&N I BT
BNTHARVONBRTH D, £z, 3.31~3 OFBHLOERGEE L TREERDES:
ZEHxLOICh, LEOWEBGIIHAAN CRIICEGIMIZAELTLE> TV,
Bear? N b DHISRZ XA L CRELT 2 EMEKX L LT,

V.V,
Dy = ar (Vi V4, 5 +(0‘L _O‘T)#"‘ D75 (3.16)

ARELTEHEY, fxORBRICE D ZOREFENRESINTIIN DD, BREEEE
EANZFHE T 2 HE X H I L STV A DI Tt w. 2078, KRR T, [FH
REIZA T TV INODOREREZSEEL CTRVE S Z L IXIEFICHETH D &5 %,
3.3.1~3 OEENRE G L, ML 2R CTBE SN D2WEORESMBILT HiLd
HGa 0884 L LTHRALZLET 5. MBKTOSHRKRT Y vED LT 5
&L AT T w7 AL, T4 v 7 OPEREG & [FERO BN R BEICB W THEETH Y,

JQ:=naJi=-¢5rD”£?-=nSp(wl—vﬁ) (3.17)

X;

HHBAHZEIRTED.
F IR E P ER T 2 BE T ORI BRI A ENMEORER T2 726
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TRAERSL, WHE L R ER, BRI EOFIC L0 Z O ERIZ LTl
R BBBIEH R ONTIE, FFRICBE LT, BEMITOBLEEOBD, BEOK TR
Bar—AZLITBET DT & TRILEITS.

B-3.16 I[CKAHOHEEZ F L DD, BEHEZEIEICKY Lo TE Y @FITERR 2L
LTERSND. MK, WEROREIZIZ L —HICE > TERSN, BARBEIZERT
YU NVOARNRELTL O L LTERII, EEEHREZMHE Z LICL D ZOHEN
WEIND.

F R REYE O V., BENEEE -
X, L —RE T V, BiBRE R
FoTEZEINDEA V., #ikERE R
W DRI 7 4 Ve EH:EEE{: v, —v, BEOBR R

MR NS SRV A S SO P >
P 7 E\IJ G: ’T/\:E % \%\éﬁ é (=) nS, nS, Ve ! £.g @ EE-LAEEE
NH>HEEZELAE V=V, BBEOBR Ve =Vi 388
71—: %) ODL:foC ‘0 ) f&ﬁ‘é— v__‘-:):L:_L"V.j’, hy = Pr +&Q ‘\vfi"f/‘

( ! nS, A / g P, =_2V‘
LR B R ¢
b &S O DR K-3.16 REEROBE

ESND.
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3.4 BUEE CoOEMEMHR, BROBITEX

341 BEfFOEGEMER

RIS 21X Richards® 237~ L7z fafniiz ok OEBEFRNZ, #vs—HlZ@EH L,
10 s AR 2 AN B R HIAR IR U7 = & KO SN E TR LT D,

d oh) o
K ~9%ns (3.18)
5 : (pw uw; 6XJ— J at( rpw)

0 (3.18) AiFZEM B8 LcitE O ZZ M ARLZ, A3/ NERICIS T DK DRF
B fbEE R LTS, X (318) ICF=—b— &ML, MUkEE, MK

ﬁﬁﬁﬁ?vgV@ﬁ@%ﬁ?%ékﬁﬁﬁ%leﬂlj&

S ds
ﬁ pwkuw-- a_h Z(nsr dpw +pw r@_'_pwn dsrjé (319)
OX,; " OX ds ds ds ot

ZEHL TS, X (319) OFLE 1 HIZKOEMEEZ RTEHTH D, %< OHAK
DIEFEMIZIER IS W E LTRSS . 8 3 TISIIAK S Feitk: Bhf O A fd 2 2 9 T3
FEL, KX (3.19) IAMFIMEIKICE L CHHEATEAZ L2 RL TV,
F2HIZILOEWEZEARERTETH D, FHHIL Biot™® O FREA /R E2EHAT S 2
LIk, BREKOHAEHEZROE D Z LRI/ D L XTWnWb. LavL, 2
BETRLIEL DI, MREROZ (HOER) 1$Y 7 v a rOBLOEETIERS, R
ECOFMGT), BREE &L FT b0 ThD (Bl2IE (2.30)). AT
FRE-ERORBREREEICRELT 2720, X (319 OX O RNEERITT, XELHE
REH IR EHORFRIM Y 2 EER Y, 4 =S JiR ECTHREREICHEMN L TS,

Z 2 CAKRDEMMEE S (dp, =0) L, AL L72RZEORMBEIZRE LT (3.19)
RIS D720, A2, 3WEICHITHEARE, HAKOREZEATS L,

Ok, 2 =(a85+C(9»§§ (3.20)
8Xi . axj ot
ZIT, o fMARFHEEY 77 (s =15a=1S, <1>a=0), %:Ss : LeRTH
et 0= (o) : AR TR

LERTRAGREL, HER P ERIT TN TR, FNEMEFOITEEAR L TS, T
FREUTRRE 2 S ICEHIIM T oL, BAERRELRES T D 2.

o 2 i 5 2 I (3.20) AHKIR L, B AEERE Lo fakn- R aatniRE R
AL TOLIICEKLTWNSD.
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oc os 0 oh
ouNS,y — P {aS +C(9)} :&(pf K, a—XJ (3.21)

ZIT, y ST A RE ORMEE, © IR, IR & MUKOBEET, B, R
LT,

p; =(1+y¢) p, (3.22)
TERIND. N (322) IVEENREKMFLTEY, 612 (3.21) OALE 1IH
IZIXREORFMALENR G TN TWA. o7, R (3.21) Z EMEICHE < IZIX%ld
LR RER A 2 BeMEIE R ST 21T O B D 5. ETIREIC X D BEEA
DEEPEFI NS HEL 656 (p=p,), N (3.21) I (3.20) ITIFAL,
2% L WEBEBORBEEERICHE Y Z &N TED.

342 BEFEOBRSBAER Y

X (818) ZaMEICEL TER, WWEOEE L L TGHUKEEDCRE, p,L2H
MARFERY T2 OWEOEEE EE 265, X (318) IZBWTp, »pctT2E, B
IS & 2 ERENT

0 oh 0
—| p.ck, — |=—=—(nS.p.C (3.23)
{p i X J 6t( rpw ad)

i Wuwuaj
Thd. ZIT, ¢y BIRICKDREL. 612, KX 317 2EFETHE, HEUC
K DIREZNIT,

o oac | o
= A A . 3.24
5 i (pwnsr Du anJ 8t (nsrpwcdls) ( )
Thd. ZIT, Cy : mCE2IER. X (323), 324) R LEED L,
o o a | o oh
_ an 3.25
" (nS, p,c) ” [p nS,D; — J+ o prckuwu ) J (3.25)
X (3.25) m®BH L,
o o 0 ac d oh
9 @*_9 L < a (3.26
o (NP S, 2= o (pwnSrD., - J{C p [pwkuwj ~ J ( " By ] } )
X (3.18) oufRALRAT DL, A (3.26) A0 1H, 40 HITH A,
oc 0 oh | oc
-9 a2 3.27
nS% X, [ J{%Mﬁm)mi 3.27)

NEHILAH. 0 (3.27) IBWMAaHFREATHSD. 6120 (3.27) I[TEBESRER, 8
FRE A, RHEQ ZHMMH T2 L, TN EEBE LI-Bitmii il
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Rpns, £ 2| pns D, L 4| pk |2 _ns R (3.28)
ot ox ' ox, " ox; | o,

LETD.
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35 BRASBABROBORREIZ ST
@ﬁﬁﬁﬁ@ﬁmJMMy§=ﬂ%§@%@@ﬁ%%ﬁ@ﬁgm%M%L %?@}
B ORIS FEADS AR S RAROMMS FRATHS. Zokn, HRXITH
FEns BB 5 85O0 O, 45 MO AS BB 5 5 AT I & L C OB R 5
BAO SRR AT 5 B, BHES T 2T, 2R BRI L
RN ARLZRIZIR D EMNMBILTWAD., Ziud, BEOAENE LW Z AT, fifnzE
BIEICHRE) L, RYUICEMEET LY (F—n—sa—b), EOMEERLEY (7
Ly a—h) EVAOTTh LS. £, SRR E A A, A
R AL, DBUREA KX < 2 o7e k5 ARITREE L 25 CLENE). —hb
B R SR\ 01 2 B A BRI B A B DR % L CRENT A o = R B
DER DD,

351 ZERAE] (<7 L) LT 230

ﬁ(&ﬂ)ﬁiﬁ%%(%:o)?%6&?6&,%ﬁ%ﬁﬁ%ﬁ@,

i LS D"@ +| Pk oh o _0=<:>Vf.@_Dij@@=0
ox L OX, O, OX,

r=ij

OX; 8_xI -

whuw;
i OX;

(3.29)
X (3.29) & —WwociEEE LTS5 &,

de d%c_

Tdx  dx?

X (8.30) 2BV Tde/dx=Q & & #29

0 (3.30)

5L, va—D‘i—(3=o. i ik &

0<x<x »., B /R &£ #H %
c(0)= 1C)x & LTEMBEITH
k;

o(x) = _exp(vfx/D)—l

(x)=1 exp(vfi/D)—l

:1_exp(Pe-x/¥)—1
exp(Pe)-1

(3.31) X-3.17 ROLHBOEWVZELSDZERMEES
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-z, %=%§;ﬁy:&7vﬁ?%0,H%J7Kﬁ(&m)%%&hﬁ@ﬁ%ﬁ
DIARALE DIREZ R VI T SR T . X7 VDN & < 0D IBC Y 723 TR
R S he(X) = Lo x/RICHRET 5. —H~0 LEAKE <, B LB
BICHEVS, R (331 1 x/X =L CE DARNAMIC LAY 5. = OB RERE
HEO X 9 ICHEBZ BRI, FEO<SXx<X Z—oDEHE L U TEETLE, Z0OM
IR, THESENC L DRI KX < A 52 5. —HRIIC P25 RIS %
ELRLS D EFLNTEY, ZOREBLZEBTLFELE LT, OBROAEBT 55T
I LREIR DB AX 2+ R IET D (X7 LEDIKIEE X 5). QNERBIZERD
DEMRND. QFUERRZZ BT 5 7= OFEZ E 5 (R YL, SUPG 1£%) ZEA
T5. REOFENRBEINTND.

RITECIEOO T & 0 BRI 0% E 2 H > T\ 5. £7-@0 Tk LTI
R Z 9 BS, TeuA I NFRRE O 2 B, BREANSEREEINSE 5 Z L I3E
BN ROIK T2 T2, BELRNI EIZT5. OB L OTEESEE Y EA &
HZ LI BENIREESGD ZENTEDH L W) HCTEIEMITCERTHY, THEZD
TR SIREEN TS, K TIZ OG5 38T 5 .

352 RS E (7—7 %) LT ?

P ENCIE, BRI D46 L IS T 2 ER H 5. ENIEICL > TEnE
NOBREIEIA L L SITERSNDLEND O OBYEFEER H Y, BT 55
fRixc, (=780, ST SEFEITd GEEd & LT, BToX ITER
ns.

—RIL ORI TR,
de_ -V, ge (3.32)
dt dx

ICBWTESEAZEHTS. BIITER ALY Tl CRAELMIZITH E L, ZMHE
WA X x-AX &35 L,

¢, —c, c, —C, Vi At VAt
T ot =] 1- fA cL+ fA i =(1-C,)ci+Ccl,,  (3.33)
X X X

EMEICBVNT, MOBEMAEETICN, (1-C),C 20 N EH SIS,
K o TBIRIC L - Tl & 54013,
VAt

C =
AX

<1 (3.34)
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ThD. T ORI B TR LA L 72D, IO
e
dc d%
at Do
CBNTEMEREAT . 74 7 —BEICHEOT 2RO E TEE LT, 5501
2N G LI (3.35) 1%

(3.35)

t+At t
« G =D ><+Ax _2C +Cx AX

At AX?

o _ DAt DAt DAt
o= e +(1-2 05 o+ Do, —ael ¢

c

(3.36)

+(1-2d)c, +dc,_,,

ESBEIZBWT, OREAMT-TI2E, (1-2d),d 08 EF s D.
F o THBUZ Lo TliTz TR & 5012
_ DAt 1
AP 2
ZOFME, fEEE EESEIT HERRIZI O 2 TG L CTHEREESET DMLERH
HZ R LTWND.

(3.37)

3.6 BB H RN ZE/LFiE
AIHI CIR_7= & B0, BB RERITE OROIERIENEN S, BISEET 551
BOWTHRARLEICR IR - BT 5. £/, V7 —F 3RS BBIbIZEDTE
DHLEFIZHY T D700, X7 VO EFIC X 2HERENIRET Sy, REICIE
ZERBEB LR IRV T, WIS EAZ (LSS 2 LT X 0 2D OB A (K

S LHFTIEIZON TR T 5.
361 HJ:&SI,SZ,SS,(M)

wHREoB R (X (3.30))
%ﬁ%#é.

: X
wgg—D%§=0 (3.30) X — AX X ¥+ Ax
B AU A X DJELICB N T, ®-3.18 —RER
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C,—C PN
| XTX_AX(TﬁJE%%%)
X

d Cone—C, /v
CE Ly, S S i s Sy (3.38)
dx AX
c c <
Vf X+AX X=AX ([F[, \;Eéj\)

DI ODO—WIEEEFFOENEANERTE S (H-3.18). DB HEET HHIZHB T
X, fHEOREA L LD (FhEy) BDHVWLNLN, BiRAEBT 251280
T, WENGOWIUITE > GEIND Z EEBE L, mho Ll EALZE 2=
SEERWD Z LIV REAENED D,

M-3.11 2R L 912V, 20 THRIBZESy, v, <O TRIEESZH WL EEEXDH. 2
DL xE,

v, +‘vf‘ Ve vy 20
T_{O v, <0 (3.39)
WALV ALo. X (339) #EZFEL T (338) #FHEZHEHT L,
% _ V_f Criax ~ Cxoax +M o 2Cx —Cax
"dx 2 AX 2 AX (3.40)
Criax ~Crax _ ‘Vf ‘AX Coomx — 2Cx Gy ax
2Ax 2 AX®

AEBRS. K (330) 12K (340), R (336) BT (N —cl) /At & Liz b

AT 5 &,
Cromx ~Chax _ ‘Vf ‘AX Coom — 2C‘x TChiax _ D Coom — 2C‘x +Cyax
" 2AX 2 AX? AX?
vy ax , (3.41)
C —C C —2C, +C
= Vf X+AX X—AX — D + f X+AX x2 X—AX
2AX 2 AX

FEOND. 2T, [axf2  ATHHIRE. |v,|Ax/2=0 L9 5 LiEEOH T —% %
IR DM, o ERMESE LI EEE o T, K (341) [3RHbREE
Vo |Ax/2 FE B S BT & & 5T 0, HEBIC & 0 IRA IR & A TSN S E

ol TED. KX (834) DIHNCHEBIVIEH 7T v/ A HREITEEHZ L
T, I VEOERELE, OREEREHRT S ZOFETIA EE (Upwind method)
EREENG. 72, B EEICBW TN TIEHEREOE NI L0 O ZEMEILN B3 503,
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YT T v 7 AR BERNCHRSED Z IRV, MNP EEMRICS L TRED (F
LEMNCR D) ZEBMbBNTWD. £, B ERICBHROBI R EHT D5, &
WROWHENPBE TH D Z ENEFEIND. ik 75>H#F'Eﬁﬁ/3 IHEEFETHY, EHgFXE
BB a 5wl T Z 9 &3 5581003, AN THRHUREUZ AW 2 i 12 B
L TR BN E L D720, #BVIRLEREREIZLY, O ML R 54
ERdD.

3.6.2 EU:EUD%EHS 31),33), 34), 35)
BUE, JBFIEIC K DMOE Y ZH L, KBOKEZLZ M L+ 2FEE LT, ALK
BIRE 2 R T L BT 5 FIEDREIN TN D

Cyiax ~ Cxoax ‘Vf ‘AX Cromx — 2C’x + G ax
—————— D .
YT oA { T AX® (3.42)
ST, o ATHEMUREL DALY, BRI A THMIRECE 5 AT, A (X
(331)) ITHWNET 2 KO RBED LW R ZS5 Z LI TE 5. 72, ¢l

g=C0thal[a=M,cotha=ﬂ] (3.43)
a D e’ —e”
Thsb. K (342) I2k-oT, BRENOZ LEIZEY ¢ 3BbT5ZERNbnsb. AL
PEHURBUI e (BI) =BG TIE, /S (IREL) R Sh, HEOEWF
P RGN D.

2 (3.42) % FVC 2BV 217 9 F9%13 Upwind Petrov-Galerkin % & FEIZNL TN 5
F 72 Upwind Petrov-Galerkin #£% Z & JtlTHLdk L7 O1X SUPG (Streamline Upwind/
Petrov Galearkin) 7% & FEIXAL, 2 < DT FIEICB W THW LB TN .

S b, OLREZHEREL, TORELN ESEL5FEL LT, SUPG IEDREREIE
T %, GLS (Galerkin/Least-Squares method) £, BTD (Balancing Tensor Diffusivity method)
ER EPREEINTND.
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B AT PR R R TV DT

WAk /YRR R R 7L DR V00

RECIEHRRAR], ERERERZEML, 2 %, 3 SORMZED = LB
BHERRE, W OB BINI A BE 0 AL PO R EERAT S 2 & T, BE RT3
el R DM AT

4.1 BEEETNLVOME

b DRFEOMEL (MUAEAEE, SRR IR - KUK EDfiiR) OIREE (B,
Ba), wIROFEAE) 1L, WIKSmbs 5 0575, KE, E#IF) Lo THlEEZ S
i, EOREEMNMATLRT 5 (RRICKTD/-EREFET D) Z LMK DER) 2 KB
TOBRICHE LS.

R T2 O B D HPRATEHT R & RIBRK, FRZEXDIREERETH Y, I HIT
AWFFETHE L TV D BN E OBEI XA LB E X 5 L, KEBE Lz RTEK
CEEVENER) L, TORREZERTLH NOEK) EE-410L5IREnD °.
HIROWE DR —OBRRIIXT 5

L EBFHIE R NDER
fRALIR T DBRIE, b & —%f—
DHIGEFRETIA D 2 & THED Zf 7 7
PN ARE Cd DA, [FIRFICEE O . Q

o £ KEE e

HE (P23, HREAEICL DB
R BRKE O VE R & MR 2R e, 7o & [F A1KEE N\ oL hE
3T T AR EDORIKIZ X D IRFEIL
M7 &) 2 B0 309 BRI, H— (1 RE BEISVIR
5 ORZOEALHEE (B—) O ®-4.1 EBFOERENOEHOBRE

WA ZSI ST ERHD.

Z D1z, B LU WHEOR & RBOER )FEE, JIOEBIEIE T WAEFIZL
WLINDH LT, ZNENHLERLFEHBICH LT, ZBE LI LAY
M2 TS .

WiRtE DA DRt 2 RBT 5120F, EB) )RR L ) OZBOBRZFEE L <O
DITFLIENBELRD. TRL AT 5 (L ZTHENRCRB T L7 v 7D
BRI, EBRRAICR T D A — A OIER]) (3R E PRI, AAFTE TR TV S i
BtOG AL (E& OIS -OF ZBFR) , (R - AR OIEEMENE) , (RARDIRIE TR0
FENZNIZHTZ 0, T bIT—RICERSHmUC L - TEHENDS.

S b, MK EICHET 28 WEOREEIET (MED SR TER LRWRY),
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AT /R R R B R R 7L DFEE

HERAR, EBERA L VoA RFRNCHE Y Z 2125, RFRIDOL & THIS
Zoon g SCRL TR T ZE R O R TRRAUCERN S D 2 %<, BUEIZIEZ o
I3 & 2 [RIE S LTSI JE PRI 1T 2 S 028 (0 BEor BE%) , B 2R A% (—
PERREE) DB TH D Z L NEFE SN D (FRAMERE) .

£, BRMBEEISE LTER TIIRS, EER L70d (FFFZRE & bIZliEoR
ENZN—ANEACT D) Sy, ZOMBEITRRIZB T 2WEMS ERATE LD LR, &
2 FAERFHIC B DEPBERM CTH LM E MR Z LN ERF SN D (WIHMEET YR E) .
LED X S Rmob AT TITERIA I F 2t & U TREFRNS &0 B RAD
AT, £, Halkte, ZHMELZATRAE IR A, WHIRG R O
2179, B4 2 ICAREDHNZ £ LD 5.

R7F8
= 4.2 R = 4.3
HBE=RFAH EEERFL
2OE=HR7EFH « EularDELER]: HERX
. BBKER o Eular@EE2LER|: a—>— xRt

e 4.4

- HSHOEEREFL
- YESEOEE

@ 4.5 N 46,7

« BEHREEREOERSEEGR XEEAEX

. EETEOESEAL | | - DBEs
- BRABHER - HEREH

(-4.2 AEDERK
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42 E‘%{%T—EU 5),6),7),8),9),10),11)

WMIROEERFR 2R T 5. FRRANRERZ D & ITREERWE DOEMEHT
HEEFR 25 5.

421 FOHEGEH]

WMIKROEEMILX, REERDBE p, WiKkO 5D 588 &35 &,

mzjvp(xi,t)dv (4.1)

B ERTFOIFRE (principle of constitutive of mass) 1%, B 4.3 @ X 512 m MAEEFICHESF
PLEEHE BUERE) b—ETHD LERIN,

m:UVp(xi,t)dv).:DRtIVp(xi,t)dv:O (4.2)

tRINS. P FO Ry Miﬁ?{ff'a%"ﬁ/\( =d—A) AR IRFEMO I B R AR B A
T 5HDT, wHEZEERE TE , W aiTo &,

t)dv=[ — R(X,t)JdV = [ (RJ+RJ)dv

'[ ( j ) (4.3)

=jv (R+Rv, Jdv( = [ pdv= J'VRJdV,Jszi]i)

ZIT, R:EAEREICKTLIEERE, ) AEEAER (Y=E7y), v WETY
P

>ﬂ

m%fﬁﬁﬁaﬁmﬁﬁ“k
= (p+pv,)dv=0 (4.4)

X (4.4) 1TMEEEV DEE D ST Y SLOD T,
p+pv,; =0 (4.5)
E7en. A @5) 1T—BemE (B L) ITBTA2EERFAITHS.

HAEFRE By MAERE

t=0

O. Dm(X.)
T

X-4.3 BERFIHEX
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422 HWREROEERFA (BaEER) ©°0 00900
F72, BNED & I HRBHIEROMENRS D G o TRiREKRTH S, WiKkERER L
TWAHUNES dv X, %k a, B,y ORiFOESTESND. 22T, SWEIIHINE
I dvINICH— 120 LB Y, EliIFnbomEhdt s LTEIN, BNEETED
HANCHE - CHEBI T2 L2 52 HT& 5 (B-4.4") (RAKRER).
BERNOEYEIZIIT 2 FEEE (true mass density) p, & EHE (FEYEE)

(partial mass density/average density) p, DOBAfRIT, RO EIE S HEHE T 2 H T,

150: = fapa'Zﬁa :p’z fa :1 (46)
LRIND. DI, WEPREE Y, EAWHEEE Y, ORI,
1
V,==> pV. 4.7)
ST,

tFRsns. X 46), A7) % 43) ITRATDHL,
m = %J‘V;ﬁa (%, t)dv= JV (;( R, + RV, )dev
(.m0 (<R, ) @9

& (B +PN, )=0
PEHND. 22T, FMERLETHEEORVERY (FHEsk, wf, FES) KNEvE
1oL,

B+ PN, =0 (49

PELNG. K (49) IAMEMICEI 2EREFNITHS. TR (4.9) 12—
RERREH (X (45) IEBVT, popy v, & LTEIT S 2 L b THETHS.

E-4.4 REFEROBIR
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\ @J%ﬁrﬁ” 5),6),7),8),9),10),11)
BRAEA] (Buler D& 1, 8250 HHEAR, 3— 2 —R I ORFREOE T %

9‘®

\Y

431 Euler 0% 1R EHRRFANC X 586K OEH
Euler ®%5 1 301 (Euler’s 1 law of motion : {£& OFEE v ICEMEE g, T OEHEIC

REAEPMEH LTS & X, ZOETEORHZECRITIEMITFE L) (T E

FERFAZRT L

(fvp(xi,t) (%,1) dv) J'tds+_|'pg dv (4.10)

X (410) OELZX (4.3) THOWIEERE, BIEREORME, X (45) OEERSF
% AWCTERT 5 &,
(] 2(x v (5. 0)dv) =(J, R(x ), (x,,t) 30V )

= [, Rv.JdV + [ Rv,JdV +[ Rv,JdV (- (dV)=0) (4.11)
= [, RUJAV + [ Rv,JdV + [ Rvy, ;Jdv
ZLPVidVJr_[V(/HPVj,j)VidV=jVPVidV (- (p+pv;) =0)

E7%. 72X (410) FUFLHTa—Y =I5 o, WU AORBERZNND L,
Ltids =Lajinjds zjvaii,idv (4.12)
A (411, (412) Xv= (410 1%

va\'/idv :IVUji,jdV+IVP9idV (4.13)
X (4.13) 1 THEE Y OEE DR TR Y LSOO T

AV =05+ PG, (4.14)
ZZTERY (v =0) ZET D &ER T ERAUL

OijtpY = 0 (4.15)

&%, X (415) 1IHEANTH 5.
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432 Euler D5 21ER AEBBRRFANC X 5 o — ¥ — B/ O

Euler @5 2 {501 (Euler’s 2nd law of motion : {EE OfEEkv ICE WINEE 9, O
WCERAOLEPMER LTS & &, ZOWIES L RENDOE—A L MEILTOAEE)EOR
M ERICHE L) (Il A S &Rl 2R &,

(J' € X 2 (% )V (%, 1) dv) Ie,]kxt ds+j €% 29, dv (4.16)
ZIT, g lIEMBLETTHY,
1 (i, j.k)=(12.3),(231),(312)

e, =1-1 (i.0.k)=(213),(321),(132) (4.17)
0 Z DA DB

ThbH. A (411), (4.12) ([ZffWERET 5 &

IveiijjPdeV Z.L eijkxjtkds+.|.veijkxjpgkdv (4.18)

THLE 1 HIL

(Y

-
—

0 OX; foleg
Leijkxjtkds :L 8, X;0y N ds :'[V&(eijkxjalk)dv:jveijk [a—x’qk j 8ka jdv
| | 1

(4.19)
do o0y ao_lk
J. i | 0510w +X; dv= J.eukajkdv+j €k X dv:j eijkajkdv+j € X0, v
axl axl v v
X (4.19) 23X (4.18) ITfRAT D &
IveiijjPdeV =Iveuk<71de+IveiijjU|k,|dV+Leukxjpgde (4.20)
X (4.15) o2 RATH LA (4.20) 1
Oy —03 =0
J.Veijko-jdeZO@eijkajk =010y, -0,=00; =0, (4.21)

0, =054 =0

X (4210 Fa—y =I5 IO AER LN THS.
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4.4 FARDOEERTFA & BB OB

ERUBHIMERR (i), W (IR, % (FFRZE5) O 3WE TR S 5k
HRTH D, AFETITRHBUKICER L TOW L2 EOBE b A OE TEBEICAND 2D,
EREOREE I ER 2N A T2 ARG R & U CER 2 SRS 5 TR E 52 5 B
N> 5.

B OB E 2 A 2 G [EFHRAE] O, [EH+XHE] OERiss
T, Bltmioilc Lo Ttk s h, ROEHITITREFRER 2 W CEH Sz
TNTNOHOEERFHINLE L 2%,

Bt OE BRAFRIOEHIZH T2 0 FHOREEICEH LT, BITO XL 57, RMAERE
179

[k ]

1) IREEt(K) OVRIE 19 (23RS 2 W8 o fafnisfig i % y (19/1gH,0) & 5.

2) WRIEOUEETMARAIEIEE 2 1 & LT, ERE L boc[-]TET.

3) WEIIKEMEME THY, NERER=1AIER LT5.

4) [ - W - KA E VR T 570 8 L CERE (AR ST D L2, M LT
FHETLIHLDOETS.

5) TRiT, WELEIEEREE TS, (A.=0,p,=0)

6) BRITEMEMBCTHY, EMBK, 2N LT, BEp, LIESH p, DRIC

dp, =K, 322 (422) 7 BHERIIE R BB
Pa

PLEDSM L0 EERFRIZENT 5.
I CAfIEME R y 13 GIC T A EH T
B D0, PRI LR & 2RI K - T&1k
THEERTHD. ycOEFREZR-4.51C
R

Dissolubility (g/1gH20)

(RIFRE] 1, 2 ROWH, WH, % femperature (¢

OB ROMIZ L FORPIRAR Y 7o, E-4.5 REc LBAERE, OBIR
M, :M, M, =1:yc:(1+yc) (4.23)

M, MM, R OK), WH, WEROE R, WIROBIEEE A LT 5L, [SIFRE] 3
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KV I & IR O EE DRI LA T O Bl ANpl v 320,

M, M =p,:p; =p,:(1+7C)p, (4.24)
X (4.23), (4.24) LVE-4.6 O X5 2R, BWiRMH, KSHEO=MRITONWTEEDH

e (RFEVE) D720 OB, WIROBERIZIILLT OBFREL Y 2.

M, :M" =nS p, :nS p; =nS, p,:nS p, (1+c) (4.25)
M, M5 M SRRV 72 0 DRI,
{ﬁ',\, {Effﬁ?@’féfi Volume A lXIass
A (49), B-4.6 kv, BkkHck n1-5) Air n(1-5,)p,
WCIEAE, TR, ARSI ] 1 _ f
_ ns, Fluid nS.p,
p, = f.p,=(1-n)p, (4.26) a )
o = f.p, =nS, p, (4.27) l-n (1-n)p,
Dy = apa:n(l—sr)pa (4.28) p,=(+7¢)p,
ERIND (P TRITEE, Pl X-4.6 [E+E - &4 - [tEO =X
REEE, Pa:zeiElE). N (423) &
WIREOMDBIEILL LESND.
ﬁc = nSrpf 7/_C = nSr]/CpW <429)
1+ycC

VLENG, SEEV IZHOWTER, WiRH, SMIcsT 28 E&EREANE, X (49) X0,

P, + PV, =0 (4.30)
Pi+ PV, =0 (4.31)
Pa+ PV, =0 (4.32)
p.+PN, =0 (4.33)

T TV, VY 1 EEAVEINN (5D 2 Bl C O 1K1, IR, [IBRZE5R, T O (52
WAEE) ., Fo, TNENOEREEORRIM Dy EE 25 L (R E] 1), 2), 4), KO
A (4.30) ~ (4.33) 56

ol :{(1—n)ps}' =—nNp, (4.34)
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pr = (nsrpf ) =NnS, p; + nsrpf +NS, P (4.35)

P, =N(1-S,)p,—nS p, +n(1-S,) o, (4.36)

p. =(nS,ycp, ) =nS,ycp, +nS ycp, +nS,ycp, (4.37)
PEHID.

4.5 HEGEHR - BiROBTEXOEHY

43 T LTEEERGRHIZ S L1, st - B oioifZNoE H 2175 .
FNENEMEZ FEERE LB OB Z1To b0 & L, &R OEHXE 2 FE
LTIT9. XRFEREHO 7ot 22471205,

451 : 3 (4.30), (4.31) ZESE S, [EAH L EFEOER SR A E
452 : 3 (4.30), (4.32) ZHENSH, [EHHE KO ER S A B H
453 : 3 (430), (4.33) AN I8, BiiowoifeaEH

[l b5+pSVS-- =0 || &M 'Bf +'5fvfi,i =0 @ 15a+/5ava~ =0 il :5c+:5cvc-- =0
/55 :(1_n)ps 'Bf - nsrpf p, = n(l_sr)pa /50 = nsrpw7C

45.2

4.5.3
(EAELCHRID (EIERRI0 : 45
Rl gt ot BRAHAER

X-4.7 EEHX - BROSBAELEHBIE

451 B & EEAHEOER R OEY
[EAH & IR OE BRI 2 8T S, [EIAE & IR O S OB 21T 5 .
B OB RERAA 5 +py, =0 (X (430)) 125X (4.26), (434) ZRAL THEHET 2 &

f=(1-n)y,, (4.38)
IO RLAFH b +pv, =0 (U (431) 12X (4.27), (435) &#fRAT 2L,

NS, p; +NS,p; +nS o +nS pv, =0 (4.39)
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BiEbND. ZZ T (424) ORRND p, ORI 2RO D &,

05 ={(1+ ;/C)pw}' =y¢p, (4.40)

B“EH5. X (440) 2K (4.39) IZRATD L,
NS, p; +nS, p; +nS,ycp, +nS, p v, =0 (4.41)

A (438) L3 (441) ZESLSED L,
{(1—n)vsi‘i}8,,of +nS, p, +nS,y¢p, +nS,p;v, =0 (4.42)
X (442) 28T 5L,

S.piV,, +NS,p; +nS,7¢p, +nS py (v, —v, ) =0 (4.43)

Ibi, EfEEET S L,
v, =—¢, (4.44)
E7n. K (4.44) #3K (4.43) ITfRAT B L

—£,8,p; +1S, p; +1S,7¢p, +1S,p; (v, -V, ) =0 (4.45)

X (4.45) 23X (4.24) ITEVEEL, WAND p, BT &,

—£,S, +nS, +nS, ——¢+nS, (va —V, ) =0 (4.46)
1+ycC : '

F7-50 (4.46) DD 4 HITE MBI LY
nS, (vfi A )i = {nSr (vfi A )} —(nS,), (vfi A )i (4.47)
LRED. X (447) OFEE 2 H(nS,) (FHUNR~7 A THD 2, BHTES.

E DA (vy v, ) BRI E O MR EE 2 0 T, X (447) IZRICHE T 5

V, =nS (vfi —v, ) (4.48) Zuf LIEET D L,

r

v, =48, -nS, —nS,—L—c (4.49)
1+yc

PiFos. X (4.49) XA & IR OEBERMEXNTH 5.
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U, =k h; ==Kk, h;  (F =)

uw;

PuY
ky, @ BOFZEAKERE, m : Mualem ¥, S, : AAERE

1 1 2
K =S.2 {1— (1- Sem)m}

k. REFIEAKIRE, h o AskaEh= +Q(Q=&zj, K, @ FExhZEKRERE,

452 B SHOESELEROBEH
[EAH & KA OE EfRAFHI 2 5N X8, [EfH & SO EG SR oEH 2175 .

SARDOERAF p, +pv, =0 (U (432)) 12X (4.28), (436) ZfRAT DL,
n(1-S,)p,—nS, o, +n(1-S,) o, +n(1-S,) p,v, =0
X (4.38) L3 (450) ZENIED L,

(1-n)(1-S,) 2V, —NS,p, +N(1=S,) o, +n(1-S,) p,v, =0

FRBTEMEME THY, T X > Uk Y, EMEa5ET 5.

ST, N REOWER, p,  MRERE, p,: F—VE (KGE), N

WEE (ELE), R K[EOREES, T : 2)F7EE.
HARKIRICB W TIRE —E4RE L, mMiakFHMsZ3 2 L,
. : V. p
V. +(p,+ V=0 2=——""2—
pa a (pa paO) a Va pa 4 pao
> > X NM Fo/= /\ =R N ke SN\
ZZT, p, = v (M : 2250y F8) (455) X0, WKMo =35 L
A
Pa =_\7m
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W oE® (X (452) LT 5L,
paZ&paZ_Ka\QZKa pa
pa Va pa + paO

XL (452) , (458) z:0 (451) ITIRAT DL,

<K, =P, + Py (4.58)

(1-n)(1-S,) AV, NS, p, +N(1- s)ﬁpama—sr)pav%,:o (4.59)
+ a0 '

A (4.59) OMLMNG p, ZFRT &,

(-n)a=s,)v, —ns, +"A=S)P 1 gy o (4.60)
P+ Pag
X (4.60) Z2HHT 5 L,
(1-S,)v,, =S, +%+n(l—8,)(vai -V, ),i =0 (4.61)
X (4.44) %50 (461) IZRAT DL,
—(1-S,)é,—ns, +M+n(1—sr)(v% —vs_). =0 (4.62)
pa+pa0 o

F7- (4.62) OEIE A HITERKRBEEOMBSIZ LY

{n(l—Sr)(vai —v, )} —{n(1-s,)}, (v, -V, ) (4.63)

n(1-S,)(V, =V ).
LFEED. KX (463) OANE 2 H{n(1-S,)| EWN AT FATHLTD, BT

5. Sbig, RRICHET DMLY, =n(1-S,)(v, -V, ) (4.64) &M LS5 &,

(1-S,)é&, +nsS, —M—va” =0 (4.65)

p +pa0
BiEbND. K (4.65) (ZEHR & XAHDOERRMEANTH 5.

V, =—k (&J = —K_ .k, (&j ZEUTE T D H v —Hll

K, | FERRERIRE,  p, © ZERIED, 7, (=p,8) 1 KO B AT R,

K, @ A @Eies, Kk, : #ZXERE, m : Mualem 3%, S, : ARIEFE,

Ko =(@0-S,)2(1-S,m)""
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453 BRSBFEANOEH

TR BB B 7 /L DRENT

[EFE & W EAHOE BRI 2N S, Bt oEH 21T 9.
RO RRAFH 5, + pv,, =0 (X (433)) (2 (429), (437) #HRAT DL,

nS,ycp, +NS,¥cp, +NnS,yCp,, +NS, yCp,V, =0 (4.66)
A (4.38) L3 (4.66) AN IHED L,

Sircp, (1-n)v, +nSycp, +nS yCp, +nSycp,V, =0 (4.67)
X (4.67) ZHHTD L,

S, 7CPVs, + nS,ycp, +nS,7¢p, + NS, yCp, (vCi -V, )’i =0 (4.68)
X (4.44) %A (4.68) ITRAT D L,

—S,7Cp, &, +NnS,yCp,, + NS, yCp, + NS, ¥Cp, (VCi -V, )’i =0 (4.69)
X (469 by, p,EBRTE (y,p,=const.)

~$,C&, +NS,C+nS,C+nS,c(v, —V, ),i =0 (4.70)
Lien. X (470) DN 4 HITE B O £V

nSrc:(vCi -V, )’i :{nsrc(vci -V, )}I —(ns,), c(vci -V, )—nSrc‘i (vci —vsi) (4.71)

E72%. AN (471) OADE 2, 3TUIH/NRRY MVRIEDOHE TH 5720, EHETE

5. A (4.70) 120 4.71) 2RAT D &,

~S,C&, +NnS,c+nS ¢+ {nSrc(vCi ~v, )} =0

22T, K472 oy, -V )i,

(vCi -V, ) :(vfi -V, )+(vCi —vfi)

ENHETE .
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K (473) OHELF L, 2HTTNTHh, BiRE (EARIE 2AEOM®E) & 5rHeE
(EIRCKT T DI EMROFE) ([ZHizd. TNENOIL, HHEE, 70 v 7 lEH
WG,

nSr (Vfi _Vsi ) = \7fi (474)
c(v, =v;,)=J; =-Dyc; (4.75)
ERIND.
K (47) BT =Ky (479 h=o 2o @7
. Pl Pu

roT, X 473 ~ (476) LYv, X 471 1%,

nSrc(vci A ),i ={nSrc(vfi A )}I +{n8rc(vCi - Vg )}.

(4.76)
=(cv,) +(nS,3,), =(cv; ) +n8,3;, (- (ns, ), =0)
ERFTIEnTES. X (476) Ly, KX (472) 1%
S,¢¢,—nS,c—nS,¢—(cv, ) —nS,J;; =0 (4.77)

A @77 1IBHRSEGERETH D, 2 THERESAR (X (449) ICEEcERED,

cé,S, —cnS, —enS, ——¢—cd, =0 (4.78)
1+ycC u

Biimicre K @.77) 2mansgi< s,

nsS, (1_ Cy jc+(C\7f_)_ —cv, +nS,J,, =0
1+7/C LN | i ’
+7C ! i )

r

BWiEbND. X (479) ZREORHZIEICER L TEIT S L,

C=—(l+yc)(c‘i\87f‘ +Ji’ij (4.80)

n

r

L%,

X (4.80) (FEMICHIT HREORMZNL (B 1 H) NRROBH (5 2 1H) LR
ERUEL LEWEEE (OB E3mE) Ik TlEZbZ 2R LTEY, X(4.77)
& FERICBIR BT RATH 5. FMREZSCITEMRE & Z OREICHIKF L, BiRIZ
IR L CTOWDIMEENSZMEZEZOBEMENKE <, 2K VIFBEORE L U TR

RZACT DR OB LIS CIZEB B O 2 L2 EHEICIERES 5 2 E R AMEEIC e - T
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W5, ETWEBEIARICE L THNTH Y, BKRAE (ZERKITESA), BRE AR

(ZEMIBRESAR) ICXo TIRESND Z L5,

FTo, REFENITIL, BWHE - AfaFE - REREZCESFET S, 3 BTRL
doE, BERZIINOIZE > TBEIOK R ZRREICT S, AR CIl@m
ML L THRONDEROREL LA BEHEE LTI 2R TE, Ehb D%t
DIREDEEN G- 2 D B2 BUGHET 2 Z LN AEETH 5.

PLENRZR S EAEHOBRETHD. T-4.1 ([TEHEH LR FEXE25%T5. K
-4 8 12K HEAE RO 7 e —F v — hERT.
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#-41 EHLEXEAER
£,S,—nS, —ns, ﬁé—vfu =0 VR & AR s A et
. 3 n(l_sr) pa ~ = N S
(1—Sr)8V+nSr _K—_Vai.i =0 *Hki*ﬁ@@rﬁ%ﬁ:ﬂ
a
: CiVy . .
¢=—(L+ye)| -+, By O R
& 48
[ (B.+5V-v,)dv =0 N=(1-n)V-v,
ﬁs :(1_n)ps -
Vv, =4, nsS,v (v, -v,)= V7,
il ! \ B ERROERE
J.V(ﬁf"'/_)fv'vf)dvzo >V-\7f :Srév—nsr— nSrC [
Pi =NS,p AL
V-in(1-S,)(v; -v,);=V-v
p_&p { ( | r)(f s)} a
. Ka = P+ Pag ElELEOESRSE
ﬂ*ﬂ; - Yy V.qa:(l_sr)gv+nsr_m
jv(pa-i-pav Va)dV:O P, + Pao
p,=n(1-S,)p,
a-S)r nS,7cp,V - (V. —V,)
O, =yC
1= ZV'(]/CpWVf +nSr7/pW‘])
BRMEM
J'V (P, +P.V-v,)dV =0 vy > BRoBAEX(D)
.= NS, prc ~S,C&, +NS,C+NS,¢+V-(cv, )+nS,V-J =0
BRABAHER (2)
¢=—(1+yc)V- iy
4 ns,
4.8 EEEEHT - BRAMAEROBLBRE
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4.6 FIEEOBRE

AWFFETH S T1F51E, RERERIZEOIR DR DB T 2 EFH TH 5.
Z DT OERD I DRI D EE ) FEBPERINTEY, HRRFEIZL->TE
DI OERNEEA & IR DRMENHRESNTWDIHERSH H. AL T, RITH 5K
REPME LTRWDT 5 2 &2 RICHMAmMICET LT 5720, 4 DOWEEHET S
BAERWED N#%E) (B-4.1) 23T 2 720121%, T 21T 5 BlEARE IR 1T 5 4%
EEEAES (PG 278 L TR MNERDHD. T4 2 IS ZRT.

x-4.2 WHPEH

o MR D X=X in V

© PHWKEE:  h=h, inV

4.1 BREMOBE O

4.1 TN L ST, WikoiEB) 2RI, IREEE LR E £ T GEEIFIZEE)
&, TORCOEREN ) & 72 D88 (FIOEE) NBFEEEFERE VI TBTHIZZRY, FiE
DOFERIC BT 2 EE 2 TR T D8, MEORERmMILELLNOERNERSH, BT
bH I ENEFIND.

F T BUFHINTZER] 2 BE ORIy TR iR <21 1 By DOTE TRidk S S0 E
& OB IC BT DRE EBD 72 T IUTEN A E L 72 5 BRI EBIT 526 OBEF &,
DOF VMBI 2R ERIL, [BEAYE] ST, HRETHIMIROER) T L
(IRAEAEFNT 72 2 EB) FAIEEUTL 0 BIfR OIE TREN /A ~ UEERSRAME & T,
D OBENT 1 By O TRENT 4 U 7 VERSM: LI, MIROER TV
ThHlER L Bbivs.

AIFFETHE 2T D LEEHIEFR - AE - K8 - AR A O 4 FHOWE THRERL S
TEY, TNENOHBIZBNWTT AUV, JATUVERPERTE D.
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(i) BA-SH%

(1)  RMBERER (E—EEREM)

Bift L ORI ZLICHECBE T 2 & (L) PBERTH L8R TH D, fHik
(CBT D EEmSS, SREZEMN G260, WEROERENECENMIBWTEH S

(2 ISHBEEER (E—EREARE)

FESE EICERT 20 THLERTH D, BEfm EITERT 204 L&
ENEDESICEA SIS, WAOBRERH L T RWERBIEEr (AR DR
& LTSHBERBEF IS D

(i) AEE-FRESH ™ "

(1) KEBERER (B—REEREH)

Baftiin ECKBED —E, &5 WIKIEERRPER THEXONERTH L. - K
P, EARMRIFICB T LI OHEKR ERMZHETE 25 FUTHEM TE 5.

(2) WREBEmEESR (B _EEREMH)

FEFA OBEASCKHERIFE A ZBIET AERICHN NS, FHAREN 0 Th b RiEAEE
RbZncEgENnD.

BARENZIIKEA « REBEAO &L ORI CRELFRRTHD. L, HRHIK
O] 2B DI 72 & HAE 7 & KRR A~OIHE A U D ERR, #fiE DB IZ 350 Tl
AN RBARIR D & FIRDIRBE IO B T 2 58 121%, RRROBERAEM bEHREBRIC LV &
ERMETH 5. HAWIZERICBIT 27 v a VAR ER DIEREKRER L2, A
THIVTTHICBE T 2 Y 72 BOHKM T BT, B COKBEMNPEAIZ/R S 2
ENEFESIND.

(i) ZERE-ZERIEASE
(1) EIEHBEFRER GE—EREREM)

BRI ECERIEKENR—E, HDWVITERELEETHE 2 ONTWAERSLMNET
b5, RREEOERE, —EENPEEINLDGRE, E[ENEHETE D8R
ICHEHATE 5.

(2) ZEXRMEBEAMER (BEEERSME)
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BRI L CRAT 5 2R BAUE T2 25TV BILD. T3 IRE AL &1 5
RODT %77 7 ABEHOBERICHAN OIS, £, ERIHARD 0 Th 5 %%
FE\ER S ZICEEND.

(iv) BE-BREZZ7 v 7 25"

(1) BREBRER GB—EEMAEME)

IR EERE NS AR TR E S B2 72 > TW S EER TH Y, 1GYE, W1, Wk L
CHHWBND . RN TREOWW LT i, IRESBEEIC 2 2 55U & i ]
TE 2.

(2 BT 7y o ABRMER B EEAEN)

DT T v 7 AR RGNS LD T T v 7 ARG TOBAEAICHWD

N5, 220, EBEIZODo TWAGRITIEEAER WA, BTRICEDE 7T v 7 AN
WG, BEEIPNES EANEBICIREEEDN RN & AT DA (Ve=0) ITHWbRD. &
72, IREAGRNO+2ICHBER H Y, SO DR L TR EE R b D S DL
EEREDRT T v 7 ABERERA D LB TED.
ZOERIT, HBICE D7 T v 7 RIFHIRT 203, BIRICL D7 T v 7 ZFHIR LR,
Z DT OB AR FEAET D HIBENICE WD CIXARICERT 2 OMR# L <, T AR
AT HHERICITE S 720, AFRICB WL Z OERE AN OFERSGEE LTHEHALT
AYAA%

(R a——HER FE=ERREH)

a— I —RIBEREME, BIEOBIZED h—2 VDT T v 7 AEREMOERTH
v, BIZIE, PR, FL—P—ORAAREICHENS.
R, HEFERERSMER, BioBOTEXEERE T RIS, BIREICZ Y — DFE
HZEHAT20EIMICL > TRV IRWARRS. BEICZ ) — 2 OERZ A L7
WIGE, FBoREOBEREMEE, BEICITRV RV, 20k, FomOBREEEH
WCT7 Ty 7 AZ0ET DX IRV RLERZITO My, F—REREME L TEHEZD
WD, BBFEOGEIZIZT 7 v 7 ZAOEENEY THL Z L2l T o0ENHD.
BRI 7 ) — > O A2 A L2 8550E, R RIS B TR |z 7 <
5. Filo, ZOBEBIETIE, fESH T AKFOEISK U CIEFITHURIC R Y, fFOREM
MMETT2E0nbnTng., Zokd, S - MoERSLMEEZ AV, B
BB R DB SN T HEERLETH S .
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WEERTRENEM TOHLREREAEMWEOERTY 7 v 7 AN THLT T v
7 AGER NI, FICERET T v 7 AREr ThHLIERZIEZBER L L5 K
BT, %’f’ff‘ﬁ%%h%haﬁiﬁ“é SN K VR U725, 25, o SR
FME2RIT 5. BHREERARMTRENEMTH S8R (T=conS,), & FEIH%

#ﬁ%@ﬁﬁﬁ(&wmw) =BT R 4 P 1 T B BE R s o R JEE B R

OX
(g=vn on'S, and c=c on S,) ThD. FHHE, H M, 5 _FEENEMLKE
A, WEBREROBGRER-4.3I2ELD5.

x-4.3 RE-REISvIRGIETHEREH

s | M0 on S KEIBER (AS)
g=vnon S, R () e
c=conS REBEEERSR (AT)) a— (i%i;) (A7)
: (%5—76)
p
T % _oons T T AGR
OX Q (kh‘#*E)
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—HRAY IR I ORIERE,  RpRZERIRL O R TR SIS TR A I S, B
RO B & THES L0 ) PIESE MEREICEN SN D.
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62 1m5 24 HOADHEREE
X EAFER
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H5 T  AIHMEET R~ E AL

5.1 XELHBR, I - JEHREMH
K RS T R & BBt )

S =

TR A IREFRIE TR 7201

S 7 B Ao UL &

179. TR0 —& %2 0 CoRT.
511 XEHFEBEX
[E AH AR ISR A E O R I B T DO X R E L I E & 5. EMEil %
EE L, BINEREIRET S.
#1520 G;;+p9 =0, 6,=0; (5.1)
ARV Gl =07 + Py, G =0y — P05y, Ps =SS, (5.2)
Yrav s=p,— P, (5.3)
HER G 67 = Dyaéa —C;'S. (5.4)
i & e &y =—%(U'i,j ;) (55)
Yo -G REFNEE BAAR %Z%@fﬁ%}+mnjﬂ (5.6)
VeI -1 BA AR pi =(1+y¢)p, (5.7)
dfe et (AR S HAH) ¥, = 4,5, —nS, —nS, (5.8)
& 1+ }/C
2 —al (FER) \7fi :_kUWij h’j :_Krwkwij h,j (5.9)
s - . . n(1-S,)p,
Mg (Ef & &) ¥, =(1-S,)&, +nS, ———— (5.10)
' pa + paO
oo e 5 P, P,
&/I/‘./‘_‘EIJ </IL17<\) 3 :_kua.. > :_Kraka.. > (511>
" PuY " Pu9
it oy T fEa c:—@+yQ[?W4J”j (5.12)
7 4w 7 ]l () Ji=-Dyc, (5.13)
427K EE h=""v0, 0= (5.14)
P9 Pu
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zz7¢, X 1) ~K (514 ITBWT,

oy BT v

0, : EOMEET > Vv
op : Fv MNEHTY L
S; 1 /uXy =T IH
s: VI var

: i Fn B
: §=0 TOFNE
ikl PR 2 e

S
S
Cy : NaRfRET > Vv

r
rf
ij

D
AB : KIGEHETZ 4 T 4 TIRTA—H

p o EHE
ol B NT Vv

ij
p, : MIPRZES+

p, : 7 avIit)

g:ﬁ@@ﬁg{g=&‘%J
Srf - Src
S, : FREIBRIE

o, : MIVAIRIE

g OTHT I

u : BALT Vv

s, : HrY 7 v a2 (ImH,0/9.8kPa)  p, : WIRESEE

y o BRI £
n : R
v, VO SV — o

n : fEIFRE

1 1 2
Ko @ @R REK,, =S,2 {1— a- Sem)’“} Ky,

v, BIBRZER D Z L iR

kaﬁﬁﬁéﬁﬁﬁ?yyw

ua;

k, @ faRZEERET VL

D, : miktrET Vv

U]

Z : SRIE AR

Tho.

C : IR
Py TR B
&  BHOT A

Ky, : RNEFIEARLRET > L

L BUAEARAR R T > VL

D,y : VI (K&UE)

1 1

K. @ fFiliesk, = (1-S,)2A-S,")™

J RETI v IR
Q : [riE/KEH
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5.1.2  #IASA:
AL TRV AEEET LOYBISEEE2R-5.1ICE LD 5.

®-5.1 MHAXH
GILESUE

o« UMERE X=X, in V
o WMAEE: h=h,

5.1.3 ERSEM
AR THN DT T VOERSEEER-D5.2ICF LD 5.
F - AIMEEE RS O &N AZR-5.2 1CE LD 5.

x-5.2 BREH

o  AfrBES (Dirichlet 525%Y) - l.]i:ﬁi on S

u

o JSABESR (Neumann 585t) : oyn, =t on S

] o

o JkEELESA (Dirichlet 525%) : h=h on S,

o WESEAR (Neumann Bif) : ¥in=g on S

et
)

JUEJEES (Dirichlet 5254) : p,=p, on S

o ZEXUARBIS (Neumann Bi%t) @ v, n =@, on S,
o JREESES (Dirichlet 525%) : ¢c=C on S

* 77 v 7 AL (Neumann 525 : ns, {c(v, v, )+J;fn, =Q; on

Qc
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r _ r .
o-t]'\i - o-zj\t:() n
I’ﬁi = =0 n V
Pof = Papo 1

C‘i = c‘t:() in V

.
(W3

H 5% AIHMEET RERTE A~ E AL

%

S:Su'i‘Sc_ :Sh+Sq:SPa +Sqa :SG+SQC

®-5.2 W4 - BREAEEE

77



H5 T  AIHMEET R~ E AL

5.2 XELFBRAOFHHAML 2D Y

A, BEAEX, BROHMTERXZNEIEEORBREE A FV CHEI TR L
X RRROFHERILZ1T

ZeR] R, KBRS TR TH - 72 F T, ZEMMa s —FE5EE D,
HEEIEAS (AL, 2KEH, ZEXE, BE) O—FoOsoRE LTRBE SN, HiliIS
ER—of % 5 (RIS ).

521 &AROBHEEALL
6,;+p9 =0 (51)

AUt T 5. LFO L) Rl EE 2 5.
Ysu, e{ég'ij =—%(5ui,j +0U;;):8u; =0 on su} (5.15)

Fo, EREMHELUTICRT.
EArEE SR U =U, onS,

1R 6n=tons,

AEER S=S,+S,
& (5.15) #X (5.1) OFBICEL, fEKV CHEERST 5.

[ (64, +£9,)000V =0 [ &) 6udV + pgdudV =F +F,=0 (5.16)

R =] oy,0udv (5.17)

F, = [ pgoudv (5.18)
LT 5.

1) R :J’V ;,;0udV IZB LT

) dv — ja U, ,dv (5.19)

A (519 AUFLEICTY AORBMEHE #EHAT 5 &,
78



H 5% AIHMEET RERTE A~ E AL

F =, 6,n00ds-[ o,6u, dv (5.20)
X (5.20) DREHAEIGNERS, LR S, 14T %

Fo=[, ounouds+[ oynst dS [ oyou, v (5.21)
X (5.21) ofFBHE 2L, X (5.15) OBESMRSEMESL, =0 on S, LVIHX,

F=, touds | o;ou, dv (5.22)
L. K (65.22) £l 2D, S, ZXMTHNE BOIMITINC oo L, BEE9 5 &,

[ y00,0v =] 5, %(&Ji,j +8U,, )V + o %(5% —ou,, v (5.23)
0 (6.23) HILH 2 HOPHETBAEIL, FTH & BOIFMTHIONIE L Y,

5, %(&J” ~8u,,) =0, {—%(&Jm —5uj,i)}@aji (8, ~8u;;)=0 (5.24)
L-oT, A (623 1%, K (65 &b,

[ o500, dv = o, %(50” +0u;, )V =—[ o0,V (5.25)
A (625 £, L (5.22) %

F=], touds+ | oyoav (5.26)

ZzZ7c, X (56) LV, fEFES 1TV /v arsOAOBEKTHL DT,

. OS oS
¢ 05 (S (. _ (5.27)
r as 85 (pa pf)
Lo T,
5 - Sgr_ssrc - 1S 5Srs-= 1 asr(pa_pf) (5.28)
f = “re f— “re s Sff _Src 0s
. [ Sr _Src j { Sr _Src j Sr _Src :
(55) =| ggos | = Sy
Srf _Src Srf _Src Srf _SFC (529)
1 5, S-S, 1 [6& s+(sr—:~:m)}(|oa— P )
Si—Se. 05 S-S, S;-S.Los

THho. KX (628 LA (54) I3,

1 35,,. . . ~B 1 35
ijﬁ s (pa_pf):Dijklgkl_Cij(pa_pf) ( C; =G S —s,_ o5

o )
Oy = Dijklgkl -C

J (5.30)

rc
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ZZTA (5.2) zainsiFEaL, (629, (6.30) #RATD L,

Gy = G + P9 _(Ssr)' O

. . ) . 1 oS,
=Dijk|€k|_cij8(pa_pf)+ paé‘ij_s _s (88 +o, rc]Sé‘
rf rc (531)
) B[ - . . 1 oS,
:Dijklgkl_cij(pa_pf)_'_paé‘ij_ﬁ 2s S+S, -5, (p _pf)é‘ij
rf rc
) . . 1 oS, . 1 oS,
= Dijklgkl _Ci? ( Pa — Py )_ S, —S.. ( s S—Sy +Srj paé}j + S, S, ( s r _Srcj pfé‘ij
LD,

X (6.31) %z (6.22) ITRAT D&,

£5u - 1 (s,
Fl :J.Sgtiguids +J.V{Dijk|5k| Cu (p pw) Srf —Src (ES—Srf +Srj paé‘ij

1 0S, . .
+S s, (83 r rcjpfé}j}§8ijdv

X (6.32) OFLG 2 HARHT S L,

(5.32)

F=[, fouds+[ {Dyeu—CF (pa—p, )} o5,0V

(5.33)
- L (asr TV r} pa .v L (asr r rc] pfé‘gvdv
v Srf _Src 0s " Vrc s

-~ ZCcR=- . (as, - j(534> R, = — (asr - j (5.34b)
- Srf_src 0s " ' e ? Srf_src 0s ' rC '

E95E, X (533 i

Fo= [ {Dyuda =CJ (.= by )} 0,0V + [ Rip,05,V +[ R,p; o,V +j £5u,dS (
5.35)
= | Dy&ads,aV - jv C 0,V + [ CPp 0%,V + [ Rip,de,dV +[ R de,dV + | fouds

L.
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2) F,= jv pgoudv 2B LT

0
P9 =p| 0| (BRE T EIE) (5.36)
-9
MV
P =~ = Pala=sT.a 5.37
Pu=~y =y Pale ) (5.37)
M M+M,+M, _ _ _
v Vf = D, + P + P, (5.38)
pzbs—i_bf +ﬁa <539)
2. =((1-n)p,) ==np, (- p, =0) (5.40)
P :(nSrpf ) = nSr/')f +nS, p; +1nS, P, (5.41)
=18, (1+7¢) p, +nS, (1+7¢) p, +nS,7¢p, (- P, = 0,7 =0,p, =(1+7¢) p,)
p.=(n(1-S,)p,) =N(1-S,) p, —nS,p, +n(1-S,) o, (5.42)
X (5.42) FNE3WEp LT, BAKKROIRESREA LY,
PV (5.43)

PV=NRT & N=—
RT

TIT, PZERE, VR, N oTE (B, R:REER, T o R
. &5IZ, P=1013kPa(10.3tf/m?),R=8.31x10° kPa-cm’ /(K-mol), T =300K (27°C) & i
So/l=

T 25 L HENAFEY -0 OWEEIX, N=40<10°mol. HEHEZRZ[OBELZRD D L

i = 28x4+32 28.8g/mol
> (5.44)

N*Mar _1 15x10% g /em® =1.15x10° t/m”

Ps =
THY, p T py, P \CHARIHIREEN NS N ENbND. ZD=w, T ORMZE
BTHD p, VBUEFIRICEZ DR BITE L /SN ERTRIN, RFETIEp, =0
ELTCEORELTAT 5.

A (5.38) ~ (5.44) LY
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P =Pyt Py + Py =—Np, 1S, (L+y¢) p, +1S, (L+¢) p,
+nS,y¢p, +n(1-S,)p,— NS, p, +n(1-S,) o, (5.45)

={=p, +8, (L+7€) p, +(1=5,) pa 1+ 0{(L+ 7€) o, = pu | S, 1S, 70,0

(5.18) 2=\ (5.45) Z{RA

F, :j pg,ou.dV
I[ —p,+S, (1+¢) p, + (1—Sr)pa}h+n{(1+j/c)pw—pa}Sr+nSr;/pWCJgi5uidV (5.46)
5.46
:jv —p, +S, (1+7¢) p, +(1-S,) p, } g, oU,dV +jv n{(1+¢) p, — .} S, g;8u,dV
+ [, nS.p.cg0udv
22T, FROERRENROE OEMEEEET S L,
=(1-n)V-v, =—(1-n)é
(=n)V-v, ==(1-n):, o

D APV, =0,V-v, =
(5.28),(5.47) % (5.46)ICf AT 5 &
F,=[,—(1=n)&,{-p,+S, (1+7¢) p, +(1-S,) p,} g,0uAV
«f,n{@re)pu=p.) s; p.gduaV - [, ”{(1+70)pw—pa}% p,gou,dV (5.48)
+th ns, p,,£9;0u.dV
ZIT,

R, =—(1- n){—pS +S, (1+7¢) p, +(1- Sr)pa} (5.49), R,=

aassf {(A+yc)p,—p,}  (5.49D)

R, =nS,yp, (5.49c)

ET5E
Fz = IV R3‘évgi5uidv +.[v R4 pagié‘uidv_.[v R4 pf gié‘uidv +.[v Rscgiauidv (5'50)
A (5.35), (6500 kv, KX (5.16) 1%

Fi+F, = | Dyéad,dV — [ CPp,se,dV +[ CPp sg,dV +[ Rp,dedV +[ R,p,sz,dV 551
™ 5.51
+ [, R, g0udV + [ R,pg,80,dV—[ R,p goudV + [ RegoudV +[ fouds =0

(551) FHIAEADFHEXNTHD.
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5.2.2  [EFE & WK OERSEEROFHERAL

£,5. -nS. -nS,—~—¢-v, =0 (58
1+ycC

X (6.8) 2T HITHY, UTORBREEEZHRETS.

“she{sh=0 on S} (5.52)
72, WRMRICET 28RStz LU FIRT.
YNTEE R h=hons,
biinE= R v,n,=gons,
455 R S=S,+S,

& (5.52) 2= (5.8) OIICEL, fEKV THREREST 5.

[, &,5,0ndv —[ nS shdv —[ ns, Y_eshdv - [ 7, ohdv =0 (5.53)
\Y \% \% 1+}/C v i

0 (5.53) DN 4 HITEGHFGy, TV ADFEHER, FRKMEND,
[, 7, ohav =] (7, §h)‘idv ~ [, v,oh,dv
= [ 9, nshdv - [ v, sh,dv
s i v ol
o _ (5.54)
- Lh 7, nohds + Lq qohds - [ v, sh,dv
- Lq qohds - [ ¥, sh,dv

ERESH. A (6554) 23X (5.53) ITRATD L,

[ &5,0hdv —[ nS shdv —[ ns, Y_¢shdv - [. ohds +| v, shdv =0 (5.55)
v v v 1+yc S v ol

Epb. KX (6585 EiNFE2EICA (5.27) AT B L,

a5, |
as p,ohdV +IV n

~[ ns, ——csndv [ gohds+ [ v,sh,dv =0
AR s v

0S,
0S

[,&5.0hdv -] n p,shdv

(5.56)

PiFoisd. K (5.56) (XEAE & RO KRN OB AL TH 5.
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5.2.3 [EHfE & KA DEFGSEERDOHHERAL

. 1-S )¢
\7%:(1—5,)(¢V+nsr—u (5.10)
' pa+pa0

X (5.10) Z5BAIT DIH7 0 LT ORBREBARET 5.

'SP, e{épa =0 on Spa} (5.57)
o, ERICHETLOERARMZLUTOLIICRET 5.

22T SR p,=p,onS,

22 BT AR v,n,=qg,onS,

et S§=S, +S,

X (5.10) oMz (5.57) ZFE L, fEHLV CTHREHEDT 5.

[ (1-8,)&6p.dV +[ nS.5p,dv -, %5padV—J‘vvaivi5padV -0 (5.58)
a0
K (6.58) DFEING 4 TGRSy, TV ADFEBEH, BERAKMENS

.[Vva“épadv I (v 5pa dV j v, 0P, dV

= L v, N0 padS - J.V v, 0P, dV

= 5p.dS+| §,0p,dS Sp, dv (5.59)

= ], va0D,08 + [ qop.dS—[ v, op,

:J-Sq qaé‘pads_'[vvaié‘payidv
LFxREDH. KX (559 K (5.58) ’ﬁ]\a“é&

S,) P, - _
[,(1-8,)&,6p,dV +[ nS.5p,dv - +—%5padv— Lq q,5p,0S + | v, 5p, dV =0 (5.60)
X (5.60) 205 2 HIZK (5.27) #WAT D &,
j(l S,)&,0P, 5,0 p,dV j n—- pfépadv
(5.61)

_IV %5 pdVv — L 0,0 p,dS + IV v, 6p,dv =0
a a0 q

PiFonsd. KX (5.61) (XA & SFHOEKESRMF OB AUETH 5.
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524 BimawHFEROBEERIL

nSrC+(1+yc)(cv +nS,J, ) 0 (512

rYii

UTDX S BB EE XS,

"sce{sc=0 on S} (5.62)
72, WEARICET DEERKMAZLT O LS ICRET 5.

IR c=conS,

7T w7 AR (1+yc) n, {c(vfi —vsi) +J;}n,=Qc on S,

SR S=S.+5q

X (5.12) 120 (5.62) Z3F LKV THLT S

[ nSescdV + | (L+yc)v, ocdV + [ (L+yc)nS,J,,dv =0 (5.63)

K (5.63) DENF 2, 3HIL, MoV AOREEM, BRAKMELY ZNLTH,

b

(1+7C cv ocdv = I 1+yc (cv 50 dV I 1+yc cv 5ch I 1+7c cv ocdv

j 1+yc)cv, sendsS - j 1+y¢)cv, oc, dV( j (1+y¢)cv, scdv :O)

(5.64)
J' 1+yc)cv, oen,ds +I (1+c)cv, SendS — J' 1+y¢)ev, oc,dV

J' (1+yc)cv, SendS — J 1+ yc)cv, oc,dV

b

L (L+7€)nS, 3, 5cdV = [ (1+7¢)(nS,J,5¢) dV - [ (1+y¢) 3, (nS,5¢) v
j (1+yc)nS,J;nscdS — J' 1+y¢)J;(nS,s¢), dv

j (1+yc)nS,J;nsTdS +I (1+y¢)nS, J;n5cdS — j 1+y¢)J;nS, ¢, dV( (ns,), =O) (5.65)

=j (1+yc)nS, J;n,ScdS — j 1+yc)J;nS,sc,dV

ExRESH. A (5.63) (2 (5.64), (5.65) AT DL
_[V nS,cscdV +.[ch (1+yc)cv, oendS —IV (L+yc)ov, oc,dVv

(5.66)
+ LQ (1+7c)nS JnsedS — [ (L+yc)InS,5c,dv =0
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X (5.66) ZAR>AESICEI L CHEELS % &,
—[ ns.esedV + [ (L+7c)ev, s,V + | (1+7¢)InS,5¢,dv

= 1+yc)(cv, n. +nS J.n )ocdS
J.SQ( )( fit )

r=i

(5.67)

. (5.67) DAL,
LQ (1+yc)(cv;n +nS,J;n; ) 5cds :LQ (1+yc)ns, {c(vfi -V, )n, +Jini}5cds = LQ Q.5cdS (5.68)
L#xand. X (65.68) & (5.67) ITRAT DL,

—[ nS.eoedV + | (1+yc)ev, e,V + [ (1+7c) Ins, Sc,dV = LQ Q.5ocdS (5.69)

Erp%. X (5.69) TR BTEAZHEIL LD TH 5.
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5.3 ZERMRLFE 20

AL S 7 R RN 22 ISR ISR, PR FEEZ BT 5.
6, AR, BRI NENCT 7 —F ELZEA L, EB) TR
Z 22 B L C O [ DRy U EHT 5 (ZERIRERUL) .

BTRONIFLT A Y XT A N w7 BERIZE - TTW, FEIRN ORI 7 A5y
Z AT 5.

531 HI7—F¥E

AiEn £ clegsERAfb a4, Z5MICE L T 1 BRI TERAICRBLS LTV D RT-E
Z, BEBICHR, ZERNCE SN ABRIEIC 3 1T 5 EE AR O i S AE, T A DG
IR AR E L CERTA L2 EZD.

22 MW oA 9 D IEB F A OB R BUL, BEM OB EZ WL SR Y, TO—k
fitr (BLAYE) ICXoTEETOFE (=077 —F 98 PHVLRD.

i) —RZEMICBIT DN T —F% 9k

EREDEEICHOW TR AT 9 728D, Kb 5 R EHE FIEE A u(x), € OB
ZU(x) &35, £z, MEZMRICTL720, — KT TOEHZRETS.

I EDRMEDS & T, F—HE RS2 LR BT 2 ElBI%a(x) 2~ K-5. 3
D EHITHI I,

M@:wA@+§kxme)@%=m%=00n&) (5.70)

LRETH D ENTE, MEAHROICES - LATREICA S (B-5.3 THx=0I8

WTy,=U,y,=0). ZZT,

a(x) 1 A KD RE AR, ) () =y + 2w,

wi(x) X I BI % BakL,
AT DG 27

BRI Z v(x), DI

BA(x) LB L, B

BIELY, TR,

9(x) = f b (xWi(x) (5.71a)

V(x)=wi(x) 571b)  m-53 HS—% iz & ZEEHEELEROEE
BTGB D L NTTHETH
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HIEnbnd., ZIT, b(X)  RAMOEGIRE.

i) AREFEICBT LA T —F 1k
IFaﬁ%ﬁﬁﬁfﬁl@Eyﬁ 23,y (x) & LTERINTOREEZFFOLLTO &9 72— IRAl
M E 522 2L 52EZXD.
e+ px (%, <x<x)
Wi(x)_{ 0 (X<X_%<X)
ZIT, a iy, DA, By oAl £, G(x)iE, By, (x) 0—KiEiE L LT

=i%0) (5.73)
ELTEREIND. A (573) 1ZE-5.4 O L5 IZHBRIREBORIE A R L, KHEOHHE
BTN > TSI E NN T 2 Z E AR T 5.
Fo, BRIIZBNT
1 x,|la U,
a+ %, =U_,a+pB%=u C{l )'(i Mﬂ}:{ L } (5.74)

DEEOERSE L LTRSS, x,#x 006 (5.74) %o, fICEH L THELS &,

s } s Y (5.75)

Ko TEZIDEEDMEIZBWT,

(5.72)

g%, X2 X‘lu_N LU +Nu, (5.76)

X =%, X=X
Z T, N, : JEIREI%L.

X (5.76) LV, BIREEEUE
gEFECHBEBOEEL LD L a+pBx (X, <X<X)
DD, PR O I Z% Wﬂ){o(“xx<”
Y 2 025 K o B A L T uo/x >/%22 u(x)
BT L > TIRES NS % \Ju X
ZERbm o .

F 72T O EIZBEEIE DO §$1g$2:~-5§§i5." Egﬁmi
EDHLTTEA YV al@GBDOIHIC ! ! ' ' '
KETHZENbN5S.

O Xl Xz e X',l Xi e X Xm

m-1

FLERRNITEIT LA
Bnd@ofEzf L, EHEE B-5.4 HRERE~NOHZ—FEDERH
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FEUZRBIEOE 2R D & WD FIHIE, ar Vo —F 2o miliif v K LEHRIZIEFICH
MTHD.

532 TAYNRFAN) vIER

AW TIE, AL SNSRI FRRE T T —F RIS Ko TZERMBEBIL T 2 B,
TAIRTGARNY vy EHFRD D AR5,

TAYRTA RN w7 ERIE, BERENTEXICT IV R A B IR R AR L,
BRNOENL, K, ERE, RESOEDFHEROELPBERERET 2LERD D
N, ZOEEICEY, ETOERICBWCH - ORIREKZH NS Z LN TE 5.

RTEIC, EBIEOECREBIIERNTHIEORE & 578, REWGEEAGS N
EHERULTED, TA VNI AN w7 HERIZEFDORFE LT,

O EHENEBORERZ LIRS & Hi Ol b EENTET S -0 AREREER

IEREGTHDH L.
@ FERPREIRBEEIC I VNTET 20T, @SROBIRBEEKZEANT S5 2 L Cihi
HiER EOBMV PR TES., LI RERH 5.

TA YNNG ARNY 7 BB, DLTOEEGSME BB & O kB &

7-HETW5.

A4 (compatibility)
1) RN CTEEKOBEBEOMS PN ERETH D Z L.
2) BEREFCEEMNERTHD L.

72, X 7)) Z2—HE L TOBRBEE R LT, ITOGHIMENERTE S.

A B (complateness)

1) G=> N, (r)u, (5.77)
2)1:iNJﬁ (5.78)

ZIZTC, m o ERAERTAE A, r o BEERICBIT S OEEE r (-1<r <1).
N, (Er (F1<r <D IOV TRy FTRE 7o g B & L CER SN DM ENH D,
PLEZ XY, SN, KOUKIFE T o B A EIIA T L S icfRBL SN S.
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R :Zr:‘an(r)xin (5.79)
=2 N, (1) (5.80)
ﬁ=Zr:,Nhn(r)hn (5.81)
P, =g’\'pw (r) Pay (5.82)
6=2Ncn(r)cn (5.83)

2T, X (B79 Frhbx~DEHERL TS, Z0LE, LT rnbx E~oD1l
K LIS D G L2 D X OIS &8 E L2 i iz 5720y ([X-5.56).
AT, ryX LTV 77 AOHEBL Y978, WEONSyT 4712k
DEMEIARNLZEM & BT 5720, AT 5 b OIL 9 fim, KiFE - ZXIE - BEIC
BT 2L DIT4HED2KITT A V8T A MY w7 EEEHAD, TRENRES LT
DR Z WD, UTICHSEE D LIRS TV SRR Z =T

4 iR NATEEROEA, BIRBEEN, (n=1~4) I - RITORFTEEREZ KT 5

RGA—mE, n(-1SE<L,-1<n <L) 2N T,

N, = (1-&)A-7)/4 (5.84a)
N, =(1+&)1-7)/4 (5.84b)
N; =(1+&)L+m)/4 (5.84c)
N, =(@1-5)A+n)/4 (5.84d)

ERED. ZOBRRBEKICE > HHEEDONUMAILEIRIE, —UOEIN2 D E—niliTH
SNDRPTEERE R DIE I FZI AR <5 (K-5.5).
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Yy n
‘e 1 0:
_ ]
: &
7 ® 1 %
X
(a) (b)

E-5.5 AHREUARERO—MREZR (a) & BFTEER b)

FBELC, 9 HiIMBEROGE, RBEEN, (n=1~9) %

N, =(@1-&E)A-n)énl4 (5.85a)
N, =—(1+&)A-n)énl4 (5.85b)
N, =1+ A+m)Snl4 (5.85¢)
N, =—(1-&)A+n)én/ 4 (5.85d)
N, =—(1—&)2A—7)n/2 (5.85e)
Ng = (@+&)A-7n*)E12 (5.85f)
N, =(1-&)2A+n)nl2 (5.859)
N, =—(1—&)A—7)?E/2 (5.85h)
N, = (1-£*)1-7%) (5.85i )

ERIN, RFTEEROIESRER ARSI NS (F-5.6).
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Y n
@5 31 R
-1 ©
® ® ¢
7@ CE o,
X
(a) (b)

M-5.6 O9HEIRAMOMARERD—MREERR () &LBHFTEEZER b)

F A TR BENC KIS T 2 RPTEEE 2 AT 2 &, Z O miTxtn LIRS D
FHHL LR, MO AITKIE LI PIRBEEIT T X T 0 &5 2 &2vbnb, ERHEO
BRI TR TN TWD Z ENbn5.

22T, & (5.84) A (65.85) &3 (5.79) ~ (5.83) [TWH L, QLT L
THPLS 5 L ERENOITEIBESUT, SWIREICKIET 2R~ 7 FV[N, |7 &% H

WG,

£=[N,]{x"} (5.86a), =[N, {y"} (5.86b)
6, =[N, J{u'} (5.87a), 6, =[Ny, [{ur'} (5.87h)
h=[N,]{n"} (5.88)
p, =[N, |{p'} (5.89)
¢=[N.]{c"} (5.90)

F72, X (5.86), (5.87) ab IWEHED FMDOERLDN, WEEOEWRIZFE —DO AL
TJ—ETHDHDOT, TNLEHRELT,

g=[N]{x"} (5.91)

0 =[N]{ul (5.92)
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ELTWD.
S blZ, ZERO—FEMy TEHAIND 0T BT b

au, au, o[N]{uy}
2 OX OX OX
Tl SR PR OO R U B L) | U1
Y o o oy
Coolan o) fed, A\ o[NT(uy) o[N]{uy)
Voo e ¥ x (5.93)
o[N] 0 ]
OX { N}
6[N] Uy N
=— 0 _t =B
o {{us}} e
O[N] 9[N]
oy x|

ERTIENTED. 22T, [B]: OFAHLHE B) v MU v/ X E£, BEOTH
X7 MUE~S MY v 7 ADKKEI D AR LAET D THD,

=i, { } {aw@]x{ 2 )

*7z,

W@%‘Jﬂz ZEALT, n,EZERND, X YZERO E~OBE/IZET

551 %E([Fle+5 L,
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ax
Sl Sl
dy dnj | oy oy |ldn
o on
x x| o o (5.95)
@{d?}:[F]l{dx}: o0& on {dx}: X oy {dx}
a7 dy] |ay oy | ldy] |on on|ldy
o on X oy
o oy [t aNn]e
T o¢& o0& B o0& o0& : :1 )
[l = X oy | |oN? N || ‘[\P]{{XN} {VN}} (5.96)
(97] (97] _877 877_ m ym
o oy|foaNt o oN]
[FI[¥]=| o o | | o i
a_é: 5_77 _8N1 aNm_ _6N1 6Nm_ (5.97)
_ ox ox || 0 ol _ ox X
a_g 8_77 aNl cee aNm aNl oo aNm
ay ay _877 677 1L ay 8y |
L0, BHTE5. FBRICKIEDZE M —REMIIE,
oh 8[Nh]{hN} d[N,]
{oradh} = i R O S e {n"}={B,}{n"} (5.98)
oh| [N I | O[N] h
o) |y )L

ThD. ZI2T, {gradh| : BUKAELNY BATHD. K (5.98) LRI, EAEAR
7 hov{gradp,}, REARZ Fr{gradé} HERTE 5.
{gradp,} ={B, }{p,"} (5.99) ,  {grad¢}={B }{c"} (5.100)
X (5.98) ~ (5.100) zzM4 5L, KX (6.9), (511), (513) THREND, F/L¥

—Hl, 7 v 7HIT,
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(5.101)
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533 WU XEL
5.3 Hi TR b I h AT, BRE I - fElk N O S5y

1= f(x)av (5.104)

D TEREIND. AIRERETIZIZOFEPTARMBMOERZN DR LA L LTRIIN,

element
number

1= jvn f (x)dv (5.105)

n=1

L7, &I, TAYNRTAN) w7 HFREHNL I L2BHICES, BAREX Y%
Ml 2 2 Yoo e UCEEL, (RfTZ(LF acobian) J(=det[F]) % /i CHeH

THIELEERD L,

element element
number number

1= 3 [ f(x)dxdy= > [t (&m)dedy (5.106)

n

BWELND., ULEXY, ARERECIIERNORB Y ZFEE L FIT7T 25 2 & NERE
NDZENRbnd. RESNIEBORES %2 FT3 2 FIEEPRAeERAL, o7y
VAVERFEL O BRE SN EERGE ) DEEIROE S B AR T D PIEMER SN T
7.

AWFFETIX, THIBNORES 2B ICFEITT 22N TEL A A WS, TY
AFEIE, OB OREIZ L > TED LN T-ALE (Gauss Point) & IZ8 1T 5l

(&)L, ZoES 028> TR,

j (e = wa (5.107)
L) FIEIC L 0 BEICRD D T L RTE D,

BB -1< E<LicBnT, (&) DBIEIE,
O —kp% f(&)=as+b
e (B-5.7),
S:fll(af+b)d§=[%aéz+b§} =2b=2-1(0) (5.108)
-1

96



%5 T MIMESERAERTE ~ 0 E AL
LU, #yEi=l, @=25=0L LTHHETES. &6z (&),

@ “ws f(&)=as’+bE® +c&+d

%a (K-5.8),

s=[ (ag® +b§-+a§+dp§ [ a§4+£b§3+lc§+d} =§b+2d
. . B . . (5.109)
:( 3\@ c+dj [3«Fa+ b+fc+dj=1-f(—%)+l-f(ﬁj

) 1 1 . .
i@,%ﬁmhi,@ﬂyﬂééFJ?ézjgkbfﬁﬁﬁﬁé.%ﬁ@%ﬁ,ﬁ?

ARA VN, BRICELTRD.3ICELEDD. THEZRTOMETY, BEOKREIIG
Ltﬁﬁﬁ Eﬁ%ﬁ% RETAHAZLICLY, RSB AN ARRIC 5.

TV LV B A BRI O T L S ETREIC 72 0 SRR R A 221 0 Yk oo B %R &
LTI (22 %%ﬁM)?%é.

#£-5.3 HIORABENDENR, EH

— kK =R BN/ &=V
1 1
o | =0 QF—J?Q=J§ J_é 0,5 = J_
A W =2 o =lw, =1 =§ L@, = 9 @y = 9
f(&)=ac+b f(&)=ac® +bE? +cé+d
5
¢ a+b . !
—a+h &) |
! I
1 0 17° 1 0 e
I=j11f(cf)dx=_[11(a§+b)dc§=[%a§2+br§} =2-1(0) = j f(E)E =1 f( \/_j+1 f[f@j

®-5.7 —RRISBIFBHYRES  E58 ZRACHTIHYRES
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5.4 XEIFRROZE ML V200
5.3 TEHEM L725ERUT 5.4 TR Lo ZZRHIEBL FiE 2w A L, KA R 22 Mk
b&AT 5. £z, K EMEL 25720, TUBEKIZAS> AD K H ICHKEE2@KRILT 5.
542 CRLEHT—F ik T bbb L,

{}4NH“H}=W]{W

{p} =[N, J{po'} (e} =[N.]{c"}
e} =1 { et = { '}, (5110)
{0, = [k, ]{gradh} = [k, ]{B,} {n"}.
(0.} =~k J{oradp,} =~ [k, ]{B,, }{p."}.
{3} =-[D,]{grade} =~[D, ]{B.}{c"}
IO, MNP MLEL SNDBDIZEL TEOERRERT &,
{ub=[NJ{u" )4} =[N ]{Re ),
() =[N, ]{p) ey =[N )], (5.111)
{a}[]{}
E7-p cBILT,
h:&+&:&+(—l+7c)“9 (5.112)
Vw Vw Vw Yw
L0, BINERERET S L,
ho P 28 (o o)
Yw  Yw (5.113)

< bt =[NaJ{r A =[N {7 Qe
Ths.

=T, (EEOWRU IS A(X, y) BV TER A BRI, TA VT AR v
pEFEAE LA T —F R L, AR L THEKZ TS &,

element
number

jv A(x,y)dv = > le A, (x,y)dVv
m=1 m
element element [Gauss J ( 5.114 )
number number | points

_ zjj (&,7)ddedn = Z > oA (En)d,

n=1
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VIR0 22 ] « RFRIBEBORFR (CI VT, B3R - U RRA » FORIE L 52 LITAY
ThHoHELT,

Gauss
points

Zw&ﬁm

element
number

I (x,y)dV = Z

- A (5.115)

m

ERFEZWD D,

541 AR ZeHIBER/L

[ Dyudg,dv —[ CFp,0,dV + | CPp,5e,dV +[ Rp,dz,dV
+[ Rp3&,dV + [ Ri,goudV +[ R,p,g,0udv (5.51)
~[ Rep,gouaV + [ Rcg,ou,dv +La f5u.dS =0

X (5.51) ZZ2MEiE b+ 57, X (5.86) ~ (5.103) ODH T —X L iEx AT 5.

{ou"}"[8] [D][B]{u }{5U} [ JING R

+{oa"} (B [C® ][N {7k} =[Ny ] re™} [+ {ou" ) [B,] RN, ]{p)}

+{ou} [8,] R[N ("}~ [N h]{mmc H+ {5uN}T[N]T RpolB ]} G116
+{eu ) [N] R, [9][N,] { } {ou"} [INT R [g][ [N J{rf} =[N, {27 ]
+fou™ ) IN] R [g][N.]{¢"}+ ) {ou™}" [N] {T}ds =0

BuMIHER LY, R (5.116) omz»s (o) 2k

[][D [Bl{u"}-[B] [C®][N.]{p:'}
[B] [ I[Nl =[N, )|+ (BT RN I(p2)
B8] R[N {7l =[Ny {re2re} |+ [NT Ro[g][B, ] {u"} (5.117)
+[N] R [g][N.]{p } [N R[] [Na {7} = [NL {2} |
AINT R[g]IN.]{e" )+, [NT {EJos =0

ZZC, K (ad9) 1I2BWT,
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[B] [D][B K [ ] [ B][Nh]:K\;’
[][N]KR[][N] (5.118)
RS[N]T[G][B] R[NT [g][N ] KR [NT [9][N,]=Kq. '
R[N (o)M= Kee  INT (Tlos=F

EB<. X (B.117) 12X (5.118) IZfRAT D &
Ko {0 =Ko {pM }+ K5 {7 h™ b+ K {p }+ K {0} (5.116)

K {0+ K B2 = Ky {7 ]+ Koo (€} =—F

ERED. SIHITKy =K, +Ky,, Kyy =K, +KG =K, Ky =Ko +K+K, (5.120) &
B<E, X (5119 1%

Ko (UM 4+ Ko {70+ Ko { B+ Ko {€" } =—F (5.120)

s, A (5.120) 13 (5.51) EZEMBERILLZLDTHS.

5.4.2  [EHE & R OB SR o Z2 R

shdv
(5.56)

= j ns, cath—j gshds + j v, sh.dV =0
v T 14 S, v

A (5.56) & ZEfEEE LT 5729, X (65.86) ~ (5.103) OH T —F YEEwEAT 5.
N T T N NI T T OS, N
{oh"} [N, ] s, [BJ{u" f—{on"} [N, ] n—E[N, ]{p}'|
T OS, ‘N N
H{on N T 2 [N (=[N e ]

—{sh"1" [N, ] s

(5.121)

r

SERNOES

w

1+ycC

}[Bh]{ywh'“}:o

(sh M DIEREIEL D, K (36) 26 (on") EBRT L,
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T N T aS N N
[N] S [B,J{u" } =[N, ] n=— N, ]{ o + [[Nh]{ SN =[N {0t}
] K (5.122)
~[N,] nsrlfyc[Nc]{CN}—Lq[Nh] qds +[B,]' L—J[Bh]{ywhN}J
i (5.122) AEEHA D L&,
T N T _0S, ‘N | K N
T s 8 T -] | £ 1)
- " (5.123)
[N ] e [N {pl } =[N, s 1+7}/C[NC [ IN,] ads
ZIT,
T T aS
[Nh] Sr[Bv]:KHU’ [N ] h2
T aS, B
B, {M}[B] Ko =[N SN, ]= K, (5.124)
_[Nh] ns 1+77/C[Nc]=KHC’ _[Sq[Nh]T qu:@
L35, A (5123) 1IN (6.124) ZRAT D &,
Ko {0+ K {70 | =Ky {70 |+ Koy { P} + Ko {cV} =Q (5.125)
5.4.3  [EfH & MO ER SR O Z2 MRk
[.(1-5)40p, 9,5P, sp,dv
(5.61)

_Iv%gpadv j qaépad3+jv 5p,,dv =0
a a0

X (5.61) ZZEffEHLd 5729, . (5.86) ~ (5.103) DA T —F L ExEHT 5.

ford] [T (s [BJ{u" )+ {opd | [NT n SN, )l
_{5pa} N, T as, [Nh]{VWhN}_{gp;u}T[N ]Tf;)(1+—§)[[\| ]{ } (5.126)

. foRt} INT aads—{ﬁp:f[Baﬂkansa]{ P} =0
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(op M ofEEHER Y, & @5) »bfop,") #BT L,

T N T 0OS, N T 0OS, ‘N
[Na] (1_Sr)[BV]{U }+[Na] n s [Na]{pa}_[Na] n s [Nh]{ywh }
n(-s,) ) ) (5.127)
_[Na] W[Na]{p:}_jsq[Na] qads_[Ba] [ka][Ba]{paN}Zo
ZZ TG,
T T 0S, B T _0S, _
[Na] (1_Sr)[BV]_KAU’ [Na] ng[Na]_KNa’[Na] n os [Nh]_KAH’
[NJ@[N&]: Kia[B.] ki[B.]=Ka: |, [N.] G.dS=Q, (5.128)
KNa K;a KAa
ET5. A (5.127) 12X (5.128) HfRAT D &,
Koo {0} + K {0} =K {0} =K {0} =Q, (5.129)
X (5.129) 13X (5.61) ZZEMBEEBIL L= D TH S.
544 BimEHEROZERBEBRL
—IV nS,cocdV +_[V (1+y¢)ev, 5c,dv +_[V (1+yc)J;nS,oc,dV = _[S Q.ocdS (5.69)

X (5.69) ZZEfEEE b+ 570, X (586) ~ (5.103) OH T —F EEZEHATS.

foo [T s u e -foe [T [ em 0T} (g

(5"} [B] (1+5c)ns, [D,][ B, ]{c”}:js% {oc"1 [N T Quds

T

{oc"} OIEREMEL D, K (83) Mb{sc"} &R &,

[T s [T (ool £ [ T e

[T (14 y0)ns, [Dd][BCN]{CN}:LQe[NCN ] Q.ds
X (5.131) I (5.69) ZZEMEERILL7-HDOTHS.

(5.131)
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5.5 XELGBRROREEEEYE V200

ZeMEER L SN 7= 89A 2, BRI, BiO B RAEnE T Eular DR EE
HEamH L, iR A EIH TR U CRERE O oMy HiENE 42 (FFHE
BiEHAL) .

zze{u L {nh R (e (M {p ) (e EERERUT O X D IcE T

(e} = At =
{ h" }: 1- 9{ }”+6’{7Wh }|t —teAt (5.132)
{p;\‘}:( B ){pa }|tt+‘9{pa }|ttAt
" =(-0){c" fl+0{c" Hn
0 :AEASy
ZIT, 0=<1/2: PES THD.
1 : #%iR%ES

551 AR ORFHEBER/L

Ko {U" }+ Ko {70+ Koo {01} + Ky fc } = —F (5.120)

X (5.120) At=t O t=t+At O CRERIBESL 2179 . £7-, FAUTDOL I8
SRR,

_AF (5.133)
At
X (5.132), X (6.133) & (5.120) IZfRAT 5 &,
Kuu {AUN } + Koy {7whN } oeat T Kua { Pa } redt | Kue {CN } t=trat (5.134)
= —AF +Ky, {70 ]| +Kun{ P2} +Kee (e

LFEES. X (5.134) 13X (5.120) ARFEEESIE LD TH S.
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5.5.2  [EE & EikAE O BRSO R BERY L

Ky {UN}JF Khs {7wth}_ Kt {7wth}+ KHA{p:‘}_l_ Kie {CN } =Q (5.125)

A (5.125) Ht=tbt=t+At OHEIPH CTREEBEREZ1T 5. X (5.132) %3 (5.125)
AT B &,

N hN —lynN
K.y {AU }+Kh2 {7"" }t:t+At {7‘” }

=Ky (1_9){7/WhN }|t:t

o LP P

At At
pa B
—OKy, {7whN }|t=t+At +Kpa { } At =+ Kie At ==Q

NEHIS. K (5.135) OMHUIZAtZFE L, BHIT S L&,

(5.135)

Ky {AUN } +(Kh2 _AteKhl){ywhf " }|t=t+At +Kin { p:‘ } oAt +Kic {CN}
= AtQ + (K, + At (1-0) Ky, ) {z,h, "} :t+KHA{p§‘}t:t+KHC {c"}

NELND. 51T, K,-AtgK, =K, (6137) t92%5&, KX (5.136) %

t=t+At (5136)

t t=t

KHU {AUN } + KHH {}/whf § }|t:t+At + KHA { pg‘ }

=At(§+(Kh2 +At(1_9) Khl){ywth}

t=t+At * KHC {CN}

K dp)

t:”AN‘ (5.137)
t=t+KHC{C}

s, X (5.137) 13X (5.125) AEFEEESIL L0 THS.

t=t

5.5.3  [EHE & KAH DB SR DR BB b

KAU {UN}+KAa{paN}_KAH {7thN}_KA{p:}:Qa (5.129)

A (5.129) Zt=t b t=t+At O CRIMBESLZ1T 5. X (5.132) % (5.129)
AT B &,

KAU {AUN } - KAH {j/WhN } t=t+At _{yWhN } t=t
AL oo (5.138)
{pa }t:t+At _{ Pa }t:t _ _ N N _
+ KAa At KA |:(1 0){pa }|t:t +9{pa }|t:t+At:|_Qa

PEHNS. X (5.138) OEPDLICAt 2R T, S5 L,
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KAu {AUN } - KAH {7whN } oAt +(KAa - KAAtG){ pe’n\‘ }|t:t+At
= AQ, — K,y {7," }Lt +{Ko + KA (1-0)H P}

DEFELND. I6IZ, Ky-AtdK,=K,, (5.140) 95 &, X (5.139) X

(5.139)

Koo 100"} =K ]+ Ko P2

(5.141)
= AtQ, — K, {7," }Lt +{Ko + K AL (1-0)H )}

L7 s, A (5.141) 1330 (5.129) AEFEEEHAL L= D TH S.

554 Biio#r RO R RERL

RSB R N o CO PRI

y
(8" (t+ye)ns, [, ][ B J{c"} =], [N] Qcds

Qe

(5.131)

A (5.131) Zt=t)h O t=t+At OFFH CREMBERIL 21T 5. X (5.132) %30 (5.131) (Z
RAT D L,

TN s ] e

-[8." ] 1+7C{ }[B ]{ 0){y hN}|t:[+6’{7/WhN}|l:l+m}[NcN]{(1—6){CN}|H+9{c”}|t:”m}

8T (ere)ns, 0,18 J{-0)(e" | 0le o) =], [T s

X (5.142) OWHIIZAtZFLD.

[N T s [ ] fe }m e}, }
6T () £ [ \weh{mhw}\w}[wN]{a—e){cN}\H+e{cN}\w} (5.143)

~at[B" | (1+70)ns, [0, ][B, ]{( ){ et 0f" ) =atf, [N Quas

=,

(5.142)

(Y
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6T e o) [ T [N DK, (5.100)
[B."] (1+7c)ns, [D,][ B, ]=Kes
J [N Qeds =Qc

E35. KX (5.143) 12 (5.144) Z{RALT,

L A

KL (5.145) ZHHL T,

]+At(KC2 Ko ) {(1-0) [ 06"} = ~AQ (5.145)

t=t

[Kea+ AtO(Ke, +Kes ) J{e}| | =—AtQc +[ Koy ~At(1-0) (Ke, + Keg) ] {e ]| (5.146)
E72%. T TKe =K +A0(Kg, +K,) (5.147) &4 %L, X (5.146) 1
Kee {C]]. . =—AtQe +[ Koy ~At(1-0)(Ke, + Keo) J{c" }|. (5.148)

L%, X (5.148) 13, X (5.181) HZEMBEIL L= b O THY, K (5.148) 7225 {c"}

t=t+At

RO, REOEFZITI.

5.6 E HFRADHETFIEYY

B, [FEAR] & AR DM A, (A & [SAR O Mg, BT
SRS L ST RV AR T TR T TR = S %2

SBat L 2 ROBEEEAER, B O R A N S, SREE~ R U 2 AR L,
AFELAU S, AP e {2 s {6 Hlaa ERD D BUFICHER L S U7 30
FRREEL DS,

#1155

Kuy {AUN } +Kon {yWhN } t=t+At

=—AF +K, {yWhN }‘t:t *Kus { p: }

+Kua { p:‘ } AL +Kye {CN }

Lt Kie {CN}

t=t+At (5.134)

t=t
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Kic {CN}

Ky {AU }+ K {}/W }|t s+ Ky { P }t t+At
(1_0) Khl){7whf " }L:t + Ky { P. } .

(TS W

_ (5.137)
= AtQ +(K,, +At

t=t

[EAH & SUFH OO

Kau {AUN}_ K an {7 hN}

:AtQa_KAH{ }t

‘ t+m {p;\l }| t=t+At
{Ku + KAt (1-0)}{p)'} |

(5.141)

(5.148)

(1-6)(Keo +Kes) J{e")
PR~ Y 7 A

{au}
(b}
O o
¢ e

~AF +Ky {7,0" }L:t + Ky { P2}

Kee {c"}

INbZxzELHdE

t=t+At - _Ath * I: KCl B At t=t+At

I<UU |<UH KUA
KHU |<HH K HA

t=t+At

AU I<AH

000ch{{

z » =

(5.149)

+K {CN}
t=t uc t=t

Ehrn. 2

GO, Kl
K+ KAt (1-0)}{ P -

~AQ. +[ K, —At(1-0)(Ke, +Key) [{c"}

AtQa o KAH {j/whN }

t=t
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_{aniﬂNJz&W{ dnSLH@MJ:Km,LiMTq®=@
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a

T 0 o] e

w

oS
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a
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Kee = Koy +AtO (K¢, + Key)

Thb. -5 9IFHERED 7 —F v — b E T,

(5.150)

K K K K {AUN} i —AF+Ky, {7/WhN }‘tzt +Kin { pg‘ }‘t:t K {CN } =t
Koo Ko Ko K [0+ (K ta-0) )t + )] ke )
K Ka K 0 {p;\‘}‘I:HA[ - AtQ, — K,y {}/Wh }‘ {K + K, At l 0}{p”}

M e || ~AMQ +[ K, ~ At(1-8) (Ke, +Kea) (e )|

t=t
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w
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i
|
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EbEBEZOND. ZOXDRBISRERIRT 572D, DACSAR-M-ad ([ZB W TLL RO T v
Y X LZeE Lic, B-5. 10 ISHT I E S IRERFOT LT Y XA Z -

1. t=t+At b::?sw(?r%éﬂf:?&%fﬁ{cN}Lw ) Lb\%iﬁr{cN}'Lw L35,

2. t=tiCBWTAE S TOATHRE{M ]|, & {cN}'M oFa{m'}],, ., ZFHETD.

3. {m"}|,n 100D, BEHERATHHIZEZ 5F, {0 ={m"} o, {r"}|a=0.00
(MM} >100 @ B, 2 F W TH W AR Y, {.=100,

{rN }|I+At :{mN}|t+M -1.00

>1.00
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6.1 B BBS ORI "

ML LT BE 7 I Ko TR B IV R R & 2 O BERRAR O LI 24TV, B B
REOMEOZ LI E BT 5. AENCEW T, fHIRE T bAKESmEZ x J5h, #h
B EFmEy HRET 5, EEMITCB N Ty=0%8 L, BELICL 2WEBE O
B RAAN

6.1.1 —IRTTHEAENT
— ROt R &, fRATRE, 7200, SEBOT RO BEIRIC X 2 BlEefE o i 4
TV, BEREIZRE T ot 21T o 72,
1) fRVTRE L RO « S BE%
R PR RE R R &+ A % DACSAR-MP_ad T &, GO 7I-R%E 751k K DR
EHEE LTz FATICH WA v v o, BEORERASMGEZR-6.11RT.
fRMTRESE KA x=10.0m, S$AEJTM y=1.0m, EiSEk 63, R : SHE W 1K
S J51A) 10 Ff 10
BENEBER A E
KEREES © RS AKEh(x)=0.0 (m), BKAE oh/éx=0.0
WYV BE S AT R A YR T TR BB R e IR (S BE R T ¢(0,0) =1.00, A5 Ui A B AR
P c(10,0)=0.00 2 52 %. b i X FEmmaE .
WIAGRIE « s22fafn s, =1.00, FIHIERE ¢, =0.00
MEVESR : 3 R D, =1.0m?/ day
RERIHE ) © At =0.1day

LLEDSRARREIC LY, 5§ ETRO B EEAIT Rt OBME 12

% _p, 2_)"‘((2: (6.1)
CIRET D, xE2HOLELTRERMT L E, E0T,

i = [;X)?t Chopn +(1—2 Zﬁtjc; + ZXXA: Chnx (6.2)
L% Y.
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X-6.4 BFfE-ZER-RESW
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IR DALY D - BERBEIR A B E L, TR OREE 2 e Uiz, SATICHWZ A »
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0.1m % S / / A
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100.0m (=1.0m X 100& %)
X-6.5 —RITHEBEMAY I
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fafifE s, =1.00, M=% Nn=0.50,
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MEbEE -
REMIHE 7

ZIT, R X0 IEFEEENR TH DA
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NTE, FEME, BBERIEICLY,
X
c(x,t)=c(0,t){1—erf| —— (6.3)
(xt)=eonf-er( 7}
THEzbhd P ZZT, 1.0 : — .
Bgii erf(x) X _6. 6 O L& -~ I o ﬁg*ﬁ-ﬁ@
. _ y 508 A ——
I IRTEIR D RFREECT B 7
c 0.6 P o x=2.0m
H5. S =4 o x=4.0m
_6. Ji IZx=2.0~10.0m % 0.4 F A ,.._--.-.._55-5'-""5"" o x=8.0m
3 | o x=10.0
MR 35 2 B - 2 §o2l] & & e
ke, B-6. 8 |ZiRi AR & 72 |, | |
e e - 0 20 40 60 80 100
[T 96 B8 23 AT D i SR % Jik Time(day)
L &bl d. X-6.2 E-6.7 BERS-EES%H
ERIBEIZK-6.7 2B\ T 1.0 ——
b, K AOPRFE TR R ’CT: 3 1 ° ﬁ;ﬁgiﬁﬁ%
LEbLICKEL AN S | Pt i
TEHFLTWAZ ERD s0.6- 1 ° I
. R 10H %
Mo, LinL, FARIZRE Sy, { ©° 20R%
gERLLTRESRTY 8 | o ont
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b ZEHREE AT O AL —EMEIZ 2 5T (B-6.8), ZERINOWE T 7 v 7 A b —EIZ
RN LD F TR RERE E AR RIS <, FERI 2SNV Z ERE <
RERGE & & B ICZ OAEIIFEL 72D 2 ERNb0 s, Z OB RN ORE
PSR OIRER T ¢ =1.0 IZIURT 2 £ Thi &, IRENIRT 5 LZMAND 7 T v 7 X
X3, =0&720, EFIRREIZRD.

STHEGITEE L TR, BlhmfRIdsE R < —E L Tk Y, DACSAR-M.ad D53 HUH
BT DRI EY) Ch T L F A 5.

6.1.2 —RILBF 5 BIFHT

IR E B LR WBTERIT, 351 TRLEX HICD 505 TR7 LEDR
MR KRIZHHT D720, FHENTEX RN, 20710, —RTOBMOHBEEE S 2, i
Wrfig & BB R O ik 21T~ 7=

1) SHEICBREEREZR O —ADOBMOHBR

WHNTIREABLD —iE & 72 DIREE AT ek 8 L, AKBEEESFIZ L 0 22— & DEK A
B A 5% & LR pIC IR 2 34 S, ERIRESMN ED L 5 ICZbT 2 it 21T -

Vv, AX

Tz RTHRHUREL, KSR ZZ(LSE, ~7 L Pe= 5 (& D AT R D ZEA L % ik

R R L, TOREOREZIT 7. BTICHWIEZA v a X, REDOHIH - Sift
FMEEE-6.9 12, BT —A%FKR-6.1 ITELODH. REBKAENKRE S, BRI
DINS W=D, ISR L TR XERI TH D <7 LRI RE 2D Z L3
2.
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N / 4
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FREEZ RS- EEBET L2 LD 5.
RESEFRNIRE > THBY, BIHEE ORI TNDOT, FEERE S & b I
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AR, E-6.11, 12 e
TR I AR L A7 ok ) 880
HEZZELADERZ LD
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AR THN TN D FEREDERITEDONT T LEEEERT L,
pe:VfAX:[ k L‘hjgz_ K An (6.5)
D nS, Ax )D nS,D
L7720, N7 VEITERBOBBTII RS, BRNOEKEEDOEKLE LTERS LN
T&E 5. TO, HRERNICREREKAELNFEAET LD — A TIEEF YA XIZELL
FTERIEDTRSRD ZENRBIND. Fiz, REFMEKEEITEAME L T— L AEHIC
KIFELTCIE L IR o T DT, IR BRIC K0 BRI EH-T 5 BRITER D &4
WThd. ZhbDOEBELRFEIIFHT 5121, SOl PRI 55 CIXER S E
Al 22 <AT D, A L1k (3.6) 72 EOBIEL ENMFIELHEHT 2R EDHENRBEZLND.
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\/_t 2\/— (6.6)
TERIND VY,
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E-6. 14 7> 5 BRGSO SN I OFRFEER AL TN L, OB E S T2
MICB T 2IREARL IR > T DR RN D, F RIS FE S EMB 7R R A
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ZEENN ED L D ITENT D RETE T o 72, 6. 2 [TARTHTIT - 7= Case-A~K OIS %
FLHDH. £62I1T8BVT Case-A & DFER L KT TRT. LRRHZENL —F V8D
FEEmT-T X987 — A THEEHRE L.

*x-6.2 Bf7r—X—K

R () | AR St SRR
(m/day)
Case-A | -1.0<y<-08 2.0x10* 9.8kPa/dayx10day fFn
Case-B | -1.0<y<-08 2.0x10* RERL faF
Case-C | -1.8<y<-16 2.0x10* 9.8kPa/dayx10day fiaFn
Case-D | -26<y<-24 2.0x10™ 9.8kPa/dayx10day i
Case-E | -1.0<y<-08 2.0x10° 9.8kPa/dayx10day i
Case-F | -1.0<y<-08 2.0x10 9.8kPa/dayx10day fia
Case-G | -1.0<y<-0.8 2.0x10™ 4.9x10kPa/dayx2day fiafn
Case-H | -1.0<y<-0.8 2.0x10™ 9.8x10"kPa/dayx10°day fafn
Regfn
Case-1 -1.0<y<-08 2.0x10™ 9.8kPa/dayx10day HF AL
y =-2.55m
AREIFN
Case-J -1.0<y<-0.8 2.0x10™ 9.8kPa/dayx10day HUT KA
y =-5.00m
Case-K Case-J IZB W TAREMREOILBRE ZEZ R REIFn
Case-L 2 RIEHIZBIT HRET (Case-A & HER) i fn

621 MEOCHEIZLZWEBIHOEI
— i EHEIRRE 2 L7 AR AR IS B W O E O A EIC L W ERBEIN ED X )i
AT 2Rt 2 T o7z, £io, MATBRLERERIC T DIRENAA N T OBENEIZ G2 5
A R TR LT
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BHEFIIMERIS ST pl, =98.0kPa DIREHRIEICH Y, WIHNCE SHUOHAELEZIT T
WH & Lz, EKEES T B ORPARER & L, ZOmMoBERUIIESKRER & LT,
DT, FIMIEEL LT F-1.0m<y<-08mIZIEc=05"FEL WD & L. &
7 M2 B 10 B [#7C 98.0kPa O ESHIEHIZ D b D & L=, LT, 2047
— R fRAT DEEAR s — A (Case-A) & L, fiE#M 21T\ — A% Case-B & L TR
JERBBN O & bl L7z,

Case-A THWW /N T A —XZ % 5-6. 312, MHTTHIROBERE 2 E-6.20 (2, #RIEATED
T2 X-6. 21 (2~ 7.

&-6.3 BITICAWN=NFTA—4

F=9.8 kPa/day X 10day A K M v

0.06 0.01 1.33 0.30
Pea (kPa) a n )

h b 9.8 X10? 10 1.0 13
ky (m/ day)

o k, (m/ day) D(m2 /day) m 2
(00]
3 2.0X 104 2.0X10°2 2.0X10°% 0.8 0.0
=
1 ¢=0.50
w Force(kPa)
S
ﬁ> ~ 980 __ )
5 >
o % o\ |
S & | |
l |
l |
l |
l |
l |
\ ! | Time(day)
1.0m (1%5) 0 10 500
X-6.20 fEMTHEEEIE X-6.21 HREEREE

Case-A OfEHTEALE 500 H % DIRFEZL Ok 72 B-6. 22 12, $R1E 7 M D2 % X
-6.23 |12, WEf]Z & OVEE-FBUKIERIfR 2 R-6. 24 (2R3, WIS ) I35 J5 Tl R
HITHIN L TWS 728, EBIBIFEEN T —ARICZR 53, S EmICRATINC 0T B2
PLCEY, EREERTIE I8 ecnfEIE T L CWAEE TN Dd. £z, B-6.24 )5
[ZRA S TERIFBUKIENBEL, ZOROEEOHEITE L HIZP-< Y EiERL, i
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H 6w HEET VO

PrEdaG7> & 500 H Rl RE A ClIFF AR ERBBIZIZITIOR L TV DERF 2300 5.

[(-6. 25 | Case-A & Case-B OfiFTBHAARH> 5 500 H 1% DR 7 W D o34 % /g,
-6.25 7% Case-B L ¥ Case-A OIRESABHREIC A > TREIL TWD Z &b
NG, ZZTBISHMEETH LR (4.77) ([Cffakrt (S, =1S,=0) ZiL, B
OFFFTEICE L CHEH L= E R

¢ :%{cév ~(cv, ),i —nJH} (6.7)
i BRI ST Do TvZeu Case-B TIEa (6.7) O 1,2 HIZBE I T,
Bt BRI (6.1) &RBROSBFBRROBITIUR L, 2 L 28MmE 0%
OBNEL D, —T7, Case-A TlE, MEHFMIZLY, Case-B IZBWTHAL TR
BFEOT 7, WREIMEAKENEET D, ZOME, X (6.7) ([CBIT DAL 1,2 HIE
B2 Z L2z d. fafniE CoHh X —RouEMKEEIC X 2 RO X BK Ot

Depth(m)

0.0 ; : .
&,
0.231. E’l-o 7
£ o0
0150 '20' _SOH?\/ 1
——100H #
0122 I 7200E|f(
——500 H #
0086 -3.0 . ; . L - L
I 0 0.05 0.10 0.15
0050 Vertical displacement(m)
E-6.22 VT A ®-6.23 SAEZRNTH
00 T T T T T T T T 0.0 T T T
-1.0 P
E
S
20 2 § , 500 H
g =] 2 | 2.0 —Case-A (fiEdH V) |
m =\ ——Case-B (fid7z L)
s = 1 DI
-3.0 \ ] \ ] . 1 A 1 . -3.0 , ] , ] , ]
0 20.0 40.0 60.0 80.0 100.0 0 0.1 0.2 0.3

Excess pore water pressure(kPa) Concentration ratio(-)

B-6.24 Case-A =&+ 2BERAMAKE E-6.25 HEOEHECLSERESHDEL
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H|IC—EHTHDT, Case-A lZBWTIHMEWE ITHEENE B HICBEIT 5. £, REdo
i EEC IRV CAR A il 20 B2 L 0 (5 YRR X 2R IS A R SiE S < 2
[Z72%. PLEOERMNS, A Case-A OIRFEDAIL, 2 L Z 5720 Case-B
L0 EHIBET L LICRD.

%7, Case-C,D & L CHIHIDEE 3% —1.8m<y<-1.6m, —2.6m<y<-2.4m & {E
L7220 500 H#% DORE N2 ~T (K-6.26). RF-6.23 #7125 &, MEAKENTE A
EWHB L & o7 (500 H%) Ti, y<-05mDfEEk T, fEEENIFIE—HRICEF L
TWDHZ ENbhs. 2D, B-6.26 1235 T Case- A,C,D D547 — A THE D FE
BEB LIRS TG ORE S Z 5 &, BBKESHER L & 572/ TlE, 20
BE#EITRIOEELZITT, —KkThDHI L5,

0.0 : ; : . : .
1.0 .
E
=
2
020 1——Case-A(_EIBIC )
—Case-C("'HBIC L)
1——Case-D( T 5B 12 )
20 | | | ffE 72 L
0 0.1 0.2 0.3

Concentration ratio(m)

X-6.26 #MHARESMICEIMEBRD

126



e E BIEET L OME

6.22 BKBREPMEBEICEZ IEE

BKPEDEWRIYEBENC 5 2 5B %23+ 5729, FEKREZ Case-A @ 10 14,
100 f% (k,=2.0-10"°,2.0-10%(m/day)) & L7277 —A% Case-E[F & L T Case-A & i %
1T-7z.

Case-E,F (ZH1F 2 FIRIBUKIEH B O 2 B-6. 27, 28 ITRrT. TR ZNE-6.24 &
Wit 5 &, BAMREN ERH U2 L2 X 0 @RIEBUKE OWMBGEEN EA LD 2
EWDIND. Fio, K —ATHEETWHICET 2 WERBKEORK & g4 2 & (K]
-6.29), & bHBEAKMEDY Case-A TIIakfar E £ (2 Hifaf £ & 1R IE RS D i el i PR K

(98.0kPa) ZBIZRTE 570, BHAKRMENE K RDITOH, #far O FFR/KIEDTHED F 6
, TOE—7EMEL 72D, Fio, BB G 20 HEZ OB D446 (B-6. 30)
Tl EBAKMERr— AT LR Y, WRIFBRKEOHEMA B — RN R 5720,

0.0 - - - 0.0 T T
,g-l.o - ,g.l,o_ i
£ £ 23
o o ya=
[<B) b1 \\)} :§<
020 10208, |o \© < .
o ot i
m |2 = A
- . 1 . 1 . 1 -3.0 PR S E S S ST S R S S S
3'00 20.0 40.0 60.0 0 5.0 10.0 15.0
Excess pore water pressure(kPa) Excess pore water pressure(kPa)

X-6.27 Case-EIZHTHBEIFEKE  K-6.28 Case-F [CE& T 5 BEIREKE

Eloo —73 1 1 1 T 1 = T 7 0.0 I

x | ——Case-A k=0.0002m/day:

2 gob —Case-E k=0.002m/day |

2 | ——Case-F k=0.02m/day 1.0 il

[«5] —~ L.

g 7 a

S 40 850 20H |

S ' ——Case-A k=0.0002m/day

S 20 —Case-E k=0.002m/day |

4 ——Case-F k=0.02m/day

Q | L L L L | L L L L | L

S 093550 75 100 125 150 175200 -0 0.05 0.10 0.15

Time(dav) Vertical displacement(m)

X-6.29 Tim@FIFEKEZEIL X-6.30 ZERIZEMDMH
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6 HMPEET N OMGT

CaseAEF CEWEIZENH DL Z ENpnDd. LT, BERERE NmCBIT5H 100 HED
SR Er— AT LI 5 & (R-6.31), ZBIEDO#EA TV 5 Case-E,F DIEESFi
/8 Case-A XV Ml i ~BEI L CWDHZ L85, LaL, 500 HFGEEESICKEIT S
TR O34 & Hel 4 5 & (K-6. 32), Case-A 1233\ T b a5l [ Bt K 1 O T B S 145 12 2
BV DB L0 ZERNC A LT IR E AR OB L0 RED AT 2 S8
?@%ﬁﬁhé%@@,ﬁﬁ@f~7@%%?%éi30@7ﬂxﬁﬁ*@%éﬂﬁo
TWDHZENSMND. OFEY, BAMEDEC X2 HETEBRIBBKENERLE - T
WRITIUZREOBENCEEE L7 5328, BRI AT O+ 12k U 72 R TRk
ATD &, BARRIOENTRE S OSBRI B L 52 RN LR D. 20
FHEIL, SBMWELZEHRT L, FHHMZEHMTE 250, RHRTEX 50 CF
HPEICERPEEND Z L AR L TN,

00— 0.0 —_— ,
- 1 ~10F ]
g0 e
£ £ | _
2 . g 500 A #%
)]
O o0k Case-fclfo%oozm P Bt ——Case-A k=0.0002m/day
e y ——Case-E k=0.002m/day
——Case-E k=0.002m/day | - Case-F k=0.02m/day
——Case-F k=0.02m/day '
- L | L | N | . 1 X _30 L | L | . 1
3% 01 02 03 04 05 0 0.1 02 0.3
Concentration ratio(m) Concentration ratio(-)
X-6.31 100 HEZEDOEMEEN X-6.32 500 HZODZERRERED
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6.23 TWEOBMMEESDWEBEICE X HHEE

T EOHM A ' — REZE ST 21TV, WA ENEBEIC S 2 2 B0
liz4T>7-. 98.0kPa DfifEE %, 2 H THTF L — A% Case-G, 100 H ThF 57— A%
Case-H & L Case-A & il L7=. B-6. 33, 34 (= Case-G,H il Fell (] Bl /K FE TS B DO AR+ % 71
9. E-6.34 250D X 91T, Case-H TIEIEFICP - W TENEHMIND =0,
iR MBI B ENHB L TV D . il S K 0 BRI E O3 A& - THEOHE
FENRTe D7, FATEICAA O MBI BUKEOHEB AT S (EHE 50%) O
IREE o34 Z2 L L 7=, Case-AGH TSR FAIllds ) DEREEN 50% & 72 5 DI,
ZINENSENTBRLA)N D 67 H, 63 H, 115 H TH 5. K-6. 35 [T L% 50%H5 51 CTOIRSE
A ERT. WTD T —ZZB DT HIRESMITD B ZEN R S EHICBE LT
HTENDLND. ST, JEEE S0%IZET HE CORMNS T — A TR L7205
DEETHDREDOERMIEN 0 IEEr —ATRRZ OO, BESMOBENEEZ /R
BEOE— 27 ER 3 DDy — AT

0.0

LT3 L ibhs. INNEEEET T
AR D — IR JCEME ISR T, HE
~1.0 .
DEFGEIIFBK O HEIEFT . E %%g
e
EDD, FERENFE UHRATHIE, & %
. % |
B —ATHIROERRITELL, 2% 28 2, £
. o I o)
BTG U7 R B D WA PR R § =
BEOBBNELD. 2o Lnb, JEH 345505200 600 80.0  100.
FEME U S CIIfE O HEEIC X Excess pore water pressure(kPa)
SF, WEEO LFBEFR 25, @-6.33 Case-G (28511 2 BRIRBKE
T T T 0-0 T T T T T T
__
. /\'1 OF' n
E
=
o
o 2 |8
S \B \% o 2, 1 20 ——Case-A 98kPa/10day |
o = < = & i ——Case-G 98kPa/2day |
= -~ = R —Case-H 98kPa/100day
200 400 600 B9 "01 02 03 04 05
Excess pore water pressure(kPa) Concentration ratio(-)

X-6. 34 Case-H [:B[Té;‘@%ﬂ&ﬁﬂﬁﬂ(& X-6. 35 E’:&u-"ﬁx_ 50%':33(*62%?5%&%?5
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6.2.4 REafiHBIC kT AW EBE

6.2.1~3 XV fFEHEMIZ L > T, fAMHENOWEIL, EEOETE & HICBEIT S
Z ey noTe. S OICAEMHEEICE W CRBROZEBZFMN T 572, RIEDOHYAR
fafniiE 2 5E U, MRmAESWESEN KE T REZRNT 5.

HIAEAA R, fIESREIL Case-A ERIT & L, WO FKALZ y=-2.55,-5.00m (ZF% &
L, REaFIHifE 2 48E L7- (Case-1,d). X-6.36 (Z5% & L 7= M 0 K /> R Ee R 2 7n 3.
FERITH TR G @ SFHY OADOFKIERD N> TND O & Uiz, fFIEfaFn X
RO EFHEAR O TR EICRE L, 7 —AZLICE-6.37 IORTEICRELE. =
T, MIMIBESAOFR LTS D y=-090m 2B\ T, Case-lJ o fimFufE ik
S,=0.95,0.i72%. Fiz, AKEESI2mIEPKER & Uiz, 2R TR O 7
PERER L L, ZOMITFEERER & LTz,

: : : : 0.0 T

~1.0 I | i | | . —Case-I

\g/ Drying: A=-16.3,B=5.9 | Case-J

£0.8

§ /g-l.O— u

% £

w 0.6 o

o A

)

L -2.0F =

&b 0.4

-

S.=0.31
0.2 N R N R B :
0 50.0 100.0 150.0 200.0 -3.0 ().'8 : ().l9 ! 10

Suction(kPa) Degree of saturation(-)

(4-6.36 FBDKLFFIERER Bg-6.37 Case-1, J D#NEALATNIE 2%

6. 38, 6. 39, 6. 42, 6. 43 | Case-1,J DZERIOMWBRIRIAIE, WBREIFIBRZELE DO
BrEmrd. £7-K-6.40, 6.41 (2K 7 — R, y=-0.90mIZE) HIEEIFBKUKE, EE
IR 22 S DRI b 2 7R T

AR C o AVXHEE B2 6 O E (98.0kPa) 1T FE TR Z TG, £ DK
IRV IRAICTERICZTESND Z LD, —F, Az Cid EimE L E
B S TRIBRUK, TRIBRZE TR 72, SRR T IR RHIBR K O 43 HE & 25 L,
WRIFBRKEOE— 7 EMET L TWD Z s (K-6.40, 6.41). F7-fEgIcA

U 7z iRl E UK A A IR O K5 I~ T 2 2 &3z <, #lgook (327 v
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Depth(m)

H 6w HEET VO

2 MK TIZ K DR B 1Tk > THE LD 72, Case-l Tl 25.1kPa, Case-J Tl
9.10kPa DH 7 ra v bEH L LTHESND (H-6.38~6.41). Hf&a9IZ iRl H R 2E XU+
HLRFEICNK T HZ L &2E 25L&, BRIHRAKED E— 7 i & NRAE D 22, iib
BT D EKEATHY, RIS D 2KEN—EIZ/R D F THRIBR/KOEE) Ik < 2
fAFHAR O S D L HRD EZDEITNEL R D.

F 7z, Case-l,J IZHBWTHIFIENZA LT 25 0.75<S, < 1.0(0 Fi A T HH xf 125 K AR B
0.20<k,, <100 DfE% & % (E— L AEHM=0.8). fAFRHE & i3 5 & KMEITIRT
LTWD DD, KIRHF D — 2 TIIMEG2AD 27736 O TIER <, &6 IR EE
& & BTN R L, EKMERERT 2720, —ERERHE T 2 &k 2]
N DF RERER D B iDS%%ﬁ%ﬁ%@ﬂ T R B K 1T — B IR 5 .

£, BIRMEOBEIC H@%Lﬁwﬂ,ﬁ@ﬁmﬁﬁ ot 0 P B 22 U B R
172 H DIZ &5(.6426%)m@ﬁﬁﬂﬁ?m%%@éﬁﬁﬁ%b<%%étw
PR 22 ST R 1 & E ) AR & R B2 DG ICBEIME NS B 5. EOTZDR 6 7-H
Bz & &k o M2 RITER SIVEANH AR L, 0%, RWBEREIC L - TR
MIHBL TS Z LD, R Z O3 Case-l TEETH Y, mfafnE oA
(D BTERD RSN MRLEEN, EOEEEOREEZ I, BMEAKESHEELTH
FENREWEFEET L2 Enbnd (H-6.42).

EHIT, EBLEAZISHOER X (5.2) ITBWT, Ay fafnEiEic s
LY a v OEINE, ARG O KRIZORNS . FD=w, NEIFNHAE I EIC
L DMIMERE R L, BRERED TS, 2020, At chronzERIC L v WE
DR HIZR ST 2 0 R332 (6. 44).

M

00— ————T——— 0.0
¥
-1.0¢ >%. 1 =L0r .
ON&F £
P =
a |2 ‘%@ N §
2.0 S |3 &% 41 B-2.0 -
m =
B

_ L 1 L 1 L 1 L 1 A _ L L L 1 L 1
3'00 200 400 60.0 80.0 100.0 3'00 10.0 20.0 30.0 40.0
Excess pore water pressure(kPa) Excess pore water pressure(kPa)

K-6.38 Case-l (& HBFRBKE  E-6.39 Case-J [ZH T 5BFIRBIKE

131



FeE BHET LOME

80.0 . . . 20.0 . . .
g ¢
g 60.0 % 15.0F Water
2 a —Air
(B} —
S40.0 S10.0 -
© o
3 S
3 20.0 3 5.0t .
:
0 n
O0 50 100 150 200 00 5|0 100 150 200
Time(day) Time(day)
X-6.40 y=—0.9m THOEHZE1t (Case-1) X-6.41 y=—0.9m TOEHZE1tL (Case-J)
0.0 0.0 . . - T T
= =10r .
Ts:-l.O— 1 = .
o 8 < o
o D-20'()1 v % 0’&7—" /&7\%5 b
S O% N
Rl Pt
-2.0_ | | | | ] %ﬁ {\?’% | |
0 2000 40.0 60.0 80.0 100.0 _3'00 10.0 20.0 30.0 40.0
Excess pore air pressure(kPa) Excess pore air pressure(kPa)
-6.42 Case-l IZHITHBEIMMZESRE  E-6.43 Case-J [CHITHBEIFEERE
0.0 T T ' 0.0 T T T
~1.0+ 1 _.-1.0k .
B = 1.0
= 1=
> 20 2
D'Z.O— SOOEI’[ﬁ _8-20_ SOOH’T;XL |
——Case-A(faFn) ' ——Case-A(fizfn)
—Case-l (‘Rfafn) | —Case-1 (A fdfn)
——Case-J (Rfiafn) ——Case-J (“Rfigfi)
BT 005 ot o1 39 01 02z 03
Vertical displacement(m) Concentration ratio(-)
X-6.44 FEAFMEICKDEREDRED X-6.45 AfIFNEIZK HHMBREES T

132



H 6w HEET VO

LEDZ &6, KIENEFIRIEIZE - T2 faf Sl 500 H % DY E IR /A0 %
FOHAR DGR & T~ 2% &, HEBNEIFE DK TIC LY ZoBENI R 6D Z &
Worh% (H-6.45). HEMBEOEMZZ 2 D, HWlEE2 KBNS Es 2 L
(CEVMEREICI2MEBB ZIHT L ZENTETHD Z LBDND.
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6.2.5 AEIFIFEBRICET D o BERE ORE
REFIHARIZ B W CBKREORENBREIND Z L1X% 4 b 5 DA faffaic i)
L0BOREBICET 2@mITE I E R STV,
Z T, AREFEICPEONFERHE ARREOME 92 O & FIERIS, REFIRFOIRE 7 2
v 7 ADEAE, i AREREK, & VT
J, =—k,D.c. (6.8)

w1 =,

CIRELZORBEEE L. BRI 37) kTS BT AT
m=08¢& L7,

X (6.8) THERHEZBEE L, REFLIZHE D DBIRE O EZEE L TWRWGE
(Case-)) EEBE L= —R (Case-K) IZBWT, — K (500 H) #aidis oy E sy Ai
kg L7e (E-6.46). AiE T/ L7z L 918, —RICEMH I REfb3+25 2 2ic X
D WEBEESL 725, MEBBELZ R TREDO Y — 7 SON#E % CASE-JK T
THELZOMEITFELWNZ ERDLNY, BRI OWEBENLIR—IZR5 2 ERNbr5.
— 0, R OREERTIRESATDILNY % CASEJK THET 5 &, K (6.8) DFE
IZ8 D CASE-K IZBWTHIEN THBIZ L2 WEBEEENELS 20, REOEY—7{E
MREL 72D, BENZERICED DNDEEDN NS D ENbhoTz.

B ARGREIE, fafnd 5 &K, =LIZRT 50T, fafiFOREEE) (Case-A) &Lk
W% & VBRI SSAN, BEIWEICRE S EWRH D Z NS, REFIGEE T
D BIT RN & DK EDENOFHN72 EARBZ2 8 20, REaFIZfE S o8tk
B Z2K (6.8) ODXIICFHMET A Z LICk Y, ZOBEWEOH Y 2 @M T2
ZLEMTEDLLEEZD.

o
~1.0F -
£
g
0.5 0L i
20 ——Case-A(f2Fn)
——=Case-J (REIFIDHREE) |
———Case-K (REIFN73 S &)
-3.0 '

o o0l 02 03 04
Concentration ratio(-)
(X-6.46 AEEMNERFRBOEZE
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6.26 ZRILBITRITLHEBE
MR W I XD MEBB OB L IR CRHMET 2729, “iRorHiEARRE L,
T DBEEDFI 21T > 7= (CASE-)).
FEETICHWZ A v v =, IREOBER S 4 R-6. 47 1277
AT RIS © AKE ) x=10.0m, $hiEL Ay =3.0m, HiSE 2501, ESEEL : SRS
/] 30 7K 2771 20 &t 600
BB - Fomse e, AASWmAKEFmEE, kAR
KEREES ¢ bSGE h(x)=0.0 (m), ZOMITIEHEARES
WEE R - EEEIRGEEE
HIHIZRITE S, =1.00, ¢, =0.50(4.40m < x <5.60m,—0.60m < y <—0.45m)
RFRIHE %) @ At =0.1day
TESAE - 98.0kPa # 10 H CTH- %, ZOMEAMREF L7 E FHuE

—WICITBNT b RO ESME, 1)

HAVER B CRENT 21T\, IR TTIZBIT 2% v

BRH) & 1T - 7. F
B-6. 48 (ZiffisE T (10 A %) o —, >
T THE DA K 53 HR O el AR T
LM T & R AR ] <H
KN ZE 4 (KEEHASR C 10m) =4, HE — — \7
KEER A T E LT 2 M L 1 11 100m (20 4m X 205
TBmRMEL TWDOERTF IR DND. —77, E-6.47 *w1[E
TRTEHIE I, M i A K T 1)

BT 272, RSN 2 BRIBBAIEIT —KTOBHE L 072 Ry (R

12m (=0.4mx 3EFR)

(FEE0Z X WGT0=) WOg
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3.2m FRE), HUBRZRERIZ 2070 2 W RIEIBRAKE I LTV 223, £k
[ OJRFPHIC Z A TWND Z ERbhns.

ZORER, BET.LE (—0.60m<y<-0.45m) OEFRIZBIT HEEOT ARRIZL (K
—6@)%#6&,_&E%&;%%Téﬁﬁﬁ®ﬁ BITNEL D EBRDND.
B SN DERIFEAKEN DN &, FKROTHOREMESIAOND Z LICX
D, KT 500 HIZ Té%f”ﬁ(!%ﬁmikﬁék,iﬁi%ﬁfﬁ@%@
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A CRE B (i, BRICK D0zt LT 5.
ZOMOBEBRBIZONTIE, 1T A ENHEGYREAEEIC LY ED b7 UL T
DT — 2B LNT.

VI EOFRAERIRN D, EEWEESCEBLE OMSATEICER L, +o2EEn b T
WILTE R, HEMEAEWEIC LD HHGRo a3 TR S, BEHIRFRERE
ZLET S 2 Elden ERTREENE.
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8.2 RERTRMA™ [FHEOR FREICIAT - EfiER
BEplm Hifl— AR & LTSN TREOR )

DERFED LY ALAIWAT LT M L 7z — Akl

EEH LI 2 L—3 g &, TOREITT kT

RO T2 G U 72, F5 SRS — AR IR ZE S
DGR E IR o T2, PREEAT R EZ By L LT
BREOBREIT- 1.

821 BERTBAM FZEOR] 12oNT 1-8.29 RERiRE HMHMAE

HF R O MRl L, HAMICHE U DA
H B2 AT TR DR ZK 3 FE2 DN P ALIA
IR STl Y (K-8.29), EHITLED
FEAE LT RHIRIC L 0 R il E e = 7. 5
1 [BIFAE TR BRIX, KD REORLEEE &b

WAL O & 8D %2 B £ Tl B L Tu
HEETF (B-8.30) 2R SNz, Elomificsk 2
SNRNIFERRORES F A% Ll E cRish B-8.30 KflilE# L LR
TBY, TOHEOHERINI N2 (E
-8.31).

R LART, FEATE B i RIS, AAE RIS
HEE SN TWOAE TE AR (27 TARDOK
NESE LTz (R-8.32). U OMEZZ 1T
EANERTOMPREIFH INTZD, EORD S H
1 ARTET IT B OSRBAZ 2, AR Bl T75%
o7 (B-8.33). ERZRHEFEIZ L DLT, &

®-8.32 EXFOBEOLE -8.33 WO
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XFRDHZEDOTE AL, ER O
A E LT (HEOR] EFRSH, B
RNV ELTHRELEL Y ETHENE A
EEo W,

2011 4F 4 A 29 A5 30 HICHIT T,
KR ERTT — AT X 2 BIMFHE T
vz, B-8. 34 [ZHHFAAIZBIT 5 —K
s Je OMBLINH 5 DAL A 7~ d

FRETIE, RMOAFHIZE T 2T KD
BROK « o3 M, IR DEERS & AREROERER « 4347 B-8.34 —AMEEHAE
BT, AEOREE, ROETFI R
ST, BESAR LA S 80.0cm FREEVERE L7- 2 &2 X D KA MR OARBEIZ 2 L,
HATHVEATh 5 — AN, BEORED ERICX W ER TR I,

PR RE S L1, WL ODORHER ™ BSREtE iz, K-8.35 o — AR Ri#ERD ¥
ALTA &t RIE, FIAREOREER EOMELR b OnbHED LI, 6 H D)
FNTIE R DY 72583 & LT, KD AZB < 720D JEFH 15m 195 (2 SHELRAR 23 FT
S, S BITHE R ARNR N D7D EK bIThT.

Bx OXPRMPI2INTZD, WTNOXR & EKOFEIZ L 2RI ZE Lo N R
B A WET HIIEE LT, BRIRE L & HITRORIEITEIT L, MEEERIZITE OR#
NEESNDICED, —ARFBUERIR SN, TOBRZ/ECTED, T=a X heL
TRAFT DU D H T 5 19,

(—ANREDRA LT

"HBRIEFESETDER
REDIENKREL TREDOHEED
i, BT—ANZEREE

ik T

‘mnauz@ﬁﬁ%ﬁ‘

EoaAURELTRE

3/11 5/2T6~5/28 7/10~8/3 10/12
BRBE v, oomm BHORE  #kEoTOBLE
I i | — | i | —> R
4122~4/29 6/5~6/18 9/4 - 194
RARE RN RENERL BANE 2
FEUR RANERE SRR _xmREsme
GRARESIO TR OKRE IZ BKDZEA (Ft4t)
LROBE —— KRR
-3 K T AL G
8 RERIE —— RO T7vT —
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822 #HEVIaL—I gy MO

BIGHEOMERE S L1, BREZOMBREZ IS U, LOKIZERIVERRYE
HEAA BREEFENT = — K DACSAR-MP_ad % vy, HUBEICRERN - 2898 & W\ o o RfE S
Fe OREAEDOIRBNC X 2WKIERZ A4 5 2 & T, #BNBREOZE(IZ OV TR 1T
9.

fEAT AR A 8. 36 |ZoRT. FRHTAE RS LA KT L T2 BT, RNTREI A 4700 TRk
E LTz BRI EZUTICE LD D,

FRMTRENS © K51 22.5m, $hIE T 14.0m, FFEE 1410, HisiEk 5795

EES :0.5m (0.0m=x=7.5m), 0.1m (7.5m<x<7.7m),

0.3m (7.7m=x<8.0m), 0.5m (8.0m=x=15.0m)

TWHEEHS 0 0.5m (-14.0m=y=0.0m)

ENCEESY /2 - FhhESE R E, A K 0 [E E

KELEER - A5 FHEE 04 KEE h=-1.0(m), ZEdmEIEPEARBER, b i B R

ZEREER . BinmEPERESR, Ot I XIEPE R R

IREESES - Tham, Aism (-14.0m=y=-5.0m) C=0.1

WIHIERE © 42 /KEE h=-1.0m(-14.0m=y=0.0m)

WIHIETE co=0.1(-14.0m=y=-5.0m), < DOfhlE c;=0.0

F - RFHFRIZAt=1.0day Z A L L, IMEOENRKE VR At=01day & L7-.

M 1.0m (CHEFAKRAL KD & O ICKEEE R 2 52, ZeimlIIEdekSErE& Lz, i
TIREBERE L, K-8.16 LEREOMABET ORGSR 2T L BRE, wEARESL
TNENTME, kmEjdEs LTHERT.

HI O T KDL LTI S LTI AW o), REORESE ) i D5 YL

Bk Bk BE R BV E SN S VIREE TR T

H
Hol

—1.0m
5.0m
::::::::z::::::::::::::::::E 8.0m
L“ . | . | . | .
7.5m 14.8m ﬂ(ﬁ 0O 5.0 10.0 15.0 20.0
- 0-2m ' Suction(kPa)
X-8.36 fRATHREENXE X-8.37 Ko HFERRER
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x-8.3 MHEEH

A K M v’ & Vi

0.3 0.06 1.375 0.3 1 1.8
ke (m/day) | ky(m/day) | m | D(m?/day)

y 2.3x10° 2.3x10? 2.3x107
AN 2.4x10" 2.4x10 0.8 2.4x103
ER 1.0x10™%° 1.0x10™"° 1.0x10%°

REINTE L, REFTRIES LV FHOMFEBAHEK Tz STREZ IS L L,
Z OYRFEITWEARIEY D cp=0.1 & L7z,

SIHIT, Y ORBEIZH T WK EL RIF TR E LT 0.0m=x=4.0m, -1.0m=
y=0.0m OFFAICRER P2 EA L. —AREIT I~V THY, REDDORKEIT

AHEICELONHOEL, 001 mY m*-day & L7z, F£7o, 7 H~Y OHESMHERR L
c=0.01 TH 5 .
HAEA N, BMOR—1 o 7HEY 26 L0, HEHENAOHIT 6.0m £ TE2WE,

UIF, 7 14.0m £ TV REE Lz, REOBKREIZZ L—H—3E " 12 X v 8
U7z, —ARMRERR O SN2 RS, AT D2 E D 72 IR A EHRRYE ThR i
RV KGR, wHRE A 545 Z & CE L7z, &-8. 37 (ZHE o C A fafn & 72 5 1)
J& DR FEERR 2 R T ST IR WM BN T A — 42 % 5%-8.3 12, &trr — A% %
-8. 4 |TRT.
*-8.4 BT —R—E
SRS ook | YT HURNLE e
R - % | (e (%) T
A X X X X
B [ R D A X X X
C FRIED T X X X
CASE-1 D G - TR > ” ”
E X o) X X
F ﬁéfﬁ ° %‘%\é @) X X
A FERN » 7838 o (5.75m,—2.00m) X
CASE-2 B FErN « 2838 o (5.75m,—4.50m) X
C FERN » 7898 o (5.75m,—8.00m) X
KT . R 5.75m,—8.00 .05m°
CASE.3 A Bk RN i%’% o (5.75m m) 0 05m3/day
B MR - 7R3 o (5.75m,—8.00m) 0.01m*/day
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8.2.3 CASEl : BERFSHBANESBENICE 2 HHE 1010

FERBER 1 S HURBREEIC 5- 2 2 WL T 2720, KR E 527, 28k s
HEBE 2 ZE L7 — X (CASEL-A), BENOXEDHEE LI-7r—A (CASEL-B),
KHEOEBORZE LT —A (CASEL-C), KM, ABOEELEZE LI —A
(CASE1-D), HREROWAKIEMN DO ELER L= —A (CASEL-E) £NZEILD L
ZiTo7z. B-8. 38 IZEK N EAE LT3 H 1L H D LEFERICEB T 52K 7 — A O HEENIE
FEAS TR BE 4540 & & B ITRT . B-8. 39,40 ([ZHEATBRAA D B 4514, 1 4E#% D x =0.0m
IZB T RS HF MO KESAERT. F£7-E-8.38 FEMBEIIX2.0n<x< 2.0
S.M <y <0.0TFRE SN IEKRFRTH 5. IEIKFARDFTEIT— AR LRGE~ DFEIE DS
BMESTEUNOEENTEHY, L0ZRMORREHFL T, KRBT OF)H]
Befs (BRKEL) ITFRR Sz EE L.

CASE1-A TIFAIMIRELER (ILAKRR T &5, BOaREN ETICafmLTnd
ZEeWbnd. UIELENS L e X5 IR SRICAOREAFRSEL TN D.
ZOFER, WREATRRIRR & & HICHME FIAIEN Y, EOREE ST IR
TORENMET T2 &1070%. Fio, HBEFEH S FEICHT TRAEL TV HIRES
Bid/h &<, HNICEIKRAE LA L TE LT (F-8.39,40) Bt %A L Tz
D, MR T D ORERAIIMD THETHDLZ LB LND. —HAMORELER
ZRGE LToAECIE, MUl B~ O IREE DB DB CRERIREARNELTTEY,
R B L CTHEEDRBUICEI VAL TS Z ERFEZ 5.

CASE1-B TIZFER DI LV, & H ORFKEIZIN U T, HBPNIZIEOBE /K AN 234
USHE P& OBFHEMNECTHWD Z b s (K-8.39,40). ZDOksH, CASEL-A &
g4 % b, g EEASOHEBEI I S TS Z RN gnD . Ein, RSN
A7 ¥ DY FE B F D 52288 2 52 1 Ml RIS OOPREE ERNIEA L TV DA, RRPIER T3k
PEDE R DB TSGR O OB 22T, RE LA TND Z &R
D,

CASE1-C TIIABORELZ T, HBEBNTHE LMEOBRAEEL T (K
-8.39,40), HfE EXICHB W CIRE EFNAE LT TS, ORI NICL D, BRI
INCHIRE A~ L, MEBH CIHBEOERMMNEL CWD. ZORE, MFmE AT Tl
EHEMEOBRMSEL TWD 5T, HEIISHICEY FE~ER> TN,
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CASE1-D IZ8BW\ T, MM IR MG & U TR & AR ORBE ST DN, A5 Tk
ELIAIBT O (K-8.16) 1EA4A% LV BRNOFENKE S, MERIIZIEO#IKS
B4 U T 5. HUEN EE CHOEIL TR & OBiti & Mg Bz o 5 iEig o
BLEEORHRE L TRESMANERND. FHRIICATERE LI S8 Toit
XD B ~BET LBM O3 E< 7e 0, CASEL-A & HigT 5 L 2 oBE &I
HEI SN TWDEHO0, FERMICHEEITHE EF~BE L, BilcX ) ERNomE &
FETF LTV, g EoEEREIL AT 2812725,

) EA CASE1-A

CASE1-B(f&/N) | CASE1-C(Z&F)

CASE1-E (ZZER)

o
L=]

3

0.06
0.04I
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<
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=
=
=
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=
=
=
)

g8 8§
¥

X-8.38 CASEl IRIERFICKLHMBRIESREST
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0.0——— , 0.0 . . T
— 5.0} 1~ -s0f -
E 1 & ]
£ | £ ]
& < _CASE1-A] & ——CASE1-A |
O.10.0- CASEL-B| ©-10.0- CASE1-B
— CASE1-C - ——CASE1-C |
——CASE1-D! Z —CASEL-D |
0105 1.00 095 -000 -085 5070105 " 0.95 090
110 -1.05 -1.00 -0.95 -0.90 -O. .10 -1.05 -1.00 -0.95 -0.90 -0.85
Total water head(m) Total water head(m)
B-8.39 FEHDEKENH -8.40 1 FEDEKEN

CASEL-E 2BV T, 0.0m=x=4.0m, -1.0m=y=0.0m OFEKIZFET HDIREEH L
KT OINTND. EDID, RKESHEHDE (B-8.39,40), REHEDD DOYIKIC
J U CASE1-C 12 EREITRWVA, RIKNE TRAOEIKAE LT, $HE LM
WMNEB L TWAZ ENnbnsd. £7-K-8. 39,40 IR EROIFET DSOS F D
A TNDT2D, WKDEENR B EBEINTNHNETHL & THRTE LR, H
AR EFE Y 72V OWKENE, EIOMEBER BRI L6 INOIEABIRLVDETH
HIZEMWPbND.

MR RIS Z ONRPFEIH S D BERORTE L B2V, oKL I bIThh
D728, AR HENIRE LRI DR ZZE LIz CASEL-C LV D725,
REFAE TR ZE ORE EARKREL 2D, bR FROIMAUTIFARE R O
BRI, BB RS, RESAIL CASEL-A L RMESTTEREIZ2 5.

B-8. 41,42 I = COREER T (KM, 738, REROBAKIEN) DORBELERE LIt
Wrr—A (CASEL-F) &5, 3 » A& OHMBENIRE A, x=0.0m ORKIAIA %
AT, B-8.41 L, Rk E & HIcHiR BB T AREIIEA L TWDHZ D
5. B-8.42 7% & RS (B-8.16) 1205 UCEHEI 2 L ICBiK AR O EANZELL
LTWD ZER0N5. ARERIT K DWAKDEE L ST 72\ 1K ARSI Tid CASEL-D
ERIBRDBIGHIT L 0 RN DR E IR 2 I EH~BENT 5 2 Ehbnd. £, REN
HCITRESR M AR ER OWIK D ERIRFIZZ T, fERITRERE OFET D b L
IZBWCTZDORENFICERT 208005, 6 » ARBRIZITRER O FLTRO
MERRAR (c=0.01) % E[\V K-8, 41, Hix EESOME SR ILZ 0% b BEFAMNT 5 2 &
MH, —ARRORENTHETES.
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6 A&

3-B

B-8.41 EKEH (CASEI-F) (2512 HBEARELL
0.0
A'SO__ ]
E L
=
2 2
a Ay AR
-10.01 — 64 H#
— 8/ H%% |
—10+ H#.-
15 0l o - 125 A
) -'9.04 -1.02 -1.00 -0.98 -096 -0.94

Total water head(m)
-8.42 CASE1-F [ZH (T 5L /KELL
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8.2.4 CASE2 : HENH/K AN HIMREREEICE 2 HRE D 119

<HEKR T DRBEHPHBNEFE SR G X B>

CASEL-F OFER LV, IEAKRFRDITEHRDO A TIL, BREME &b ICHARNIE SRR
ERL, ROMEIZRNR2NZ ENDNS. EBRIC, HMTYH, FEORORE~DH
FRADHER S, FFRERRm & & BICEPR NP EA TS Z ENBIEINTWD. F o,
[FIRF L HIAR VR R OSBRI L 0 Ml I WCTRIFE DS BA L, RIEIIC L 2 DRE3E
DRR AR STV,

Z T, HEOBEZREMICEEL, ORBE~OEHEEFA BTS2 Z &, HTFK
ZIRT S, OIRENEZIETH5Z L2 HNE LT, IRKRIRONEIZWKILAZRE L,
BEIR TSI DANTHEK (N7 7 7)) BNEBINT-.

CASE2-A Ti, BRERFIIMA, EERIATONTZ, SEBEmDORA AR L TV G
5 5.75m, RS 2.0m OMBENLRKDOEEFZHILL, K77 v 7L L2 —KRJED D
HAENBR IR~ D B A fE A LT,

R 77 v AN X DWAKET 5.0mYday & L, WKIZFEM T & FEEY (ERNS 2 »
At%) moERTHZEEZEE L. £/, BGICBWTEHR 7T v 7L, ZOhEN
e Sha r HIZETEIESNER, KRR TIER 7T v 7ORMNREELE D
TEOHRERFT D720, ANLHAKITEKIEAED 2 7 A%1 5 1 F1% E CREGAIICAT
SHDETS.

fENTBRAG S 3 o A T L OHENIRIE A 2 K-8, 43 |2, 1 % O4/KIEN N 2 K
-8.44 |Tord. B-8.43 [ZBWTHRRE D NAIDOIREZRbE R D L, N7 7T v 72T
ST Z LI RV R TR IREN G 2 60, HHEHAIZB W TRE LA
ZoTWHZ ENMAZD. F7o, BE-8.44 7> BWRKHR ORKEED i HIKVMEIZ 72 > T
BY, IEKRFROWNE TIIW KSR\ 2> TEAFBNIZEIBRKEIVAAL TS Z L2
Dind. ZORER, THICHEL T MRE A2 A o PR g FAICs & BT
S, FEENOWEEEZBINSE, 2IICESBENEZ > T\ 5D,

Z LT, IAKRRBRONEITIIHARKIZE > TER LEE S ZE0H FKIZED,
WO I TIRFE AEZAE » TRIPICIER L TV &, RORMITICE L EEIIRERIC L S
WKVEF D B8 & 0 AR ISR 77 TORENEM S, REEDOHET
W ORMEIEZ 5.

£, Rr7 T v AT KHEKEEE, BAREMEWRE PR v iATe L Hl2 L
TRBOIMAIE TR XY, RBSMUI S OWKDORABELCSHETLESTNDZ &R
G, ZIOHOERIZEY, B-8.43 L R-8.41 & T 5 & CASE2-A X CASEL-F
F 0 I CHEOMMMER R 2 #E L TR Y, BN O DR 7T v IR 0rhsE
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DR Z RO LR E D ENDND.

F7o, B8.45 1%, 12 » At OIS %, CASEL-F, CASE2-A O IERAREIALT
G L7=bDThD. A7 7y FITHENERE LR 2R\ —J5C, HERmfiTonk
KWBEZ Y, HTFAMITH 20em (KT L TW5. #FmEAFITOfFIE OK T AR S
TEY, BN —ARFEEOMEI I RITH T FZ X HND.

X-8. 43

-8.44 T 2.0mMSDRYT7 v TITkD 1 FHROELKEN
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[-8. 45
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CASE2-A D R AR BB EaFIE 73
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8T MAARERICE 2B RO RIS

<WBKRR TR

[V 72 D L2

RETR S PHBNESREBENICE X DR8>

CASE2-ANDOR T T v THRHBENORINORE T2 K& B LI H5ER 70D, E
i T & L CEONTZTIERD, HHEEBZELTCLEIRRERDIZERDh-T2. £

Z TCASE2-BC & LT,
aEs %2&%1%# L.
CASE2-A~C 1Z331F WKL
%@tb@i\zﬁ:—s. 46 (2R
<CASE2-B>
T8 I A2 S s B O BB A
CASE2-A % [flkk (x=5.75m) &

L, BOKIR S Z L TH 7 © 4.5m,

8.0m & L7-/r—2Z (CASE2-B,
C) TNEIUTH L THEt 21T
CASE2-B 12k % 3 ~ H
T & oM IR EE o A A2
-8.47 12, 1 RO E/KIEEI A
7 [X-8. 48 [T~ 7.

7.

3y Btk

WOKIRS 228 b S8, T bR O

R E), frofidic

N 7200 1.00m
ST
4.00m CASE2-A
2.50
CASE2-B 5.00m

T
L1l

CASE2-C |

V

X-8.46 CASE2 IR/KfIEEE

64 B &

X-8. 47

CASE2-B : sth#ENIRE
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(-8.48 L v, CASE2-A [FlE%,
CASE2-B THARV T T v 7%
4T - 7= H1 5, (5.75m+ 4.50pD &
IKEADN R/ IME & 72 0, WK IS
WZm 2> THRALDER L TV
L2 ENERTE D, ZORER,
AR AR o> M HE %27k |2 [

-1.00

=107

-1.14

ﬂm!
4%.
-135

JCBENL, YEkAIC VT
%EL%#EL%.

- - = CASErA L E-8.48 HTFSMALOKRLITYIILD1E
CASE2-B Tk AN D BOEKES T

FE53AT & Ll 3% &, CASE2-B O R IREED ER-BIIH S TWD Z &R T
%. CASE2-B TIIW /KNI E % CASE2-A L D IEWIEIZRE LI-72®, kHITH1EE%
WKL TP ST 5 Z ENAIRRICR ST b THhH EEZXLND.

%*}i@mﬂmémiéﬁa\%ﬁ%%é &, BKAENAE L T D7 CASE2-B THAR T

R DWIKDENFRRE VIMUINCE TRATHND ENZD.

;m%@ﬁ’iﬁ%z’n% R TT I TR D BATIIE I DR TH D LV 2 5.
LU, HUF 4.5m #iS B DR 77 v 7% CASE2 & [RIERIZ, T OWEKZWR N BT,
MR T ~OESREBEZ RO TLE D Z ENphoTt,
< CASE2-C>

CASE2-C (RS 8.0m ML DR 77w 7) 2K D4KENA 2 -8, 49 (12, HENIR
55 % B]-8. 50 1277

CASE2-C TIIFRMIEm LV T
75 DYy BAFAET 2 fEIk AR v
T T ETSOTEY, RERNAEIT
Mg N E A~ DR A AT Z :
EWTE, WaBEZIHTE 5 _115l
ZEnbns (H-8.49). o o
W, SENC kY EFICBEL XD I
L A A KL TT v Tk o
DIERT D ENTE, SIRED :

Wik % B T LI G X Cuh g B478.49 M 8. Om NoDROTT7YTI2kB 1 &
S LRPID. BDEKER T

-1.00

-1.05

=110
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&-8. 51 {2 CASE2-A~C DO /K i fFilr Td 5 x=6.0m (231 D 1 -1k OIRE 1R D 4K
B Z 79, CASE2-C TliE, BARBEDIEN IV Mg X O BAKZT->TNDT20,
NI BEKAENAE T TWD Z ERbnd. iz, WTFOr—XZBWTHR
AKREVE (UF) #TFHET (R MEOBRNAEL TS, 207D, WKAE
MR TENICRRET 5 2 & C, iz LECEE LM E OBMAIH 752 LA TE, £D
BE FAZIHICEDZ Enbnd

CASE2-B,C ITET % 1 4% DAL/ An 2 B-8. 52 2% & 8 T/rd. CASE2-B Tl
TAMETLTWD Z & DR TE 5 A%, CASE2-C TldHl FARNAK F O R iTFE T
RN TOHEEL, RKiehn & 0 b BT TIRK L2 iuE, WKz k0 RBRSMAIDN S D
BAKRBZWAKLTLED Z&12720, HTFKRMKTOMEITED 2N L 2R LTV
%. K-8.51 oMK DKM D HWAKRDBIEL 2 DIZONTRS T T v TR
HORMERTICHFET 2HEMEFT LTS Z Enbnd

FREEIIC, WTHOTFES I FFICEN > TW L EEOBE 2 IH+T 5I2E D
T, W77 v AL LEEIMHRITENZ ENEZOND.

3vA#% 6y A&

-8.50 CASE2-C : #BERNIEE 77
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0.0 <
é | i
-
2 | :
0_10.0- -
. ——CASE2-A -
CASE2-B
[ —CASE2 c ]
_ ] ] ] ]
150—35 14 1.2 1.0

Total water head(m)
X-8.51 x=6.0mIZHIT5 1 FHRDE/KEEL

074
061

-8.52 CASE2-B,C : #u#i2[N 1 FREMES M
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825 CASE3: [FEoR| HEFEORR 99

ATTE L O AR TERE 225 DR 7T v I X ) BN OB KT 2 #IETE 5 2
ERDoTEN, WEOBE Z5ERTHET 2 2 L I13# L <, BRI ITRIEICE
D, MPFEIEIZED Z ENRTFRENT. TOD, [HAMIREIHEEMEATLZ &
ZBA<ITiE, BAROBENUSMNCHARIZE K EZ N TIIICHOK T2 (77 v ) BN
bDH. WENS DR TT v I, RIRAANZZ 7 v oo 7 %47 5 FiE (E-8.53)

(XY, —AIRIRGE - IO ATREMEZ PR 5 ATHOK
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2, —ERERGE T 2 & A ER AL T X TOEKTAIZR Y, fEiCBW TR
BIMET T2 L0005, S HIZ 24 B TERT TIXZOWEMT E A L7721,
EFIRREICA2 0, BEIAR & SIRPEHENEI D Ao TV D 2 L N5, 24 BHRGHE
RE D RKEA A 2 25 & (B-9.20), FERNTREE OHINC XV HZ w1 o 27K R
TLTWD. 1.0mm/hr 57— & [RIRRIC SR i ES CIEMRL 18 12 B~k g D 4K
ﬁ@ﬁ%’%< FYETV =N TOPENPEEIN TS, L LIRS CIE
AREHER BART U VAR IR L CHREICAE T TR Y, BEAH CEIKE
BESFAEL TWRNWZ ERbND. 61T, TETIE, AKESMAYEEL, HK T
J& |2 L ~SHIRE B D KA AN E < 72> TN DL SEIRN CTHIDRE 18 5> &Rk -~
WELTND ZENDN5.

Fr TV —NUTORERT—ODEEL LT, EREROBMGALE D &k
~OPRKBEE D ETOREHRELZ R T RAKR 0002 ) LnSBEERH L0, E
=9.20 ORI DI S B FERT H A4 RE L, RAROBE L 21T
& T, MR B A~ORIBUKIEABGEIIE 2 EFR TE, 5%, @il ’ﬁﬂﬁﬁ‘éﬁnﬁﬁi, Hh
ENIBRUK, FENSAMICBE LT, WKBIRELEHT L LN TEDLLEERXD.

< 0.8 T
— —
A “10.035
= =
.8 .8
g 0.7 g
5 E I
g 2 003
S 06 5 [
8 ]
8 o5l =0 . . /A 0.025
0 1 2 0 1 2
time(day) time(day)

X-9.16 #FBtETHOLEIE (2. 1mm/hr)  X-9.17 }REE ELHOBEFE (2. Imm/hr)
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&
©
i

Degree of saturation Sr(-)

Degree of saturation Sr(-)

— «=0,07m | )
0 1 2
time(day) time(day)

X-9.18 MK LETERDEAFIE (4. 2mm/hr) X-9.19 3K +/=EEEDEAFE (4. 2nm/hr)

(m)

X-9.20 £/KEEHfH (2. 1mm/hr, 1 BR)

—77, BEMSREEZ 4.2mm/hr & S 5 (ZHN
SH DL, BEIC LY R 23 A T 5 IR
KBS REI T i D HEAKFL & HEH S 41 5 i
B2 BB, Hk EEIC ISV CRIFIEE DS 5
T25 (H-9.18). ZD#ER, FERFRE GV
AR 2 ] (BEFRFREE 1.0mm/hr,2.1mm/hr)
& B BUBHE ST I TR R HIRL
TEAHREE L &L 25 (F-9.21). = E-9.22 £KEESm (4. 2mm/hr, 2 BiR)
D7D, R LI & BIBUK MG S, Fr
W TEBICIR W TZE DM ANBHEIZ R 505, A HEICB I 2 8MmEIL LR T2 (K
-9.19). B-9.21 OA/KESAR D bR LEIC I D AR EF IR L& S Ol
KOFERTHLZ EN0D, YT U= TRHEEEERICDIZ > TEDOHRIK
PIRTWLZeRbnd. UboZenbxFv T V=N T OHRNBEIADRL 72D
BERNBEREE L 2.0mm/ihr & 42mm/hr OJICH D LB 2D T LN TE, ZORBMEITMATIC X
DEERRELZ S DI RFTT 52 L THRLIZENTEDLEE X D.

£7, BRZEIET 2 &M LEOPKIL O OPKNEB L, Mk ElzsvTia

FERT (7 arbBH7) LA, MkitEgotr v a v EFICERT 5 2/KIEIK
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HOE Xy T —AU T ORI

TIZEY, ¥ &7V —NUTOFRENEIE L W DEETAME 25 (BE-9.22)

FERRIREE & v T U — AN U 7 OMREBLOBMREZ S DM T, BRI HEML,
HE A~ OB A BN YK EE ERIS &, MRLLE T v a AMRTFRAEL, Fr B
FZYV—=NYTOMENEND Z ENDND. £, BREZEIEZIT, MR HE» S D
KON L, AR LB CRKEOETAEZY, x0T U= 7 OMERIENLED
DT ENREE T

932 (ERAEDOEVAFYET I —NUTOMRBIZEZ DZEE
FEER % 0=5,15 & L, sl
FyET U —RNUTHRBEAHRICED LD
(BT DR A T o T
<HlHEERAO=5 & LEHE>
B-9. 23 (ZRMEMERI AR 0=5"12F1T D
M RKESHZRT. 0=10Dr —A
(B-9.8) LLibid 2 &, AR
IR, KRB L FR/MEDEN NS 72 5.
B1-9. 24~29 |2 & FYFR ) 0.5,1.0,2.2mm/hr
b SRR A = | e S A w9 = B 1 170
o i 7 1R O B FNEERFEI 28 E, B-9. 30~32 [Z A FEIRIE IZ 1T D 24 FEFRRIE % D 427K ER
O3AT E R
FERNTREE 0.5mm/hr (2351 HEEFUERIC 31T 2 fafn A b (B1-9.24,25) 2% &, B[
%E#%<,%ﬁf%m¢%h$@ﬁét@,%ﬁﬁﬁﬁ?bfwézkﬁbﬁé.%
([ DBRIREDE S SAR EEICB O TRIFEKT, 2KBEERTAREL 2D, 24
REf R % O 2KEES A (-9, 30) (3HLRL sk =2 0 &< 72 0, #EFRAIZHIRL 1+
DOMRL EA~OIAKPEZ ST, FXYETV—ANUTRREFHEINTNDLZ ERDND
BERESRAE 1.0mm/ hr (281 25O a2 (K-9.26,27) # R &, wiiofa
FEELD%, b (TH) B CiEafnE sk nicmd (BEF) 25, —EHHM
PR X AR B L &AM T L, SEI AR CRIBUKBEN EFIRE (MBUKA &=k
KiE) IZESTNDZ ENDnD. 24 iR EZOSKE (B-9.31) 215 L, Ll
UM T8 L 0 MR BB o RKEAN L, v TV —ANU T OYREHERTE D
DS, FIIZZR DITHEV, Baftimn COKEITMAL T, HAL T CR—oEIcHlnr L, )
BHE R O R fhr CIEHBL g L 0 Ak Lfg O2/KEEO T i3m < 720, Hki g 56
ki EEA~ORERNAZD Z 0D, F¥YETV—=RUTRHLNTND LT 5.
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fERH 20 =10" D —ATlE, BERIRE 1.0mm/ hr O/ — 22BN THF v BT U —N
U7 OFIIRT-AN TR, HRAEO=5 D — A TIXZDOHRITHE T TR, &
REIFAEICEOTREOREN G HILTNDN, @ﬁﬁﬁ@ﬁ&:i@%ﬁ@#&y
g DERKE & F/MEDZEDN/NE L 720, FEREBET 5 HEKOBENRED (Rl
BHEIZBWT) K45, 2612, HKALAE iﬁ*ﬁﬁ(mwﬁ)@ﬁT;

D SEIROHEAKEDME T L, BESSH AP LA CHIRL LMK LD R/KBR LV @< 2 h, H
BLEA~OFHNAET 5. —EHFRRLZ XN NE HAE S, BERO LT CafgEis—
IR T 287 2MAl 2 5 (B-9.26,27) Z &b, FERISMIRL L & iAo i O Bl
KABLEER CHRk S5 b O &b g Icw L, ﬁﬁi@?#méhé%@:A%L
24 W RROE I S TR ER#I D o T D Z 0D, MR LB ~DIRH S EF I
CTWHZ ENDND.

Z LT, BEmEE 2.1mm/ hr (230 2585 ofaf 2 b (F-9.28,29) #R/.5 &,
24 W RFROE IR AR E T, SEBCA TR B I TR R I BEREEIN L TV D 2 &b s.
% O R/KE O T (K-9.32) 725, @RIZRFEIC & 0 KL T8 O PR DNB T 2
T, FXETV—=NUT RO, ﬁMiFAﬁM#EDTwé ERDOND.

ERHA DR TIC XY, W OFEREN /K AR 3 2 7 O HIKL - OF MK T3
52 &, ARt OPKREMET LIZER, F—0BEM@mETH-TH, v Tl
— U T ORI D Z LnbinoT.

HIT, 24 RFRFRBLIREERN ZE 1L 5 &, ML CIIHE KLY & OFEK A e L
THAL DD, SERENMETL, M LEORKEMETT22EnbFyET Y —Y
T OMEPRT D ENBEZLND.

o
o)
o
o
@
>

— «=1.03m
— «=0.87m

0.7}

Degree of saturation Sr(-)

o
o

Degree of saturation Sr(-)

0 ' 1

‘ 0 ' 1 ' 2
time(day) time(day)

(N
o
o
[N
o

©-9.24 @B TFHOMME 0. 5m/hr)  [©-9.25 %+ EEEOLAFE (0. 5m/hr)
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0.038 - .

o
o)

0.036

0.034

0.032F—— 4 =1.03m

©
N

Degree of saturation Sr(-)
Degree of saturation Sr(-)

Il — « 30.87m
0.03F __ ¢Z51m
F—— «=0.39m
0.028}___ «Z0a3m
N 1 " N 1 n
0 1 2 0 1 2

time(day) time(day)

X-9.26 MBI ETETEHOEEFE (1.0mm/hr) K-9.27 fHAtEELEOLFOE (1. 0mm/hr)

o

©
o
o
>

o
o
a

— «=1.03m
— «=0.87m
— «a=0.71m
— a=0.55m
— «=0.39m
— «=0.23m
— =O.O7Im

o
o
=

Degree of saturation Sr(-)
o
0]

e
~
T

Degree of saturation Sr(-)

. 0.03k . . .
1 2 0 1 2

time(day) time(day)
B-9.28 MKt FEHOMIAE 2 Im/hr)  ©-9.29 A%+ FE L HOMIE (2. Imm/hr)

o

X-9.30 #skEEsS M (0.5mm/hr, 1 B#&) E-9.31 =/KEZH (1.0mm/hr, 2 BR)

(M)
N

X-9.32 =/XKEZfH (2. 1mm/hr, 1 BHR)
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FOE FvT YU T OMAERE

<HlEfERAHo0=15 & LEHE>

B-9. 33 (TR BRHA 0 =15" 121 2 4]
WAKE A 22w RHI R4 23 0 =57,10°
Dr—A LTS &, AfPRHKRE L,
RIKEA D e KB & e/ MED 7203 e RIZ 72 -
TWAZ ERDn5. -9, 34~39 (ZFFR
JE 2.1,4.2,6.2mm/ hr (Z31) D0k FE0 &
HURL L8 ¥ 0D o Sl 5 1) 0 BT HE RF R 224, ®-9.33 #)EIL/KESF
[X-9. 40~42 (2 BERGREEICR T D 24 KifH]

PR % DA IKEA AR 2 T

ERHEN EH3 2 &, fEIRE/KIEAR A EF-32 72 1 M PN OB i 5 B 13 hn 4
5. ZOTOPRKIICTT DHKRENSEIMN L, toOBRMEE XD ROBERTRE Ch - T
& ML T 2 B AR LS~ DIRAKNIELS . F ¥ BT V=AU T ORRNREHET 52 LI
5.

B TR EE 2.1mm/ hr 1238 W TR O RN A B A YK &2 BEIY, fEIRN Chafn
T2 Y (F-9.34,35), 2KkEANAM (K-9.40) 7O HF vy BT U —U 7 OfRE
FRDONTWRNZ LD, £, BIRBELZHNSE, 42mmhr &35 &, Hifl
WNEaFnEEZ L (B-9.36,37), 4/kiasf (B-9.41) 1XE-9. 26, 27 X UE-9. 31 & [AlR
O Z R L, SRR Roui X0 Mk - 2> 5 HUbL L g ~FIBUK OFR 23 Z 0, AL
TJE TRMEERTREC TN EMAlx s, £ LT, S HICKRINMEZHNSHE
6.2mm/hr &35 &, Pk EITx L CRENENRBEITH 5 72 DAL 8 Ofafi 2 5
L (E-9.38), &5 IZHIRL L O AOPKTIXFIZE DT, ML L~ERHAEZ Y (E
-9.42), MR LJEOfIME FAECER (B-9.39) Fv 7 V=0T DR
KON TWDHZ ENbnd.

o

o)
o
o
@
a1

©
\l

0.03}

o ¢
w1

0.025]

Degree of saturation Sr(-)
o
(o))

Degree of saturation Sr(-)

. . ]
1 2
time(day) time(day)

©
~

o
[
N
o

®-9.34 #M#itFETFEROMME (2 Im/hr)  ®-9.35 EHLEEEHOFE (2 Tmn/hr)
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— «=1.03m
— «=0.87m
— «=0.71m
— «=0.55m
— «=0.39m
— «=0.23m 1

o
o)

©
\l

Degree of saturation Sr(-)

Degree of saturation Sr(-)

0.6 — «=0.87m
| — =0.7Im
—— «=0.55m
| — «=0.39m
0.5 ¢ 2023m
| —— %=0.07m :
" " " 1 "
0 1 2 0 1 2

time(day) time(day)
(-9.36 #EHtETEOLEME (4.2mm/hr)  [-9.37 MR LEOLEME (4. 2mm/hr)

o
©
o
o
>

o

o)
o
o
a

©
\‘

Degree of saturation Sr(-)

Degree of saturation Sr(-)
o
o
=

| — afl.OSm
0.6F — a=0.71m
| — afO.SSm
0.5F— oZ05m 0.03
| — «=0.07m | -
0 ' 1 ' 2 0
time(day) time(day)
X-9.38 MK EETERDEIFIE (6. 2mm/hr) X-9.39 KM tTEEEDEAFIE (6. 2mm/hr)

(m) (m)

5 l

012
007

0ot

-9.40 #£/kEEHM (2. 1mm/hr, 1 BER) X-9.41 £/KESH (4. 2mm/hr, 1 BE)

F-9. 2 [T ERE L FERAREE, RHEEAAICEL TRy B 7 U= 7O R %R
L7z, 24 WS OFERNIC & 0 Mk LJE 2> MR L ~OIRAKBEL T, Fr 7 U —nY
T DOENRT-NT-DIX, A BEIOFHT 77— A TIXEREME 0 =5 CTIXFERERE 0.5mm/hr,

0 =5 TIXFERGRE 1.0mm/hr, @=15 TIZREMRE 2.1mm/hr LLF D — XA Th o7z, =

ZC, 0=10°,15° 128 1F B BERTREE 2.1mm/hr (2351 2 M PN A D AR T & (K-9. 16, 17,

34,35) L5 L O=15 DT —AZB W THEL TV, 24 FFEE % 04K m (K

-9.20,40) Zlig L CTH, @=15D7r—ADOHFNF¥ T —RYTOHENEFN &

DEAZ D, UEXDY, 27V —NUTORIT, AN KE S RDITEAE-T
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HOE Xy t'TU— U T OMRERAE

L2 ENRDONY, BORBERRENERFE LD SND T —ATIE, ZORREHMERT
L0, FHAARAZRESTLIENEELNENRD.

70 24 BRIRBGEIN 21 1L 5 &, &2 TO 4 —AZE W KL CofafnE K T 23
BT, TEBICALE S DML EOR/KERD, HIZ EENIALE T 5 Mk - O 2oKERE X Y &
K720, ¥ T U =NV TOHENEIETS.

021 (m)
N

015

X-9.42 £/XKEHfH (6.2mm/hr, 1 BR)

x-9.2 BR®RE MEAERCETEIFYESY—N\)TOHER

=300 [ERI5&E (mm/hr)
0.5 1.0 2.1 4.2 6.2
5° A
19 XL XL X S emm TRk
AE| 100 OO | A | X | X |ATRBCRKSRE
15° O | O @) A X X EEETRKEE
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FO9®E Xy 7Y —"U T OMERE

933 MHRLBEDEVEF Y YT Y —NY 7 OMREICEZ SR

ZAVE CTHRL - EIE 30em, UKL LJE 10em & U CRER, RlEAROEIc L DX v v
TV =Y TOMRERF L TE 72, FEOMBLLEIZY 7 v a AERKE LS E#HT S
e, EBENRXY T U —ANUTIZHEZDRENVINT ENREZ LD, HE

ECALIE S DML T X PR R AL I U T2 offnfE, MBRKENRE S ZT 5.
ZITIE, MR EEERF Y BT U =N T ORI X DB EER T D2, kL
+JE/E % 15cm, 40cm & L TR EIT-72. 728, EIEOEE LR 8 0 B A 1Y
Y@éﬂi’é ZETTHoTED. RILOREIIFIINETLERETHD & Lz, KE-9. 438,

(28— A DY ARKEA A 2 - T

-9. 45~48 |ZFERNARE 1.0mm/day (Z351F 2 Mk - /8)/E 15em, 40cm (Z351F 5 AL+
JE& TR &R g RE O o BT M O fu R EE IR 2 b, B-9. 49, 50 (R RIS D
24 Wp#%E % D4 KEE A 2R3, B1-9. 45,47 X 0 Mk L/ ClE, BERRE Y Elf7k75>$—
B 5720, fafERTFRAET TS, LT, BENSHEL 251 EHERN TRETE
HRDEMMETT D720, TOREBIIBFIC/RD 2 ERb5. AL HE T, Mkt
JE& 725 DRI, HEARFLIZIA D D RN BT D720, BMENFITIKTLTERY,
ZORBITBENEL, BRI T 2 8ME O RNEFMEN Hil 3 5 7 — A TBWVWTKRE
72BZ &mbnsd (B-9.46,48). £7=, TNZFNEEED 30cm O — A L g4 %
& (E-9.11,12), Iﬁ%@@ﬁﬂiﬁﬁf D, 24 FFRIFRRF DR Z & DA /KR A &
H5HE (E-9.14, 49,50), RIAEIZHEE LT MTIE, HRLLORIKBEA KL 11Tk LT

Kk%<&of%@,wa@#~x_kwf%,%&t7)~ﬂ)7@%%%ﬁ%
THIENTED.

(m)

010 .

006

o002

-0 H
-006 I
-010

(-9.43 #HALKESH HFLEE 15em) FE-9.44 ¥M}ALKESH GEALEE 15cm)
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500.5
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time(day)
X-9.45 #FitEBTFEHOAFE (1. 0mm/hr)
Kt =EE 15cm
~0.8
%
[=)
207
<
E
B
S 0.6
g
>
a 0.5¢ ] \
0 1 2
time(day)
X-9.47 #itETEROEEFE (1. Omm/hr)
At == 40cm

X-9.49 4£/KsEHF (1.0mm/hr, 1 Bi%)
AL BIE 15cm

Degree of saturation Sr(-)

o
o
@
o

o
o
@

LeeeeerR

.03m -
.87m
J1m A
.55m 1
.39m
.23m
.07m ]

[eleojololoNo) o]

0 | 1
time(day)

X-9.46 AL E LEROEAFE

Degree of saturation Sr(-)
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0.035
0.03]

0.025]

.50

MBI L EIE 15cm

(1. Omm/hr)

0 ' 1
time(day)
(48 FMRITRE EEDEAFE
Mt BIE 40cm

£KEES (1. Omm/hr,

R L B 40cm

(1. Omm/hr)
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X-9. 51~54 (Z[&r5RE 2.1mm/day OHK )& 15cm, 40cm (23517 2 fbki +- /8 4B
&R T B o faFnEE R R 2 (L, B1-9. 55, 56 (ZHIkL LB IC 1T D 24 FERREE O
/KB 2R T. B-9. 51~54 BT, fEHTBIAA D 24 H#F‘sﬁi T, JEE#EL 72
HIZHE, fFEORFRME N &IFE T L Tnd. W7y —XicB8n T, K-9.16,17 &
[FRR I RIH A/KER A DT I~ EB L 72 s /o4y, 5 RACRERRE I
FAFNEE 2SI U, 24 BRERTROE IR I TR D KN ST L A LI B o TV D,

JEIE = & DAKIAG & e % & (B-9. 20, 55, 56) , FEFNTREL 23 ELERI R & W\ 729
Rz LR IZ W CRIFEE MK TR, SEIR OB FUE IZ B T RS CIIkh L X v o
BRIt DORKED VD, TSR DI, TOEABTIRL, Ty T U =07
DNRPDFENTND Z e onDd. EERE TORKEEN—EL, TORRPIHEK
FTOMEL, MR EEENRE S RDITHENTRINCBEI L TWD X IZHZDN,
UL, EEOHERIZE Y BEREZ 5 2 2MESE-9. 57 1ZRT X 2 IZAEARIZ T %
(2ERY R, RN X0 BERE IR 2D LB & Wo 7z, IRHINZE DS T i
FENZTAIGATLER b RIFFICE A TV DT, HfliZe b3 L <, S%EH2HEEL

508 O

2 % 0.035

= o

207 S

< =

2 g

% 06 5 003

5 3

8 8

&h &h

8 0.5 & 0.025-
0 1 2 0

time(day)

time(day)

X-9.51 #A¥itEBTFEHOEAFNE (2. 1mm/hr) X-9.52 #E¥itE EHOEEFNE (2. Tim/hr)

st FEE 15cm g+ EE 150m
: I ' ' ! — a=1.
zos z | i
” Fooss — X
g g 8 — a=03om|
EOTF E — a=0.07m
g 2 ,
< I — o=1 8
i = 7 o
o 06— a=0.71m b
8 060 4 =055m g
R o
A | — &=007m . . Q2 0.025 |
0 1 2 0 1 2
time(day) time(day)
[-9.53 #MAitETIOLFE (2. Imm/hr) K-9.54 HMHtELEHOBEME (2. ITmm/hr)
HEHL L B E 40cm fH%+ BB & 40cm
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~—~

m
005
0oz
008 I

B-9.55 £KEHH (2. Im/hr, 1B%)  E-9.56 £KEHH (2 Imm/hr, 1 BHE)
HAL T EE 15cm ##L L FEE 40cm

~—~

y

[T < i(m)

] #sifE
] e

== v
0 [Hising

_>I 'Ie
H2sin @

X-9.57 BEMEWVICKDEEAmERFBALEDEN

THROERICETOLER D D.

X-9. 58 ~61 (Z M58 E 4.2mm/day ORIk +J& /= 15cm, 40cm (Z381) 5 filki + &
&R g B o faFn R R A L, BI-9. 62, 63 ([ZHPKL HJEIEIC R D 24 FERFEE O
KB 2 RS, B-9.58~61 (23T, T win~ & 24 IRFRERAE IR 0TI, fikie
HICEIFIEE S B LTV D 2 e bnnsd. Mk LE T, BE (M L8 E ToRSEE
BiE) DORAIZEY, BRI X DMK EERSFUCEE T DRFRNE E D, S AW
FEMBIML T\ Z ENbad (K-9.58,60). iz, BEHNTHDKL -8~ L 7= kK

BRI L~ L, ZOfMEZ BRI EFIETWL 20875 (E
-9.59,61). ZD7, FHFRLBRFFFRRIFIZ I DAL HE~DRKEIL, BEEOKT
kY, ERALTWHZERMEAZD. £z, 24 FEERAERFO 2K (B-9. 62, 63)
HDE, MR TEORKENME LL Y RESR-oTEY, BNED EHIZXLY, H
WRKIZES TRy ET V=AU TR TS Z ERD05.
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0.9 o
& % 0.06
508 5 |
= S 0.05
207 2 |
5 0,04
2 0.6 o

& $0.03
N 05 a

0 1 2 0 1 2
time(day) time(day)

X-9.58 #A¥itETFEHOEAFNE (4. 2mm/hr) X-9.59 #E¥itE EHOEEFE (4. 2mm/hr)
KL =EE 15cm AL =EE 150m

o
©

o
o)

— «=1.03m
— «=0.87m
— a=0.71m
— «=0.55m
— «=0.39m
— =0.23m
— «=0.07m

©
\'

o
o
T

Degree of saturation Sr(-)

1 ' 2
time(day) time(day)

O

®-9.60 #KitRETIROLBFME (4. 2mm/hr) K-9.61 fHRTE EIMOLAFE (4. 2mm/hr)
H#it FBE 40cm ALt EE 40cm

E}

m
e
ocs
aot I
008 I

X-9.62 £/KEEHSf (4.2mm/hr, 1 B#) X-9.63 £/KESH (4. 2mm/hr, 1 B#)
AT EE 15¢m AT ZE 40cm

UEXy, rf*ﬂﬁui)% DZEACILFAIBE K h D FL AL IR L EERF R R LIC 2 2 5 2,
[ IR BB E N L DB DK ZE b2 b b 2 Li3bnnd. L,
Ty b7 U= Y@fﬁ%%@%@ FIREREEEG AT, £ ORISR LR
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HOE Xy t'TU— U T OMRERAE

WIS S O TRITAUE, e IGPEKIEREZ I 5 2 L3 TE, MR T E~D
AR ZIEWT 5 Z ENARETH D Z LdbhoTz.

934 BEMBITICESS YTV —NY THEREDCSH O

WGy DY ARE BRIZ BT 2 3G 21T 2 BRIX, BEEMRE~OIRAKZOF L CLWr—X,
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Soil/water/Air coupled elasto-(visco)plastic Finite Element Code: DACSAR
(Deformation Analysis Considering Stress Anisotropy and Reorientation)

THE COPY RIGHT RESERVED. NO PART OF THIS PROGRAM MAY BE REPRODUCED,
STORED IN A RETRIEVAL SYSTEM, OR TRANSMITTED, IN ANY FORM OR BY ANY
MEANS WITHOUT THE PRIOR PERMISSION OF
HIDEKI OHTA
AND
ATSUSHI IIZUKA
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DACSAR is open to the public under the condition that

1. Person who uses DACSAR must not violate the copyright of DACSAR reserved by Hideki OHTA and Atsushi
IIZUKA.

2. Person who used DACSAR even if partly must appropriately cite and show the reference paper of DACSAR
in his article, report or paper.
(The reference paper of DACSAR is,
Tizuka,A. and Ohta,H. : A determination procedure of input parameters in elasto-viscoplastic finite element
analysis, Soils and Foundations, JSSMFE, Vol.27, No.3, pp.71-87, 1987)

3. Person who wishes to use DACSAR must accept the above requirements and send back an agreement mail
to A.ITZUKA or H.OHTA.

Atsushi ITZUKA : iizuka@kobe-u.ac.jp
Hideki OHTA : ohta@tamacc.chuo-u.ac.jp
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DACSAR-MP is provided in the form that DIMENSION areas (program capacity) are temporarily defined. Users should
give definite numbers to all DIMENSION areas in the program before compiling by using an appropriate editor. Details on
DIMENSION areas are given in the source code of the program. Supplementary explanation is provided here.
DIMENSION areas temporarily defined as follows,
$NOD : the maximum number of nodal points.
$ELM : the maximum number of elements.
$MAT : the maximum number of material data.
$NLB : the half length of band of total stiffness matrix.
$NUB : the full length of band of total stiffness matrix.
$FLNG: the total freedom of total stiffness matrix.

Chap.1 Data Input

1. Constitution of Input Data with a Card Image

Unit of step

| |
W @ 6 @ 6 @6 ©Ga @b ©c @©-e ©6Ff 69 0)

Type'E, if thisis the final set of inputcards. To the next
step
where
Q) Title Card (6)-d Load Data
) Analysis Control Card (6)-e Hydraulic Boundary Conditions
(3) Output Control Card (6)-f Precipitation Data
4) Initial Values (6)-g Aerodynamic Boundary Conditions
(5) Material Properties (6)-h  Air pressure data
(6) Step Control Card (6)-i Transpiration Data
(6)-a Coordinates of Nodal Points (6)-j Evaporation Data
(6)-b Description of Elements (6)-k Concentration ratio Date
(6)-c  Geometric Boundary Conditions (6)-1 Concentration flux Data

2. Produce of Input Data

(1) Title Card

READ(MAIN) (UNIT(1),1=1,3),(TITL(1),1=1,63)

(UNIT(3), TITL(63):defined at DIMENSION in MAIN)

col.  variables (format) contents
1~ 9 UNIT(I),I=1,3 (3A3) :Indicating the dimension used in analysis
10~72  TITL(I),I=1,63 (63A1) : Title of the analysis
remark:

UNIT(I) : indicate the dimensions of /L /T,M,” insuch a way that (e.g /m/day/t/)
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(2) Analysis Control Card

READ(MAIN) IPSN, ICON, ICAL,ILAG,IAIR

(IPSN, ICON,ICAL,ILAG,IAIR)
(IMAGVP: defined at COMMON/IMAG1/)
(ITYPE : defined at COMMON/Q/)

col. variables (format) contents
1~ 5 IPSN (15) : Plane-strain or axi-symmetric
6~10 ICON (15) . Coupled analysis or not
11~15 ICAL (15) : Fresh computation or restarted computation
16~20 IADD (15) . Considering advection-dispersion or not
21~25 ILAG (15) : Small strain theory or updated coordinates
26~30 IAIR (15) :Air coupled analysis or not

remarks

« IPSN =0 Pane strain conditions
= 1 Axi-symmetric conditions

+ ICON =0 Considering pore water flow (coupled analysis)
=1 Without considering pore water flow (ordinary F.E.M.)

« ICAL =0 Fresh computation
= 1 Restarted computation (data and results of the previous calculation
taken from file on disk)

- |IADD =0 Considering advection-dispersion
= 1 Without considering advection-dispersion

- ILAG =0 Ordinary small strain theory
=1 Updated coordinates

« IAIR =0 Considering air pressure flow
=1 Without considering air pressure flow

(3) Output Control Card

READ(MAIN) (IWRITE(I),1=1,4), NFT10,NFT20

(IWRITE(I): defined at COMMON/K/)

col.  variables (format) contents
1~5 IWRITE(1) (I5) : Output of nodal displacements
6~10 IWRITE(2) (I5) : Output of stress components
11~15 IWRITE(3) (15) : Output of strain components
16~20 IWRITE@4) (I5) : Output of strain rate components

21~25 NFT10 (15) : Use of data file (N0.10) to write or read the
Input data for restarted computation.
26~30 NFT20 (15) : Use of data file (N0.20) to write the

computation results.

remarks
IWRITE (1~4) 0 Output
1 Not output
NFT10, NFT20 0 Use the data file (No.10 or No.20)
1 No need
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(4) Initial Values (not needed in restarted computation; ICAL=1)

READ(MAIN) GMW,WPZ

col. variables (format) contents

1~10 GMW (F10.0) : y, Aunitweight of pore water
11~20 GMS (F10.0) : ».  Aunit weight of soil material
21~30 GMA (F10.0) : », Aunitweight of pore air
31~40 WPZ (F10.0) : ¢  Reference height for specifying the head of water
41~50 GPA (F10.0) : p, Pore air pressure(gauge pressure : 0.1MPa)
51~60 THETA (F10.0) : Flag controlling the difference approximation

remarks
GMW tEx. 1.0(/m®), 0.0010(kg/cm?®) (depending on the choice of unit).
GMS (Ex.  2.7(t/m°, 0.0027(kg/cm?) (depending on the choice of unit).
GMA :Ex. 1.0*10°(t/m% (depending on the choice of unit).
WPZ : Reference height for specifying the water head. WPZ is preferably chosen as

the height of the initial ground water level(G.W.L.), resulting in the
excess pore water pressure represented as the height of water head (HEAD).
GPA :Pore air pressure /// gauge pressure=0.1MPa
THETA :0.0 Forward difference approximation
:0.5 Central difference approximation
:1.0 Backward difference approximation

The y(z)-coordinate should be taken as upward positive.
Coordinate system should be right-handed.

(If you take y(z)-axis as downward positive,
water head of an element will be incorrectly computed).

y(@2)

Fill

1K

G.M.W

WpPZ Ground

x(r)

Origin of coordinate system
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(5) Material Properties (not needed, when ICALM=0, in restarting computation)

D Elasto-(visco)plastic material (MT=0):(for plane element)
3 cards required in specifying the material properties of a material.

READ(SUB.INMAT) L,MT,MM, (AA(@J), J=1,6)
(L:CHARACTER; MT,MM:defined at COMMONY/C/; AA(J):used only in this subroutine)

col. variable (format) contents
[Lst Card]
1 L (AL) : Type 'E'(if this material is the final material

to be defined,letter'E" indicates

that the material defined this set

of cards is the last material and there
is no more material to be defined.

2~5 MT (14) : 0 (not O but zero) Type of material
(elasto-(visco) plastic is specified by 0)
6~10 MM (15) : Material number

11~20 AA(1) (F10.0) : Coefficient of Dilatancy proposed by Shibata (1963)

31~40 AA(3) (F10.0) : Critical State Parameter
41~50 AA(4) (F10.0) : Effective Poisson's Ratio

51~60 AA(5) (F10.0) : kx(r) |y, Coefficient of permeability in x(r)

direction at the reference stress state
61~70 AA(6) (F10.0) : ky(z) |y, Coefficient of permeability in y(z)

D

21~30 AA(2) (F10.0) : A Irreversibility Ratio expressed by A = 1—%
M
V!

direction at the reference stress state

col. variables (format) contents

[2nd Card]
11~20 AA(7) (F10.0): o' Preconsolidation Pressure

v0

21~30 AA(8) (F10.0): K Coefficient of Earth Pressure at rest

0
immediately after K,-normal consolidtion
(reference state)

31~40 AA(9) (F10.0): ¢!  Effective Overburden Pressure in-situ
41~50 AA(10) (F10.0): K,  Coefficient of In-situ Earth Pressure at rest.

51~60 AA(11) (F10.0): «  Coefficient of Secondary Compression
expressed by ¢ =dv/(d(Int)) at time tc

61~70 AA(12) (F10.0) : dvo/dt Initial Volumetric Strain Rate at reference state expressed
by dvo/dt= ¢ /tc, where tc is the time at end of primary consolidation.

col. variables (format) contents

[3rd Card]
11~20 AA(13) (F10.0): A Compression Index inthe e—In(p'/ p;) relationship

21~30 AA(14) (F10.0): e,  \oid Ratio corresponding to G\:O at reference
state(if you don’ know the value of e,
specify e, =0)

31~40 AA(15) (F10.0): A Gradient of e plotted against In(k)
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remarks
g, - Thisvalue is necessary for calculate the coefficient of permeability.
When you input nothing, it will be automatically estimated from the following equation .
AN

gp=—--1
"~ MD

A “Ifyouinput 2, =0, 2, isequalto ] (compression index).

Ko/ 7, kyO ly, the current coefficient of permeability will be automatically
calculated by

ﬁ = [ﬁj exp {%}, i=123 (Taylor, 1948)

Yw 7w

A Ifyouinput A =0.0, the coefficient of permeability
will be kept constant without using above equation.
Even in such a case, stress-strain relations will be derived from D, M and A
regardless of whatever value of A4 with input here.

@ Linearly-elastic Material (MT=1):(for plane element)
2 cards required in specifying the material properties of a material.

col. variables (format) contents
[1st Card]
1 L (A1) : Typing 'E' (if this material is the final material

to be defined, letter "E" indicates that the material
defined this set of cards is the last material and
there is no more material to be defined.
2~5 MT (14) : 1 linearly-elastic material is specified by 1.
6~10 MM (15) : material number
11~20 AA(1) (F10.0) : Lame's constant

21~30 AA(2) (F10.0) : f} Lame's constant

31~40 AAQ3) (F10.0) : o-v’i Effective Overburden Pressure in-situ
41~50 AA(4) (F10.0): K, Coefficient of Earth Pressure at rest
51~60 AA(5) (F10.0) : kx(r) | y,, Coefficient of permeability in x(r)

direction at the reference stress state
61~70 AA(B) (F10.0) : ky(z) | y,, Coefficient of permeability in y(z)

direction at the reference stress state

col.  variables (format) contents

[2nd Card]
11~20 AA(®) (F10.0): e Initial Void Ratio in-situ

21~30 AA(8) (F10.0): A Gradient of e plotted against In(k)

remarks
A, 1fyouinput 4 =0, the permeability is kept to be constant.
Lame's constants:
A =vEH{l+v)1-2v)}, =G =E/{2(1+v)}, where E isyoung modulus

v is poisson ratio
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@ Beam Material (MT=2)  (only in plane strain condition)

col. variables (format) contents

1 L (AL) : Typing 'E' (if this material is the final material
to be defined, letter 'E' indicates that the material
defined this set of cards is the last material and
there is no more material to be defined.
2~5 MT (14) : 2 beam material is specified by 2
6~10 MM (15) : Material number
11~20 AA(1) (F10.0) :E Young's modulus of beam
21~30 AA(2) (F10.0) : A Cross-sectional area
31~40 AAQ3) (F10.0) :1 Momemt of inertia of area

@ Truss Material  (MT=3) (only in plane-strain condition)

col. variables (format) contents
[Lst Card]
1 L (A2) : Typing 'E' (if this material is the final material

to be defined, letter 'E' indicates that the material
defined this set of cards is the last material and
there is no more material to be defined.
2~5 MT (15) : 3 truss material is specified by 3
6~10 MM (15) : Material number
11~20 AA(1) (F10.0) :E Young’s modulus (bi-linear elastic), OR parameter a (hyperbolic)
21~30 AAQQ) (F10.0) : A Cross-sectional area
31~40 AA(3)  (F10.0) : Compression strength O toomp (bi-linear elastic), OR parameter Do

41~50 AA4)  (F10.0) : Extension strength o _ (bi-linear elastic), OR parameter h_

51~60 AA(5) (F10.0) : o, Initial axial stress

61~70 AA(6) (F10.0) : Flag indicating whether the truss element is cut or not when the axial
stress exceeds the strength :

col. variables (format) contents

[2nd Card]
11~20 AA(7)  (F10.0) : Flag indicating whether the truss element is modeled as linear elastic
material OR hyperbolic material.
Linear elastic =0.0, Hyperbolic =1.0
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® Joint Material (MT=4) (both in plane strain and axi-symmetric conditions)

col. variables (format) contents

1 L (A1) : Typing 'E' (if this material is the final material
to be defined, letter'E" indicates that the material
defined this set of cards is the last material and
there is no more material to be defined.
2~5 MT (15) : 4 joint material is specified by 4
6~10 MM (15) : Material number
11~20 AA(1) (F10.0) : ks Shear Stiffness
21~30 AA(2) (F10.0) : kn Normal Stiffness

31~40 AAQ3) (F10.0): o,  Overburden Pressure
41~50 AA4) (F10.0): K,  Coefficient of in-situ Earth Pressure at rest

51~60 AA(5) (F10.0): ¢ Cohesion
61~70 AA(6) (F10.0): tan¢ Tangent of angle of internal friction

® Axi-symmetric Shell Material (MT=5) (only in axi-symmetric condition)

col. variables (format) contents

1 L (A1) :Typing 'E'(if this material is the final material
to be defined, letter'E' indicates that the material
defined this set of cards is the last material and
there is no more material to be defined.

2~5 MT (15)  :5shell element is specified by 5
6~10 MM (15) : Material number

11~20 AA(1) (F10.0) : E Young Modulus

21~30 AA(2) (F10.0) :t Thickness

31~40 AAQ3) (F10.0) : v Poisson's ratio

remark

t: If you input t=0.0, t will be automatically assumed to be one unit of length

ix
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(@ Drucker-Prager Material (MT=6) (for plane-strain condition)
2 cards required in specifying the material properties of a material.

col. variables (format) contents
[1st Card]
1 L (A1) : Typing'E' (if this material is the final material

to be defined,letter "E" indicates that the material
defined this set of cards is the last material and
there is no more material to be defined.

2~5 MT (14) : 6 Drucker-Prager material is specified by 6..
6~10 MM (15) : Material number
11~20  AAQ1) (F10.0) : /:I
21~30 AA(2) (F10.0): u Lame's constant
31~40 AA(3) (F10.0) : o-v’i Effective Overburden Pressure in-situ
41~50 AA@) (F10.0): K, Coefficient of Earth Pressure at rest
51~60 AA(5) (F10.0): k . ly, Coefficient of permeability in X(r)

direction at the reference stress state
61~70 AA(6) (F10.0) : kx(z) |y, Coefficient of permeability in y(z)

direction at the reference stress state

col.  variables (format) contents

[2nd Card]
11~20 AA(7) (F10.0): ¢ Cohesion
21~30 AA(8) (F10.0): ¢ Internal Friction Angle

31~40 AA(9) (F10.0) : e Initial Void Ratio in-situ
41~50 AA(10) (F10.0): A, Gradient of e plotted against In(k)

remarks
A 1fyouinput A =0, The permeability is kept to be constant.

Lame's constants:

A =\E H{l+v)Y1-2v)}, i =G = E/{2(L+v)}, where E is young modulus
y is poisson ratio




Hyperbolic Material

(MT=7)

fH5%

2 cards required in specifying the material properties of a material.
(both in plane strain and axi-symmetric conditions)

col. variables (format) contents
[1st Card]
1 L (AL) : Typing'E' (if this material is the final material
to be defined,letter "E" indicates that the material
defined this set of cards is the last material and
there is no more material to be defined.
2~5 MT (14) : 7 Hyperbolic material is specified by 7.
6~10 MM (15) : Material number
11~20 AA(Q1) (F10.0) : I/a Initial Tangental Stiffness
21~30 AA(2) (F10.0) : (Ilb). (p'=0)  Ultimate Strength of
Commpression Side.
31~40 AA(3) (F10.0) : (I/b)e (p'<0) Ultimate Strength of
Extension Side.
41~50 AA¢) (F10.0): v Poisson’s Ratio
51~60 AA(5) (F10.0) : kx(r) l y, Coefficient of permeability in x(r)-direction.
61~70 AA(6) (F10.0) : kx(z) /;/W Coefficient of permeability in y(z)-direction.

col.  variables (format)

contents

[2nd Card]
11~20

21~30
31~40
41~50

AA(7)
AA(8)
AA(9)
AA(10)

(F10.0) :
(F10.0) :
(F10.0) :
(F10.0) :

!

o, Effective Overburden Pressure

K, Coefficient of in-situ Earth Pressure
g, Initial Void Ratio

A, Gradient of e plotted against In(k)

remark
A If youinput 4, =0, The permeability is kept to be constant.
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® Elasto-plastic material (MODIFIED CAM-CLAY MODEL) (MT=8) : (for plane element)
col. variables (format) contents

col. variables (format) contents
[1st Card]
1 L (A1) : Typing'E' (if this material is the final material

to be defined,letter "E" indicates that the material
defined this set of cards is the last material and
there is no more material to be defined.

2~5 MT (14) : 8 elast-plastic(MODIFIED CAM-CLAY MODEL) material
is specified by 8.
6~10 MM (15) : material number

11~20  AAQ1) (F10.0): D Coefficient of Dilatancy proposed by Shibata (1963)
21~30 AA(2) (F10.0): A Irreversibility Ratio expressed by A :1-%

31~40 AAQR) (F10.0): M Critical State Parameter
41~50 AA@) (F10.0): v Poisson Ratio

51~60 AA(5) (F10.0) : kx(r) ly, Coefficient of permeability in x(r)-direction.
61~70 AA(6) (F10.0) : kx(z) / y, Coefficient of permeability in y(z)-direction.

col.  variables (format) contents

[2nd Card]
11~20 AA(7) (F10.0) : o-v’o Preconsolidation Pressure

21~30 AA(8) (F10.0): K, Coefficient of Earth Pressure at rest

immediately after Ko,-normal consolidtion (reference state)
31~40 AA(9) (F10.0) : av'i Effective Overburden Pressure in-situ

41~50 AA(10) (F10.0): K, Coefficient of In-situ Earth Pressure at rest.

col. variables (format) contents

[3rd Card]
11~20 AA(11) (F10.0): A Compression Index in the e-In(p/po’) relationship
21~30 AA(12) (F10.0): e, \oid Ratio corresponding to o vo'at reference
state(if you don' know the value of eo,
specify eo=0)
31~40 AA(13) (F10.0): A Gradient of e plotted against In(k)
41~50 AA(14) (F10.0) : m Constant parameter to control expansion rate of subloading surface
(R =—(m|e’|InR)/ D ).in which D is coefficient of dilatancy and R is similarity
ratio)
51~55 NRD (15)  : NRD control flag
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Se-Hardening model(for unsaturated soil) (MT=9)

READ(SUB.INMAT) L MT,MM, (AA(J), J=1,6)

(L:CHARACTER; MT,MM:defined at/C/; AA(J):used only in this subroutine)

col. variable (format) contents
[1st Card]
1 L (AL) : Type 'E'(if this material is the final material

to be defined,letter'E" indicates

that the material defined this set

of cards is the last material and there
is no more material to be defined.

2~5 MT (14) : 9 unsaturated elast-plastic(Se-Hardening model) material
is specified by 9.
6~10 MM (15) : Material number

11~20 AA(1)  (F10.0): 1 =0.434Cc
21~30 AA(2)  (F10.0): x=0.434Cs
31~40 AA@B)  (F10.0): M Critical State Parameter = 6sin ¢'/(3—sin ¢')
41~50 AA(4) (F10.0): v Poisson’s Ratio
51~60 AA(5) (F10.0) : kx(r) | y,, Coefficient of permeability in x(r)

direction at the reference stress state
61~70 AA(6) (F10.0) : ky(z) |y, Coefficient of permeability in y(z)

direction at the reference stress state

col.  variables (format) contents

[2nd Card]

11~20 AA(®7) (F10.0): m (Mualem modulus)

21~30 AA(8) (F10.0): a (Coefficient of initial yield function))
31~40 AA(9) (F10.0): n

41~50 AA(10) (F10.0) : e, Initial void ratio

51~60 AA(11) (F10.0): y,  (Wet density)

61~70 AA(12)  (F10.0): blank

col. variables (format) contents

[3rd Card]
11~20 AA(13) (F10.0): AP (Sr~s logistic curve parameter in case of DRY)
21~30 AA(14) (F10.0): BP® (Sr~s logistic curve parameter in case of DRY)
31~40 AA(15) (F10.0) : A" (Sr~s logistic curve parameter in case of WET)
41~50 AA(16) (F10.0): B" (Sr~s logistic curve parameter in case of WET)
51~60 AA(17) (F10.0): S _ (Sr~s logistic curve parameter)

61~70 AA(18) (F10.0): A Gradient of e plotted against In(k)
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col. variables (format) contents

[4rd Card]
11~20 AA(19) (F10.0): n_ (EC Model parameter)

21~30 AA(20) (F10.0): m (Sub loading parameter)
31~40 AA(21) (F10.0): k :Air permeability in X

ax(ar)

41~50 AA(22) (F10.0): k :Air permeability in y

ay(az)
51~60  AA(23) (F10.0) : blank
61~70 AA(24) (F10.0) : blank

col. variables (format) contents

[5rd Card]
11~20  AA(25) (F10.0): y Solution solubility(g/1g H,O)

21~30 AA(26) (F10.0) : Dx(r) Dispersion coefficient in x

31~40 AA(27) (F10.0) : Dy(z) Dispersion coefficient in y

Xiv



(6) Step Control Card

fH5%

READ(MAIN) LE,ISTEP,INOD,IELM,ICOND,ILOAD,IHEAD,IFLUX,IZATA,IEVAP,IOUT,DTIME,LISTEP,NUMC

col. variables (format)

contents

1

6~10
11~15
16~20
21~25
26~30
31~35
36~40
41~45
46~50
51~55
56~60
61~65
66~70
71~75
76~85
86~90
91~95

96~100

101~105

LE
ISTEP
INOD
IELM
ICOND
ILOAD
IHEAD
IFLUX
IAIRP
IFUXA
IZATA
IEVAP
ICONC
IFUXC
IOUT
DTIME
IISTEP
NUMC

ICLEAR

ICNG

(A1)
(15)
(15)
(15)
(15)
(15)
(15)
(15)
(15)
(15)
(15)
(15)
(15)
(15)
(15)
(F10.0)
(15)
(15)

(15)

(15)

: Typing 'E' (if this is the final set of step control cards)
: Step  number

: Tthere are some additional input data of nodal points
: There are some additional input data of element

: There are some additional input data of geometry boundary condition
: There are some additional input data of load
: There are some additional input data of hydraulic boundary condition

: There are some additional input date of rainfall
: There are some additional input data of aerodynamic boundary condition

: There are some additional input date of air content

: There are some additional input date of transpiration

:There are some additional input date of evaporation
: There are some additional input date of concentration ratio
:There are some additional input date of concentration flux

: Require to print out the output of this step

: Incremental time interval for this step
: Specify the number of sub-steps by dividing this step
: If you specify a certain number N,(N-1)steps following
this step will be automatically run being controlled
by this step control card
(therefore N steps which are identically controlled
will successively be run)
: The switch changing the volume of displacement ‘0 and not
changing the volume of stress(fix)
0 = not change ‘0’
1 =change ‘0’
: Change material properties

remark
(1) INOD,IELM,ICOND,ILOAD,IFLUX,IZATA,IEVAP, =1 means Yes

=0 means No

If you are restarting, your computation specify the step number which is

the next to the final step number computed in the previous run.

(2) INHEAD, INAIR,INCONC

=lorl1l0orl11 means Yes
=0 means No

(1) Itis boundary condition if you choose 1.
(2) Itis an initial condition if you choose 10.
(3) Itis an initial condition and boundary condition if you choose 11.
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(6)-a Coordinates of Nodal Points

if you specify in Step Control Card,INOD =1 : you fill this card
=0 : you need not fill this card

READ(SUB.INNOD) L,N1,X1,Y1,N2,X2,Y2

col. variables (format) contents
1 L (Al) :Type 'E'if this card is the final card to
define the coordinates of nodal points.
6~10 N1 (15)  : Nodal point number(if you want to form the mesh by automatically

dividing as a certain distance(from N1 to N2)
by a constant interval
X 7% Ay = Y= Y1
N2 - Nl N2 - Nl
specify here the final number(N2) of nodal point up to
which automatic mesh should be made if you don't use automatic
mesh formation,no need of specifying the number N2.

AX =

11~20 X1 (F10.0): x,(r;) Coordinates of the nodal point N1

21~30 Y1 (F10.0): y,(z;) Coordinates of the nodal point N1
31~35 N2 (I15)  : The number of nodal point

36~45 X2 (F100) : x,(r,) Coordinates of the nodal point N2
46~55 Y2 (F0.0): y,(z,) Coordinates of the nodal point N2

remarks
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(6)-b Description of element

If you specify in step control card IELM = 1 : you fill this card
=0 : you need not fill this card

READ(SUB.INELM) L,M1,(ND(1),1=1,9)MM,M2

(1st Card)

col.  variables (format) contents

1 L (Al) : Type'E',if this card is the final card to

define elements

6~10 M1 (15) : Element number
11~15 ND(1) (15) : Nodal point N1
16~20 ND(2) (15) : Nodal point N2
21~25 ND(3) (15) : Nodal point N3
26~30 ND(4) (15) : Nodal point N4
31~35 ND(5) (15) : Nodal point N5
36~40 ND(6) (15) : Nodal point N6
41~45 ND(7) (15) : Nodal point N7
46~50 ND(8) (15) : Nodal point N8
51~55 ND(9) (15) : Nodal point N9
56~60 MM (15) : Material number
61~65 M2 (15) : Element number
66~70 MTY (15) : Element type

col. variables (format) contents

[2nd Card]
10~20  EMT()  (F10.0):

21~30 EMT(@2)  (F10.0):
31~40 EMTG3)  (F10.0):
41~50 EMT@)  (F10.0):

Total Preconsolidation Pressure
Total Overburden Pressure
Coefficient of In-situ Earth Pressure at rest.

GVU
O-vi
I‘<i

Sr Initial saturation
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remarks

1. When you would like to remove some elements in this step to express excavation work, you only have to add the
minus sign at the head of the first and the last element number, such as -M1 and -M2. Then you need not specify
the other variables, ND(1)~ND(9), MM, NGP and MTY. However, you must have already defined all the
elements in previous steps to remove in this step. Elements defined newly in this step can't be removed in this
step.

2. When you specify the element number M2, nodal points which surround elements, such as N '~ N«

NM2 ~ N2 - -between elements M1 and M2 in the figure below, are automaticallydefined, provided that

the relation between nodal points and elements are satisfied the following equation(see, the figure below).
Moreover, this option isn’t available for a triangular element.

NME_NML = (M1+k)- ML=k, i=12--9, MI<Ml+k<M2,

where, the superscripts and the subscripts indicate element number and local nodal point numbers in the element
respectively.

M ] M Mtk A Mk A M1+k
Nyl AMI NFI NMUek MLk M1
\J \J S \J S
Ml M1+1 M1+2 Ml+k M?2
N M1 o NMlo O O aeeees o & o
' M1 e . M 1+k
N N;m” N;‘ﬂ'l+k N +
O O O O O
M M M v - M - M -
Njfl Nifl N:m f\ﬁmﬂ‘ N;UHA f\;f“”‘

3. The local nodal point numbers are specified anti-clockwise, such as the right figure.

4. You can input 9, 4 or 1 to NGP as the number of gauss points. If you specify the number of gauss points which
are less than the number of the nodal points, the reduced numerical integration is carried out. The reduced
numerical integration is not recommended due to avoiding bringing about zero energy mode and hourglass
mode.

—input—
*1) Nodal points N1,N2,N3,N4- - - N1+i,N2+i,N3+i,N4+i- - - between elements M1 and M2 are automatically defined if you

specify the element number M2. This option cannot be used for triangular element. In case that you do not want to define the
nodal points automatically do not specify M2.

N2+2i N4+2i NG6+2i
N1+2i N3+2i N5+2i N7+2i
O \' %4 O A% O A% O @ Y ©
ML (M1p+1) (M1+2) MR
D & & & © & D eeenes ¢ & D
NI+ N2Z+i N3+i N4+ N5+ N6+ N7+i
© & & S &> & ) ® & O

N1 N2 N3 N4 N5 N6 N7

*2)  N1---N9 should be specified anti-clockwise.

y
N7 N8 N9
o U f)
M
¢ D D
N4 N5 N6
G © O
N1 N2 N3
X
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(6)-c
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Geometric Boundary Conditions

If you specify in this Step Contorl Card,ICOND = 1: you fill this card

=0 : you need not fill this card

READ(SUB. INCOND) L,NB,NL,(NBB(I),1=1,3), (BB(1),1=1,3)

col. _ variables (format) contents
L (A1) : Type 'E', then the card is defined as the last one.
6~10 NB (15) : The beginning number of nodal point which is on the displacement boundary
11~15 NL (15) : The last number of nodal point which is on the displacement boundary
16~20 ND (15) : When you input the some value, the nodal points, which is from NB to NL, are

specified as the displacement boundary every ND-the nodal point.

21~25 NBB(1) (15) : Displacement in x(r) direction is specified or not

26~30 NBB(2) (15) : Displacement in y(r) direction is specified or not

31~35 NBB(3) (15) : Rotation is specified or not

36~45 BB(1) (F10.0) : Amount of given increment of nodal displacement in x(r)

direction in this step

46~55 BB(2) (F10.0) : Amount of given increment of nodal displacement in y(z)

direction in this step

56~65 BB(3) (F10.0) : Amount of given increment of rotation in this step

(anti-clockwise is positive)

remarks
*1)

*2)

*3)

If you do not specify NL, only the nodal point NB is subjected to
the geometric boundary conditions defined by NBB(1~3) and BB(1~3).

You can specify the geometric boundary conditions on nodal points
which are not yet existing but which will be generated.

The geometric boundary conditions already defined can be altered
to the new ones by inputting here again.
NBB(1~3) 0 = not specified
1 = specified
Amount of displacement to be specified is defined by BB(1~3).
The “fixed” condition which is the given displacement and rotation is
defined by inputting 0.0. The amount of given displacement of
a nodal point should be given as an increment. Specified given displacement
is the displacement increment to be observed during this step.
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(6)-d Load Data

if you specify in Step Control Card,ILOAD = 1 : you fill this card
=0 : you need not fill this card

READ(SUB.INLOAD) L,KIND,N1,N2,ND,FX,FY,FM

col.  variables (format) contents

1 L (A1) : Type'E',if this is the final card to define
the load condition data

6~10 KIND (15) : Kind of load *1)

11~15 N1(M1*3) (I5) : Number of nodal point or element loaded (the beginning)

16~20 N2(M2*3) (I5) : Number of nodal point or element loaded (the end)

21~25 ND(ID*3) (I5) ‘When you input the some value, the nodal points, which is from N1 to N2, are
specified as the load data every ND-th nodal point.

26~35 FX (F10.0) : Amount of load increment in x(r) direction in case of KIND=1
.y aunitweight of element in case of KIND=0
36~45 FY (F10.0) : Amount of load increment in y(z) direction in case of KIND=1
46~55 FM (F10.0) : Amount of moment increment in case of KIND=1
(anti-clockwise is positive)
55~60 (NS*3) (15) : Indication of the kind of load condition and its position , which perimeter(D~@)

of the element is subjected to which substantial boundary condition.

remarks
*1) KIND =0 : element with its own weight
=1 : nodal force
= 2 : traction force

*2) Load ratio
*3) In case of KIND=2

(1) In case of plane strain condition with 9 nodes iso-parametric element

¢ : equal distribution load ! l“f 2f i4.f' A
RAERARENRRIARN !

o o ||:> o o

) )

f :nodal force

In case of plane strain condition with 9 nodes iso-parametric element

(2) In case of axi-symmetric condition with 9 nodes iso-parametric element

¢

t : equal distribution load

f : nodal force

In case of axi-symmetric condition with 9 nodes isoparametric element

XX
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(6)-e  Hydraulic Boundary Conditions

If you specify in this Step Contorl Card,IHEAD =1,10,11 : you fill this card
=0 : you need not fill this card

READ(SUB. INHEAD) L,NB,NL,ID,WHB,NHC

col. _ variables (format) contents
1 L (A1) : Type'E',if this card is the final card to
define the hydraulic boundary conditions.
6~10 NB (15) : The beginning number of nodal point which is on the water head boundary
11~15 NL (15) : The last number of nodal point which is on the water head boundary
16~20 ID (15) :When you input the some value, the nodal points, which is from NB to NL, are

specified as the head boundary every 1D-th nodal point.
21~30 WHB (F10.0) : The known value of total water head
31~35 NHC (15) :Cancel & unknown flag of the head boundary

Remarks
1. The nodal point which you specified as the head boundary are neglected except the nodal points located at the four
corners of an element.
2. The typical value of ID is 2. Because the nodal points which can express pore water behavior are put at the corners of the
element (see the figure below).

r(z) r(z)

x(r) x(r)

@ : The nodal points which can express soil skeleton and pore water behaviors
O : The nodal points which can express soil skeleton behavior only

3.When you would like to cancel the water head boundary which you specified in the previous step, you must specify
NHC=1. You don’t have to input anything except for this purpose.

xXx1



{4k
(6)-f  Influx data(Rainfall Data)

If you specify in this Step Control Card, IFLUX =1 : you fill this card
= 0: you need not fill this card

READ(SUB. INFLUX) L,M1,M2,NS,FX

col.  variables (format) contents

1 L (A1) : Type'E',if this card is the final card to
define the hydraulic boundary conditions.

: The number of element (the beginning) *1)

6~10 M1 (15)
11~15 M2 (15) : The number of element (the end) *1)
16~20 NS (15) . Indication of the kind of flux condition

and its position, which perimeter(D~@®) of
the element is subjected to which substantial
boundary condition. *2)

26~35 FX (F10.0) : Rainfall value on the boundary

remarks
*1) The boundary of elements from M1 with a certain interval INT to M2

is automatically subjected to the hydraulic boundary conditions

specified by NS. If you do not specify M2, only the element
M1 is subjected to the hydraulic boundary conditions defined by NS.

*2) The ordering of perimeters is shown in figures. (N1- - - N9 are defined
in the element data)

y(@) y(2)
N7 ® N9 NG
@ @ ®) )
NG @ N3 NL D " N3
x(r) x(r)
quadrilateral triangular
element element
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(6)-g  Aerodynamic Boundary Conditions

If you specify in this Step Contorl Card,lAIRP =1,10,11 : you fill this card
=0 : you need not fill this card

READ(SUB. INHEAD) L,NB,NL,ID,WHB,NHC

col. _ variables (format) contents
1 L (A1) : Type'E',if this card is the final card to
define the Aerodynamic boundary conditions.
6~10 NB (15) : The beginning number of nodal point which is on the air pressure boundary
11~15 NL (15) : The last number of nodal point which is on the air pressure boundary
16~20 ID (15) :When you input the some value, the nodal points, which is from NB to NL, are

specified as the air pressure boundary every ID-th nodal point.
21~30 WHB (F10.0) : The known value of total air pressure
31~35 NHC (15) :Cancel & unknown flag of the air pressure boundary

Remarks

1. The nodal point which you specified as the head boundary are neglected except the nodal points located at the four
corners of an element.

2. The typical value of ID is 2. Because the nodal points which can express air pressure behavior are put at the corners
of the element (see the figure below).

r(z) r(z)

x(r) x(r)

@ : The nodal points which can express soil skeleton and air pressure behaviors
O : The nodal points which can express soil skeleton behavior only

3. When you would like to cancel the air pressure boundary which you specified in the previous step, you must specify
NHC=1. You don’t have to input anything except for this purpose.
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(6)-h Inflxa data(air content Data)

If you specify in this Step Control Card, IFUXA =1 : you fill this card
= 0: you need not fill this card

READ(SUB. INFLUXA) L,M1,M2,NS,FX

col.  variables (format) contents
1 L (A1) : Type'E',if this card is the final card to
define the Aerodynamic boundary conditions.
6~10 M1 (15) : The number of element (the beginning)
11~15 M2 (15) : The number of element (the end)
16~20 NS (15) . Indication of the kind of flux condition

and its position, which perimeter(D~@) of
the element is subjected to which substantial
boundary condition.

26~35 FX (F10.0) : Air content value on the boundary

remarks
*1) The boundary of elements from M1 with a certain interval INT to M2
are automatically subjected to the Aerodynamic Boundary conditions
specified by NS. If you do not specify M2, only the element
M1 is subjected to the hydraulic boundary conditions defined by NS.
*2) The ordering of perimeters is shown in figures. (N1- - - N9 are defined
in the element data)

y(2) y(@)
N7 @ N9
@ @
N N3 N3
x(r) x(r)
quadrilateral triangular
element element
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(6)-i  Transpiration Data

If you specify in Step Control Card, IZATA =1 : you fill this card
=0 : you need not fill this card

READ(SUB. IZATA) L,M1M2,7T,DN

col. _ variables (format) contents
1 L (A1) : Type'E',if this card is the final card to
define the hydraulic boundary conditions.
6~10 M1 (15) : The number of root element (the beginning) *1)
11~15 M2 (15) : The number of root element (the end) *1)
16~25 ZT (15) : The transpiration of a root element
26~35 DN (F10.3) : Transpiration exponentially parameter

(6)-j Evaporation Data

If you specify in Step Control Card, IEVAP =1 : you fill this card
=0 : you need not fill this card

READ(SUB. INEVAP) L.,M1,M2,NS EV,DN

col.  variables (format) contents
1 L (A1) : Type'E',if this card is the final card to
define the hydraulic boundary conditions.
6~10 M1 (15) : The number of evaporation element (the beginning) *1)
11~15 M2 (15) : The number of evaporation element (the end) *1).
16~20 NS (15) : Indication of the edge that evaporation boundary of the element

and its position, which perimeter(D~®) of
the element is subjected to which evaporation boundary condition
21~30 EV (F10.3) :The evaporation of a evaporated element at flux(evaporation) boundary

31~40 DN (F10.3) : Evaporation exponentially parameter

XXV
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(6)-k  Concentration Boundary Conditions

If you specify in this Step Contorl Card,ICONC =1,10,11 : you fill this card

=0 : you need not fill this card

READ(SUB. INCONC) L,NB,NL,ID,WHB,NHC

col. _ variables (format) contents
1 L (Al) : Type'E',if this card is the final card to
define the Aerodynamic boundary conditions.

6~10 NB (15) : The beginning number of nodal point which is on the concentration ratio boundary
11~15 NL (15) : The last number of nodal point which is on the concentration ratio boundary
16~20 ID (15) :When you input the some value, the nodal points, which is from NB to NL, are

specified as the air pressure boundary every ID-th nodal point.

21~30 WHB (F10.0) : The known value of total concentration ratio
31~35 NHC (15) :Cancel & unknown flag of the concentration ratio boundary

Remarks
1.

2.

The nodal point which you specified as the head boundary are neglected except the nodal points located at the
four corners of an element.

The typical value of ID is 2. Because the nodal points which can express solved material behavior are put at the
corners of the element (see the figure below).

r(z) r(z)

x(r) x(r)

@ : The nodal points which can express soil skeleton and air pressure behaviors
O : The nodal points which can express soil skeleton behavior only

When you would like to cancel the air pressure boundary which you specified in the previous step, you must
specify NHC=1. You don’t have to input anything except for this purpose.
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(6)-1  Influxc data(concentration flux Data)

If you specify in this Step Control Card, IFUXC =1 : you fill this card
= 0: you need not fill this card

READ(SUB. INFLUXC) L,M1,M2,NS,FX

col.  variables (format) contents
1 L (A1) : Type'E',if this card is the final card to
define the Aerodynamic boundary conditions.
6~10 M1 (15) : The number of element (the beginning)
11~15 M2 (15) : The number of element (the end)
16~20 NS (15) . Indication of the kind of flux condition

and its position, which perimeter(D~®@) of
the element is subjected to which substantial
boundary condition.

26~35 FX (F10.0) : Concentration flux value on the boundary

remarks
*1) The boundary of elements from M1 with a certain interval INT to M2
are automatically subjected to the Concentration Boundary conditions
specified by NS. If you do not specify M2, only the element
M1 is subjected to the concentration boundary conditions defined by NS.
*2) The ordering of perimeters is shown in figures. (N1- - - N9 are defined
in the element data)

y(@) y(2)
N7 ® ’N9
@ @
N N3 N3
x(r) x(r)
quadrilateral triangular
element element

The end of manual
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