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Development and Application of a Concised Constitutive
Mode for Partially Saturated Soil
Student : Cheng-Han Tsou Advisor : Dr. Yii-Wen Pan
Department of Civil Engineering

National Chiao Tung University

ABSTRACT

Suction in partially saturated soils can increase the skeleton stress
between soil particals and raise the yielding strength and stiffness of the
soil. However, the additional stress or deformation resulted from suction
was often ignored in numerical simulation. A proper constitutive model
for partially saturated soilsis required in numerical modeling to take the
effect of suction into account.

Although many models for partially saturated soils were proposed in
the last two decades, some of them are too complicated in pratical
application because too many parameters are required. Simple models, on
the contrary, may not be able to capture the complete nature of partially
saturated soils. In this thesis, a concised constitutive model that collects
the merits of other models was proposed to describe major features of
partially saturated soil with limited number of material parameters.

The concised model was coded as a “FISH routine” in the numerical

program FLAC to allow for the numerical modeling for geotechnical



problem in partially saturated soil. For model verification, some triaxial
tests carried out by other researchers are simulated. The comparison of
the simulated and laboratory tested results confirmed that the proposed
model is able to model the mechanical behavior of partially saturated
soils. Finally, the stability of a slope and an earth dam with rainfall

infiltration were analysed to demonstrate of applicability of this model.

Keywords: Partially saturated soils, Constitutive model; Numerical

simulation; Suction effect
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£
—é“r
—é“‘r
=

Vanapalli ¥ Fredlund (2000):

C = S b (2-8)
HeY SZ&frR P K5 FTh#Ekco
FHRBA B F iR F Bt BT & 5 %4 v (suctionratio) (Khalili 22

Khabbaz, 1998) » B & #8 4 3 ¢ Cc 5 4 b it T ie B 2.5 977 o
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1 i
0.8 e e T Best fit*

Effective Stress Parameter

0 2 4 6 8 10 12 14
Suction Ratio

Bl 25 c & 4vhmil i (Khalili, et al., 2004)

R bpfod s P o STEHER Bishop(1959):hF s 4 w5t o fie
gceatpal s T4 BRIER &Erjﬁﬁ‘z fodefrd - k> R BEAME -
RSOyt 2 ERA -

215 R dpfet P 4 B R

TG BT > 2REDT 4 pRBEHAFTE A A (Fredlund &
Rahardjo, 1993) o o * & #p & ¥ 112 i 4 ek [ 4 & of ok 304 e o
FE A > F]p Fredlund, et al.(1978) ¥ & f B G IR BRI T2 i >
N FERA AT A AR EDT A R O

ty=ctH(s, - u,) tanf &+(u,- u,) tanf® (2-9)

He
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ty » B3RP > L3RG e A
clz R 4
(Sy-Uy) & BLEPF > Bk G b e iy 4
S, LELEPE  BEG b g
U, 5B PE > B s b ehg R
fAS Ap 302 4 hAHE
(Uy- U,) » BORPFenZL BT 4 & )
fPh—- &8 R4 5 REAT xS 34l d

TARRE ZRSIEATEA DY G 7 Z Gl g 457 > 4oBl 2.6

T,
X
=

Extended Mohr-Coulomb ;,@"‘.:_;‘ d
failure envelope - s
W e 3 .
| B = e
\ P A
\..‘ - iy f"’ [ (.."/ b ~ Y d:‘b
£ o, L Y
{ H,F' .-'f H‘\ -'Ef ‘Iil
Lt !
iy Uy tan o b ! / W I ¥

Snear stress, T

‘|

0 Met norrmal stress, (@ - u,)

B126 T4 smeres 24 b 4 (Fredlund 2 Rahardjo, 1993)

FHREERT O AR AE IR B HR A B 0 BT

Ao BB ofPAB ARBLFIEF ERF A ETUpE > - LA A
WRFEF A PIFCREFAT R A 2 A R 0 @ F T4 5 R R

14



4R LA Ao 27 40 0 B R TR 4 RE P e R

Mo Tt e 4 e B84 W i Br'E i (Fredlund ¥ Raharjo, 1993) -

1000 .
| i

7500 —— = [

500

250 | o Madrid Gray Clay, o — u, = 120 kPa

| | ‘ | ‘

0 2500 5000 7,500 10,000 12,500 15,000
Matric Suction, u, — u,, (kPa)

® Red Silty Clay, o — u, = 120 kPa (

Shear Stress, 1 (kPa)

0

Bl 2.7 F4 5% REs4 b gt (Lu & Likos, 2004)
F E %1 Bishop(1959) g sl e 3% %~ 3T B i 2 B LiE &
F(2-9)4p e 5
t =c¢+_‘é(sf - ua)f +¢ (U= ) ldtanftt ....................... (2-10)

Frediund # Raharjo(1993) % 1* # 3 (2-9) 2 3 (2-10) « 1 | ¢ #2 f * chapd

A4 ™ .

d (217 o cfPgmd R R R Ak R ¥R B
24 EH et 0 BB EF ORI G o

FUERA SR ARE ALY S HAER RIBUR S BRSO E BT
A Hdea P o) 2.8 97T 0 B % PES R TRA R AR A

A o s Khalili, etal (2004)fc f 55T B > £ 00F skt S HEARE
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AT W WRER - BRSO TRRR AT RS TR R e
29477 o ¥ v BN fond Y 4 B R P F okt LA

Tn=C+ {0 - uh tan ¢’

or

T =cC + (U - uy) tan @° + (gy - u) tan ¢”

Shear stress, T

0 MNet normal stress, (0 - u,)

F12.8 104 5 AR EdR e 2 s 0 2 (Fredlund #
Rahardjo, 1993)
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1000

| @ Kaolin, Suction = 0—300 kPa (Wheeler and Sivakumar, 1995)
o Trols-Rivieres Silt, Saturated and Unsaturated (Madtouk et al., 1995)
800
g o
:-l' a
o 600 |
@
g Saturated CSL (M= 1.5)
a -
Q
5 400 | ::
s i o « °
g L ]
. \csum=o.m
200 | b
[ ]
o
D . R S L | i 1 [ N S . N i PO (I S T .
0 100 200 300 400 500 600
Mean Effective Stress, p’ (kPa)
(a)
2400 - :
L = Sion Silt, Suction = 50-280 kPa (Geiser, 1999)
I o Jossigny Silt, Suction = 0~1500 kPa (Cui and Delage, 1996)
.
1800 | Saturated CSL (M= 1.3)
g e~
=
‘t'.l' [ ]
0
w
£ 1200 } °
wy
5] % (o] 9
;] & °
=] o
® N
E - Saturated CSL (M = 1.05)
600 + -
(=]
u i - i — i " i i S, i A A L i A
0 300 600 900 1200 1500 1800

Mean Effective Stress, p’ (kPa)

(D)

B129 wfEd et bt Thqehkii® (Lu 2 Likos, 2004) (kB

p Khalili, et al.2004)
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2.1.6 N~ bpfod MR R 1 4L

P drfrd F st 2 DT o 5 FURR A R A L 0 RR

‘mﬂ

& TR 4 =

z%’fx

E]JT}:NE ’ I-L Iﬁ_‘?\ b%éf«frpi:#g ”/ é—/%)ﬁéi’! r_‘]LmAI‘B /H'_,—L- s BT

P RIREAE R RS AT o FI A E AR R L A S A 2R

CECSIRNE ST E T3 S I

T o DR EE RS R TR R AR

F_&
w

a4
N

BLEZ - FHRSEMHT g IHEPIG RS G BRRA RADG A A
FoomuF EERGET R BAMBIGEL R A frle o PR R d AP o
PWatefed el YR FREG mp B0 o X4 AR KRR
Meniz B A% + F5 # (Alonso, et'al.; 1990, Wheeler ¥ Sivakumar, 1995;

Futai £2 Almeida, 2005) > 4-B):2.10 #5557
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Void ratio, e

] % Saturated

1 O {u, — u,) = 100 kPa
:D{ua—u_,]=3[:leF'a

1 @ Air dried

08 T T T T T T T T

1 10 100 1000
Mean net stress, p — u,: kPa

B 210 B4 ssEe 8 S (Futal &2 Almeida, 2005)

A b A e B L ERBIT kA e o R K 0T UL 00 7]
FEFRBY R ARG - GRS R RSB DERY g R
FEATR > & F R Mensl Fom g R 4 o g andg g o

Bt LR BOFIRT o RRERY RA e 4 G it
8 AR 22 F F *L(Alonso, etal., 1990) o Fpt > tif i INA et
FRE A M T L PE s 2F ?}E& Bk f2R A R A 7 g 4 s (Loret

2 Khalili, 2002; Gallipoli, et al., 2003; Chiu £ Ng, 2003) «

FRE LA T 2R ER S g
LERORRT o AR R T DR R o

P IR G AL S e 4 R R (suction consolidation) et 5z % (shrinkage) (Kohgo, et
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al., 1993) -

Fleureau, et al. (1993) % ¥+ 11 f&7 I 4 3& > P3EFC IR

(drying-wetting cycle) & s 4% % i o fw 4 JE 0% ot A 2

FRE o MAR ST R SR B FRF B 0 A AR

EprtEw 00 MM A S EprE > B21L 52 A

#%o
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L \L\ JOSSIQ!!! Loam ® Experiment (drying)
12 O Experiment (wetting)
== Model prediction
- 1.0
NEENE"
E s N air entry
2
° e
>
06 —v—“m—:a%:ii | ¥
04 elastic IS s
b |
0.2 M RERET I ||....|| i ..---..| PR RERET] Fe b 1 A_ILLL i ---n|| A asil
0 1 10 100 1000 10000 100000 1000000
@
24 | T -
White Clay
| |
18 ._‘-\.\ - Point of —
L
E L
(1 4 [ r- — ..
12 =
k=] ‘--""E--
S — T
> }-I-._.
[ —
06 — : ;
BExperiment !
; o @'“rﬂr,’g} Saturated elastic
Experiment (wetting) response
- Model prediction u| |
0.0 i ......l L --n--i A :-u-l FR R AT T) PR Y| R TR W N} L bl
0.1 1 10 100 1000 10000 100000 1000000
Suction (kPa)
(b)

B 211 23 A§CRETRT SR8 % 0 ¢ (8) Jossigny laom (b) White clay
(Fleureau, et al., 1993)



wAp e P A duEfRY o L FE R F A B RAK 1ﬂmli€l PUIR f AR AL
% iR KA wetting collapse) - 7 1960 # & » JRIEARAR 5 7 2o LA B2 128

IR % (Jennings ¥ Burland, 1962)> = 5 % ) 5 »c s+ BLA AL * R F]

Khalili, et al. (2004) % 333 7 >l 4 LA H3T3RA e {od Henig * |25
FORRER A 4 R ] o R 4 M G kPR S 204 drfe 0 B 1 R B en
¥ 4R 212 ¢ hEEC B Tor 0 B F a4 ok L AoBE L AT o L pE
FA TR Pl A L g2 T o MR FIER S v AR o AoBE 2 7T o

B BEFWRT L ARG E S B TEA 2B F 1 2R

Sk RCE- 0 DIERE A N E o P R et O R 5 B P ehgk 347

SR SRR 3 EEETYN (N F ALt S
FOE(R A 1-2) 0 A AR L R RGO 0 A2 L PR R

1-3) >t TIRKEE 2 R Fle

Void Ratio

-

>

Effective Stress

Bl 212 Biea 4 gk F) (Khalili, et al., 2004)
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T bR ROPICRIERLT 0 2EAL T T W R AR 0 4om]
2.13 #7571 o
First drying
il 7
s
First wetting
12— /
Second wetting
2
E —
3
=
1 —]
s
Second drying
ﬂ'a I T T TTTI I T I T TTTTT T I I T TTTT1
3 10 100 1000
Suction: kPa

Bl 213 235 RiCiR AR T oA % (Sharma, 1998)

R RPECRERY IR R DB TL A HF o e Ol

207 %A b frd F e TR

-

By ToRRE R > A et HEE A & LR GikE

GfrRc® e RFIGI T FF - 3O DILEALF Ry 0 BRIk
B il i §F 0 ok B 2 AR O H 4 o A 3L K-k 2 (Childs,
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% Gzt fod Y g L ARE 0 2 L I HF A
T oA AT LR S BE LB EFEN ) T HFS R
FAHFNFEI - FR AP ATEREH 1 A7k FLAC & £ 3

TEBG G TEfPRDFE > BT 2RARBER ST £ R

22 W bpfrd Eone & 2
AE RIS el e g B Y o D PERE I

2 AW EF e W A iR e ] Aok 21 945

2 21 VL et e E 22 ;}%

i BAl L Rl A
B enite pfed e & = 12 Cam-clay
A'O(”lsé’é(;ta" model i 726 o it g T e fed o e T
FICHE ~ kPR A AT (75 o
Loret 2 RETRIEFAM IR E T RS R
Khalili(2000) |% > 7 B E F ¥ FT 5 o8 % 520k 4 A o
Loret g7 3 o4 BLA > Btk Cam-clay model Z 2
Khalili(2002) |# 2 $tAfRe AR - LT EhBmAE 5 P o
Blatz ¢ 51 % Alonso, et al.(1990):£ = 7] » 11 F iRk
Graham(2003) EEMNHMAFH L TR DB oauEig o
Chiu 2 FHEIE I G a0 AT E A
Ng(2003) BB e ahfET Ay R S -
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Ga”lpOll, et D 25 2 4 #% é’/\'ﬁ B IB IR fe 5 AT R m?ﬁﬁﬁ;,‘
al.(2003) PR A RHHRSFE CEHE SR
Sheng, et Y Rl e ) I fg,%‘g%ﬂm' R ER G > T
al.(2004) iﬁi% BUERT > WM R RGT S -

Pereira, et Mem A sz 2 oenZEfE B % 2 CISmodel 0 ® e
al.(2005) AR

Russell &2 Hemn A freE 2 ghZE4E R * % bounding surface

K halili(2006) model » ¥ HERE i A o

3 N e B IR SR - B o) e U R S I BN B ) R R

Lo = S ByPRA R Mg A rn—JLrFﬁ = i+ (hardening) - & % 2% ¢ -
THEBBAFEA W en B IHER > TG T LH DS o A E 4
$E A R A3t ih o B P Redoid A L3tk E B — o 1
R R PHAIGARBENSECEY 2 Faha NPy o BB
ETAp0L s FI 3 A g e
AR R FLACHHF ER @™ F p (74 B 4 T 2 st

(User-defined model, UDM ) eh# it » B R 430 % 3 A 978 B 2300 &
frle & a5 2 Sl R Tt S E T RV o
il REH 2 el kT TS S AEEE VRN T ERY
P2 RS o MG B E RGN S Y 2R RE D e 3

e

2.2.1 Alonso, et al.(1990) %2 & =

2

I

i
&

Alonso, etal. 3 B & Bz 2 3o trfrd P EHE ¥ o B iFE

:x Cam-clay model » & H it J3 g3 A & fod | eni7 5 o
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Ja 40 Cam-clay model 1 T 325 o4 pldhi 4 Qi i 4 K
& > Alonso, etal. P11 T35k 4 prdh L 4 qBE 4 s= 3 Fich i Ky

R fp-q-ST Y hA 4k do ] 2.14 915 o

‘cr

I deg” S

LC de,?y

B 214 Alonso, et al . 3] i PR g 7 2 p-g-S 7 & » 9355 (Alonso, et al.,

1990)

bp-QFd b oo BIRE AR 00 LA 0 e LR S g

A=

s Hkg d 4 A AL enF L 0 4eB) 215 #roT o %t“iﬂ B A

B PP B4 F A A e DR RS AP

) 4=
e
gl
oy
W
SN
‘3\

EREA e

A p-sTa s BfR® d LC (loading collapse)£? Sl (suction increase)
ME e > 4Bl 216 977 o H P LC R A EES g IR o 4 i 4e o
PIVE 4 B PR3 B2 2 o Alonso, et al. ik vk 4 424X 1 3 & % 1B vk

A P S f BRI G L B RS SR IRG Sl - e
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R S RLEE + ERJi2 1 )

, GSt {s)
-

-
e

e

e
A7 oSl =0

B 215 Alonso, et al. 3] ch i PRa - A p-q-T o F 97553 (Alonso, et al.,

1990)

5 |
I
!

i
Fa i A

B 2.16 Alonso, et al . #- 4| ch B PRa > & p-sTm F 7538 (Alonso, et al.,

1990)

P LEVORE f hE RS o TR 2167 5 - = F R 0 'E

4R iR b 2 A o Alonso, et al. Bk 2t B R e AR S S A > 1

Bipks LC 22 Sl s R 45 67 o e » e d F4rx 2hjpr o £
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T3
N

=
b

s § 77 7 (Loret &2 Khalili, 2002; Blatz ¥z Graham, 2003)7¢ v 4 B PR
B SR T AFEFRTIEIPEFTERS > F S ?‘%é’;%#ﬁ ST L

T3t g d > BB RES 5T wiR(reversible) i R % o B

a

i@
fs *ﬁ?i Sheng, et al.(2004) %= 7 ¢ > w4 B PR K TA A LB i > T
O RER Y AR EIL G rtid S B @R A RS %

R N A - R T E LSy S R

BEEIF > S EATH - Sk foit > BB 25040

o=k 05 Mg, (2-12)

(s+ pa)

Hoodv s g A amE R R %
Pus = F B4 > BRSO L FhaR ]
LA RBARGRA R df g > TR il d g ol 1 FRT

By PR m LC &334k - Alonso, et al & 3% 1 ™ 5 B GO K R R AR AL F

| (s) @ & s $o0 spr o 1 F R aLp S
| (0) s w4 5 OpF > I ¥ B %
P AR | ()2 (0) s
b - e 4l LS g
P

Ft et ot sABIT A
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AN o LML I T L o

A T A ¥ Cam-clay model i 7 4F e enid i o fe & ¥ fEER i Mg~
L

kR RERERE B S A RRE T F AT HNN A

F_*
\\ﬁr
j)?'
=y
w
Jd

L7 HRRINA A P 0 0t R JE AT
K~k ~berrm b dic> § hHi4e— Sl B9 Bimid pl o> (b 5 ficgs 20

Bhpfed e s BN o F ookl d A 0 AIKEK, A BT

Y

oo Tl Sl i Ry g e B

b

2.2.2 Loret 22 Khalili(2000)% & =

BHCR e DREV R ISEN ke F M RS B R
¥ 7 WHE A B R T s s B0 23R B s 2 (7 4 Cameclay

model $5 it 2. - & * Bishop(1959)} »a/is 4 LA - 0 0 B IR e §
W2, Rnfa e il a3 F 2B B M- 2t 2845 2
P Bt R R e

2o I

i

% Cam-clay model # » Ay PR G h= [ d pgrdled 5 L F2 % %

¢ Khalili(2000) 2% p, % 5 4 ol B B % 5 et (2-14) o o

P = P.o &Xp(x X) ><pcm(<seff >) + P, (<seff >) ..................... (2-14)

X & 1R ¥
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Sy <OPF > B~ (5,)=0
Pom ° Pea & S i Bc > 5 3 piex 4 1 g
AR R Y = AP B4 ¥ 0 it X A ¥ Cam-clay model it {7 iz
P enkmiRig i o Blde B RGP R R o BRE o SRR A L

)

EPApE ERE o AT o LEAT AR

=4
e

ETIRS

¥ AR £

N

e

PR A ET A RS A s —

3
\4
ETIRS

’

P AR B SHX S Py P B AR
SRR Y RATT S lkg, ~ 0, o B P Bl Renflied e RG FE
A Pyn  Pg o B GZERAM S PGP RDPFIELE D PRk
Ppd BT R - Lo
2.2.3 Loret ¥2 Khalili(2002)s4e:4 =

A0 ¥ Loret 2 Khalilit2 5 = 2000 & 4% 1) o= 4p #27) » 2L 24 % &
TR gl o 2 el 155 v 4 B Cam-clay model % %4k 0 it $
R PR AR L B e ) 2176

160 —

ﬂa #,
= r N
o &
w 120 — >
W
gt
w |
2 80 — I
= I
R B |
@ |
40 - -
~ Pe/r Pc
]
0 . | | | 1 I |
0 50 100 150 200 250

effective mean-stress p (kPa)

B 217 ®%AFF AR (Loret 2 Khalili, 2002)
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Cam-clay model ® » B JR& chp, T 5 FERBBRS > § 1 F R BAER
VAR LB o RELH < F 2RIt 4ol 218 ¢ 0 C gk

D 2477 o Loret &2 Khalili(2002)# ¢+ 42 4 1 p g% 4 #1- ol 58 4o

Po )G9k g
_ e SN(s)- N(0) 1 (s)-1(0), eep,, U _
y (s)—expé (9 k (9~ & Ing » % ....... (2-15)

P # B4 E30pFehp &
§ = A" dpPF DI IR

N(S) ~ (S)IZ?«J‘.L. F R AR B AL > R L4 chadn ik
SVLIN TR Lo

e L A

Py o HAEZ - 22 @ d ¥ padiAaE? 27 5 0 5t &

Fo- ERFRBRY 0 F L P ARV 5 N(S) 0 Bl 2,18

‘:Jgiprefél
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Ne(s)

S void ratio e
1

N, (

1+
o
]

1 FT.nmlriTmf ﬁc!ﬁr-f
effective mean-stress p/p,,

Bl 2.18° pPlE L FIR & S A b @ 1

s

b R g AR E A G NS ST A pr NS
F AR B R A0S R p R S R RS
oSN EF LA & vd 2R FM S oA 0 I I Bk
BEMAES BN G T RS PR TR Ao BT AT
ZF 2>z in e & Loret &2 Khalili 72000 # 3% ez 4p 3 % & o 2 7
o a3 T E SR

2

FBeenid * oo Ry R B PR G chim AL R R Y Sdier > A 4 i e

\

g\x‘i

Aitple e N(s)&l (s)d sk Loret ¢ Khalili 53k ot 7 5l
o F R R PR R B Sl 7 H Slkeh o RA N(s)&l (

)

FETEHed AR T ARG A RE o F SN KRG F

32



PR oenigh o 225 N(s)& | () gt X 2hM chan i o
PSP BR3P anEE o
2.2.4 Blatz ¥2 Graham(2003)s% & &
Blatz £ Graham(2003):#* 7 # F & A3k D drepe £ 21235 5 1 & 51
* Alonso, et al.(1990)#74& = vfir ] » B4 ki RS B4 5 Bk
it o ¥ 0F B % 3 Alonso, et al.(1990) A B F 5 8 F I G o
Blatz ¥2 Graham(2003) 1 #iTen= fhid kK # » - { B 5w 1 R
EPFETR% FHIF R R - BRAWEREERET - FHREF S DR
BoA 7 TMpas 54 B4 7 i 30Mpa oo gk g R L ehlicdy o
FrREdm, FI AL FBRR A RT B 0 RH S
£ AT R R A R T R (reversible) - &5 41 Alonso, et

al.(1990) 7 gk ek 4 By R Sl B R R T YA B LR B G o

\\?{r

B> w0 d 3 Blatz &2 Graham #z.51 # Alonso, et al. (1990) =47 »

Srig + B Alonso, et al.dp e o

2.25Chiu 2 Ng(2003)s% & &=

Chiu 2 Ng(2003) e & A chfr & 5 2 3 2 2 6 chF (E 30 5 24
GRS R 0 W TR EIRGEL ) AT R S A R e A D
RpRd tep-g Lo b AR 5 A EREHES L SR AT S R
JRig > By IR o Ao 219 ()47 o A A A SRR & H R % g
B Slic> & FEA0 1Y Solic s WIEHRE o Kf phz_ ¢k B 7 ok £ (specific water
content, v, )L E/R et > 11 R 3 T TR R P s T;rg;.J)\ B

g p v oo
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g = j(s) + M(s)p
(critical state)

\

q = n(p + (s)M(s))
(f, yield surface)

be—— P = pyls)
{f. yield surface)
pis)

—p(s)/M(s) >
(b)

Bl 219 Chiu# Ng #3]¥ &k & (Chiu 2 Ng, 2003)

B KR ARG KR R M § ok R R & B s
fo@F B D] o I E AR P RN

N
A
A

-
P
i3
=k

D

KB e 0 g OB S g o Chiu 2 Ng 31



Wheeler(1996)# 1 ¢ i » £ 343 J 4 Wi ff v e 0 £ 1 B AR ViR 2

e TT @IIMA 5 kR o Ao
e,=A(s)-al(s )lnéMu ............................................ (2-16)
e Pa
Vi TV = Vo e e (2-17)
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2.2.6 Gallipoli, et al.(2003) =% 2=
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f(S)% #0364 Gt HATRMAS it 4 » 5 sehadic
—1‘:; 4.,,;37 I rﬁ;\.\‘ 1\;9)3 _,} )g;:v
S %t foh

r

PO R RLE - RS > R I R D

i
Ik

s BN AR PSS o d e RARE 0 P HE P IR S

ﬁifé_jﬁa{") s F g b 3N

1(1-S) s B2 PRP F AR L
o LN NG G ARG o S PEXHE 00
ﬁ%ﬂ%%ﬂ;’ﬁ#@%ﬁﬁ%ﬁ@%iﬁﬁﬁﬁﬁﬁﬁﬂ’ﬁﬁ

%2 X 4p R > F] Gallipoli, etal. 2 ™ N kg it IR %

d R R XARS P ede vt AR F T U EDT F R
%R LA (L A) o

ﬁwﬂmﬂ%ﬁﬁﬁﬁﬁﬂ%%’ﬁéﬁﬂﬁ%%ié@%%ﬁﬁg
& EEhEfeRE AA L T RPN T ALR ] LR S

Sl b oo ket At ZEas ba flk 2 $ikx

Px et i dengis f(s)F Moy f(s)stspadk HY 105 R
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S VRN eb 8 ;i
2.2.7 Sheng, et al.(2004) 2 & &=

Sheng, et al.(2004) 5173 » 3 £ & 3 M A ¥ HoER A AR anfeiF IR
%o 4 By for 2 B 0B TR BGR 5 8 0 st 0 deB] 2.20 o B
et R S A P dd s(maindrainagecurve) - TR S O B RE Y A
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