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Probabilistic analysis of the soil-water characteristic

curve of granite residual soil
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Abstract: The soil-water characteristic curve(SWCC) could be used to describe the relationship between the
water content and the matrix suction in unsaturated soil and played important roles in unsaturated soil
mechanics. Several parameters in fitting models and significant uncertainty of SWCC were obtained by
experiment. The uncertainty of SWCC fitting parameters was analyzed using the Bayesian theory. The
curve-fitting parameters were regarded as the random vectors. And the Van Genuchten model was used to
fit the experimental data of SWCC for the granite residual soils. The posterior distributions of model fitting

parameters were obtained by the Markov Chain Monte Carlo simulation delayed rejection adaptive
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metropolis. Confidence intervals of uncertain model parameters of SWCC were obtained by proposed

approach.

Keywords: bayesian theory; soil-water characteristic curve; markov chain monte carlo; granite residual

soils; confidence interval

=K R AE il 22 (SWCO) # 3R 4 v & 7k & 5 4
FIEE 55 3 W 7 22 18] 1 56 28, AT DA ke 1900 3 42 A
T BE R PO R RN T
A i T A I ) 2 (o R T g P A L oK R
fE 2R B0 FE R AR K . 3l 8 FUBE AT R 11 20040 1 ik
filt X = K R AE il 2 AT LA . S T A Ak b T
S & 111 A N I I S S (1 S U E (Y By 7S
BRI P . /KRR AE Bl 4212 A 21 3E 4 A
+ TR EAE 53 B b, SWCC UG 2 B A iy ml &
P 252 ) 26 BU(E 25 R 10 T

BT - KR & Z s m KRR L, 0 Fh
e IR Ty i BRE TR R AR AR s i A KRR ALE A7 AE ]
B2, H-OKERE 2 08 5E S BLA S
Hot gt 5 A B0 R 2 k. Phoon 285 SR T U 35
Hermite J&JF 36 0 + 19 £ — /K F5 4F il 28 32 17 1 %
OIHT. TREER SRR R 4 SN ) B X UNSODA %t
o 0 AR A A0 A LA IR AR AN = 1 KRR AR 2R F
11T R FGURNE BT . T BB S BOR o
P LA SEOT UAE A BENLAS B - K RRAE #h 2R
(T AR TR S B ) W % A TR ) TR B T R
S WA) 300 35 R R 43 BT I AT R

H AT 755 - TR BEDL 3 A s DU Jir 7 ik 32
AT HMPisyse S B S5C  mas f 80 %
RN OB R 3 E B e S/ S 1 | ES R R 1 7
HEAT LA 800 DU S S A A e R R . AR SO T
DUy #3643 1 A6 B A 5R AR  —AK RRAE il 2R G
ZE AN o M AR A a0 I A5 19 KRR AE il £ 5
#E3R1% 7 Van Genuchten BRIl & Z 800y 5 56 43
fii o SR JHE IR AT R AR SRR % 07 1 1Y S IR 46 26 H i
B AT S8R 5 o A e L o B KRR E R
A DRTR] X A5 R S B0 A A o R AT AT

1 t-7KHr{Ef &

X T KRR R BB A TR T 2 F
AN T B ==K AR AIE i 2 A5 A0 ] T F00 3 T 0 ) S
K AR R BE O AR i KoM B T &
FoHEZNZEEAL, ASCRM Van Genuchten™
P& By £ - K FFE AR il £ R R g 47 9 A, Van
Genuchten(VG) BRI ZR 5 5l

0, = 0,4+ (0. — 08 (D

S = 1

[1+ (ag)"]0 "

KH: 0. b HIREPERBLE KR 6, MRS IKE; 0,

KRR T OKE S S ORI ¢ S R ARG I I

an HMEPESE. « SHEMEMHKESEG n 8 Y
F I R o 3 SR KR R A S

2 NMEAE

VIR o [ S TR ) AVAE I g VT = o o Y 1 10
JeHAE R RESRAFA IREE R O . % BB R —
RIS HE T LAE VR BENLAE B . HHA A E
A LRI RO A ke filiad . DL 3 24 3T AR

_ pD | OpO
»& | D) (D) (3)

X p(O ASBICTMAR: p(§ | D) AR R %L
PR BRI i 55 LI S B LR B s P(C | D) 2
BUG S04 s p(D) g B3R eR BOPE 2 §
A E M ASEOR .

R B A2 ) b~ KRR R U5 B L U5 S5
AN B 5 A T L ae DL 307 B A 3o LS B
BIRFEOLAL R §. H BRI G B RSB0 A i
P LD B LI R 22 5 S AR 5 A R 0 {2 A AE 22
{6 LA U — R ZE S B e R S e R
e .

(2)

S. = SO +e )
A S, SRR 5 SO TR R 150 i
FIEE 5 e FRFRABLIY 152 22 A L 152 25

Mk e FF 6 500 W e (9 E 385 B2 R ECH

h(e) =

ﬂ%@exp<— e 26‘5‘5) ) 5

KA e He BME AL pe = 0562 He HE,
M EZSE ¢ = La.n] W2 C A SLIR 1

(&) s MAE VL 240 20, WAE S D by & 24

BB 56 A Al LA R ot

p& | D) =

cop@)(zn)%‘\’g;\’exp[— %J @ | D)] (6)

A co AT LG N gl e 388G p(O A
B S B Se 8 o3 A - AU E AW J. (| D) Al



114 + REHR YL KB LTE

% 39 &

PLRIR NG LR
I < . ,
J. (| D) = N”Z[Smm)—sw;g)] (7

A Su (O 5 @ ARSI AT s SO M
O A HR 2 5 i A5 3] 4 R R e

KR AE i LA SR s & AT Do i
PR B A L BE S5 /IN B O 3R AS L B 2 S I 4% B bR
Bhw K B P (8 BT X5 oL A % 25 O 25 4 T LA 1
e/ ME S B

o = minJ (¢ | D) = J, & | D) ®

T KR IE T &G S 80 B A R bk, ik
WG S50 E 1 a5 o A st ooy At . e LA
SHRZ ARG WS H00 Je 36 o A i e ik Xk

S 1) — g
P = — (e
i e )]

Ulné',
(€D)
K KBS R AR e R ove 0B BEL

AR R (E AR E 22

O, = /ln[1+ (/"i” 1

1 2
Mg, = 111/1;1 - ?o'i‘ng, (11D

3 :-/KERE B £ TG B iR

K Fl GEO-Experts Jif JJ #H 5 1) +—/K FR1E il £&
FE 1A A5 A8 1 25 5% R - 4 FE 9 KRR AIE il 2R %k
TR & BB UE: DI ER T WNE Yot I o o= )
JI5E 9 AR A R o L A T e A P PR BB 8 AR A R
FZK 2Z 8] 6 B B8 A FH A A et 7T D0 i AN (] W% 3 6]
M) KRR 2 . X5 AR RE AR B T UL VU4
DA I = g v L T s N = B K Gy i =
b 2. 73 BR 40, 0% EARR 27. 5% ¥ Pk 4R
BI2.5. K THEE 1.76 g/em®, #4413 2 mm
FLAR O 1Y b FF OB % Dy 1.45,1. 50,1, 55,
1.65 g/em’® WYIRKFE K 40 5l 0. 5.1.2 mm fL42
i 0 LA T ® S 1. 60 g/em® IR XA [A]
T BE A [ R A2 RIS R AR R AT KRR AR
Ml . A SO TR R IE T BB LA AW
- —AKRFAE 2 50 B s . R 38 R A B S
SAF AR A R AT — R B R g 2 i
JikE sk 0.5.25,.50,100,200,300,400 kPa,
ELR A 3 R PR S5 R R S TR O L 50 T A
2 AR 5 R BT ) O AR R a1 b B
BIR

B1 SME-KEEHESZNEE
Fig.1 SWCC of optimal parameters and laboratory data
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Table 1 Summary of statistics of posterior distributions
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Fig.2 Posterior probability density
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Fig. 3 Evolution processes of random samples
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Table 2 Fitting parameter for different

percentiles of SWCC samples
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Fig. 4 Confidence intervals of SWCC
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