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#& 1 Fontainebleau BRI S5k

Table 1 ~ Model parameters of Fontainebleau sand

main wetting curve main drying curve hysteresis
parameter
0. 0, a b /Pa 0. 0, a b /Pa ¢/Pa
value 0.340 0.040 3.595 2 156 0.340 0.040 7.460 3 909 9 810

T LU, N OASR AT Buler IEX I ZRGHTTHME , 280 ¢ BHEL AT AES EL S {ELRA I3t



T 2 [0 P A AR Y s SR B AR D T T 867

BT 25 (A AN S 355 M X 76 20 [l A AR SR A 2 A i o
3.2 FHRZERASWIR

TE P -6 VTN ATHCE B A 2 EiY— (2 000 Pa,0.338 0) fENHIMHE, 47 iR P12
M, 532 P, =5 000 Pa; AR HCF IR AL Y —40(5 000 Pa,0.053 9){EMHWI{AE, #470%
MR, B2 P, = 2 000 Pa ., 3T B R A, Euler R A 1 Pa F1110 Pa PIFPZE K, 4 By
Runge-Kutta 5514 By Adams-Bashforth 7R 10 Pa F130 Pa PR, SRARSE R W3R 2.

FE 2 AT L A8 R Euler 323K A B 4HF 01 Py A8 S AR Y B 15 22 AR K, J0 LA 1 0 B A%
MR, 20 10 Pa B AT 53K 49. 2% |, BIMECR T 1 Pa B/NERIRZEIAT IR 5. 71% . 1 Runge-
Kutta EF1 Adams-Bashforth 3 SR ERS #i AR &2 , JuH 2 Adams-Bashforth 3 ,HD iK% 7T 30 Pa
PR RAA  ATH AR BEAR G- b 1 5T LS i

F2 ARG R L

Table 2 Comparison of results obtained by different methods

step length drying test wetting test
method
h /Pa solution 6 relative error & solution 6 relative error &

1 0.085 9 5.71x1072 0.2100 7.73x1073

Euler
10 0.1212 4.92x107" 0.196 7 6.41x1072
10 0.081 2 3.39x107* 0.210 1 4.13x107°

Runge-Kutta
30 0.0815 2.98x1073 0.210 1 3.64x107*
10 0.081 2 4.32x107° 0.2101 1.37x1077
Adams-Bashforth

30 0.081 2 7.22x107° 0.210 1 9.12x1077

ARSI R B 5 2 B AT ORI TINS5 20 R SRR 20 3 ) TR 32 1 35 320 S AR
1 000 X , Runge-Kutta JLFERS 0. 265 2 s, 1Ml Adams-Bashforth £ #ER] A7 0. 124 8 s, /¢~ Runge-
Kutta 319 47% .
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B 2  Adams-Bashforth X5 A [A] ¢ HATHAER (GREEHE 5] A Hoa FAYSCRR[12])
Fig.2  Model predictions with different values of ¢ by Adams-Bashforth method

(experimental data from ref. [ 12] (Hoa et al. ) )
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& 50004 Euler method
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B3 R E A S e A5 R e (e 7| B Hoa AERSCHR[ 12],
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Fig.3 Comparison of simulation results by different methods with experimental results ( experimental

data from ref. [12] (Hoa et al. ) ,results of Euler method from ref. [6]( Chen et al. ))
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KRR ) B At RO, A AR R A 3 . AEAE Ry FEAH DGR A DL R I 32 300 B pR R R 2
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An Efficient Numerical Integration Method for the
Capillary Hysteresis Internal Variable Model

LI Wen-tao, WEI Chang-fu, MA Tian-tian
(State Key Laboratory of Geomechanics and Geotechnical Engineering,
Institute of Rock and Soil Mechanics, Chinese Academy of Sciences,
Wuhan 430071, P. R. China)

Abstract: Derived from thermo dynamic principle, the capillary hysteresis internal variable
model is capable of describing the capillary hysteretic phenomena in unsaturated soils. The
mathematical characteristics of this model were studied, followed by a numerical experimenta-
tion with classical Euler method, fourth-order Runge-Kutta method and fourth-order Adams-
Bashforth method. The results show that Euler method has lower accuracy and larger accumu-
lated error, whereas Adams-Bashforth method holds the upper most accuracy and the better ef-
ficiency compared with the same order Runge-Kutta method and is suitable for the solution and
calibration of the internal variable model. Moreover, Adams-Bashforth method is implemented
into the finite element programme, leading to more accurate results in simulation of two-phase

flow.

Key words: capillary hysteresis; internal variable; numerical integration;two-phase flow;un-

saturated soil



