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Determination of basic parameters of unimodal and bimodal soil water
characteristic curves

GAO You, SUN De-an
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Abstract: The determination of basic parameters (such as air-entry value, residual suction, slope at transition zone, etc.) of
soil-water characteristic curve (SWCC) is the most fundamental for predicting the strength, permeability and constitutive
relation of unsaturated soils. In this paper a method is proposed to determine the basic parameters of unimodal and bimodal
SWCCs based on the modified Fredlund and Xing’s fitting equation. Firstly, the parameters of the fitting equation can be
obtained by the optimal fitting of experimental data. For the bimodal SWCC, the piecewise fitting method is adopted based on
the pore size distribution characteristics of soils. Secondly, the slopes and equations of tangent lines are obtained in the
transition and residual zones based on the geometric relationship of the fitting equation. Furthermore, the air-entry value and
residual suction of SWCCs are determined by the geometric relationship of tangent lines. Finally, the proposed method is
validated to be feasible by use of the experimental data of unimodal and bimodal SWCCs.
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Fig. 1 Effect of residual suction on predicted shear strength!”
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Fig. 2 Model for soil-water characteristic curves
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Fig. 3 Unimodal soil-water characteristic curve
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Fig. 4 Different pore distributions in soil samples
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Table 1 Fitting parameters of unimodal SWCCs
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Table 2 Basic parameters of unimodal SWCCs
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Fig. 8 Determination of inflection points for unimodal SWCCs
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Fig. 9 Geometrical relationship of bimodal SWCCs

dlum

10 B R L ESSHMFLE ST E

Fig. 10 Pore-size distribution of Guilin lateritic clay'®!

LBARE
60 [ 480 kPa 1

| At

—e— FEARBE

—— WHEBIRS

20 [ —=— WEARIRAL RIS
—— W .

0 " " M . . ,
100 10 10? 10° 104 10° 10°
% f1/kPa
11 2 DTEERNEMRLI R E TR B R Lk E dhzk
Fig. 11 SWCCs of compacted Guilin lateritic specimens in full

: 1
suction range[ 8l

2.2 MUETKEHEMZEARSHNHAE
R - KCREAE 1h 28 32 2 ol B2 SR A A FLFR AN AR R A
() FLRR A, Bl £ i /K RRAE th 280 9 X B2 B
PSRRI R BB — KB, il 9 Bros. B
SaMs Prels Srels Agys Sint M Sy 739052 5 RAR ] LI
XL HE AR . FRARWME . FRARIEFNE . EERL
BRE R IR IEFERE; Sans 9re2r Srer Ay
Sin A Syin 73 ) A2 5 TR N FLBEGE B2 RTE S . BRI
JIE FRARMFIRE BRI RE 2 R IIE
AAFIE . B9 hFLR D RN R AR R FLAR A S
RN FLARI 70 T 55 sa F1 Seq 70 53RN 23 5 i B 4B
FRIRIEE o J3 5 s T sq T DARRHE 2 1 6 25 SR R
B o B 10 AEERRLT B R SR FLAR R~ 4347 B,
e, SRR LRI RAR N FLAR I 20 L A AL
BRETE N 0.6 um. FH Young—Laplace /7 F£ 1] LA

BT

4o cosl,
s=——
K s AR (Pa); d NFLBRIER (m); o
KKK /1 (N/m); 0, /K E LR M. 78

. (12)



10 41 B, S BRSNS BT E 1889

HE R mEK 4% 25°CREC 0.072 N/m'", 6, BUN
0° . BN (12) TR E LA 0.6um ST
W 7175 480 kPa. i FLA% 73 5t s (W J14E 54 4 480 kPa,
FoRTEE 11 H B 1 ONHEIRE. BE4GE RN
T AV E I AR 1 AW G YRR A B - R
SIREE L AKERE s R & 10, 11 Frfd A bt
RIRIGE SR AR —FE

WU LK fh 2R IEA S HMH e . R BEALE ST
IR I IE s (B 5, AW 376 53 e /N
{8 Smin~5a F 54~ 10 B BE AT A o P smin~sa
BRAN (D) MAEHWHESE a, noy moy FNREL
C(s) BT R BB IE, R s~ sq B HH 2R3
BEATFEEMEIERE Cs). HTPEXIILRIR AR (D
Xf lg(s)=k $:45. 31
ds, (s) _dS,(s)

A (s) = dlgs) ds s x1n(10)
= sxIn(10) x My 1 n(EJ"l .
{1n{e+[sjz}} e+(SJ @/
a a

(13)
[FFE, ARAE smin~—sq BALE RIS EL ag, no» mo,
g5 (13) ATRLRIG R 101 ARHR Csins Srin)) A
BB, WE 9 PR, SRMRIELB R
X TR
S, ()=, [gls) —1g(s;, )8 o (14)
B G (7) A (14) AJ SRAFEE TRAAR [R] FL BT B 1)
BEAE

Sy =10 * o (15)
W 77 sa~10° BEFI R (4) #EATHIE, H5E a» n,
m g, X (4) S5 T 5 im0 LA EE S
Bl S=Swas FTLLHE 54 ARN smin~sa LAY (1) 133,
T XK B HIAREER s T BAEH s 7 ATX (5D 1HEAR
B, B k= A (sa). SPEXAKFBUIL TN
S (s)=x,, [1gls) —1gs IS,y - (16)
Bzl (14), (16) 1] LAFS B4R ZEAA a) LR i %o
REPIFRAR RAAAE (s Srer):

Srint “Sra TAw1 18(Sin1 ) -Kw1 18(sq)

q)ml :10 A1 K1 R

_ S = Kot Sim T A K [18(08301) — 18(5,)] 17
/1w| — Ky )
RIRARNFLER BT BRI T BB 27 FE A (6)
ARIE], ORIt (6). (16) HJ LA FIEE AR Py FLEE X
RS Sam

Srer

e

Stin St s 18(5in ) -Ky1 18(s4)

s, =10 g o (18)

S Y FLBR BT R RLAR AR s AL BR (1 TH L B 1
TKRFE B 26 (A e 7 iEAR A, B (D).

K12 Fon A () (4) X4 776 B A g
TKERIE f 2R34T 2 BILA L R R B, HUES
B 3 Fian. o B R H Iyl AR UYL FL A X
FAKERE A 2R, AN (5. (13) BEERIEN L
Rt 1 5 Ak (1) FLIR T %o 3o 35 X 1) S 25 a0 A AN s
R, W 13 fow, BRI U ¢ R E AR R+
JE SEREXUE KR - 2R SEAR S5, 45 R a3k 4 Fr
7No

20 w B!
BAE TSAL
0 (/)rc2
10° 10! 10? 103 104 10° 105

1% 71/kPa
12 BT AR AR SRR g LK EHErRZE
Fig. 12 Bimodal SWCCs of Guilin lateritic clay predicted by using
proposed method
3 W KBS H
Table 3 Fitting parameters of bimodal SWCC
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Table 4 Basic parameters of bimodal SWCCs
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