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Abstract: The soil-water characteristic curve is an important parameter which reflects the moisture movement
characteristic and mechanical behavior in unsaturated soil. A method is proposed based on vapor sorption ana-
lyzer combined with transient water release and imbibition method to determine soil—water characteristic curve
in the full suction range. First, the relative humidity and the mass of the sample are continuously measured by
VSA, series of discrete data points of matrix suction and volume water content are calculated under drying and

wetting paths in the high suction range (7.1x10° ~ 4.8x10" kPa). Secord, the TRIM inversion process is limited
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through the residual water content of VSA test results. The accuracy of inversion results of TRIM is increased.
Finally, the F&X model is used to smoothly connect the test data from TRIM and VSA. The measurement of

suction range of this method is wide (1~ 10° kPa), the measurement time of this method is short (5~8 days),

and the measurement accuracy of the method is high (R’=0.999). In this paper, the method is applied to test

soil—water characteristic curve of the loess (L) and paleosol (S;) in Dongzhiyuan, Gansu Province. The results

show that the predicted results of this method are consistent with the measured results in the full suction range.

The method of determining soil-water characteristic curve of unsaturated soil is fast and effective, and important

value in engineering application.

Keywords: loess; paleosol; SWCC; full suction range; TRIM test; VSA test
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Tab. 1 Basic physical parameters and saturated permeability coefficient
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L; 39.2 18.8 1.727 1.454 2.71 0.689 0.652 229 30.1 11.4
Ss 42.1 19.60 1.975 1.651 2.73 0.653 0.218 16.7 31.8 15.0
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Tab. 2 Detrital mineral compositions
FE i g 5 P #HC A B AT i A H=fA N A YA W TCCM
L 40.6 113 3.9 6.5 1.3 0.4 36.0
Ss 43.1 12.5 1.7 5.7 0.7 1.2 35.1
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Tab. 3 Clay mineral compositions
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S 65.43 14.51 5.17 0.61 1.73 2.1 2.87 1.21 0.74 0.11 0.11

WA AN A JE LA A R R A SC . W LE L Al
Ss, HAb 27 Loy B 5 B ORI 22 57, AR Bk 1
JA ) — S RTTURRAE T B3 S AR E 1

L FI S R B Ao 5 1 #8 J2 LUBRL o 268 X G 4,
BRI Z, R R, DL [] QA 2 7 Bl A
BEARA D B o 2y AR SRR, 4 R TR
P55 BCSEAE I [R] iF BEAT, 8] DR 30 iF 32 2 XUBS AT, L

100 10
S d=27.12 pm _ S
o /7 0\ 2
= 80k // c‘)\dm:s%s pm 48 =

\
o 60 ) 9dy23.11pm 6 o
Xl \
5 40 ,’l Sd,=12.68 ym 14 =
| / Y ‘
® o0l d=0715um / _ 1o =
20 TIPS d,=5.286 pm \\ 20
< 7 | <
0 — 1 1 1 O
10 10° 10! 10 10°

HIAE (0)
(@

Z W, BRI SR EL, T LT AE (0 f T 3 vk R
K TEREAT, AR 55 . Ly o 5 “plig” Y
WORL A A TEAS, T S oy R « =0k AL, HOR B 4y
A1 ih £ 19 06K 20~40 pm, YK IEH 0.5~0.8 pm, 7
— R [, 20~40 pm By 306 ST BRBE Y 2R X
SR B, T 0.5~0.8 wm A I ] s i 1 AR e 1A

BY5E B (K] 5)
100 10
- d=27.12 um —_
S B &
n 80 ) O‘\d80=27.90 um 48 1
<H: // \ ﬁé
\
ﬁ 60 | // 9 d21609um 6 ig
= , =
S |a=0271um / / \ =
S o4 T / & d\y=7.846 um 14 3
W G091 umy k |
. / . L \
ﬁf 200 1\ o l,’ dy=1.462 pm 12 iﬂHf
{' /l \‘/ ‘\ {’
0L 1 1 D 0
10 10° 10! 102 10°
AR ()

(b)

B 5 Ly S«(bHiF AL RFR & E

Fig. 5 (a) Lsand (b) S; cumulative particle size distribution curves

22 {REBEAE SWCC
il TRIM 5845 2 09 B s sk EC(E 6, LA Ls
Sy M, LI B At Ly £ Z2BEER B GRADE K

O T B E L2 Ly, & e S, T HEER, 1L
B L B/, e SRR Pt TR, G L IR K BB ) A
550 @il R HESs BRI B O TAHAR)R B 4 L, H
R PR A H5R, SO HE K B /D . J@ it Hydrus-
1D 2 AR A I 5 W 2R A T AR 2 T 2%
T RIEERL S5 0,7, 6,9, o, n?, K WA S AR T B AR
FIBHL: 6,0, 0%, n®, Ky,o RS B AR 2

BAE R (LS,
23 ®RAE SwWCC

FEAS [ 19 W 0 0 B, B0RE X K 1 1 4 ST
ANTA], FLB K B WA 20t R — 4, e + ok &
T PG 2 W B 7, W B 7K 22 A B AT K o 25 3 5 T
KF—EEHE, BHKRAES, P ACH KK,
2 UKL 2% T B VR s, ELY S B KTz AE
B, W2 B A P iR B st 5 K R Y BB R . T VSA
RIS 2 EAEE O SR AR N R SRR
BE W ) —— X L1 ZR B B O (IR 7D, B A
Gy PR, B AR ML 2 (R E, Ly RIS 1Y i ZE



220 modb oH# R NORTHWESTERN GEOLOGY 2023 4F
20 350 10 350
_ ,------------------']&J-J-------------, 1300 5 300
on 1 ~
= 1op _ 250 g 250
= Tt AR K _ @
S o 200 = z 200 «
¥ KIE SR ] ~ <
% 0fi 150 = # 150 =
e ! R OB | B
= [V J5E 00 X < : 100 X
= 1 S 1
= -10 1 . 50 = : 50
L iy ke [ —mak | UL
<o - SRR g i = gEEWy T 0
_20 1 1 1 1 _50 _10 1 1 1 1 1 _50
0 2 4 6 8 10 0 1 2 3 4 5 6
] (10°'s) ] (10°'s)
(a) (b)
6 Ls(a)#0 Sy(b)iXIEiE KA B FriF H E
Fig. 6 (a) L and (b) S, objective function of test record
x5 BHESWERETHNRESHEE
Tab.5 The model parameters of the wetting and drying paths
JIt 1 % A W AR
+ E d Kf w K:V
¢ nd Hr 91 ¢ nw er gsw
(k/Pa) (em/sec)  (k/Pa) (ecm/sec)
L 0.009 9 1.134 0.063 0.408 1.73E-5 0.0208 1.149 0.06 0.322 4.37E-6
Ss 0.008 3 1.074 0.083 0.395 1.63E-5 0.0135 1.085 0.08 0.373 9.43E-7
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Fig. 7 (a) Ls and (b) Sssoil-water characteristic curve in high suction range (RH=0.03~0.95)
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Tab. 6 The start and end points of wetting/ drying path of high suction range soil-water characteristic curve
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Tab. 7 The fitting parameters of the wetting and drying paths
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