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Abstract: The expansive soil is a kind of special soil with swell-shrinking, fractured and over-consolidated properties. In
engineering construction, the expansive soil is generally under unsaturated state and complex applied stress environment. It is
practical to describe qualitatively and quantitatively the soil-water characteristic curve (SWCC) of the expansive soil under a
certain stress state. Based on this, the SWCC of Nanyang expansive soil in Henan Province are measured under four different
net normal stresses (0, 40, 99, 199 kPa) using the GEO-Experts high-type pressure plate apparatus for stress-dependent SWCC
(SDSWCC-H). Furthermore, a proposed SWCC equation which can clearly consider the effect of the net normal stress is
validated using the experimental data. The results suggest that: (1) Nanyang expansive soil presents bimodal SWCCs because of
gap-graded soil; (2) The net normal stress can significantly affect moisture realease speed of soil in the matrix suction range
from 10 to 100 kPa and also change the air-entry vaule of expansive soil; (3) The accuracy of the SWCC model based on
measured data of bimodal SWCC for Nanyang expansive soil is verified with high fitting precision. The proposed SWCC
model can well reflect the relationship between matrix suction and water retention capacity under constant net normal stress.
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Table 1 Parameters of Nanyang expensive soil
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Fig. 1 Particle-size distribution curve of Nanyang expansive soil
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Table 2 Parameters of SDSWCC-H
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Fig. 2 High-type pressure plate apparatus for SDSWCC-H
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Table 1 Path of matrix suction
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Fig. 3 Relationship between void ratio and matrix suction under

different net normal stresses
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Table 4 Measured data of SWCC of Nanyang expensive soil

HFRIL S AF1 (o’ =0kPa) AF2 (o' =40 kPa) AF3 (o’ =99 kPa) AF4 (o' =199 kPa)

/kPa EIREKZE/ % FLBREL  FBEKE/% FLBREL  RRE KR FLBREE RS KE%  FLERLE
0 40.74 0.69 40.40 0.68 38.44 0.62 36.53 0.58
1 40.48 0.69 40.07 0.67 37.79 0.62 36.21 0.57
10 34.67 0.69 33.51 0.67 30.87 0.62 27.46 0.57
25 34.32 0.69 33.30 0.67 30.42 0.62 2721 0.57
50 33.15 0.68 32.73 0.66 28.96 0.62 27.10 0.57
100 31.53 0.67 3223 0.65 26.95 0.62 26.63 0.57
150 30.88 0.67 31.48 0.64 26.26 0.61 2521 0.56
200 30.95 0.65 30.73 0.63 2571 0.60 23.77 0.55
300 29.94 0.64 30.65 0.62 24.81 0.59 22.86 0.54
400 29.19 0.64 30.01 0.62 24.18 0.58 22.63 0.54
450 28.83 0.64 29.79 0.61 23.92 0.58 21.93 0.53
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100
95 1
90
s 851
"
= 80
&
75+

—— AF1 07 =0 kPa
70 - —— AF2 0%, =40 kPa

—&— AF3 o1 =99 kpa AFVRI=— 1

65} ; o
T ARAGL199KPa gy, L s
60 s LA, ;
0.1 1 10 100 1000

HRE STV kPa

5 FE#ENDTEMERRA SWCC
Fig. 5 S,-SWCC under different net normal stresses

3 SWCC t=8IpyI&IF
B IE SWCC HIRAR S K% 5 1% 1E B
IR AZE O go! , WE 6. Mol >40kPa Z J5, Hh

LRI TR, PRBOA TR R REZE. € 6
w28 45 T R ¥ E B 3 AR S 1 1E L
ol SN ol B JE T BOHAT LA, REIRIE &y
FIEREE by, UG REEHE RELRP=0.956. Lho! Moy
B, 0,5 ol 1K R0 45 Ok fa] 50 2R PE R L 0=
kylga! +byo

aor .
. ki1,=-5.53
40% , a
J1=-0.03 : b12=49.32
€ 38| by =40.44 P =099
< R2=1 |
36} :
23 34 |
g k=045 P
£ 321 by=34.22 2=
3 o R2=0.956
B0 o m pswee o(cﬁ-ﬁ,%’i
281 —e— /4 SwWCC ot.=40 kPa '
sl — AL :
0.1 1 10 100 1000

BIEN )l /kPa
6 IAFERAKEESIERINEMEINE
Fig. 6 Linear fitting curves of net normal stress and saturated
volumetric water content
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Fig. 7 Fitting SWCCs of first segment of Nanyang expansive soil
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