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Evolution of suction strength of clayey soil under drying conditions
and its microscopic mechanism

: 1,2 1 1
LU Hai-feng"°, CHEN Pan’, WEI Chang-fu
(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences,
Wuhan, Hubei 430071, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The increase/decrease change of water content is one of important factors for shear strength of unsaturated soils. Direct
shear tests are done on the compacted soils under continue drying conditions. The results show that the behavior of shear strength
changes significantly during the drying conditions. The peak value of shear strength occurs under lower water content conditions.
And the strain softening characteristic is demonstrated during the shear process, whereas the strain strengthening characteristic is
shown under higher water content conditions. The shear strength model is developed by combining the soil-water characteristic curve
(SWCC) and suction stress characteristic curve(SSCC), which can be used to predict the shear strength of unsaturated soil accurately.
Compared to the measured data, the model can predict the evaluation of suction strength under a continue drying condition only
using the determined soil-water retention curve and shear strength parameters under the fully saturated state. The measurement can
be simplified and the tested time can be saved greatly when the model is used in practice. Furthermore, the nuclear magnetic
resonance (NMR) technique is used to determine the distribution of pore water in soils on the same samples for shear strength tests.
The measured data are used to explain the strength evolution of clayey soils under different water contents from microscopic
analysis.
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2017-05-15
(No. 51239010, No. 11302243)
This work was supported by the National Natural Science Foundation of China(51239010, 11302243).
1991

1984 E-mail pchen@whrsm.ac.cn



146 2017
(=31 0 (SSCC)
- (SWRC) SSCC
1
o pV
S
o P o, T
Oa Ogn
Cl! cz!
4 4
[6-8] r
[9]
Lu [
(SSCC) 1 -
Bl _ Fig.1 Mohr-Coulomb failure envelopes and suction stress
(SWRC) characteristic curves(SSCCs)
[11]
Lu U9
[12]
Mohr-Coulomb
Oloo ' Miao !4
o, 1
o,, =—c, /tang
[15] ,
Gsn cl’l
o T
¢, o
I Bishop
16-17
e o'=(c-p") -0,
- 1
2
r,=c'+c +(oc—-pY)tang’
cV ¢)I
CS
¢, =—0, tan @’
4 ¢,
2
Mohr-Coulomb B3]
(M-C)



147

2
o, =-Sy 0.8
S.=(0-6)/(,-6,) 5 mm/min 4
y=p"-p") 50 100 150 200 kPa
S, 0 A
6, 7 8%
VG = sl 6.18 cm
S, =1/[1+ (ay)" "™ 6 2.00 cm
a (kPa™) m
_ 24 h
[18]
6 5 3.2
o = _l///[1 + (ay)" TV 7 1.4 g/cm3 1.6 g/cm3
7 4
yam) , 12% 14% 16% 20% 22% 24% 2
¢, =y /ll+(ay)" """ tang 8
1.6
g/em’
8
3
KE Tk
3 - M RECRE L hEn
o IR ) /S U/ ] PR L/ ) 1
=200 F— ffufn =200 F — Hu0
3.1 :
1 v 0
0 5 10 15 20 0 5 10 15 20
’ BINAE €/ % BN €/ %
Table 1 Physical property indexes of silty clay (a) 50 kPa (b 100 kPa
1% 1% 1%
BrIKE KA
5.1 2.74 36.2 19.4 300 _,12”0/?234% 300 =-12%0-14 %
6820 416 %20 %
s 250 | 4718 %0020 % s 250t <22 4o +-24 04
-z
Soil Moisture Equipment Corp =
_ [19] E
0 5 10 15 20 0 s 10 15 20
13 0-20-40-60- VIR €/ % BRI €/ %
80— 120 — 160 — 200 — 260 — 350 — 450 — 550 — 700 — © 150 kPa @ 200 kPa
900 kPa 20 5
14 1.6 glem’
4 Fig.2 Relationships between shear strain and shear stress

of clayey soils under same vertical pressure
and different water contents



148

2017

- 4 mm

e IV

TN W

10 12 14 16 18 2022 242628
TIKE ) %

(a)
3

Fig.3 Change curves of shear strength parameters of

HBN

10 12 14 1618 2022 242628
TIKE %

(b)

clayey soil with different water contents

2

Table 2 Shear strength parameters of clayey soil with

different water contents and dry densities
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