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Unsaturated Strength Characteristics and Mesomechanism of

Silty Clay Deposited in Ice Water
FENG Wen-kai BAI Huidin MENG Rui LI Kun OU Wen

( State Key Laboratory of Geo-hazard Prevention and Geo-environment Protection

Chengdu University of Technology Chengdu 610059 China)

Abstract: The mesostructure mineral composition and unsaturated mechanic properties of silty clay deposited in
ice-water are investigated through laboratory test based on Fredlund’ s double-stress variable theory and Fredlund-
Xing’ s soil-water characteristic model. The characteristics of unsaturated shear strength and parameter change are i—
dentified and the mesomechanism of unsaturated shear strength varying with matric suction is revealed. Results
demonstrate that the unsaturated shear strength of silty clay deposited in ice-water increases with the augment of ma—
tric suction; but the growth rate attenuates gradually. Internal friction angle ¢ is in a logarithmic function relation
with water content; while cohesion ¢, is of peak characteristic with the water content reaching about 10.24% at
peak cohesion. Hydrolysis and ion exchange of mineral components in soil encountered with water have great influ—
ence on soil structure and result in the damage of macro-unsaturated shear strength under low matric suction. The
process of variation of unsaturated shear strength with matric suction is divided into three stages and meanwhile a
generalized three-dimensional failure envelope model of silty clay deposited in ice-water is established. In addition

the material parameter ¢ is not a constant in the segment of low matric suction but rather declines gradually from

an initial value to be approaching zero infinitely with the change curve in an inversed “S” shape.
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Table 2 Test results of mineral ions in aqueous
solution of silty clay
/(mg - 17") /
0d 0.5 d 154d 30d (mgeL™)
COZ  0.0500  0.0500 0.050 0.050 —
HCO;  1.0500  1.150 0 1.050 1.080 0.030 0
\ “ ” o Cl” 141400 14.0900  30.450 34280  20.150 0
. NO; 26710  1.9030 2.580 3.080 0.410 0
) X SO 601.490 0 625.830 0 689.500  728.900 127.4100
A A A Nat 223300 94.6400 117.900 114.800  92.470 0
> ( 3) K* 3.0460  7.6520 7.494 7.162 4.120 0
\ Ca®*  52.900 0 248.900 0 295.000  296.200 243.300 0
. ( 2 Mg2  17.9700 114.500 0 135.900  138.800  120.830 0
A 0.0950 0.1090 0.117 0.121 0.026 0
’ e o . Fe*  0.0002  0.000 4 0.008 0.005 0.004 8
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Fig.6 Microstructure scanning images of silty clay
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Fig.7 Microstructure scanning images of clay "
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Table 3 Shear strength and unsaturated strength index

of silty clay with different water content

/kPa

% 750 10 150 200 Cuonatt / /
kPa kPa kPa kPa ¢ /(°) kPa kPa

5.9( ) 925 1345 1624 204.6 36.09 57.45 19.84
13.3 86.8 119.5 140.5 169.5 28.54 60.45 6.14
17.6 81.4 104.6 126.8 151.2 24.87 58.10 4.49
21.2 75.8 97.5 1185 1452 24.64 5195 3.59
27.0 56.5 79.4  99.6 123.4 2385 3450 1.60

35.0( ) 36.2 59.4 81.6 965 22.12 16.10 0.00
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Fig.10 Curves of shear strength versus matric suction
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