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Variation characteristics and influencing factors of loess shear strength in
seasonal frozen soil region

WANG Wanping, ZHANG Xiyin, WANG Yi, YU Shengsheng, XU Zhenjiang, SUN Binjie

(School of Civil Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract; Loess is a kind of special soil, whose mechanical characteristics are easily affected by hydro-thermal
effect. In this study, a typical type of loess ( Lanzhou loess) in western China was selected as the research object to
investigate the effects of temperature, degree of compaction, and water content on the shear strength of seasonal
frozen loess through low temperature triaxial test. Results showed that the cohesion and internal friction angle of the
frozen Lanzhou loess increased with the decrease in temperature. The cohesion was greatly affected by temperature,,
while the internal friction angle was relatively less affected by temperature. In addition, the cohesion and internal
friction angle of the frozen Lanzhou loess increased with the increase in the degree of soil compaction. In terms of
water content, ice crystal and unfrozen water in the soil changed the strength of soil skeleton and the bonding force
between soil particles and ice. Taking the optimal water content of the soil as the boundary point, the shear strength
of the frozen Lanzhou loess on both sides of the boundary point showed opposite changing trends. It can be
concluded that temperature,, compaction degree, and water content have great influence on the shear strength of the
frozen loess in Lanzhou, which should be fully considered in the engineering construction of the seasonal frozen soil
region covered by loess.
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Fig.1 Sample fabrication, installation, and unloading
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Tab.1 Test conditions
TH FIKER, B =IN B/ EE, THEE/
% hxD/mmxmm  kPa C (grem™)
1 10 200 x 101 50 -5 1.75
2 10 200 x 101 100 -5 1.75
3 10 200 x 101 200 -5 1.75
4 14 200 x 101 50 -5 1.75
5 14 200 x 101 100 -5 1.75
6 14 200 x 101 200 -5 1.75
7 16 200 x 101 50 -5 1.75
8 16 200 x 101 100 -5 1.75
9 16 200 x 101 200 -5 1.75
10 14 200 x 101 50 2 1.75
11 14 200 x 101 100 2 1.75
12 14 200 x 101 200 2 1.75
13 14 200 x 101 50 -9 1.75
14 14 200 x 101 100 -9 1.75
15 14 200 x 101 200 -9 1.75
16 14 200 x 101 50 -5 1.65
17 14 200 x 101 100 -5 1.65
18 14 200 x 101 200 -5 1.65
19 14 200 x 101 50 -5 1.85
20 14 200 x 101 100 -5 1.85
21 14 200 x 101 200 -5 1.85
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Fig.3 Principal stress difference-strain curves under different confining pressures
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Fig.4 Principal stress difference-strain curves under different temperatures and working conditions
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Fig.5 Principal stress difference-strain curves under different compaction degrees
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Fig.6  Principal stress difference-strain curves under different water content
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Tab.2  Soil shear strength parameters with different variables

- Bk, RS R x D/ il ./ T/ T/ FH® I/ N EESEE £/
% mm X mm kPa T (grem™3) kPa )
1 10 200 x 101 50 -5 1.75
2 10 200 x 101 100 -5 1.75 355.95 24.76
3 10 200 x 101 200 -5 1.75
4 14 200 x 101 50 -5 1.75
5 14 200 x 101 100 -5 1.75 568.05 25.99
6 14 200 x 101 200 -5 1.75
7 16 200 x 101 50 -5 1.75
8 16 200 x 101 100 -5 1.75 500. 67 25.36
9 16 200 x 101 200 -5 1.75
10 14 200 x 101 50 2 1.75
11 14 200 x 101 100 2 1.75 15.57 19.52
12 14 200 x 101 200 2 1.75
13 14 200 x 101 50 -9 1.75
14 14 200 x 101 100 -9 1.75 798.41 30.49
15 14 200 x 101 200 -9 1.75
16 14 200 x 101 50 -5 1.65
17 14 200 x 101 100 -5 1.65 407.62 24.16
18 14 200 x 101 200 -5 1.65
19 14 200 x 101 50 -5 1.85
20 14 200 x 101 100 -5 1.85 638. 96 27.85

21 14 200 x 101 200 -5 1.85
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Fig.7 Variation of soil shear strength parameters at different temperatures
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Fig.8 Variation of soil shear strength parameters with different compaction degrees
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Fig.9 Variation of soil shear strength parameters with different water content
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