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Investigation on strength criterion for frozen silt soils
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Abstract: The strength for frozen silt soil increases with the increase of confining pressure at relatively low pressures, but decreases
with the increase of confining pressure at relatively high pressures, which is different from unfrozen geomaterials such as metal,
concrete, rock, sand and clay. To investigate the strength criterion for frozen soils and simulate the breaking process under different
confining pressures, the strength criterion is derived from the modified slope M" of g-p strength curves in the meridian plane, and the
formulation is deduced, which is related to internal friction angle and average normal stress on the basis of the Mohr’s circle and
envelope theory. The strength criterion in the deviatoric plane is obtained from the assumption that the deviatoric stress is a
combination of Mohr-Coulomb and Von-Mises strength criterion. A series of cryogenic triaxial compressive tests are conducted at
three different temperatures, i.e. =6, —10 and —15 °C, and different confining pressures of 0.3, 1.4, 3.0, 6.0, 10.0 and 15.0 MPa to
determine the related strength parameters. Testing results are shown as follows: 1) the modified strength criterion in the meridian
plane can simulate the strengthening effect at a relatively low confining pressure and the weakening effect at a high confining
pressure; 2) the variation tendency of internal friction angle increases first and then decreases with the increase of normal stress; and 3)
with the increase of parameters, the envelope shape of deviatoric stress is transformed from Mohr-Coulomb to Von-Mises criterion in
the deviatoric plane, and its value corresponds to yield stress. Finally, the comparison between literature and experimental data
demonstrates that the proposed strength criterion has a satisfactory applicability for frozen silt soils.
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Table 3 Deviatoric stress with related parameters in deviate plane
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0.3 11.20 10.65 0.93 9.95 0.88 9.34 0.95 10.13 0.91 9.67
1.4 12.24 10.96 0.93 10.17 0.87 10.23 0.95 10.37 0.90 9.86
3.0 14.58 11.18 0.91 10.22 0.84 10.30 0.94 10.46 0.88 9.86
6.0 18.34 10.76 0.89 9.59 0.80 9.70 0.92 9.88 0.85 9.18
10.0 19.69 9.26 0.88 8.18 0.79 8.29 0.91 8.45 0.84 7.80
15.0 15.31 8.04 0.91 7.32 0.83 7.38 0.93 7.50 0.88 7.04
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0.97 10.30 0.94 9.99 0.98 10.47 0.97 10.32 1.00 10.65 1.00 10.65
0.96 10.57 0.93 10.23 0.98 10.76 0.97 10.59 1.00 10.96 1.00 10.96
0.96 10.70 0.92 10.30 0.98 10.94 0.96 10.74 1.00 11.18 1.00 11.18
0.95 10.17 0.90 9.70 0.97 10.46 0.95 10.23 1.00 10.76 1.00 10.76
0.94 8.72 0.90 8.29 0.97 8.99 0.95 8.77 1.00 9.26 1.00 9.26
0.95 7.68 0.92 7.38 0.98 7.86 0.96 7.71 1.00 8.04 1.00 8.04
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