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Abstract: A series of direct shear tests on unsaturated silt with a water content of 18.3% during freezing and
thawing were conducted, and the phase composition of pore water was measured by NMR during the shear process.
Effects of the unfrozen water content and the ice content on mechanical properties of the tested silt were analyzed.
The results indicate that the freezing process of unsaturated silt can be divided into super-cooling stage
>—1.15 C, no phase change), rapid freezing stage(—1.15 ‘C - —2 *C) where 76% of the pore water freezes,

and stable freezing stage(<<—2 °‘C) where the unfrozen water content only decreases by 7%. The cohesion
changes significantly with the temperature during the process of freezing and thawing while the friction angle
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varies slightly. The change of the shear strength of silt occurs primarily within the stable freezing stage, where the
cohesion increases by 123.5% and the friction angle decreases by 12%. For the rapid freezing stage, the cohesion
only ascends by 38.5% and the friction angle has no obvious change. It can be concluded that, within the rapid
freezing phase, the freezing of the pore water drives the matrix suction to increase, which results in increasing of
the cohesion, while that, within the stable freezing phase, the increase of the cementation strength between ice and
soil particles leads to a rise of the cohesion. When the ice content changes slightly, the shear strength of frozen silt
is mainly controlled by the cementation strength between ice and soil particles which depends on the thickness of
the unfrozen water film. The decrease of the friction angle within the stable freezing phase is mainly caused by the
force acting on the particle skeleton generated by volumetric expansion of the pore water upon freezing.
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