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4. Conclusions

This study of the pore water pressures in the unfrozen zone during
unidirectional freezing tests in the laboratory has yielded the following
conclusions:

1) Temperature changes over a range of positive temperatures do
not result in pore water pressure changes in the unfrozen zone. In addi-
tion, the porewater pressure in the unfrozen zone generally increases at
first and then decreases. Changes in the pore water pressure in the un-
frozen zone are mainly controlled by stress and hydraulic boundary
conditions. Furthermore, changes in pore water pressure are affected
by soil type, water supply condition, initial soil moisture content,
measured soil layer depth, and hydraulic conductivity. Conversely,
changes in the pore water pressure in the unfrozen zone indicated an
increase in the frost heaving pressure and a decrease in the pore
water pressure at the freezing front and the frozen fringe during
freezing.

2) Based on the changes of the pore water pressure in the unfrozen
zone, we propose that consolidation in the unfrozen zone during freez-
ing results from compression-induced and vacuum-induced consolida-
tion. Different consolidation patterns are responsible for different stages
of freezing. Compression-induced consolidation primarily occurs during
the early stage of soil freezing as the pore water pressure increases, and
vacuum-induced consolidation mainly occurs during the later stage of
soil freezing as the pore water pressure decreases.
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