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A G E H Experimental Study on the Freezing of Sands and Soft Rocks:

Investigation on the Thermo-Hydro-Mechanical Problems
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This study focuses on two main issues; the development of freezing pipe experiment method and the investigation of
several rock types under freeze-thawing condition. Both issues are very important and closely related with the artificial
freezing ground projects, especially for the freezing of ground with high velocity of seepage flow. Those two issues
were investigated by two different experimental approaches. The first experiment focuses on the thermal-flow relation
approach and the second experiment focuses on the strain-strength relation approach. Based on the results of these two
experiments, a new freezing-flow-deformation experimental design is proposed to simulate the comprehensive ther-
mal-flow-deformation mechanism of sand in freezing condition.

The first experimental study focuses on the flow-thermal relation and the visual observation of heat distribution
around a freezing pipe in sand with seepage flow. This experiment aims to understand the effect of seepage flow on the
heat transfer behavior and frozen body development in sand under freezing condition due to a vertically buried cooling
pipe. Conversely, it also simulates the effect of freezing to the behavior of seepage flow. The method of this experiment
combines a head elevation pressure flow test, cooling or freezing processes initiated by the coolant-circulation pipe, and
the visual observations of temperature profiles of sand as the heat-transfer medium by infra-red thermograph camera.
This method is effective to visualize the thermal distribution during cooling and freezing process and characterize it
based on different determining factors and mainly flow conditions. The flow-thermal relation that is obtained from this
experiment gives information on how the ice formation reduces flow rate, and reciprocally how the high velocity of wa-
ter flow prevents the ice formation. From these thermal-flow experiments, it can be concluded that the thermal distribu-
tion, freezing effectiveness, and the duration of ice fusion are highly affected by the seepage flow.

The second experimental study focuses on the strain and strength characteristic of soft rock samples under a freeze-
thaw cycle through freezing bath submersion experiment. Freezing bath submersion experiment is effective to inves-

tigate the thermal-strain relationship of the core rock samples during freezing and thawing in no mechanical loading



regime. Strains of the dry samples are fully caused by the thermal expansion or shrinkage that is governed by their
respective material properties. Strains of the wet samples are caused by the combination of the material’s thermal prop-
erties and the freezing expansion of water inside the pores. The characteristics of strain are confirmed with the results
of tensile strength tests. From these strength and strain experiments, it can be concluded that moisture content is one of
the most important factors that affects the freeze-thaw deformation characteristic of soft rocks, especially on the strain
magnitude and the residual deformation. However, it is difficult to compare the strain-strength characteristic based on
rock types and freezing intensity by only conducting a single test on each sample type and condition. In order to obtain
the convincing results, the test on more number of specimens for each rock type on each test condition is recommended.
Besides, more freeze-thaw cycle is necessary to provide better information on the deterioration process.

In the actual artificial freezing ground project, three physical mechanisms of hydro-thermo-mechanical processes may
occur simultaneously. A laboratory experimental method should be able to simulate those sophisticated mechanism that
occurs in the real field, and the two experiments those have been conducted and the proposed new design in this study
shows that potential. Combination of thermal-flow-deformation observation in a single experiment can be approached
based on the methods introduced in this study. The use of 3D Laser Scanner has a great potential to help the research ad-
vancement in many laboratory-scale experiment with deformation related topics including freezing deformation topic. It
may be able to observe the comprehensive surface deformation on freezing pipe-ground system, not limited only to the
sample. Therefore, for the further studies, it is important to investigate the effect of high velocity moving moisture on
the deformation characteristic of porous media under freezing and thawing condition. Besides, investigating the effect

of seepage flow on the freeze-thaw induced deformation of porous material is also important.
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