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Coupled analysis of stress, water andheat with freezing phenomenon
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In the design of underground LNG storage tanks, it is very important to predict
accurately the behaviour of surrounding ground mass at low temperatures; the ground mass will
be cooled down by the stored cryogenic fluid, and will eventually freeze; thermal stresses and
displacements will be induced along with volume change due to volume expansion of water
upon freezing and movement of pore water in unfrozen regions towards the freezing front.

To understand the behaviour of materials subjected to freezing phenomenon, an elastic
two-dimensional numerical scheme has been developed based upon Biot's model with additional
assumptions, in which ground deformation, pore water flow and heat flow are fully coupled.
This paper presents the derivation of governing equations and laboratory determination of
coupling parameters necessary for this numerical scheme. Results of analysis for a
fundamental problem is also demonstrated.  The results obtained seem satisfactory, describing
global ground behaviour well. :
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