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Development of multiscale multi-physics rock mechanics for swelling rock mass
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In order to resolve the problem of deterioration of underground structures
after construction due to swelling of rock mass we have developed a new multiscale multi-physics
rock mechanics approach. We carried out laboratory swelling tests of montmorillonite and formulated
a thermodynamics model for the swelling behavior. We also formulated a numerical analysis model
based on the modified Cam-Clay model that can predict deteriorating strength and stiffness of rock
mass along with a rigorous return-mapping algorism. Then we developed a multiscale multi-physics
analysis model for swelling rock mass by Incorporating the thermodynamics swelling model into the
Cam-Clay type model. A series of analyses of a tunnel within a swelling rock mass predicted
displacement and stress distribution around the tunnel in good agreement with measured data. We
conclude therefore the validity and effectiveness of this proposed multiscale multi-physics rock
mechanics theoretical model.
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