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Research progress and tendency in characteristics of multi-scale damage
mechanics of rock under freezing-thawing
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Abstract: Due to the natural defects existing in rock mass, freezing-thawing damage is easier to occur around
these defects. In fact, the freezing-thawing damage can be regarded as the fatigue process along the local area of
the natural defects under the repeated frost loading. However, the significant scale effect exists in the freeze-thaw
damage. The spatial scale of these defects always control the evaluation scale of freezing-thawing damage. For
example, for the porous rocks with the defects such as cavity, porosity and micro-crack, their freezing-thawing
damages commonly present the germination, extension and cutting-through of these porosities and micro-cracks,

which can be classified in the microscopic scale. While for the fractured rocks with fault, joint or fracture, their
damages show the typical localization characteristics along the tips of macro defects, which should be considered
in the macroscopic scale. The scales of freezing-thawing damage and its corresponding damage recognitions are
the focus of this work. Firstly, the quantitative grading are carried out according to the spatial sizes of these

natural defects, and the damage characteristics and the corresponding recognition for different scales are also
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discussed. Then, the recognition and evaluation methods of freezing-thawing damage in the micro-scale,

meso-scale and macro-scale are concluded comprehensively. Finally, combing with the present works of the

evaluation of freeze-thaw damage of rock mass, we attempt to present the viewpoints regarding the future

development of recognition methods and damage evaluation mechanism, and to discuss briefly the cross-scale

evolution paths from micro, meso to macro scale in the freezing-thawing damage of rock mass.

Key words: rock mechanics; freeze-thaw cycles; natural defects; multi-scale; damage mechanics characteristics;

recognition methods; evaluation mechanism
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Fig.7 Unfrozen water content of saturated sandstone varies

during freezing and thawing
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