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MICROMECHANICAL MODEL OF DETERIORATION OF
POROUS BRITTLE MATERIAL DUE TO FREEZING AND THAWING
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Deterioration under low temperatures has been a major concern for brittle porous materials
such as concrete. The mechanism of the deterioration, however, is not fully understood, and
needs to be clarified as these materials are being used in severe environments. Based on a
commonly accepted hypothesis that the deterioration is caused by the damage of micro-pore
structures, this paper constructs the following micromechanical model: the pore structures are
modeled as numerous microcracks and the damaging effects are represented by forces that act
on microcracks to open them. The degree of the deterioration is analyzed by computing the
overall growth and opening of microcracks, and quantified in terms of the residual strain or
the loss of effective elasticity. The deterioration process of concrete is simulated under various
conditions, and the validity of the model is verified by comparing the computation results with
available experimental data. To demonstrate the applicability of the proposed model, this paper
conducts the deterioration analysis of a rock cavern which stores very cold substances, which is
coupled with the stress and thermal conductivity analysis.
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