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Abstract: How a porous rock fails in response to inelastic compaction, as well as the permeability evolution, have
significant impact on many applications related to natural energy resources and the environment. For a long time, the
conventional thinking has been that the only mode of failure is by diffuse compaction, without any involvement of strain
localization. However, in the past two decades field observations in porous sandstone have documented localized
deformation in the form of relatively narrow tabular zones with intense compaction but negligible shear. Within such
compaction bands, reduction of both porosity and connectivity can lead to significant permeability decrease and enhanced
anisotropy, which can modify the hydrological flow field. Discovery of this intriguing phenomenon has motivated systematic
experimental, theoretical and numerical investigations to probe the mechanics of compaction localization on multiple scales.
In the first part, 1 will review these efforts and the advances in our understanding and insights gained from them, concerning
the phenomenology and micromechanics of compaction localization and permeability evolution.

The interplay of confining stress and pore pressure in controlling a hydromechanical property can be described in terms of
an effective stress law. In a microscopically homogeneous assemblage, the effective stress coefficients for permeability, bulk
strain and porosity change are predicted to be equal to or less than unity. Experimental measurements for many rocks are in
agreement with this prediction, but there are exceptions particularly in clay-rich sandstones, for which effective stress
coefficient for permeability as high as 7.1 has been documented. Most previous studies are limited to either permeability or
bulk strain, and not much is known about carbonate rocks. In the second part, | will summarize our recent investigation of the
effective stress behavior in four porous limestones related to permeability, bulk strain and porosity change. In three
limestones the pore space comprises significant proportions of macropores and micropores. For the first time we observed
that in such a limestone with dual porosity, the effective stress coefficients for both permeability and porosity change were
generally greater than unity. Berryman (1992) analyzed theoretically a rock made up of two porous constituents, and our
experimental data are in agreement with inequalities that he derived for their effective stress coefficients.
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