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Finite element modeling of microscale compaction localization

of porous limestone under different confining stresses
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Abstract: Different from the tensile and shear failures, the inelastic compaction of porous rocks is
another important performance of rock deformation. Under compressive stress, high-porosity
sedimentary rocks form compaction bands with significantly reduced porosity and permeability. This is
not only related to the intermediate regime of the brittle-ductile transition of porous rocks but also has
important impacts on the engineering application of fluid flow in reservoirs. To explore the influence of
confining pressure and the initial pore structure on compaction localization, we establish a finite
element model with the complex pore structure of the rock based on the in situ synchrotron CT images

of the triaxial experiment of a Leitha limestone sample and conduct elastoplastic numerical simulations
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under different confining pressures. Our results show that the samples undergo heterogeneous

deformation under the confining pressure of 20 to 60 MPa. As the confining pressure increases, the

axial local compression inside the sample is restrained, while the radial local compression is promoted.

Most of the nodes in the compaction band have the trend of being away from the quasi-uniaxial

compression state under high compression stress, which restricts the development of compaction bands.

Key words: CT images of rocks; finite element simulation; porous rocks; compaction bands;

confining pressure
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