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Meso Phenomenological Analysis on Nonlinear Deformation of Porous Rock and
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Abstract: The nonlinear deformation analysis method and the whole deformation process simulation method of
porous rock under triaxial compression are one of the focuses of research of mechanical properties of rock
deformation. First on the basis of fully discussing the nonlinear deformation mechanism and characteristics of
porous rock under triaxial compression the mesoscopic structure of porous rock is converted into matrix
material and fracture material in series by adopting the microscopic phenomenological analysis method and
the microscopic phenomenological analysis model of nonlinear deformation of porous rock is established.
Based on the characteristics that volume flexibility is closely related to the number of open cracks in porous
rock the relationship between volume flexibility and elastic modulus and the relationship between hydrostatic

pressure and fracture aspect ratio are introduced and the relationship between elastic modulus of matrix
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material and confining pressure is established. Based on the continuum damage mechanics theory the
statistical damage constitutive model of the deformation and failure process of matrix material under triaxial
compression is established. Then based on the microscopic phenomenological analysis model of nonlinear
deformation of porous rock the statistical damage constitutive model of the whole process of deformation and
failure of porous rock is established and the determination method of model parameters is given. Finally the
rationality and feasibility of the model and method are verified according to the triaxial compression test data
of red sandstone and coal rock. The result shows that the model not only can well reflect the nonlinear
concave deformation characteristics of porous compaction of porous rock under triaxial compression but also
can reflect the changing characteristics of rock elastic modulus with the increase of confining pressure and
also can well simulate the deformation characteristics of rock behind the peak value. The rationality of the
mesoscopic phenomenological analysis model of nonlinear deformation of porous rock and the elastic modulus
analysis model of matrix material is well verified and the models and the method are feasible.

Key words: tunnel engineering; constitutive model; meso phenomenological analysis; porous rock;

statistical damage
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Fig.1 Whole process of deformation failure of porous

rock under triaxial compression
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Fig.2 Whole processes of deformation failure of porous

rock under different confining pressures
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Fig.3 Meso phenomenological analysis model of
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Fig.4 Theoretical curves of proposed model ( red sandstone)
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Fig. 5 Comparison of theoretical curves with test curve of red sandstone
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Fig. 6 Comparison of theoretical curves with test curve of coal rock
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