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RIS HIIEARIRGE Dy 5 9y ZIALAERS, SEbs IR T Dy 5 9y ZIA A REAEAE
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Study on the Super Viscoelastic Constitutive
Theory for Saturated Porous Media

HU Ya-yuan
( College of Civil Engineering and Architecture, Zhejiang University
Hangzhou 310058, P.R.China)

Abstract: In order to establish the super viscoelastic constitutive framework for saturated por-
ous media in view of the reversible and irreversible deformations of solids, porous solids and
fluids, an energy balance equation of which all terms were in the thermodynamically power-
conjugated form, was built for saturated porous media according to the principle of homogene-
ous mixture response, with the porous solid selected as the reference configuration and the ef-
fective stress tensor, the material’ s real hydrostatic stress and the fluid’ s real pore pressure
chosen as the state variables. The entropy flux and entropy production of the saturated porous
medium were derived based on the decomposing principle of entropy in the non-equilibrium
thermodynamics. The work shows that the super elastoplastic constitutive theory is only a spe-
cial case of the proposed theory. The deformation rate of a porous solid is composed of 2 parts:
the solid-phase interstice and the material deformation, of which the former is power-conjuga-
ted with the Terzaghi effective stress tensor and the latter with the material’ s real hydrostatic
stress. The free energy of a saturated porous medium consists of 2 parts; the porous solid-phase
part and the fluid-phase part. If the solid-phase interstice is decoupled from the material de-
formation, the free energy of the solid can be further divided into 2 parts: the material strain
and the interstitial change. The Skempton-type effective stress is proved not to be a basic state

variable for saturated porous media.

Key words: saturated porous medium; stress analysis; strain analysis; energy equation; entro-
py production; constitutive relation
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