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Abstract: When Biot first derived the constitutive equations of poroelasticity in 1941, he adopted a phenomenological
approach, using apparent stress and strain quantities that are easily observable from the exterior of the sample, which also
clearly defined as boundary conditions, for the solution of boundary value problems. The phenomenological model used the
total stress rather than solid stresses, the frame deformation rather than the solid deformation, and the variation in fluid
content (amount of fluid expelled from the frame) rather than the fluid strain, as the modeling parameters. The associated
material constants, such as the drained and undrained bulk modulus, Biot effective stress coefficient, etc., are bulk
constants that combine the properties of the solid, the fluid, and the pore structure. The mathematical system formed by this
model is widely used for engineering purposes.

There are certain applications, however, that require the insight into what is happening within the porous medium. For
example, when the porous frame is deformed, how much of the volume change is derived from the deformation of the solid
phase, and how much is due to the closing and deformation of pore space? Gassmann in 1951 derived a model which
clearly identified the roles of the compressibilities of the solid, the fluid, and the pore space played in the deformation.
Gassmann’s model, however, assumed that the solid phase is homogeneous and isotropic at the microscopic (grain) scale
(though not necessarily at the macroscopic scale), which has been called an ideal porous medium. Geomaterials, such as
rocks, are not homogeneous at the grain level. The microhomogeneity and microisotropy constraints were removed by Biot
and Willis in 1957. The resultant micromechanical model contains an additional material constant: rather than one solid bulk
modulus, there exist two such moduli, which become equal only under the ideal porous medium assumption. However,
these material constants are still not “intrinsic” as the physical mechanisms are not isolated.

Lopatnikov and Cheng in 2002 presented a physically based model using the composite material volume averaging
process and the variational energy principle. Following this approach, the material constants are resolved into intrinsic
constants, each corresponding to a fundamental deformation mechanism. Particularly, a solid bulk modulus relating the self-
similar volume change of the solid phase, a porosity bulk modulus relating to the self-similar deformation of the pore space,
and bulk modulus relating to the volume conserving shape changes of the solid phase, are identified. The ideal porous
medium assumption is directly tied to the third bulk modulus, which becomes zero under such assumption. Relations among
the intrinsic material constants, the Biot-Willis constants, and the bulk material constants are provided. Physical insights
revealed by the intrinsic constants are discussed.
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METROPOLITAN SECTION
The Maurice A. Biot Lecture was established at Columbia University in 2004 in remembrance of the late Prof. Maurice
Anthony Biot and his renowned achievements as an engineer, physicist, and applied mathematician.
Biot was a professor of mechanics at Columbia University in the period 1937-1945.
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