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William Blake (1757 – 1827)
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1. Linear poroelastic model1. Linear poroelastic model
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- partial mass density of the fluid
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- velocity of the fluid
- Almansi-Hamel deformation tensor of
the skeleton

- porosity
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Linear constitutive relations
Partial stresses
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1) How to find material constants in „ simple“
laboratory and field experiments?

2) How to find microstructural properties
such as porosity, permeability
or saturation?

Micro-macrotransitions?
Statistical averaging (REV)?
Time averaging?
Kinetic theory and macroscopic
moments?
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2. Micro-macrotransitions2. Micro-macrotransitions
(homogeneous microstructure)(homogeneous microstructure)
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Geometrical compatibility
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Changes of porosity
Constitutive relations:

- macro

.)()(

)()(:mequilibriu

),(N

),(N)(

03
2

00

000

03
2

0

ekrml

ker

eml

QeQ

pppp� p

n-nQepp

n-nQepp

FSS

FFSS

FFF

SSSS

+-++-=

=-+-=

---=-

+-+-=-

- micro

).)(1()(:mequilibriu

,,

0000

00

SRSRFRFR

R
s

SRSRR
f

FRFR

ppnppn� p

eKppKpp

--+-=

-=--=- e

(2)

(3)

It follows

.2:,)1(:

,
)(

:,
)(

:),(

03
2

00

0

00

00

0

QKKnKnK

KKn

KnQ

KKn
KK

ee
n

nn

FSS
fsV

fs

f
F

fs

V

+++=+-=

-

-+
=

-
-

=-+=
-

krml

kr
gdegd



11

Changes of porosity
- the solution of the porosity equation
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Gedankenexperiments
for homogeneous microstructures

Preliminaries – Biot‘s notation

Bulk stress and pore pressure

Change of the fluid content:
Fluid contained in a reference volume dV0 of the skeleton

- reference configuration: 00 dVFr

- current configuration: 0)1( dVeF +r

- normalized change – increment of the fluid content:
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Gedankenexperiments
for homogeneous microstructures

Unjacketed test:
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Solutions of field equations and  geometrical compatibility
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Full set of equations for K, C, M, N:
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Material parameters K, C, M in the zeroth
approximation (Gassmann)
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Material parameters K, C, M in the zeroth
approximation (Gassmann)

Material parameters K, C, M in the first
approximation (Gassmann)
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Material parameters K, C, M, N
in the full model

Coupling parameters C, N
in the full model
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in the full model
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Material parameters K, C, M in the zeroth
approximation (Gassmann)

Material parameters K, C, M in the first
approximation (Gassmann)

Comparison with the full solution (green) 



20speed of propagation of P1-wave
in the low frequency approximation

Carlo Lai (July 2002)

Some results for P1-waves:
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3. Dependence of mS ,Kd
and Kb on porosity

3. Dependence of mS ,Kd
and Kb on porosity
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In the drained simple test the material behaves as
there were no fluid in pores. Hence the stress – strain
relation should be the same as in the classical elasti-
city with the compressibility modulus Kd and shear
modulus mS, i.e.
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where n is the Poisson‘s number.

Simultaneously speeds of propagation react weakly on changes
of Poisson‘s number – see: results of Carlo Lai. Hence we can
choose, for instance, n=0.2 and either calculate Kd (Kb) from the
above formula provided mS was measured by the speed of shear
wave or calculate mS provided Kd (Kb) is given empirically.

Important practical case: given two speeds of propagation
(P1- and shear wave) and the Poisson‘s number. Then
by means of MICRO-MACRO one can calculate porosity
(inverse problem). 
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Experimental measurements: cP1 ,cS
and porosity profiles
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Testing of soils by surface waves (SASW)

Politecnico di Torino, 2003
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4. Conclusions4. Conclusions

2. Gassmann – like relations, derived for the extended
model with a dependence on porosity gradient by means
of the Micro-MacroTransition for homogeneous microstru-
cture satisfy ALL compatibility relations for simple tests
and yield in the limit the classical Gassmann relations.

1. Biot‘s model follows as a limit case of a gene-
ral thermodynamic model provided the relaxation
of porosity is neglected.

3. In order to fulfil geometrical compatibility relations of 
micro-macrotransition the porosity balance equation must be
corrected on an equilibrium contribution to the source term.

4. Micro-MacroTransition gives rise to a possibility of a natu-
ral description of processes in unsaturated granular
materials.



26The Ghost of a Flea (ca. 1819)

Newton (1795)


