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1) Preliminary remarks on waves1) Preliminary remarks on waves
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Sandstone in diagenesis

Toilet paper

Lungs

Sand

Some examples
of complex media
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3) Modeling of porous materials –
- linear poroelastic two-component medium

3) Modeling of porous materials –
- linear poroelastic two-component medium



Governing equations – linear poroelastic model
Balance equations
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Solution of the
porosity balance:
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Approximation justified by generalized Gassmann relations: .0N ≈
Field equations:
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Micro-macrotransitions: Gedankenexperiments
for homogeneous microstructures

Unjacketed test

Jacketed drained
and undrained tests



Gassmann relations – coupling in Biot‘s model
Macroscopic material parameters of Biot‘s model
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where
Ks - bulk real compressibility modulus of skeleton,
Kf - real compressibility modulus of fluid,
Kb - drained compressibility modulus.

Porosity coefficients

.,
)(

)1(

0

00

fs

f

fs

fs

KK
KC

KKn
KKnKn

−
−

=
−

−+−
= γδ



Normalized coupling coefficient
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Numerical example



4) Sound waves in two-component
poroelastic media

4) Sound waves in two-component
poroelastic media



Monochromatic bulk waves – infinite media
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Compatibility with field equations:
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i.e. eigenvalue problem!

1) Boundary value problems in far field approximation:
- given real frequency ωωωω (Fourier time expansion in
monochromatic waves);

2) Initial value problem (e.g. impact): - given real wave
vector k (Fourier integrals with respect to space variable)



Separation of transversal and longitudinal waves:
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a) Low frequency approximation
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b) Propagation of the front - high frequency approximation :∞→ω
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1) Given frequency ωωωω:
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a) Low frequency approximation

i.e.
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b) Propagation of the front - high frequency approximation* :∞→ω

- P1-wave;  P2-wave does not propagate
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2) Given wave number k: $�������" 
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Phase speed of P1-waves

Phase speed of P2-waves –
- existence of a critical wave length



5) Surface waves in two-component
poroelastic media

5) Surface waves in two-component
poroelastic media



Rayleigh and Love waves in homogeneous elastic media

Love wave: phase velocity in a layer of ideal fluid
a) on a rigid foundation with

c=1500 m/s, H=1 m
b) on an elastic foundation with ρ‘/ρ=0.8,

c=2000 m/s, c‘=1800 m/s, H=1 m
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Typical solution of the dispersion relation for Rayleigh waves
for a vertically heterogeneous elastic material: existence of
infinitely many modes of propagation with critical frequencies

CARLO G. LAI; Simultaneous Inversion of Rayleigh Phase Velocity and Attenuation for
Near-surface Site Characterization, PhD-Thesis, Georgia Institute of Technology, 1998.



Main features of surface waves
in homogeneous poroelastic media*

Inna EDELMAN, K. WILMANSKI, Asymptotic analysis of surface waves at vacuum/porous
medium and liquid/porous medium interfaces,  Continuum Mech. Thermodyn., 14, 25-44, 2002
K. WILMANSKI, B. ALBERS; Acoustic waves in porous solid-fluid mixtures, in: K. Hutter,
N. Kirchner (eds.), Springer, Berlin (2003, to appear).

Boundary conditions for z=0 :
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A) Limit of short waves (high frequency): 1) – two modes, 2) – three modes.
B) Limit of long waves: singularity for initial value problem; boundary value problem
(far field approximation). 1) – one mode, 2) – two modes.
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ωωωω - real, given



Compatibility with field equations and dispersion relation
Independent amplitudes
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Boundary conditions
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6) Applications of waves in testing of soils6) Applications of waves in testing of soils
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Experimental measurements: cP1 ,cS
and porosity profiles
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