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Pore casts (epoxy replicas, Bourbié)

Sandstone in diagenesis

nonpolarized light polarized light
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Oscillon
Paul Umbanhowar (Northwestern Univ.)

Toilet paper
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Biomechanics:
Lungs
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1) Constitutive assumptions for

⇒Φ nFSS ˆ,,ˆ,,,ˆ pTTρ

2) Field equations for fundamental fields

3) Thermodynamic admissibility:
for all solutions of field equations the entropy inequality

,0)()( ≥+++++
∂
∂ FSFFF

t
SSS

t
FF

t
SS

t div
t

hhvv ηρηρηρηρ

must be satisfied identically.

In this inequaliy ηS, ηF are partial entropy functions,
and h S, h F - their fluxes, all given by constitutive relations.
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Results from the evaluation of the entropy inequality:
- identities relating constitutive equations of various quantities;
Gibbs equations, thermodynamic potentials,

- dissipation inequality defining the state of thermodynamic
equilibrium and restricting mechanisms of dissipation.
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1) Hypoplastic materials – modeling of soils, evolution equation
for effective stresses in the skeleton (Terzaghi – Kolymbas), 

2) Langmuir model of adsorption – mass exchange by
settlement of pollutants,

3) Drying of wood – evaporation (phase transformation) processes,
4) Freezing – phase transformation with a free surface. 
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And fetch shrill echoes from the hollow earth
�Shakespeare, The Tempest, Act 5, Scene 1)
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Cross-hole and down-hole acoustic tests
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Destructive testing, the original soil structure must be damaged, e.g.
• laboratory testing
• acoustic testing from boreholes, for example - explosive
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(from Ishihara, 1996)

Cross-Hole Standard:
(ASTM D-4428M)

Purpose:

Measure cS, cP1 profiles

Soil in situ Experiments: Cross-Hole Seismic Test (example)
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Experimental Measurements of Bulk Waves
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α‘ – surface permeability; it replaces a surface layer.
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Experimental Measurements: Instrumentation

Dropped weight as a seismic 
source

Linear array of 
geophones

Geophone
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