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Somehow the soil is a random
media..let us see in which sense

• In a given layer of soil, voids may be present;
• their distribution is random;
• one way to model the surrounding soil is top consider it

viscoelastic;
• so, even if the soil is normally layered, in a given layer the 

matter behaves like a random viscoelastic composite;
• In finding the effective properties of the soil, already the 

viscoelasticity of it leads to a wide oper problem, which
has been solved by the authors;

• A more realistic situation should account for the presence
of water, so both saturaded and partially saturaded
viscoelastic media with voids should be further examined.
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OutlineWhat’s out there:
-Nothing for random composites and their response;
-No investigations on the effects of past histories in non-virgin composites
(even conventional, not just random).

What can we do? Provide insights on both aspects above. How?
1)  “Smart” choice of the polarization stress w.r.to the comparison solid
2) Ensemble average (up to two-point statistics) - Hashin & Shtrickman v.p.

Integral equation for the averaged actual polarization

Nonlocal stress-strain/state response

Second-gradient approximation

First consequences on the frequency dependence of the RVE size
And alot more….
What needs to be done? A lot of work! 
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Following a strategy undertaken by R. Hill (seventies), Willis (eighties and
early nineties) in deterministic elastic media & Drugan and Willis (96 ) 

for the random case, we:

1)  Choose a comparison solid, whose properties (either relaxation or creep
Function) are spatially constant, i.e. it is homogeneous and viscoelastic;

2) Examine the deviation of the real stress from the one experienced by this
fictitious body, i.e. the polarization stress;  

Since for the given medium there is more than just one choice for it, a “smart”
choice is made;

So…how can we proceed to get the effective constitutive properties
of a random viscoelastic media?
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1) Actual Polarization Stress

2) Equivalent Expressions for the Stress

this decomposition “does not feel”
the state of the comparison solid

Deterministic heterogeneous viscoelastic media
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3) Ensemble average (up to two-point statistics) polarizations over all possible
realizations at  a given point and take the resulting components of such
average as unknown fields;

4) Average out the strain field solving the balance of linear momentum for each
realization at a given point and plug it in the the stationary points of a Hashin & 
Shtrickman variational principle, which may be written for the .

Integral equations for

Nonlocal stress-strain/state response

Second-gradient approximation
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Ensemble average (up to two-point statistics) - Hashin & Shtrickman v.p.

Integral equation for the averaged actual polarization-

Nonlocal stress-strain/state response -Second-gradient approximation
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Frequency dependence of the RVE size

Example: Single relaxation type matrix with voids

1) The effect of the residual stress on the RVE
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Out[5]= … Graphics …

1) The effect of the actual strain process on the RVE

For single time relaxation materials there are two competivive effects
What about more realistic materials (Power law relaxation functions)?
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Supplementary material
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Balance of l.m.

where is the TFT of (12).

GAM 08 -Genova, Febr. 29-March 1, 2008.

TARGET: the TFT of the actual polarization

…..we need the one of the random medium though..…



where

GAM 08 -Genova, Febr. 29-March 1, 2008.

An equation for comes from balance of l.m.:
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Frequency dependence of the RVE size
Example: Single relaxation type matrix with voids
1) The effect of the residual stress on the RVE
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