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Highly complex physical systems 

Hydrated, fibre-reinforced, heterogeneous and anisotropic porous 
media. 

Description of mechanical interactions 

Anelastic distortions 

 

Biological tissues: an overview 



Deep zone (oriented 
perpendicularly to the interface) 

Middle zone (random distributed) 

Upper zone (the fibres are parallel 
to the interface) 

Transversely isotropic behaviour 

Articular cartilage 

In articular cartilage, the fibres are distributed in a non-uniform way and this influences, for 
example, the stiffness of the tissue and the flow of the interstitial fluid. 

[Joint work with Salvatore Federico, Gaetano Giaquita, Walter Herzog, Guido La Rosa, (2004,2005)], 
[Mansour, J.M. (2003), Biomechanics of cartilage, Chapter 5, page 68] 



Remodelling: change of internal structure 

The change of the body’s shape (visible phenomenon) is accompanied by a reorganization  

of its internal structure (hidden phenomenon), which causes macroscopic variations of the  

mechanical properties of the material. 



 Reference configuration ℬ 

 Actual configuration ℬ𝑡 

 Deformation gradient 𝑭 

 BKL decomposition: 𝑭 = 𝑭𝑒𝑭𝑝 

 Epstein-Maugin decomposition: 𝑭 = 𝑭𝑒𝚷
−1 

 𝜫 is said to be the implant tensor 

 

 

 

 

The implant tensor 



Fibre pattern 



Constitutive framework: strain energy function 





Constitutive framework: Darcy’s law 



Problem setting (1/2) 



Problem setting (2/2) 



Closing the system 



Simulations (1/2) 



Simulations (2/2) 



Results: plastic strain behaviour 

𝑬p =
1

2
𝜫−1. 𝜫 − 𝑮  is the Almansi-Euler like strain tensor associated to the anelastic distortions 



Conclusions and future works 

  Study of the mechanical properties of biological tissues 

  Anelastic distortion 

  Possibility to implement other flow rules: take into account          
correlation of the fibres 

Coupling anelatic distortions and evolution of the fibre pattern 

Introduction of the Forchemeier correction for the fluid flow 




