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Basic ideas 
Scale separation  

  
 Micro Representative Quarter / Γ& & & Σ0  = O( l2)  
     
 Periodic oscillators distribution      Forces : t / Γ 

 
 Macro  Incident wavelength   L = λ/2π&

&
 Separation  Low frequencies    ε = l/L = 2π l/λ << 1 

 
 
Homogenisation  
 

 2 Space variables   x  ↔ λ/2π &y  ↔  l   y = x/ε&
&

 Asymptotic expansions   u = Σ εiui  σ = Σ εi σ i  ….  &
 

 Micro perturbations / Γ & &Boundary layer&





Experimental evidence  
of the boundary layer 



Macro boundary condition 

Equivalent Impedance of the «city»    
 

 [C:ex(U0)].nΓ - [Z0] iω U0 = 0    
 

  
 
 
 
 
 
 
 
Unconventional mixed conditions 



City resonance = Layer resonance 

No city    
 

 Identic response in X&Y   
 
 
 
 
 
 
Anisotropic city 

Anti resonance  in X 
 
Shift in Y 



Experiments 

  Shaking Table (Blade) - Bristol University   
 
  Series project (EU) 













2D transposition     
 

Scale separation  &  Codynamic regime 
 
3D-Large wavelenght  &  Local resonance  
 
Forcing motion   Forced regime 
 

     
Effect of the resonator 
 

Boundary layer (quasi-static regime)    
 

Effective unconventional impedance  Mixed boundary conditions : Free/rigid 
 

   
Physics of the resonator  

 
According to spatial orientations  Mode conversion 
 

      Depolarization 
 
       High dispersion and band gaps 

Learnings 



General principles for design    ε = 2π l/Λ   ≈ λR/ ΛC    
 

 Carrying constituent  connected  & Resonant constituent 
 

  Forcing    Forced regime 
 

  High contrast   Morphology  or  Parameters 
 

  
 Resonant constituent : Source term on the macroscopic  balance 

 
  Momentum balance   Unconventional mass  

 
    Mass balance   Unconventional stiffness  
 

 Local out of equilibrium regime 
 

  Elasto-inertial resonator  High dispersion and band gap 
 

  Visco-inertial resonator  Enhanced damping 
 

 Tunable design of interest for  
 

  Civil engineering ; Structures; Acoustics 

Conclusion on Inner resonance ... 



... and on homogenisation  

Scale separation enables   
     
  Handle ill conditionned problems 
   High contrasts - geometric ; mechanic 

 
  Adress  1D, 2D, 3D  problems 
   Quasi-analytical formulations 

      
  Provide parametrized unconventional descriptions   
   Higher gradient continuum 
   Meta-materials / Meta-surface 

 
  Of interest for engineering practice (from nano to metric scale) 
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λ /ERV > 1 

Phononic crystals 
Bloch waves 

Synthesis 

Inner resonance 
materials 

Composites 
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