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is semidefinite positive is	
  a	
  closed	
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  cone	
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Classical	
  theory	
  	
  (Elas4c	
  behaviour)	
  

Piola	
  Boussinesq	
  stress,	
   the	
  free	
  energy,	
  

non	
  interpenetra4on	
  condi4on.	
  

Rota4on	
  matrix	
  R	
  does	
  not	
  intervene;	
  	
  it	
  is	
  impossible	
  that	
  	
  	
  	
  	
  	
  	
  is	
  a	
  convex	
  	
  
func4on	
  of	
  F,	
  

but	
  	
  

there	
  exist	
  mathema4cal	
  results.	
  



How	
  to	
  take	
  R	
  into	
  account?	
  

VELOCITY	
  OF	
  DEFORMATION	
   INTERNAL	
  FORCE	
  

+	
  B.C.	
  +	
  I.C.	
  

A 

EQUATIONS	
  OF	
  MOTION	
  



Cons4tu4ve	
  laws	
  

Impenetrability	
  condi4on	
  

no	
  fla\ening	
  

fla\ening	
  into	
  a	
  surface	
  

fla\ening	
  into	
  a	
  curve	
  

fla\ening	
  into	
  a	
  point	
  

W	
  is	
  the	
  physical	
  quan4ty	
  which	
  describe	
  the	
  elonga4on.	
  



Elas4c	
  cons4tu4ve	
  laws	
  

grad	
  R	
  describes	
  the	
  spacial	
  varia4on	
  of	
  the	
  rota4on	
  matrix.	
  

Free	
  energy	
  

Cons4tu4ve	
  laws	
  

S A 
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In	
  this	
  theory	
  

• 	
  	
   may	
  be	
  convex	
  .	
  

• 	
  If	
  	
   when	
   there	
  is	
  no	
  fla\ening.	
  Reac4on	
  	
   is	
  present.	
  

• 	
  If	
  	
   for	
   fla\ening	
  is	
  possible.	
  Reac4on	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  and	
  	
  	
  	
  	
  	
  	
  

are	
  present.	
  

• 	
  Cons4tu4ve	
  law	
  

is	
  not	
  always	
  valid.	
  	
  

is	
  always	
  valid.	
  

The	
  effect	
  may	
  be	
  propor4onal	
  to	
  the	
  cause.	
  

• 	
  There	
  exist	
  non	
  unique	
  equilibrium	
  posi4ons	
  in	
  

reac S 
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Self	
  contact	
  

VELOCITY	
  OF	
  DEFORMATION	
   INTERNAL	
  FORCE	
  

EQUATIONS	
  OF	
  MOTION	
  

CONSTITUTIVE	
  LAW	
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Collisions	
  

Self	
  collisions	
  

Interior	
  forces	
  become	
  percussions	
  

Cons4tu4ve	
  laws	
  involve	
  

Collisions	
  when	
  fla\ening	
  

Piola	
  Boussinesq	
  stress	
  becomes	
  Piola	
  Boussinesq	
  percussion	
  stress	
  

No	
  difficulty:	
  velocity	
  	
  	
  	
  	
  	
  	
  	
  is	
  uniquely	
  given	
  by	
  velocity	
  	
  



Numerics	
  (Francesca	
  Nerilli)	
  

+	
  B.C.	
  	
  +	
  	
  I.C.	
  

is	
  the	
  an4symmetric	
  reac4on	
  matrix	
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A	
  schema4c	
  example	
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A	
  schema4c	
  example	
  

Itera4ve	
  method:	
   are	
  known	
  at	
  4me	
  	
  	
  

give	
  

give	
  

give	
  

Step	
  1.	
  

Step	
  2.	
  

Step	
  3.	
  

Weak	
  equa4ons	
  and	
  finite	
  elements	
  

are	
  piecewise	
  con4nous	
  

is	
  either	
  piecewise	
  con4nous	
  or	
  piecewise	
  constant	
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Applica4on	
  1	
  	
  -­‐	
  	
  Trac4on	
  

at	
  each	
  4me	
  step	
  

at	
  each	
  4me	
  step	
  

Periodic	
  mo4on	
  	
  

Only	
  elonga4on	
  

is	
  the	
  elonga4on	
  rigidity	
  



In	
  case	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (the	
  usual	
  theory)	
  rota4on	
  does	
  not	
  have	
  limita4on.	
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Applica4on	
  2	
  	
  -­‐	
  	
  Torque	
  

at	
  each	
  4me	
  step	
  

at	
  each	
  4me	
  step	
  

Periodic	
  mo4on	
  	
  

Only	
  torsion	
  

	
  is	
  the	
  rota4on	
  rigidity.	
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Results	
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