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Metal plasticity − Multiscale hierarchy
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Ultimate goal: Ascertain macroscopic 
behavior from first principles
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Continuum models of crystal plasticity
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General dislocations − Energy
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Straight dislocations – Dissipation
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lattice friction
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Obstacles − Topological obstructions

(Humphreys and Hirsch ’70)
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The standard continuum model

strain energy stored energy
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The standard continuum model
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The standard continuum model

strain energy plastic work core energy
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Standard model − Local
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Standard model − Local

(Ortiz and Repetto, JMPS, 
47(2) 1999, p. 397)
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Standard model − Relaxation
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Standard model − Relaxation
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Standard model − Relaxation
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Standard model – Relaxation

(Crone and Shield, JMPS, 2002)

(Rice, Mech. Mat., 1987)

Ideal plasticity Slip-line energy
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Relaxation and computation

Indentation of [001] surface of FCC crystal
(Hauret and Ortiz, 2005)
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Relaxation and computation
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Relaxation and computation
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Relaxation and computation
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Microstructures generated
at quadrature points on the fly
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Model boundary-value problem
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Optimal scaling laws

• Upper bounds determined by construction
• Lower bounds: Rigidity estimates, ansatz-free lower 

bound inequalities (Kohn and Müller ’92, ’94; Conti 
’00)
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Optimal scaling – Laminate construction

parabolic hardening +
Hall-Petch scaling

dislocation walls
boundary layer

grain
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Optimal scaling – Branching construction

boundary pile-up
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Optimal scaling – Microstructures

LiF impact
(Meir and Clifton´86)

Laminate BranchingShocked Ta
(Meyers et al ´95)

Dislocation structures corresponding to the 
lamination and branching constructions
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Optimal scaling – Phase diagram

ElasticRigid

Lamellar Branching

T = dislocation energy
G = shear modulus
γ = deformation
b = Burgers vector
d = grain size 
μ = GB strength
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Non-locality and computation

Wrong picture!
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