The Green operator for strains

Reference material

 Arbitrary, homogeneous stiffness: 

LS as a variational problem

a diag (τ , ϖ)= ∫ ϖ ( x ):[C (x )-C 0 ] -1 : τ ( x )d x a circ (τ , ϖ)= ∬ ϖ ( x ): Γ 0 ( x -y ): τ ( y )d x d y a( τ , ϖ)=a diag ( τ , ϖ) + a circ (τ , ϖ)
The bilinear form

a( τ , ϖ)=f (ϖ) for all ϖ ∈V (C-C 0 ) -1 : τ+Γ 0 * τ=E

Strong form

Weak form: find τ∈V such that V: space of square integrable, second order, symmetric tensors.

The linear form: f ( ϖ)=E : ∫ ϖ

Galerkin discretization of the LS equation

Find τ∈V such that a diag ( τ , ϖ)+a circ ( τ , ϖ)=f (ϖ) for all ϖ ∈V

Consistent discretization

Find

τ h ∈V h such that a diag (τ h , ϖ h )+ a circ h (τ h , ϖ h ) =f (ϖ h ) for all ϖ h ∈V h
Asymptotically consistent discretization: exact evaluation is not necessary! 

Introduction:

  Homogenization requires the solution to the so-called "corrector problem"  Traditional numerical methods (e.g. FEM) can be costly  Conforming mesh  Large linear system  Grid-based methods are handy in such situations!  FFT-based methods first introduced by Moulinec and Suquet (1994)  Since about 2010, regain of interest for these methods  Present talk: overview, biased towards a variational point of vew  Brief recap on homogenization  The Lippmann-Schwinger equation (LS): strong and weak forms  Galerkin discretization of LS: consistent and asymptotically consistent discretizations Ensure that average strain is E  Hilll's lemma must hold Heterogeneous div ( C :ε)=0 ε=sym grad u BC(E ) Example: periodic BCs u ( x )=E⋅x +u per ( x ) Well-suited to numerical homogenization Kanit et al. (2003), Int J Sol Struct 40, τ+Γ 0 * τ=E τ=(C-C 0 ):ε Korringa (1973), J Math Phys 14, 509-513 Kröner (1974), Topics in Applied Continuum Mechanics, 22-38 Nemat-Nasser et al. (1982), Mech Mat 15, 163-181 Zeller and Dederichs (1973), Physica Status Solidi (B) 55, 831-842 div (C 0 :ε + ϖ)=0 ε=sym grad u per ε=-Γ 0 * ϖ def.
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