Local descriptors of the microstructure

The χ α at the observation point. The functional of Hashin & Shtrikman

H( τ ) = 1 2 E : C 0 : E + E : τ - 1 2 τ : (C -C 0 ) -1 : τ - 1 2 τ : Γ 0 [ τ ]
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Step 2 -Evaluating the H&S functional

The trivial terms

The functional of Hashin & Shtrikman
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One-point descriptors of the microstructure Step 2 -Evaluating the H&S functional

Y αh = χ α (x) f (x, a) h S.
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The not-so-trivial term

The Green operator for strains as a "convolution" operator Step 2 -Evaluating the H&S functional

τ : Γ 0 [ τ ] = 1 V x,y ∈Ω τ (x) : Γ 0 (x, y ) : τ (y ) dV x dV y If Ω is indeed a RVE, then τ : Γ 0 [ τ ] = τ : Γ 0 [ τ ] τ : Γ 0 [ τ ] = 1 V x,y ∈Ω τ (x) : Γ 0 (x, y ) : τ (y ) dV x dV y τ (x) : Γ 0 (x, y ) : τ (y ) = α,β,h,k Z αh,βk (x -y ) ταh : Γ 0 (x, y ) : τβk Two-point descriptors of the microstructure Z αh,βk (r ) = χ α (x) f (x, a) h χ β (x + r ) f (x +
Putting it all together Was well worth trying (if only to spare the time of others!).

H( τ ) = 1 2 E : C 0 : E + E : τ - 1 2 τ : (C -C 0 ) -1 : τ - τ : Γ 0 [ τ ] α,h Y αh E : ταh α,h,k Y α,h+k ταh : (C α -C 0 ) -1 : ταk α,h,β,k (Y α,h+k δ αβ -Y αh Y βk

Perspectives

Analysis suggests enrichments with better prospects (maybe).

Isotropy is the root of our misfortunes: anisotropic descriptors? 

Motivation

  Derivation of bounds on the effective propertiesThe principle of minimum potential/complementary energyRequires kinematically/statically admissible trial fields!The principle ofHashin & Shtrikman (1962) 

a

  χ α (x + r )dV r Radius of spherical window Volume of spherical window Indicator function of phase α The case of two-phase materials f (x, a) = f1 (x, a) = 1 -f2 (x, a) χ α (x + r )dV r Radius of spherical window Volume of spherical window Indicator function of phase α x The case of two-phase materials f (x, a) = f1 (x, a) = 1 -f2 (x, a)

  y ∈Ω τ (x) : Γ 0 (x, y ) : τ (y ) dV x dV y

Z

  αh,βk (r ) = Z αh,βk ( r )Two-point descriptors vanish! 1 V Z αh,βk (xy )Γ 0 (x, y ) dV x dV y = (Y α,h+k δ αβ -Y αh Y βk )

  h+k (C α -C 0 ) -1 + P 0 : ταk = Y αh E + β,k Y βk P 0 : τβk Solving the linear system ταk = 0 for k = 0! Remember τ (x) = α,k χ α (x) f (x, a) k ταk Standard bounds of H&S are retrieved :-( Enrichment led to no improvement! Extends to a wider class of trial fields! However. . . Approach might apply to other situations.

  χ α (x)Φ h (x)χ β (x + rn)Φ k (x + rn) = func.(r, n)

  y ) : τ (y ) dV x dV y
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Step -Defining enriched trial fieldsStep -Evaluating the H&S functional → The curse of isotropy!Step -Optimizing the resulting bound S. Brisard CFM 2015 -Paper number 68474 Aug. 27, 2015

Appendix

The local problem on the RVE (with shorthand notations) Field equations

Effective properties 

Appendix

The Lippmann-Schwinger equation

Introducing an arbitrary, homogeneous reference material C 0 .

The Green operator for strains

The Lippmann-Schwinger equation