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Decomposition of stress gradient tensor

The spherical and deviatoric part of a third order tensor Strain gradient tensor "free"

Stress gradient tensor constrained ∇ • σ + b = 0 ⇔ (∇σ) : δ + b = 0
Decomposition of stress gradient tensor ∇σ = J ∴ ∇σ + K ∴ ∇σ spherical projector deviatoric projector Stress energy density function

J ijklmn = 1 8 (δ ik δ jl δ mn + δ ik δ jm δ ln + δ il δ jk δ mn + δ im δ jk δ ln ) K ijklmn = I ijklmn -J ijklmn V.P.
w * = w * (σ, K ∴ ∇σ R )
For isotropic stress gradient materials: Thank you for your attention! vinh-phuc.tran@enpc.fr

w * (σ, R) = 1 2 σ : S : σ + 1 2 R ∴ M ∴ R Constitutive laws e = ∂w * ∂σ = S : σ, Φ = ∂w * ∂R = M ∴ R NOTA: Φ, R have to be deviatoric tensors! M = K ∴ M ∴ K V.P.
ij,j = 0 τ ij,j = 0 Gradient R ijk = σ ij,k κ ijk = ε ij,k Constitutive e ij = S ijkl σ kl σ ij = C ijkl ε kl laws e ij = ε ij + Φ ijk,k τ ij = σ ij -µ ijk,k Φ ijk = 2 K ijkpqr S pqmn R mnr µ ijk = 2 C ijmn κ mnk SUBC σ ij = Σ ij σ ij n j -(µ ijk n k ) ,j +(µ ijk n k n l ) ,l n j = t i on ∂Ω (smooth part) µ ijk n j n k = q i on ∂Ω (smooth part) [[µ ijk m j n k ]] = 0

  Strain gradient elasticity theory w = w( ε, ∇ε) Stress gradient elasticity theory w * = w * ( σ, ∇σ) w = w( ε, ∇ε) Stress gradient elasticity theory w * = w * ( σ, ∇σ)

  Uniaxial problem Σ = e z ⊗ e z Radial stress field σ rr (r, θ = 0) µ i = 27µ m , ν i = 0.4, ν m = 0.08, i = m = 's spherical inhomogeneity problem Mori Tanaka estimate for stress gradient materials Stress gradient elasticity differs from strain gradient elasticity Strain gradient: stiffening size effect Stress gradient: softening size effectPerspectiveNumerical implementation: FEM, FFT Physical interpretation of material internal length?
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Geometry + mechanical properties

Stress gradient (this work):

Uniform isotropic stress: Eshelby's spherical inhomogeneity problem (2)

Closed-form solution Postulated stress form in spherical coordinates (similar to Love's approach)

Uniform isotropic stress prescribed at boundary:

Uniform axial stress prescribed at boundary:

Continuity conditions at the surface matrix-inclusion Effect of material internal length (1)

Effective shear moduli (Mori Tanaka estimate) Stress gradient elasticity: capture size effects. For a , stress gradient effects vanish as expected.