
Instantaneous Homogenized Response
• Power-law behavior for the grains:

• Statistically isotropic distribution of the grains both in 
space and orientation implies: 

where         is the von Mises equivalent stress,

and        is the effective flow stress (depends on             ).
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Ice Polycrystal

DIC: Map of Equivalent Strain

Grennerat et al. (2012) Acta Mat.



High-Anisotropy HCP Polycrystals
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APPLICATION: FIBER-
REINFORCED 
COMPOSITES

Idiart, Moulinec, Ponte C, Suquet (2006) JMPS



• Distribution of fibers in the 
plane is random and isotropic

matrix
(phase 1)

fibers 
(phase 2) • Plane strain conditions

• Incompressible, power-law 
phases:

• In-plane effective behavior:

Fiber-reinforced composites
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(ideally plastic)

m=1 (linear)
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unit cellperiodic
BC’s

- 490 composite cylinders of
three different sizes 

- ensemble average over 20
configurations in order to
obtain statistical homogeneity
and isotropy

- discretization: 1024 x 1024 pixels

Mean concentration of fibers     0.21

• Fast Fourier Transform (FFT) simulations

Fiber-reinforced composites

• Second-order estimates

- make use of the Hashin-Shtrikman linear estimates (Willis 1978,
Ponte Castañeda & Willis 1995)

- require the solution of three nonlinear equations


