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Introduction
The toughness of a number of semi-crystalline ma-
terials can be significantly improved by the addition
of second phase particles, such that the interparti-
cle matrix ligament thickness (�) is reduced below a
critical length.

[Muratoglu et al., 1995]
bulk matrixoriented layerparticle

Due to interface-induced crys-
tallization, highly anisotropic
transcrystallized layers are
formed, which change the
preferred modes of plastic
deformation.
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Composite inclusion
To model the semi-crystalline material surrounding a
dispersed particle, an aggregate of composite in-
clusions is used as a representative microstructural
unit at each integration point of a finite element for-
mulation.
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Compatibility:

Fc · xI
i = Fa · xI

i

Traction equilibrium:

σ c · nI = σ a · nI

Interface compatibility within the composite inclu-
sion is enforced on the deformation gradients of the
respective phases. Moreover, traction equilibrium
is enforced across the interface.

For each phase a thermo-elasto-viscoplastic consi-
tutive model is used. The crystalline phase plasti-
cally deforms by crystallographic slip, whereas for the
amorphous phase a power law constitutive relation is
used, with a back stress tensor to account for orien-
tation induced hardening.

Sachs interaction
Because of the molecular chain inextensibility
within the crystalline phase, in combination with in-
terface compatibility, the inclusion tends to lock for
certain crystal orientations. Therefore, a Sachs-
type interaction model is used to relate the volume-
averaged deformation and stress within an aggre-
gate:
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Volume averaging

F

Traction equilibrium
Interface compatibility

FIi
Stretches:

1
NI

∑
UI = Ū

Rotations:

RI ≡ R̄

Stresses:

σ I ≡ σ̄

Discussion
✷ To account for morphological symmetry at the

particle interface, an aggregate of several pref-
erentially oriented composite inclusions is used.

growth direction

of crystallization
symmetry within plane

crystallization on
particle interface

✷ As a consequence of the use of the Sachs-type
interaction model, within an aggregate, all inclu-
sions are coupled.
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