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Introduction
The toughness of semicrystalline materials can be signifi-
cantly improved by the addition of second phase particles.
A multiscale numerical model is developed to investigate
the hypothesized role of the anisotropic (transcrystallized)
microstructure [1] on the mesoscopic and macroscopic be-
havior of particle-modified systems.
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Figure 1: Effect of interparticle distance.

Modeling strategy
The potential of local anisotropy for toughening is investi-
gated for idealized material. Thereafter, a multiscale model
is used to establish a link between the microstructure and lo-
cal anisotropy, and ultimately deformation mechanisms.
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Figure 2: Modeling strategy.

Results
Potential of toughening mechanism
Using a Hill criterion with reduced 12 and 13 yield strengths,
a radially oriented anisotropy (the local 1-directions are per-
pendicular to the particle/matrix interface) is found to (i) re-
locate the tensile triaxial stresses at the particle poles, and
(ii) very effectively induce massive shear yielding.
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Figure 3: Potential of toughening by local anisotropy.

The requirements for this toughening mechanism are (i) a
voided structure, (ii) a radially oriented matrix morphology,
and (iii) a sufficiently large anisotropy.

Multiscale model
Anisotropic transcrystallized or isotropic spherulitic HDPE is
modeled by a polycrystalline composite inclusion model [2],
with preferential or random orientations, respectively, in
each integration point of amacroscopic finite element model.
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Figure 4: Overview of multiscale model and local orientations.

Due to the relatively small level of anisotropy, transcrystal-
lization is found to have only a small shear yielding effect,
which is consistent with experimental observations [3].
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Figure 5: Simulated effect of transcrystallization.

An additional lamellar row structure in the equatorial regions,
which may be the consequence of process conditions, en-
hances the efficiency of this toughening mechanism.

Conclusions
2 Anisotropy can efficiently induce toughening effects.
2 The effect of transcrystallization is limited.
2 Process conditions may enhance properties.
2 The mechanism is affected by the presence of hard par-

ticles.
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Figure 6: Schematic illustration of the effect of anisotropy
and the efficiency of toughening by local anisotropy.
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