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Micro-mechanical modelling of anisotropic
behaviour of oriented Polyethylene

S.M. Mirkhalaf, J.A.W. van Dommelen,
L.E. Govaert, M.G.D. Geers

/ Department of Mechanical Engineering

Introduction
During some manufacturing processes for polymeric products,
such as injection molding or film blowing, the material is un-
der shear and elongational flow resulting in an oriented micro-
structure after crystallization which leads to anisotropic mechan-
ical behaviour. The objective of this work is to model the orien-
tation induced anisotropic behaviour of semi-crystalline HDPE.

Micro-mechanical model
At the microscopic level, the material is considered to be com-
posed of amorphous and crystalline phases forming a composite
inclusion as shown in Figure 1.
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Figure 1: A composite inclusion composed of a crystalline lamella and
an amorphous phase.

The deformation behaviour of the material is obtained as the
volume average of the response of an aggregate of composite
inclusions, using a hybrid mean-field approach.

Initial orientations
In hot-drawn tapes, the crystalline domains show a preferred ori-
entation distribution. Figure 2 shows the orientation distribution
of a sample of HDPE with draw ratio factor of 4.
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Figure 2: Pole figures of the orientation distribution of a HDPE sam-
ple with draw ratio factor of 4.

Sedighiamiri et al. [1] showed that in spite of considering the
oriented crystallographic structure, the tensile yield kinetics are
not well captured. This signifies that in addition to the crys-
tallographic orientation, an oriented amorphous phase should
also be introduced.

Amorphous phase anisotropy
Two different anisotropy sources in the amorphous phase are
taken into account, namely an internal stress into the elastic
network and an anisotropic viscoplastic flow. To include an in-
ternal stress, as suggested by Poluektov et al. [2], a pre-stretched
EGP model has been adopted. The mechanical analogue of the
EGP model is shown in Figure 3.
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 Figure 3: Mechanical analogue of a pre-stretched EGP model.

A pre-stretching of the amorphous network in this model leads
to an internal pre-stretched state. To incorporate an anisotropic
viscoplastic flow, the effective stress of Hill is used, given by [3]:
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Results
Samples are obtained from oriented HDPE tape at different an-
gles, see Figure 4.
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Figure 4: Schematic representation of the samples obtained from ori-
ented HDPE tape.

The simulation results together with the experimental stress-
strain curves at strain rates of ε̇ = 10−4(1/s) and ε̇ = 10−3(1/s)
are shown in Figure 5.
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Figure 5: Stress-strain curves of oriented HDPE tape with draw ra-
tio factor of 4, open symbols: experiments (ε̇ = 10−4(1/s)); filled
symbols: experiments (ε̇ = 10−3(1/s)); dashed lines: simulations
(ε̇ = 10−4(1/s)); solid lines: simulations (ε̇ = 10−3(1/s)).

Conclusions and future research
The modified micro-mechanical model successfully predicted the
anisotropic behaviour of the tape with draw ratio factor of 4 at
strain rates of ε̇ = 10−4(1/s) and ε̇ = 10−3(1/s). The predic-
tive ability of the model at strain rate of ε̇ = 10−2(1/s) should
be investigated.
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