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Abstract

In this thesis, the focus has been on micro-mechanical mechanisms in
polymer-based materials and structures. The first part of the thesis treats
length-scale effects on polymer materials. Experiments have showed that
the smaller the specimen, the stronger is the material. The length-scale
effect was examined experimentally in two different polymers materials,
polystyrene and epoxy. First micro-indentations to various depths were made
on polystyrene. The experiments showed that length-scale effects in inelastic
deformations exist in polystyrene. It was also possible to show a connection
between the experimental findings and the molecular length. The second
experimental study was performed on glass-sphere filled epoxy, where the
damage development for tensile loading was investigated. It could be showed
that the debond stresses increased with decreasing sphere diameter. The
debonding grew along the interface and eventually these cracks kinked out
into the matrix. It was found that the length to diameter ratio of the matrix
cracks increased with increasing diameter. The experimental findings may be
explained by a length-scale effect in the yield process which depends on the
strain gradients.

The second part of the thesis treats mechano-sorptive creep in paper, i.e.
the acceleration of creep by moisture content changes. Paper can be seen as
a polymer based composite that consists of a network of wood fibres, which
in its turn are natural polymer composites. A simplified network model for
mechano-sorptive creep has been developed. It is assumed that the anisotropic
hygroexpansion of the fibres leads to large stresses at the fibre-fibre bonds
when the moisture content changes. The resulting stress state will accelerate
creep if the fibre material obeys a constitutive law that is non-linear in stress.
Fibre kinks are included in order to capture experimental observations
of larger mechano-sorptive creep effects in compression than in tension.
Furthermore, moisture dependent material parameters and anisotropy are
taken into account. Theoretical predictions based on the developed model are
compared to experimental results for anisotropic paper both under tensile and
compressive loading at varying moisture content. The important features in the
experiments are captured by the model. Different kinds of drying conditions
have also been examined.
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