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Abstract

The aim of this work was to investigate the mechanical properties of different
hardwood species and relate the properties to the structure at the cellular and
cell wall level. The species examined were European aspen (Populus tremula),
hybrid aspen (Populus tremula x Populus tremuloides) and European oak
(Quercus robur). The Populus species, including the fast-growing hybrid aspen,
are used in a large number of projects using transgene technology, which
also has raised the demand for a more extensive determination of mechanical
properties of the species. Oak have been a popular construction material
for thousands of years, esulting in a vast number of archaeological findings.
Preservation of these often includes dimensional stabilization by polyethylene
glycol (PEG), an impregnation agent which affects the mechanical properties.
To which extent is not properly investigated, however. The study on European
and hybrid aspen included development of a method for tensile testing of small,
juvenile specimens in the green condition, where strain was measured using
the digital speckle photography (DSP) technique. Mechanical performance of
the species in terms of longitudinal tensile stiffness and strength were of special
interest. Inferior mechanical properties of hybrid aspen corresponded well to
mean values of density, which were lower for the hybrid aspen compared to
European aspen.

Oak was examined in the swollen state, where swelling was induced by
PEG with molecular weight 600. Longitudinal tensile stiffness and strength
as well as radial stiffness and yield strength in compression were compared.
Longitudinal and radial strain was measured using video extensiometry
and DSP, respectively. Additional characterization of the material included
imaging from scanning electron microscopy (SEM), X-ray microtomography
and determination of microfibril angle using wide angle X-ray scattering
(WAXS). Tensile stiffness and strength in the axial direction were only
slightly affected by PEG-impregnation. WAXS measurements showed that
microfibril angles were close to zero which implicates that cell wall properties
are strongly dependent on the microfibrils, and only marginally influenced
by the plasticization effects from PEG on the lignin/hemicellulose matrix. In
the radial direction, on the other hand, mechanical performance was strongly
decreased by PEG-impregnation. This was believed to originate from softening
of rays.
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