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SUMMARY

Shear properties remain the main challenge in testing anisotropic materials. The single
cube apparatus (SCA) provides a homogeneous shear field over a large area in the
specimens. This fixture requires a specimen of a very simple geometry, which excludes
the undesirable gripping problems. The SCA was applied to the study of transverse
shear of Norway spruce (Picea abies), due to the importance of this species in wood
structures, such as glulam, and also its allegedly low value of transverse shear modulus
(Grr). Full-field strain data and finite elements analysis (FEA) were used to analyze the
potential of the method. Both experimental data and FEA show a large central region of
homogeneous and close to pure shear strain. The dimensions of this area were defined
in order to calculate a more accurate shear modulus. The SCA method is thereforc a
strong candidate for improved shear test procedures in wood and other materials, where
porosity (gripping problems), heterogeneity on mun-scale and polar orthotropy (annual
ring curvature) may cause particular difficulties. In Norway spruce, like in most
softwood species, the early- and latewood regions within a single annual ring are very
well defined, with a gradual transition from one to the other. Full-field strain
measurements by digital speckle photography (DSP) show very strong correlation with
predicted shear strains at the annual ring scale. There is a strong cotrelation between
strains and density. This was studied by rclating the shear strain and radial density
gradient. The later measured with X-ray densitometry using the SilviScan technology.
Predictions are obtained by implementation of the micromechanics model in a FE model
developed for the single cube apparatus shear specimen. The radial density gradient data
were included in the FE model. Each node of this model was.assigned with the clastic
properties related to the density profile. The low Ggy of spruce was then considered to
be due to the strong dependence of Gyy on relative density p/ps (Grr / (p/ps)’). This is
particularly important in spruce. Even though average density is typically quite high, the
functional gradient structure mcludes local densities variations ranging from 1030 kg/m’

to values as low as 200 kg/m These facts are regarded to the reasons for the lower Gy
of spruce in comparison to other wood species of similar average density, but different

density gradient. '
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