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Abstract

The high specific bending stiffness of sandwich structures can with advantage
be used in vehicles to reduce their weight and thereby potentially also their
fuel consumption. However, the structure must not only meet the in-service
requirements but also provide sufficient protection of the vehicle passengers
in a crash situation. The in-plane compressive response of sandwich panels is
investigated in this thesis, with the objective to develop a methodology capable
of determining if the structural response is likely to be favourable in an energy
absorption perspective. Experiments were conducted to identify possible
initial failure and collapse modes. The initial failure modes of sandwich panels
compressed quasi-statically in the in-plane direction were identified as global
buckling, local buckling (wrinkling) and face sheet fracture. Global buckling
promotes continued folding of the structure when compressed beyond failure
initiation. Face sheet fracture and wrinkling can promote collapse in the form
of unstable debond crack growth, stable end-crushing or ductile in-plane shear
collapse. Both the unstable debond crack propagation and the stable end-
crushing are related to debond crack propagation, whereas the ductile in-plane
shear mode is related to microbuckling of the face sheets.

The collapse behaviour of sandwich configurations initially failing due
to wrinkling or face sheet fracture was investigated, using a finite element
model. The model was used to determine if the panels were likely to collapse
in unstable debond propagation or in a more stable end-crushing mode,
promoting high energy absorption. The collapse behaviour is mainly governed
by the relation between the fracture toughness of the core and the bending
stiffness and strength of the face sheets. The model was successfully used to
design sandwich panels for different collapse behaviour. The proposed method
could therefore be used in the design process of sandwich panels subjected
to in-plane compressive loads.During a crash situation the accelerations on
passengers must be kept below life threatening levels. The extreme peak loads
in the structure must therefore be limited. This can be achieved by different
kind of triggering features.Panels with either chamfered face sheets or with
grooves on the loaded edges were investigated in this thesis. The peak load
was reduced with panels incorporating either of the two triggering features.
Another positive effect was that the plateau load following failure initiation was
increased by the triggers. This clearly illustrates that triggers can be used to
promote favourable response in sandwich panels.

Vehicles are harmful to the environment not only during in-serve use, but
during their entire life-cycle. By use of renewable materials the impact on the
environment can be reduced. The in-plane compressive response of bio-based
sandwich panels was therefore investigated. Panels with hemp fibre laminates
showed potential for high energy absorption and panels with a balsa wood
core behaved particular well. The ductile in-plane shear collapse mode of these
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panels resulted in the highest energy absorption of all investigated sandwich
configurations.
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