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LATERAL COMPRESSION OF SQUARE TUBES
AND THEIR CROSS LAYERED SYSTEMS

ABSTRACT

Mechanical devices or systems for dissipating
kinetic energy in a controlled manner or at a predetermined
rate are of importance particularly in situations related to
the collision of vehicles of various sorts, wherein it is
important for the safety of the occupants and the structure
that an excessively high rate of retardation is prevented.
Devices norm§11y used for this purpose are such items that
under.the situation of collisibn, may undergo large plastic
deformation in a specified and prediétable manner without
:estitution while absorbing the kinetic energy of the
collision. Once subjected to the 1load and. plastically
deformed, these. items are discarded and replaced. Simple
structure elements 1like wires, bars, frames and tubes form
components in such devices because of their capacity to
undergo large plastic. deformations. It 1is therefore
important to study large deformation plasto-mechanics of
theée simple elements, the essential requirements being that
the devices should be able to dissipate energy irreversibly
and possess a more or less rectangular force displacement
characteristics.

The present work consists of an experimental study

of the quasi-static deformation of single square tubes and



iv

their cross-layered combinations when subjected to lateral
compression. The tubes were made of aluminium and mild
steel and were tested in as received as well as in annealed
conditions. The experiments were generally performed on an
Instron machine. The indenters used in the experiments were
‘wedge shaped or flat surfaced. The dimension of the tubes
as well as the angle or width of indenters were varied in
different experiments. The single tubes were subjected to
lateral compression under pairs of identical or non-
identical indenters. In - cross layered systems both number
of tubés in a layer and number of layers were varied. These
were sandwiched and compressed between two rigid platens and
their deformation behaviour has been studied. The
experimental results of the deformation history, +the load
deformation characteristics and the energy absorbed are
preseﬁted Both for single tubes and their cross layered
combinations. Attempt has been made to study the béhaviouf
of single tubes with different combinations of indenters and
relate it to the behaviour of cross-layered systems. The
analysis presented has been based on prlastic hinge
fo:mation, with associated assumptions and results thus

obtained are compared with the experimental results.
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