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Harnessing structural instabilities to explore material instability

A series of unstable elastic structures exhibiting “exotic” behaviours is presented. These include the inverse Kapitza
elastic pendulum [1], tensile buckling [2], Hopf bifurcation induced by a nonholonomic constraint [3], flutter induced
by a piecewise-linear constraint [4], folding of an elastic rod [5], and buckling under a transverse uniform load [6].
These structures are then implemented in architected materials, and a rigorous homogenization technique is
developed to determine the equivalent elastic continua, whose instability can in turn be analyzed. Using this
technique, it is shown that the implementation of follower microforces leads to the realization of an elastic material
that breaks the wall of hyperelasticity and is therefore non-Hermitian [7]. Finally, a nonlinear elastic material,
derived through the homogenization of structural lattices, is shown to exhibit a rich variety of instability
phenomena, including shear-band formation, disappearance, and reappearance, as well as mixed-mode and
compaction localization. Remarkably, both classes of material can lose and subsequently recover ellipticity, leading
to restabilization of the underlying lattice and even to the emergence of “islands” of stability [8].
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