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Abstract

Auxetic structures exhibiting effective negative Poisson’s ratio behavior have shown
promising energy absorption capabilities in applications subject to cyclic loadings in the
elastic domain. However their cyclic elastoplastic behaviors, and shakedown response in par-
ticular, have not been fully understood. Wang et al. (1) predicted the maximum loading
capacity of a variety of auxetic tubular lattice structures using the proposed direct numerical
shakedown method. The study was entirely computational and did not discussed the rela-
tionship between the structure auxeticity and their shakedown behaviors. The present work
(2) focuses on auxetic metamaterial structures achieved by regular perforations in Aluminum
sheets (3). These auxetic sheets are subjected to asymmetric cyclic uniaxial tensile loads at
room temperature to elicit elastic and resilient elastoplastic behaviors without compressive
buckling. The study aims to determine the safe elastoplastic shakedown limit of the per-
forated auxetic aluminum sheet structures (AA5083-TO) with fixed void fraction (16.4%).
The motivation is that shakedown-based designs can be used to expand the feasible design
space under cyclic loading conditions compared to conventional yield-limited designs. Ex-
perimental, numerical, and theoretical results are used to elucidates interactions between
auxeticity and maximum shakedown loading capacity. In particular, a non-monotonic rela-
tionship between the shakedown multiplier and auxeticity was identified. Furthermore, it
was found that shakedown occurs at stress levels 2-4 times the elastic limit of the structure
for a fixed allowable equivalent strain level (at approximately 3%). The analytical model is
used to explore the underlying mechanisms and to propose a simple structural index to aide
in optimal design.
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