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Shell theories arising as low energy �-limit
of 3d nonlinear elasticity
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Abstract. We discuss the limiting behavior (using the notion of �-limit) of the
3d nonlinear elasticity for thin shells around an arbitrary smooth 2d surface. In
particular, under the assumption that the elastic energy of deformations scales
like h4, h being the thickness of a shell, we derive a limiting theory which is a
generalization of the von Kármán theory for plates.
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1. Introduction

The derivation of lower dimensional models for thin structures (such as membranes,
shells, or beams) from the three-dimensional theory has been one of the fundamen-
tal questions since the beginning of research in elasticity [19]. Recently, a novel
variational approach through �-convergence has lead to the derivation of a hierar-
chy of limiting theories. Among other features, it provides a rigorous justification
of convergence of three-dimensional minimizers to minimizers of suitable lower
dimensional limit energies.

In this paper we discuss shell theories arising as �-limits of higher scalings
of the nonlinear elastic energy. Given a 2-dimensional surface S, consider a shell
Sh of mid-surface S and thickness h, and associate to its deformation u the scaled
per unit thickness three dimensional nonlinear elastic energy Eelastic(u, Sh). We are
interested in the identification of the �-limit Iβ of the energies:

h−β Eelastic(·, Sh),
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