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Abstract

In this duet talk, we will present recent advances in the predictive understanding of the buckling of thin shell
structures. We will focus on our collaborative work over the past decade, including very recent preliminary
results from an ongoing project.

From viral capsids to fuel tanks and from birds’ eggs to architectural domes, shell structures are ubiquitous
across scales in both natural and engineered systems, primarily due to their exceptional load-bearing and en-
closure capacities. Since the golden era of shell buckling in the 1960s, pioneered by Zoelly, von Karman,
Tsien, Koiter, Budiansky, and many others, this field has been marked by the fundamental challenge of rec-
onciling theoretical predictions of the buckling strength with experimental observations, particularly regarding
the dramatic sensitivity to geometric imperfections. The past decade has witnessed a revival in shell buckling
research, driven by the need to move beyond empirical knockdown factors toward more predictive frameworks
and rational designs.

First, focusing on spherical shells, we will demonstrate through precision experiments, finite-element simula-
tions, and shell-theory analysis how both individual localized defects and distributed imperfections influence
buckling strength. For the probabilistic problem of shells containing multiple defects, we have uncovered that a
distribution of defects whose amplitudes are distributed log-normally yields knockdown factor statistics that are
well-described by a three-parameter Weibull distribution, revealing shell buckling as a problem of extreme-event
statistics governed by a finite-size weakest link mechanism.

Then, we will present our latest results on iso-grid stiffened cylindrical shells under axial compression, a problem
relevant to modern space structures, especially space rockets. By way of example, we demonstrate how shells
with 30% of their weight in stiffeners can achieve buckling loads 1.5 times higher than unstiffened shells of
equivalent weight. The concept of effective thickness provides new insights into imperfection sensitivity, with
stiffening effectively reducing the impact of geometric imperfections by more than a factor of two. This work
establishes a comprehensive framework for predicting and optimizing the stability of shell structures by bridging
fundamental research on imperfection sensitivity with practical design considerations.

Even after more than a century, the mechanics of shell buckling continues to raise fundamental questions, reveal
surprising phenomena, and remain as practically relevant as ever at the confluence of mathematics, mechanics,

and engineering.
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