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Abstract

There is a strong demand for new paradigms of design and development of advanced high-
performance structural materials with high specific strength, stiffness and toughness for new
technological needs. Yet, most engineering materials have an inverse relation between these desired
properties. This trade-off is often linked to our limitations in controlling the architecture of the
materials across length scales. Recently, it has been demonstrated that the proper selection of the
building blocks together with a clever distribution of weak interfaces can lead to controlled mechanical
properties. The area of architectured materials seeks answers to some of the questions related to how
geometry and topology could significantly improve the overall mechanical properties without
changing the chemistry or composition of the building blocks. While computer power and progress on
topology optimization methods may take us closer to those answers in the future, an alternative path
is to look for clues in existing high-performance materials that already took millions of years to master
this technique through a trial-and-error process: biological materials. By natural selection, Nature has
evolved efficient strategies to synthesize materials that often exhibit exceptional mechanical
properties that significantly break the trade-offs often achieved by man-made materials. In fact, most
biological composite materials achieve higher toughness without sacrificing stiffness and strength in
comparison with typical engineering material. Interrogating how Nature employs these strategies and
decoding the structure-function relationship of these materials is a challenging task that requires (i)
knowledge about the actual loading and environmental conditions of the material in their natural
habitat, (ii) a complete characterization of their constituents and hierarchical architecture through the
use of modern tools such as in-situ electron microscopy, small-scale mechanical testing capabilities,
and (iii) solving some interesting solid mechanics problems that involve analytical and numerical
models, as well as additive manufacturing. This talk will be focused on the convergent evolution of
impact resistant naturally occurring materials and how we can use mechanics to evaluate some
important hypotheses about the key morphological features of the microstructure and toughening
mechanisms that are unique in these hierarchical materials.
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