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Abstract: Structural irregularity grants materials unique functionalities, such as imperfection insensitivity,
enhanced impact absorption and stress redirection. Understanding the role of irregularity in determining material proper-
ties offers a new path to engineer functional materials. | will discuss different approaches to design irregular architected
materials and discover fundamental, probabilistic structure-property relationships regulating unusual properties, like
robustness against damage and the ability to vary stiffness on demand. In one example, | will show how, using a biolog-
ical growth-inspired program that mimics the formation of random architectures in natural systems, we can generate
materials that exhibit a large variation in functional properties, starting from very limited initial resources. This “virtual
growth” program imposes a set of adjacency rules on a limited number of local elements, echoing the synthesis

rules and broad diversity found in biological systems. We establish a general, graph-based representation of material
microstructures, which serves as novel framework to accounts for topological complexity, geometrical properties and
constraints in metamaterials. In another example, | will show how disorder plays a pivotal role in the fabrication of mate-
rials, consisting of interlocking particles, that can dramatically vary their bending stiffness and shape reconfiguration
ability.
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