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Exceptional advances in additive manufacturing
have recently enabled the development of architected
materials with microstructures engineered to achieve
unprecedented combinations of properties. For ex-
ample, architected materials can be designed for high
strength and stiffness, at a relatively low weight, or
for maximizing energy absorption or dissipation in
extreme events. Canonical examples of such archi-
tected materials are truss-based micro- and nanolat-
tices, which consist of beam networks in a lattice-
based repeating arrangement that have found ap-
plications in ultra-lightweight structures for load-
bearing and impact absorption. Recent experimental
work has shown promising application of such ma-
terials for supersonic impact resilience, surpassing
kevlar and steel by an order of magnitude in energy-
absorption-to-weight ratio [1].

While architected materials with relatively simple
topologies can be analyzed based on fundamental
approaches, predicting the response of more com-
plex structures in extreme environments requires ad-
vanced computational modeling [2]. In fact, the re-
sponse of architected materials in extreme environ-
ments is governed by various energy absorption and
dissipation mechanisms, including buckling, frac-
ture, and fragmentation [1, 3].

In this talk, we present a hybrid discontinuous
Galerkin (DG)/cohesive zone model (CZM) compu-
tational framework capable of modeling buckling,
fracture, and fragmentation in truss-based archi-
tected materials when subjected to extreme loading
environments. The framework is developed by com-
bining the DG discretization of the geometrically-
exact large-deformation Kirchhoff beam formulation
and the CZM for fracture. The flux and compatibility
terms in the DG beam formulation impose continuity
at the interfaces before fracture, while a CZM is used
to model the fracture process at the element inter-
faces. An advantage of this framework is its inherent
massive parallel scalability, which was demonstrated

both in case of dynamic [4] and quasi-static [5] frac-
ture propagation, thus allowing large scale fracture
simulations for realistic applications.

Finally, we present numerical results demonstrat-
ing the ability of the hybrid discontinuous Galerkin
(DG)/cohesive zone model (CZM) framework to
capture the relevant physics in beam-based structures
exposed to extreme environments.
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