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Elastomers, as a class of polymer network, exhibit excellent mechanical
properties under deformation, providing a wide range of technical applications.
The applicability of elastomers (or more generally, polymer networks) is
subjected to the predictability of their mechanical failure under high
deformation ranges. The failure of polymer networks arises from a subtle
interplay between bond rupture, chain interactions and the underlying topology
of the network.

Predictability remains a challenge for modeling and computer simulations due
to the complexity of those structures in the molecular level [1]. In this work,
Monte Carlo simulations are used to explore how bond breakage shape the
mechanical response of crosslinked polymers subjected to mechanical stress.

Our main goal is to evaluate, in a controlled manner, the key elements that
modify the mechanical response by computer simulations: the criteria for bond
rupture, the mathematical modelling of interactions potentials and force fields,
the effect of entanglements and excluded volume. Model networks are
evaluated with diverse approaches to quantify the effect of each contribution to
elastic modulus.

The simulations yield detailed rupture statistics and stress-strain behavior
across a broad parameter space, which are compared with predictions from
established theoretical descriptions of network elasticity and fracture and
mechanical experiments [2]. Overall, this work provides basic information for
understanding network failure and for establishing a first-principles based
model for real polymer networks.
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