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ABSTRACT: The discipline of computational mechanics has
witnessed significant advancements that have greatly improved our
ability to model complex phenomena, ranging from large-scale
engineering and nanoscale systems to environmental and economic
processes. With improved methods and more powerful computing, it
has become possible to gain new insights into the behavior of civil,
mechanical and biomechanical systems under conditions that cannot
be replicated in a laboratory, and often at reduced cost compared to
experimental testing. Many challenges, however, remain in the
development of computational models for complex infrastructure
systems and composite materials where multiple components interact
through an interface. Interfaces are critical pathways for load-carrying
mechanisms that contribute to life-long performance and structural
resilience, and it is crucial for the computational model to capture the
interface kinematics and force transfer processes accurately,
particularly in the presence of geometric and material nonlinearities,
damage and friction.

This presentation discusses the challenges and applications of
interface modeling for coupled problems in engineering. I will
introduce a new class of interface formulations that can efficiently
handle complex interactions with large deformations, plasticity and
friction, and that supports the multi-scale simulation of composite
materials. I will present example applications where physics-based
computational modeling of interface interactions leads to accurate
prediction of bond behavior in materials such as reinforced concrete
and reveals new insights into test standards and damage retardation
techniques. These new and robust interface formulations enable the
modeling of complex structures for purposes of health monitoring and
life-cycle management and open exciting opportunities for the
development of emerging materials and novel approaches for
enhanced structural resilience.
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