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Abstract

Stakeholders are demanding that the performance of the built civil infrastructure be more resilient to natural hazards in order to
reduce their impact on society. Performance-based engineering is a means to attempt to meet performance objectives associated
with prescribed levels of hazards. A viable technique to meet validation requirements for performance-engineered structural systems
is to use real-time hybrid simulation to perform cyber-physical experiments. The complete system is involved in these simulations,
where selected components of the system are modeled physically while others are numerically using computational models. The
modeling of the former in the physical domain is required because accurate computational models do not exist for these
components. In such studies the response modification devices can be coupled to a system and the system subjected to a
prescribed hazard with a specific return period, enabling system performance under prescribed levels of realistic hazard demands to
be investigated. The talk will present results from recent efforts that the presenter and his research team have completed to advance
large-scale multi-directional real-time hybrid simulation. Topics of the talk include the development of model-based unconditionally
stable dissipative explicit direct integration algorithms, explicit state-determination force-based fiber elements, and adaptive servo-
hydraulic actuator control algorithms. The talk will conclude with applications of these developments to perform real-time hybrid
simulations of nonlinear structural systems subjected to earthquake and wind hazards, including extensions to perform real-time

aeroelastic hybrid simulations of a tall building.
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