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Novel Applications of Real-Time Hybrid Substructuring
[bookmark: _Toc195772314]ABSTRACT

The cyberphysical testing technique known as Real-Time Hybrid Substructuring (RTHS) or Real-Time Hybrid Simulation has seen widespread use within the realm of Earthquake Engineering. During RTHS testing, a complete system is partitioned into physical and numerical substructures which are then coupled in real time. Use of RTHS testing allows for system level analysis of structures such as full buildings and bridges within a laboratory setting and provides a means of assessing performance during the design process. Through the coupling of the numerical and physical substructures in real-time, RTHS is capable of predicting the effect of rate-dependent component responses such as viscoelasticity as well as potential strain-rate dependencies within the system. Previously, the use of RTHS has been largely tied to analyzing the response of civil structures to earthquake excitation due to the fact that the system response will lie within the bandwidth capacity of the servo-hydraulic actuators which are typically used for imposing boundary conditions on the physical substructure(s). In addition, high-frequency excitations and responses necessitate the use of increasingly smaller sampling times in order to ensure the accuracy and stability of the test; a problem that can be further exacerbated as the number of degrees of freedom and/or complexity of the numerical substructure increase.

[bookmark: _GoBack]This research endeavors to show possible extensions of the RTHS technique and provide novel applications of its use. In particular, 3 novel applications of RTHS are discussed. The first potential extension point is the use of analog electronic computers for RTHS testing is explored in order to expand the potential bandwidth over which numerical computation for RTHS testing is possible. In the second expansion point, RTHS is leveraged to capture the complexities and uncertainties associated with moat impacts of base-isolated structures. Finally, numerical analyses are conducted for an idealized shock-loading scenario and the potential for RTHS testing is discussed. For each of these applications, the benefits, challenges, and limitations of RTHS testing are discussed as well as suggestions for potential future work.
