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Abstract

In this thesis, a novel hybrid device developed by combining friction and viscoelastic
dampers is evaluated for performance based design criteria for multistory buildings.
This device exhibits enhanced performance for structural vibration control under
multi-hazard excitation by combining the benefits of individual elements and their
drawbacks, namely viscoelastic and friction dampers. The relative movement of each
element is trailed in a pre-designed manner such that independent hysteretic charac-
teristics under small and large deformations will be facilitated, which enhances multi-
level vibration control. This thesis aims to develop an improved design methodology
for structures installed with the new hybrid device, which can work for both wind
and seismic (minor and major earthquakes) events. The thesis is divided into two
parts. The first part focuses on the formulation of a simplified and powerful design
tool for designing the structure equipped with the hybrid device, which is similar to
that of the current prescriptive seismic design. The numerical force-deformation char-
acteristic of the hybrid passive device is validated using experimental results. The
theoretical development of the structure with the hybrid device is validated using
nonlinear dynamic analysis of the single degree of freedom (SDOF) and multi-degree
of freedom system (MDOF) systems. The influence of hybrid devices is explicitly
considered in terms of the response reduction factor, similar to traditional seismic
design. The proposed design is examined using a six-storey building. Detailed seis-

mic evaluation is carried out using nonlinear time-history analysis. The structural



performance is obtained for a two-level intensity level (i.e., a design based earthquake
and a maximum considered earthquake event).

In the second part of the thesis, the design of the structure equipped with the hy-
brid device is implemented into a performance-based earthquake engineering frame-
work using an energy-balance concept. A large number of nonlinear time-domain
simulations for near-field and far-field ground motion are used to predict the pre-
selected target drift and the yield mechanism assumed in the design of six- and
twelve- storeyed buildings equipped with a hybrid device. A twenty-story building is
also used to demonstrate an integrated design approach for wind and seismic loads.
When subjected to wind and earthquake-induced excitations, the numerical response
of the structure equipped with the hybrid device shows significantly improved per-
formance. In addition, a comparative study of low to high-rise buildings designed
using current design practice, performance-based design, and a hybrid device is also
presented. It demonstrates the effectiveness of the hybrid device in controlling multi-
hazard excitation. In a nutshell, the theoretical development of this thesis will assist
structural designers in improving the performance-based design of low to high-rise

structures by incorporating hybrid devices.
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