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ABSTRACT 

This paper describes the design, analysis, and laboratory tests of a prototype viscoelastically (VE-) 

damped steel frame building. A design approach is presentec.l for a 10-story building with specified high­

performance criteria including elastic member behavior and small drift for the 500 year return period 

design earthquake. Nonlinear time-history analyses with a fractional derivative model for the VE­

dampers were conducted and are compared with specified design goals. A unique methodology was 

developed to test the full-scale, lower 3-story portion of the prototype VE-structure which relies on time­

history analyses to determine the displacement for the laboratory test frame. The testing methodology is 

presented and experimentally observed VE-frame response is discussed. Experimental results are 

described including overall frame response, local member response, and damper-member interaction. 
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INTRODUCTION AND BACKGROUND 

The application of viscoelastic dampers (VE-) to building structures has recently attracted the interest 

of the earthquake engineering community due to the dramatic changes in dynamic structural response 

resulting from the additional stiffuess and damping provided by VE-dampers (Aiken and Kelly 1991, 

Chang et al. 1991, Kasai and Fu 1995). VE-dampers show significant potential for providing economic 

structures, which can behave elastically and develop small drifts even when subjected to a major 

earthquake, thereby protecting both. structural and non-structural components. In order to validate VE­

frame analysis and design methods, a full-scale three-story portion of a steel frame With VE-dampers has 

been tested under simulated seismic loading. This paper presents a design methodology for a multi-story 

VE-frame, time-history analysis results, and full-scale and real-time experimental re;;ponse of the VE­

frame to simulated earthquake ground motions. The key response parameters are correlated among 

design, analysis, and experiments. 

SEISMIC FORCE AND DRIFT REQUIREMENTS 

To permit assessment of the seismic behavior for a VE-damped steel frame, a prototype IO-story steel 

frame building was designed. The prototype structure was chosen to be an ordinary office building 

located in San Francisco, California on very dense soil. A building layout was established in an attempt 

to reflect an actual structure and to meet additional requirements for experimental testing such as force, 

displacement, and loading frequency capabilities of available hydraulic actuators as well as space and 

hold-down locations in the testing laboratory. The plan and elevation of the selected prototype VE­

building are shown in Figure I. Building response was considered for the east-west direction only and all 

VE-frames in the east-west direction were identical. The additional framing members only support 

gravity loads and did not contribute to lateral force resistance. 




































