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Abstract

Traditionally engineers have focused on use of supplemental damping systems for earthquake protection.
An engineering team has developed a supplemental adaptive stiffness device for stiffness shaping in
structures along with apparent weakening for seismic protection. This lecture presents various stages of
development of the concept of adaptive-passive stiffness shaping achieved through the introduction of
supplemental negative and positive tangential stiffness, and the design procedure for implementing it in
various structures. The teams of engineers from Rice University, University at Buffalo, Rensselaer
Polytechnic Institute and University of California at Los Angeles, funded through the US-NSF Network
for Earthquake Engineering Simulations (NEES) program, have developed a practical and true negative
stiffness system. The aim of the project was to prove the concept, develop, verify and validate the a true
negative stiffness system that mimic "yielding™ of the structure while retaining the main structure either in
the elastic range or in the mildly inelastic range with reduced inelastic excursions-leading to a new
concept called "apparent weakening." The lecture presents the invention of the Negative Stiffness Device
(NSD) and process that lead to the innovation of the NSD by the teams of researchers. Detailed analytical
and shake table test results are presented to show the effectiveness of the new and innovative concept of
adaptive negative-positive tangential stiffness which allows stiffness shaping in structures and apparent
weakening for earthquake protection. Effectiveness of NSD in base isolated structures, inelastic single
and multistory buildings, and based isolated bridges is demonstrated using experimental and analytical
results obtained in the “NEES-Adapt-Struct” project. The four years project resulted in two US patents
(final approval pending), two computational approaches (incorporated in platforms), design guidelines,
and numerous scientific publications
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