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Abstract 

This paper proposes a simple analytical system that can be used to describe the dynamics of 
Negative Stiffness Bilinear Elastic (NSBE) systems, and consequently design them in a sim-
pler manner. The NSBE oscillator is a mathematical idealization, which can be used to de-
scribe rocking structures with or without flexible restraining systems or curved extension at 
their bases. The paper defines the characteristic quantities to make the bilinear system and 
actual rocking structures equivalent. 
A simpler “equivalent” system to describe the behavior of NSBE systems is proposed: The 
equivalent system is the Zero Stiffness Bilinear Elastic (ZSBE) system, which is a bilinear sys-
tem with zero stiffness in the second branch. The ZSBE system is useful and simpler because it 
needs one parameter less than the NSBE to be defined. The paper proceeds by defining the 
“Equal Displacement” and “Equal Energy” rules that provide estimates of the maximum dis-
placement of the NSBE based on the response of the ZSBE. Using a simpler system to predict 
the response of a  that provide 
estimates of the response of bilinear yielding systems based on the response of an equivalent 
linear elastic system. However, the method should not be confused with the approach of 
FEMA 356: it does not resort to a linear elastic system but to the ZSBE. 
Finally, the preliminary design of a real rocking structure is presented, as a case of study. 
The paper compares the response predicted by the proposed methodology to the one predict-
ed by a more accurate numerical analysis. 

Keywords:

637

COMPDYN 2021 
8th ECCOMAS Thematic Conference on 

Computational Methods in Structural Dynamics and Earthquake Engineering 
M. Papadrakakis, M. Fragiadakis (eds.) 

Streamed from Athens, Greece, 28 - 30 June 2021 

Available online at www.eccomasproceedia.org 
Eccomas Proceedia COMPDYN (2021) 637-648 

ISSN:2623-3347 © 2021 The Authors. Published by Eccomas Proceedia.
Peer-review under responsibility of the organizing committee of COMPDYN 2021. 
doi:10.7712/120121.8515.18634



1 INTRODUCTION 

638



2 EQUIVALENT DESCRIPTION OF ROCKING SYSTEMS WITH NSBE 
SYSTEMS 
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3 EQUAL DISPLACEMENT AND EQUAL ENERGY RULE 
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4 RESPONSE OF RIGID-NEGATIVE STIFNNES SYSTEMS TO RECORDED 
GROUND MOTIONS 
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4.1 FEMA P695 Ground Motions 

4.2 Median displacement spectra 
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4.3 Equal Displacement Rule for NSBE systems 
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4.4 Equal Energy rule for NSBE systems 
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4.5 Design Example 

m

643



fup/(mg)

udem,ZS

cap dem NS dem ZSu FS u FS u

EE

ucap FS
ucap udem,TH

udem,ED udem,EE ED·udem,ZS

EE·udem,ZS udem,ZS

dem,ED/EE  udem,TH)/udem,TH

Equal Displacement Equal Energy 
0 5 PGV  1 0 PGV  2 0 PGV  0 5 PGV  1 0 PGV  2 0 PGV

ucap (m) 
udem,TH (m) 
udem,ED (m) 
Error (%) 

EE

5 CONCLUSIONS 
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