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ABSTRACT 

The performance of two passive friction damping systems for retrofitting steel moment-resisting 
frames is evaluated. Nonlinear dynamic analyses were performed on a six-storey moment-resisting frame 
designed according to cWTent code provisions for California. The structure was subject~d to three 
different earthquake ensembles. The first ensemble includes six near field records developed for major 
crustal earthquakes in California. The five records of the second ensemble are representative of near-field 
conditions in Los Angeles with a probability of exceedence of 10 % in 50 years. Finally, the third 
ensemble contains two far-field historical records. 

Both friction systems are part of a steel chevron-bracing configuration used to retrofit the moment­
resisting frame. In the first system, slotted-bolted connections that slip at a predetermined load are 
provided at one end of the bracing members. The second system includes double-acting ring-spring 
friction devices installed at the same locations. The main feature of the ring-spring system i~ a bi-linear 
hysteresis with a re-centering force that develops upon unloading and contributes in limiting permanent 
deformations. The slip load of the devices was determined based on a proposed procedure that takes into 
account the frequency content of the ground motions and the dynamic properties of the str\lcture with and 
without the added bracing system. 
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INTRODUCflON 

Several steel moment-resisting framed buildings were seriously damaged as a result of the January 
17, 1994 Northridge, California earthquake. Brittle weld fractures in beam-column connections occtDTed 
in the majority of these damaged buildings because of excessive curvature ductility demands. Although 
many investigations bave led to the development of traditional retrofit strategies to reduce the curvature 
ductility demand in welded beam-column connections (baunched plates, reduced beam sections, etc.), 
little attention bas been devoted to the use of friction passive energy dissipating devices, such as slotted­
bolted friction dampers and ring-spring devices. As shown by the large array of recorded ground motions 
during the Northridge earthquake, buildings in Southern California must sustain short duration, impulse­
type, base excitation. It is not clear how supplemental damping systems, such as friction devices, would 
perform under such impulsive seismic input. 

To shed some light on this question, this paper investigates the performance of the two passive energy 
dissipating systems described above for the retrofit of a six-storey moment-resisting frame subjected to 
three different ensembles of strong ground motions. Two of those ensembles are representative of near­
field conditions in the Los Angeles area. The third ensemble includes two historical records that have 
been extensively used in past research. The slip load of the energy diSSipating devices was determined 
based on a proposed procedure that takes into account the frequency content of the ground motions and 
the dynamic properties of the structure with and without the added bracing system. 








































