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ABSTRACT 

In this paper the efficiency of various seismic isolation systems to protect structures from near-source 
ground motions is examined. It is first shown that under such motions the concept of equivalent linear 
damping has limited meaning since the transient response of a structure is more sensitive to the nature of 
the dissipation mechanism, rather than the amount of energy dissipated per cycle. Subsequently, 
physically realizable cycloidal pulses are introduced and their resemblance to recorded near-source 
ground motions is illustrated. The study uncovers the coherent component of some near-source 
acceleration records and their shaking potential of these records is examined. It is found that the response 
of structures with relatively low isolation periods is substantially affected by the high frequency 
fluctuations that override the long duration pulse, therefore the concept of seismic isolation is beneficial 
even for motions that contain a long duration pulse which generates the large recorded displacements and 
velocities. Furthermore, although cycloidal pulses can capture many characteristics of the displacement 
and velocity time histories recorded near the source, they are not dependable motions for structural 
response analysis. It is recommended that when available, near source records should be used and not 
their cycloidal approximation. Dissipation forces of friction (plastic) type are very efficient in reducing 
displacement demands although occasionally they are responsible for substantial base shears. The study 
concludes that a combination of relatively low viscous ·and friction dissipation forces is attractive since 
base displacements are substantially reduced without increasing appreciably base shears and 
superstructure accelerations. 
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INTRODUCTION 

The dynamic response of a structure depends on its mechanical characteristics and the nature of the 
induced excitation. Mechanical properties which are efficient to mitigate the structure's response when 
subjected to certain inputs might have an undesirable effect during other inputs. Ground motions 
generated from earthquakes differ from one another in magnitude, source characteristics, distance and 
direction from the rupture location and local soil conditions. The ability of a structure to dissipate energy 
is central in controlling displacement demands, and various energy dissipation mechanisms have been 
proposed to enhance structural response (ATC, 1993). 'These energy dissipation mechanisms can be of 
various types such as viscous, rigid-plastic, elastoplastic, viscoplastic, or combination of them. 

Under seismic excitations that have relatively long durations, a structure undergoes several cycles 
during the forced vibration part of the response; therefore, its response depends more on the amount of 
energy that is dissipated during each cycle (area under the force-displacement loop), rather than the nature 
of the dissipative force that develops (viscous-type, friction-type etc.). Because of this, the dissipation 
properties of structures are averaged over a cycle of motion and are expressed in term of dimensionless 
ratios which originate from the linear theory of structural dynamics. 

During the last two decades, an ever increasing database of recorded ground motions demonstrated 
that the kinematic characteristics of ground motion near the fault of major earthquakes contain large 
displacement pulse from 0.5 m to more than 1.5 m with peak velocities of 0.5 mls or higher. In some 
cases the coherent pulse is distinguishable not only in the displacement and velocity histories but also in 
the acceleration history which happens to be a rather smooth signa\. In other cases acceleration histories 
recorded near the source contain high-frequency spikes and resemble the traditional random-like signal; 


























































