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ABSTRACf 

Passive fluid viscous damping systems are generally well suited to vibration control of civil 
stroctures subjected to seismic excitation. In particular, fluid viscous dampera that operate on the 
principle of fluid orificing exhibit extraordinarily high levels of energy dissipation density. Such 
dampers are the primary focus of this paper. The dynamic behavior of a fluid orificing damper is 
examined through steady-state cyclic test data. Mathematical models of the damper are derived from the 
cyclic test data and subsequently used in obtaining analytical predictions of the seismic response of II 
scale-model building structure subjected to earthquake ground acceleration. The discussion on fluid 
orificing dampera is expanded by considering a generalized mathematical model for describing both 
linear and nonlinear fluid viscous damper behavior. The energy dissipatiort characteristics of generalized 
fluid viscous dampers are then examined with reference to the performance of an idealized single-story 
structure. Finally, a discussion of current applications of fluid viscous dampers for seismic protection of 
building and bridge structures is presented. 
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INTRODUCTION 

Many methods have been proposed for mitigating the harmful etTects of strong earthquakes. The 
conventional approach requires that structures passively resist earthquakes through a combination of 
strength, deformability, and energy absorption. The level of damping in these structures is typically very 
low and therefore the amount of energy dissipated during elastic behavior is very low. During strong 
earthquakes, these structures deform well beyond the elastic limit and remain intact due to their ability to 
deform inelastically. The inelastic deformation takes the form of localized plastic hinges which results 
in increased flexibility and energy dissipation. Therefore, much of the earthquake energy is absorbed by 
the structure through localized damage of the lateral force resisting system. 

An alternate approach to mitigating the hazardous etTects of earthquakes is based on a consideration 
of the distribution of energy within a structure. During a seismic event, the input energy from the ground 
acceleration is transformed into both kinetic and potential (strain) energy which must be either absorbed 
or dissipated through heat. The inherent energy dissipation capacity of the structure will eventually 
withdraw all of the seismic input energy from the structure. However, for strong earthquakes a large 
portion of the input energy will be absorbed by hysteretic action (i.e., damage to the structure). Rather 
than relying on structural damage to dissipate the seismic energy, one may append a supplemental energy 
dissipation system to the structure so as to reduce the energy dissipation demand on the structure itself. 
This approach to seismic energy dissipation is made clear by considering the following time-dependent 
conservation of energy relationship (Uang and Bertero, \990) 

E(t) = E.(I)+ E,(t)+ E,(t)+ E.{t) (I) 

where E is the absolute energy input from the earthquake motion, E. is the absolute kinetic energy, E, 

is the elastic (recoverable) strain energy, E, is the irrecoverable energy dissipated by the structural 

system through inelastic or other forms of action (e.g., viscous and hysteretic), Ed is the energy 

dissipated by a supplemental damping system, and t represents time. The absolute energy input, E, 












































