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Seismic Design of Structures with Viscous Dampers
Jenn-Shin Hwang'

1 » Introduction

In addition to the loads due to the effects of gravity, earthquake loading must be
considered when designing structures located in seismically active areas. The philosophy in
the conventional seismic design is that a structure is designed to resist the lateral loads
corresponding to wind and small earthquakes by its elastic action only, and the structure is
permitted to damage but not collapse while it is subjected to a lateral load associated with
moderate or severe scismic events. As a consequence, plastic hinges in structures must be
developed in order to dissipate the seismic energy when the structure is under strong shakings.
The design methods based on this philosophy are acceptable to account for the needs for both
economic consideration and life safety. However, the development of the plastic hinges relies
on the large deformation and high ductility of a structure. The more ductility a structure
sustains, the more damage it suffers. Besides, some important structures such as hospitals and
fire stations have to remain their functions after a major earthquake, the aforementioned
design philosophy (life-safety based) may not be appropriate. These structures should be
strong enough to prevent from large displacement and acceleration so that they can maintain
their functions when excited by a severe ground motion.

Structural passive control systems have been developed with a design philosophy
different than that of the traditional seismic design method. These control systems primarily
include seismic isolation systems and energy dissipation systems. A variety of energy
dissipation systems have been developed in the past two decades, such as friction dampers,
metallic dampers, visco-elastic dampers and viscous dampers. A structure installed with these
dampers does not rely on plastic hinging to dissipate the seismic energy. On the contrary, the
dissipation of energy is concentrated on some added dampers so that the damage of the main
structure is reduced and the functions of the structure can then be possibly preserved.

This article will focus on the seismic design of structure with supplemental “viscous
dampers”. The effect of the supplemental viscous dampers to a structure in resisting seismic
force can be clearly illustrated from energy consideration. The event of a structure responding
to an earthquake ground motion is described using an energy concept in the follows. The
absolute energy equation (Uang and Bertero, 1988) is given by:

E:=£l+E:+E#+Ed (1)
where E, is the earthquake input energy, E, is the kinetic energy, E, is the recoverable

elastic strain energy, E, is the irrecoverable hysteretic energy, and E, is the energy dissipated
by the inherent structural damping capability and/or the supplemental viscous dampers. The
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Figure 2-3(a) shows the hysteresis of
perfect ellipse under this nmb'rz :
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Figure 2-3 Hysteresis Loops of Dampers with Pure Viscous and Viscoelastic Behavior
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Figure3-2 A MDOF Model of A Structure with Viscous Dampers
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4 » The effective damping ratio of structures with nonlinear viscous
dampers

Considering a SDOF system with a nonlinear viscous damper under sinusoidal motions,
the velocity of the system is given by

i = wu, sinwt (16)

Recognizing F,, = Ci® and substituting Egs. (2) and (16) into Eq. (5), the energy dissipated
by the nonlinear damper in a cycle of sinusoidal motion can be acquired.
W, =§Fydu=[""F,uds
= ["*|ci™=lr a7
= Clam, )™ [;*|sin"* axjds

Let ax =28 nddt%dﬂ.}?.q.{l?}ismﬁumu

W, =Clan,)" 2 rfin'* 26416
=23*Co"u,"" [ 25in""" 8 cos"* 640 (18)

wa T 14+a/2)

= Iy
o, 2+a

where T is the gamma function.

Following a similar procedure to that of the SDOF with linear viscous dampers, equivalent
damping ratio of the SDOF system contributed by nonlincar dampers can be obtained

Mm.-:la'n-l

g -+

(19)

P rll+a/2

M+e ¢9

A

For the convenience of practical applications, the values of A are tabulated in FEMA 273
based on Eq. (20). It is worthy of noting that the damping ratio determined by Eq. (19) is
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®  Maximum story shear, V_,_ ,
Vo =CF; Vi lii D, +CF, ¥ |t v

54.4 21.8] [58.7
Ve =0.931104.8} +0.37434.5 0 = 11102} (kN)
135.7 50.1) |144.7

Higher mode responses may be calculated through the same procedure. Design forces thus
could be obtained by combining results of all modes with SRSS or CQC rules.
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