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SUMMARY

An earthquake resistant design philosophy which relies upon increased
stiffness and damping rather than increased strength and ductility has been
investigated. The effect of adding supplemental mechanical damping devices in a
structure on its elastic and inelastic earthquake response is described in terms
of response spectral procedures.

INTRODUCTION

For many years it has been recognized that damping in our structures has
been beneficial by limiting the maximum responses of the structures when
subjected to earthquake ground motions. Damping has been used as an important
parameter in the display of the earthquake ground motion effects as reflected by
the earthquake response spectra. Previous studies of damping effects on
response have been confined to those with small damping because the inherent
damping in real structures is small and uncertain. Only when the inelastic
energy dissipation is included with the inherent elastic energy dissipation does
the equivalent viscous damping exceed 2 to 5 percent of critical. When
utilizing mechanical damping devices to control earthquake responses it is
important to separate the effects of mechanical device energy dissipation and
those of inelastic member yielding and fracture. Thus, the model used herein
retains the inelastic energy dissipation by structural members within the
nonlinear mathematical model and adds equivalent viscous damping to represent
the inherent structural elastic and mechanical device energy dissipation.,

New technology is being applied to produce effective supplemental dampers
for installation into engineered structures. Among the devices previously
reported are those which utilize metallic yielding (Ref. 1), frictional slip
(Ref., 2), viscous material action (Ref., 3), or acrylic material shear
deformations (Ref. 4). Other devices are currently being developed. While the
energy dissipation characteristics of these devices may not be ideally viscous,
each can be related with varying degrees of accuracy to an equivalent viscous
damping coefficient which may be taken as amplitude and frequency dependent.

The purpose of this paper is to provide an understanding of the
consequences of increasing system damping. To achieve this purpose the
effect of damping on the elastic and inelastic response displacement of simple
structures is illustrated.
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EFFECT OF DAMPING ON DISPLACEMENT RESPONSE SPECTRA

The displacement response spectra, SD, is a key parameter in estimating the

maximum displacement responses in each mode of a building for past earthquakes
This spectral displacement decreases as

damping increases. Ashour (Ref. 5) developed a relationship for t?e change in SD
of elastic systems with changes in damping and correlated these with results
obtained from existing earthquake accelerogram records.

or for a specified design spectra,

Elastic Respopse. The

natural periods, Tn, used
in the study were 0.5, 1.0,
1.5, 2.0, 2.5 and 3.0
seconds which covers a
representative range of
natural periods. Three real
and twelve artificial
earthquake records were
used for excitation input.
Damping values used were o,
2, 5, 10, 20, 30, 50, 75,
100, 125 and 150 percent of
critical, The values of SD
for a given Tn and damping
factor were normalized with
respect to the SD at Tn for
zero damping for each
earthquake record and were
then averaged over the 15
records to obtain a mean
value for each period and
fraction of critical
damping., Fig. 1 shows the
resulting relation for the
mean value of SD as a
function of period and
damping. These curves can
be represented by simple
decaying functions,

R = [{1 - e™28By,1pg5371/2

where B is the selected
fraction of critical
damping and B is a
coefficient which was
evaluated for zero initial
damping normalization to be
24 for the upper bound and
140 for the lower bound,
Fig. 2, Similar response
modification functions have
been evaluated for spectra
normalized at 2 percent and
5 percent of critieal
damping (Ref. 5),
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Inelastic Response. The inelastic response evaluations are more difficult to
establish on a comparative basis. Wu (Ref. 6) used one artificial and nine real
earthquake records to study the elastic-plastic response of single degree
systems, One form for presentation of his conclusions uses the peak ground
parameters as a basis to derive the inelastic response spectra. Fig. 3 gives
the Response Spectra amplification factor at a period of 0.1 second for damping
from 10 to 50 percent and ductilities from one to six. The effect of increasing
damping and ductility can be seen. The amplification factor in the velocity
region is shown in Fig. 4. Similar results for the displacement region response
can be given. In these figures B is the fraction of critical damping and p is
the structural ductility factor. Thus, it can be seen that supplemental damping
can effectively reduce structural yielding demands by an earthquake.

It is interesting to note that the Spectra Displacement amplification
factors can be divided into terms including the viscous damping of the system
and separate terms including the structural inelastic yielding. The inelastic
deamplification factors for the three regions of concern are plotted in Fig. 5
with the corresponding data including damping from 10 to 50 percent of critical.
The relatively small scatter of the data with changes in damping illustrates the
point that spectral modifications for high damping and for inelastic action can
be considered separately. Thus our previous experience with inelastic spectral

modifications can be retained while incorporating modifications for high

damping.
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Fig. 3 Amplification Factors at

T = 0.1 Seconds
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Fig. 4 Amplification Factors in

Velocity Region
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2 CONCLUSIONS
§ S B=1atT=3s7
Z | B=tatT-10s \ 1. The effect of damping on the
E 5 B=2atT=3s \ elastic displacement response spectra
§ : g=§ at ;‘;055 \\ was represented by simple decay
u si'al Toios N functions for damping up to 150% of
4 Bo5atT=3s critical. These results demonstrate
s B=5atT=10s that the addition of supplemental
— by formula damping devices has more effect in the
1 —+ region of small damping than in the
1 10 region of high damping.
Ductility p

2. The effect of high damping and
(c) Displacement Region inelastic structural response on the
spectral amplification values of ground
motion characteristics can be separated
into the effects caused by high damping
and and the effects caused by member
ductility.

3. Addition of supplemental damping devices are more effective in
reducing the corresponding earthquake response spectral values in the mid period
region (velocity region) than in the low (acceleration controlled region) and
high (displacement controlled region) period regions. Nevertheless additional
damping makes the structures less sensitive to earthquake peculiarities.
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