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1 INTRODUCTION

For a decade, seismic base isclation systems utilizing the laminated rubber
bezrings have bezen studied and they have been applied to various structures
such as bildings (Lee and Medland 1979; Kuroda st al. 19382). Recently, these
systems have been investigated to advance the feasibility of FRR{(Tast Breeder
Reactors)(Shojiri et al. 1989), Generally, these systems shift the
fundamental natural period cf the isclated structure away from the range of
dominant period of the hovizontal seismic ground motiong, such  that the
seismic response transmitted to the structure will be reduced.

However, some long-period ground motions having the large displacement,
including the period range between 1 and 15 second, such ag the Grezt Kwanto
Earthquake were recorded{Morioka 1980). Accovding to the TeAsSonancs
phenomenon with long-period ground motion, the displacement response of the
base isolated structure becomes quite large. Therefore, base isolation
systems incorporate various types of ensrgy absorbing devices such as viscous
damper, elasteo-plastic damper and so on.

In this paper, ©o suppress such the large displacement response of the base
isolated structure, two types of nonlinear damper ars studied and
applicability of these nonlinear dampers are examined analytically. These
nonlinear dampers have the advantage such that they operate weakly in the
range of small displacement and operate strongly against the large
displacement.

2 ANALYTICAL MODEL AND DAMPING PROPERTY ON NONLINEAR DAMPER

First, to simulate the seismic response of the base isclated structures with
nonlinear damper, a single degree of freedom model is used as shown in
FIg. 1. The equaticn of motion of this model is expressed as follows.

mx + kx + f(x,%) = -my (1)

wnere m and k are the mass of isolated structure and the spring
constant of rubber bearing, respsctively. Also, x and y are the relative
displacement response and seismic inputted ground motion, respectively. The
damping force f(x,%x) due to the nonlinear damper as shown in Fig. 2 is
proposed in  this study. This damping force is expressed as the following
equation (Yamamoto and Takakura 1988; Yamamoto 1989).
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f{x,x)= cx%éj s x>0, =>0
—cxlzl 3 =<0, %<0 {2)
0 s 2. <0

In this =squation, i and j express the power ith and jth of the relative
displacement and relative wvelocity, respectively. From a practical
standpoint, in this study, +two types of nonlinear dampers given by Fg.(2)
with i=j=1 and i=j=2 are studied. Here, these nonlieazr are abbreviated to "
x> " and "x?x?". Also, ¢ in Eg.(2)is a coefficient which gives the shape of
damping force of nonlinear damper. In Fig. Z, zp is maximum displacement of
nonlinear damper. These dampers have the advantage such that they operate
weakly in range of small displacement and operate strongly against the large
displacement. The absorbing energy per a cycle of sinusoidal wave due to
these dampers corresponds to the area of hysteresis loop and is given by

T (d+1/2) T (j+2/2) i i4d
Wa = "T(ie+) cwlxp I <

where (-} is

1962) to the fundamental harmonic component expanded into Fourier series
for the damping force, the equivalently linearizad damping coefficient Cog
and spring comstant kyg are given by

T (i+1/2) I (j+2/2)

_ : -1y itj-1
Ceq = Wl (ititarzy o ewd Tt (4)
D at2/2) (gL PR
keq = rp(migiarny ol v (3)

where w 1is a angular frequency of inpuf motion. For two types of nonlinear
dampers, calculatedWd by Eq(3) and calculated equivalent damping ratiolg, by
using cgq 2and kggq of Fas.(4} and (5) are shown in Figs. 3 and 4. These
figures are otained by taking a natural angular frequency of isoclated
structure wy= Jk/m = w (rad/s) and an angular frequency of excitating force
w = w {radf/s), and by equivalizing the absorbing energy Wd of two types of
dampers at % = 20 em. Here, Wy and (g are nondimensional values by those
of x*%*-type damper at x, = 20 cm. Also, r on abscissa is normalized by x
= 20 cn. From these fTigures, it becomes clear that Wy and Cegq of beoth
dampers become large as X, increases. )

3 RESPONSE PRCPERTIES OF ISOLATED STRUCTURE WITH MONLINEAR DAMPER

First, the steady state response of isclated structure subjected to a
simisoidal motion y = yysinwt is considered. The transmiszsibility 1, of
relative displacement response and transmissibility T, of absolute
acceleration response of model in Fig. 1 are calculated by using cy; and kg

of Egs.(4) and (5). The calculated vesults are shown in Figs. 5 and 6.
Figures 5 and 6 are for the isclated structures with x'%'-type damper and z?%2
~type damper., respectively. In these figures, the dashed curve and solid
curve correspond T; and Ti, taking two values as a parameter cfm. Also, A

on abscissa is a frequency ratio w/wgy . From these figures, it can be shown
that both nonlinear dampers reduce the peak values of two transmissibilitiess
T1,T, as c/m increases, mnamely the nonlineavity of dampers becomes large.
Also, in thes range of large f£requency ratic A , the value of the
transmissibility  becomes small. Therefore, two types of nonlinear dampers
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can suppress the large displacement respcnse of base isolated structure
subjected to ground motion having long pericd component and are eifective as
a isolation device for the ground motion with relatively short period.

From above transmisgibilities, the amplification factor Xmax/yo of relative
displacement response and that of Zy,./yow’cf absolute acceleration response
under the resonance condition of w = w, are given as follows.

(1)In the case of x'%'-type damper

Xmax/Yo = (342 wim/ 4Ty )1/ 2 ©

Emax! Yow?= (143muym/ 20k 0T 2w 2/ 8c P2y 45 2 ) 1 2 (7}
(2)In the case of x%x’-type damper

paw! Vo = (1542 mm/Beysd )" (8)

B/ Vow?= (1+15mm/ hexyay 22577 m? /32¢ P58 050 172 (9)

Taking the values from 1 to 30 cm as a parameter of y, for a constant values
of e¢fm, the amplification factors xygx/ve and Fmax/ Yow?caleulated by above
equations are shown in Figs. 7 and 8. Figure 7 shows the calculated fmax! Yo
of Egs.(6) and (28), and Fig. 8 shows the calculated Zgyy/yow® of Egs.(7) and
(9). In these figures, Ceq on abscissa is used in order to compare the
results obtained from two types of dampers. Also, the symbols O and &
correspond  the simulation results obtained from x'z'-type damper and x%£°-
type damper. From these figures, it is clear that both Rpas/ Vo and B /yow?
calculated from x*%'-type damper are almost egual to those calculated from
22%2-type damper. In the case of Xmax/yo in Fig. 7, the calculated vresults
agree well with the simulation for both dampers, irrespective of (54. This
means relative displacement response of isolated structure iz dominated and
affected by the fundamental harmonic component.

On the other hand, in the case of %max/yowzin Fig.8, the calculated results
agree with the simulation results in range of small Ceq® However, their
difference becomes large as (g, increases. Therefore, the acceleration
response seems to be affected by the higher harmenic component as the damping
force of damper becomes large. Also, by comparison of the simulation results
for two types of dampers, the effect of higher harmonic component for x'#!-
type damper is smaller than that for x°x*-type damper. Tn order to
investigate this effect, the response time histories of isolated structures
with x'%'-type damper and x’x’~-type damper are shown in Fig. 9 for [ ,=0.25
for both dampers. In this figure, dashed wave form and solid wave form
correspond to the results obtained from =z?%’-type and x'x' -type dampers,
respectively. In this figure, the maximum relative displacement response for
x' X'~type damper becomes equal to that for x’%’-type damper. However, the
mazimun  acceleration  responses for these dampers do not agres because of
their spikes in their wave forms, that is the effect of higher harmonic
component. Accordingly, it is also clear that the naximum acceleration
response for x'x'-type damper is smaller than that for x?x”-type damper.

MNext, under the above same condition concerning Caq =0.25, the comparison
of response time histories of isolated structures with two types ol dampers
subjected to the real earthquake motion, El Centro NS{maximum input
acceleration = 3.417 mfs?), is shown in Fig. 10. This figure shows that both
nonlinear dampers can have the isclating effect from the ground acceleration
with vrelatively short period. And, from the comparison between twO type
dampers, it is clear that both maximum displacement and acceleration
responses for z'x'-type damper is smaller than those or x?%?-type damper.
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& CONCLUSIONS

In order tc¢ suppress the large displacement response of base isolated
structure, two types of nonlinear dampers are studied by the analytical
method and numerical simulations.

The results obtained herein are summarized as follows.
{1)From the transmissibility for isolated structures with these nonlinear
dampers, it is shown that the proposed nonlinear dampers can eifectively
reduce the displacement responses trasmitted te the isolated structures
against the seismic ground motions having both long and short periods.
{(2)From the comparison between the rasults obtained by two types nonlinear
dampers, it is shown that x'z!-type damper becomes more resonable than x 2g2-
type damper in order to reduce the acceleration response of isolated
structure.
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Fig. 1 Analytical model of base isolated Fig.2 Damping force of nonlinear
structure damper
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Fig. 9 Comparison of response time histories(Sinusoidal motion)
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Fig. 10 Comarison of response time histories (El Centro NS)
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