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Abstracti A ncw devicc ofrcduction for seismic rcsponsc using friction forcc was dcvclopcd. lnthis papcr, fundamcntal charactcristics

of reduction system for seismic response using this device were investigated by excitation experiment using artificial seismic waves.

Thc peak acceleration amptitudc on this system has dccrcascd to aboul 50-907o over the input waves. Although a spccttal pcak around

the liequency of0.5Hz thal is the natuml period ofthis system vas idcntified, the value ofa spectral peak was decreased using bearings

with thc high ftiction forcc. This dcvicc is uscful for rcduction ofscismic rcsponsc.
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l. IDtroduction

It is important for seismic disaste! preventioD to

reinforce the building structure. But if the strength of
building structurc is incrcascd for anti-carthquake

reinforcement, the seismic response does not always

decrease remarkably. The office automation

equipmcnts installed inside tbe building such as a

computer rack are unstable because of large height

against width and depth. So it is easy to tum over by

earthquake shaking. Therefore it is needed to develop

the reduction systcm of scismic rcsponsc for small

structure installed inside floor u-31. Wc developed a

new device that sandwiched marble or spherical shape

bearing bctween two platcs of sphcrical concavc, and

built a reduction systcm of seismic response using this

devicea). ln this paper. fundamental characteristics of
this system are inv€stigatcd by cxcitation experiment.

2. Friction Bearing

An example of friction bearing developed for this

study is shown in Fig. l. lt consists of two platcs with
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spherical concaves and marble shape bearing. The size

ofplat€ is 344 mmx344 mm, thickness ofthis device is

62.4 mm. And the ndius ofconcave changes from 500

mm to 600 mm, continuously. lD this system, marble

shape bearing slides between two plates and vibration

ofthe shaking table is transmitted to the upper plate via

marble shape bearing. Because the restoring force is

generated when marblc shapc bearing uplifts, two

plates retum original position.

And rhe friction bearing that used a spherical metal

instead of marble shape is also developed (Fig. 2).

Comparcd thc bcaring bclwccn marble shape typc and

spherical mctal type, spherical metal generates large

restoring force. On th€ other hand, marble shape t)?e

gcncmtes high damping ratio bccausc of sliding

friction and rolling friction.
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An exrmple of friction bearitg with mrrble sh.Pe
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A rcduclion systcm of sgismic responsc, that is

called isolat€d plate, was made by this device. Thc

device was set up at each comer shown in Fig. 3. And

the combination ofbearing for isolated Plate is shown

Table l, the same type bearing was installed at the line

of diasonal.

' 9{'
Fig. 3 The isolrted plale using frictiott bearings'

Table I Combination ofbeatiDg in this study.

combination ofberring

Case l spherical melal lype.2

Case 2 sDherical metal typc: 2 + marble shape tyPe: 2

marble shape typc: 2

3. Natural Period and Damping Ratio of This

System

As the frjction bearing consists of pendulum

mechanism, this isolated plate has a natural period.

And whcn thc bcaring slidcs a platc with spbcrical

concavcs, the friction force occurs betwcen them. So

the damping is gcnerated. This isolared platc is

controlled by these parameters, So, natural period and

damping rutio of this system are estimated by free

vibmtion test-

The free vibration is generated when upper Plate that

addcd somc displaccment from original position is

released. The signal ftom acceleration sensors installed

on upper plate was recorded to the PC through thc

inlerfacc (Kyowa PCD-300Al The \ampling rate is

0.01sec/points.

Accelcration response wavcforms of free vibmtion

at each condition wcrc showr in Fig.4, and natural

period and damping ratio estimated by this experiment

were shown in Tablc 2. The natural period in case I is
longest in this experimcnt, and is goitg to short in case

2 and casc 3. Thc damping ratio whcn sphcrical mctal

type bearing was used is small As number of marblc

shape type bearing increases, the damping ratio is

going to large. lt means that large friction forcc is

generatcd when marble type bearing slips on spherical

concaves plate.

Tsble 2 Drmping ratio ond Nafural p€riod ofthis system'

Damping ratio ll Natual period T(s)

Case l 0004 2281

Case 2

一一
一一

Fig, 2 Size ofmrrbl€ shapc type bearing (left) lnd spherical melal (right)'

Casc 3 0105 1 333
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Fig, 4 Waveforms of free vibration erPeriment on th€

isolrtcd plate.

4. Excitation Experiment Using Artificial
Seismic Wave

To undcrstand fundamcntal charactcristics of this

system, excitation experimeDt is done using artificial

seismic waves. The isolated plate that Put a computer

scrvcr ruck with 1850 mrnx860 mmx 1000 mm sizc and

100 kg weight is installed on the shaking table. The

acceleration sensors are installed on the shaking table,

isolated plate and top of a computer server ruck. The

direction ofexcitation is one dimension horizontally.

The waveforms of artificial seismic wave as input

wave are shown in Fig. 5 and its Fourier spectra are

shown in Fig. 6. fhc prcdominant fraqucncy of input

waves is about l0 Hz that is natural frequency of the

general mechanical structure. The Fourier amplitude of

input wave I decrcases at thc fiequency lower than I

Hz. On the other hand, the amplitude decreases at the

fiequency lower than 0.4 Hz on input wave 2.

lnOu1 2

０

　

　

　

　

　

　

０

０

　

　

　

　

　

　

１

（ρ
一●
ＯＶ
０
２
ｉ
Ｅ
く
ｂ
一Ь
ｏ
Ｌ

０

　
　

　
　

　

　
　

　

０

０

　
　

　
　

　

　
　

　

１

（の」
ｏ
Ｏ）ｏ
Ｏ
コ〓
Ｏ
Ｅ
く
」ｏ
一」ぅ０
」

Ъ≒ 1 10
Frequency(Hz)

100

1000

5 0 6¬ 品. 25 30 05 40

も| 1         10
Frequency(Hz)

Fig. 6 Fourier spectra of rrtificial seismic waves for
ercitation €xperiment.

5. Results

5. I Acceleration Re.sponse lluvefttrms

The acceleration response waveforms on isolated

plate are shown in Figs. 7-8. The amplitude ofresponse

wave in case 3 that used four bearings of marble shape

type is largest in the case of input wave l. On the other

hand, in the case of input wave 2, thc response

amplitude in casc 3 is largcr than in casc 2 But in case

l, although the response runplitude decrca-ses until the

time of 15 sec, the large response arnplitude with the

frequency of around 0.5 Hz band is identified at the

time from 20 to 40 sec.
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Fig, 5 Wrveforms of artificicl seismic wlv€ for ercitation
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Fig, t Accelcntion reiponse wlveforms on the isolated
plate using input wrve 2.

5.2 Peuh Acceleration Response Ampli*de

The peak acceleration response amplitude and the

root mean square amplitude are shown in Tables 3-6,

respectively. The peak acceleration response amplitude

on isolated plate decreases to about 10%-50% of the

peak amplitude of input wave. Also the root mean

squarc amplitude decreascs to about 57n-257o. But thc

best case of decreasing rate of the peak acceleration

response amplitude is not always the best case of
decreasing rate of the root mean square amplitude.

Anyway, this system has good ability to reduce seismic

resoonse in acceleration dimension.

Case I 549

547 0520

Case 3 542 1 322

5.3 Fourier Spectru of Acceleration RespoL\e

l(aveforms

The Fourier spcctta of acceleration response

wavcforms rccordcd on isolatcd plate are shown in Figs.

9-10. In the case ofinput wavel, although the shape of
Fourier spectrum between in case 2 and in case 3 is

almost samc, thc level ofFouricr amplitudc in casc 3 is

bigher than in case 2. ln case I using the input wave 2, a

spectral peak around the frequency of 0.5 Hz can be

identified. Because this frequency band is equivalent to

natural frcquency of the isolated plate system, it is

generated by resonancc.

5.4 Sltectal Ratios

The spectral mtios dividing the resPonsc

accaleration spectrum on the isolated platc by the input

wave I spectrum and dividing the response

accelemtion spectrum by the input wave 2 spectrum are

: 畑
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shown in Figs. l1-12, respectively. A spechal peak is

identified at the frequency of 0.5 Hz, and is

independent of input waves. And its value of case I

which is low damping is largest in all case. Increasing

the number of marble type bearing, its value deceases.

Increasing the damping ratio ll, the peak value at the

resonance frequency decreases in single degree of
fre€dom system, theoretically. lt is a good relation

between experimental results and theoretical trend.

The good reduction late at the frequency between I
and l0 Hz is in case I by input wave l, is in case 2 by
input wave 2, Because the motion of isolated plate by

rcsonancc has cxcceded the clearancc disDlaccmcnt.

the collision occuned between two spherical concaves

plate in case I using input wave 2. As the accelerction

rcsponse waveforms shown in Fig. 8, the high

fiequency waveform was generated. So the reduction

rate at the fiequency between I and 5 Hz is not so good

compared to in case I using input wave l.
And, in case 3 using input wave 2, the value of a

spectral peak by resonance is restrained using the

marble type bea ng that is possible to generate the high

friction force. But the decreasing rate at the high

fiequency band is getting worse. So it is important to

find the optimum conditions for bearing shape.
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6. Conclusions

We developed a new device that sandwiched

marble or spherical shape bearing between two plates

of spherical concave, and built a reduction system of
seismic responsc using this dcvicc. In this paper,

fundamental characteristics of this system are

investigated by excitation experiment.

Thc natural pcriod and damping ratio ofthis system

are estimated by free vibmtion test, The natural period

is almost 2.0 sec. The damping ratio is depending on

the bearing type, is 0.004-0.105. It becomes large when

marble shape type is used,

In the case of excitation experiment using artificial

seismic waves, the peak acceleration amplitudes of
rcsponsc wavc indicatc 10-50% and thc root mcan

square amplitudes indicate 5-25% over the input

A peak of spectrum around the frequency of 0.5 Hz

can be identified when the input waves with low

fiequency component are used, Because this fiequency

baDd is equivalent to natural period ofthe isolated Plate

system, it is generated by resonance. The peak of

spectrum amplitude by resonance is restrained using a

bearing that is possible to gcnerate the high fiiction

force. tsut the rate of decreasing at the high frequency

band gets worse. So it is important to find the optimum

conditions for bearing.
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