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Synopsis

The artificial earthquakes desirable for the structural response analysis as the input
data of earthquake excitations are generated by means of an electronic analog computer.
The spectral characteristics of the artificial earthquakes prescribed by considering the
vibrational ground characteristics are, first of all, represented as a linear transfer function.
The response spectrum and the spectral density for such generated earthquakes are shown
in figures calculated numerically from the ensemble averages in several cases. On the
other hand, the relationship between this response spectrum and spectral density is also
derived from the theoretical approach. Then the former result to response analysis is

satisfactorily agreeable with the latter one to theoretical appreach.
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Fig. 2. Block diagram of generation of artificial earthquake.
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Fig- 3 An example of generated artificial earthquake.
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Table 1 The list of spectral characteristics.

I}?::c;iue‘gfégth of _éﬁggé?edr?stics Number of Sample
case 1 0. 45 cps~17. 75 cps . H o
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Fig. 4 Simulated velocity amplitude spectrum in case 4.
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Fig. 5 Average spectral density for band limited white noise in case 1.
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Fig. 6 (a) Average spectral density for artificial earthquake velocity in case 1.
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Fig. 6 (b) Average spectral density for artificial earthquake velocity in case 2.
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Fig. 6 () Average spectral density for artificial earthquake velocity in case 3.
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Fig. 6 (d) Average spectral density for artificial earthquake velocity in case 4.
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Fig. 7 Average spectral density for artificial earthquake acceleration in case 1.
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Fig. 8 Average spectral density for artificial earthquake acceleration in case 5.
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Fig. 10 (a) Average velocity response spectra in case 1.
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Fig. 10 (b) Average velocity response spectra in case 1’
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Fig. 10 (¢) Average velocity response spectra in ¢ase 2.
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Fig. 10 (d) Average velocity response spectra in case 3.
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Fig. 10 (e) Average velocity response spectra in case 4.
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Fig. 10 (f) Average velocity response spectra in case 5.

Table 2 Comparison of maxima of average response spectra.

h case 1/ case 2 ’ case 3 case 4 case 5 an.
0 38.7 39.6 51.5 43.9 48.1
0.005 19.2 24.9 26.9 24.8 23.9
max (S7)av 0.01 14.9 18.9 20.4 19.0 18.8
0.02 11.4 14.3 15.4 14.7 13.8
0.05 7.3 9.2 10.0 9.6 9.3
0 1.0 1.02 1.33 1.13 1.24
Ratio 0.005 1.0 1.30 1.40 1.29 1.25
o 0.01 1.0 1.27 1.37 1.27 1.26
case 1/ 0.02 1.0 1.26 1.35 1.29 1.21
0.05 1.0 1.26 1.37 1.32 1.27
av. for B>0 — 1.27 1.37 1.29 1.25
0 2.02 1.59 1.91 1.77 2.01 1.90
Ratio 0.005 1.0 1.0 1.0 1.0 1.0 —
to 0.01 0.78 0.76 0.76 0.77 0.79 0.78
h=0.005 0.02 0.60 0.58 0.57 0.59 0.58 0.59
0.05 0.38 0.37 0.37 0.39 0.39 0.38
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£ case IOWTOLETIY, AW band O LBOME)EEET, case 2, 3 TFhFH case I’ D
272%, 31 DEEME > TBb, Ffo, case 4 TIXEEE band M% case 2 WETLLILTHB0, =B
B4 weight Z/NZ Licicdic case 2 IWHB L TRRKTHB, —FH case 5 (% case 2 ZOTF
FRIAEE %5 | &E T lcfcdil peak TiXb T/ e 3% H LT 5, peak fFEDBEHT 5
IERE, 2 TRELCAEH band 0 EFBRARITTEEODEIIVIWEELBRLDT, ChbD
IR A O FBH band OMOBAMEERMCHT 22, 3 L IEEREYO L RTLES
—RE & LB AT A band Ry 528 HRENC peak fSED power ME ixbicd b Er bhb,
CCRBRALICSED case iiT A AL, KRHCRLBAIHENEL L BEIERLY S
LLTRY, BRELHFEESEOBERIEOVTUNTE LW EELX B ERFYTHAHS5, 2T h=0 0D
BEXBRAL TEZCOR, EREROLETLENETH K THD, HIC sample FHDic\ BT E D
BENNTHS 5 LEWT LIl dTH B,

¥7z, sample HDOFHIEEARZ + T FUTT HEIL case 1 L case 1’ H B\ % case 5 ITRIND
X5, k=0 DREEHCEET 2ILEEOEEDOTHR{LA sample FHKD & FBEETH 545, h20.005
DRFLHETHHBAE, sample F T E LTHECTPRHES MAEE L fooTH D, FOBMEIDE
EWZ D,

DER, T TEA LSRS0S BEROECHTRIEERIC DX 5 hBREE L TN E03%H
NBIeHIT, case I/ [TOWTEORKGEDE UKMOBEES My Fig. 11 oRt., ROBEEBEC
DN, A1 T, BOREEORE EVGERYERGTUIRA FR—EHEks 0T, = cixEERER
1~20cps DRICOWTH—ERMET S L E2 TV 5, Kbtk 5T k=0 OBEIMEEHED
B OEHTEFLTHEOIMLT, 0.052h20.005 DREFELETAHHEETIL, KEF CHEEHEN
DR BTc o> TEFEATIZHE %, %D envelope R IR 0 ~30BIZBIL T—E L LTHHDT, h=
0.003 DHETIHEE, h=0.06 DHE TR I UEERRTH LEENCEEYEL, g EahsfiL
o T\ B,

"TIME DISTRIBUTION OF OCCURRENCE OF THE MAXIMUM RESPONSE
- (CASE {: A~G) :
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00086
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Fig. 11 Time distribution of occurrence of the maximum response in case 1.

Bl E, % case @ ensemble 5L LTD FHEERE AR + 5D BEBE T o7, b en-
semble {Z3siT A 4 D Sy DEDSFin Figs. 12 (a)~(e) iwiiT, = =Ty Sv/ESv % 1~20cps D&RF
HEEBCOWTRD, FOSMNEE BT OV TR AER A B IR I &2 EIDLOB LA



AR - B - FEE - MR ISERR O D ORBEHRBH O BRI DT

p EZ:) PROBABILITY DENSITY FUNCTION OF Sy
3.0F == CASE |’ —
[
1\
20}

——— =0
o TomTeSses
1\

i S o.ol
! ‘ .
j \

0.06

10}
Sv
\ 'ESv
. U
1 L W b Py
(o) 0.5 o - 1.5

20
Fig. 12 (a) Probability density function of normalized velocity response
spectra in case 1’,
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Fig. 12 (b) Probability density function of norialized velocity response
spectra in case 2.
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Fig. 12 (¢) Probability density function of normalized velocity response
spectra in case 3.
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Fig. 12 (d) Probability density function of normalized velocity response
spectra in case 4.
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Fig. 12 (e) Probability density function of normalized velocity response

spectra in case 5.
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FHRBC oW TCRA—EMCET 5 & UTEBERIEL Tt - T b, ROBEFREEN Sy o4 mtERick X
IFTEEIPIGE LoD LT case ~5 D FFEEEM O HRC KLU TLTRA EFHERA—E LL>T
WBZEERIGLT B, b=0 OBESITTHMED 0.6 515 1.2ERE ¥ TIF—HC 1~1.28E LK
DS RTTH, kAT BTN T BSEMTC 27 peak R4, h=0.05 DBELIE

BELitoT\ b, ZOSHEROBALFHEOMDICEREREICOVT plot Lok % Fig. 13 K3t
R Sgiknt g & Uiz sample Bttt 5% weight 2B PHEXES B TH B, & casg K2

WTDED AT Y FINT, FHEYHBCTThTh
ORI TLRSBIFLERYFLD LD
LEbhs, PHEYESIHBIREL RN L TR

WAL, hoBKE & SIC—EETIET 5
WarRLTWb, D% Ch) L L,
dec(h)<0’ %C(h)>0 ............ (41)
e BBRL ERICARNT
C(h)=C(x)—{C(c0)
—C(®}exp {-CWR} - (42)
LWEBTELIRD, & iz, CU) IERELR
TRTRICKDEELYET 5,

Cm»1, - Cm<o,

“;;;C(h)>0 .................. (43)
Licdin T,
C(r)=C(oo)—{C (o)
—C(0)Yexp (—=Th) jeeeerenee (49

>0
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Fig. 13 Standard deviation of normalized
velocity response spectra.
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Table 3 Statistical values of normalized response spectra.

case 1/ 1 case 2 ! case 3 case 4 i case b average
Sample size 1x18 | 7x18 | 7x18 | 7xI8 | l4x% f
h=0 2.28 2.16 ' 231 2.0 - 2.24
0.005 1.84 .74 | 1.57 1.53 - 1.93
lnax(igg;) 0.01 1.70 1.50 1 1.49 L4 | 1.8 |
0.02 1.62 1.4 148 1.40 | 1.64
0.05 1.52 1.46 ' 1.37 1.36 | 1.46
0 0.35 | 0.3 | 033 | 028 034 |
s, 0.005 0.51 0.49 0.5 0.47 ' 0.54
nnh1(1§§;> 0.01 0.60 0.60 | 0.59 0.61 | 0.58
0.02 0. 60 0.67 | 0.63 0.63 ' 0.59 |
0.05 0.63 0.60 | 075 0.72 | 0.54
0 0.371 0.371  0.338 0.352 | 0.355 . 0.359
S 0. 005 0.213 0.223 . 0.214 = 0.207 | 0.217 - 0.215
»/"(jgﬁ;) 0.01 0.191 0.194 | 0.182 0.185 ~ 0.191 |  0.189
0.02 0.169 0.158 ' 0.171 0.163 | 0.159 | 0.164
0.05 0.141 0.167 | 0.151 0.144 | 0.146 , 0.148
0 3.45 3.12 | 3.8 310 | 3.49 ‘ 3.43
0. 005 3.94 3.32 © 2.67 2.56 | 429 | 3.63
a 0.01 3.67 2.58 269 2.37 i 4.46 i 3.51
0.02 3.82 2.60 | 3.04 2.3¢ 3.93 3.40
0.05 3.70 2.74 | 2.46 2.51 | 3.16 | 307
0 1.75 1.80 1.98 2.05 1.86 1.86
0. 005 2.30 2.29 2.11 2.56 2.12 2.25
b 0.01 2.09 2.07 | 225 2.10 2.20 2.15
0.02 2.47 .95 | 2.34 2.17 2.58 2.38
0.05 2.62 2.30 | 1.66 1.95 | 3.15 2.56
0 3.56 3.23 | 3.64 3.03 | 3.45 3.42
0.005 3.90 3.44 2.65 2.46 4.32 3.64
Geq 0.01 3.70 2.65 2.59 2.33 4.50 3.52
0.02 3.78 2.68 2.93 2.44 3.90 3.39
0.05 3.51 3.11 } 2.50 2.43 3.11 3.05
0 1.81 1.86 | 1.86 2.00 | 1.8 1.86
0.005 2.28 2.37 | 2.09 2.46 2.14 2.24
beq 0.01 2.12 2.12 217 2.06 2.22 2.15
0.02 2.44 2.00 | 2.26 2.26 | 2.50 2.36
0.05 2.50 2.70 ' 1.69 1.89 3.11 2.55
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TELED, 42), ) LT ESy X - TEHILI R Sy DS OEEREREET S = & ot
K2, WACE T HEHT sample BT BEL ZI LB E L TR LED S & EAEKD, o
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@=max (VV(SV/ESV) ) A 76T i
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E3DTHD, a,b % sample BT HHCBIRE L EL DR, FAEELLCELTL TSNt e
BEYOEREE, b IEMOEAEELTND X5 THEA, F1INAD S DZD FHHTH h —REEIC
%, ChLIERGRIRVEBFIRY o7 v ¥ A B LB X 2NETHS 5D, (45) D c(h) BT do,
beg % T L T HFHANIMTE T LIERRL TR Y, = THEE LEGIT oW TIF OmEEEREH
BE—HUIMER LB L bYMREVZ D, (45), 46) BB T, ESv(f, h) bz bhs b o
&% L%ED ensemble kT B Sv(f, h) OEEO LT R
{1_1'76(;,)}55,,(]0, BZSv(f,B)S[1+GCDYEST(f B) -ooovveeereenrasiinininnnc, 1))

THEXBRD, TZT d,b ik a,b E743 eq, by DFBETEZ TIWVWEEL BRS,

5. BERANLZORHEEISEANY b5 OBHHER

CCTREERNE OIS TRENRD A7 P VEERYETIEEABCET EE 5, BEERC
% cutoff operator IZ X - THRRM % 9 HL TH LR BBEFEAINCH T 5 FEERIEEAS + 5
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1 B HEROBRMIRE AR R
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3%0
LLT, 1=0 HLEEONE f(D %FH 5B OROEREMIEER >0, Lictia T o>0 OFIK

(51) TEHIh 5,
7(r) = L jA(’T ;o B sin (o't +¢Dp)
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CXoT b)) EDED, — AW, gb) ZoWTEROWEIE D T2,
TA>0, A<

>0, 2 7(H)<0

iz AR, rg(h) W& h=0 OFEHE TR BIECHURT 2B YHET DT, KOBEMNTHE L5,

M) =7M(02) —{rr () = (O} exp { ~ra(h)h} } .......................................... (95)
74(h) =7g(0) —{rg(ce) —rq(0)} exp { — ra(h)h}
ZZT ralh) & (B, r¢(h) ORERFRTRETREREMETH DL, —Ric
ra(h)>1, %ra(h)>0, %fa(h)<0 ...................................................... (96)
T, PO OEME & C—EECPRTHEALET D, LicdiaT
70(B) = ra(e0) — {ra(o0) — a0} exp (—Bh), A0+ rreerssreremririrnniriiininieeninn, 'CH)

TERHIND, LT

Lo M=y 1 (o) —sqR)
S Y O B YO R R (O EO) 8
PRIT B

6. THEERGANRYI bSLEEBREANRI PTOLTROME

BB TR L AV CRESBRICB T B IEEAT DG Rir)a(v(r) ik 2 FEEE S A
<7 +F ESyv %, FEOIEBOEED bR - HEYACTED, X5 ensemble Kisit 5%
sample OEED E TR &G T5, 2 THOGIIRERFTO ZRIT 4. TREhi case 1 WBT5 71H
DEFCONTTH Y, |As| OBRHRAD ML FMC LT ergode HH{FEEL () #3HETS O
ET%, RALI@IL 2.86%X27 & 5X27 D 24T, 10DEERE,LETNFER 140, 200HDEEERE
MEfEAhe h BB CERS Table 4 IR, Z2IC sor, shr, Az ZFRFRKRXTCRINR, sz it
Rayleigh i3 5 &M ETH 5,

= [As]  _ VVZIASL oo,
sox ‘/VTETIASI Er|Ads]| o9
[As]
—supEzlAsl o NASIZEnlAsl e,
Shr=SpP Ve Asl T V/Vilds] ' (1005
Er|As)|
_svsor _ [ # [As| —Er|As] =\/4—_7f ........................
AT = a(0) ‘/4-7r Ead Er|As| » (0 7 o1

¥ 7 Figs. 14 (a)~(e) 1% sor, shr DF{FED/DHD |As|/E|As| OHEREER p(|As|/E|As]) %
7 B> sample 122\ T ensemble L DRIRL T 5, (99)~(101) TRENDZED 0 iTONT
D% Table 5 31 0° Fig. 16 &R,

Table 5 @ sA(h) & ES\WT (95), 97) LB (k) % EDHADIT KDL HICRESR BT 5,
Table 4 iREND h=0 kT3 shr OfEIZ-I7 Y +3KTH D, EHTAHERNE - & & R,
AR WX h=0 EETRBCHMNT B TH D, analog FHEREOEKMENLEST =0 NEB I
Z&, Fio A0) 4% (95), (98) AT AHDIACEETH S Z EENL, INEMNO KB X 5EY
FOEERAGWTIC, BHRENTRD SIIED TS T Rayleigh S4cst 35 S M Ee LT rA0) =
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Table 4 Statistical values of normalized absolute amplitude, [As|/E|4s].

o \ Bl 2 12 13 | 14 | 15 | 16 | 17
0 1.3¢ | 3.00 | 1.78 | 2.38 | 2.07 | 1.47 | 1.26
2.86 | 0.005| 1.43 | 2.64 | 2.10 | 2.20 | 2.63 | 1.74 | 1.62
x2r | 0.01 | 1.5 | 261 217 | 205 | 2.56 | 1.88 | 195
0.02 | 1.80 | 2.56 | 2.14 | 1.96 | 2.52 | 1.81 | 1.98
| As| l 0.06 | 211 | 229 | 1.99 | 2.04 | 2.55 | 1.99 | 2.18
T E Ijsl .
I o 1.50 | 1.85 | 1.89 | 1.78 | 1.19 | 1.72 | 1.75
5.0 | 0.005| 1.81 | 1.72 | 242 | 3.08 | 1.76 | 2.06 | 1.84
x 27 ‘ 0.01 | 1.96 | 2.28 | 2.86 | 3.59 | 2.29 | 2.22 | 2.13
| 0.02 | 216 | 2.56 | 3.21 | 3.46 | 2.53 | 2.61 | 2.58
0.05 | 2.32 | 3.06 | 3.24 | 2.88 | 2.60 | 2.50 | 2.80
0 0.214 | 0.580 | 0.204 | 0.592 | 0.397 | 0.282| 0.143
2.86 | 0.005| 0.209 | 0.563 | 0.415| 0.579 | 0.567 | 0.348 | 0.328
x2r | 0.01 | 0.236| 0.535| 0.435 | 0.510 | 0.570 | 0.363 | 0.482
0.02 | 0.320| 0.536 | 0.472 | 0.491 | 0.543 | 0.342 | 0.440
Sy 0.05 | 0.461 | 0.526 | 0.480 | 0.452 | 0.471 | 0.408 | 0.468
\/ Vr 5|
E|4s| 0 | 0.2905| 0.169 | 0.412| 0.263 | 0.085 | 0.248 | 0.507
5.0 0.005 | 0.467 | 0.281 | 0.542 | 0.540 | 0.355 | 0.502 | 0.406
x2z | 0.0 | 0.462 | 0.382 | 0.635| 0.603 | 0.435 | 0.476 | 0.489
0.02 | 0.505| 0.480 | 0.666 | 0.607 | 0.470 | 0.491 | 0.580
0.05 | 0.521| 0.563 | 0.615| 0.536 | 0.498 | 0.502 | 0.520
0 0.65 | 3.82 | 1.49 | 2.64 | 2.04 | 0.90 | 0.50
2.8 | 0.005| 0.82 | 3.13 | 210 | 2.29 | 3.11 | 1.41 | 1.18
x2z | 0.0l | 0.96 | 3.07 | 223 | 2.00 | 2.98 | 1.58 | 1.81
002 | 1.53 | 2,98 | 2.18 | 1.83 | 2.90 | 1.55 | 1.87
N 005 | 2.12 | 2.46 | 1.89 | 1.99 | 2.96 | 1.89 | 2.25
7 0 0.96 | 0.67 | 1.70 | 1.49 | 0.36 | 1.38 | 1.43
5.0 0.005 | 1.55 | 1.37 | 2.71 | 3.97 | 1.45 | 2.02 | 1.60
x2r | 0.0l | 1.83 | 2.45 | 3.55 | 4.94 | 2.46 | 2.33 | 2.16
0.02 | 222 | 298 | 4.22 | 4.70 | 2.92 | 3.07 | 3.02
0.05 | 2.52 | 3.93 | 4.28 | 3.59 | 3.06 | 2.8 | 3.44
Table 5 Numerical values of yA(#) and ra(h).
k| o 0.005 0.01 0.02 0.05 oo
<S6T >0 0520 0.436 0.472 0.496 0.502
A =<shzt>>eo | 2.266 2. 406 2.669 2.811 2.891
(0.621) (3.0
AW =<rAr>. = 1.410 2.054 2.457 2.712 2.801
ra(h) | — 184.2 147.8 105.6 49.5
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Fig. 14 (@) Average probability density function of normalized absolute
amplitude, |As|, for h=0.
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Fig. 14 (b) Average probability density function of normalized absolute
amplitude, |A4s|, for k=0.005.
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Fig. 1;1- (c) Average probability density function of normalized absolute
amplitude, [As|, for A=0.01.
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Fig. 14 (d) Average probability density function of normalized absolute

amplitude, |4s|, for £=0.02.
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1As] PROBABILITY DENSITY FUNCTION OF [As]
P ErTAel
h- 0.05
15 . 5.0 cps
sreemeanane 2.86 cps
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Fig. 14 (e) Average probability density function of normalized absolute
amblitude, |As|, for h=0.05.

MAXIMUM NORMALIZED RANDOM
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Fig. 15 Maximum normalized random variable and its average, sk, and
average of equivalent maximum normalized random variable,
7A.



INE - BEH - HE MR BREREFOZDOBREHMBROEE IOV T 399

0.621 AT %, Z7z, rA(e0) & L THBEBRAEOHERIC X < AV BB HE!20 X(0)=3.0 AT
bo TDIHRLTHEDLIA rAR) % (98) CTHWTE: ra(h) % Table 5 L L TH 5, (9D
BRicotc by hm be TR UTHEVICES

a(h) —a(hn) _l-exp {—8hu—h)}

aCh)—alhm) 1—exp{—Bhn—h)}
2BED, b, ho, he} OEREGHEEEL THHEEL LTAEFHET 5. ZOBREEIHRON) ©RA
LT85 {hi, hn} OBRAREHE CTHIMICHECT, FHEEND ra0), ralw) #FHET 5, = OFER
w (97) WHWT ra(h) 28T (95) &3 {h, hn}l OHELEE T EIHECCORORFY
7725 & M0), ra(eo) RSB EMHE, (95) 1bh, rAlh), DT, (93) 1b, rgh) HERAD
XokE S,

A(E) =2.998—2.395 exp { —rat(A)R} +vovrerrmeermsininiiiae s (103)
7q(h) =2.983—1.983 exp { —7@(BIR} treeervrrmeneermmmiinniii (104)
7a(B) =33.31+191. 73 €xp (—49. 2B) ++rrerereirsrmmsiininiiiini (105)

(103)~(105) DffiL Table 6 TiRX N 5,

Table 6 Numerical values of ra(h), rA(h) and rq(h).

h Lo 0.005 0.00 | 0.02 0.05 oo
sah) 225.0 183.2 150.5 105.0 49.6 33.3
AR 0.603 2,040 2. 466 2.706 2.878 2.998
q(h) 1.0 2.190 2.543 2.741 2.884 2.983

ST, HEREAZ + 5D enemble FHELHETHITIZ Z DI L TRD LR AB) HBVIT
Table 5 ® (k) % (88) fVy, Sre(ras @ by ra) OFREELT (86) kb
1—exp(—2hora)

Swa(ra o hyra) =" DL SEESUO) | e 106
Sze(ra’ ©,0,7a) =7aSu(w)
BAVS L
ESy(a, b ra) = (V,”+,x<h>\/1 )‘/ﬂzih_%Msw(m)
ESv(w,0,7a)= (1/7;4- A©O,/1 —%)1/:;57,(:) o
BBz
ESv(o, hy7a) ( A 1- )\/ 1exp C-2hora) 5,0 (
............... 108)

ESy(0,0, 7a(= (1/ " +ﬂ\(0)\/1 ——) 1/ 728 (w)
MEOBRD, ZZTHENTNER L L TRLR T ABEEBIA IO A7 b VOB Y Se(e) LT
BAuvb, Thbd (9) KRiF5 |¢Ge)|2 X b

Sp(@) =@ G(Jw) |2 wrrrrrrretrmiirii (109)

LLTE2 B, (108), (109) #HWT
S“Xh S6(w)de =2A2(GAL)? -+-vrerrererrminemieis it (110)

0.1125X 27z

ELTHE LT ESv(w, b, 30) »% Fig. 16 CEBMTRLTH D, 7A0) IL{KTEME 0.621 #BThH s,
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Sv
Jooo AVERAGE RESPONSE SPECTRA
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Fig. 16 Comparison of average response spectra between result to theoretical
estimation and that to response analysis.

R OIEMRIT DRI OWTIE, 4 ERDHATD ESy #F0 % FBotSic+5c i, WE
BANOBRKIEERMZFE—CT 5 L\ 5 HEBTRD bl ensemble SEGRKHESIT X 5 &5 40T
THELEEXSDDL LR EDT, T T, case 5 DBV TGRS0 O 5248
PROHLT, TOWMSOEFEHEN —EE/5 L5 RED S LT ensemble FFA bl LT
%o ZOBRIEIFEDTRCFHERRED L & Tk, % sample OBERBFHIEE1NR—I/in s 2 Lt T
W5, Efo, case 5 DEEHEN OEERICKT 5 BE B band ik (110) KW THES%
LS TH B A, filter OFESIC X b Fig. 8 RE AL 31T, e FRICHVTIXsEL BN
T B T sy, Licaio T, Table 2 7250 5 232 210, HEOXRE T 5MFICIKIT % power
PIHE EL ST B LA MET, Fig. 16 OEFE O EEXT- CHEABEL TG DTH S,
5~8cps DS THEMES—RITRRARE it T B 2 L BT, MEDO—BITAR D DBETREh
TWBI EH D, AN TIL, 0=2.86%2r, 5x2r D2 SOXRTOFFS 0.45—14cps A LR
THHY, SHRILTHEEL & 5 75 ABEBERIRCKT S rAr 2L T, TOMEN o EL T
CEET A RHEPDDLELH D,

Figs. 17, 18 {3, =0 X 0.01 &2\ T (108) ® ESy # AT ensemble iZkit% Sy Ok
TROHEEE (47) & Table 3 Offi% AT, case 5 KL TfTc-7cdbDTH 5, Table 3 kit 5
VV(Sy/ESy): @ % X0 b OFEHEIZIL ESy ORDHM Fig. 16 OB E L Ric- B L - T 228,
Fig. 10 (f) & Fig. 16 OFER TR SN AWMEIFRA EEAKHC—HLTWHZEnb, T TIRERAE
ZHZRVLDELTH D, InbBEbh/l 5D HKICL % ensemble 1Ciksit5 Sy O ETROHE
BIXFEUTHD EVZ D,

IDXHRLT, ExbRICATIDARY P AEES G, envelope A1 step function THE SN BHETE
FASTDEEIREARS P TRIVIGEARY b 5O LTREYLERIGTHTE L, IEEMRITOFETR L OB
PORBIIERTNEIBEETC—RTHIERTRLE, EBIEEEOBRVHEER{TIL 5 7®iZiX, ensemble
Tl % sample F AWML T2 Z THW I ergode % Rayleigh HMHEDRE, HBHWIL 7,
VV(Sr/ESr): @b %D o BT AR BMECHRHTILENHS 5,
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Fig. 17 Comparison of the upper and the lower bounds and average of
response spectra between result to theoretical estimation and that

to response analysis for £=0.
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Fig. 18 Comparison of the upper and the lower bounds and average®of
response spectra between result to theoretical estimation®and that

to response analysis for k=0.01,
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. ¢ 9 U

BEWOMBER DD, BRTEM OB ORI seismicity 2 ZE L T FBT 2B
EDOARY PV ORENED DR TV BHA, FEEFREFNT LT/ 5 BRI LB BRI S 7ot
BB 2185 Htke LT, AHRITIL noise generator DM HA 5 band pass filter %\ CREE
¥ band #5% Hh 7z band limited white noise %18, Zh¥ HEBAILDOARZ  vOREY 52 S
BEEEY OEERE Y & oBUROAT L LTHELN D H L B e RSR T8 b B L OB O
HEARIENBDLZERRLI, LT, COAXI PADEEEARS P ABERSIVIGEARZ b T DOH
BhHEB LI, —7F, ZDX57 step function % envelope & TABEENELOFHBILEARZ b F
BIVIEEARZ b 5 O ETROMFINERLBOE, FhLICE TN REDERLISEMITOREL S
BERICE DT, Th EINEER OFBRIIFEE LS XOCRERCEL TiE— It W—K 2R L, BT
HERRLEL DT AVIRE D F UL BESIT T 5,

LnL, S TREEINEARY F IOHETBICHAND 5 v X 2B i %, ROEHERBEECIEHE
DB LB LTRERITOWT 2 A0S THRM L s, BECI RERC, BRT5 BTHrLELDL
h, I —EBRECBWEEY T 5 enikit, 6L OEYBEICBEL CBA TR 2L TTHh
e b\, [FREC BB O ensemble 2o\ T sample AT THD, BEAIFITD
ensemble 123513 % AR OFHEC (X EA AR S\ CORE L EEA L ich’, HEDKELRD LD
CRZOBELRNTHELERDS D, IHI, ZITHVLRALMDEELCDOWTHEFDORUKLREL
T EE LI, &%, EEMEBHCRE -7 envelope ¥ 52 288, HHWITRL - ERMY 52
T BRECOVCTEER ML TP FETH S,

%DL,K#y@Wﬂrétarf%ﬁﬁk;v%ﬂ%ﬁn&to%&ﬁb&tﬁﬁt%l+%%%ﬁm
EBEE, MBAEL, AA¥RELFEERGE-RIIUHWRECHLCFEEDOHBLERLE T,
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