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STATISTICAL MODEL FOR ESTIMATING VELOCITY RESPONSE SPECTRA
OF LONG-PERIOD STRUCTURES FROM THE 1983 NIHONKAI-CHUBU EARTHQUAKE
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By Yoshikazu YAMADA, Shigeru NODA and Tetsuo HIROSE

This paper presents the result from a multiple regression analysis of
JMA's low-magnification seismograph records observed during the Nihonkai-chubu
earthquake of 1983. In the first part of this paper, the effects of earthquake
factors and local soil conditions on velocity response spectra (2 to 20 sec)
are clarified. For regression coefficients, dummy variables representing the
component of record and soil conditions at each observation site are
introduced in addition to the epicentral distance and azimuthal angle. It is
found that +the multiple correlation coefficients between predicted and
observed values of spectral amplitude at each period are very high. The
statistical model presented here was confirmed to be an effective tool for
predicting the velocity response spectra. In the second part, a statistical
model is examined for estimating the velocity response spectra of arbitrary
damping ratio from those of 5 % damping and peak ground velocity. It must be
emphasized that regression coefficients for damping reduction factor are
remarkably dependent on the natural period, with predominant period of around
10 sec; and that the velocity response spectra cannot be estimated by the
exigting method without serious errors.
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Fig.2 Observation stations of Japan
Meteorological Agency used in this
study.
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Fig.3 Ve]ogity response spectra of mainshock with damping ratios of 0.1% and 2%
obtained for representative observation sites.
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Table 2 Multiple regression analysis results for velocity response spectra of
mainshock with damping ratio of h=2%.

Period Ja(T, ; A(T,0.02) ] B(T7,0.02)

T (sec)| 0.02)| P(T-0.02) a7 5N OFU ™ FRR SUTT TR En NS w ] c{1,0.02)
2,00} 0.058 0.590E~03 |-0.463 -0.213 -0.353 -0.147 0.147 0.515 0.353 0.369 0.154 -0.070
2.251 0,071 0.123E~02 |-0.603 =~0.443 =0,321 ~0,079 0.103 0.554 0.377 0.394 0,184 -0.085
2,50 ) 0.067 0,129E-02 |-0.453 =0.483 -0.275 -0.045 0.230 0.497 0.363 0.382 0,107 ~0.065
2.751 0.047 0.522E-03 {~0.284 ~0.194 -0.,187 0,076 0,311 0.623 0.320 0.374 0.100 ~0.049
3.001] 0.081 0.138E-02 {-0.502 ~0.297 -0.325 -0.050 0.170 0,552 0.346 0.404 0.155 -0.077
3,251 0.045 0.550E-03 |-0.,228 ~0.,208 -0,201 0.107 0.201 0.591 0,447 0.459 0.209 -0.074
3.501{ 0.071 0.859E-03 [~0.321 =~0.409 ~-0.258 -0.044 0.157 0.365 0,422 0.444 0.226 ~0,070
3,751 0.055 0.545E-03 |-0.329 -0.438 -0,253 =-0.178 0.164 0.486 0.491 0.477 0.267 -0,071
4.00] 0.070 0.135E-02 |-0.450 -0.529 -~0.331 -0,119 0.106 0.364 0.423 0.420 0.214 -0.072
4.251 0.070 0.113E-02 }-0.332 -0.413 -0.203 0.068 0.102 0.535 0,316 0.363 0.145 -0,084
4,50 0.061 0.8541E-03 [~0.308 ~0.294 -0.042 0.098 0.014 0,580 0,369 0.418 0.196 -0.110
4,751 0.055 0.106E-02 |~0.317 -0.338 ~0,141 0.014 0.056 0.598 0.429 0.478 0.268 -0.115
5.00; 0,078 0.121E-02 |-0.294 -0.394 -0.287 ~0.,020 0.047 0.547 0.370 0.390 0.178 -0.085
5.63! 0.077 0.,156E~02 [~0.194 -0.323 -0.329 0.090 0.239 0.558 0.316 0.316 0,110 ~0.090
6.251 0,047 0.164E-02 [-0.357 ~0.269 ~0.407 0,119 0.219 0.538 0.477 0,477 0.271 ~0,096
£.881 0.066 0.103E-02 {-0.239 ~0.161 -0.302 0.079 0.183 0,512 0.498 0.490 0.307 -0.,094
7.50| 0,055 0.608E-03 |-0,055 0,055 0.0 0.183 0.280 0,604 0.440 0.520 0.251 ~0.306
8.131) 0.074 0.480E~03 0.083 0,070 0.108 0.414 0.538 0.829 0.331 0.397 0.103 -0.113
8.751 0.076 0.241E-03 0.133 0.093 0,093 0.554 0.714 0.868 0,381 0.462 0.190 -0.163
9.38} 0.133 0,157E-02 0.733 0.501 0.329 0.696 0.965 1.189 0,262 0.359 0.098 ~0,224

16.004 0,105 0.117E-02 0.639 0.319 0.106 0.570 0.958 1.080 0.494 0,552 0.329. -0.230
11,25 0.039 0.682E-03 0,471 0,513 0,353 1.049 1.273 1,222 0.296 0,252 0.143 ~-0.177
12.50 ] 0.087 0,222E-02 0,519 0.473 0,395 0.713 0.823 0,791 0.620 0.533 0,425 -0.169
13.75)] 0.041 0.783€-03 0.442 0.346 0.430 0.884 1.003 1.009 0.295 0.258 0,081 -0,114
15.00] 0.095 0.186E~03 0,193 0,119 $.051 0,493 0,550 0.618 0,550 0.486 0.251 -0.126
16.257 0.054 0.107E-02 {-0.035 0.052 ~0.052 Q0,454 0.472 9.615 0.8602 0.552 0.322 -0.131
17.50\ 0.030 0.275E~03 0.0 0.180 0.080 0.438 0.438 0.647 0.615 0.586 0.320 -0.110
18,75 |- 0.030 0,230E-02 0.048 0.246 0.216 0.661 0.715 0.919 0.382 0.372 0,124 ~0.,126
20.002 0.00C2 0.218E-02 [-0.219 -0.017 -0.017 0,346 0.491 0.647 0.547 0,532 0.296 ~0,130

Table 3 Multiple regression analysis results for velocity response spectra for largest
aftershock with damping ratio of h=2%.

Period |a(T, b(7.0.02) A(T,0.02) B(T,0.02)

T (sec)i 0.02) e ALK SAK AKI NII TOK EW NS up c(T,0.02)
2.00 | 0.065 [~0.176E-02 | -0.500 0,684 0.544 0.404 ~0.457 0.379 0.397 ~0,020 ~0.,098
2.25 1 0.119 0.188E-02 | ~-0,904 0.452 0,304 0.070 ~0.716 | -0.027 -0.022 =-0.370 -0.117
2.50 1 0.126 0.555E-02 [ -1.206 0,132 0.141 -0.194 -1.141 | ~0.331 ~0,318 -0.666 ~-0.234
2.75 1 0.237 0.513€~02 {-1.619 -0.026 =~0.147 -0.511 -1,205}-0.273 -~0.273 -0.704 -0,234
3,00 0.217 0.515€~02 |~-1.310 =-0.079 ~-0.016 =-0.357 ~-1.222 |-0.396 -0.335 =-0.761 -0.100
3.25 10,213 0.567E-02 |~1,280 -0.093 -0.200 =-0.379 ~-1,091 {-0.408 -0.415 ~0.798 ~0.106
3.50 | 0,163 0.380E-02 1~-1,059 0.248 =-0.015 <-0,146 -0,955 |~0.212 ~-0.230 -0.602 ~0.041
3,75 1{0.209 0,425E-02 | -1.055 0.073 ~0.,158 =-0.350 =-1.030|-~0.235 =-0.245 ~0.629 -0.036
4,00} 0.174 0,233E-02 |-0.852 0.261 0.045 0.0 -0,678 | -0.084 -0.061 -0.410 -0,041
4.25 10,126 0,809E-03 | -0.685 0,434 0,332 0.366 =-0.394 0,024 0.069 ~0.247 -0,027
4,50 10,113 0.313E-03 | -0.737 0,533 ¢.421 0.288 -0.425 0,111 0.189 -0.,138 ~0.,052
4.75 | 0,110 0.162E-02 {~0.780 0.495 0.285 0.210 =-0.501 {-0.014 0,010 -0.350 -0.074
5.00 1} 0.191 0.314E-02 |[~1.162 0.168 0,070 ~-0.042 -0.7371-0.196 -~0.185 -0.510 -0.100
5.63 | 0,144 0.587E~02 |~1.323 0.058 0.058 -0.194 -0.844 1-0.413 -0.417 -0.705 -0.180
6.25 1 0.204 0.495E-02 {-1.348 -0.015 -0.053 ~0.339 -1.004]~0,211 -0.222 -0.583 -0.209
6.88 ] 0.327 0.989E~02 {-1.878 ~0.645 =-0.490 =~0.946 -1.443}-0.781 -0.727 -1.104 -0.144
7.50 | 0.229 0.523E-02 t~1,225 -0.104 -~0.,097 -0.318 -0.958}-0.267 <-0.241 ~-0.501 ~0.051
8,13 | 0.193 0.455E~02 |{-0.986 ~0.158 -0.164 -0,152 -0.877 | ~0.146 =0.105 -0.320 ~-0.016
8.75 1 0.261 0.497E-02 |-1.,278 -0.237 ~0.304 =-0.408 =~0.,995]-0,226 -0.211 ~0.461 -0.017
9.38 | 0.181 0,365E~02 |~1.,066 0.050 =-0.3118 -0.211 ~0.75%1 0.069 0,057 =~0.212 -0.063

10.00 | 6.204 0.478E-02 {-1.139 -0.,161 -0,223 -0.254 ~0.847 |-0.016 =-0.006 -0,347 ~0.132
11.25 {1 0.240 0.649E-02 |~1.372 -0.354 =~0.316 -0.419 ~-1,092 | -0.259 ~0.246 =~0.603 -0.110
12.50 [ 0.256 0.807E-02 |-1.615 =~0,346 -0,248 -0.614 -1,378 |~0.479 -~0.466 -0.913 -0,119
13.75 [ 0.261 0.706E-02 |-1,408 -0,401 ~0,275 -0,538 ~1.334 |-0.424 -0.398 ~0.905 -0.115
15,00 {0,235 0.859E-02 |~1,510 ~0,455 -0,312 -0.599 ~1,408 | ~0.613 -0.640 ~1.031 -0.124
16.25 10.207 0.675E~02 [-1.356 ~-0.260 -0.182 ~-0.514 -1,231]-0.440 ~-0.480 -0.838 -0.113
17.50 10,268 0.706E~02 |~1.450 -0.370 =~0,271 =-0.598 ~1.345|-0.574 -0.621 -0.968 -0.147
18.75 [ 0.224 0.687E-02 | -1.418 ~0.317 =-0.236 -0.497 -1,288|-0.582 -0.617 -~0.927 ~0.110
20.00 | 0.123 0.334E-02 |~0.849 0.118 0.105 -0,068 =~0.818 {-0,199 ~0.218 -0.504 -0.115

BrAkEdmun,

Fig.4(c)p o, (I, DOMBIMZEBHIBEER ST LLHINRN b3, o(T,hokdHEitS
B EomA (2 ~108) e RE<RD, S58B4 L (10~158) , ISBL LoEBbS ciEE
—EERSTWS, ¢(T,NIHERHRBEROT, T THESTWAEIERTCHRETCEIVWHERBERNE<
BINTHEEZIONS, AIALLEIT, HAOFRBIBRERSPINWErLSN, #. BEEX
BREL LB, APCHTEEHI-BEEL ko ks, 20X rfEREIEREO(T.DERESR
3

Mo (D»sbrdLoR,. EAOBWKLZEHNERE. S8EITH>WITEEGh#iiETcds,. B
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Table 4 Multiple correlation coefficients obtained from statistical analysis for
velocity response spectra (h=0.1,2,5%).

(a) Mainshock (b) Largest aftershock
period L;"_Elt.ime Correlation Coefficient Period 'Myltiple Correlation Coefficient
T (sec) [ h=0.1% | h=2% h=sy T (sec) TT5209% [ =23 | h=h%

2.00 0.929 0.962 0.955 2.00 0.893 0.913 2.917
2.258 0.933 0.931 1 0.9%40 2.25 0.966 0.923 0.923
2.50 0.933 0.950 | 0.957 2.50 0.93¢4 0.930 0.929
2.75 0.960 0.968 0.959 2.75 0.924 | 0.923 0.941
3.00 | 0.936 0.929 0.930 3.00 0.9386 0.951 0.945
2.25 ’ 0.940 0.963 0,947 3.25 0.923 0.943 0.946
3.50 | 0.963 | 0.961 0.953 7.50 0.942 0.950 0.946
3.75 | 0.944 0. 961 0.963 3.75 0.942 0.944 0.%38
.00 |o0.944 0.957 | 0.957 4.00 0.928 0.948 0.943
4,25  0.917 0.935 0,934 4. 25 0.930 0.945 0.941
4.50 | 0.918 0.914 ¢ 0.917 4,80 0.937 0.946 0.944
4.75 | 0.861 0.897 | 0.910 4. 75 0,923 0.968 0.944
5.00 | 0.928 0.931 0.922 5 00 0.896 0.931 0.942
5.63 | 0.930 0.920 0.923 5.63 0.920 6.922 0.931
6.25 1 0.919 1 0.922 0.925 6.25 0.886 0.9164 0.916
6.88 | 0.921 | 0.933 0.926 6. 88 0.926 0.922 0.923
7.50 | ©0.901 0.904 0.911 7.50 ©.905 9.911 0.918
8.13 | 0.908 0.900 0.888 8.13 0.896 0.909 0.910
8.75 : 0.892 0.886 0.870 8.75 0.917 0.915 0.919
9.38 | 0.871 0.846 0.844 9.38 0.916 0.911 0.919
10.00 | 0.845 0.851 0.856 10, 09 0.855 0.88% | 0.903
11.25 1 0.886 1 0.884 0.886 11.25 0.880 0.875 | 0.87%
12.50 . 0.884 | 0.887 0.900 12.50 0.911 0.906 0.900
13.75 0.901 ! 0.916 0.915 13.7¢ 0.910 0.905 0.9064
15.00 0.917 r 0.917 0.920 15.00 0.878 0.884 | 0.884
16.25 0.898 0.901 | 0.868 16.25 0.873 0.869 | 0.876
17.50 ] 0.914 | 0.915 0.909 17.50 | 0.864 0.871 | 0.879
18.75 | 0.875 0.892 0.875 18.75 | 0.851 0.876 ' 0.870
20,00 | 0.868 0.890 0.902 20.00 | 0.868 0.865 | 0.874

RS W HEREPERZOIRAROFEETHA D, WEETRO AL RD ., KRR 3 H%
FOB(T,NIRIEBIIRKEL R >TWS,

BT ORI AR A7 MVIZHYUT ZHREBOA (T, L) EEZ - TREERIICRDB LT
3, Bl ()&, BEAISOMBLZAOFENZ ML T, BT CEE - 20T, offisfHon T
%, ERAPICEAGRAMIE OBNETSOEAWCEHTZ L. SHMEBEHOBBIERPEU T3 .
Bhhd, UL, ZORBOMBNESIEMOEEIGE X2 MV (M2EFig.3 28) OoFns k<
HTBY . BUAHABHRERFOMEEN TOTIRM LD ERXHNG,

A(1) L source effectZ RIHIBANT=, LAMIITA(T,h) . source effect&site effect
BEAELVCA->TLED, -0, FEPREBIOETHEILW I TRy, TORRKEE LTI, O%
{OWBORBRONWT, BEEZANTRTCERFB L. A0 2 sile effectDAT LT LS50S,
@GDSN (Global Digital Seismograph Network) XD kD EIMEOCEF AT MILEHEL, site
effect? source cffect 2T L. REDFEHEZ OGNS, INSOHIKUCIHIFREOMREL 0
wlu,

(NF—AWBRCOFPEEE AT MILO T8

ST X (DNOEREFIVZEAUCKDEEGERAT VR HMAT ML e L. K Pk
DEYUUPRIAT S, Fig. BAEBEBROEERLEARZ PV @& LT-H0TH S, Khicll, b=
0. 13T 2 AMMBEEEON S - HHE EIMROEWES, h=250 L SO ARPBEEFHOU DA H
RENTNS, Fig.d Wk, BALEOEL EOh=0. 13763 2 8H - HE - #i - HON SED & Ko
EWHZD, =28 T 2AFDONSHES - BHEFEAUDHAOEEILEZARY FILD [
(—8—) HPE (—) THELTW3,

BHEP oL B LI, EBREANPREOY —7#EPEFTTNTW3H06H 50, EHE THOA~RY
FILBEL —BLTWS, 280, KEAXRY FIVOMR-CHEREEE2 ~2080@BHC BV TFIZ LK<
HEELUTWa, chid, EHEFERPIE GiDEZ RLTW I Ers, YRTFTHRSNZIETHE, &
CCHRUZREARY FIVORFBIERZ HEoEMT I, ERAY ML2hEm LS BRLTWL &
W23, Ihsofhs, X (DTHFXONTHEGEARY VO FHBEORZYMHSREE TS T,
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PL) BHEFET B FBTRELVINS,

Irbb. MEERERRY FLERE (T, 0.05) (REERL=5%) 52 5. BEANRT FV]
Esa (TIEMAITED kDB LTWS,

§an (T0)= 4 4+ 0.5 ) P S TR I B )

=7z 0,

S BULR e,
Esa (1) =5 070705y = B(T,0.05) (3

ZZT. SA(T,h), B8 (T, theh, BEHAST (8) LBETHh OEHIHREGRZE <2+ (
cal), BEUIN®E A NEBRHOBAIMEE a nax(2a ) THEH - RMEEEERRT PIERCH S,

(2 DERELUTE., DEca (L2 B (T1,0.05) RECOUTLHHEEVSEERUITIEKEL VRN
& QXROBHBES FIT0<h<0.5 1< BIBohao e hEsBETFoNS, &R (2 XD BOREE
ERC L BMBIGE XY FIVOMIEEE U THRHEESNZHDTHEN . FEIART P E U TRIRIERE
RAERSTVB, LALRSS, OREBELHE» SXBCHENHTRDESA(TDART FLERX (B
X (DO WR LT ANRT PP EDBREOEETAHT 200, OFBEPR U EOEFEEES YL
Th, R AADDEIRGEARY VOB SR KD SroDd, REDREEYGES,

AABhRmEEoRS (2 UC SRS ORAEMOEDZFEHE. SHMioECLsT. &
HS ~ 5B ERLTEY. FYRRIBESoERREL W, ZoXS REBBIHL T,
R (DOE>RERABTEDEIRERZPEHODTHA 5P, TIT, ABETCE. Table | ©RLEXD
AR BEASEDGIH DOREREANRYZ MUVEPREEHMORD, JIBES'™ X3 HEYRE
L, MirBoBsfesEs L,

BEREASZ FIVS (TN RETHREESh OFBRPRI D, BRTHEMIODS, BHMES LT,
TR LD EHEIGEE RN IV E svBEHR LT,

=_Sy(Th __B8(I,h)
So (TN =gt pys =g (o0 000 T (4)

ST, BUHEEKERANRY MV EHBOBRAEE Ve TH -2, 2058 (T,h)= S (T,h), Vnax
THBH. REL. mEeRBEARY MV, ST 1 fHERE8r o807, 2 - 200B0RZ &
IZRDHTNB,

Fig.7 {X. Table | WRTABERAARDLESELHWT, FEREFEEROh = 0.1 22855 U,
Esv (T,h)& B (T.0.09) OBFEZ I b LD TCHB, 2720, HEGEANRY PVid, Table 2 ~
SR T LB, 2 ~20BORBOEERB2MET SWTHAXNRTWS, log £sv®log 8 DRIOBHME
. MEERSAZ WD =0 13T RESHENKEWA, h =250 U TRIVWEEES 22 E X5, Hik
Lizkaiic, i) ik, log £sa(T,h) Xlog 8 (T,0.05) BMRICHWT, Fig.7 EEUNZEKL
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factqr) ESV§T,h) with arbitrary a(T,h) and b(T,h) for damping reduction
damping ratio h and peak\ve]og;ty factor on natural period T and damping
response factor R{T,0.05} of 5% ratio h.
damping.

TWb, TRICENE, ©B (T,0.05) 30.02~5 &P I, @&, (T,NONHHEMITF0.9 <
Esa (T,0.001)<9 20.9 <E5a (T,0.02) <2 THN. @h BAIWEE, 2BOCEEZOBRHLT
EaDIE S EBBOTAELRSTWS, Fig.7 ORI W13 *H—OBEZRLTWS,

20T, Z2CR. Fig. ] OBMREREAERNT BEEBRh T OWT, KA THRB T LE2RATR,

log Egv (T,h)=1log a(T,h) + b(T,R)1ogB (T,0.05)  eeeerscacencanns (5)

QI EEOZ UHDO R

BNEEEC LD KD IARBKDa(T, ) Eb(T, W)k, h =0.132 25 W LT, Fig.8 OFEBOELS KRS,
Table 5 WEDBRBEXRANIRLEZHDTH S, MbOBRL. Fls ~15BoERERME (ZR) 231
HEEUT, WROF I AREET, a(T,h)Eb(T, DOEZELULEZEDTH S,

. aomexe L O (7owsn 3 2 ]
a{T,hy =10

o]

(T, 1)

— Y (B)exp [=Ya(h) {T-Ys(h) } 2 ]

Hrobdrs o, HREREEAREC RO EELTED . ULrHRANMBEHERTY— 2260 &
DRBRERSTVS. X (DT LBE MR EBLRILTHLH, FHIIBHIRIC BT Sa(T,h)OHE
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Table 5 Tabular presentation of regression.coefficjents a(T,h), b{T,h) for period-
dependent reduction factor converting a 5% damping velocity response spectrum
into an velocity response spectrum for desired damping.

Regression Coefficients for Damping Reduction Factor

Period h=0.1% h=2%

T (sec) a(T,h) b(t,h) a(T,h) b(T,h)
2.060 3.13 0 .55 1 .49 0.19
2 .25 2 .58 .06 1 .38 0 .02
2.5¢0 2 .48 ~0.12 1 .35 ~0 .04
2 .75 2 .49 -0.2898 1 .39 -0 .11
3.00 2.59 -0 .51 1 .40 -0.18
3.28 2.6 4 -0 .86 1. 41 -0.23
3.5¢0 2 .53 -0 .81 1 .40 -0.23
3 .75 2 .51 - 0.56 1 .39 -0.21
4 .00 2 .55 -—0.62 1 .40 -0.22
4 .26 2 .29 -0 .54 1 .35 -0.18
4 .50 2 .34 -0 .81 1 .35 -0 .22
4 .75 2 .39 ~0 .68 1 .36 -0.23
5. 060 2 .22 0 .67 1 .34 -0.24
5 .63 2 .22 -0 .80 1 .33 ~-0.28
6 .25 2 .88 -1 .34 i .44 - 0.46
6 .88 3.965 -1 .70 1.7¢0 -0.65
7 .50 8 .00 -2 .49 2 .25 ~-0.987
8 .13 25 .80 -3 .48 3 .77 -1.42
8 .75 120.48 -4 .70 6 .79 -1.88
g .38 208 .71 -6 .20 16 .37 -2 . 44
10.00 2726 .63 -6 .56 30 .48 -2 .83
11.258 550. 4686 -8 .48 31 .49 -2 .85
12 .80 818 .38 -6 .00 24 .56 -2 .86
13 .75 78 .48 -4 .17 & . 61 -2 .05
15.00 27 .00 -3 .37 5. 083 -1 .65
i 868 .25 5 .55 -1 .78 2 .19 -0 .82
17 .50 6 .23 -2 .28 2 .41 -1.08
18.7%5 2 .55 -1 .14 1 .53 -0 .52
20 .00 3 .33 -1 .74 1 .75 -0.81

HEIETEN, INESKKRDEFHERCEINIE. log £sa (T,h)&log B (T,0.05) ORGRIIEFRAMT
ERETEALTVBEY, 2462 LTEHARBICEKFLEWIEZBELTWS, BrOBBEET BT 3
EsallBFCMBTL-0 D&, T XAV REL LS TCHS, BBROTE (206 KHY) ZFEHMEL
TS, h=0 OFEBIUT > LSBTHoh BAK (h=0.4) & XPRIFIE, E.lT KXo TiIFE—
EERSTWB, -, a (T,h) &b(T,DTFAMOERECEZS T, ah)&b(h)TREBZLLTWS, —
F. 2.0 THRATREIT, TIEXBEEREARY FILSy (T,h) OB ST T AEL. LI
BB TIEEEY— 7Ry 2dna eBbhsTtns, 2OXIRIEPS, log Esv (T,M)IIXE
HREBT t k- BB RIGU, X1 0L RT 2y EPER L 2VWZ ETRE, BESL,
BAEBhREEORERHOSBSRBRENTEREEZONS,

a(T,h) & b(T,h) DR & h=5%1C B 2 EMOMEILE A7 MIVEER (T,0.05)ZHnT. X ()95
WEEBE AR FIVHE so(T,h) #sked, FNFRMU) WAALT, FEOBMATBT 3 EEEERARY
Sy (T,h) ZFHUTCHEZ, COXIRUVTHE U REERERARY PV ZRHEE, SEEFTHEL T
KDOTART FIVEHEBLUZDOMFig.Y ThHs., o) 3EXE. () BRARBOLXOREMACHS.
Beod(a) Cidh=0. 15 KT A HEBROEWED. ENMKOEWHESY. AMBEOUDESS. ERFOUDEN L=
23K T A AMBEONSES, EEONSEADART MV%E, RO() Tikh=0.1 § THTLHBO
NSHS. HEONSHEHIDANRZ PARFUTWS, 2FL, Fdhitild, RAEFER X S3&Ba(T,.hE
(T, 6k FHARY ML {(—8—) BLER(6) X3 FLEa(T, 2T, NPSDIRT -
W (————— ) UG,

Fig. 26bhs Xk, R WLB3THTFETCR, SHEBEORELEARI Pzt ABEORE
EBOEEEEART MUV RREI ST B N ERy, B, COBEMIZEAEINS ~168BoH
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B(T,0.05) BT 2D TR, MUFRMNOLHERE T2 8EXONE, LAUEFS, K
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Fig.9 Comparison between velocity response spectral amplitude of arbitrary damping
ratio h estimated from one of h=5% and observed one.
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