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Synopsis

Prediction model of near-source ground motions for great earthquakes is proposed based
on the statistical prediction model of nonstationary earthquake motions. The synthetic number
Vg of evolutionary power spectrum to estimate large earthquake ground motions is obtained in the
form of a linear relation between N and the logarithmic value of seismic moment Ao using 48
accelerograms from 8 earthquakes recorded in Japan.

Fault model for prediction of near-source ground motions, which includes seismic moment, area
of fault, rupture direction, and rupture velocity, is proposed. Validity of the model is examined
not only for peak acceleration and cumulative acceleration power but for pseudo velocity response
spectra. The model is applied for estimation of ground motions caused by the hypothetical Tokai
Earthquake (#/=38.0).
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Fig.1 Scattergram of magnitude and epicentral distance of earthquake data
recorded in Japan.
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Table 1 Result of regression for model parameters.®

P Eq. (5) Eq. (6) ] Eq. (7)

Hz) | p, ] B j By |s(ogamlan)| 2o | P | P |x(logzﬁ/ip) So | Six10-2 | s(er—7)

0.13]|—1.05) 0.317 0.556 0.303 —1.40 0,137 0.603 0.328 0.95 —0.02 5.31
0.19|—1.14] 0.325| 0.467 0.302  —0.94 0.131] 0.433 0.332 1.10 0.23 5.06
0.25'—1.23( 0.318 0.356 0.328 —0.86; 0.125| 0.409 0.329 —0.30 1.70 4,28
0.37|—1.28] 0.317; 0.262 0.361 | —1.04] 0.102 0.545 0.2907 [-0.40 1.29 2.89
0.55|—1. 04| 0.298 0.253 0.364 | —1.94] 0.098| 0.500 0.318 |-0.18 0.73 1.95
0.73/~0. 81} 0.320 0.369, 0.409 |—0.95] 0.120 0.394 0. 315 0.01 0.60 1.42
0.97 —0.47) 0.247 0.220 0.451 |-0.65 0,059 0.440 0. 250 0.05 0.97 1.86
1.33| 0.23 0.319 0.772 0.397 |-1.02 0.082| 0.512 0. 246 0.43 0.33 1.50
1.87  0.48 0.279 0,754 0.313  |—-0.79 0.063| 0.438 0.249 0.10 0.47 0.95
2.59| 0.64] 0.219| 0.630 0.289 |—1.11 0.097| 0. 466| 0.283 0.43, —0.06 133
3.67| 1.07] 0.263| 0.999. 0.302 |—1.63| 0.169] 0.470 0. 265 0.20f —0.15 1.29
5,11 1.03 0,233 0.907 0.290 |-1.59 0.190 0.376] 0.284 0.03[ —0.08 1.02
7.03) 1.19 0.196 0.914 0.268 |—1.60 0.180 0.413| 0,279 1-0.01) -0.21 . 1,03
10.03| 1.03 0.154! 0. 774 0.291 |—1.51 0.208 0. 287 0.330 |—0.49] -—0.28 1.28

2.2 BBREHEERULFUETI
WERHBREHST S RBHEOMRRFICKRE (KFET S L0, RO NV EHHPL S WHED I

— 3 —



36 RABIRBIEFESR $255B-2 (W57.4)

5K BEEERERAOT, BICEEICKEHETIRE/ 5 A — 2 an(f) DBEEERE L, T1b
B, M, 4 SOHEEING n EEHBHO an LOBFRERRO LS KEL, ZNTNORHEREHESR
HLOMHETLIEE LI

Am(f)=Cor Us(f)olm(f) +renrenrensssorsrereimistnisis et ®)
T, Udf) i} an OBRBREHACRIS D2 2LTEOTH D HEA O ADOEEEHICAKS (EESh
BHDEEIBND, %72, Co i an(f) & &n(f) OXREIREME EOERILTS DHEH D/ 7 —DIE 5
DEERTHIDEEISNS R B) O Co REKEBHADPKFI LR HELERIZDEELON
BDT, NEAHLOERINIM 5 4 — 2 ZFOTHETZTEEL, ISR ULS) B, SEEHEK
SHERICLDEOSNAHROEEEBERAVTHEETS L E L, ZOXI i, RT3 ERBED
BETFAMENSRECEEZRL, DUTOLS CHBEHONBCEALTFHEF VO L AVEEDT,

LRI M A DEBEZ SHIEE

Levll ; M, 4 BXURBO N ESHRBEL NGBS

VRl s M, A, N ESTE, BRUHRBROGEERNEZL ohicEs
WA SR DI D AN F ORI 2) 2BBEN,

3. KIRSECENERCKSFERRBRBOFAET I

3.1 HEEBO RS MEHO—RHHTE

HWEBDX <7 P MVEEREEDOISEICKEHEL, ChERBELS FHITE CERIH¥NICEDLD
TEETHS, FIETRUCHBESFATF LTI, A7 VBB AOHBEMCKE KET
2& LTHREEBME DT TS 8 & Lt COFHRORYUMEC ZTRE— A TEREO#EIC X
DELNIERERNTRIT S,

Fig. 3 i, AFBLUEE (&5 0 b EMEREEMERDO BRSNS TSN/ HETIC L 55
LUEEISE R )7 P AERT, —F, Fig. 4 12, 1968F+-Bii s L C198FEEREMHIEIC X 5 EHA
TORUEEISER RY b VERT, CNOOFEDBEHOLRE DI, 27 b I3 BRSO R
HICREIEFEL, BEERCEATEBEREETIVWEEL S, Led->T, REDB TR KRS
EHRE LEFREF MEONTHE 2 TR VRSB L AHELR €0 T HAT 5,

- 1968 Tokachi-Oki -
~b b
o @ "
c J c 3
z 3 £ 3
> ] > ]
- =
8] So|
2 - R
g 3 g 3
] 3 7
o4 1978 Miyagiken-Oki 2 A
| - 1978 Miyagiken-0ki
© ©
] ] Tokachi-Oki(aftershock)
-10_’ T T ”llll[lnb T T T rrrry Ul -10_, T T T l|l1|500 T T T III||10’
frequency (Hz) frequency (Hz)
(a) Hachinohe Site (b} Miyako Site

Fig. 3 Pseudo velocity spectra for Hachinohe and Miyako sites.
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(a) Tokachi-Oki (M=7.9)
Fig. 4 Pseudo velocity spectra for 1968 Tokachi-Oki and 1978 Miyagiken-Oki Earthquake.
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BESBRBIC KX ZMBHTRETIEFAVET S, CONMNRBHED M OL~i2, H2HEOFHEF M
RTHW/CRBEROPFTEELETICE, M WWNITEZ EERNSDERNE LD TEL B Bussta
EMNERICEBETE, X510 M PRETED LHRCEREDEESBDLLD MIBOBEH O EESH:
BRETENLNRZCE, ZRLopkEL,
ST, BRECDERGDEMBIBHEE— 4 ¥ b Mo (dyn » om) KK D BRET 3, 23, & HED
REBHETR -/ =F 2 — FIHBORBAMBICER LEBLODICHL, ¥4 X3y 7 e—4 v MIK
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Table 2 Fault dimensions.13-17

earthquake
(date)

1968 Tokachi-Oki
(May 16, 1968)

Saitama, Center
(July 1, 1968)
Ehime, West Coast
(Aug. 6, 1968)
Akita, South-East )

(Oct. 16, 1970) |
Nemuro Penn., Off-Shore
(June 17, 1973)
1978 Izu-Oshima Kinkai;
(Jan. 14, 1978)
Miyagi, Off-Shore
(Feb. 20, 1978)
1978 Miyagiken-Oki
(June 12, 1978)

magnitude fault area

7.9

6.1

6.6

6.2

7.4

7.0

6.7

7.4

T

dislocation | stress drop seismic \ rupture | dip angle

Sl (B Y e oty ol g
L 150x100 | 4.1 37 2.8x10% ‘ - 20
10x 6] 092 99 1.9x10% 3.4 30
40x 18" 1.0 - 2.0%10% 3.0 72
14x al 0.65 19 2.2x10% 23 | 4
100 GOE 1.6 35 ‘ 6. 7107 -
17% 10| 1.83 65 l L1x10% 2.8 85
20x 10| 0.6 0, 8.0x10% - 85
80x 30 | L8 70 3.1x10%" 3.5 20
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Table 3 Strong motion data used in this analysis.
No ;\ record com; earthquake site magnitude distance
| number P q gt (km)
1 S-234 NS 1968 Tokachi-Oki M 7.9 293.0
2 = W okachi-Oki uroran A 3
3 S-235 NS 1968 Tokachi-Oki Aomori 7.9 7
1 EW 'okachi-Oki omori . 247.0
5 5-236 NS 1968 Tokachi-Oki Miyak 7.9 189.0
6 - EW 'okachi-Oki iyako A X
7 S5-252 NS | 1068 Tokachi-Oki Hachinoh 7.9 235.0
8 EW okachi- 1 achmone . .
| 133-GR-1 | R | 1968 Tokachi-Oki Shinishikari Bridge | 7.9 324.0
1) y305.6R1 | G | 1068 Tokachi-Oki H Brid 7.9 156.0
12 " TR. ‘okachni- 1 oroman bridage . N
B $-340 NS/ | saitama, Center Shinagawa 6.1 49.7
15 | 308 GR4 | TR | Ehime, West C Ttajima Brid 6.6 19.0
16 —~G R~ LG, ime, West Coast tajima Bridge . .
17| 301-GR-7 HA | Akita, South-Fast Yuuhei Bridge 6.2 2.1
%8 S-733 gsv Nemuro Penn., Off-Shore Kushiro 7.4 141.0
a $-1066 EW | 1978 Izu-Oshima Kinkai |  Shimizumiho 7.0 7.4
2 $1068 | GooN | 1978 Tzu-Oshima Kinkai | Shimizukojyo 7.0 6.0
% 5-1058 | E33S | 1978 Izu-Oshima Kinkai | Yamashita Substati 7.0
2% ~ S33W zu-Oshima Kinkat . amashita Substation . 20.9
2| 302-GR-34 LG. | Miyagi, Off Shore Kaihoku Bridge 6.7 85.9
= 5-1204 EW | 1978 Miyagiken-Oki Miyako 7.4 166.7
3 s-1101 | W2N | 1978 Miyagiken-Oki Onahama 7.4 175.8
o S-1206 Y| 1978 Miyagiken-Oki Kashimazokan 7.4 281.0
= $-1201 NS | 1978 Miyagiken-Oki Shiogama 7.4 100.0
3 $1210 | NZ | 1978 Miyagiken-Oki Ofunado 7.4 103.0
39 $-1202 NS 1978 Miyagiken-Oki Hachinoh 7.4 273
40 ~ EW iyagiken-Oki achinohe f . 0
4l | 300 GR35 | G- | 1978 Miyagiken-Oki Kaihoku Brid 7.4 82.7
0 TR, iyagiken-Oki aihoku Bridge . A
43 ) 607-GR3 | LG | 1978 Miyagiken-Oki Tarumi 7.4 1
m = TR. iyagiken-Oki arumizu Dam . 18.7
45 | 907.GR108 | LG | 1078 Miyagiken-Oki Taira Brid 7.4 165
46 TR. iyagiken-Oki aira Bridge . .4
a GR LS| 1078 Miyagiken-Oki Minase Dam 7.4 171.4
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Fig. 5 Examples of amplification function ¢( f).
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Fig. 6 Relation between synthetic number Vg and seismic moment Mo.
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Fig. 8 Synthesized Evolutionary Spectrum.
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e S s
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b0 & LTH - TH D FRIBO ML AN
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T

1968 Tokachi-Oki

Table 4 Direction of fault rupture, 13,16

0
St

earthquake J rupture direction
B [,
1968 Tokachioki i N20°W
| SN 1978 miyagiken-oki |
Nemuro Penn., Off-Shore | N60°W "0 [ Tkm) 100
1978 Miyagiken-Oki N80O°W

Fig. 9 Location of Faults.
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D - 7 D WIBEOBHEHS— R TR/ DI MEERIBO A O TR O RLZ D EELS
NB, —F, RUEEINER <7 MATHRHELTSS &, 2EKMICI—BLUTED, & icREtEE
B2 EOBFMESHRTE S, AF (Fig. 11) 0D L 51k 300m BEOES T THRERSELN
TOABATRIMMNADE—~ 72 IHRELTV S,

4.2 FRESHRICISHREOHETE

B - I K DIREBI N HEEIC K Table 5 Fault Dimensions of Hypothetical
BRAKZMR, S (0T NS ERES BT Tokaf Barthquake.’?
REHEE O RBBAMS, XU (FEs length Z ; 115km
GUERERAA) TOMBEEREF MICK D EH wedth ;70 km
3%, Table 5 i, {RIEFEMEHEDWKE S sipD;  40m
# =4 10%, Fig. 1 iCHiBOE S BEHITE rupture velocity vg ; 2.1 km/sec
RUTe, i, B 3thmomiif%: Fig seismic moment Mo ; 1.6x 1028 dyn'cm

15 iR Uic, &S OE R 110km (&
k=48, 230km (@)1, 190km (RE) &7
205 EACSHERNEECNET S, T OOHADHERNEOBTHAREAEN 0 (BAEH),
10° (&I, 100° (FUER) L7355, Fig. 16~18 i, L 3HbSicsi 2B E e, B, &6, M
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PRI E O TADRLRIVFEH TR L -T3E, CCTELNLFHEEREF V5
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0 (km) | 100

Fig. 14 Hypothetical fault for Tokai Farthquakel®.
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(a) Shimizumiho Site (b) Shinagawa Site (c) Kyoto Site

Fig. 15 Surface ground profiles used for analysis.
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