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PREDICTION OF NONSTATIONARY EARTHQUAKE MOTIONS
FOR MODERATE AND GREAT EARTHQUAKES
ON ROCK SURFACE

By Hisao Goro, Maseta Sucito, Hiroyuki KAMEDA
Hiroshi SAITO and Zakeshi OOTAKI

Synopsis

Earthquake motion prediction model for moderate and great earthquaks have been proposed
on the basis of base rock-ground motion database. Ground motions on rock surface, the shear
velocity of which is about 600-700 m /sec, have been calculated from the ground motions recorded
on Japanese alluvial and diluvial sites. 91 components of acceleration time histories on rock
surface level have been arranged, which consist of (i) rock surface-ground motions estimated
from the accelerograms recorded on alluvial and diluvial site and (ii) ground motions recorded on
rock ground.

On the basis of this database, the prediction models for peak ground motions, response
spectra, and nonstationary eartiquake motions (EMP-IB) have been proposed as a function of
magnitude M and epicentral distance 4. Further, the prediction model for great earthquakes
(EMP-IIB) has been proposed, which can simulate ground motions as a function of seismic
moment, area and rupture pattern of fault, and rupture velocity.
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Fig. 1 Scattergram of Magnitude and Epicentral Distance of Strong Motion
Data Recorded in Japan
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ALFER L DERTORBHEER L2 dDOEF —2 & UTIRA L, ZORHMBIOWTENRT 5,
I3 KBOTIE, HEBHOEAN T 2 —2 THEIRRMER, BAEEE, NEEEER <RI bkl
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THOHF (L KMBEIF¥OSE) THRETZHHMIZ0 I~FHEETHD, COBAICT, 700m/sec
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sec DBOF MY —Z b EL, ADMBHO 7 VELTRETIERLOD S X DEENIBIRTH 2,
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) v 7R X ORERHER TIZ 3000 m/s¢éc FRE D S WHEEH OB THEHOBLATVEHDRA
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Fig. 5 Velocity Model
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Table 1 Recorded and Calculated Peak Accelera-
tions for Chiba, Center Earthquake

Chiba, Center
Sept. 25, 1980
M=6.1, depth=80km

peak acceleration (cm/sec?)
comp. ded Tcalculated " calculated
_ i recorde 1 (case 1) | (case 2)
x| 619 — ’ -
G.L.-3m
y 80.2 — ‘ —
x 26.1 23.0 22.7
G.L.-50 m
y 33.3 26.3 ‘ 32.9

case 1: 25 =90 m/sec
case 2: v5=150 m/sec

o 20 b surface
% 20 (recorded)
[
-~ 10
oy
o5
o
9
> 5 K
3 ./ base rock
a (calculated)
2 L base rock

(recorded)

1 1 1

Il
0.1 0.2 0.5 1.0 2.0 5.0
period (sec)

Fig. 6 Pseudo Velocity Response Spectra
for Recorded and Calculated
Ground Motions
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24 FARBETEONCEELVEERBERICL D EROHBEIEHE LI SBOOT,
BEMABHPLTOELEND B, 20D FA TADBATTE—KERBOMBEMFETEEC &, W
TCERE T TOMBREGDP > TOECE, THRBVERERICE L SEAENEONTSh,
BARRICK 2 NESHSOD > TOERENRH B0 > TLOXIUEMIKSTiIE 2 REHANDEIIR
SNTHY, TTRASZIL2OBHMETESNI D TH S, &4 7 AOHBIHRIE I RAIHE 20 cm/sec?
ULDbDERAIL, CD5H, REBEESOBREERL IERHRRIRD TH 50

24 7BTRETTRII N TRV EBODOAT LIAFRTRELLER ETERIATHE ERVA
T, FREHERERELTOALDIC, APIETHRE LLEROAHEEROERME Lk bD & LTH
BT INEND B, ZOIOHREEICHETIF -2 BBETH LY, COLSBHPERBTHLATHS
BAIKRBEALDEAHIFL TS, #4 7BO8KML, 3BRAMATESNLODTHY, BAIHE
BT 10cm/sec? BEUEDDDE L TRBALEGDTH 5,

2A4T7CREDEFTEBTORGELTHEHTLCENTES, KELIDE A 7CRBLT L LEBIER
FE TRINIB—EHRLEBE—-TIIEV. E-BHIREINIIIBHETORBIEELET LS

ARZTOEBEEZI I DD, RBOFEAND B LI EHARIRN, 44 7CO 6 K32 BEHAT
%bﬂﬁé@f%éo

3. TEREECHTIRAME, BEI~I PLOFREFL

AETE, BRBOERN/ 5 4 — 4 THEEKNKE, RAEE, SLXOMEFIGER <7 PVOHE

REBET L, LT, HA4ETRETIETHHE
Se0eee 0 o o o BFHes L (EMP-IB) itk W BHEINZ Y Ial—
v a VHIRBIR AT EROMEREHET 5, Fig. 9
i, EMP-IB = F L itk DEHT S M, 4 OF (56

$ ldoee oo e M) BN, Yal—va HBHI Fig. 9 Kb
z I BEBTONT, ZHEN10AT DR, A7 5605
gopeee e oo SOREREGT,
pooo o ¢ o O
31 IEMBBICHDBRANBRHOTNESTI
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Table 2 Attenuation Equations for Peak Acceleration and Velocity

(a) A=do(M) (by A<do(M),M>6.0
A =349 x 100-232M /(4 + 30)°-959 i A=330 Eq.(11)
alluvial & diluvial
7 =2. 65 100-360M /(A4 4-30)°-893 7 =2. 52 % 100-144M Eq.(12)

alluvial & diluvial _ *
without surface V =3, 82} 10°-353M /(4 +-30)0-97 V =3.61x10%177M Eq.(13)

wave motion

I — 0.534M 1.857 J — 10,0846 M
base rock with A=111x10 /(4+30) A =99.6x10 Ep.( 8)
shear velocity
v5=600~700m /sec 7 =2. 21 X 1005454 /(4 4 30)L:636 ; 7 =2, 01 100-149M Eq.( 9)
rock (Kanai, 1966) 77 = 100-61M ~<1.66+3.60/ x 103 x~0.631—0.83/x Eq.(10)

A: peak acceleration (cm/sec?), V: peak velocity (cm/sec), M: magnitude,
4: epicentral distance (km), X: hypocentral distance (km)

R BN L T T e N )

K(8), @O, HBHREOHERE LTRELIDISAVSINTVEHDTHS, Table2 g, L
FICHA THe « BRI L TE O hcRRKs (Fig. 1 0RBRIEAINGF—4) KHETHEERX B
LUEHY KL 2ER FTORKEEDHERER LI, & 512, 8 LR UEHIR BN TRERKRS %
AT bDIC DN TR OFHEIC L DIRE LicolkHc -3 BB OHEER b OFE L oo X8 T,
HHEEDEMBIGE 125 BB B RS IKE LSS B0 LA—EREICE A EeEEL,
Fig. 1 (¢35} 3BUUR (epicentral region) T 4, V 3—EHlE LT3, ZOERELEZ 2 BIHEE 4o
(km) JRRTEHZ N DY,

Ao(M)=1. 06X 100242M —30, M >6.0 rereererrcrerssmaiimnnsmsniennsniiisneniniessesneenncecnene (14)

HEMcET S A,V OHEEED, RADTELONS 4o LD 4 HVNSVEBBIC—ET 5 & (Table 2(b)),
oo PRSI B T—EME 4 =330 (cm/sec?) &18 - TV ABKIEEBEROFBKEL, sl M
BRECBZEREIEES S0 THIDL 4 2TRTM - BB ETOHBEH V2L —v 2 YORRICAS
nakHie, EEEXET 2EEBORIERL Vv THIBREU LK E 5> TH LOFRBEHRICK
Db . BEEEHA FCIRBEINTOLARBDT AL EICLBODEEZ B EBTES, EF—2BEBNT
L, BRBICE ZHERORUUOEEN TRLIRETSH 525 MHEEROBA®ITOVTIRE 4
BTRELIEIIC—IGR T 5,

—F, &H X ZRAHEOHFEMIL, APFRCEAITHENERTOMED 0.5 ERELL->T5, K
101z, BizghlHTF 300m OHEBNEBCESLDIOTHD, T HEBEARERETOT—4ThH
Bo LIS~ T, ARFETHREELTOIERIDE SICERICHEYTIERTH S T EHHED S LED
DODREBEREEZEZ N5,

3.2 IMEBCHIIBIEERARY PIOFHETI (AMRS-B)

MEERER RS brdD M, 4 T BHERRZ, DHBETRIWL - B8 - £0Y X 3K RER (F
BEBTHE" KRT1~458) CLOMBAERERVEF A, JIIE - AR - BFY X2 HRERC &
i© M, A OB ELTELIEF N, 51T, BE - FAD KX 5UEHRS) LEKD—BROMH - JERHR TR
ST —2ICESL EFNVEND B, X5 TR, RFTHISHRREBSIEER RS PCRIZTHEE,
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BB ELTHEALNAHMB T A —& Sy KEDMDANTN B,
ZZTR, EEHO60HSDY I alb—v s YVHBINCH ESOT IMEFERER RS P VOHEEFVE
BET 3,
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Fig. 10 Regression Coefficients and Its Modeled Coefficients for Response Spectra
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Fig. 12 Velocity Response Spectra of Design Code and AMRS-B model
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Fig. 15 Simulated Earthquake Motions on Base Rock Level (#=7.4, 4=103 km)
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Table 3 Mean Values of Peak Ground Motions, and Geometric Average of
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Table 4 Coefficients for Model Parameters for Modified Prediction
Model (EPM-IB)

(a) log an(f)=Bof)+Bi(f)*M—Bx(f)<log (4+30)
Bo(f)=0.1553+0. 175log £ —0. 336(log )2 —0. 451(log £ )
By(f)=0.506—0. 0131 log £
By(f)=1.543+0. 455 log £

(b) log 2p(f)=Po(f)+ Pi(f)+ M+ Py f)+log (4+30)
Py fy=—1.312—0. 1054 log f+0. 227(log f)?
Pi(f)=0.179+0. 188 log f
Py f)=0.344—0. 240 log f

() Z/(f)=Sof)+Su(f)+4
S(f)=0.439—0.978 log f
Si(f)={0. 528--0. 242 log £ —0. 88%(log f)?} x 10~

M: magnitude, 4: epicentral distance (km), f: frequency
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Fig. 18 Modified Coefficients for Model Parameters (EMP-IB model)
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epicenter

g : epicentral distance (km)

: distance between small
event esy and site (km)

;j ¢ distance between epicenter
and small event ey, (km)

: dip angle of fault “(o)

: fault length and width (km)

Vp ¢ rupture velocity (km/sec)

v : propagation velocity of
arrival time lag taij for small event e pr earthquake motion (km/sec)
taij " dij/vr v (Bys - Ae)/"pr

Fig. 20 Schematic Description for Fault Modeling with Multiple Fault Ruptures
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Fig. 21 Relation between Number of Superposition /g and Seismic Moment M,
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Fig. 22 it & AEBe— 2 v MTONWT O HIEZR
BUf, Mo) DIEER LT,

INF TORFES S, BEINKEBRICK
AHMBHLENTECENTES, ThL, HELH
1EBOHEE— 2 v ALRGH XD EREDEHERK
N B SN, WBOMBEOLIIS L TZOWEE Ve
WGEWE e BicElT 5, Bubihs WEEEE
WAOKBMEEG, WEEE, MRBEEEEDS
KGO &L DB/NKENIRIC X 2 HBIFEOF BHE~D
FREMZIAE SN, F/NBOZE BiA T TORBIIIS
UTEONAIEEER RS L EZORERAIEZERL

4.0
3.0
2.0

S

:—‘_. 1.0 |

= r \l\a“(’ﬂ
05 [
0.4 18
E AC
0.3 ’~ we?

o1 il

: N
0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10,
frequency (Hz)

Fig. 22 Correction Factor B( f, Mo) for Some

Values of Seismic Moment Mo
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Fig. 23. Fault Location and Epicenter for
1968 Tokachi-oki Earthquake and
1978 Miyagiken-oki Earthquake

Shiogama- 1978 Miyagikenqoki Eq.
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Fig. 24(1) Simulated and Recorded Earthquake Motions on Base Rock Level

(Hachinohe Site, 1968 Tokachi-oki Earthquake)
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1968 TOKACHI-0KI
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Fig. 24(2) Simulated and Recorded Earthquake Motions on Base Rock Level
(Aomori Site, 1968 Tokachi-oki Earthquake)
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Fig. 24(3) Simulated and Recorded Earthquake Motions on Base Rock Level
(Shiogama Kojyo Site, 1978 Miyagiken-oki Earthquake)
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Fig. 25(1) Simulated and Recorded Earthquake Motions on Alluvial Surface Level
(Hachinohe Site, 1968 Tokachi-oki Earthquake)
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Fig. 25(2) Simulated and Recorded Earthquake Motions on Alluvial Surface Level
(Aomori Site, 1968 Tokachi-oki Earthquake)
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Simulated and Recorded Earthquake Motions on Alluvial Surface Level
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