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CERFSHTELD, PP RE BT ORFTC % AT 7e ZRA D TERII AT
MR cThHBEEL LS.

—7, REVHEOWIDIE fre Fadk Uil o REY, LoMEE Lo SERE A
L, FleThic & 50 ORa L i O EFHENR CHRNARE O TS R B & & ¥
Green P E AeTZ LT X b, /NBEOBINGEEY DXAMEOBMEBIHEL L 5T 5
FEDR RS LR, 1see BE L R VITEIC OWTRNR Y ORRE H T 225 %
(HARTZELL, 1978; KANAMORI, 1979; =i « £JIl, 1981; ##) « A%, 1981).

THEAIFCRCTE, WSS rER S 2SI 25l Licws &\ 5 S5 IR o In
BERPRWOBEN S, F—BIEEc LI 1, 2seec R OEAMRS
PHEFE ShBZ Ed, TORMESITY 22054 B3 ERIINERE I IE O &R b F ki
AL BT\ % (HADLEY and HELMBERGER, 1980; fiRH « {A%F, 1981; Afr, 1982).
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AR A « RO HE (1981) ZHH Ly, ROl il 3 3 fodic
HEFOBET HfTlnotc. AL s WAoJid:, KZoWihcowt, B% L, Ex W,
QWb WENEY D, b kMY « LU, 1, /EoFhs%, L, W, D, .,
I EIRE R v, WINMEREEY ¢ &L, Wiz L/L=W/W,=D/D,=</r,
=(Mo/ M) *=n DIZHEAT 2 — 2 BT 2HETUAE DI T b ERET B, AED
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WREETZ nXn=n® HCHEIL, #oEERCH URDIMOTRC X 5 RENETE 2 R
B LU A VvEERLTAERT S, Lich T, A—EAACRT 5 ARELE alf)
L, RECRE a.(t) OBEFBILHIEICxT %5 Radiation pattern ¥ X OEIBRIBICIA
S THEE O IEFIFEAR UL E LAl kR0 X s wEb I h b,

_%n% Re. 2 ___le_Ro _&m_
aty=5 5 5 Fe 0l t—ppr T _ T | (1)
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BLO 1 BN THER LOREOER WKL) »0ENAE COBERE, £
B 1, m R BEHERL HER A E COMERE, B XOTERG AN FDEFEETO
PFEEECH B, LIch o T, 7w/v XHEEHHEB S b ZFEFEAOHEBEFT ORI TH Y,
(&MJUMm:@Wﬁ#%@%ﬁif@ﬁ@ﬁ%ﬁ@@%m&%.it,émm—bn
EFER R ramp BT L (RE LIcE & O K, ANMEEOAALH (X0 EE—E)
BT I DEMETH B,
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Fig.1. (a) Comparison of the differences in the method of synthesis in the
near-field obtained numerically by the equations (1), A, and (3), B.
(b) Ratios of Su(w) to Sp(w) for the numerical analysis (white circle)
and theoretical one (solid line).
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BIZEHRIEIE = 7 0T,

IS(@)l _ sin(onc,/2) sin(onTy/2) :ﬁ( v 0)

1S =" sin(n/2)  sin@Th/2) ' LTy \(ITgeos (2)
THbEN, TOAKBIT 0 N EHPSVEEI 0, FHAKREVWEEI 0 Lich. %
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WHIGHPNC 5 2858t fHe L OEP BRI e GREE gD, SEOLA
BHERTH L5 r=1sec THEM1H n » 2~10 OFEFH T, HEEREHR S
OFE LT HIMEE R ~OEMISEA LR 5. o ORIEZRE T %2,
re=t/n BTN PN EEZH VD, ramp BFHOTROIEE DL E
Lz B (Af, 1982) I BB LN DH, T TRELD TN HEELH 2 Th
7o,

Tichb, (1) RNOFEIMANE 2IHEZ A Lic (8) RNTAMETFIL S HIETH 5.

a(t)=Zq: é g;-ae[t—&lg_—&-—%1 (3)
Z OYsfr, AR ORI RIS TR B RHI & s 5 2 E RN TR iE RS D
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B R A MR SN cEbh LTH
3. 3) X X3Ls (B) 0@
W 1Hz DET Q) &%
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1/z(=6Hz) EDORE TN
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Lk Bk O BESEIANT, SRR

SAGAMI BAY

2 +3s°
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3. MEEBRRIRRE L VWE
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it g b ke
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BEOERMEAY Fig. 2 1WRT. Fig. 2. Epicenters of the main shock (black

Fil, KREO B Y Fig. 3 circle) and fore- and after-shocks (white

R L7 circles) of the Izu-Hanto-Toho-Oki earth-
- N DT TR quake of 1980 and the strong-motion sta-
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tions whose accelerograms were used in
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Wi, HEEAMIC X DRI « BRI L OMELZITHD LWERERLTWS. Z0X)
IRBRR B R T IR O F L bR 5H, & 2 TRIFAFTLE LERW
DD 4 DO, FAIEEE, EIRERIER, £V R IVEEAR 2 4
(SI) %V, AR EELBIEHE O] RTR s 2 LT Uie. KRS DOIndEE
st 2845 08% Table 1 w@wR¥. 77 U, EE#EIHE & L T TRIFUNAC
(1975) DHERIEML, SHLUEOTHITOWTAT —0 BEHEN L7 —D 90% 1
HTBETOMRIR L 5t Fhe, IWAA~2 bUEE (HOUSNER, 1959) 11iK3F 209%
(h=0.2) O—JLEBEEILEALZ bR DNWT, 0.1~2.5sec DFEMTEHIC T D A~
7 P ADEE A LT,
BEROBECEZEMTEE LTHWR3 D0RIE, 2R IR bic X 5 IndiEss
D7 — 2% Table 2 1WRd. ZhbOWMIEIER, ZHMCAREZEDRL TREL, Mo
FERECIOCREBESATH A EbRITR. L, BRENATIERMD IS
2IMEDLR A Uiz,

Table 1. Characteristic values for the strong-motion accelerograms for the Izu-
Hanto-Toho-Oki earthquake (M=6.7) of June 29, 1980.

jon Total
ation | & |comp Moz Aee | ime | Pover | ST | Acclere
(gal®-sec)
Il % ®WN) |11.1|Ns | 350.3 5.0 112.5 66.8 SMAC-B
EW | %63.1 5.0 89.9 52.8
7 1% (AJR) 20.4 | NS 226.2 4.3 33.6 33.7 "
EW | 350.4 4.3 69.8 52.8
#AEI (NBK) | 85.1 | NS | 168.0 7.2 23.4 26.8 DSA-1
EW | 174.9 7.8 20.2 30.3 (Digital)
B P JON)  |39.8 | NS | 143.6 11.6 11.8 32.4 ’
EW | 113.9 11.8 9.7 32.6
¥om (TKD) |43.7|Ns | 63.7 17.4 7.0 24.3 ’
EW | 7.1 16.6 7.8 26.9

* Hypocenter; 34°53.5’N, 139°13.7’E, h=10.5km (after MATSU’URA, 1982).

Table 2. Maximum accelerations observed on strong-motion instruments for
the fore- and after-shocks of the Izu-Hanto-Toho-Oki earthquake.

Earthquake c Maximum Acceleration (gal)
omp.

Date M KWN AJR NBK JON TKD
June 27, 1980 4.9 | NS 137.6 9.9 33.4 17.9 14.2
(06h06m) EW 104.9 100.7 38.9 20.9 11.7
June 28, 1980 49| NS 74.2 59.0 50.4 18.4 10.6
(12h05m) EW 87.5 63.4 37.6 16.3 10.8
June 30, 1980 49| NS 32.8 28.8 21.1 10.6
(02h23m) EW 36.0 30.8 22.4 16.0
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Fig. 4. Examples of computed accelerograms for the main shock at Nebukawa
and Takada illustrating the effect of = in the synthesis. Top trace
is the observed accelerogram for the fore-shock used as an element
earthquake and the broken line indicates the position of the initial S
phase corresponding to that on the fore-shock accelerogram.
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(1982) DFEREAHE Lic. £HMD5 2 —2 XU TFDOEB D THB. FER; 34°58.5'N,
139°18.7E, h=10.5km. WEnFKZ X; L=15km, W=7.5km. dip angle; 90°.
rise time; t=1sec. BEELHE; v=8.0km/sec. WIHHRIHAELE (S B); ¢=38.3km/sec.
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I eE Lb, KW TAEOEREE ORI ORM i RDTLELANZ P HIC X
B T R & 5.
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Fig. 5. Relation of the deviation error of characteristic values between the
computed and observed accelerograms to n.
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Fig. 8. Computed accelerograms for the main
shock at Kawana illustrating the effect of n.
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Table 3. Characteristic values for the computed accelerograms for the main
shock obtained by a synthesis of the fore- or after-shock record.

Max. Acc. Duration T°t(9‘>l< 1%?)“'” 81

Station Eartha. (gal) Time (sec) (gal®-sec) (kine-sec)
NS | Ew | Ns | EwW | NS | EW | Ns | EW

June 27 | 625 | 452 | 4.4 | 3.9 |200.3 | 98.8 | 93.5 | 53.7

June 28 | 402 | 452 | 5.4 | 5.4 [108.0 | 90.8 | 63.0 | 55.7

KWN June 30 | 219 | 213 | 67 | 8.6 | 285 | 31.7 | 2.3 | 30.8
Mean a5 | s2 | 55 | 6.0 |112.3 | 3.8 | 61.9 | 46.7

June 27 | 261 | 501 | 4.9 | 5.0 | 206 | 90.1 | 7.5 | 42.4

AJR June 28 | 242 | 238 | 4.7 | 4.8 | 21.6 | 26.1 | 27.3 | 23.6
Mean os2 | 370 | 4.8 | 4.9 | 25.6 | 58.1 | 32.4 | 33.0

Jume 27 | 156 | 179 | 7.0 | 6.8 | 18.2 | 24.0 | 202 | 22.7

Jume 28 | 212 | 196 | 6.5 | 7.6 | 46.0 | 35.2 | 21.3 | 26.1

NEK June 30 | 169 | 283 | 8.9 | 8.2 | 34.9 | 56.0 | 19.9 | 37.6
Mean 19 | 219 | 75| 7.5 | 33.0 | 38.4 | 205 | 23.8

June 27 | 108 | 127 | 13.4 | 10.6 | 12.8 | 14.6 | 25.7 | 276

Jume 28 | 100 | 105 | 11.0 | 10.3 | 85 | 9.5 | 15.4 | 18.9

JON Jume30 | 134 | 156 | 9.6 | 8.6 | 187 | 281 | 215 | 24.2
Mean 14 | 129 | 113 | 9.9 | 11.7 | 17.4 | 209 | 236

June 27 70 58 | 162 | 19.0 | 9.0 | 7.9 | 210 | 165

June 28 57 47 | 163 | 150 | 47 | 4.9 | 13.9 | 13.9

TKD June 30 0 | 100 | 166 | 14.4 | 95 | 158 | 183 | 21.2
Mean 66 | 164 | 161 | 7.7 | 95 | 177 | 17.2

TEORIICE L, BAOHEIYINE L (Hr e i, 1980). = ® X )7t near-field i
B MR O c T TH 50T, AREHIC O L TETH LW 2Tt
7.
i g Z e
Fig. 11 128 20}, HERFL IV L 2R XOABEORFEP R LS
DTHB. BRBETGOIIE v <137t h OFID 5 50, I REUEBEPREeRT. <
U CERIETL O 4 D OEEfEIT 8 i FIYCHITEEIEE o B E R T h b
209% DT oHoriEEBEREbNz. Lo L b, BT O @M & 3 HEHx
BEWRESR B, o0k b a0 ol Lchl, RERFETAVBIRY
BRI RSV TFLTLEDHERELEALD LXAETHD LB 5.

ARG b

SRCEGER, SREEgo 7 — Y =BEA~<s t Ak Fig. 12, T S£AREE
EARRBDO AN b, BIOEGREFROFEHA~Z A% Fig. 18 12733, chb
DARY WA, FOEERRE LS T 5700 F b LT H 5. Fig. 12 T NS
Koo 2.5Hz 58, EWH SO 2Hz, 5Hz fHEDMUS XMWD& S 6He oy
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Fig. 10. Comparison of characteristic values for the computed and observed
accelerograms, for each horizontal component at the five stations. The
computed value is the average for the three computed accelerograms
and the broken lines indicate the range of error within +25%.
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26. Estimation of Acceleration Characteristics of Strong
Ground Motion by Synthesis of Accelerogram
Obtained during a Small Earthquake.

By Teiji TANAKA, Shizuyo YOSHIZAWA, Minoru SAKAUE
and Yutaka OSAwA,

Earthquake Research Institute.

A method for synthesizing ground motion for a large earthquake by the use of the
seismograms of the fore-shocks or aftershocks as Green’s functions is very useful in es-
timating the characteristics of strong ground motion in the near-field. A simple method
which is applicable to accelerograms was developed by a modification of the Irikura and
Muramatsu’s method and applied to the strong-motion accelerograph records for the Izu-
Hanto-Toho-Oki earthquake (M=6.7) of 1980 to examine the availability of the method.

In the synthesis, the accelerograms for the three fore- and after-shocks (M=4.9) ob-
tained at the five strong-motion stations near the source region (4=11-43km) were used.

The computed accelerograms for the main shock were compared with the observed ones
in the four acceleration characteristic values, i.e., maximum acceleration, duration time,
total power and response spectral intensity (SI), In the near-field station, a comparison
was also made of the spectral characteristics between the computed and observed accel-
erograms. As an example of the application to prediction problem, ground motions during
the main shock at Futo where a school building was damaged while no record of the main
shock has been obtained were estimated.

The results may be summarized as follows:

(1) Four acceleration characteristic values for the computed accelerograms agreed
well with the observed data within an error of about +30% with a few exceptions in cases
where the average of the characteristic values of the three fore- and after-shocks was
taken.

(2) The average response spectrum for the three computed accelerograms gave a good
estimate of that observed over the period range from 0.1 to about 1 sec.

(3) Computed ground motions at Futo showed a destructive feature; the maximum
acceleration and velocity, duration time and spectral intensity were more than twice those
at Kawana and, in addition, their response spectra had a comparatively flat shape over a
wide range of periods. These characteristics may account for the damage to the school
building during the main shock.





