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ABSTRACT

In order to reduce seismic hazard, the characteristics of strong earthquakes are required.
In the region where strong earthquakes do not happen frequently, the stochastic simulation of
strong motion is an alternative way to predict strong motions. This simulation requires input
parameters such as the quality factor, the corner frequency, the moment magnitude, the stress
drop, and so on, which can be obtained from analyses of records of small and intermediate
earthquakes.

Using those parameters obtained in the previous work, the strong ground motions are
predicted employing the stochastic method. The results are compared to the two observed
earthquakes-the Ulsan Offshore Earthquake and the Kyungju Earthquake. Although some
deviations are found, the predictions are similar to the observed data. Finally we computed
attenuation equations for PGA, PGV and ground accelerations for some frequencies using the
results of predictions. These results can be used for earthquake engineering, and more reliable
results will come out as earthquake observations continue.

1. A&

AZFGHQA EAd o] ZAE EAL o$ FaF Aot} ity Fdie Po]
T AAE 7I2AEY HHIA ¢ A o2 A Jtsd AMAEA AwFe Fo
Fo g BA4L FA84Q ZAY(stochastic simulation method) & 3] 2tz #38 4
At FAEA ZFAF BAY R od XY AAYE BAS Eolm o 2 XY 24 7}
T AIE d4F3}7] A¢ HEEH WHo, NJFY HRAVL E(peak ground velocity;
PGV), A 47}4 = (peak ground acceleration; PGA), B T340 @& £ x9 7I1&E 59 5§
4e FHE F Yo

Hanks®t McGuire(1981)& 235 & d&sted o o 29 EY(Brune, 1970, 1971) 7}
AEe 574 L =948 3484 = d(stochastic source model) & A ¢+3tY Tt ©]F Boore(1983)
£ Hanks®} McGuire?] 29 o439 nT AFH9 FE 50~704 019 ZAE H89 3
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AN ZAoet i T dE&ggel F dXFgE 2oy SR 52 9% 2L F
2 30 03 AAAE & dAgL Byt o] fdl% Hanks® McGuired] ©|&8& o83 7
AEE BEAste A7 Ud FYPHAD AHE S B AFAE AFRJYD. FudAE
=HE, 01718(199%)%, 2gul(1998)7F A3 2y Tl ZRAFTE Yo 47 dou
olF AR g APl

BT ZAA dYAEE ALEE(p), AeY £5(H, 29EQe] BAME F34(comer
frequency; f.), & #8738 F(stress drop; 4953 2L ALY 849 AW AgGAHFAA 2
H@4E AF3 sl Qquality factor) Folth ¥ dAFoMe ‘Fhitx SgdRe Axyg 94 9
AXSG ZA(L5E 9, 200009 HIYE AEsd 4383 ZAbY(stochastic smmualtion
method)& ©]-&38te o] AHo) B4 715 ZAFE &3, dEFAFRE ol &sd Awrise
9] Age W& ZH4g =&

2. ol &3 w7

2.1 4383 A (Stochastic process)

FAZA BAol@ Alzt# g4 Wl ¥ EAHE FEEHo2 Yehuxt e Aoz,
AR 9] S 88T X(DE AZdsla, BE ¢d thalr o]k o] WA HE¥so Age
Z3ch gEolA duivhg "old R AWNEFL o9 AE X&) g B Hya
(short random pulse)’t HA uYetA @t o] dFo] A F(oscillation)o] ZA3A ALE of
7MEE7 &L A9 9F A9 (constant intensity)?] AEE 7 A =1, o] REL YA &)
ZH(duration time)E <k WM& (white noise)22 2 ¥ (modeling) & 4 UtHJoyner, 1984).
9 o8& 7IEoE e FATY BAYES ATGHddA HTF 09 FIHY ISAG A
(Gaussian noise)# ®§ == 714 %9 YE$(windowing) ZRE AlZHY, 9599 arje= 3R
% AEAGY T2 EAE Yo Hg H4dle Y5 AHEY] Rl AELHMEYS
g F A ATEGez 9 AFY HAFHos ARGdddaY B¥e 98 4 gl

22. 249 Fed AZF ~HEYH(Fourier Amplitude Spectrum of the Model)

742 % RANstrong ground motion simulation)E YA Fd HAE 2% E B (Fourier
amplitude spectrum)€ o] gttt Zdeol Fao JVE Adeyde A EHWE(seismic moment;
My), A% A (hypocentral distance; R), FH+(frequency; £ 42 th &3t go) wddT)

A(My,R, f)=C-E(My, f)  D(R, f)- I(f). )
A7l A, Ce Ed JE 2¥9EY9] HEQ(scaling factor), E(M, = AR A"HEY
(earthquake source spectrum), D(R, f¥= =9EZ9] 71a%ts, ¢ nigy 24§ Jede 22
&<~ (diminution function), I(f)E oW &4 X5 2vEY] Y2 FL3le A2HEY &
% " (spectrum shaping filter)o]t},

2.2.1. % 84 (Scaling factor)
A= 8 A(scaling factor) C& B89 2og Foxy AFo|t),

Rg - FS- PT
—tl O L
C Py . 2)
A71NM, Rge JLAM Y B (azimuth)3 AH&ZH(take-off angle)ol <&t ARHe s

9] dAbfAH(radiation pattern), FSE AFAAW(free surface)lAl el  Fule] ZEZ A4
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(amplification factor), PTv ¥ %< 3 A2 &(horizontal partition factor)olt, dwrzo g HF

Hel R,s= 063(Boore and Boatwriht, 1984), PTE 715 (20.707) FSt 27} AH45 3 Ut
AZYE s} YAEE fe AAT1995)E Fxsto 22 27 g/em® 368 km/se sttt
222. A29Q 2¥9EY (Earthquake source spectrum)

Brune(1970; 1971)9] A YXZ A(source model)ollA AL+ E(M,,f)E thezt o) He
.

M,
EM T et | 3
Mo D) =TT7)7 ®
ola, Myt XXX E(seismic moment), f& BAlg F34 (corner frequency)e]th.

2.2.3. 34 ¥4 (Diminution function)
Ao wtg 2"9Eeyy AHaH, DR, fi= 33 2.

DR, f)=D,(R, f)- G(R) 6)
7|4, D, R,f)= Anderson® Hough(1984)7} A|¢t5t 71a Qe (kappa filter)o]x uE3 9
(2000)7F 7+ A g ol &3t G(R)L 718184 F4Hgeometric spreading)g YEHY =4, 7|
&3tA e o 2¥EY Y] FE Fofde Fusy A4A g dege s
SHEY BHERIL SAEA JdElUYE AZdMe EAgs gREe YRS AgstA =Ho, o
doAPdEs AQd we G2y, dukdoez o 100 kmAH & 714 22 (Herrmann and Kijko,
1983)3t] FR 7t A 3A Yetdoh weEty AYAG(R)ZE 100 kmQ) P L 7|Foz 3ty
7181814 #4E A5 ALART F, 100 kmelwel LAY} &L AQAME 718183 72
€ 1/R= AR olnt ALALI 2 Ao thafNEe Eds $HA8 nestd s)s
H #48 /VRZ 23334

22.4. 99 W€ (Shaping filler)
e [(f)e d&stax st AZF dests 2HEY BPE P=iv ojgd) AAE
SEY AR 74 EE 225
I(f)=Q2rf)’ 6)
E ez, o] i Pge £x¢ 74 s d&] 24z 13 20,

23 AztgdgolM e 714 =33 (Accelerogram in time domain)
FREE EAEEY 98% d¥AME Ay 9ol A4 A ZH(duration model)T HE 95$
(shaping window)7} 1dTdh.

2.3.1 A% A1t 2 9(Duration model)
AREF ALAE AQA7IEAA 2Fo) ANFE AFAREH B gAY Atz AHoH
o, dutgo g g3 Be F Y 248 v
T= Td+ bR (7
T/ A9 X% AlZk(source duration) o], bRE Azle 2&3le 242 AP(scattering)F 2
4Hdispersion)& 2§ Rolo),
9 SAHAA9 ARFY A Al A AEARLE HAAZY PH T @S AEAD
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(faulting duration)®} -&H(response)™ A7l 2o, Agd 2/&sts %2 bRE Ao ule}
Z}7) ggtez 5485 ed iz FHE Az BFoZ o] e Pt o
o] AUt @A Herrmann(1985)ell 2%k o4 ez P99 AAATYNA L &AL Aats
o=

-1
T=-4+0.05R. (8)

ol AFolM AF A} 4 guich AW} 2HEY BHo2RY PHY Tae 4z
0.237, 0.342 HIF < 0.263°]t}.

23.2. 84 9= (Shaping window)

AZEGe A 7tE&E 35S A7l A8 AEHE 9ESE SAbox)EY BE 5349
o] &3] o] fHtt Yy oz wtAne] X E FE 40 o3t ( M4 0) BlAR A9 TALo)
ol En, ANFHgy Rge YESE FE 40 o] M>4 009 AINFE Ao o] &8

B 97E E 400049 A3EE BASEH B3FHo] gone ALEHS: Py Az
o] &3}

3. A E =X

Ao A AF3 vhel Zo) FAFA mAYL old Ahe AAYE BEHS EU 3o 1
QoA 2 Tt Fo 548E d23r] 98 FE2HY wPoz BRAE FR(M,)S A
AAL(R] WE BAFe A W& E /& e 2 #HE P (spectral acceleration; SA)el B4
S TEE F AT THolth FAGH EAYE o848 AAE BAIE 8T AE£ARS A=
Fretole WA 7199k & (bandlimited white Gaussian noise)e] Ao ZRE Az@r) tie
22 Astd e AE$(shaping window)EF HEA7) § Fdo HA&(Fourier Transform)<
olgstd Fag FHoZ WHANZ 2HEH Y AHEY(model spectrum)E FIr} o]
Al o Falel HEE AA At gk £ &% B8e der) o)y wyos Y¥Eg
€ F3EL g3z 7217 g8 EAL 7MAE gE€8 Lo 98 EAE "o E AFdA= 7}
45 98 BAE 9% dH 84S Table 19 Vebuiglel.

Table. 1. parameters of model spectra.

do 105 bar
Q 1977
X 0.00131+0.0001374R
B8 3.68 km/sec
0 2.7g/cm’
Ry 0.63
F 2
|4 0.707

FRAE EAib AlEd Z2 e nZAAZAAU. S. Geological Survey), David M.
Boore (1996)°l 2] 3 SMSIM(strong motion simulation)X & 13 o]t}
2 dTAAME A 71Eed $YS ojgste FUE BERAM B XAEe A
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Ak 59 HgA JtEE 2 AAF MEEE AR, ol OgE J1dAL ZHE
TE, IfFAFE HEAA BAS L, &8 A5(RBF A, &4 it )9 vig, FE3

ot

3.1. ZA% 2 A4} (Results of strong motion simulation)
doll A 71 YZHARE o] &3t dojd ~HEYE Fig. 19 bl
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Fig. 1. Comparison of observed amplitude spectra (jagged curves) with
model amplitude spectra (smooth curves) for different distances.

Zted@a)es Jeues 29EYH S 19979 69 269 AF AW 19983 1€ 189 &4t
guttt A9 AEAZTZRY T EE 2¥EYOE o]E EAIAI dojn Bl AHEY
(o vsHdth olg F 2¥EYS AFgs 904 FARIY 1F0s JEiMEe &
do] A G AABY Ha2 4 £ . ol AN AFF uig o] FEP AJYABE 5
Hz o}/del i a4 goo g dejoly Ye7l H 45 7] Wi nFags Jgo 343
7HHE Boly Aol

Eradgz JAnyge] Aggdgelde] #Y¥E wlmslr] e WAl sz (white
gaussian noise)2. 2 RE EAR 4 ZFHEH 44 #29E AAE £5& vty de S
= %L Fig. 21 Jelidrh
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Fig. 2. Comparion of observed (left) and synthetic (right) accelerogram of S-waves.
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M4 SYge dAR 53 FF A (96/06/26) % -3-:’& AEA 2 (98/01/18) AE S &=

H8e MEHoA AW Ao} AsY FLY W £E FYVE BEMd olgsyenz
HEd 48 oAE HAA HO ARG TARIE U4 THA DUE F2 3058 G

A2 S A3 ueiTa glen, dA HURG AL/IBE @A vehted olE A
A gl o@ ARz Azdd AWADF 2AR4E JM4Ee Ay WEe e pa
EPEI. AR} dABnadse JRANEGe REe 49 A ARE AR wEA =
A AR gesd w4 sbsd W5 AL d3sen 2 Tt Ak ReE AR
CES

L fo,

4. 7314 (Attenuation equations)

ANEFH duA FHEAHL AYrid o g9 A xuke] EAe wa Aolsr] o
ol 2k Aol AT HAAE TFEAA FEdE Ao] o] FHoe|th m}a}/ﬂ 2 AT E EA
& B8 dold ZAfE o83t HustLxe A £k gt 2 nHFosd XFY Y
A & 74 =& %

U4, LWEFE 40, 50, 6.0, 709 dist FA4UE PGAS} PGV ZAE AdA o
Ttk I9AYE 10 kmoll A 350 km Alo]& 23 Agge T Fog uUyol £ 17749
Ao s HdAEZ Z& T3l9 Fig. 3o TABIAE =8 A4 329 AF A7 4%

o Ulsan Earthquake 10? o Ulsan Earthquake
o Kyungju Earthquake o . .. o Kyungju Earthquake
1 e o T,
- § oo e T e
e T M ST e, ""\-\,\' """" ~o M6
N E 4o — e, —— ™
S * M6 - Q\.\.\. * M,=5
—a, e M5 5 102 3 \-O\.\'\.\. o
B S~ M,=4 & 10° ° M
! y 104 v
10 100 500 10 100 500
Hypocentral Distance (km) Hypocentral Distance (km)

Fig. 3. Predictions of the hypoentral Distance ( R) dependence of PGA and PGV for
moment magnitude 4, 5 ,6, and 7. The solid circles represent PGA and PGV
from the predicted ground motion. The open circles and squares are observed
PGA and PGV of Kyungju earthquake (97/06/26) and Ulsan Front Sea earth-
quake (98/01/18) data, respectively.

vttt A AzREY] £ Hoighd o8 nEdld d& stSxe g g A9 vz
At Fig. 314 100 kmE 7|F22 71€717 €814 J&e & F e ol g4 AF ut
gt Zeo] JPAE 100 kmE 7|E22 788 AHE A5 FEAA7 GEoIT £E 2247 km
A #5E &4 FHlt AR A7 YollE AHeE FAGE dFsY B + 3. ole
AAE BA Ao AEd Ao AugA, 7Ha, AP AFT EHPE LS9 gE
e B 232 AlgE.

AAZ ARE EA g Hx9-e 100 kmolulola, o] X ¥7A BALAAS AAARS
o § FABIE R, AL FRE ol &3l TUAF 100 kmolol dald g B4 A& FEsY.
WRFge] oM Ayt A5 ® olul Xutd AYA TXEY AFEFH Fodg £ 3
ZEL nHFI(natural frequency)7t 1o, o] THF A5 A A5 L FEo] 5oz F5
Fd Aute] 7tE& eyl aFEnh gy EAEFE 40, 50, 60, 709 # 5% HAPL F ALY
t&xe $H2HEY (response spectrum)S AAE LALE ol &3t T HTE RAlA A LA
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Fa4e 05 Hz A 50 Hz7hRZE 534282 Uy 9N IHFFF(natural
frequency)-0.5 Hz, 1.0 Hz, 2.0 Hz. 5.0 Hz, 10.0 Hz. 16.0 Hz, 20.0 Hz, 25.0 Hz, 50.0 Hz-¢]t},
o] Ao} UA T3 PGA, PGVel tlsl™ Boore(1987)2 744
logy=cy+ c;7— logr» (9

€ ol&dtd FAATE TG 97IA, ye LHF A5 destE ¢ MSEES Ry
cm/sec® olth AF ¢ o2 AT Aol HAe) we oEn oy ARE HARY
(regression analysis)& E3 AAHAAE @2 & Y Z=(source strength), c¢;»& ¥
‘3 Z4l(anelastic attenuation), log» & 713183 Z+4](geometrical spreading)-& YErAT %32
T FAAL TR FARC U3 As2 AP0 ol stug e A5 NYAE R
AsE G Zo] FR o3 oz veld 4 ok

ci= &4+ E1(My—6)+ E5(M,—6)*+ £5(M,—5)*i=0 or 1. (10
a8y 2xaHhigh order term)ol A 7|Q1ste A8 Folr] 918 FRE 2 AME UAA A7)
EUE 235 71§ e M,—63 ddAD 9 4 (9), 100 8 I (matrix inversion)
< ]85t PGA, PGV, 2 Z S50 WE NAF 71459 A4S AXsde, 1 23 7
FAR ZHFTE ALY, WEA A MR $Hes pYsiolsle AWML SRS EX TUE
TR APAG B 25 E 5 Ut PGASY PGVY #3359 2t niFgsd sPss
ARE 7tE 2 a4 4E Table. 29 Yehe

o8

Table. 2. Coefficients of attenuation equation

(o 3.391E+00 3.601E-01 -3.621E-02 -6.385E-03
G -3.660E-03 1.267E-03  -9.000E-05 -2.667E-05
Go 2.158E+00 5974E-01 -3.084E-02 7.930E-03
C -1.931E-03 1.1104E-03  -1.489E-04 -2.299E-05
G 2.691E+00 9.412E-01  -2.140E-01 -5.826E-02
(o) -9.451E-05 1.044E+00  -5224E-01 -5.219E-01
Gy 3.425E+00 3525E-01 -3.345E-02 6.657E-03
G -3.570E-03 1.181E-03  -1.200E-04 -3.000E-05
o 3.684E+00 5845E-01 -3474E-01 -8.873E-02
o} -1.380E-03 1.667E-04 1.551E-04 5.833E-05
G 3.684E+00 3.754E-01  -4.289E-02 2.015E-02
G -2.321E-03 6.466E-04 5500E-05 -3.167E-05
G 3.789E+00 2564E-01 -3.221E-02 7.792E-03
C, -3.301E-03 8.800E-04 -5.000E-06 5.500E-05
G 3.8350E+00 3733E-01  -7.972E-02 -2.081E-02
(o -4.271E-03 1.003E-03 3.000E-04 5.333E-05
G 3.780E+00 3.444E-01  -2766E-02 4.095E-03
o -4.710E-03 1.072E-03  -7.000E-05 6.167E-05
G 3.743E_00 3429E-01 -2.768E-02 3.232E-03
G -5.090E-03 1.135E-03  -8.500E-05 5.000E-04
G 3.535E+00 3757E-01  -4538E-02 1.107E-02
G -4.531E-03 1.267E-04 4100E-04 5433E-04

- 76 -




5.2 2 E9

A AFNM Q2 AR (do, [, M) L AHYF(Q, o AFNE Y822 31y
e FdRd A ZAFLE BASFLY, o] ZHE HF AA, 24 g} (A7) v w3}
g 29 EY BN ARG 98 BN Ay, ZAR A0ED AAXAEY Fog A5
2A7%F9 BYL FASET. GEA olE ZAE EAY YYAREL EIZH Rog Az
ET 2AYH ZAPLE QAR £ HdAw stExe YA wE Wslel AANE s}
£z afFFHS L AAAY] g ¥ME FAHSYer, H5E AAE ALY A¥A
o e HaHE &3t

2 d7Y Zage o AFd X3 FxE AAY JEAER ol§dE # Jod, FF XA
#E27F 18 ¥F9 AE7 FAHYE U2 JIAE 5L ARE 22 F AE Reg A}
g

A}AE
g A7E Bl NPsts FATAATARALY st ADANTAT S A LA
4o ARz YUY ASE YR TP FHYR2Y HIE VT

A5 29
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