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Recent two moderate earthquakes (2016 M,,=5.4 Gyeongju and 2017 M,,=5.5 Pohang) in Korea provided the unique chance of developing
a set of relations to estimate instrumental seismic intensity in Korea by augmenting the time-history data from MMI seismic intensity
regions above V to the insufficient data previously accumulated from the MMI regions limited up to IV. The MMl intensity regions of V and
VI was identified by delineating the epicentral distance from the reference intensity statistics in distance derived by using the integrated
MMI data obtained by combining the intensity survey results of KMA (Korea Meteorological Administration) and ‘DYFI (Did You Feel It)’
MMis of USGS. The time-histories of the seismic stations from the MMI intensity regions above V were then preprocessed by applying the
previously developed site-correction filters to be converted to a site-equivalent condition in a manner consistent with the previous study.
The average values of the ground-motion parameters for the three ground motion parameters of PGA, PGV and BSPGA (Bracketed
Summation of PGA per second for 30 seconds) were calculated for the MMI=V and VI and used to generate the dataset of the average
values of the ground-motion parameters for the individual MMIs from I to V1. Based on this dataset, the linear regression analysis resulted

in the following relations with proposed valid ranges of MMI.

MMI = 2.36 x logio(PGA(gal)) + 1.44
MMI = 2.44 x log:o(PGV/(kine)) + 4.86
MMI = 2.59 x log1o(BSPGA(gal-sec)) - 1.02

(1< MMI<VI)
(I<MMI<X)
(1< MMI < VI~VII)

Comparison with other empirical relations developed for the various seismological environments such as western, central, and eastern
U.S. leads to the conclusion that the PGV-MMI relation above can be reasonably extrapolated to the MMI up to X beyond the observed
MMI limit of VI, while the PGA-MMI is only valid up to VII. An explanatory interpretation was also tried for the obvious difference of the MMI
attenuation pattern in distance between the two moderate earthquakes by introducing the crustal structure with Conrad discontinuity,

depth-varying Q-values and the relevant wave phases.

Key words: Moderate earthquake, Instrumental seismic intensity, PGA, PGV, BSPGA

AR 0 = AR e IR AR A I Y ARt =] A4 ]

h A=Y
o & EArAR R AR RRA O R AgE Qo B A

*Corresponding author: Yun, Kwan—Hee
E—mail: geoyuni@kepco,co.kr
(Received June 14, 2018; Revised July 11, 2018; Accepted July 12, 2018)



220 240 B8 4 9l of] R0) 0 sek| e A2
8 248 0|2 74 A A AR waE M we) Hl el 9)
o, ald o S AR YT RASHS 2R dals
7] 18], Class D 24(3]9] BAFEEHE 2w s AvEg 27|15

elglon, PEAao] T opb s Eolai Agalolch ol A2
HE 24 98 A=t <1205 webn)e] 24 Arias Intensity (galsec),
PGA(gal), IMA(Japanese Meteorological Agency)2] AO(gal), Housner
SI(Spectral Intensity, cm), FASMMI(Fourier Amplitude Spectra MMI),
PGV(kine), BSPGA(Bracketed Summation of PGA per second, gal-
sec), CAV(Cumulative Absolute Velocity, gal-sec) 2] 8&F7 ARE-E L
ok o] 170) 0 A HE] AN Aofol ] b0 B
PGALIPGV o] A7 e e= T 4] 02 58 A s QA0 324
4)0] U S M A0 R UERon], F) 57 AR e] e
Fejo A E A RS o]-§-5H=FASMMI®}, Yo A 7iHE IMA
A0 AZSAEE AH o g 2o ey Al esS Uehfgc) 3t v
Ad YAtz AAE o gstaL Fejof Wet 12 B a = Sh=FASMMI
SHMA A0SR= thaA|, 29 A 7715 2 digiekS: o861 30271 9
¥ 2|71 ThetuE] ol BSPGAZ} FASMMISHMA A0S} SAFSt 4
Lo AR s F45k= Ao SR1E QI

el 24 iAol Al Ad A 0]50] 201120154 717+

A A ZAR[5] W A AASARE 7]HEo 2 lHE MMI

V(@)olatel SAETe ANPSARE 272 2H(157) 417, 569
7N 71 2)5iL 7]z Aol Eolet HAS Zaalsih o] ATME /e
AeA =} At AEARE TR § 7180 5 YsHA 87H4) 9] A7l
afetu]E o] thet 234 0] e 2} 24 9 el AP A4S ARSI o
Sqto] wp=, A Aol A M= ] 22 9] A F sfetu]E =
H71E BSPGA = A 2R S A 20] 78 ehe 7P -2 RMS(Root
Mean Square) A=54 @ 2AHRMS=0.71) U 7} =2 Mg FA)1419] A
BA FEAR(p=0.94) & Uehdis A7 s E 2 291 2
otk ¥FH PGA/ PGV E 0|83 =324 0] @ 2o} A5 &) Ak
ZFRMS=0.81/0.99, p=0.86/0.88 24, 014 HA-Lof| 42} -F5AUsA|

£ oAjoh vhe R4S Lhehiict

i o] 410] A3 Aol AT XS MM IV o3k} AL olo]
S 57 oo, MMI Y olged st 2 telol 2
= A Ak A 710 gloich meb ool AAIE A3 shetule]
E2AS oYt MMI Y o]Ae] Aol g3t Xlof el
L 7%o] BaghAgolglon], Bus| MMI VI o7H ] sjshils
goll B ez} glgiek

J84+20154 ©]% 2016 F5R)2(M,=5.4, USGS) L2017 &
FHRM,=5.5, USGS) 0] 2712 2| 7(5.0< M, <5.9) A 0.2 213
Z| ME=ZHVIRIMMI Vo] 217} 5l 2] <(50~100 km) o]l tha]
HuEglow Ao xusl A U g 016]] MMI V o}A+9]
REPelo]qo] PSR RE Th Shuak 4 gl Algo] Hloirk

2 AT MM IV of5}e] 75 Aj 5} 45 2 A0 R
HMMI V o)1) 2|22 A 02 ol galol, 3 Tl

mf
1

2
(RN o

+E

e _ll
)

T 4 Gl B o)) A7 A A] AL 0] TET 2 9l
A FAAL AR Bl ol AT ST A MM

324

V olAo] AETohS APAISILE 41214 A 7ok ks Aol o
Cpsl s Al 4 XIS ZAJ5 1 S MMI IV ol3h

o] Aol 253t Ak Ajzol] HlajA = Aw el ATt Al H 0w
W) 9L, webA) 7R el ekl ARl AR TelE S WA 2de}
L olg Ao m AEeld AApER R Et A% Teule S %
255 ASAE 24AS wEaol wlo], 248 A< 4124 9 St
3o] MMI VI o)) A1 520] 365} 2= 37] wjolc.

2. 2=
- QAolAl A% 8 R Al Tt KA AES B 5
MMI V SHMMI VT ool sjg )i 1o els mae 7, o] 7150
2 ol 0] A2 9IS 2 BEARE Stk ST B
o4 G ok FUHA A E 0] BRSO m[4], AE B2 w0
38 A7 steb] e 2 £t o] ATE 248 A st
B A A5 57 01§ 310] 574 21215 slefulelo] g A 24l
A1 oIk obe] A7 A1 o] 851l 45 9 ] o
o AZES] B4 A W sl moror], s Ao] Z7le] w2

& W=g7 A o)l e B2 4 Qs A= A el

=T IR, MMI

7% W QAR o) a4 wA o ol
RE R 2457] SfsA TPAR U AEA
E]*é %L g7t A7 AgE ojof gk
R qu 7k 2ol Ak 71018k KMA(Korea
Meteorologlcal Admlnlstratlon))ol =35t ul 9l om[6, 7], ul= USGS
Qe A& A2 0 2 DYFI(Did You Feel 1t?) A& 7} 8t
B SICHS, 9. o] o] Z1APES AIAHIS]E 5] AL RS AN
v olon, s ks 2 gEAETARI] A9 11 24, AFA7
o] 79 107 EAol S5k QI AR F A= M AES
Pako 2 2P gk 0] ekAel o] AEERA, MM V ol

o&L

o1 B LA 4 Pl Y Al e
Fob/Iol RAHslek Weisto] B Aol BAlo] olgst %

A “]JL Az =9 285150k

2017 A A 22016 AR A0 gt A AR % 273 2= Table 13}
Zro)| 71AH4[6, 7], USGS 2] A=AL=[8, 912 &He-51at). 7L a4
ZALE B3 2016 AR Q1L Aol tfaf 5,157 7, 2017 3]

Table 1. Number of Intensity data surveyed or reported with
observed records for Gyeongju and Pohang earthquakes

# of Seismic Intensity data

KMA survey result
Event USGS
original | 1 K™ Gid | pye (@) | D@
° Max. (@)
2016 Gyeongju 5,157 343 140 483
2017 Pohang 20,074 86 129 215
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Fig. 1. MMI data distribution in distance for Pohang (20171115)
and Gyeongju (20160912) earthquakes from KMA survey
results and USGS DYFI (Did You Fell It?). The Reference
MMIs are determined by the mean MMIs in distance bins to
delineate the distance of MMI=V and VI. ‘KMA Annual’ is
the MMI from earthquake annual reports of KMA ([5])
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Fig. 2. Comparison of the Reference MMIs and KMA Annual (Fig.
1) in different distance scales for the Gyeongju and Pohang
earthquakes
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Fig. 3. Magnitude (M)-Distance (R) distribution of the integrated
MMI data (record number=1,277 for 82 events) from the
previous study (Old DB from [4]) and the recent moderate
earthquakes (Pohang and Gyeongju). MMI data are
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M-R ranges

326

PEARS THH R EEsoi(Fig. 3 =) ol A1, 2,44 HE
Stk A7lE gEtulEE o83t MEgAS AE kst
Table 20f1i= 7]<& i 9l o H Aol ] S=71] 2=t 2212 =.9] 74
42 JE3tairt. Aol ARSE AkE= 827) 2| X0l et 1,277 7171 2
E|Qlom, 7]& Z&of| Z71E MMI V& MMI VI 9] A= reds 2| =gt
ZA17.9] 7= 22 577, 67]0 Sl

735 9 2R 7o gt A RASA RS KB 7o) 2-8517] SlaliAl

A8l At F LA TSAFR | FAEAFE Aol BAgal] Srojof gt

ool Ao A B RS B
sl 21g310] FULH A that 2 5kg 0= WAL Fig.
4 75 90 TR Ao T F) ARBE A0 RARE 2] gl

(e}
Aelgral A vl ek To]ek. Fig. 40]4] 3
51 23] 2o] Tt 712012 PGA 7] sl

|7} 2w, ERR| Rl 2| 716] A2 PGA 14| gfglo] 2helst
AtEA UehdE & 4= Utk & 2% 752119 B8], 100 km ©]
W] XA ot SA8HA 7471 dofih, 200 km ool A=
BT AR A A7 E Ve EE G = Sl o3k 3RS Fig. 29 3
A2 8 AZA A 7| A IS TE Atk Fig 49] 92
ol AR O] FALAE PGA ghol thgh 33} tha} 294 1 o] 34|
=o] =, o] A ZoIA| = HAE ol 4| s H(KEPRIWS A
(h=6 km)) T} 2| T2 & 4= Lom, 5 AR50l thgh A 2l-24]
A T SRS T Efsl7] A= g3 Aol of thek ARl sl 4l
o] I @ }rar Tk o] Hholw FA) HAEE5-0] kx|l thePGA
AREE=100 km O] ol A BFANELH T2 o2 A Yeh= 54
o] glck

2 Aol A= A ATH4] oA AE SHIE thefR A1 E gt E &
PGA, PGV 52 PGM(Peak Ground Motion) 2 BSPGA o] thaj A7t =
T ARG AER S o] 87 ASR = 24 4E 71515 BSPGA=
A A 4]ollA F=sgat wE eap 9 A Adedol 7MY =2 Al
2 when|e 2 7k gl om, PGME 1|5 USGS 9] Shakemap([15] %
AIAIZ C2 ofi=7tollA AlE7E Bl 71 o] AM-E= A1 =}
gu]Ejojtt. T3k YWhA 0 2 A W Fofol A= PGMe]| thgt Hef-3¢
& Aof| tfgk AH A Q] A7 ARFH = AFA7L T Qlo] E8wrt
=2 Ak gefr|go|t) 714332 2| 2o PGAE o 83t I35 A

Table 2. Number of seismograms used for this study according to
seismic intensities

MMI 6 5 4 3 2 1 sum
total | 6 | 59 | 64 | 266 | 495 | 397 |, ofl’vze7n71=82)
vor [Tje;'] S| 2|49 (185 ) 284 125, e?fnt=65)
data Tj]f ’ - B 1’ a2 (#of eE\)lee?ﬂ=1 5)
sTtEi:y 6 | 57 - - ) T |@of esvtnt=2)




\@\E\
0.1 4
9 0014
< ]
[©]
o
< Gyungzu
1E'35 A Pohang
—— KEPRIWSA
(Mw=5.5)
1 10 100
Repi(km)
A
2
0.1
0.01
KEPRIWSA
1E-3 —— KEPRIWSA(h=6km)
4 Gyungzu_class4
v Pohang_class4
1E-4 ey —— -
1 10 100
Repi(km)

Fig. 4. PGAs of seismic stations in Korea for Gyeongju and Pohang
earthquakes before (upper) and after (lower) the correction
of site amplification by time-domain filtering [4]. KEPRIWSA
is the PGA distance-attenuation relation for the WSA site
from [14]. KEPRIWSA (h=6 km) is the relation corrected for
depth=6 km from KEPRIWSA developed for depth=11 km.
A cubic polynomial fitting line for the site-corrected PGAs
for the Pohang earthquake is also shown in the right figure
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Table 3. Statistics of three ground-motion parameters (PGV, PGA,
and BSPGA) for MMI=1to VI used for deriving the
instrumental MM relations

10g10(BSPGA)ayg
10g16(PGV)aug 1o o(PGA)ag :
MM G in kine)| STP | (PGA in gal) | SO (zill’fe/;)m STD

VI 0.611 0.113 2.091 0.113 2734 0.149
\ -0.065 0.259 1.408 0.266 2.336 0.194
v -0.440 0.317 0.964 0.235 1.929 0.215
il -0.828 0.506 0.555 0.378 1.490 0.300
I
I

-1.225 0.457 0.224 0.365 1.129 0.309
-1.398 0.515 0.002 0.340 0.855 0.287
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MMI = 2.22(+ 0.16) x log;o(PGV(kine)) + 4.86(x 0.12) ()

MMI = 2.46( 0.04) x log;o(BSPGA(gal'sec)) - 0.74(x 0.08)  (6)

327



sh=2X|2IZss| =28 | 223 6= (83 H125%) | September 2018

A 7)1 A7)0l AIAE A7) BARLE- 1.96 x logio(PGA) +
1.65,2.07 x log1o(PGV) + 4.64, 2.42 x log;o(BSPGA) - 0.570] 3]tk
23%8x 4

X|Zlof

CH

ree

A

i

e got

Hl
ook

Fig. 62 T&AHR R EAE 25 9 ZPR|K 9 A xlufig o =i
] Z=5¥ 3704 A7 g2 E(PGV, PGA, BSPGA)f tis 4 (1, 2,
3)ollA AXE ASHE 74 o §ste] AL A=E ASK e A}
o[t}

Fig. 72 Fig. 62| 37} | %15 ofeu|elof| gt A= 71e] A2
Barg EEHEAE Fig. 19 A2 Bl )& A =FH(Ref. MMD I} 714
9] AR AR A =(KMA Annual) 221} 317 3273 13 o]c)

KMA Annual 2%} 3714] 2|21 wetn]elof] thet AlSX =g vl
3l B, A2 219] Z-olli= H Az QoA A2 2 dx|eh= ke
ERfL, 223R]710] 74-9-0fli= 100 km ool X215 ohzhu| ] 9] F-Fofl
A §lo] KMA Annual X=7} AZXE=HTE-1.0 MMI = WA 37}
Bl 208 Yo, X3 ASAE gl fAREIT

37HA] 59 ASRE 5278 A 11e] vlaloflA] qlojil= ATt
ol A A% AR 43S e Lo H, BSPGAE o8 -9, A
H1] 1A= deff ASH=S] HAR7E AU 2o m(0.29 £ 0.10
MMI), PGAS}PGVE o] 85t AR ] Az H2(0.37+0.12 MMI
for PGA, 0.39 + 0.10 MMI for PGV)<= tha =9 ck(Fig. 72 AlZ 2z
thgt A 2]l error bar 2%). A X% atepu| e ASX =0 A2l HAk=
A A-H4] oA AEst A RE T el Aeay ek} gt i
P& Aoz wiEh

ASHE F7}F A} 719] B AlEAQ1 vlalE 9] Fig. 84H Fig. 7
9] BSPGA, PGA, PGV tj3} AlZ21w9} Fig. 19] H|m7|2 Lol
Barah(Ref. MMI) 2tol& AR RE EA|8H

Fig. 804 AlE1lee Aeld vlar|e 2w Aed g3

9 9 r r r
|[ 20160912 Gyungzu Eqk. || || 20171115 Pohang Eqk. |
8 8
B BSPGA0912 | ] + BSPGA1115
744 o= PGA0912— 7+ PGA11151
12 PGV0912 ] PGV1115
6 &
=
10
off

MMI
(&)

100 200 " q00 200 300
Repi(km) Repi(km)
Fig. 6. Instrumental MMI distributions in distance for PGA, PGV,
and BSPGA calculated by applying the equations (1,2,3) to

the seismic records of Gyeongju (left) and Pohang (right)
earthquakes after individual site correction

328

2 Aol A o2 AH3| sdskaL QLo 0.8 MMI o]s),
70 km~150 km 9] KA ]oll A 22| %1(20171115 Eqk.)9] 73-9ll=
ASKE7} T =7, AFAR(20160912 Eqk.) 2] A-Q0)= tha e
& et ar Qlek 200 km o)) 1A 2] 9] 7 p-olli=PGA X=7} A
2R AE-1.0 MMD & UERR O, PGV = 7] W 9lof|A]
= ot ASRE 2 ATE Ve T E3E AR 2| elh s A
2 22| HEBSPGA ASHELI PGV AS = ALS fARE e
S VER

Fig. 80l A A1 Ak FA 2] 171e] 1A 2] 1 91(50~200 km)
oA BSPGA =7} PGM(PGA/V) HE T} tha =8 7k Lhebdict
= 40|tk BSPGA Z1%=7FPGM ZIwH T 4A] Uefbs A 17k
FA%12] 749 50~70 kmo] gl om, ZHFA] 712 Z-L-ofi= o] Het YA 2
0] 80~150 km= LJERT) B3] 3= 0] 79 50~70 km 7of|A]
BSPGA A %=7}PGM =Xt} ok0.5 MMI 2 71 el 9tk BSPGA
Z1%=2FPGM w7t Aol & vef= F-7tol] tisf v a7 & = gh(Ref.

8 | | 20171115Eqk. || 4

20160912 Eqgk.
A (2060072 Eak. |
K3 | 4

MMI

34 —=— Ref. MMI Toae| 3
m BSPGA 'Y = BSPGA
24 e PGA 'L 2,1 ® PGA
PGV “ﬁ PGV T
; ¥¢ KMA Annual 1 KMA Annual
’I|0 100 1I0 100
Repikm) Repi(km)

Fig. 7. Instrumental MMI statistics in distance for PGA, PGV, and
BSPGA in comparison with Reference MMI in Fig. 1

T
O . .
S 08
= 1 @
& 0.4——7——0 —————————————————————————————
= 00
3.0 i
e
T 04
g | s
2 05120160912 Eqk | |20171115 Eqk.| : 4
2 | |"©—BSPGA || BSPGA
- —5—PGA —@-PGA
“7 PGV ' PGV |
\
10 100
Repi(km)

Fig. 8. MMI difference average in distance between the Reference
MMI(in Fig. 1) and the instrumental Seismic Intensities for
BSPGA, PGA, and PGV



MMDT} Bl A3 AEANe] Aol Harle el
BSPGA =23 fAfskgl oL, s23kA) e tisf= 25]2 PGM X
=7} Ref. MMI2} AT
ool AFH FU R1H A R12) AETH EX
1] 2 21e] Gelol] A4 e e
2) ‘BSPGA A% > PGM(PGA/V) ZI%=9] 710} 2]
Z22)210] AL z}o)7F Q1) o, sy RlekA ] ke &
) Aol e 8l Akl 92451
ofefRt ASAIE A2 1tol| AR Aol 5 Uehfl= &
o1l Fig. 92} 0] e A2l A ¥a} At Az meEle 7}
B o] 28 EAL 1) BEH R A7 & thE A
Conrad HH[17]9] &4 9 2) Zlo] Z7}o]| ©& O(Quality factor) Z
7FEE[18] 7Hdsh= Zloltt. Fig. 9] A7t e A e
km, 17 km, 32 km)=[19]2] Z7}= 01851500, 220 2191710]
AL olgakct
EGAN9] 7 138 F(~3 km) Ert
of| A 4SS

d
s ”‘:

ki 0* o rlo T
5 k£

e = o _Vrﬂ_, r
ol T X = v
o MU
N P T TR

r°" 8 mlo
o

rﬂ;": k)
-
-
©

]_

kl\'

rlr

2 A
2,9
9] 3% (downgoing) X M uto]| gt 743} HiAfHo ] ], o]= ¢l
#), 7 S5}ek %3 Conrad HHM(Flg 92]Sgl WSds)7} A 21nge]
FAF AR A ] ©F 50~70 km)of & H%‘—’F ek o] - A%t
2] 30% 7k M summation) S E3] AlAtE]= BSPGAE o]-&3} A
21 glo] 7 ZEg) HH AR PGM A E g} 2 h8 Lieh
H 4= glc} $HH Conrad AR X[ Z(upper crust) 35 | Z(lower
crust) T 2417} A S 0 PO R 28 4 9L, AR A2
ol %= A4 Sul(Fig. 92| Sg1)7} 7ok -2 Z101(S km oJsholl-=0
210 e S0l F4150] 3ok A 4= QIEH18). 0|2 <1a) o] Al
3 2 210f thet 24 Sake) Az a7} Al o 2 e, 20 Al Kise)
ZJih4) S48 e 4 Slck £ 7 Conrad REARLS AREAI 7L
ZHE SR |70 20| ) 7u Eaof|J 2|5 oFSH Al 4= Lo, o] B9
BER0R o] Mol Rl 7] 98 Ao S,
ub 5152 227k} BRI Aol 27 9 Ao oy

N

I8

gl

Al

©

FAE(S

o 22

=~
=

A m
=4, Conrad ZAHo] % % %]

2

—{) o,

2

ﬂ v = X
10

E
Conrad YPAPH Q11 Al X2} (h=15 km)of|A] 'EAYSE =221 %19] 73-¢-
59 5ds, sms
A SmSM
[BY
MMIgspea > MMIpgyy <O L Conceptual
v Seismogram

R=50~70km  R=80~150km
v

h=5km

Conrad
(h=17km)

Moho
(h=32km)

Mantle

Fig. 9. Schematic figure to explain the difference of MMI distance-
attenuation patterns for shallow Pohang and deep Gyeongju
earthquakes

U ED X et ASIE FHA 47

ofli= Sht X7tz o) Fat o | A7 A e = S = glow, o]z Qs
Eo o] ofgh i (Fig. 92 SmS) Hl sHA|Zfo] of3t 2o HEAL T
FSTHSmSM) | thgt 2| s A o] A o e 4= QIeH20]. 3HA s1aF
Sk Ao HAE RS o8k 4 Gl Aol A o] AR ¥
Fh= TR0 s2FA|R] K 1 A2 1 80~150 km(Fig. 9 3h=)= o
¥tk
ol aorsl ZA| N} A 7l of| tha, 3FaF ] <lutof] ek HEAL
Tof 21 4uto] 534 0 2 QI BSPGA AISH=LPGM AIS A= 0] Afo]
(MMlgspa > MMIpap) 7F IR G 0, ASH =] 2to|7F s =%
A= A7 Ao A Klofl sl A= ch= A yebeth 23119 7
BTAIR Bk ZA oA ASR 0] ol 5 ez o5 A
A=A ARt A A = HEks 7Pgsto] Btk o] 7Hgel wh
B RE Al ol A AR RFR| %1 0] 79 2|2t 24717 km) of]| EAHk=
onrad o] 328 REAPH 0 2 2R851 R, 212 Almof| A ARt 54|
Z16] 9= Hep A0 R B (32 km) o] F-8 WP O = 2-8-51517]
o= ST T3 =R X 0] - AR oA Kk G AR AR
& U= o2 A5U(S km)ofA AR A7 F 8- O gl 2=
AFAZHS km o|H))& 78-H(Fig. 92 Sg1) 7] Wiz 7ot
o[e] Eol= ZFA| R} AR O] A= A= 0 Afe] Yl A
R ZHo) o5 7ol EATH] AT Y802, R A Q] oA
A B et ARlu) A4S Faf S olop & Alofek ey o]
EooflA] Fagt 2 A1 e] 2 Zlol= =9]o] Al A =[10] =314
7Aool YAk E - ivhe WS Aotk webA 35 S ol ARk X
E"ﬂi—“ 7HH”\]°ﬂ— A28 Zlo]of| w2 R =24 Feke] HIlks v

g :10

o

2
O

[o
o _{{)p

¢

f

ﬂl
it

Aol A ARG St AR iRt AlS Al g A o] thtit 4|7
Aol A-go] 71E3t Aol tiEt ARE flsl =2lollA AAlE PGM
(PGA Z2PGV) A 1}E] Bl L H E5 255IrhFig. 10 7). H]aL
e PGM HAA S 2= et A 112he/d 54895 2 vl= AR, 54
E 314)8] So] BR-E|Q)T) Fig. 102]2006 Wald[15], 2007 AnK[21],
2004 KnA[22] 412 Z}7} tieFst X 218h5/d S s 4= Q= vl=h
AR, S, SRRl disf AdE ASXE F=g4o]tk Fig. 10004
2007 AnKA]Z} u]=k USGS Q] Shakemap[15]9]] ARE-EIL Q1= 2006
Wald A2 MMI V £ AAZ slo] A& T2 71872 2H= o|% 7187
(bilinear) A& 274 4ke :X‘_EUM Fig. 100]= 2| %I8} Zofo] =
A7)0l A3, FAE A 918511 Q)= Guntenberg 2} Richter[23]
O] PGAS} 7l #A A= LPEHHC’E ), 3 A1 MMI X 9|4 2006
Wald 2132} AR 312 Yebda & 4= ek (Fig. 10(b)). BSPGAE ©}-§-
S AE=FA AL =) AR7E lof Bl = gigich

aa AR, S5 9 SRR o gk ASR = TAA] 1He) 4
ke Ao A Ao ol7h sy, w7t sobA4E 1 3fo]7}
ZolEr}= Holt}. x| 9d o) o] gkl 0] ATk n|Z SH 2] o] A
o] ARA| o] Al Wt Bt Ak E]o] e Ahe oz 2

>~



14.6cm/sec

——This Stud
/ (MKL_class4)

B Data Average

36.7cm/sec
(EGS site)
|

|
KnA(2004, ENA) /\AnKQOOT, cus)
| /\/

-2 -1 0 1 2
log10(PGV(cm/sec))
(a)

: T
— This Study 0_38g /
Bl Data Average (EGS site) N 7

— — Gunnberg-Richter(1956) ‘

MMI

Wald(2006, Shakemap)

10

0.58g
(GSPHA, |
MKL_class4)

A

>

K(2007, CUS)

MMI

[4

Wald(2006, Shakemap)

2/

1

P
/4

log10(PGA(gal))
(b)

Fig. 10. Comparison of the derived instrumental MMI relations for
PGV (a) and PGA (b) with those of North America region

R 2 AT Holeh, 55| PGVS] 49, MMI X 404 4
o8 7157 2744 212) 7o)} o] 2 2 22 91k MMI X 2] Z/c)
A ol AR ANE AR ol 8 HE A 7
o7} Eo] Bz O] A], MMI X of thigh 2| 219] w15 B A 2] Hel7L, W
2 Ao w8 At 0.2 7] w0 2 S, R AT
A19] 374 @2 = AR 9] et A E T A9 S| Adsk= AL
2 ool Slck. S MM X & tf 21 71e] th 2A ele] Al 7
B-7e] HelollA LERd 4= Sl A 2A|, ASHE 3749 A7
Ao 2 Viobd 4 91k, e ASAE 240] 9Ajo] QT % 4
AZEEA S mefshelekn it A 71o] thet A lske] Azt A o
YRS F2 2= PGV PGAC] B3| A2 & RA|FHEA ol o]
7] GRS A ¢7] dizoll(AlF=tol] tht 2w} wte] A7) whizel),
PGA E"% PGVE o]-§5t thit 2] 7lof| thgh 2| o Xte 374 e 2h i
P= i oz HopA|A Hrk
hA 2 AtoA FHE PGV BAX(A] (2))2 ol85te] BE5AR
Zd) HAQJAMMI VIS 2351 MMI X 7HA] €)4d(extrapolation) 3l =

330

H TR A& 2= vl A YA, 5 55 MM X of tigh
A2 TehE WS A7) Yo o3-S & = UtkFig. 10(a)2)i

). whhA] & Aol A =] Fti ) Kol ol 54 H PGV-MMI
% AR it 27l gt ASAE g o2 elifslo] AMgste]et
T A=A @A AA] ¢Fs A0 R A Eh

Fig.109] (a)oll A & = Qla= v} 2o, & Aol A 7L PGV-MMI
220 n|3o] £12(2004 KnA) L A5(2006 Wald)2]2] 37+ A= o]
ool Bxshe, Hrt Aa 0 1= vlat 52004 KnA) 2 S5 2]

A 4(2007 AnK) 9] Z2F Fof| tfjefal o & Farghs o 4= Qi o]
gl 2aute] s vl £5Re) bzl 217 8
A ]@,(Stable Continental Region) I} -G-AS = AWk2] ol #4late o

L 9lollA] wl=9]
AFeF S A o] Tlrﬁll*—lol BARSE ‘5*\*011%31 M% AI(Fig. 10(b)) %
2ujzte] 2| ao] mite] theret AAak o] et A ale] ol
Yol ZAigtehe Aok Holslebe, 1 1ol 45 PGA T
£ 0] g3kt A 2o] HEE MMI VI o]4}0] w2 e Az s
7}a 20 2 gk o|Afo] Aukiie] w5 =S40 PGA-MMI
27 Ale SHofollAf o] AEA AT SARA MMI VI-& AAR 3 o)
71&7|(bilinear) 4]0 2 ¥&E 7 © 2 oAlEch

Fig. 100]= 745 2 A YA MMI=VI & 378 5= Q1
Aol A S AAR O] PSS A FAISHAL Tk ‘EGS site’=
SRR YA QIR ZFRFUAL AFRR| ] A EHA TSE
Apg[24] 0™, GSPHA = QI3 =7 kAagAbe] Faflke] o] Hieat
2515 &3l 427 Fholck MKL class4=73 X]Xl HEAA] 01 33T %]
ZAFL ALY T=40) ARE Class D A EA[3] AR E HESH v
sl g 5415 telolel gl ot 1o L—‘;T% PGV-MMI 57
A2 Tel], PGA-MMI 35412 0|5 7]27] Alo] Hrk 21t 444
02 SIS 4 9 A ARE AN,

BSPGA A LE3AA10 B2 Q] Ty} 74w 0] L= 7o) &1 ko)
4, Fo) A% MMI VI oJ40] thifs 2|e] e Hwsg 4] PGV ek
SAFs BSPGA-MMI ¥4l S4410.2 FHgo] sttt S4ul,
BSPGA 74X PGA BR8-S AM4310 2 PGA-MMI 2] 0]% 7187
K] 73S ] WA 4 GLom, BSPGA FA1e) Hch Algkghe
MMI VI~V Hehelc

N
‘»
=
JI)|I
I-rl
I
0X
1z
10
gk

2 ot
AR1o12imtge] 2Tglel PGM(PGA 52 PGV)S 2
A2 BSPGA 9] FH-AghE ol 83t AZAE 740
Chct A B A o /s ahiE, AARKE S-S At 4 A1s3)
0] e ole & 4= Glck ekl A7) A e
Apo] W] H o 4= ks v} o] POMS o} g3t AZAE 24e] 0.3
EBSPOA 15 3425 e} £ 047} bl w5 27134
S AL, R 7)o wef oAt 3l 912t F 3ok s ¢
Wb 9o lm gl wet Aglsich g4 gl



2 9-H426] 94 BSPGA+= CAV(Cumulative Absolute Velocity)2} '@
R AA(A (7)) EAREE & 4= Sl=tl, MMI=V, VI VILO|| cgh
BSPGA 4] (3) 083101 ARIELT, 4 (1) 0} 451] CAV 2 2hila)
W, 217} 161.9, 365.1, 867.3 galsec 2 AXFICE 2312 161.9 gal-sec
(=0.165 gsec)=NRC7} A|AJat Qut 225 9 7]7]9] a3 Tt
=l greol{27].

CAV(gal.sec) = 107045129 +0.97325xl0g 1 0(BSPGA(galsec)) %)

ERH - Aol A AAIE BSPGA 9 PGA AS7I = 37412 MMI VI
o]ste] 7Z--oflgt Z-g-o] 7hsshrtar TtEm, Stk o] Z|X1ef| &la)
ZAZlA ol dEl= MMIVIL oo X% =4 o= PGVE Z-&3t0] B}
e A o= gl 58| BSPGAE 83 2=9 PGM& 283t
== FA ] HRA(50~150 km)oflA A& thE ASHE=E AAE 4= ¢l
=, ©[=BSPGA e A9l of A&ARE 5l F4d = whe] ofjuf#]
&= e 4= Qe o] QLo PGM A= A Rlufe o] Z|ojgh vk =
A7E7] wZolck E3E200 km o2 7] W ejolA=Fig. 8| A%
Ao} v 7| 1 E(Reference MMI) 2] ZfolojA] & 4= Q1= e} Zho],
PGV 3-2BSPGAE &-83F F2PGA EE} AE A= 24 025 7}
AR 0z otk o] 4--BSPGA Hih= 71 A 2 5ol nigtst
7\] %%E PGVEARESLo] A= E 45 P% o] FAA 0= Aol Ak
ek
fi%ﬂ 2 Aol AXE ASRE 24 S22 (1, 2, 3) ¥ A
oflA[4] AAIE FA AL E o]-8-5to] 79It A= FE = FA|
7.0 2 Wgke 2| %1}y Ahmof el 482 79, BEAA Q9] F9 4]
NS ke vl 282 = Lo, FAIEA o] A wA| o> WA}
2ol Iz A8t 7§—r°ﬂ% g FA| 2ol gt =521 Rl
%%‘?z 4= & A0 ekt 3 =
a5 AlAE e, shgAbEe] FA R
PGA Z}oli= Z|of 108, B+t 2.5, ‘Eéﬂ"' x EEHEAP = 3.54] A= ¥
t}. o] A9 Al (Dol w2 ASA = A= 27 +2.0 MM, +1.0 MM,
+1.3 MMI A% A A= 4= 9Jch
E3} TIoFsh AHEA| (A E ol WP ZAARA 5SS = EH
0] S5} Felo|AT= go] e 7o SER S A0 5o
A2 Q1 ARIeAE F3 AbAol UL Q= 7Sl A|X1Q] HFE-A o
tigt 2| x1w}o] o AH E R 0 2 R E Parseval 0] A 2)E 0]-8-510] 7+
] 7]9kN([3]2] Class D)of| thgt A4t 2191 PGM &) F-35-8-5 AT =91
o} ) 3o 4 T E PGMS A12] 57 A o] el mgstel
2 Ajojo] etajol 21EE Fse o] BT 4 glck olelt e
S A FYU RS 26T
Rl B8, AR A o Bal41o] -selo] Sick

o oH

_Lﬁ

= AT AR

e rg

3.2 E

B QAo AR 9 ERAR B0 B A A8 4 gl

ASAE 344 3714 $572 A7ks wihilE/(PGA, PGV, BSPGA

JIN’

= SH2 XITol| ot AST= FYA A7

(Bracketed Summation of PGA per second for 30 seconds))]| tij3j| A
RIS o1 18] T s 4121 chEEMMI Y -3k MMI VT -]
of Slh A PRl E257] 918, 7148 e) 2ok el A 1)
E—% 2 Ao} USGS ] DYFI(Did You Feel [t?) AE=2 EA]of o] &30
A1 A HgES Al £ A2l U 1] HRe AFAA
29 0] uh - Afolaleiek MMI V 51 VT el SR8 Al
=E o] &3sto] 37119] A7 vt S EEkl o, o] A} 7]E
TH4]2IMMI I~V #919] 20 efle Pt ghs SAlol o-8sto]
A7 AAE AABETE AAIE A Aks o]-88to] 77 gl sLakx|%lof
thet X5 A7 IR At A% 0] 79 X1 74| F4de 2 uERi L
o1}, A ] HQofli= 100 km oJAoA] 71AP Y] HaE Ar-A =
ZHFig. 22 KMA Annual) ot &4 Uebydth 352719 Z9oll=
MMI V 9] 7174 7} SCR(Stable Continental Region) Z|Jof| 4] 9] gk
T-FARE A © 2 2QIE o], SCRA| &) thIrA|Ql AR 0.2 HEE gl oL,
SEFAZI0] Zfoll= GHFAQISCR A2 MMI Vi 9] T} w9 F-2-
Eolgt AR08 ek 7 o 7 Hrle| ik
o1&2] T 725 o2 A) ejaol g ERAIT B AFA o] ot
A2 21w} 714 s o] 2jolof gt g Al =5t flel, el 23S
o 2AE Ad Al 2 Au} AY AR BE(Fig. 9)S AR50, 3k
PAISE 2 el e gl A2 Q1 Al A Fal] =helE vt ekl
kg
ERE L Aol Al A AlS TR AR S 2 vl A S
S5 A ol sl 7H‘:‘PE] Al e g A, 2 Al A9 PGV e o5
% *—I% ol= FReLF 2|0 K= 244 Goatolo] Fazsiglon,
X A 52 4102 ol S e -1 A0 wek]
ﬁu}. HHE PGA 21 6 24)0] 2/e) 7 24 2L MMI VI 524,
MMI VI ofoflx] e 375 410] 718717} the ol 541 9] 7lidte] L ast
Rl Al
EH3] ASA = 3PN a7t iAoz w2 A3lE gehi]E gl
BSPGA= @A) 2 (28] wha} PR = Foe= 2F 60074
O A& AR7IEE ASARE o188 4= 317] lZoll, T MMI VI
oo Aol gt A A E 240] AlZ|wr} 27k Shelgic 2|
AA] A1 et e AEao) $-8e1) B 4 918 Ao

ek

r>~1

-

HJI

o
ol

_g

rﬁ

o

%)«

~

el = /

%h-—r—__z A FO G R Al AT Qe 7R s ATV A
AR5 2|21 7170 AR KMIPA2016-3020)° 2] U5 2| o] 4011 ES
QU T3 FFAZ Y 2R R gk gAIeE e A AR E

ARl =4l 71878 FARE EEAE A= Y

/ REFERENCES /

1. Yun KH, Park DH, Park SM, The Statistical Model of Fourier
Acceleration Spectra according to Seismic Intensities for Earthquakes

331



EXTSEE =2 | 228 63 (8

10.

11,

12,

13.

14,

15,

332

& H[1255) | September 2018

in Korea (in Korean), Journal of the Earthquake Engineering Society
of Korea, 2009 Dec;13(6):11—25.

. Yun KH, Park DH, Park SM, Instrumental Seismic Intensity based

on Fourier Acceleration Spectra of the earthquake ground—motion
(in Korean), Journal of the Earthquake Engineering Society of
Korea, 2009 Dec;13(6):27—37.

. Yun KH, Suh JH, Classification of Seismic Stations Based on the

Simultaneous Inversion Result of the Ground—motion Model
Parameters (in Korean), Geophys, and Geophys, Explor, 2007;10(3):
183190,

. Yun KH, Lee KR, Lee IT, Development of Key—technologies for

Rapidly Disseminating Earthquake Ground—motion Effects, Final
Report of Korea Meteorological Institute Project (KMIPA2016—3020)
in the Earthquake and Volcano Research (in Korean), Korea Electric
Power Cooperation Research Institute, c2018 (to be published), 334 p,

. Earthquake Annual Reports for the years 2011/2012/2013/2014/

2015/2016/2017, Korea Meteorological Administration, Available from:
http://www, kma, go kr/communication/webzine/earthquakeyearly.
isp.

. Seminar on the analytical survey of 9,12 Earthquake, Gyeongju Hanwa

Resort, Korea Meteorological Administration/National Institute of
Meteorological Sciences, 2016 Nov 16; 58 p.

. Choi MK, Park SC, Sohn DH, You SH, Sun JS, Cho SH, Intensity

Analysis of the 15 November 2017 Pohang Earthquake (in Korean),
Proceedings of EESK Conference, ¢2018,

. M 5.5 — Tkm WSW of Heung—hai, South Korea, Did You Feel It?,

Awvailable from: https://earthquake, usgs, gov/earthquakes/eventpage/
us2000bnrs#dyfi, last accessed on 01/06/2018,

. M5,4 — 6km S of Gyeongju, South Korea, Did You Feel It?, Available

from: https://earthquake, usgs, gov/earthquakes/eventpage/us10006
plf#dyfi, last accessed on 01/06/2018,

Atkinson GM, David Wald, C, Bruce Worden, Vince Quitoriano, The
Intensity Signature of Induced Seismicity, Bulletin of the Seismological
Society of America, 2018 Jun;108(3A):1080—1086,

Johnston AC, The stable continental region data base in the
Earthquakes of Stable Continental Regions: Assessment of Large
Earthquake Potential, EPRI TR—102261, Electric Power Research
Institute, Palo Alto, California, c1993,

Yun KH, Jeon JS, An Earthquake Felt Area and Magnitude Relation
in Korea (in Korean), Proceedings of EESK Conference, c2010,
Yun KH, Jung EJ. Criterion of Ground—Motion levels for Post—
Earthquake Procedures based on the Seismic Intensities of Korean
Earthquakes (in Korean), Proceedings of EESK Conference, c2016,
Yun KH, Park DH, Development of Site—Specific Ground—Motion
Attenuation Relations in Korea — Examples for the Nuclear Power
Plant sites, The 5th International Workshop on the Fundamental
Research for Mitigating Earthquake Hazards, Jeju KAL Hotel,
Meteorological Research Institue, ¢2005 Dec,

David J, Wald, C. Bruce Worden, Vincent Quitoriano, Kris LP,
ShakeMap Manual, Version 1,0, U, S, Geological Survey, c2006,

16.

17.

18.

19,

20.

21,

22,

23,

24,

20,

26.

27,

28,

Park SC, Choi MG, Review on instrumental intensity scale using
recent Korean earthquake (in Korean), Proceedings of EESK
Conference, ¢2018,

Xiaobo He, Hong TG, Evidence for Strong Ground Motion by Waves
Refracted from the Conrad Discontinuity, Bulletin of the
Seismological Society of America, 2010 Jun;100(3):1370-1374,
Rhee HM, Kim SK, Crustal 1-D Q—structure in the southern Korean
Peninsula (in Korean), Journal of the Geological Society of Korea,
2008;44(5):329-643,

Chang SJ, Baag CE, Crustal Structure in Southern Korea from Joint
Analysis of Regional Broadband Waveforms and Travel Times,
Bulletin of the Seismological Society of America, 2006 Jun;96(3):
856—870.

Sugan M, Vuan A, Evaluating the Relevance of Moho Reflection in
Accelerometric Data: Application to an Inland Japanese Earthquake,
Bulletin of the Seismological Society of America, 2012 Apr;102(2):
842—-847.

Atkinson GM, Kaka SI, Relationships between Felt Intensity and
Instrumental Ground Motion in the Central United States and
California, Bulletin of the Seismological Society of America, 2007
Apr;97(2):497-510,

Kaka SL, Atkinson GM, Relationships between Instrumental Ground—
Motion Parameters and Modified Mercalli Intensity in Eastern
North America, Bulletin of the Seismological Society of America,
2004 Oct;94(5):1728—-1736,

Gutenberg B, Richter CF, Earthquake magnitude, intensity, energy,
and acceleration: (Second paper). Bulletin of the Seismological
Society of America, 1956;46(2): 105—145,

Grigolil F, Cesca S, Rinaldi AP, Manconi A, LOpez—Comino JA,
Clinton J F, Westaway R, Cauzzi C, Dahm T, Wiemer S, The
November 2017 Mw 5.5 Pohang earthquake: A possible case of
induced seismicity in South Korea, Science, c2018 Apr, (DOI:
10.1126/science, aat2010).

Pohang earthquake, big concern on activation of Yangsan fault
zone, needs of cutting Nuclear Power Plants — Needs plan to cut the
Nuclear Power Plants in the south—eastern part of the Korean
Peninsula (in Korean), BreakNews, c2017 Nov. Available from
http://www, breaknews, com/sub_read, html?uid=542298&section=scl,
Yun KH, Study on the Use of Bracketed Summations of the Peak
Ground—motion Acceleration Per Second for Rapid Earthquake Alert
Notifications (in Korean), Journal of the Earthquake Engineering
Society of Korea, 2012;16(1):37—45,

U.S. Nuclear Regulatory Commission, Pre—earthquake planning
and immediate nuclear power plant operator postearthquake actions
(Regulatory Guide 1,166), c1997 Mar,

National Emergency Management Agency (NEMA), Guideline for
installation and operation of strong ground—motion seismic
instrumentation [Government Legislation of NEMA No, 2010—30]
(in Korean), c2010.



