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Site characteristics and classification of

seismic stations based on observed earthquake data

Uk 3" A 3”° I
Park, Dong-Hee Yun, Kwan-Hee Chang, Chun-Joong
ABSTRACT

The H/V ratio (Horizontal to Vertical spectral ratio) has been used to infer site amplification
without previous knowledge of near-surface geology and in fact may provide useful general
site condition information. This method is used to classify the site characteristics of seismic
stations in Korea by comparison with known H/V ratios representative of various sites all
over the world. In addition, differences between horizontal and vertical kapba values were
evaluated for each seismic stations by comparing H/V ratio and Weak Motion amplification
derived from inversion of stochastic ground motion parameters and were used as index to

quantitatively classify the site characteristics.
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E3 HRA stz gk 736}04 FRAEARAE FAH3t=H 7HF del ol&HE Wor,

all
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2.1. o] &x WA

AA7ES o) &7 BAATGY Hrte WAL SE o8 Nakamura(1989)Ve] @7 o
3 AU, dutyg oz X FHPRE LS FAYERG HPo] I3 softd WHE FH
3l Aug o) Xzte £ L 9xo s zo] ¥ Awte] FEZEFHE YEIIAG. 1
U FANRL FE230E FAE £ o bEtd FEAEH AR 2HEY HE ol &3
A B FZaAE gddn F&3HA4 g & o,

Nakamura® '8¢ Ohmachi et al(1991)®, Lermo et al(1993)¢) o3 2 azxs T
e A2Hoz HEHYoH Seed(1998)? B& Nakamura W& Sut 7| E& o] f3td B
AZZ g7g Faled ALE F ASS FHHAL

H/VHlE AREY Feo 24EYS Fo+ dE ol &do g Zo] 78 & U4

log (HV)=(log H,+ log Hy)[2—log V (1

A71M, H), Hye #34%< etz Ve £34EL Yedd.

Chen(20000®9 ojatd H/VHlE 2dEd 24 A4 Fd8A g1 A% $=729 2
So g FEAN Amp(f)Sh ANEEZ Aw B4o] 4@ nFF4 wAY 24 kappa( 0
Gehd £ e, Amp(N)E & kmel AZAAA S 2 JF FE X, % A & mol o
# 2% z35) daAA Jedd 99, 2594 248 59902 adRd £HHEe 1
Fo¢ #HAEA xx7t FHAAEY 2F A FHASHY xp BT 20D HRE F o] AFH
02 H/NV 29EH vdHE AL FHAES #AZEY xgAo] xy—xy(kappa difference,

o3t xuy)olth B HNVE te 2ol vehd 4 g,

o

HI V() = Amp(f) exp (— mxf) = Amp(f) exp(— nlx g_x1)f) (2)

Xgp © hard rockd} o]l H/VHIZE A9 19 Aol FHed BE £FHEH AL
28 4 A%l A FAgEE 00)AY 04 M3t W) softd AREFE THA =
BE29 N5 xy7t TR FFe ] E FS THAA HEE x4y g0l 0T AAA

Ao} oo} o] xuyE AWEAO] softd RFAYFE 2 gL AND ANSH BE RAR

B ATNA xup € T8 918k H/VH] 2HE#T weak motion THEFAL] AolE &

e e ALsAn FE 2 3 A2 WAA F SNu F& AAAEY 44 Faa
AT PR G AFEAS ALY & Atk oFA ALY 2BEIL nF% P
MAE Aoz wel B3 BEae) 43 W78 AA=YH o= Fas tGelA Aol @
gachd o AoletEe RAmTY B £ glen o @ol ANAZTEAAE UHP AL weak
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motion?] BAZFEEA, Ay (/)2 FAh &9, H/VH 2HEZL x,, & Ngdslez o §
2¥HEY vlasty o3 o] vl 5 it

%=exp(—ﬂ( xg—xWf) (3)

%, BAER} e #5LE F
37t QeBE x4y 2 00 Hol Agy(f) & HV 2HEJ(Agy (F)L SASA doh 28
U AR FFEHI e B Agy(HF Ao)7t RASA g o] F AHEYS
o)zt A FEE Appf)E BAS FH xS 78 5 Atk

A&l FALEY v FFE oA Fotd xy ol

™

22. H/V v ¢} RASAHA o0& gFF

Chen(2000)2 Zt7) & AARAFx &3 ¥ 6719 AY, 9F 5FH(ENA), B LYo},
Atk AF3MB.C), 48, BAZ, B7] AF st A=A BG4I H/VHE o] &3td
B2} & 1} (site effect)E Q7853 t).

Bade Xzt £x3Fx9 Wx 9 53] shallow surfacett surface soil sited] F&%E @
o022 AR Awte] AFAgH FuE zestojof ¥k E 19 Abrahamson®} Silva(1997)®e 4
4 ¥ Geomatrix site2FHE& ol 4% A A&H e 4 47 678 (9L Ay 2L ¥AE
A& 7HAY, Ayl Eol X HE rockd EAE YElE A/B, B.C.¢ ENAY very hard rockd
Ay EL rock 54U A9 soft A& HolE B/, HAAAS EIlE 4 &4 hard-rock(A), soft
rock(A/B)Z EFFAN LR FHX Yol NP2 A/B, C/DE EFEHA

® 1. ¥4 ¥ Geomatrix®l %% £F(Abrahanmson and Silva, 1997)

Site . Site .
class Definition class Definition

Deep soil in narrow canyon : soil > 20 m
thick canyon < 2 km wide { V', 180-360 m/s)
Rock( ¥ >600 m/s) or very thin soil Deep soit in broad canyon : soil > 20 m

(<5 m) over rock D lthick canyon > 2 km wide ( V, 180-360 m/s)

Shallow soil : soil 5-20 m thick over rock .
(V. 360-600 m/s) E Soft Sail ( { V', <150 m/s))
o

Ay Hard rock( V> 1500 m/s) c

A

B

* A/BE rock, A/BE soft rock, C/D¥= deep soilZ #F

Chen(2000)®¢) olat@ H(2)sh 2ol o= #E2e H/VHIS BX9 257 248 dege
BEAD (= xgy) RS UL oW EAZEGSE Amp()E F4E + Qo) $euae 2
o] AABEA] AFIZHY AW AH AR QE AN HVAE BAZE E%E
AFsted B FEHo|TL 443 B/} Bk

Chen(20009€ st4 H9¢ Px854 EF7 HolE 6748 o] tiale] ojn] A7 o]
Ae BAZEER Amp(f)ol xake BEOZA H/VNE FAUG 2 A4 Amp(f)d) xE
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(@ ® © @

28 1 678 AARAFZ 294 H/VH(a)$ olH AFoA A" E(b, c, d)

A9 29 1@e ZAgolA H/VH Fosd o FAF JZo ZASE H/VHE hard
rock/rock site(ENA, B.C., WA 3), soft rock(E]7]), soil site2 YBY QA FEAr} soil sitel
firm soil¢l BC/YE, AB/A#]¥yo}, UvkAQ s0ilel C/D A EYo}e} soil-rock mixture(A/Y
)2 bA BEFEd. #2E H/V "9 EHL & Zo] FXFEA 2 ¥

1) amplification peakt hard/rock, rock sited+E LFI4¢ dlF L 7 & wHd ] softer soil

A4 E @Fe FaF Yoz o] F et

2) amplification peak®] ¥ °]& hard rock/rock 4% F& Fohs YAE 7= wdel soft
soil AFLFE WL F35 HHYE 7M.
3) hard rock site 22 FEE& Holx 4 soil site® & FEE R0

FA9 EAd ©E FE9 dA4E UYEUE 949 22 4FAL 4 bgE BAd gEx
24 Fikd Zolgke 7HAE otdldA e Il AA@ASZAAAM 71EE H/VHE o439 AZ4ZF
F 3ol BA diste] nH Bt

TUAA 9T dF-E2 AABEZLEL FAEHR7 A4S hard rockel AA =] ¢l
AN, dE BRAE vIALESY ZE soft A AAH glo} ANEA WE FANFEL Hol
2o a2y T #E5AE B Eand dg dFE of3 uEEH dAololAM AAARE &
Nt §4sted #ALTGE A gAY A8 4L A Eie 497 dERold

ol 23oM e I ANAZAEY EASAHES Loty #dto H/VH AHEH d43
AZE A% FAEALE EF3AAT o1& A 428 ol &3t Amp(f)dl x& F3
o MlolA M257hA] 25709 REE& MAAATHE 2, 2" 1 (b), (o), (). ° w, o]&d
Amp(f)E Chen(2000)®4) #AFe}] & ENA, BC, B, #A=m, ABA, A Xjol A/B
C/D Age AEE o &3ATt. FUddAM 295 997 #FL0M 7129 AA7NE F S/Ny
7t 30142 718E& Addd #54E H H/VHIE 789 A¥MEY HAd AZEHE 73o
AAE 2570 2l ~29EY F4I 247 v HHe R g FIYUT
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B 2. Amp(f)t x5 F59 AT 2609 RAEA 2

« ENA B.C Japan A Mexico Turkey | California A/B| California C/D
Amp(f) | Amp(f) | Amp(f) | Amp(f) | Amp(f) Amp(f) Amp(f)

x=0.035 M1 M4 M7 M10 M13 M16 M21
x=0.025 M17 M22
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E 3 PAZEEH 293% 3 AQBSLY RAFE
Chen(2000)e] o 674 B BAo] chste] 73

2X 25
B/EA
=1 site S4 [kappal(x) -
M2 ENA i 0.011 HAK, JAH, JJU, KUJ, PCH, SGP, WON
M 3 - hard rock L CHJ, CHN, CPN, DAG, DGY, GKP, GSU, HDB, INJ, KAN,
o | KRB, KWJ, NPR, SAC, TJN, TOH, WSB, YAP, YOS
M5 B.C. o BBK, CHC, CHS, HSB, KOH, MAK, SEOQ, SES, SND, ULJ,
. rock 1 WAN, YGA, YGN
M6 BGD, CGD, JTU. KIM
M7 Japan : A(rock) .| AND, EUS, HKU, HUK, KMC, KRA, KRN, TAB, UCN, ULS
M 10 Mexico : rock | CHU, CHY, IMS, INC, IZH, JEC, KHD, KUS, MOP, PUA,
o T SNU, TAG, TEJ, UJA, YOC
M 13 | Turkey : soft rock | ] CHA, KUM
M 16 BRD, NAW
M 17 Japan B/C & BUY, CHI, CHW, ICN, SUC, WSN, YOD, YOJ
M 18 California A/B CHO, WSA
M 19 firm soil WSC
M 20 KMH
M 21 | BR2, CEJ, HAC, HAN, KMS, MAS, POR, SUW
M 22 California C/D JOU, ULL, BOE
M 23 : soil POH
M 24 ' KUC, SOC

10
AP 0.1 [X}! .14
1 0 () s 10 1 10
frequency (Hz) frequency (Hz) frequency (Hz) frequency (Hz)

1 10 1 10

o 10
frequency (Hz) frequency (Hz) frequency (Hz) frequency (Hz)

I9Y 3 TY% FAEA EdE FRE #5329 HT H/VH

o] nF3 FAH(x) Aolo) A7 Ak 7

He

24. 73, 34

ol "olae F AABIA 2MEY 4} T Jo 2ASHL
¥ YEAQ 2de ANSAT od AAE Boh FRHA PHoE 7 $AEe
k71N 7E S et mAF Reth

HB)A A Agduts} Zol xuypv FATZFER R A vABHE AAE F2 /Y
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st Aoz 19 49 1Y 5= I A48 A8 RHelth 27 49 ()TN, (b)KRA #
Z4E weak motion®] FEEAG3N H/VHIZE A Fos digoA AT o] x4y 7t 00l
aebA] RS @2 B APHH AR e FEEGo] BolR Y& hard rockelzt ¥ F I
. 23y 29 5(a)g] CHO #3549 799 weak motione] & 3 Hz o4 nFms dig
AN HVED & FEZEAE Eo F 2HER Xo|7} 8L & 4 gtk z28d, 29 5(b)%t
2] weak motion 2¥EHE H/V 2HEH fitting AFH FEHALE AANSE x4 & T

i
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ki
fir

H]

& et o1t Zol FEAA xuy RS VFCE BEHAEI, O, I, V 4 5528 BF8 25
7t & 3otk ¥ 39 V&L ZAF #E49 AR Ay nHFEY A=), #H/4A4E
AEHL Aol & FEAHZ X E7 A}

TIN KRA CHOHV ‘cHO
10’ == 10’ = 10 ¥ szt 10! X
1t — H % - ] 4 j
01 bod
] iR » v !
N e
L i /
=y Ny
a!m" i 1° 2 10 L= ] 10" -
E f (m
" K 1 $0.D
W ™1 het
| . Kty
[y 104 0 y 9 10°
10" 10° 10! 10° 10 10 b ) it 10’ 10* 10!
(a) (b) (a) (b)

I 4 xgy =03 BE29 o, —+-: HAZAE a9 5. (@) xgy *0U BFAY 9. (b) weak

o} H/VH], - - &35 H/VH 9 moion®} FEEAHE BAso 45
*1o, - : weak motion9] FEE4 829 QAANA x40 & TH
E 4 xgpl @2 AWNEH £F
28 254
| BGD, CGD, CHJ, CHN, CHS, DGY, GKP, GRE, HDB, HKU, ICN, 1ZH, KM,
xp—xyv=0 KMC, KMH, KRA, MAK, MOP, NPR, POR, SNU, TAG, TJN, ULS, WSA, WSN

T
0< xy—xy <0.003 | BBK.

" BR2, BDY, BUY, CHI, CHO. GSU, HAK, HAN, HSB, INJ, KHD. KRB, KUC,
0.003< xy— x, <0.01| KUM. NAW, NAW, PCH, SEO, SES, SND, SUC. TEJ, ULL, WAN, WSC. YAP,
YGA, YGN, YOS
AND, GEJ, CHA, CHU, CHW. CHY, CPN, EUS, HAC, IMS, INC, JAH, JEC,
JJU, JOU, KAN, KMS. MAS. POH, PUA, SAC, SGP, SOC, SUW, TAB, TOH
WON, WOC, WOD, YOJ

BOE, CHC, DAG, KOH, KUS, KWJ, UJA, ULJ, WSB

v
0.01<xy—xy

&4, Chen(2000)®%= 4 HH® 6709 AAATF2 BASNA kappazkd] residuale T3 3
TR g J&EAHL AFstdo. hard rocke 7ZA$9 o] vl Mol e 9ol kappa
residual& 719 0ol ow FE EYHoIUT Y softd AMENL AL BHadANE
kappa residuale] ©§ & ZA JElgton RO o &2%& AASIGc Chenel ZE B d3E%
of &3t X 404 M, VO 2ol xup7t HIZH E & 7MAE & 529 AYBE 0]4 8
de 53], vjdy¥ EF47 4ol teAH ASFZ A didle Fostdor & Aol
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ol AFdNME AAFEAFL H/VHIE ol &3ld FUl ARBZ L9 FARED @& xut
Eg 2R st F kA e A&AA.

wx 2HEHe] AT FKe] EHE FHEHE RAEAHELE JYele 25719 ol&HU 2d
€ AN T AA#EFLE H/VH 29 EJS ulaste QA A4 HE 2dg MAS
Aok Zu 997 BEA9 BX FEZEHLE A 849 FAR EAEAS /e Rd2 Uy £
llen hard rock site 53¢ UEUE #2AE 26%F, rock sitex 44F, firm soil2 14E, soil
€ 13% BEH2o)Ur)
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