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A Study of Response Spectrums and Characteristics of
Time-Frequency Domain of Microearthquakes in the Central
Part of South Korea
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ABSTRACT

The microearthquake and explosion events recorded in the seismic KNUE(Korea
National University of Education) network were analyzed. The seismic data were
recorded from Dec. 1997 to Dec. 1998. Total of 118 records consisted of 24 earthquake
and 4 explosion events were instrumented at 6 stations. Spectral values increases as
magnitude increases, and the predominant frequency band expands to low frequency
zone as magnitude increases. Three-dimensional spectrograms(time, frequency,
amplitude) were also synthesized in order to discriminate microearthquakes and artificial
underground explosions. The waves from microearthquakes show that frequency content
of dominant amplitude appeared above 10 Hz and the discrimination can be performed in

almost all the frequency domain of 3-d spectrogram.
1A &

A7HA AAAY = de AFE F2 $UPolN BAe IAAL BoFos
A TRHAT o] FRELS A AGE ARNPoR Yol FAA WS ol &ste 7 Az}
Aol el A9 A F7)(return period) st Al 7}5 A2 (maximum possible earthquake)
S A, o gEY ANYH EXE FuMYes sHsE Holth a2y NAYPLe
dUE F7tE YA o8 ABRTE "Yo] T 5 Ho A& F(peak ground

motion) ¥ §&& ¥ E W (response spectrum)g FA3tE o] &4 (predictive equation)&
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Lok el o] & AT ARA /1% ANANEY HY AEF] BFHol

eyl AE AARERLe] AAX SAUBRAY EFSY, ALK AMEY)
9eEZ US NRCY EZ$® A¥EUL A8z Utk 2eu US NRCAM AAsn
Jde ¥2ew 2dEIe F2 uF AR 24T VAL BN F49 Rol
Ak B AdolA AYHoE AojA AFTAHE T e Ao HEse g
Re AAHH AN 2 W B4l A%T ¥ & Gk oo me SR 2
AR N7, AAA SHL RS ANSY 29EYe Agoel a¥HD Yok

Jeg EFew 2"sge ALe PAAE ZAVNBE BHSAY AR
(stochastic)?] AFAWH FA7WE ol gate] WALAE AT 37 SHE =&l
shedl o W Wed WEREE vaXAYIEe g BAL o 9e 4 Ak B 4
FoAdE v ALY Avew 2MEPe] FTTANNA 199795 E 199897
%Y AAARE o2 oo $F 2UERL ToT BY FH5 Aol witsh
Astel 7EE 87 Ad AolTh

2. d=addsa AJd57

HI7tA gwtxzel AJEFA dF dAY 71E HAE 2E AL 1990909 o=
Aol dojthk, EHQ ZIFo2E 1991 - 19929 $Y FF522 3% POSEIDON =
ZAE] d¥oz HXNG JA BEF Tl AT Aag 1943 FH Q7R FAEAN A
A8 FALATLY AP eRE B5E A8E 2 A2 € F Uv AFEAAAMY
A&AY AZ#AEFH AJEF 2L ARLFd g A7 o] AFd AHAJAY AL F
A AR BAL FAY AFAAH U A JEAS BEHY TUHE AAAE fFH
SrHABE 9, 1993, 1994), AT 9, 1997). WA A ot AJBZ LS 7|3H
M Ao Edsn e 12709 BF L9 FFAYATF LM FBEAN &93 2 de
BE2d o3 HEHLE o|FR 1 Qv & F JUTh

SR ARG A= 19969 195 E 240 AAAE A5 AABEE A=A
oH, 1997 649 olF2E AA 67129 #FFLE o4 AJAFTE FFIHL A &
Azt BEFL0 AT FHE AVIT MY 718367 3398'N, 1277 14.00'N)d 22 #F
A2 171, 5 SHT H4W AXYGE 198N, 1277 4443'N)el 4 #54 17], £5 o
AT A AEE36" 4817'N, 1277 474'N)e A4 #F A 17], 3 =T dEE ¢
82 (36° 07.04'N, 127° 1285'N)el]l =41 #&F4& 17], F¢ d4dz €44 A7E66
4394'N, 126" 37.93'N)ell g4t &5 2 17], 5 2™ o=a(36° 3654'N, 127° 21.64'N)
d R #AEHA 1717F Jon oL BF HE & XNIAR AAH F¢ FEAY
o nAaANEEFE #HEFHT A Fig. D.

ol AFBEFHoREH 1997 129 5-¥ 1998 12€71A] 71& € A diolgl & A
3 2 23 FS & Astz 0L oo #F2d JIFE vaA o] F 243, ¥n=2
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Azt 7150] 43 & EHULY ol FFHE T3t A& AA7ES A= F 11874
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+H &¥EH

BT AWF 54E FddAY vig FREY $EFE 4337 Y3y 7
2% E Y (response spectrum)©| £ FEt},

+F 2HEYo@ AFT A7 AgHY AF FRE BAANA ZAAA AdE A
EAZ o oi$ FE% Mdeltt §9 AHEYS BAAGo Y ANBEHAA wlS §48
ol W AAAHLE & Ao AR A9 1 FA $H2YEYo] AiHo Wy
H3 Aok 1934399l Hugo Benioffe A& Adede 7de FHLsdxn 1941d9
M.A. Biote A 3% £ofo 2 &89 HHE FFsH oL vl ZF Ao
A deof 2 FHAYE Hosr] 4A sEd

S 2¥EHY ML vaA ded ol Fol AW g Ay dAFEA
(linear elastic single-degree-of-freedom system)9] Huj-¢Hoz EEY 4 Uk & od
TZ2EY 7lxd YA AAF dF FRE W& 2 F A (damped oscillator)ol
o Fgo] FR3E Lo HAAY 9 o] Aade g SFYRFNL e} Zo] Yehd
F Ao

u+ 2w, u+ lu=— (1) (1)

ol W, wu=FZE AHY

uy = 989 AIFNEE

= dARHE

w, = N2"e 352 A5 S (natural angular frequency)
o] gth. ol E HozRE $H 2HEYSE At ¥YL Nigam and Jennings(1969)
o AE B ot F 4 Utk o] WU £ A ALE 9y AIF SEERY $
FAA Bz HEAHQ At o) Fojr,

FTHAY FFA 7t S MAE A $F AFLEY AHY AgRdE F
8% ZEE ALY + e S99 IFugelth ¢899 Fuge FxE0] Yol &
¥ (maximum force) £ HWY, £t APAYFe Jehyr] o Eo)c},

5 Rddigtud] dXEHe dE AAAE SEHELE ZAH o e &%
71E&& Aol ddtq nE R HES 3o SR LAY Aoy AT F Jon
oJFgA FAE 7ML T AzelEE o) FEta AurtEr $F 2HEYS FAHY = Qo

2 d7dAME F 187 AF 2 i 159 stEE §9 2HMEY(5% Damping)¥

_74_



ZgAystn olg TRER EF3d BEASATh Fig. 28 TE7F 30 o8 AYES BF
@ 2¥9EPL T Aol: Fig. 3& TFE7 303 40 Atolol e AAEY HF &7
¥ EY, Fig. 48 FE 40 0|3 AXEY Ha ¢ 2HEHE 733U o] RE #
27t F7heel wet $d9 el AAE Ae & F Yo FE 30 olste] B 5Hz o]
dH & $8< vehilzn oy 7RI FUtge wg & 98 uelEe AFs HAs
H@olAe A& ¢ 4 Utk ol Boore(1983)7F AAE FRYE 71EE SHEHEZH] He
o FYH A4S Ul Ro2ZA o8 o8¢ A diE JtE= &9 2YEHY 7
dol 7bs e BAFH AT

4. A AFFde] 19

AAAN 7129 o2 BEAEEREH vaANe APALE AASY] 3o =g
AN AReg BeHe ARES T, BEdtool I dWH2R JEAC 7|FHE A
AZEANE FEAN AT FE, T 2, & v V5] AL F A FHA
A g Zee gy EQN BFEstE P, S #4ye A FEY 5 e ol
A 2dad Aol 2y wue o AF Agg AAAA o7 71ES 7]
A &S Ae= gol U

Pl A XA QFZ2 L] A dFE Kim(1994)9 23t Agoz olFox A
o2 ¢EA Qg 2% &% d5S Edse AWR 5P o83t R A F
H2RY 2L FEdgen AN AZE F4 AE2RUE A A 71T A HE
% 4ge degdn Yo £ Kim and Park(1997)& VA JF Hlg o] &8t A&
ZdAz AN wael wh QY AEE ARF &5 U

E AFdMe AF w9 naxe Fuy 4L AT Astd AP NEE F
g4 - Xzhel wak AP o] WHE ZAY B IXAA BZHH RE A2
Fae RS AFsted fEsith 2HMEY FHL ¥ 4% TV AR AL olFAMIE
°]% % (moving window)& ©o|&3ste AaAdch AL F olFL o 5%H% FTHSH

dA&Hog AASE “adaptive multi-taper spectral estimation method”s} Ede %y &

Hgatgo e A4 Id AR gnYFE ol &3t AL - FHAF 33Y 2HYER
age 9= Rtk B dF7HA AHEY RE 24E2a3 FUL Kim et al.(1994)9)
HHe ggon o5 A5 &5 2MEYH FAH

Fig. 5= Zgdigta d& 7oA 712d v42AA 7159 1A 50 Hz7tA] 344 29
Ezade] PEge 2dFa ok o] 2¥e S22 E 10 HzoldelA 71 8 AFo
FEER e £ sk A FRE Rgort B5HUN. Fig. 6& ¥ 7159 J7
32 29E2a9E Jeld AQH o] 2@elA HXo] 10 Hz ol3teA & AFo| #F
H9th o] aPdA BEo] 33y AdEZ YL A BoE FHIEY ALLE F 3
& Aoz B}

3V
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5.2 &

32 mddstz A #&5Fl 7158 ¢ FH A9 AN 9 ¥ 859 &Y
EY B4E B3l o Fay SH4S BYE Bio.

s 2sEYY A FRI Z7HEd Bt 29 @o) AXNE A& B F o #
2 30 o3t A% 5Hz o134 € 29 Y2 Jdoy 727k Sl we & &
%2 Yehlle AFF HH7 HoARlE A& & F Uk ol o]§ ol &¥ Fd Wi 7t
&5 &9 289EYY Yo 7t e BAFI JTh

AR dote] TS A% 3xY AR FHAs 2HEZIYPE AT A v2A7Y
A9 10 Hzol Ao A 714 & AZFo] B2Hon wut 7|59 A4 10 Hz ol3tdlH & 3
Zo] B2t o AN 329 AHEEIRL AN Ung P ALE F
Ae Row we,
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Fig. 1. Locations of seismic observation of KNUE and KMA networks
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Fig. 2. Average acceleration response spectrum whose magnitudes are below 3.0
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Fig. 3. Average acceleration response spectrum whose magnitudes are between 3.0-4.0
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Fig. 4. Average acceleration response spectrum whose magnitudes are above 4.0
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Fig. 5. Spectrograms from average microearthquakes recorded in the KNUE network
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Fig. 6. Spectrograms from average quarry blasts recorded in the KNUE network
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