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A Comparison Study of the Amplification Characteristics of the Seismic
Observation Sites using Coda wave, Background Noise, and S-wave Energy
from Fukuoka Earthquakes Series
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Since design response spectrum does not reflect local soil characteristics, site specific response spectrum of observed
ground motions appears relatively higher than design response spectrum at high frequency range. These problems have
been pointed out from the domestic seismic design industry. Among various estimation methods, this study used the
method H/V ratio of ground motion for estimating site amplification. This method has been extended to background
noise, Coda waves and S waves recently for estimating site amplification. This study applied this method to the back-
ground noise and Coda wave energy. This study analysed more than 267 background noises from 15 macro earthquakes
including main Fukuoka earthquake (2005/03/20, M=6.5) and then compared to results from S waves, at 8 main domes-
tic seismic stations. The results showed that most of the domestic seismic stations gave similar results to those from S
waves. Each station showed its own characteristics of site amplification property in low, high and specific resonance fre-
quency ranges. Comparison of this study to other studies using different method can give us much information about
dynamic amplification of domestic sites characteristics and site classification.

Key words : Background noise, S wave, Coda wave, Site amplification, H/V spectral ratio, Resonance frequency

*Corresponding author: kjk-512@semyung.ac.kr

(© 2013, The Korean Society of Engineering Geology

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons. org/
licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is prop-
erly cited.

435



436 7

1997 NEHRP 7] ¥ 1997 Uniform Building Code
(UBC, 1997y =fjol]l H&3laL ot dA) nl=- A%
Z]Oﬂ_,] ;qa]- _./H J:]7]~—— ]gﬁ x%g_g]—r g)\_‘—_ V3O 7].r
T EAB, o] - F2 A7Eee] % Z*M
of 9] 7|qto] A= Q& 717k Fste-S
AR AAGAL] o] ofgl A3} H]wste] .uro}
7] W] thiEe] Z|Higte] X F2HE 30 m KT} o
Woll EABkL Tk Vs 715 BTl ofF A
H5 A G AWk S 58S Hlﬁﬁ ZHAsHA
Agat7] fgk EAE
L %LH WzldA

;
3

&= -—71‘14401] 485
ﬂoa i}, web )
A7} P a3k AAo|t}

5 AlE2 A9, A7k 8 ARk S5
5 I 8 AR THEE AnEE
5 Ay 2 x]z}ﬂ,q] EXS B} A=A A B
3] BEEA] TR oo} sl Fa folrh. ule}
A Xl‘is% EAS A 2 38k =3 FA
F#E o oies] £938 AW 7ked sholth wEF
49 F4e 19804 T ARAl
oma Prieta A% 2 #A|F X&) AL 7z}
S 2 HE of 250km 2 300km o] W A
94 Jslodt= o] YRS e AME:
S FEY o FRE UE A sl 2
F8730] Y5 UcHAtkinson and Cassdiy, 2000).
e Sl o] AREAS e s AL
o] B2 HZ EAd th3t A7t Basit) od B

=)0 =
- o+ T
“
=

=
=4

o

o

>4

A& BASE Asle) 7)skea Feeh 2
9 A ol JHL wolq BEH AukeEe Faw
EAGAE, D55 AR, A5z Sel 2 JUe 3

FN

ol

7] Wz Ax! o] AN wheA] wEEo]ok &
LR E.LLHOH e ANEEA] dis] Yoon et al.
(2006) % Sun et al. (2007) Tl <3l AF=o] et
B H31= 7kEE U5 Codadt ¥ wiARS
AUAE olg3islon, 2 fA Wl sigshe Castro
et al. (1997) 5ol <Jaf AxE EAPES 288k
AT Coda®t B ¥AFS olUAE F7180= B
Hslal 2 AFHE, Sy ouAE o83 71Ee A3
(Kim, 2013)h ¥l3 $418190) deby AZdo]Me)
AW=Z FAjol| thal] B} Ao skakE Balo] 7}

Sagct.

6‘?(
=

o1t

Agre] ARkEE-S AFehs WhHS Thde Wgol
A Eo] Aok, w3 B wf w37, S 2 Coda
o} ﬁ,,]. 7o) 1he] o] FiFel mEt BRE 4 T
2 A7e ST ollvR|el Hls| HiHor FAAZE]
Adof =A Edala Tgk JiiFoa 2 oURE 7t
A3 = Codavt B AT oURAE 4% A

£ 7|19 Sy} ouyR|e] AAIH(Kim, 2013)2} ¥]wLs)
At CodaZ} AUAE o] &st W2 o8 A7}
(Tucker et al, 1984; Phillips et al, 1986; Su et al,
1996)°ll o3l A7t Fah= ] gt
ANFE TS PHSE PHe A YHIE 2R
Fhseha R WAl e 4 B RARRE b
ok asp) e

eyl

58 b Tl X5 T
B e ANEE GRE BASTA sk oy

FAeA ZHE BEE ARl el ~FEY ¥
55 ol&ste 7=t BS54 (Reference Site)o} Bl
sk whgol itk olefgh WS theksh AERtel] JE
ghtelA] AtEe] Pk(Borchert, 1970; Rogers et al.
1984; Nakamura, 1989; Ohmachi 1991;
Lermo and Francisco, 1993; Bonilla et al, 1997,
Hartzell et al, 1997, Seed et al. 1998; Cassidy et
al, 1999). 3}x|qt o] HPAS gaF o7 AHes 5
S 7R S FA T R 3ol Ao
# 7Fs ek §hito] EAfsk=rt of ol g Utk
WA WH-E Castro et al. (1997) Zof 23] A
Ee oo BSaeld B 74 L 5 2
T e )83l SR B
o] 2#EZ o] H|ES o]R3= v

o]

]

et al,

o H—
e A529] AuklE ARsS Faw s



F707h Ao A X7e] Codash, WARE %S9 oUXE 0§68 BSAe] FEEHe] B vl AT
etk ALl WALSS hPoE AWk F2 A Fuhld 53] AAnEke) B4 AUSE @)

BEOrt Soh oA W Codadh SUIA FOE B ohe AT MR Qs Aok, EE BEL SHK
sl A8 A Byl gzl = Ynk. o Ay Ak ulgo] ol

Al #A e AST A 9 AR B A7z SAolx SHE ARRE 50 EAToR AukeE
g BAS AAL to 2 99 A 159 <F 34 BHE AT F e A i vked] shueltk
km 3He] WAl 7R Fi(k g Al YHAE 8 A5AE H Wollx] FtR o] Axle] #=
o] g&3sfe] gt AWMSES Fohs ol Atk wiA| 717k Yol A5 st AFAETE FF8oF stk
wo g HRjehte] 7|akeh Re, dvnt Sx 3 ey oS I F e EIH Wigolrt.
ud~E o]&3le] RVT (Random Vibration Theory) o] B e gubx o g 223} 7he 2uzlE
9! SHAKE Z218 55 o|&3h= Wigol Stk AZHA0| ol 77to] A g AT ALEHM AS

Table 1. List of seismic station and earthquake occurrence dates

Station Name . Event
(Lat, Lon) Event Date List Number
2005/05/01/16/23 (ML 4.3), 2005/04/20/00/08 (ML 4.6)
GKPI 2005/04/19/21/11 (ML 4.7), 2005/04/10/11/33 (ML 4.4)
(Lat; 35.8863N 2005/03/25/12/02 (ML 3.9), 2005/03/24/14/37 (ML 3.7) 14
Lon ?128.6083E) 2005/03/22/06/55 (ML 4.3), 2005/03/21/14/58 (ML 4.4), 2005/03/21/06/37 (ML 4.0),
R 2005/03/20/11/38 (ML 3.9), 2005/03/20/11/08 (ML 3.7), 2005/03/20/10/52 (ML 4.2)
2005/03/20/05/32 (ML 3.9), 2005/03/20/01/53 (ML 6.5)
KRA 2005/05/01/16/23 (ML 4.3), 2005/04/20/00/08 (ML 4.6)
(Lat; 353306N 2005/04/19/21/11 (ML 4.7), 2005/04/10/11/33 (ML 4.4), 7
Lon',129.3110E) 2005/03/25/12/02 (ML 3.9), 2005/03/24/14/37 (ML 3.7),
’ ' 2005/03/22/06/55 (ML 4.3)
2005/05/01/16/23 (ML 4.3), 2005/04/20/00/08 (ML 4.6)
KHD 2005/04/19/21/11 (ML 4.7), 2005/04/10/11/33 (ML 4.4)
(Lat; 37.7036N 2005/03/25/12/02 (ML 3.9), 2005/03/22/06/55 (ML 4.3), 2005/03/21/14/58 (ML 4.4), 11
Lon;126.3774E) 2005/03/21/06/37 (ML 4.0), 2005/03/20/11/38 (ML 3.9), 2005/03/20/10/52 (ML 4.2)
2005/03/20/01/53 (ML 6.5)
2005/05/01/16/23 (ML 4.3), 2005/04/20/00/08 (ML 4.6)
GSU 2005/04/19/21/11 (ML 4.7), 2005/04/10/11/33 (ML 4.4)
(Lat; 35.1520N 2005/03/25/12/02 (ML 3.9), 2005/03/24/14/37 (ML 3.7) 14
Lon',128 .0990E) 2005/03/22/06/55 (ML 4.3), 2005/03/21/14/58 (ML 4.4) 2005/03/21/06/37 (ML 4.0),
e 2005/03/20/11/38 (ML 3.9) 2005/03/20/11/08 (ML 3.7), 2005/03/20/10/52 (ML 4.2)
2005/03/20/05/32 (ML 3.9), 2005/03/20/01/53 (ML 6.5)
2005/05/01/16/23 (ML 4.3), 2005/04/20/00/08 (ML 4.6)
HKU 2005/04/19/21/11 (ML 4.7), 2005/04/10/11/33 (ML 4.4)
(Lat; 36.6101N 2005/03/25/12/02 (ML 3.9), 2005/03/24/14/37 (ML 3.7) 11
Lon;127.3602E) 2005/03/22/06/55 (ML 4.3), 2005/03/21/14/58 (ML 4.4), 2005/03/21/06/37 (ML 4.0),
2005/03/20/10/52 (ML 4.2), 2005/03/20/01/53 (ML 6.5)
HSB 2005/04/10/11/33 (ML 4.4), 2005/03/25/12/02 (ML 3.9), 2005/03/24/14/37 (ML 3.7),
(Lat:; 36.5525N 2005/03/22/06/55 (ML 4.3), 2005/03/21/14/58 (ML 4.4), 2005/03/21/06/37 (ML 4.0), 1
Lon'7126 .6380E) 2005/03/20/11/38 (ML 3.9), 2005/03/20/11/08 (ML 3.7), 2005/03/20/10/52 (ML 4.2),
e 2005/03/20/05/32 (ML 3.9), 2005/03/20/01/53 (ML 6.5)
SNU 2005/05/01/16/23 (ML 4.3), 2005/04/20/00/08 (ML 4.6) 2005/04/19/21/11 (ML 4.7),
(Lat; 37.4509N 2005/04/10/11/33 (ML 4.4), 2005/03/22/06/55 (ML 4.3), 2005/03/21/14/58 (ML 4.4), 7
Lon;126.9566E) 2005/03/20/01/53 (ML 6.5)
2005/05/01/16/23 (ML 4.3), 2005/04/20/00/08 (ML 4.6)
TIN 2005/04/19/21/11 (ML 4.7), 2005/04/10/11/33 (ML 4.4)
(Lat; 363775N 2005/03/25/12/02 (ML 3.9), 2005/03/24/14/37 (ML 3.7) 14
Lon',l27 .3638E) 2005/03/22/06/55 (ML 4.3), 2005/03/21/14/58 (ML 4.4), 2005/03/21/06/37 (ML 4.0),
o 2005/03/20/11/38 (ML 3.9), 2005/03/20/11/08 (ML 3.7), 2005/03/20/10/52 (ML 4.2)
2005/03/20/05/32 (ML 3.9), 2005/03/20/01/53 (ML 6.5)
Total - 89
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Fig. 1. Coda wave energy of acceleration observed at NPR seismic station.
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Fig 2. (a): Fourier spectrum of coda, background noise, and S wave at HKU station, (b): Fourier spectrum of coda,

background noise, and S wave at HSB station.
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Fig. 3. H/V spectral ratio with frequency, using coda,
background noise, and S wave at KHD station.

et A7E BF dAEaL glrk

£ AT g ARHEA 7red $£egt A3
G 2REH 7P ® #A5ad dgehe # d54e
Codash, W73 2 SuHE o8-8t BAAze] Ao
tieks] frabsich, wbA] JgAR7E oF 600 km o] Fe]
wojie A8 o] U¥ é% ROFEAL Qlo] ARkE
54 44 aHo= A s
Atk A Bt B AAR AFlASc] A8
AHYE B Fast qlrk

718 AF(Kim, 2013)¢F 2 AT AFE A9 H]

lw

ﬁjﬁj

rL r>J

J

l‘_&



440 A
6
i GKP1
Coda wave
s | meee- Noise
== o = S wave
L
®
x
s
=
O
S
[7,)
h

o

10

20 30
Frequency(Hz)

Fig. 4. H/V spectral ratio with frequency, using coda,
background noise, and S wave at GKP1 station.
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