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Predominant period for surface waves based on the Osaka basin model
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We estimated the predominant period of surface waves from the dispersion curves of the
Love and the Rayleigh fundamental mode, calculated from 1-D velocity structure models
extracted from the Osaka basin model. The estimated predominant period is from 1 to 10
s for the Love waves and 1 to 6 s for the Rayleigh waves in the Osaka plain. The linear
relationships between the predominant period of surface waves and the bedrock depth are
confirmed. Predominant period is proportional to the bedrock depth. Coefficient propor-
tionality approximately equals 5 s/km for Love waves and 2 s/km for Rayleigh waves.

We compared the estimated predominant periods with the observed ones at strong
ground motion observation stations maintained by CEORKA (Committee of Earthquake
Observation and Research in the Kansai Area) for the main shock (M,7.4) and aftershock (M;
6.5) of the 2004 off the Kii peninsula earthquake. Except for some CEORKA sites, where
the depth of the bedrock is deeper than 1.5 km, the estimated predominant period of surface
waves is consistent with the observed one. This result is the first approximation, effective
for the predominant period of surface waves in the Osaka plain. However, there is a
possibility of a variation of the predominant period for the surface waves coming from a
different direction.
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KEE % o RBCOEREE L, FERNIREES, JbH 2 BB LT REERE, RA% ER LS
M5 ERE, Bl RILRSRIGEE CH I CEY), BTG MICH 100 km, E#hH Mz 50
km DIZITHEAEZ LT\ 5. 2D & ) e KRHE BN H 5 KPR TlE, IfWiRFEE
T5LE2 LN5EE - KEEHEIC L - CAREYL EoRBMIREEITET 5 Z L2 T8
ENTwa Bz, BFE -, 2005). EFEOERIIRERIC L 2H#F L L T 2003 £t
B L2 ENEOREWMS > 7 DRy > THETFLNE, KICEEFOKRRE RIS T A=
YEF— 2B H—F, KRTELTCIIEHERSECE:, B 1B 0SB VR E
ATWS, ZDizh, Bl EEFRNELZ DL )% M 7~ 8 77 ZADWENERMEICNT 5
FAMmZ>I7nza sy FREMIBY oG VOMEEIGEEE 2 5 LT, RIREHNT
BT 2REBEDORALFEL ML Z LIZEELEZ 5.

HWEBC L - TR S N2 B/E O SBEAIIEEE (RERE) CBELERrd 5
%, INFE TARPCERIC BT 2 RS £ T L REEOSMEMOBGR 2 ZEBNICER S LR
BlizdFE N L (BlziE, Bk-fb, 2000). %2 TABFZRIEEE -4l (1999) 12 & 5 KB
FHeTMCETE, KFCPFENTERT 2 REEOBIFFELZ K 2 & & bic, BEAEMERN
MremEs (LT, BER) TE 57z 2004 FREFEEHMENRESL L UKENDHBERFIH
AV TRICFE N CHEBY 2 REE O BIRHEOHE 217 - 72,

II. KEGHEBRERMETIVIC L 2 REEOSEEAE

KRR TIZ, FigliomT Lz, 2774 B2 Av 2 iggE o £ 7 0 LFE
(Koketsu and Higashi, 1992) # W TER I 3km $ TOEEBETTAPELNTHE (B
JE-fl, 1999). R 2> & —I3 kPOERAHE T c BT 25285 (Vs=3.2km/s) O _FHEE
B, £7:, AIZBIERHOMBEHRENZ/RT. Table 1 12 KPEREM T T I B 2 & OWiEE
By (B4, 1998). AR TR, ELBEBROBEMIE X v 2t EDE, KRR
HETNL (G 72kmX72km) 281 kmX 1 km O4EHK (BE3 KA v v 2)lcHEL, &Avia
5T Love I & Rayleigh W0 St EAZ SRed 7z, 72721, EBEIEEL TV 5 HTII A K
e LBILTEB Y, R, KIRCFE 2 Hub & L2 HERE Lo 1022 Ml TEmEE O SHE T2 K
HTW5,

— iz, EEO—RITEEBETT Vo LFEE N2 REES BB OTEREIC BT, BHE
EfAN (27 ) —H) L 2EETCEREFSM T L3N TS (Bl T8, 2002), %
T, ABEHTIEEA Yy Va2 METOEBANZUTO L ) Ickod7z, 7, O)KRPEREME
TINCEDTELEA Y L a lE T—RITEEBETT V2 RKD B, Kiz, CUHEL 72—RTHEER
&€ T b Rayleigh #35 & O Love W0 4Briiig (RrHEE & BERE) 25187 5. &,
(3) Rayleigh # 8 & U Love IR I BT 2 AT — FOREEESEMEN =T ) —Hic e T 2
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Fig. 1. Location map showing strong ground motion observation stations maintained
by CEORKA (Committee of Earthquake Observation and Research in the Kansai
Area). Contour lines indicate bedrock depth (km) distribution of the Osaka basin
model (Miyakoshi et al., 1999).

A& Ay Lo HETOERMPEOEER L | Table 1. Parameters of the four-layer structure
model for the Osaka basin with three sedi-

2. ZOR, &AL 2 R TR REROMRIE ment layers and a rock half space (Kagawa

¥ (Medium Response ; Harkrider and et al., 1998).

Anderson, 1966) LEFELTEY, =7 ) —4 Vp Vs Density

I BT B B 5\ TR OTRIBEHE b & [kin/s] | [km/s] | [g/cm3]
Layer A 1.6 0.35 1.7

MY 5z LRl Twa., 4B, RWRETIE | Layer B 18 055 18

EEAMMES* NS L L CWwbZ b, | LaverC 2.5 1.00 2.1
Layer D 5.4 3.2 2.7

Rayleigh # & & Uf Love Je o Ec it » = 7
) — ARSI T 2 AR OFTAR Y ZEE 1L R L.

Fig. 2, Fig. 3 ICBABHOMBEHN Sz BT 5 Rayleigh 33 & 0F Love oS0 & HEIH
DIRBEENH 2R, FHEL iz T —HicHET 2B (HFOV) [2B8WTREED
RIBFEED ER L T\ 2, BlziE, EBEREHIE Y TYN (BE4#0.3km) T Love =
B 2%, — 0, BBERARESR FKS(REM 1.6 km) TIIH 78 TH 5. £ 72, Rayleigh
WoEMEIZ TYN TH 18, FKS TH3BTh-72, Ubnk iz, EREREIE L5
ZONTRERDEREIIIE (& 2EAHF R LN 5 —7, A—#mIcB 5 Love N R
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Fig. 2. Examples of the theoretical dispersion curves (top) and the medium response
(bottom) of the Love fundamental mode, calculated from 1—D velocity model at
a site extracted from the Osaka basin model (Miyakoshi et al., 1999) at FKS, ABN
and TYN. The theoretical dispersion curves are shown for the phase velocity
(broken line) and the group velocity (solid line). Reverse-triangle denotes the
period of the Airy phase (the minimum group velocity).
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Fig. 3. Same as Fig.2, but for the Rayleigh wave.

Hix Rayleigh IFIC R TH 2 BFEWZ 090 5,
Fig. 4, Fig.5 lc KFREEZEME T NLICE T W TE LN 2 KR ETFNTO Love kB L U°
Rayleigh 7 BE# F #1545 % 7~ 3. Love J% B L UF Rayleigh 7 S5 # B #A55A5 13 Fig. 1128 L
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Fig. 4. Distribution map of the predominant Fig. 5. Same as Fig.4, but for the Rayleigh
periods for the Love waves in the Osaka waves.

plain. Solid circles denote the strong
ground motion observation stations
maintained by CEORKA.

T2 KRR T T N D BEEETRESAICHIG L 722 b 2R L Tw 5, 213 Love o 5t
oAy, KECFE OB OF LT R ERE B 21X TYN) B L OBl R ERETH 1
~4MTHEDITHL, FERIOKBEBREESHEAUOFAKEL (F1212, MRG, YAE) T2 sl
A8 ~10M L o> T b, F/2, KIRTAETIZZOEBEAMRIIN 4~ 8B TH L, —7F,
Rayleigh D S F#A54713 Love 3 & 1TITE UG 2T 55, ZOsEBEIT Love 3k Dy
GTH D, ARERERD & KR B HUSO AP T B T & L5 RE W O S E 3, Love 3
I3 6 WA, Rayleigh i3 SHRIBTH L Z EATREIN5,

Fig.6, Fig. Tic # N EFNKREBER T T VIC L 2 EBEREKD)E Love i B L
Rayleigh # 7 S8 # (s) DR 2R $. % 3B, Fig. 6 B &k U Fig. 7 12 B2 T O TFRER (1 #) »°
Rons, ZN3AME T Love & H % 213 Rayleigh 3B 2 & 55400 5 F2TH I 0D 25 4k 5 17
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Fig. 6. Dependence of the predominant period Fig. 7. Same as Fig.6, but for the Rayleigh
for the Love wave on the bedrock depth. wave. Proportionality coefficient equals
Linear relationship with proportionality 1.99 in this case.

coefficient of 4.56 fit the data well.

(=7) —fHicHIG) Z2EBIBLULEE L TWwBE72HTHSL, KETORKEN S, KECEHWIC
BT Love W Bl A (s) (2 FME B (km) % 5 4%, %72, Rayleigh 3 o0 sk JE# (s) 13 282
B (km) O 2 fEICXTIET 2 2 & % d - 72,

II. 2004 FiCFFEHMEIC L 2 REROEHEEH

2004 4 9 BICACAEBIPES 4 km TM7.4 DHE FA L, BEEHOREBHIS TLAE
HEB LU T ORETHSEEBB S N2, 22 TR, ERERENRL ZMERBNAD 3
H(TYN, ABN, FKS; Fig.12/8R) 2#lic, SREBRUNSCHLNLZEAEBLUREIC L 51
EEhEiekE H\VvC (Table 2 Z2MR), Bk L 72 KRR T T & % Love 8 L OF Rayleigh
W BB EEIC OV THRIERT ).

Fig. 8 I2AREM,7.4) figklc B 2IEEH 27 b Bl (Fil, 1979) 257, kB, EOHR
B, BV A L Th s CHY DIEERE AT PLLRL TS, FEEE A7 }ILOMBFTRERE IS
SBAtE 5 300 HETH Y, HFDRIEZART P VZ =S RRaR OFAIRIE R~ 7 bV THE
LENTW D, FERICIZRERHEBREIE T /IS E D TE LT % Love I (RH o NS, EW
Be5) B & U Rayleigh 3 (¥ o> UD pes) OS5 EASIcoGEd 2 A (18HE) 280U
Vony FTRLTW S, 72721, KERHEREZHE T 1ic & 5 TYN @ Rayleigh i o) 558 #150
IBTH-722 k5, TYN @ UD Biriciz- sy F 2R L Twirw, FKS 2k %, TYN & ABN
LY ICRPCEBEE T M L 2 REWE DO SBE & IFEFE A7 Pk 5 SEIERNE
SR BB I TR AR IB SN T 5, B, TYN 2B W TEH 7 MBI OEG KR
PHEEFICROND DS, ZOWIEEY A P Ths CHY TLHERTE S, 202 &b, Bl
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Table 2. List of earthquakes used for spectrogram.

Date Time Lat.(° ) | Lon.(" ) |Depth(km) M,

Main shock |2004/9/5| 23:57:16.8 | 33.137 137.140 44 7.4

After shock |[2004/9/7| 08:29:36.2 | 33.208 137.292 41 6.5
TYN ABN FKS CHY/(rock)

Normalized Amp. Nomalized Amp.

Normalized Amp
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Fig. 8. Examples of the spectrograms of the main shock of the 2004 off the Kii peninsula
earthquake (M;7.4) at the four CEORKA stations (TYN, ABN, FKS, and CHY). CHY
locates on the rock site. White squared hatching indicates the range of predominant period
for Love waves (horizontal components) and Rayleigh waves (vertical component), estimated
by using the Osaka basin model (refer to Fig.4 and Fig. 5). The spectrum amplitude of
spectrogram is normalized by the maximum amplitude of the three-component data.

B 7 RO BRRERE I A B BRI & KIKCFE & TOMBERRM CAERS N RER L EZ &
N5, TNz, BFRED L KICFE £ TOMTERI NG REWRNDFELPERT 572012, Xk
ICHEERIR /NS L HIEE Vv TR RAE 2 4T - 72,

Fig. 9 lc—2DREM,6.5) fLkic BT 2 IEHE A7 F Bl ZRT, &8y 4 + o CHY Tl
PR L BRRBEFRHER I N TN &6, ZOMEIC BV TEREFEE, 5 KECFE § TOREERE
TEREPIEREN T T NLDEFE L 5N 5, REFHTHAERE L FERIC, FKS 2k &,
TYN & ABN & iz KIRHERBEH T T VIS L 2 REEDEBEAR LIFEH A7 P VicL 5 S
W BFER DRI SR 2R/ LT 5,
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Fig. 9. Same as Fig.8, but for the aftershock (M;6.5).

v, & =

KEHA T 7 L & 25 E W (Love I & Rayleigh i) 0=l (Fig. 4, Fig.5 )
¥ M,6.5 DA% Blic KBEE N OBIEGBH A (CHY B < ) T b 117 HEBI TSk o ik
B SRS % Hk | 72458 % Fig. 10, Fig. 11108+, %5, OCU i3 M,6.5 0AET e 756
NTWir Wiz, XI2i: OCU 2< A7 2y F BN T 5, X DEERIT KR HERE R
EF KT TS N EFR O SHEME (1HH) 5L T\ 5(Fig 4, Fig52H). %
72, BHRIEERTR O IR BRI DV TR IEER 2= } L (Fig. 8, Fig. 92M) # 6 &
P OSHEEE (10M) 23HaR-THY, o | BEOELE 2 Kb ol s L ORL
w5,

HEFLFIC B W T FKS, MRG, YAE o 3 #5272 KBCFEF N ) B ERELHI S TlE, Love
¥ & Rayleigh ¥ &  ICIZITTTEFRFAFY LR EIB LN TE ), RERLH THIZIZTE R
Be Nz, L b, KEHERSEHE 7 U 2 REN SRS & 2004 FATEE B MO AR
BB L U2 ORETRL L BEHBELE COBRIEE SREMIENGTH ), =Ty
b, KBTI S 15 IR i B TH D = L HTRES N5,

& 25T, FKS, MRG, YAE o 3 5 Cld RIRHERER M € 7 vz & 5 F=m ¥ (B2 Love 3%)
DAL, BT ORI & E2 b5 BREEOSREN L ) B ERSE LT
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5, Ik I KBCEEEE T LI
& % FRE W D =R H A M B By EO SR
DEGEFEDO BBE L D ByviEiys
BHENTW D HIRORES E LT, &8
FREN1IS5km U EEEL, Bh
DEDFDCEBEREIBEL T
5 EET 5115 (Fig. 1 2H).

AFT TR LT 5 BEIE D Ei
BHAZE A v o 2SI B 52—k
WEMRE T T VIC & o Btz
EDNTW 35, EEDHEBRIGC
B S 3 RITHY 7 MR R 0
ElbEEATHWD EEZ NS, Bl
¥, FKS, MRG, YAE T® Love J
D EREEIIR 7 ~ 8 ¥ (Fig. 4 IR)
ThoH, ZORBICHIET 5 Love
WA EE 24 1.5~1.9km/s T
HY, TOWEITH 10~15 km (2L
T % (B 213 Fig. 2 » FKS ). =
DIz, HWEBIFEICE LIS Love
W id 10 km 2B o Hi P N ) Hb %
NDHBEEATHD EFHRENS,
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FEIHAIZ & E T O—RIGHERE €
TIZEDTATWDEZ L b, ZNDE
HEHAIE 3 RTHy 7 g E b %
BA T B EBIREW O S I
~NCEBKRFHI I 70 - TV 2 TR
bbb, DL %, ERERED
B, 0 3 RTmiic g EEE T L
NBET HEFTIE, FHETELN
Tz BB L T, ZoEBEAHD
BRITHIG L 72 BB R 26— > 7%
T MEDDH B0d Lil\n,

Obs.(horizontal) [s]

Obs. (vertical) [s]

9
5 Aftershock (M,6.5)
7 o
_“FKS
¢ —
6 AMAL " MRG
SKI |7 YAE
5 r
TDO | - ABN
Al A1
.*"SRK
” —_—
3
TYN|
2
1 . ; ;
1 2 3 7 8 9

4 5 6
Cal.(Love) [s]

Fig. 10. Comparison of the predominant
periods of Love waves calculated from 1-D
velocity model at CEORKA site, extracted
from the Osaka basin model, with observed
ones of the surface waves for the horizontal
component of the seismograms of after-
shock (M;6.5). Vertical and horizontal
bars denote the range of the observed pre-
dominant periods and the estimated ones,

respectively.
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Fig.11. Same as Fig.10, but for the Rayleigh
wave.



50 HE O -kE BE-RE - R EN
V. & & &

KERHERE R E T Vi ED & KIREE T Rayleigh 3% 3 & UF Love I 0 S F # n et 2
T 72, Z0FER, Rayleigh #3 L OF Love WD S FEIZ E2E (Vs=3.2 km/s) BESA L T4
M7 ibz LT Y, Love D BB EHR (s) 3 FEAE 0 FEERE (km) D# 5 1%, Rayleigh I
HEREY (o) 12 EBEO EERE (km) O 2 BTGS2 Z L AR N7z, KIGERBAEME TV
2 & 2 FEE WO EBEL L BEERBRELE TS 1172 2004 FiEfEEEITHENOAREM,T.4) -
EM,6.5) ELEFR DRI & E 2 &N 5 BRI S I 2 it L 72458, BRatREH 1.5
km Pl B EBEL, BB 0RBREREENSET B Z R T, MEIXFNNLHEEIELN T
5L RMER L. HHNRHS TR N2 RERO SBEAMIL, HMWERESZOBRAHIC
& > TEALT 2 WHREMEDSE 2 65 %%, M) T8 5 1172 Rayleigh % & Love ) =S E A,
KECFEH N CHEBT 2 BEBEICNT 2EBENLSLAMS > 7OV ARy 2A%E2 5 1T, K
PRI IZER TH B L E2 5.

S EBERES 1.5 km L EE B, pOEBERESESZET LMk T SR 221
B 25— ZTHEEZHET 2 & &bz, BARSRIcEIEBERFRNE L K2 L > TH—
HWETHLMRESNZETEDSMEINCEADEL 208 ) POBE 21T ) BEFH 57259,

BEE BFMESRNMEHRESOMET - EHEALE L2, £, [RETHERICLIWED
BREERAFBALE L2, LU TEHLET.
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