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A Study on the Prediction of
Long—Period Ground Motions from Intraslab Earthquakes
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Recently, long-period structures, such as high rise buildings, huge oil storage tanks, and base-isolated
structures, increase the number in urban areas located on deep sedimentary basins. It is very important
for planning of urban seismic disaster mitigation to understand long-period ground motion from future.
large earthquakes. Itis well known that disastrous earthquakes are plate boundary earthquakes such as
the 2003 Tokachi-oki earthquake (Mw 8.3) at the subduction zone. However, after severe damage due
to the 1993 Kushiro-oKi intraslab earthquake (Mw 7.6; depth 100 km), we have recognized that large
intraslab earthquakes are also disastrous ones at the subduction zone. This study aims to resolve current
issues related fo the prediction of long-period ground motions from large intraslab earthquakes. The
target area in this study is the Tokachi basin located on eastern part of Hokkaido, Japan; the Tokachi
basin extends about 100 km in the north-south direction and about 50 km in the east-west direction.
There are empirical and theoretical methods for the strong motion prediction. In Chapter 2, the empir-
ical prediction method was examined based on the existing attenuation relationship of pseudo velocity
response spectra. It was found that the predicted long-period response spectra from intraslab earth-
quakes were several times smaller than the observed ones at the central basin site. This is due to dif-
ficulty Sf effectively including the basin site effects in the attenuation relationship. This indicates that
we have to rely on the theoretical method such as finite difference method based on three-dimensional
(3-D) velocity structure model of the Tokachi basin for the prediction of long-period ground motion.
Naﬁoﬁal Research Institute for Earth Science and Disaster Prevention (NIED) constructed the 3-D ve-
locity structure of Hokkaido by compiling the results of geophysical explorations, microtremor array
observations, and deep borehole data. This NIED model should be checked and verified based on the
observed features of ground motions. In Chapter 3, 3-D simulations based on the NIED Tokachi basin
structure model were carried out for three intraslab earthquakes (Mw 6.1~6.8) and the results were
compared with the observed records. The comparison results showed that the synthetic S-waves well
reproduced the observed ones at the central basin sites while the synthetic S-waves did not reproduce
the observed ones at the basin edge sites. In addition, it was found that the synthetic basin-induced
surface waves (secondarily generated surface waves at the basin edge due to S-wave incidence) overes-
timated the observed ones. From these results it was concluded that the NIED Tokachi basin velocity

model was fairly good, but it required some modification at the basin edges.
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In general, direct S-wave at a basin site from 3-D simulation for the 3-D basin structure is essentially
the same as that from 1-D simulation for a flat layer structure just beneath the site. According to
this fact, a simple method for tuning the deep velocity structure by 1-D simulation of long-period S-
wave was proposed. The observed S-waveforms were compared with the 1-D simulated S-waveforms
assuming a tentative velocity structure. This process is repeated until both S-waveforms fit reasonably.
In this process, it is the key to selecting an appropriate band-width of the band-pass filter based on the
S-wave amplification factor due to sedimentary layers. In Chapter 4, the S-wave velocity structures
just beneath the strong motion observation sites were tuned by using this proposed method. Here it
was assumed that the sedimentary layer number and the velocity of each layer were the same as those
of the NIED model; the layer thickness was estimated. The results showed that the S-wave velocity
structures were considerably revised at the basin edge sites.

The strong motion observation sites were not enough for revi.sion of the 3-D velocity structure at the
western basin edge where the basin-induced surface waves were generated. In Chapter 5, the velocity
structures at several microtremor array observation sites were estimated by applying the GA inversion
method to the Rayleigh wave phase velocity data. In the inversion process, the same conditions for the
sedimentary layers as mentioned in the previous paragraph were assumed. The revised 3-D veloéity
structuré model was constructed at the western basin edge combining the tuned velocity structures
at the strong motion observation sites and the inverted velocity structures at the microtremor array
observation sites. The 3-D simulations based on the revised Tokachi basin velocity structure model
were carried out again for the three intraslab earthquakes. It was found that the new synthetic ground
motions reasonably reproduced the observed ones at roughly whole sites. Especially, the overestimate
of the basin-induced surface waves for the NIED model was considerably reduced by the revised
model. From above studies, the revision methoa of the 3-D velocity structure model for the prediction
of long-period ground motions was accomplished.

In Chapter 6, the 3-D simulation based on the revised Tokachi basin velocity model was carried out for
the large 1993 Kushiro-oki intraslab earthquake (Mw 7.6) to examine the long-period ground motion
level in thie Tokachi basin. The comparison between the observed and synthetic records at a few sites
showed that the general features of the observed waveforms (amplitude and duration) were fairly well
reproduced. Finally the long-period ground motion hazard map of the Tokachi basin for tﬁe 1993 -
Kushiro-oki earthquake was expressed as spatial distribution of peak ground velocity (PGV) based on
the bandpass filtered (0.05-0.5 Hz) synthetic waveforms. The synthetic PGV values exceed 20 cm/s
in wide areas of the Tokachi basin; the maximum value reaches near 75 cm/s. Although this map is a
preliminary one because the revision of the velocity structure in the whole area of the Tokachi basin
is not yet completed, it demonstrates that the long-period ground motion hazard level is high in the

Tokachi basin even for large intraslab earthquakes.

— 684 —



PN CEEDEE
tTE 8B B8 B
BoE #H OB &Ik E
BB mEE B OH OB

¥R X E %
A Study on the Prediction of
Long-Period Ground Motions from Intraslab Earthquakes

(27 7RBRIC L 5 REAYMBE OFHNHE§ 55F50)

VI, HEME EITAB T 2 REHIcE VT, EEEB Y VRUKREREZ  7SPaEL Tty
%, TOKXREHICIBIT ZHBHREOEBREEET I, MRoOKHEIC L2 ERFHES (B
Hi 2 H~20 ) OXENRTEETE L RMHTEETH S, AHXIE. LRI O BHEMAMH
ENHREUT, RAAREET L— N ROHIE (L. ThEXSTHRHBLRER) ICE2ERN
BB O TRICAER U EEREORIAYEN L LT3, E1ETR., DX hEREHED
BEHERE N TV B,

HBHOFHRICIK. BRELFELERNLFERENSZ, B2ECBVTIE. EEEERLE
ISEART MIVOEBRREBER U Z OBEMERRE TBEHICER LT, ZOBBRNFEICEK
BZFROEEERE Lic. ZORR. ThbOEHREBRIEFINE N ERHROGE ARY
FMUEBLBERLULTWVWS—F., BRFROIGEARY FVid, fHirhREicsnT. Bl hikR
RZINVEDEHBE NN LZRH LT, TOIEEHEIT. AHic X 2 BERAEHIBE DBEigxhE
ZERERRICHRAOICERD ANZ C AR THZ C LICHB LER LTz, TOEOREER
EEEZT, FI3IBMLES BT, E0RCEIJHRNLFRFECOVWTRE LTV,

AT FTEGE ARG SR ERIIZEAT (U T, NIED L R&E2T 3) 13, ERAYHMBHIC K& gy
57 % 3 Rt AigE CHBBOEERE) T TV ESEL NV THEL TV, § 3 E
FBWT. NIED OTBE2MEERETTINVORURERIFT S 72HIC. 3 DDATTHHIE Mw
6.1-68) IKDWTEDEILEB I XTI al—vary2EML., TOERKREBENRGFEL 2
BT, TOWRMRE. BHPRETIIAK S BN S e BLBHRLTW2H, BHIFR TR Z0
BEOBLRWT . THIC. ARE MR RERER (S BOASIIC &K b EHEERT 2 RENC
iR E N RER) DBRHOFNEZBRICEMLTWBZ LD o7, TS DBEM S, NIED
DO BAHEEBEE TV ARNICRZY TS M, ZHIBE TR ZOEENKETHS LIEH
LTWa, -

EAETR., FETERS BB SEE—BLTWEW LIS N-RERIAETD SK
HEEBEZBELTVS, CCT, FER, ERNTRMEZEEXT. SEDO 1 KTy Ial—
va Vit kB EEEEDEEAEEFICRRE Ui, COEEREOF X, AR SEEER S

— 685 —



L OHEIC VT, 1 RITEEREIC &3 S RIS R Eic L CBYIEAY KSR T 4 L &—
ZHWRT L THD. BRELUT. THEMARMOBBRISTO S BEBEEIIRE JBEY
N, L L, BESEHLOBIX. NIED O 3 XTiBEREET 3 ICIIFT9TH 3,

TR PEF SR T, BEI S HRERBEHREDODOMEN T L —FENES I ThbhTWV3, %
T, FESBICBWVT, BEBEENSBENELA Y —EOLBERT— 2 U T 2 Lic
koT. SERERBERBERML, TLT, WME7 L —HREMSTLRBEUSATCOEBES &
EEBERMETT A itk o T, THAMBEROEE 3 KukBRET T IV EEBRE LK, ¥5
£, FOETFVICEDWNTEIBTHNVE I DOMBICH LT3R TYIal—y g Y EBUE
L. ZOERERSEHREE» VB BRITBCLERLE.

BRIC. 6 BILBWT, £IE 3 REEERET T VICEIWT 1993 £ S T A AH
B Mw1e) ITNT23RTyVIal—yaviEERHEL, GNCERHMER2RME L. F0
PGV(ERAHENEE) 3. BERFAHEBE Y — v FIcHYT 28, TEBEHADS { oty
T20cys A ED PGV THBR LR LI, £iz. ZHNOHERBOREWHT T, 10cm/s B E
DIRBZET S5 ERAMHEBEN 20U LOEBVWEMRET 2 LERLTWVWS, Thid. RZTHK
HIRIC K 2 RIRBHERAIC BT 2 ERFHBEHE. L— MO KHBI X3 72h AR, BF
HIEEMI K E BB E X3 LRI THLNMCLIELDTH B,

CHEET ZIc, BEFR., MBHICBWTEKT 2EXEEMORGTRICERI N2 ERHE
B EREICTHIT3BROREERBETH 3 3 RTEI g S DZ UM ORI R UF DEE Sk
REEILL. 5. ATTHAHBIC L 2 RAFHES O TEERARIC T 2 EREEHE LI
L7zbDTHYD, REBHEY. WEITR. BEFMBICERTILIAARZ2L00HSB, £o
T. EEIZ, IBEREEL (T%) 0RMEREEN2ERHZ LD LEDH 3B,

— 686 —



