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Abstract

The regulatory requirements and related review guides enforced in 2013 both require that
design basis ground motions be determined by considering the following two types of ground
motions: “site-specific ground motions evaluated by specifying seismic sources” and “ground
motions evaluated without specifying seismic sources.” Together with the purpose of understanding
the level of the latter category of ground motions using strong motions recorded during crustal
earthquakes that are difficult to relate to recognized active faults, this project aimed to continually
accumulate technical knowledge regarding the effects of seismic sources to appropriately evaluate
their size and uncertainties for specific sources. In order to contribute to the confirmation of
assessment of safety improvement of nuclear power plants pursuant to the new requirements, this
project also investigated the applicability of methods used for seismic hazard as well as fault
displacement hazard. In detail, the following research activities (1)-(4) were conducted during the
fiscal years 2017-2019:

(1) Development of the fault rupture modeling method for ground motion evaluation
1) Development of ground motion evaluation method for crustal earthquakes
This subproject, which was commissioned to Geo-Research Institute, Osaka, Japan,
conducted analyses of seismic ground motions from crustal earthquakes and acculumated
technical knowledge regarding the variation of source parameters as well as their consistency
with empirical scaling relationships. In particular, for surface rupture earthquakes, the
reproduction of both short-period ground motions and permanent displacements occurring at
sites located near the fault was ascertained by considering the rupture occurring in the shallow
portion. Moreover, impacts of uncertainties in the fault rupture modeling method (FRMM) were
determined by modelling the uncertainties of the source parameters.
2) Methods for investigating the fault length of crustal earthquakes: a case study on the Kumamoto

earthquake

il



We conducted both geological surveys (such as boring surveys) and geophysical
surveys (such as seismic reflection surveys) in the area inside the Aso caldera, northwest to the
Fudagawa fault, where the clear trace of a surface rupture was identified during the Kumamoto
earthquake in central Kyushu Island, Japan. Our investigation results show that the estimate of
fault length based on such surveys is comparable with the length of the fault source from
seismic analyses.

3) Development of ground motion evaluation method for great interplate earthquakes and others

Studies on source rupture processes for both the great interplate earthquakes and
oceanic intraplate earthquakes occurring outside Japan were conducted in this subproject
(commissioned to Ohsaki Research Institute, Inc., Tokyo, Japan) and the technical knowledge
on source effects was acquired. The applicability of the FRMM to these events was confirmed
by the implementation of ground motion simulation using FRMM.

(2) Study on ground motion evaluations without specifying seismic sources
We estimated the response spectra for specific non-exceedance probabilities using
ground motions from crustal earthquakes that are difficult to relate to recognized active faults. We
further determined the standard response spectra to be commonly considered at all sites
nationwide for “ground motions evaluated without specifying seismic sources”.
(3) Development of probabilistic seismic hazard analysis method
1) Probabilistic seismic hazard analysis using the FRMM

Among the parameters of seismic sources, we selected those with significant impacts
on ground motions, conducted ground motion simulation using source models with parameter
variation considered, and analyzed the impacts on probabilistic seismic hazards.

2) Development of methods for computing realistic input ground motions

To develop methods for a realistic input ground motion computation for seismic
probabilistic risk assessment, we analyzed response factors relevant to the effects of the
underground structure on wave propagation based on ground motion records and acquired
technical knowledge regarding the mean and standard deviation of response factors.

(4) Study on the fault displacement evaluation method
As a study on the deterministic approach, this subproject (commissioned to Kozo
Keikaku Engineering Inc., Tokyo, Japan) investigated the geometry of secondary faults, which
are located at a certain distance from the main fault, by analyzing earth observation satellite data
and conducting trenching surveys. Moveover, this subproject improved the prediction equation
for secondary faults using recent fault displacement data and acquired technical knowledge

regarding probabilistic fault displacement hazard.
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Table 2.1.1 List of earthquakes considered in this study
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Fig. 2.1.2 Improvement of velocity structure models
Phase velocities (colored circles with red, green, and blue ones corresponding to large, medium,
small-sized arrays, repectively) from microtremor array observation are compared with theoretical
dispersion curves computed from the initial (brown dashed lines) and improved (brown solid lines)

models, respectively.
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Table 2.1.2 SMAG parameters

SMGAL1 SMGA2
Grid size di=dw (km) 0.7 0.7
Area S (km?) 4.4 17.6
Rise time T: (s) 0.15 0.42
Seismic moment My (Nm) 5.73x10'*  4.59x10"7
Stress drop Ao (MPa) 15.1 15.1
Rupture velocity V: (km) 2.6 2.6
Rupture starting grid” (NSL, NSW) 3,3) (6, 6)
Rupture starting time to(s) 0.00 +4.42
Source dimension ratio N 3 6
Stress drop ratio C 1.80 1.80
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AFGE 1718 CHEPL X T D IR E A o0 AR . R OB BT 192 TH O30 i
DT =B EnHrT 52 L2k, TR,

lOg(ng) = 1.01 log(LSF) — (033 sttt (211)
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Va7 2 XY = (Diizee) HIFR ORI, ZEHIE 7007 — Z OHFEIZ LV ) 52km
DIEME R S ZHETE TR Y, HEROHMEMENE ORI (40km) LIFIXFRBRETH
Do ZDOX D RIEMEN SR VES (40km LLE ) | IEEEE S 2 EMERER S Ly
LR ENnTE, ﬁzllﬂ%\ﬁzﬁmeM®M§§%%mf%é —Ji. BAR®D
W N R O R AN R <. BEFICE Y HHRHEWE N O F £ OREBTHREFES
DT ENEELL, REAHEDO X S| %%ﬁ@ﬁéi%w#ﬁ@%ﬁ%%é%ﬁszé
:&ﬁ%éokﬁb\%ﬁﬁn X, REAHUE ORIFIRIC I T 2 IS R 7 — & 55 & bt
Lk%%\%$ﬂ%®ﬁgﬁgkbf\ﬁé1&m®ﬁ%ﬂﬁ@m%@%&@§él%m@
Hi NS IN Z T, #E OB ORIER A VT 7 % T 10km F5E EERTE 3B OS5 il HE
PERRIE S U, F#F 45km Z2BFEMEOR S ELTHETE L LTS 2, #fiE LIEER
WrER 2 mFRHENEREI A2 LT, X211 205, E3K 22km ® LMGA 2% E CTX
HEBEZOLND, O, TR 30 FEOFBMEN TRE L7z LMGA DRI &Y LT

. BEHMIE R T — 2 OB T — X OMATE 2 ET N EHBETE LI L E2RE
LTW5,

Z LT, HFEHBEWE (H21F. 1992 4F Landers #15E, 1999 4F Chi-Chi #1758, 2010 4
Darfield #1532, 2014 EE B IR AL HIEE . 2016 FEAEA MR | 2018 A Hualien H1EE) & %f5:12
BRI OB G O AKAEN Z BT 5 L 95 ICRD bk %W@#mDLW%%%ﬁ%
AN A L, LMGA O F D & (Dimca) T A XX A I (tvmea) TR L72, £ O
E. LMGA OF 0 &iFaE (1975) 2 & AN (1990)* 2 JHWTH LAV LU T OHE £ —
¥ R (M) & DB EBEAHTH o 72,

log Dimoa [m] = 0.5123 x log Mo [Nm] — 9.4974 =+ evvrveevnsnnenasnnns (2.1.2)

ZO%E | LMGA O3 XY &1L My6.5 BL EOEJRENE 2RO Y130 EORERI A 7 —
UV ZRHIOKI 25 TH D0, 2L SMGA OFT R BIZELWY, T728b5H, LMGA O§ X
D& (Divca) 1ESMGA OF Y EE—HT 5T LRI NT,

F72. LMGA O T A XX A A (timea) [ZDOWTHRETZ1T o 725 5. Somerville et al. (1999)*
DT A XL A LORRBIIA 7 —1U » ZHNZHK LT, LMGA X 25D T A AKX A KEFiD
ZENRBENT, 2B, Somervilleetal. (1999)* DT A X & A LDOFRERIA A/ — U 7 HI
X, LI BB S SMGA DT A XX A LEBASNTHLZ LD, LLTFO X 5 e BIfRX
DENND,

TIMGA [S]= 2 X Tsmga [S]  rrrrrrrrrrserseesnnnns (2.1.3)
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272l ERELMGA OR &, $ N0 EROT A XZ A L TNZNOBEKBAITIRS L7z
T RSN D THY , 5%, HRIZHIE LB IZENI ORIk 3 5 a5
DOEFLE N FMAOEHEICL D, ERDIBAENSLETH D,

%, B T Z HIIZ L7z LMGA 258 L 72 fe LB IRE 7 L O G2 37 7,
AR TERLUICMELIEIIUTDO 2 75— (ATEL BIE) THD,

DA

FP, HMERARE ESRLOEO W HFED D KO L EITHEWRRBR BRI L 0GR X
NOHHEET—A 2 MIESWT, SMGA R RBEIBOMERI T A =X 2R ET D, TL
T, #iR 2 S MR F TS Lbs DLE OIS LMGA & TN LSO BB A2 R ET D,
LMGA DAL iE % SMGA OE EICREL (1E-> T, LMGA O S1X SMGA DRI L& L L
72%). LMGA OIgIx#iz 5 MERAE Lk s LB EA AL LS 5, LMGA
DF R EFEFDO SMGA 5L, T4 XZ A LIPAERBRA 4 0 2 FOEEE T
SMGA @ 2 £ (X 2.1.3) DIEOWND/NSVMEZRET 5, AETHRIE SN HHBHIET— A
VOME R AR D RRBRBERR L VRSN A HEE— A P b/hEL< D,

@B £

M b DM HFE D H R PARA L VBl S Lo HUEE— A v MZESN T, LY
EUZHE > T SMGA DIEFIHI/NT A —F i ET Do IRIT, EHP I LMGA 2R ET %,
LMGA OfLECIR, TRV 8, T4 X4 A LOREFIEIFTAELR L THD, BIETHRE
ENDHHRHEE— A2 MI, WiEEEEE,SRBROEBR L 0TS BT — A
FEFELL D,

AT THELE LI ATEE BIEEZH W T, 2016 FFREAHIE L 1999 FE b3 « T2 XV =
HIRE A 51 LMGA O EZIT 270, BRIE S 472 LMGA D& S 1%, 2016 FREAHMIZE TH
23km E72 0, X212 LVFMES NS LMGA OE X (]922km) &, 1999 kb=« 5 =
AV = MR TIIAI 28km & 720 A 2.1.1 KVFHIiE D LMGA O S () 25km) &, W
ThbRRETH- T,
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Fig. 2.1.6 Characterized source model with surface rupture taken into account
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¥ 213 FHEEFEETLO/NRT A—H

ETa

t2 (BARREFBFET)

REXEE (F57 MEREE)
BRI — TR

ERTR

Table 2.1.3 Parameter list for the characterized source model

) — AR E N HIUBCHBR BRI ZTAT, SRk 30 AREEIR UM SR SRS Ze ey (N BUHIRIC L 2 BB ORIl AR FE  AeRiEE
RNIX—L =<y H F2 F3 F4
W R S ° 32.7445 32.8117 32.8824 32.8824
(H#X) 130.7992 130.8764 131.0003 131.0003
Em ° 198 226 236 37
1B A ° 74 77 65 75
T ° 210 210 210 230(SMGASEE.£) 210
210(SMGA3E _ELI4h)
NTA—& L= o1 SMGA1 -t SMGA2 LMGA2 B REE SMGA3 LMGA3 HREE
R km 8.0 6.0 12.0 6.0 6.0 14.0 10.0 14.0 10.0
& km 16.0 8.0 16.0 8.0 3.1 16.0 10.0 3.3 16.0
i km? 80.0 48.0 144.0 48.0 18.5 124.0 100.0 46.3 160.0
RS km 3.0 6.8 3.0 3.0 0.0 3.0 3.0 0.0 3.0
TimRE km 18.4 14.5 18.6 10.8 3.0 17.5 12.1 3.0 18.5
WEE—X> b Nm 2.11E+18 4.86E+18 3.79E+18 4.86E+18 2.31E+18 3.26E+18 1.30E+19 5.79E+18 4.21E+18
TRYE m 0.8 3.2 0.8 3.2 4.0 0.8 4.2 4.0 0.8
ISHETE MPa 2.1 13.6 2.1 13.6 - 2.1 13.4 - 2.1
54 X484 L(EAL) s 2.9 1.4 2.9 1.4 2.5 2.9 1.8 2.5 2.9
A - BE it - BER it - 2R it - 2R Smoothed B - BE A - BE Smoothed it - 2R
T RERFFREIBIEK -
(2000) (2000) (2000) (2000) Ramp (2000) (2000) Ramp (2000)
54 &4 LGERE) s 2.9 0.6 2.9 0.6 - 2.9 0.6 - 2.9
IR E km/s 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8
3 B B s 0.0 0.0 0.0 4.0 6.9 5.2 5.4 8.9 12.9
Qflﬁ _ 62f0'87 62f0'87 62f0'87 62f0'87 _ 62f0'87 62f0'87 _ 62f0'87
fmax Hz 7.1 7.1 7.1 7.1 - 7.1 7.1 7.1
fmax 7 4 L R — DR E5&(2s) - 2x1.37 2x1.37 2x1.37 2x1.37 - 2x1.37 2x1.37 - 2x1.37
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Fig. 2.1.7 Comparison of observation (black) and synthetic (red) waveforms
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Fig. 2.1.8 Comparison of contribution to synthetic waveforms from deep and shallow portion of
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the hybrid method
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Table 2.1.4 Main parameters used for the characterized source model
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TAN) I RARENSITHET 5, —FH, TAXRYT 4 OIS 1B T &%, aﬁﬁ?@
HAEBZRENL, LI EORICE > TINOLDEIZAEIIZHRD ONDT-D, ZihDfE
%%ﬁ’%?meéé’kﬁ%\::TM ETMEORFENS E LTV S, 725,
FELBIRE T VDT A —H DARFEN S X D EBOFNIL, EEMEE) D2 4 1E0H]
Wi~DIERRHRHTEDL L E2EZ, LTI, HERTA—FORENSDET LK
B P A 0D R A

EQVESh %215®$@60@A7f BT D RN S DET LE, LTFO~
@TRTHY, RE LT
QT ARY T 4 OEE T O RHen &

LI BEIZESWET 2R T 4 O EZWEHOTRICEE S 2ET VA2 ERE L, R
WNISELTT ARV T s ONEZELS THHGLESTH505E 25, BRIICI
TARY T 4 ONEZERLS TDIHHEEIET AR T 0O EESZKEETT VO BRI
—H I, TAXY T 4 OMNEBEZERLS TLHHEET AN T 4 O TwmES 2 MEET L0
PRSI —HIE 5,

@7 ARV T 4 OIS T &

SMGA DJi Jike T ECH L, EN O N RGN 2 55 & U7 5B Eh i BLARAT I
h. HEZL C*@EhfhéoLﬂb@ﬂE\ﬁ%®ﬁu%v—%ﬁ7#%w\ﬁﬁ%
T, AL~V A DELOX T, WHETEDOARMHNS E LTEET D, TOD,
Wk 28 AR DAL 2 TIEE L7z 21 HIEED SMGA 7 VDT — &b, HIEZ L0
GEMIL A~V AZEIN L, 28, A—HECTEROET VRGEET 2HEG. TNUHET

NWIZ XD A D)% ZOHBE DR L~V Adtrward modet & T Do 2.1.14 12, Aforward model
ELVEDRAT =Y ZANZ KD THAE Apan & DHEREZR L, READFERHRT 21 HIEOH
P ECEE) (0.02) 7R 8 0 5 TR BCEHR R 72(0.02 £ 0.12) 27897, Zh b OfE R %

27



BEZ, TAXY T 4 OIS B TRIZILCENSIMESNAHEEEAL L, RS & L
TEDEZ 132(= 10" F L= DL, 132 TRLELDD 2 7 —RAERET 5,
O EARFR IR 1,

Wk 28 FE DL MR 2 TIUE LT 21 HEBOERRET b, MERIZ 1V, & S R
ERLolhr/pazRt L, OV LFEERAEZRD D, ok, F—HE f@ﬁ@%Tw
NHDLGEINL. TNODOVHEZOH-BED /B L35, K 2.1.15 IR T4z Lz 21
HIFE D VB 27~ L, JREDFERRT 21 HIER O T (0.78) . FREAD R T AR R &
(0.78£0.09) % /"7, ZHNOHORMREEE X T, V/p=0.78 AR L U, WELIEERE O R
MEELELTI/B=0.87 & Vi/=0.69 D2 r—AERETDH, £i=, LI EIIBITDLTA XX
ALTAX ax WV, CRINDD, T4 XEZA LADORHENSITHLRICERT D720, BEER
BHEEDOLFEN S EBET DR, T4 XX A DFEDLLRNWET D,

@DF7A4 XHA A

LY BIZBITLT7A4A XX AL T0E, K215 TRENTWD, 22T, WIZTAXY 7

A FEBIZBNWTIET AR T o O L L, HRERICBWTCEHEREOETH 5,

LY EOR T HBREIEHEICHWDS T A4 X2 4 AT o=05 1R ENTWS, — 77, SMGA
TS HEMNTIC L 2 MERESBAGRSE KD R HETE 5 ald, P
B O(AHIE) TIE02~04FRELINTWD

ARECIE, K 2.1.16 1R T LI %ﬁﬁ ISR, HEFE L 72 SCHRD /X T A — &
O, HEEICa ZHT L, £D¥Y) (023) LEERZEQO0.D)EZRDTZ, ZibORREZEE
Z T, a=023 ZHEAL L, FHENES E LT a=023-0.10 (T 28EHV) & a=0.23+0.10 (7,73
FBW) O27—RA&ERETH, AL, T2 Tl L7z o O FEMECEMER 2215, 4055 H{
(Fatey 27 V) — BEAE) OMEERMEOA THWD o &7 5, EEMMA EEFESE)
OHEEBRIMH CHWD a XLV ETRENTND 05 ZHAL L, KNS & LT a=0.50-
0.10 (T, ¥F V) & a=0.50+0.10 (T, B EVY) D275 —RAEZHET D,
OHIEEF L D FhiE S

AIFZETHW A TIHEEET L (R 2.1.6) TS 2km T Vs=3.35km/s BN BND Z &
AR E 2 C, MIERARO BIESIE 2km 2EAL TS5, £, HEFHAENIEHEE AL
(2009) ¥ OHEE FRHIX CRESNTWBET VICL D L, WiEET L O ik S IX
RHBEWGATH lkm Thd, 2O b, AMENS & L THIERAEREO IR S 239
WA % 1km & L, WAL 3km IZRET 5,

(© 15 5] JR2 H50 308 W AR

28



Wk 28 EEE D2 g Tk, 2 2.1.6 T3 d Boore (1983)% O mElsliE W 7 ¢ )L & — & E
L. BEARHUEARE A G e RN HIEE 7 R O @Gl W 7 4 L Z — DT 2 =% (frax &
s) HFHm L T\ 5,

P(f): l — c s s e s s e s s es s esses s ssesesses e e (216)

1+ fj

max

ZDFER, BEAHEAREIL froax=7.1 Hz. s =137, NERHZRNHIE 7 H5E O X 1T frax =8.1Hz,
s=1.11 Z/F TN 5,

—J7, FINED (2003) 3 Tlx, K217 TRTEEGER T 0 L2 —&RE L, BEY A
kN DOFRERLERD D EEOER 7 4V H —DRT A —H (fux & n) ZEHMEL TS,

F(f)= L (2.1.7)

1+[f}"
s

ZORER, FHMITIE fma=8.3Hz, n=1.92 21T\ 5,

IS 3 FREOEENER T V2 — &K 2117 1T, BRAMEARED (Ko RA)
0 IR B I A 28 LRI P T N R R N HIER 7 B O Y (K o dR(a) 2SREAHIE
AEIVBREL, HFINED (2003) 3 OFY (MHFOEFM) PEAMBARAELY /NS
W, ZIT, FEAHBEAEZHBE LEEBROET UEEITI) 2L, 61K 2.1.17 LV
AR 28 I DOREARHIER AR OMRFHCHE b v m A ECER R E S R RN R b O TH D Z &
EESE X, 29 LTmBOER 7 4 V2 — 2 FARE L, RN S & LT RO NREHIE N H
BTHEOTYE (LT [THEOFHET V) Ev),) E&FINEHN (2003) P 0TV (L
T TFN2003 ET /L] EWH,) D27 —AERET D,

WIT, REARHEARE (MET— A2 b My=4.42x10°"Nm) ###E L= o E LT, kit
TET ML LTE /T A — 2 OFEESEZ AWV UERET V&2 TERET L) L L
THESEE LT, & 21713, TR O DR T A—F OB EMEORE T EEZ R, K 2.1.18 1%,
BT A NERBRAET AL N THRESIIZBIE R OT AXY 7 ¢ O - AL,
W N R R D3 A 2 v, & 218 12T, ERRO~O THA L& RiENS 77— R
DHH, TARY T ¢ ONLESUIHER A TS FIR S O AR NS 7r— A%, sHfiths s 7
ARY T EFRLEIIEARE T AR TEbD > TV DA, BiERIZE D> TR
O, FRHEALRIRET VL ONT A —=Z AKIE, £ 2.1.7 LELCICRS>TWD, £OMDAFE
NS —21F, BlzIE, TAXY T 4 OIS TEOSGAIE., BERET VOME 1.32 £51C
THPEUMT 1.32 TRT D0, T4 X84 LOEAE, o GEAB) D% 0.13 X 0.33

29



250, 2O LTEBEEOH D NRTA—FOREEETDHZ T, B EERET L
EHETX D,

4 1 D FEI TR T H G MR IWT, FEE BN 7Y — BRSBTS
WEHRESEIC L VEH L BT Z, N7V v FEICLV AR L, K 2.1.19 1%, &K
BT MR D BARIMEE & R KREED A ZRT, BERMNS T —ATh, RFEEZHW
THEEZGR L, BRET NV EHBEZIT o7, LT XY BEARET VO MRS K KBS
T2 6 DDORFEN S ET VO EKRIED LD 3L # O ik & R~ 7,

2120 1T ARV T 4 &L THZLICEDEELRT, RRNEOHOSH LY,
HEENIW R E O A OB CRENZ ERXDND, Tt TARY T o2& T 5
ZLTT AR T ¢ N OO R HURIEER IR B L. W 1 o0 R R O BEISIE T AR Y T
A ETORBENELS 22720 TH D, BKNMEDOLENGIE, EARET LV TRRENKE N
MR T, TARV T 4 2% LIEHE. IV RELSBRDLTEDDND,

¢ 2121 1S NETEE 1326575 2 &Ik 288 A2 R T, KO LB RT LI
B RNEFE D HITZE MBI —FRIC 1 £ 0 R&E WD, Feo ks O T 22 Mmic i*%
T LIy, M 2120 (12T, FROBKREOLEMIIRT AT Y FEIFFIT/hE 0,
INEY, TR T ¢ OIS TIRE T EO D S TXEHM A X S FURIT[FRR OB M
hdLExD,

X 2.1.22 1%, EAKEENEL 702 2 L IC KD EE T, BRI I EHRI X

ERETNVERBETHDLN, RRHE] Bﬁi’ﬂé"] ERET VIO REN, ZHED, B
BAREHE N ELS 725 2 & TORREAHM OB O FITEBEINLTWVWEFE XD, TE
DERKMEO BRI AT NT Y FE, K 2121 IR TREN, 202 L1E, BB EREHE
FEDEALIT KT 2 BB O BT SIC Lo TRESEARDZZLEEKRL TN, &
ZAT, FEORKEEDOLOSHIZENT, Al)EZ Ay FOBRMTRIZKEL 8o
TW5, Z OmEEIE Forward Directivity (R 7 FEIAIME) 20 F 0D 528 2 52 17 03 Wik 2 eI
LCW%Z &2 Forward Directivity #0128 D 52588 4 52 15097 VBRI ZABE = f 0l B D Z81E,
WA THH EE R D,

21.231%, TA XX A LPRFL 70D Z LIZ K 8% RT, RRRMEE, R RKEE &

HIZEKRET LI b REV, EEORREOHOZMITENT, BAEALEZ A MO

BT, RRKEEDOEAITRFICHE CTH D —F, MA)IIE 7 A b b gl Ah o fEsiE
EREL T o Ty, Ml 7 A > b o B HMlIX Forward Directivity 205 o 8%
EZTROTWVEBICMELTEBY, ZOXIRERTIITIA X2 A LOEICHETH D
ELEZD,

2,124 1%, HUERAEO EHE2 R T2 LIk 2B 2 R~T, FARKEY | HRINE
Eww\WﬁLE@wkﬁcliwk%<&ofwéoLﬂb\ﬁ%<ﬁéﬁﬁi\7x
NYUTF 4 OfEEELS Ly —2 (K 2.1.20) LD H/hE0,

30



o JE O W RIS B D 2 DO RIS BT VIS L DB A L LT fER . S K
D, RRKEED L& HITZERICIE i*ﬁ%f“é@oto =77 L. 2125 DAY FL
XY @R ECERREIC X o TR 01 B R0 OREAMIIT 1 K /hsL bk
NdHb, 25 E LT, X 2.1.26 1%, Boore (1983)3 ® X 51T S=4, fmax=6 (IR ELT-ET
NDAR MV ZERT, KLY A 0.1 Bk O MEEREN~K & e85 KT
ZENGND,

RBIT, LR O HUB B AN RIS LT, mORINEE, HREHE, KOAXT b (8
H10.05 70 ~02 F>. JEAH 0.5 ~2F) OLUL A HEKETILORER & ik L, K7D R
NS DB LD MR A~OREES LT 2, REBESG L LT, ERET MK
T D HEAMED E 7 — A D F RNERE % @ﬂ%@%ﬁﬁ@%@ﬁ%kﬁ%ﬁﬁ@ﬁ#%%i
Do T LFHHEHERAED 1 22O OTEMENKRE RO AMHNS F— AT L, HUESH
R~ DRBENRKEWIT A =X THDLZ EEEWRT 5,

B4 2.1.27 I RIMEEE ~ DL 2 m$, O —F LI2IE, Eai R 2 6 R HEAE
TMZxF L CHIEBEBI N K& < R D RHEN S 7 — AR KINEE O O (LT T4

R L)) BDREWIARICWE AT, FHW R EEZ LHED Y VARV TRL,
R AE AR 76 % JUAR & N — TR T, REITHEE N KX < 2 AN ST, FAaITHIED
DINS LK IRDRENS TH D,

FI L0 RS 2 5T LT SRR R BB 13T AU T o DS I T 'O A
MENEBREL, KB RARTA =2 THDLZ N b, o, BEEFEZEZ (UUF T
BEONTYEX] LD ,) X7 ARV T 4 OfE (RS TW) ., ESREERE, HERA
JED EERINREL, TAXRY T ¢ Ok TR, &EEECERRE () 23D S0,
Flo, TARXZALBINHOHHBIE 2> TND owﬁf@A7/%(ﬁﬁﬁ%)®ﬁ
INEL RTA—=FDORFEN S L DB OEENZEMIIZIE—RETH DI, HDWIT
ﬂﬁ%ﬁm;ofiﬁéﬂmgw?%éoﬁ%%ﬂ’iofiﬁégii TARY T 4
ONLE RS W) CHERERO EMES O L9 IC&FMiEN ST AXY 7 4 £TO
HEEO KIS T 5 6 O, BEEFEHEST A XX A4 2O XS ICREEcOZ LEb
HOEIZKHIET 2 ONRBE 2 bid, FHHEERAEAE COREBEZRL L IS T&E
DRMENEZ I BT AR T 4 ONLE QRS FHH) OFBKEL 8D,

X 2.1.27 OFAN D 2 Bt H DARE 1307 e Fi s 05 M s (b S B RS 5 km BLR) | U BEEEHR
A (BT A BT R RS 5~20 km) . HP RIS (B8 A B EEREAY 20~70 km) O FHAfi AR T 27
W=V T U ORBE 2 R, 8T A—Z O NI LIS TOFRERETH D,
W7 g AT £ ML C U, SRR R B T T AN T OfLE GRE ) b RE L
KB THDZ ENah D, Thix, WL SILT A2 7 0 OfrE (S J51m)
NEETHE, TAXRU T 4 if“@%@?tﬁ%ﬁ@w{t@&ﬁ%?ﬁ% KBl ThHb, FiE
BiEH L COE M A B X, T AU T OLE (RETTH) BT AU T 4 OIG I
TELID /NI VD, FHHFREFREE TEBZX LT ARV T s OIS I TERL EAS,

31



X 2.1.27 ORI e RHE~DOREE 2 r 3, RIKL Y | SEER BN D K& W
RITA—=BIZTAREA L RIZT AXRY T ¢ OLE RS TFM) ., WEREHE CTH D 2
EWGyIND, Filo, RRIMEE THEEW R EBERRENT A T 1 OISk T &I
RRBETITNENZ D GND, HEBEDONTY X (EERZE) (SRR IH F@H#?:H
BROMBRZRTR, T4 XX A LONTY X HE00RE W, Wi BRI TR & BT
JERRT B H R TR RIEEE T H 7 AR T ¢ OLE (RS 1A (2K D REBEN NI
HLRENWZERGND, TNHDOI END, WilEMEF s T, BRI, R
DM CTHEENRRENI ERG1D.

4 2.1.28 IZJEH 0.1 B OICEME~DOEEEZ R, BERENROREVWAT A—=ZIT
z&9%4®mﬁMFE\&VTTXAU%4®M%(%éﬁW)%?4f&4bv%é

. WIBRGE S TIX T AR 7 OfLE (RS HH) ORBENKEL 2D, ZOM
]V KR EE ~ DS BE L [k TH 5,

X 2.1.29 ICEAM 1 B ORBEE~ORBEZ RS, WEERRKORENWST A= 1T7 A

REA D, WO THIBELIEREST AU 7 ol (RIS HWM) OFBENKELIRD,
OFNI I R E ~DOFBEFE L R TH D,

32



® 215 BEHHRATA—H
Table 2.1.5 Parameters modeled in this study

RS G T A — 4 AN S D43 HH

T AU T 4 ONriE (F S H0A) Parametric uncertainty
2 | TARYT 4 DISET & Modeling uncertainty
3| IR SRR Modeling uncertainty
4 | TAXEZA L Modeling uncertainty
5 | MR AN O BiniE S Modeling uncertainty
6 | E AR ECEWTERE (fna) Modeling uncertainty

* 216 HTFHEET /L
Table 2.1.6 Underground structure model used in this study

Depth Thickness Vs Vp o
5, Qs Qp
(m) (m) (m/s) (m/s) (g/cm?)
0 - 201 201 680 1500 2.1 17 34
201 - 234 33 1640 2300 2.1 45 90
234 - 500 266 2910 4227.7 2.6 91 182

500 - 1000 500 1210 2633.6 2.4 200 200
1000 - 2000 1000 3000 5300 2.4 200 200
2000 - 5000 3000 3350 5800 2.7 200 400
5000 - 10000 5000 3460 6000 2.73 200 400
10000 - 15000 5000 3520 6100 2.74 200 400
15000 - 20000 5000 3690 6400 2.76 400 800
20000 - 25000 5000 3750 6500 2.78 400 800
25000 - 30000 5000 3900 6800 2.8 500 1000
30000 - - 4600 8000 3.45 1000 2000
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# 217 BHAEBREETAONRT A—2—E (EREFNL)
Table 2.1.7 Parameters used for the characterized source model (basic case)
HU) — R A N MUBC R BR AT JE T, SRk 29 4R FE IR D e S B0 SO R 223 8y (Ml
RIMIRRIC X 2 HBRE O R FikomE) FE O RUREREE

AR RS | B & BREAE
HRE—A> b My | Nm 4.42E+19 F-net
E—AVIYIZFa2—F M, - 7.0 M,,=(logM,-9.1)/1.5
W/ T S km? 891.4 S=4.24x 107 x (Mo x 107)/? AR - =%£(2001)
BEA | A
£ 0 205 236 |Yoshida et al. (2017) DH & F2
1B 5 72 65 [Yoshidaetal. (2017) DH & F2
EEFLES L km 12 38 Yoshida et al. (2017) & &%
5 |MEETLE w km 18 18 |Yoshida et al. (2017) DH & F2
m  |MEETVER Seeg | km? 216 684
g |WEETLVER S km? 900.0
w | EEEE R km 16.9 R=(S/m)"*
B H, km 2 2
ES Hq km 19.1 183  |Hd=Hs+Wsin(5)
(SRR B | km/s 3.4 HRHH TR
BE o |g/em’ 2.7 RS TR
[Elfcas u N/m? 3.12E+10 u=p B?
FHTAY & D m 16 D=My/(uS)
HEE—X> b Mo g | Nm | 6.66E+18 | 3.75E+19 | My soe=Mo * Seos’’?/ T Seog®’?
REZERUE Deg | m 1.0 1.8 |Daog=Mo coe/ (1 Sceg)
BOSHETE Ao | MPa 4.0 A 0=7/16 - Mo/R®
SR S A |Nm/s? 1.87E+19 A=2.46 10" x (Mo x 10")*/2 5 - 40(2001), H28FEREBOBEHLE L HEE
TR T 4 QAR r km 8.9 r=(7r/8) - {Mo/(A - R)} - B2
TRAY T4 R S, km? 246.4 S,=nr’
(B%)7 2] 7 1 Eft - - 0.27 S./S
f 2T 2~ T 4 OEHISH o, | MPa 14.6 0,=0 0,=7/16 - My/(* + R)
5 |ASPEK Saceg | km? | 591 187.3 |t o4 v FEMICHE LTES
p |EE¥E foeg | km 4.3 T |reog=(Ss s/ 1)
REZERUE Dyseg | M 2.0 35 D, eee=& * Doy & =2
ESInl 04 g | MPa 14.6 14.6 04seg=0a
HEE—X > b Mo sog | NM | 3.65E+18 [ 2.06E+19 Mg, cog= 4 Dy cogSa <o
i S, | km? | 59.1 124.9 S11=2/3% S, qop
e no | km? - 63 |- 1o =(Su/m)"?
EZHESEIA4 Y1 - - 08 |- Y 1=n/Teeg
L Dy | m 2.0 3.9 |Dar=Da s Dui=(v1/Z ¥ ) * Dyseg
S [mE—X>k Moar | Nm | 3.65E+18 [ 1.52E+19 | Mgy =Mo, cor Moa1= & DaySa
P |=shish 0. | MPa| 146 146 [0.4=0, 0a1= 04 cos
w1 |aGEEs) a, - 0.23 0.23  |H284FEHE®E(%K3.1.3(1)-3) DHEHLIE |H28FEIREE (%3.1.3(1)-3) o HistnE
18 54 X2 A L(ERE) Tsa1 s 0.7 0.9 Trsa1= a5 = Wyy/V, Trsa1=as * War/V,
3] o (RAH) a, - 0.5 05 |Lye LK
= EETCEONC )] Toa1 s 15 19 |Tha=ay - Way/V, Tia=a;* Wa/V,
i’ ik S, | km? - 62.4 |- Su=1/3%S, wug
Bl |zmez oo | km? | - a5 |- =(S0/ )
S I e - - 06 |- pa—
AT~y D., m - 28 |- Doo=(y1/T ¥{) " D seg
S [EE—X> b Mo, | Nm - 5.37E+18|- Moas= & DaySas
Sl 0. | MPa - 146 |- 0= 04 coq
2 |aGEmm) a, | - - 023 |- H28EERE S (£3.1.3(1)-3) DEHLE
54 X84 LUEAH) Treaz s - 07 |- Toao= s » Wao/V,
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Fig. 2.1.44 Arrangement of each surveys and assessment of capable faults
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Fig. 2.1.45 Coseismic slip distributions during the 2014 Iquique, Chile earthquake based on source

inversion analyses
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Fig. 2.1.46 Coseismic slip distributions during the 2015 Illapel, Chile earthquake based on source

inversion analysis
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Fig. 2.1.55 Relationship between short-period level, A and seismic moment, My for intra-plate
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Fig. 2.2.4 Example of stripping analysis result: the record at the IBRH13 “Takahagi” station of the northern Ibaraki earthquake on December 28, 2016 at 21:38
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spectrum with non-exceedance probability of 97.7% (average + 20)
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Fig. 2.2.17 Comparison between the standard response spectrum and annual exceedance

probability of ground motion by JNES (2005, 2012)
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Table 2.2.5 Approximate result based on ‘Concept of annual exceedance probability of earthquake

motion’
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G| B g |, SESND | EBECE B PREBHE 1B
(/47 = A ' i % i %
1x10* 0.048 4.8% 0.952 95.2%
10 314 0.00208 5x1073 0.024 2.4% 0.976 97.6%
1x103 0.005 0.5% 0.995 99.5%
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Fig. 2.2.18 Comparison between the standard response spectrum and estimated values by ground

motion prediction equations
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Fig. 2.2.19 Comparison between the standard response spectrum and the ground motion level
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Fig. 2.2.20 Comparison of the standard response spectra with estimated ground motions at K-NET
Minatomachi station during the 2004 Hokkaido Southern Rumoi earthquake. To be the same
reference condition with the standard spectra, i.e., the free surface of a medium quivalent to the
seismic basement, these ground motions (blue lines) were estimated by applying the same method
of subsurface property correction as in this study to the seismic ground motions (green lines) with a

margin for the free-surface basement waves (the seismic level adopted at hard rock sites).

120



(8) IEWRE AT MVITIR D FF RO

EHEIRE AT MVITRDBFHCOWTIE, TBIRAFEE T RET 2 HEDICET 2
BT — 20 1B\ T, i e BLEE S0 L 0 HRE K O AT o ) BE (LI BEsE L CfFsk o
AEN D D Z LA S AL, PREICLITNICRT L O 2illd - SRR AT o T Z &R
HELEXHND,

@O INEFTREZ HIFR - FoéRdk

HARE N O NN H-TE 2 65 & LTV DA%, KiK-net (& K 2 #8130 G o & I 56
RGELE LTWAH T2, 2000 FLABED 18 M OFLEKICIR G TI Y | MIENFA L
BIZwY bd b, o, BITICERA LT — %7y b OFER]OME - FLéBuisia G-
RANZHESTWDHZ L 2R L TWADHN, T —4F Y MIBW THERBIZR D omW
LR TROND, FRAMZED AL LT, FH2IZ (2018 FFLIEID) X 72X
SERF G HITR O MURE LG D 0T 24TV, EHIRITIRMEIGE AT b L~ DB O MR %
EITOo TS ZENEBELEZLND,

@ XX & VR OREE
(S)KﬁﬁéF@%@%&ﬂ%@J@?Nwﬁi’ﬁd<ﬁﬁ’;of &L fig

FroREEMENZ LI X 0 ey —2% (MESHEZ LSBT 254508 %

V) WAETDZ ERHERINTETH, FREEIMICIZIE & @ﬁﬂﬁ@*ﬁf;@rﬁu: fRD A

WMREIT> TN ZENEHEEEZ LD, FFIZ, KFENE Bl L TITE & 0 NME

VMEBI A H D ETFTEINZOWTHEEBETANEND D,

@ IEAT bVOMIE (EIFIERE, HARY )

IR EEEER B OW T, FRRAVICE R EERE 10km LA O BRI BF O BN L ER A+ 47
EREINAUTIR SN DRECTH 505, BUR TIEHGEHLE Lo T — 2 a2 5729
L D OFBEOM EZ FRT 20N H 0 | MIEFESCREICEOERNEET 5
AIREMEA B D0 ARRFHI I T DA IE TITARRBZRTFIIC2D K5 R LRE LTV DA,
FEORERIZAT - B2 0E - R BITo TV ZEIFEELEEX HbND,

MUY VA IE O FIEIZ DWW T, P HEFHIE O MR D Vs O 7 ~LAHITFIZ LY |
EHALEE TR O BB O Y L~ L 2 BT 2B CIEMER W2 L 2R LTV D
. HIEIZH W2 R BRZNAS 2002 4O STRRIC IR S < 72 fill OFtdkz F W TE D24 1%
R T DHEORREMNZRAE - R ET o TV ZERHEELEZ BND,
@ Z Y MO 2 BRI =X

EYEIRE AT SV D PEMER CHB %R & 7 2 BRI >\ Tk, &iED
BFE S FE S W BEEERE RO AF B R N E NS CHEA TN D Z L A E 2 T, Mk
BN « HERZITTo TV ZENREELEZOND,

121



(9) F&o

AWFZECIE, 2ELEICHET TE 2 MEHORESH EEZWRTDHZEZHMNE LT, &
F DN RN R O MR EHBLIIGLE DUV - o 2170, 20 b OHEBIREEIC OV T
WEH 72 FiE A W2 B 21T 9 Z & T, RRIRIL RS C oo MR B AR X 12 38 1 D AR LA
AT MVOREFEORFZ1T-o70 (K 2.2.1) . BREEIZILTOLEY TH S,

(Dﬂ%%%@ﬁﬂ%ﬁ@ﬂ%-%ﬁ

IZBET & TBEAREETRET 2HED) Off L [HRHEW
Eb)tﬂfﬁbf.ﬁb\ﬁf EYEDS D D HUE ] (Mw6.5 FREERN) (3. BT i sE s i EE 38 A g
OWIEBIZEE Y, ENICBWTEZTHRAET DL EBXONDEROME S AL HEE

TERVHNEFENOHETH Y | BHFEFICEWTHRESHVIBH SN HETH D,

FDOZ L EREE X, liﬁn%%%A%kﬂ%&mﬁnﬁmKmmmﬁME#%Wéh
72 2000 4-LAREIZ t%tMﬁW%6@WW% SN HiLRE A e 41T B HE (Vs=700m/s
FREEDL ) TRk E S i iR IR EHIC 3 %%ﬁﬁswmumwﬁ@ﬁﬁ%ﬁ%%_
I LB L2 (3% 222)

@ 1T E LRI R OUEE AT R IVOMIE

INEE - B L 72 89 MR MR BLHIGESR OKFE) 614 FUék. L THE) 304 Fisk) 1o
T, HPHUEF LV b LOMBORELRET L7200 NEE L V) 23 L., i
B ORI BT 2 BB AR L (K 223 28) . 612, 2 b 2 BT
% CEER 10km F2EELLN OfEIR) COMEIEMEFE Y (Vs=2200m/s UL E) (2351 % HiE
e LTHH DI, MBEBHOIEEAY bz TEFRBEEMIE) O T IE
%mbt(mzzﬁ.lzzwo

@ FEHLBLCH WS T — &t v FOER

FEFFZ VN D IEB DIGE ALY MO WT, WEO X A 7 B nkE, i
WriE, EWrE) | Hirh R AT E O HE Vs, STEHLERIC U B HIEE O 05 o i FR R
BRSEMEIR D HEREEI (TST) LTIV —T 05T & T, 77— &?/F(T
— 2 H) B ST IEBLEMMFE 0 ENE L TN L 2R L, 2FELEIZEET
HHEEBTHDH Z Ln, HEHLEIC %w(ﬁﬁw—fﬁ?@@<?ﬁf®%%ﬁﬁﬁ
Z1ODT—HXEy he LTI EELEE (3 224)

|

@ HEHERIE AR N L OB E K N Y PR
FEAEISE AT " VL, FEICLA T O G $ T, B My5.0~6.5 B2 O B8 5o ik 4
R E LT, MEIERDAENE LMt LB IC X 0 A Lo st (T—20KRE

122



ERE L AMES LRS- —R) TOH BIEMEER 97.7%DIEAT MLz R
BE L (K 2215, K 2.2.16) .
- —EBJE A TN A XY MV A B2 DHBEBINBII S TWD Z &0 h LS
THREA T MUY OHIERE) L L & 70 5 ISR 95% D A7 hL%& EE S
LULLd 52 LEFiREET S,
cEHEIRE AT RO oYL HFEB OFEEMERO 104 & 1075 ORI T3
LTV Z L, o, oFE R (12X 0RO TR MRS O L
BRIV My6.5 #124 0 #1580 BIFL R IC 33 1T B MUB B O 3412 xf L CTIRSFIEE 5
L7 vThY, EoI0id [ Z L ICERAFE L CORET 2 HUES) ) OFEM
EOEGEND D L EHERTHIEICLY ., ZEEEZHKT S (K 2217~
2219, & 2235) .

® EHEIRE AT MVITR D FER DR E

BREEIRE AR FIVOBFHAR DU TOEBIZOWTIE, TEEZHBEETRET D
HEENZ BT 2 MET T — & ICEB\W T, iz BRSO L O B8 K OV o & FE AL
WZBHE L CREEROEDNH 5 Z & ZiEmm LT,

- IVLE FIRE/R HITR - FREREL

X E LRI DR EE

CRE AT MV OMIE GEIREEE, #aEd )

- U VEDRERRIZ D BB

123



2.3 FEERBAOHEANY — FFHEFIE OBy
2.3.1 WiEE T VIBICE S g AT — Nl

(1) FLoic

feFamr R Y — Rl (PSHA) 1231) 2 HUEB) O =R 1X, RO >& %
HAWTEHAEESNDER, ZOIEHLOX N RE W LIRS TRAT L HETOMEIC K X /s
52 7%, NEMZENMETIE, T 2L > QEEFREHE TRAEL, HETL K
LY, MEBHOVEHNRMELIEZSSEOHHAEZHEET TS LITEETH D, EIREHE
25 30km DL O X 9 BT CHRA LB OIXS & 2T 572013, BT
%@gﬁ@ﬁ%@ﬁﬁ%kaﬁﬁ%@@ﬁuiéﬁﬂ®@\HE%TW%=%OWkﬂ
EBEGE BEAHRY I —va ) ZHOWEHERN RN EZ 6N 5,

Z ZTARBIETIE, BiEET WVETRET DR EEBIRET VORI A—2D55H
BENCHZ DR BENRRENVERDO T A—FEREL, TNOICAHENS & 5 2 7 HIEH)
FHRORBSEMENT &2 FhE LT, MATRER D D HIERBI O b X 2HE L, BE LB
TA—HIARFEN S BRI A OMBEI~OREE LR Lz, FELERETT LT
IXIEWTE ORET W RE &g O 2 FEOWE ¥ 4 T Extg s L, BRES (W RAER
B 30km LAN)  OFEAfiH A IZ I W T HIEER B GH R 21T > 72,

(2) HMLEBERET VORI A—HZDORTE
%?hwﬁk VKiE 2 XA T DEF—A LV h~v T =F 22— K My6.6 DHIEZHETEL, L
ICHER L CTHREMAERIRET VERAET L E L THRELL, 22T, £XT7A—X0DH
B ~ORBEORIBENEMEIC D 2 b aIT D720, TAXRV T2 1 HRETDHE L
77, 231 ICFNEFNOEMALEBIRE T VDO /NT A —F Znd, 7 2.3.1 13 E ML ETR
ETNDOENRT A= O, HEBFFEICLEREED Qi bRy, £, ARET
DT AN T DOALE & BEER MG RIS OV TR 2.3.1 12775
EHIT, BBRDO LT, BHEBIFEETFLDOR NG A—2DH5H, BB 2 55
MREWVEEDO NG A—ZEREL, TNHNRT X=X DORFENS 258 LI FitE L ER
BT NERMNSr— AL UTREL, IEBHGFHELZEmT 5,

124



# 231 EARETLOWE AT A —X
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Table 2.3.3 Dominant parameters on uncertainty of ground motion (PGA) for strike-slip fault
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Table 2.3.4 Dominant parameters on uncertainty of ground motion (PGA) for reverse fault
FHEESEEBUILS5X—F Sitell Site19
(PGADE RSN ERE)
PN Y5 AU
TIRBAIAR

i) BB GIEEE
SHBETE
342" 1A
TAN YFALE x BEIRBIIAR
AN VT A BX RIRGERRE
AN YFHAIBXIDETE |
PN YFARLE X 54X 54 | 0.13
o | RERIARXRIRGIERE | 0.
WIERA = XIS TE [
IRIRRAIAS X 12" 914
HRCIBREXICIETE
IRIRGIRRE X511 Hh
SSIBE FE X4 51A
TAN YFAALE < BIRBAIAR
xBIRGIBRE
FAN YFAALE < BIRBAIAR
xIGHETE
PAN YT x BRIRBAIARR
X54R" 91h
AN UF I B X EIRGERE
xGHETE
AN VT B X RIRGERE
X54%" 94k
FANYFAIB X SE TE
X34X" 94h
RRA X RIRGIEEE
xIGHETE
RRA X RIRGIEEE
XX 91k |
X74X" 91k '
R CEREXICETE
X34%" 544
FAN Uﬂﬁﬁstﬂhéﬁ

32

FANY 74ﬁ§ x RIRRAIAR
x IRIEIRRE X 51" 1A
PAN V4GB x BEIRBAMA
x5/1E TE X512 94h
AN YA B X IIRIERRE
X SSIBE TE X2 94h
HIRRIA X IR GIREE
xS/ E TE X1 91h
FAN YFAALE x BEIRBAIAR

52 xR GIHBRE
x5/1E TE X512 94h

4>

(003 004 006 007 008 010 011 013 014 015 1037 01016 SN00NN0DINNCEo NN

/)N < BT N

142



(6) FIHARSE EBHNFRICK T 2 HETIT S S DK

HEE TR OB AT, BUICTHEONEHEFHOIEIL X LOkRIZEY, 2 b
ZXHET W@ T A — 2 ORENS 2R L TR ZEBREETH D, RIFFEOME
B E CIX. BIRSEOBERN T A — 2 | ZRERIEARE. A NEREO R ST E
FNTWRY, Fio, FiE» S ZBE L2 EBRFEOMEN T A — X 3L ThH 5 &
WE LT, ERENRMAEDEEZED TCVWDHAREERH L, ZhbaEEx. A
Hi Tk, BEAE O BB NS IR SN TV DR EA o - BEHL L7, R 2351CH S
N5 &1, FAHeeiigE2o13)® oMEEXDIZb X G T 5 EHRN
T A — B RARIE IR R R OFRHGR I R S, Wi T T VRIS X 2 MR B O IR HE(R
7 (6ea) WIFEENTWRNT &R, WiF OB RICKEL 5 25, 2 2 TlX, Baltay
admmnw%%%zﬁﬁﬁﬁf*fﬁméﬂfnéﬁﬁ%#:zihégﬁ%\ﬁw
FUICELTEICHE Z L OBFEREICER T 5 THEMROEER2E] L 8IRSICERET
5%%%%%@%%4%%@ KT D THENOREERZAE] 200 Totr Lz, &
235 ITIFBHEEERDIEHER . (Oobs) B FND B & | cea ITFH F4L D ER Z Sl LT
RT o Oobs | omf@\iﬁwﬁ%ﬁ%ﬁ“&@m@KMi ZOERREICEEND
BRI 6cal I F F 4D RN Py 2 B (51 HEIEA>, 201878, Morikawa et al., 20087%)
IZOWTRLEE, 22T, $ﬁn®ﬁ%% 28) (A1 0.02~5 B DOEELEELSE A7 b
V) T KD Geal 1 0.14~0.29, Gops 1 0.13~0.20 FLJE 87 L 7o o TRV, 1L TFOME
JFERNIE, WENFRRECTCHD OO, 1B EOEFBMIL, o DHRRKE,

COERE L TIE, FRICK DEERZEICIIMEAR AT A —ZHOMEEZZEE T4
HORENIOEREZEZD L0 E | AROBIGEKOIEERAZICE ENRVARHENES &
BRLUTCWREDRH D, Lo T, BTG T 2 BIHEEIE ST A — % ORHED & & fii2
THIE, B R OFHBEICEENAHETHOIZTS X0 ER A RS- LT, EEY
IR 2 LERH Y . SHOMETH D,

# 235 HWESHOIEL S LS EROSHTHRER

Table 2.3.5 Results of uncertainty factors on variability of ground motion

. R¥h&k
0% OEE s |3/EEAMorkivacl| s g gy s
(2018)  fal (2008) |4 5013,

hREORERE —& | —& —p o |RFNREEBRMOEMEEALMNERROERN
(hEEOEHRTNH DO F ML EEITER) BT | &C EL NIA—EDBNOTHENSHEFENTLVEL,

YARE (EERE) 51BIFAM2018). Morikawa et al.(2008) & BEFHH mI=#LY

(FHEt A B O BIBIBHES|  ~ A A 0 |T.EREEASEVEDREAN=XLMNE-ERGE S

DEWHEER) ERTOMEBOREREEIME, =720, 5Tt RSt

EEGEE (REH) REBLIBLBEESD.
HENOEERE pplirkipispie Moy x x x o
e gy | EEBENREDCLIRE)

SHIMRMAEEMNLL FHEBAOSEL. HENSDHEN o o o
KEICER) BEDEVSEE

51 E EH\2018) T AR D ERR B LVIREA NS
(0] (0] (@) (0] LY Morilawa et al.(2008)I3 /@B EEE 4. Wi A DR
BEA100kmERBZ SHEAZ<EFND,

HWEAZEDSS. LU D
2R

O:[FoDFITEENLER
A EEDEICEFN TS AHEMAHLIER
X [ EHDEICEFNENER

143



(7) F&o

W7 Jeg 5 12 36 U 2 T SR B MR~ D — S REA oD MR BB A R S TV D HUR B o0 1
SOXOFMOKEER EE B E LT, WiEET VIEZHWZHESHOIES S XICBT
LIEt AT o Te, BARMICITERFEBEB AT A =205 6 WA T A =2 x5 e L
THEEBNZG X 2 BOREVWNNTA—FZREL, ThoDOE 6O X% 52 WEE
TIEIZ X 2 BB O RREMRIT 2 e L, MESOEL & 2w L, BENETT
JUIRIE TS TR AR 3 2 N ER RN HUE (Mw6.6) & k5 & LTz,

BIFEWE AT A =2 DX 2205 251X, Wi T /ViksE Huv - EE)FEAf % i
LTCWERAHFEFEZBEBICL TCENRNTA—FONMEREL, £, EH O OHPHIX
EARPIZZNDOFFITEREIN TV OHHAZAETDLLIICRE L, WiBET VL
THRHE S 7 MR ) 0 BT RETE 0 BRRERCR S DS O 1/2~2 fEO#IFHNIZI
S THEY, BEEOERERRRX O, WiEE 7 /WL THE S 17 RS o SR fE I
RN E D, HEEBOFEEOZER M OREE LT, BTl E Tt PGA IZH~ PGV
TWiE D O FMARIFENR K E S ooz, Fio, WEREEMNSE L WS, HEZHO
BV O FARAC TR R R E S oz, — . HIEBIOIEX LS & DZE/H
IARORHEE LT, TR, WTE & B 12 PGA, PGV W HLIZ DWW T b W7 il
VZFDIER{ ETREL 2o T,

BB ORBEMNT 2 R L, RN S 2B/ T DWE T A — X OMET O ESRMT
PDHIEBOHEEROIEI O DX H X HBAREH LTz, KRR ML LT, PGA IS
WTIE, BTE. TR S BISIBETEOR BN RE S, MMENS 2B ET LM
JERTA=ZEERLTH, ISHETREOAHP S EEOAETELOEORE EHRNR
FHZ ERbroTz, o, THEBEHS TIX PGA, PGV & (12T AR T ¢ ([ E D2
DREL, PGVIZOWTIETA RFA LDOEELREN ENDbNoT,

AW TIL S DOEBFEWIENT A —Z A NS EERZ, TUVHDOEELZEE LA
e — ANZOWTHUERBEIGI A 21T o 723, 22 Clik. FEFEWE T A — & RS
OFFHE L TBRIEBEE CLIBRELZVWLOLEEN TV D AREERSH D, 2T, #
BTHONIHEBOIXS DX & OIRIZ LY | Bl L xHET 5 RIFEETE T A —2 0
NN SRS 22 L2 AN, R RAFEOBAGEICE SV BB OITH
XOHERJINEATo T2, TOMER, FHRICEIDEL & LBRFEHEOHBEEROIEL S &,
ETNENCEENTVDLERDPERSTEY, TNOHEZEAXTCHRHADBDMLETHY , 4
BORETH D,

144



2.3.2 BLEM AT HIRE) O M FiE OB

(1) FLwic
HIZE PRA (2R W TR - fE1EY) . BEER - BUE R K O O HLE A 70 & 2 53 5 7=
HOFEE LT, ISR (K 2.3.10) (X5 HERH D, AR TIE, HBEWIEDE
LOXHEAEZE LICBEENR ANMBBOFMFIELRFN T2 2HNE LT, HE
7 L — R MBI EC Gk (T D & MU O SRR ICER DS EARE (X 2.3.10 (1281 D6
R F) O E TS T,

HERED

&R SR
)ﬂggg [>
< ] o

___________________ 74__________________________________-__________________
Bt
e = EBfR [> @ F,
SEEEE R FyxFxFyxFy

B 2.3.10 IGERBOBS
Fig. 2.3.10 Concept of response factors
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Table 2.3.6 Response factors at 20 KiK-net stations
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Period AKTH17 AOMH08 AOMH16 CHBHO6 ISKHO4 IWTH12 KGSHO7 KMMH12 KMMH14 KYTHO5 NGNH24 NIGHO08 NIGH11 NMRHO1 OSMHO1 SOYH06 SRCH09 SZOH42 YMTH04 YMTH15: Average Median |
0.05-03 0.91 154 112 087 118 069 053 081 110 081 208 084 147 161 208 117 128 129 081 1.04 i 1.16  1.11
002-005 0.98 1.51 168 094 144 095 056 082 120 083 243 085 135 189 249 112 116 125 0091 1.36 i 129 118
005-01 1.13 171 153 138 117 087 053 085 112 111 221 054 124 214 209 129 139 145 055 1.16 3 127  1.20
01-03 0.74 112 099 057 123 049 053 075 110 055 182 095 156 151 198 100 095 092 084 095 3 103 095 |
03-05 133 175 113 108 099 052 067 064 092 055 110 106 123 115 145 054 098 137 128 093 3 103 1.07 |
05-10 1.17 172 089 104 159 123 074 191 166 063 3.10 1.15 144 277 121 081 138 251 240 1.21 3 153 131
1-10 1.1 155 141 103 121 080 097 098 116 085 170 148 138 162 147 094 117 166 1.07 1.00 3 123 147

(HBEREOEDDER] : i
Period AKTH17 AOMH08 AOMH16 CHBHO6 ISKH04 IWTH12 KGSHO7 KMMH12 KMMH14 KYTHO5 NGNH24 NIGHO8 NIGH11 NMRHO1 OSMHO1 SOYH06 SRCH09 SZOH42 YMTH04 YMTH1§ Average Median i
005-03 0.31 035 027 028 034 032 028 028 029 029 029 036 025 031 0.29 0.31 039 032 033 029 3 0.31 0.30 :
002-005 0.24 037 035 034 032 029 033 026 027 038 0.31 0.41 025 035 030 028 038 023 0.31 0.33 : 032 0.32 :
005-0.1 032 035 023 034 032 032 029 028 027 028 0.31 046 0.31 034 0.27 0.31 040 032 0.33 0.31 : 032 0.31 :
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