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History of My Research Carrier
15 Years for Preparation, 3 Years of Glory, 20 Years of Failure, and 3 Years for a New Horizon

JIE
Hiroshi KAWASE

Synopsis

This manuscript describes my history of research on quantitative prediction of the site
amplification and strong ground motions, as well as subsequent structural damage, from
the beginning of my carrier to the most recent achievements. The history can be divided
into four eras, namely, the first 15 years for preparation, the second three years of
significant progress after the 1995 Hyogo-ken Nanbu earthquake, the third 20 years of
painful experience of no reward for dissemination in seismic design in Japan, and the
last three years of finding a new horizon for the quantum leap in near future. In
conclusion, the most important points for the success of research are to keep motivated,
keep positive, and keep trusting yourself.
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Fig. 1 An irregular ground model used in the BEM
analysis for an incident SH wave (after Kawase and
Nakai, 1982).
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Fig. 2 Time-domain responses on the surface of a double
trapezoidal basin (on the left) for a vertically incident SH
wave with the predominant period of 4 s, which
corresponds to the fundamental resonant period of the
basin (after Kawase and Aki, 1989).
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Fig. 3 Site amplification factors separated at the Kushiro

site by the two different sensors (after Kawase, 1994).
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Photo 1 A collapsed wooden house (originally 2-storied)
in Higashinada-Ward 11 days after the 1995 Hyogo-ken
Nanbu (Kobe) earthquake (Photo by H. Kawase).

Photo 2 Total road blockage by collapsed wooden houses
in Higashinada-Ward 3 weeks after the 1995 Hyogo-ken
Nanbu (Kobe) earthquake (Photo by H. Kawase).
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Fig. 4 Peak ground acceleration (top) and peak ground
velocity (bottom) distribution along the fault-normal
direction across the Sannomiya JR station based on the
two-dimensional FEM and the input motion derived from
the JMA Kobe records (after Kawase, 1996). Allows

indicate the location of the basin boundary.
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Fig. 5 Comparison of snapshots of incident S-wave

(fault-normal component) impinging to the 2D

rectangular basin structure (after Kawase et al., 1998).
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Fig. 6 The observed velocity waveform at the KBU site
used as an input (top) and simulated velocity waveforms
at four aftershock observation sites in the damage belt
(after Kawase et al., 1995b).

R TOWEN A Z 0 & 9\ EE B s 7
<, FEWIIEST-ab—Lr FREBTHD 2 LIX
BONZIIEURTZNZ L THhH o2, BIZENITAR
YA 7 VT FeB A SR TR D R & FRIRL N O U S D K
DO ERBMERICER T 2D TH D Z LA B
RINDEXIIChoTc. BIFIXVD WD DWELEREIC
£ 5 HEAT MR M (forward rupture directivity) D%}
BThHv, BE LS XF — 2 (radiation pattern) D 5
HEBThD. Wb i EAHE T O HEFITIILT
SN TWD DT, EIED O O EE O
EFRBUCIIR DT Z L DTERVIEEERA =R
LTHDHN, FRCHEE R Z LIEZ OFFED S OfE
EAT SR OB SN 2O RBEEA, ae—L b
IR A T AR, FNEYEHEIT AN T 4 LI
ATNEDTI Z T T E2BET 20 (RiETE
P e 1 R 00 35 & 12 1T & AL 1T R R B A B strong
motion generation area, SMGA L IZIER U TH D &
nNTND) , Z2OT ARV T 4 OF A XITHKFL T
WEDHENWHIZELTHD. OB L2 DBLH
S D DITHEET HIMICR b D720, Z o0
AETAVITET 4« WL RALMESFRE VD

— 113 —



B, NV AOEBEAMERDLDOET AR T 4
VA XTHDLIENDL, ZHUXTAXY T 4 « UL
ALIESERETHD.

TANRY T 4« 2SOV AZADAERRIZHOWVWTIE, #%Bikd
ZF 2 ORFHIEAT U CEBWA /83— a3 UifT o
HMARIC L2 BEMERROYEFERNS, F04E
BACIXZNICHHE LT T ARV T 4y MU TH DH
ERH BN EN TV (] 2 1¥Kamae and Irikura,
1995; Sekiguchi et al., 1996) . L2>L, #ERK 7 U —
VEBEEAWEY I 2L —2a U TIET AR T
A NDVEY HWEHBAEERD D Z LR TER.
—J7, Wigmiz /NERICHFIL, [F—ER TOmE
Dkt 2RI T 272012, BZ2F 5 LooEHE
DI EZRESELINTFEAL LT 4 RUBOE
BA L R_R—=Ta T, T LLEEOHFTOat
— L FRAEEEN LNV A B AT B LIRS T,
B2 DEFIR LSV ADERIZHF ST DL 09,
BT Z D EEVEN S OND Z LR H 5.

FITHRATZTOT AR T 0 O A X LE %,
EITMEAESEBIZLTHREL, 74— K- 7Y
YK, FOMEENEOW Y EHEREKE R E
T5 L) BEBEERREDOET MEEzRAT (I
WA - BA S, 1998; A - JIIME, 2000) . FORER, Fig
NERLTEE D IRAT ANXY T ¢ « BT )L EZDIFY
HWERBRENGE LN, TO/RLI—F > M LILER
WOBHFHEE L<HBTLHZENTE

By .
om £2hm

Fig. 8 The simulated peak ground velocity distribution on
the fault-normal component derived from the four

asperity model (after Matsushima and Kawase, 2000).
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Fig. 7 The derived four asperity model and each slip
velocity function, together with the source specifications
(after Matsushima and Kawase, 2000).
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Fig. 9 Comparison of observed (solid) and synthetic
(broken) velocity waveforms derived from the four
asperity model in the near-fault region (after Matsushima
and Kawase, 2000).
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Fig. 10 Velocity waveforms observed in the vicinity of
inland earthquakes of M7 class, except for the top one for

the subduction zone event (after Matsushima, 2020).
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Fig. 11 Equivalent predominant frequency versus peak
ground acceleration to show the dangerous frequency
zone (0.5~2 Hz) for structures (after Kawase, 1998).
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Fig. 12 Assumed nonlinear characteristics for a wooden
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base-shear coefficient, which is assumed to be 0.2 at the

drift angle of 1/120 based on the current building code.

Fig. 13 Assumed yield coefficients for 1% and 2" floors
for a wooden house (after Nagato and Kawase, 2002b).

Fig. 14 Comparison of simulated and predicted damage

ratio  distributions of a wooden house in
Higashinada-Ward, Kobe, during the 1995 Hyogo-ken

Nanbu earthquake (after Nagato and Kawase, 2002b).
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Fig. 15 Average yield strength ratios of wooden houses
with different construction ages derived from the damage
survey by local governments after the 1995 Hyogo-ken
Nanbu earthquake (after Yoshida et al., 2004).
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BT 2% < OF MR EREE L. oo Bz
Bra— Rix, TOBRESFKEEZIC)IEFLEIC
ReT NTo A —F IS5 E M3y, (T - (2014,
2015)D2KREE LTHREFELL., 0% BMEE LI
L [EIBIFIE & ket L, (P BT - f1(2019) {7 - J11#H(2021)
DL RE EIF 5.
SEEFENTOR N AT A e LT, EERHIAE L
THIRIRZEINL, ¥ —7 v b & LTCSEE DDA
ZUIDHLTZEDO 7=V >« 27 fLEHW, 5
TR E & L Ol 2 B g, TRIOIES
DEELSME 1S OUTETHLED Z L E2RET

ZEERKERERETHD. WE, SRR Z AW
T, T2PRYRMR 2 JUE IS L, (SRR oo it % %
B FITIRE AT MR TRIT D &2.5(% 2.5
DILNTIZEGSE WO T Z L IIRETH S

4.2 BEFE~OEMR (HDHVIEEBRZK)
AR D S C IR i B B ) D R G B I A AT
TFENYINLEAINTETEY, HUVHEEIC
ELLNARWVWZ ETHA N, KETIMOFIZH
& 7-El Centrol¥ & 19524E 1L & 4L 7= Taftilz 73,
e KO AR IR A S0cmy/sIC B b S hviz 9 2 C, Sl
BRI B bt oEHER & L CEH SR T
Wiz (FELTABHESNATWD) . 2O, ik
B A OB R E KBS W25 &0 D Bk CHU
(B iEH A P BREFHTHWE L LW EERN
H Y, BB TIEH 2057 & OO /NI HE O3
BREPHONLNAZY LIS H 5. L L
D72 vic RO OEDIC K L CHUEN T 2
FAWERF M TON TWEbT T, BRI~
EZEZE2EWOICTE LN EES>TWE. £h
THROBREZATOERTEHOETH - - HRES)
INEEEOBEL LT, 20024E0 5 il EE L R
T LOT—~Z [HUBR BRI & it E L
WZIEDNT 23] &9 RV Z 1 TSR R IS B Y
FTeZ L AREL, 2002FE b OEEEMEAT.
20034FIZ[A/NEE RO ERIT/R > THLHEMZE D
B ZFET, 2006FOHEEE L AR T ATIN
EREE L7z, 22003 FE 0 EFH (JIHE, 2003) &
2006FE D EFHE (JIIHE, 2006) % iRkt Tni=72
Elov. ZOREBIBRERERTELDHE 2D T
WL D Foex i3 2R LC TR A B S (E RS
) ZMOELD, ZnatfticHzs &Lz, 2008
FOZEThD. HMROEKBIZHLERTXTOFHE
TTEFEBYOFIETEHTTET LTV, Ll
JhnxfEstE LR LES ELizE A, Bl
Centrol * Taftllf T - CRFEEBEY O EZR G
FEEL CELEKEF L OBEARRBRN/A- T,
TR Z OFRE O JFFSIT200943 A 127 o T Mo
BB TED LB B OERE] v ),
REtD T OFLRVERODLNLRNS A L
DO—REHMEFICEETT 52 & 2 S, Yo
EEOBRAZ B BT b TSz, D
IoREENZVHAICBMDLTEWILTID
AL (BHOTB LW L1T) EERNITHIRSTE D )
NTHE ESHIR S TREY, BEICEY LD
FRITERENTNWA LI TREI L EoTn
5. L)L ZOHFEMLEOBNT TEREZEDEARIC
HEEMOBHEPRNZ ERWELNIRY, ZLE
NEFEEGE VT TICHEALEZ LITENTHD.
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4.3 MERE  BREHTAME

19954 £ Jei IR 1 510 1 35 LA RS D H AR oD TR R B 1 B
DRBOILZ~OH D E LT, HEFEIIoHEER
M 2E 2t RICEB LT 5 5T T HI X o 7
BAZ BT T2 AFgE - BRI & I O RATIE, S ~DE
R LTIHFICESTMEIN & bDOTHY, %
DEAE L T2 o T D B S H H b o> 5 LI o0 e fi
T = NI ROMEEIZE > THEDIL &R
S TWT, BEBMEFORRIZF M2 iE
CHEHBEmRAE R LTERE. LirL, ERo/gEs
KOGELFEL L DI, METTHMHMNEZ S T
) ATBREE TRIC T RREE A H# T B BICfE
DL INERMAMLTET WD (J-SHIS :
https://www.j-shis.bosai.go.jp/) IZ bbb b3, T.%%
FIIEE LTCEORA LM LT Tnd. 2L T
4B % £ 72El Centrol - Taftii T - Tl i JERCE
EENRFI S, BTHATNDIDTHD.

3T E RIS K E HE FS O website DR FITT D
L U H @ T (https://www.seismosoc.org/news/at-work-
hiroshi-kawase/)iL &2 A ' X B2 — SN2 LB H
. BFEIE TEARO TR LB O OEEE I KE &
DHEIEL VO TWVDHATLE I 27> THEENRD
BNHO. ] EFEOIDOT, TN, FAkI L
THY EEAL. BAOBYP L RLOITERRITLE
LRIZL TR L EBRICHENHD 20 5. 5
IR L TWHEIT CHEFPME R 2 TFRENIY
AT TNDNE LWV ) DIFTIERELRNDT
T. | EEoLLEVTWE, BETIEEOT LI
EFREIRBIIN TS,

4.4 2001 EFERAL#AKRFEF HE

201 1AE D B A RS R (R B ARREK)
T, EEHEEIIIERICHEE Th o, HEHNIC
LHE, WhIEEFEIWBD TRE TH-=. =
AUZ DWW T - 20112 R L7 & 91T, Fig.12
D EAMREN S —PGAX A 7 77 AT TE S, o
FED LA, HILHF RKEFERME TIXZ OMOM%G
RRBEIIR IZ N 2 SR MR ) K & \Woom A v
A G T HEMIRY 5 R2 0720 ThD. £
AT DWW T R R & o kil & U TIE
(2013b) IZHFE LD THLIOTERER IV, Z0D
DI HALH T AT 2E R S B S E A R A A
BERRTIEIBITOMETIE o7z, Ll THAcH
FIEENZ OO THEENE DL END o
7ol L WIHEMERLEICHIZTLZZEDHDHD
WIHERER AR C S 2528720, Bx OB BRE
REHGTHLHZEEZRLTWDLNRLTHS.

4.5 20165 REAHE

20164 AE A HL R CIZRE AR IR AR IR HT O WT 235 % Hh
I L CZDOBEANIIEI00mEL T, £ S1kmLl FO/hE
REROBENRK SN, ZOAERRER T ITE R
WHEOZNEITR R >TWS. L LlEDO X
ol HIFIcB T TROREEY LA el
FHEHNR AN L TWEZ LI ETHY, Fxix
PRENFIE R 7 M NS O IR IR A FrtE & Bk o
AEEDEETHET NV EANCTEZOWESME L
~UL & BB LTV 5 (Sun et al., 2021). #E-> T, HiF
T BT BB ) A DNTETE L TN 2 LI HE
H LILROA, ZRBRRMEITOWEOEFICES
LTV s iEE L.

Z DREAHE TILHMEO BB I ENH T, K
R HIE T X ZELN R o LR AENELZSE

TEAZAE BT IEMEE O YUE O MBI DV TR
L7y, YShRFHRENE LI, MmtsEosnE
L Th oo, TITHTE OSBRI R O
NTWeZERRENWERDbRDN, b
HBEOHHE T THhIEREN100/E< 50T
B R O REMECH 100f5=% THuL L2133 c, *
NTHEZ THMEIZIOK] EWomasH LT
HAH DI,

4.6 EBHIE

LR oEEMICKERE L2 bT TR0/ E <
NA ]IS TEDH LWINEMBR TiEE LT, M
R O A ORI ~ TR ORI L CTHIEY
EEENDSFD TRETIE  BEFE) 220094E0 5K
BRI AN H A2 & 3R RS L7z (I fih, 2009) .
Photo 3\ZIXATHE & 75 i (2 - [ o BEFEA#H TR AE 2 i 81 1
AT IREN IR O 18 68 [ O B AR B & 9.

ZOFEED XS RIEHEEAWEEROIREEER
EROIRL, TOREBREBEREZHER L, Rk

Photo 3 A specimen for a shaking table test of a

one-room wooden house model with “Wall-of-Columns”

reinforcements.
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B (R ARFEREGREBRET) TR L TR R DORE
HELY, I 520 D ERAEEY % B S O i
B L TEOS EH LERLIT - 72 (Kawase et al.,
2017). ZOTIEIZIEONUMBIZANSZ LITkb v
s Z—E L THHEREL, 1ERE D THm R 241
ERZANCT 5 mEMAR TIECHE L T1/2~1/3
DOTETHIMT D Z ENTE D (http://www.mokuzai.
or.jp/2-enlightenment-kabehashira.html) . L2>L, I
ZCHBEFRUE ) O R 2 22 O BE (TR D TR IE T,
BATICHB & E BV L THLEHF O N— KL%
WHHIR~EBOVIHL, ZNE22 ) T73257-010%
KR LB N EBREZBR T -0, FiBLEN
FERL LT B EH60HIE & O T 2155 2 L1E T
LD, IEHRADORER LY FEEDICEEDS
emolz. DEDHEIALYFTORET WIS T
KT H T ETHAFIG L T D RIS H IS )
PEAMKE 2 RARIZEA LT & 2 AT, ZBITIET
ZOETIEANALTERNENWS ZLTHD.

5. BEDIE: RATELHLLBE

PLE, 3BFERIICER R Y v a b BHRREE L CF
Bt R OO R E BAZ IS BB T 5 £ TORMKFTD10
R & U RBA KT O 104 M OIE B IL D S &
BEVNGEIC 72 > T LE - 7228, 20184E 05 [ UL S HF
Fh B SEBFIEER P PN IS AE o T U 72 720 7o 5 i 3 e
TR U 2 7 3 flim Ak (B = oy & o) B
TR ThBIL, TRE TOREREEZEN T

XV M RBAEN D, EAHMEZIZIULH LT 51
EORHMBICTHEIZF, FHrLOHEET TR - HE
VRGO A2ED XL, BEHLTND.

DUTFTIXEDORFIRED M a B L.

5.1 EMBiE  =aL—Yay

WrB R IXEN R BHE THY, A NINETOD
WMEES TR CHNCEZL I, i Lol &
WD HE A EEET 2ESHENET VT, B
JEH TR 4 %l 2 B3 206 TR IEZ H 2810 & -
TFIRRETRITE TWDI DI TRV, > TES)
FHMEE T VNS LD L 1FE A EHEEE U<
L CEIMAEE T VIZIRE SN0 TH DI, Zh
ECOBMBEET VIR E R EO AR — A 5
WM L7726 O TIX 722> 7=, & O H CTPitarka et al.
(2009) 1 & T B T B A I B A BIHA > —
a URERP O L REME A S AL, B
2253 A0 & B9 % i JIBE T BN W o0 Bh R ik s AR
WCE 2 DI HOWTHE Lz, 4 13%Z DPitarka
BESDIRELET VA LAEBET T, E6ICH
NETERINZYENRIEESNTELEROT A

NUT DV EERAERRIR(SMGA) % B g i Lk
WCEBMEEET S, Wb aREERET LV (A
&,2004) OBz H Wi OIS TESAITEA
L, ZOEBE /T A M) v ZITIZE VB LM
L7=. ZHhiXPitarkafit & O ILFEIIZETH S.

B R CILREAME 7 7 A O EWTEIC L 2 i
B Ia2l—3a VETLOEBMTE TWVRND,
B CHx DR Uik b EERR I, ISk
TEMZIE-HRICRKRENWT AT 0 H DT
SMGAZEWTHEXE5 &, 7AXYF s NEB X
OJEA O v O ZE M Z BT/ S Vo lzst
LT, =70 #HEOEBITHEFIZRKENI LT
&»7%. Fig. 16121F—%l& LTE 25 km, IH15 km®
Wrig i Elc2oD7 A_Y T 4 &y b LEEHER (B
HE%HOW &N ERE LIS TR M) 25
L7=ny, 180 BEITHENIT ARY T 4 TREL 2o
TEHWAIREDI RS0z LTy, B
A=V alfEROEL IR & DL LB &
DA E TR o TV, R CTRLET AU T ¢
oA D W RE A HET 9 2 AR L ooiE v & AE (A1)
V=70 HEST () ZFig. 17I0RT A, #
DESMBEONPRBREZ LTV DLIDIIXL, B—
7 g0 R Sy AR AT T WIS AT KT R
WZERI A BRI Z R L TR Y, 2SRRI T
WENTnD TRLEBB ALV A ] ORFTH DA
RN R CTE 5.
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Fig. 16 Slip distribution as a result of dynamic rupture
simulation on the left with two distinctive asperities on
the right (after Manpo et al., 2018). Dark blue broken

lines are the measurement line for Fig.17.
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Fig. 17 The slip distribution as a result of dynamic
rupture simulation along the vertical line shown in Fig.16
on the left and the peak slip velocity distribution along
the same line (after Manpo et al., 2018). Arrows at the

bottom of each panel show the location of the asperity.

— 122 —



5.2 Nwo 7oy a U@

IRV vy - 77 R EIFT O Evangelidis {1
EORFEIFETHD. Ny TuV =y g VRN
ik, m—=Hy b T ANE—EEA I RIED
BB OBRBE T 2/ MZOfRL, Fhvk
BIERMHEBE L Chx R THEAIY, kbK
X R EEE ST 2 ORRANCKHE L7 MR B K
WEh & g Lzt (794 b - A8y ) THD
ETHRIETHD. BEORy s Iy ey vy
FIRAT C 1A BLIA HL BRI O R IR I e X 7o v oo T,
HARNZIERILT 2MLERH H.

A NTART R e f o R—=T g U TRODT-AE
HEDERANRT vV KB ONFERN S, &
WRIZBT 294 PBLXOBHERBEELHEL
BRI EZRD, ZEx ERLLL TRDETTA bR
Ay MIBIZEATHZ LILY, &£ T4 - R
Ry MIBIZBIT2EEZ R VX —HHEEZRD
(198 - fh, 2021) . Fig. 18I 6N/ 7 T4 F « &
Ry b OVYPRE U — D55 Af &Ry, AR E
TENEMICHIGT D, ZORMNG, BEMIOE
MO BERAET AV NOIERIED TRV X—hk
HENZ W &, flofmmH)II& 27 A > b THEERIC
TRIEBENEL BTV DEZERNDND. ThERE
IFHHMTRTHD L, BEAWEMO =3 LF—]K
HENZWT T4 b« ARy MIEWIEICH D 72
DOERERMEEZRL TN, HADOT T A
b+ ARy bTIEHABRESKEEEZ R LEZ. Zh
TR ATIEET TA N« ARy bBRELS 2o T
HZLEBERLTWD. EEE, A6 EIERE o
3% ’Lﬁ)%Wir)izokm S TR LZXHT
FEWEDICIET T4 b - ARy MIFEAEES, %
@Eﬁuﬁ@LTM5&®774F-X$yF%%
D% S 1E5kmPL E &,
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Fig. 18 The averaged velocity power distribution along
the longitude direction at the bright spots based on the

back-projection analysis.

5.3 HVEkDHFLULMELVE 1  REEBETE
MR EOBRHE DO AKEE EFDOART bkl
(horizontal to vertical spectral ratio, HVSR) (2B L,
LY ERERF (M 0F) O f A B L A3 Nakamura

(1989) TR L7-DI%, Z ®OHVSRIZSH O HlERIC
BLWEWIRRTH D, ZOEE, KWEREIC
Do T, MEEETKEE ETORNITHLZ &,
BELOHELE ) O HIRE £ TO L NEOIGZE THY
LA CEZ 2T E/NINVIEBRMETHDL. £0D
% OB OHVSREZ R D HFIENIA HEE LT
e TpRfoFE] L LTHVSRERD H 2 & HIR
ERTMIEE L < 7> T < 23, Nakamura (2019)
DERT DL, wx D TR OFHE] LIZHVSR
EHETLHZLHBEETbOTIERLS, NS
WOWERIZE LN EEEELEZLOTHD. &
STEORHBEBRHAL TV DIEHEAICITENE THF
DI TERL TR O] EFESXETHD.
Ebdi, FROBEITLGONIHE (o 5K
AL TWVDLHM/NRIEN) T2 HDTh 7278,
HEHIZOWTHFEINTEY, @FHDOHVSRIZD
WTHEE < OFFINFRN ERE - B Shiz., BP0
AT D FR DTS o 7272 0 F DB DO EFIFZE T
HE B OHVSR & 8 O HVSR % 8 51 L 72 341 23
2, TNBARAARIBILER V. 2 s <,

HVSRIZ 1R D MK H OBLAIFL SN B3RO BN D DT,
H LB ENDARYICSHBIRRIZEL VWO ThHNIT

ERI7Z2 2 & 2o 72, & D7 ®HNakamura (1989)L4
M, %< OMEENZOHFMIEDTER D 5\ XEHE

PO OFERICER YA TE ., L LAZMER
HDEVIRMILDTITNEN>TbOD, WEIIRIG
LN EWIRTT 4 ThhiELEholz. £H %2
HHVSRICHK T 2 HGRMNTFE LR Dol dic 2
DFREIT20FLL EAZTE D PRAE R D0 R o T2,
2011412 S4anchez-Sesma et al. (2011)23 &) DHVSR
PRERE 2 38 3%, Ht\> TKawase et al. (2011)23 # =)
DOHVSRO B GafE 2 1 L CREDOMFITHK LT &
o 72. HVSRIZSHE DO HIFERITELITIIW D A3 — B
LTWRWZ &, E) & HER OHVSR B L TITW 2
D=FIIL TRV &, O2REENFHHRITR S

NTeDOTHD. FRICHEB OHVSRITHIZE LA ) H

AEHEIERZ E TG CEY, ¢ %%FT@mﬁ

AT D E T AFBEOEEZEH T - DI
HTENRSINT.
ZOMEEBOHVSRE H W HEEME NS Lo
THEOWRIL, UNRT LI, BB

Bﬁﬂﬂﬁ%u%@ﬁ%@fiﬁ“ﬁ,__u%fﬁ

JRWRAFERI R 2 LFEA BT B2 28% 5 O TH
ZTZZ ’C“HX D EiF TR &7V, Kawase etal. (2011)
DSy O E AW EERED A =V

— 123 —



a V¥ Ducellier et al. QOINZIRE DM, ~NA T VU v
Fea—URXT7 4y 7BBEZHNCL V@A A
N—=Va VRENRIBEARERICL VRSN
(Nagashima et al., 2014), Z OHZKJE - {1(2015)°4#
h(2016), B - fL(2018)ICFBWT Z DEIED 7 kN
EHINTZEOEDMERKRIEEN TE . bk
WS - fit(2018) TILHLEK - HUH L & DFRIKEA X — =
VCHIR BRI B B8 O S RIS K
OB HEERRL TS, £EE - )IHQ2018) Tl
TLEGI B B IS RS W TR TOBIH L T E S
MR COKFERZRD 2 HFIEEZRELTEBY
ZAVTREAME TOIHTICHBIT 2 EAE I 2 L —
Ta O OHUERME AR A RO HERICTH A
572 (Sun et al., 2020). EDOMIZL, BEETIEO
Tavz s he LT, BTN =THEEBDOUSGS
B S~ A E(Yong et al., 2021y A A AD
R HE ~ > F B 78 (Chiappa et al, 2018)23 A
TW5., R - JIIHEQ019)TIEL, HVSRD A 3
— U a U TSEDO NP LV RN RN
SHORE D RAERE L TP ELZRET 5 Z LN
%<, ZD=HK-NET * KiK-netD R —V > 7 F#& T
B oo MR E® A o0 L COKOaRREZ S E L
TSI EPHOEBRAAREL TV D,

Z OYEBIE BN 2 v 7 M IC S < Rl R RE
HEEENMEN T D0, BT HIEEE) S OHE
Fithd 2 W ITREHERGOND L) RITH Y,
FHIZE > TEMIE T D HEBEOSIGHEEX3~3.5 km/s
TEDOYA N —EERD., FILAXT MO —
7 PRI T T < e GR B HOE P o HE g 1
BHREMEE L THNTWADT, Wb b &
EEO N — RFT7RMEE 2D Z EnDben (2
<MD TliX 72y . Fig. 19121 EMYG006% il & L
T, 4EEZHWZREETH LA -MEIZ X 2HVSR
EREAEICLT, TRLLIEIZ2E TS RV TS
7235A OHVSRZ L L TR, K AR R O
HVSRTHB. ZOMMNL, BIREIHO Y — 7 BE1
WZOWTIETENCES M EO A THLRIGT D E— 2
DR SI TSR, EEREE D ORI FFE
BRSO LB OIRIEFME S ITA L IR -
TEY, SIEHEIRICIR - THELHEEZ T ZHVSR
MORIELELI ELTHELWEERELNLRWE
EBNbND.

5.4 HVEEDHF L ULMELVE 2 : VACF#HIE R

WENOHVSRO A, i m % K& LTI
B L7=HED 7 ) — BEBOEHO & 72 503,
HEE OHVSROGE, $RIE N5 & 0 AST 5 K8
OIEFE L L B OB CH b D &2 5
Nz THUEB AR T EFAEA —EE DOLRE &
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Fig. 19 Comparison of 1D theoretical earthquake HVSRs
for the velocity model identified at MYGO006 with
different numbers of layers from the top as a parametric
study. A broken line shows the observed HVSR. The
original inverted structure has 14 layers down to the

seismological bedrock (after Kawase et al., 2018).

LTHD) . 202 E0n, ETEOMERMEN S
DIVIEE N A HVSRICENT 5 Z & T/KF-E O B IR 55
EERELND Z LR,

B - (2019 AGIT CTHr L 7=, MIEEE ETo
ANFKEENZ )T 2 Mgk o kT80 g FeE % K
&, BLELMABOBENRL R hote. 22T
o2 1IM>4. 5O BLRIHE AN 10 L =& > 721,678
RO W T ETEE/REEZ kD, Zh i
vertical amplification correction function VACF & £ f+
i (Fig. 20), N AHVSRICHNT B Z LItk o THE—
YO, & U T R T8 o0 MR 2 A E U ST e K S R
KEHHIEVI, Wbk TFHOFE) ORRRE
24 L 7=(Tto et al., 2020). it FH % Fig. 21T~ 7.

FEITZ OHEE OHVSRICH T 5 VACF Lk %
RET 2R, B~ TRE CRTMEI OHVSR % # £
LCHHN5EMUHEBHVSR Z V72 VACFA IE
FEETEZ L TV D (Kawase et al., 2018). HiEH O
HVSR % W= VACFRi IEIE D F R A F L— R A
WO X T e DI DIERF S AN b o 72 D1
WHNTHEE OHVSRIC E TEMEIERAZMET S Z
EWZ Ko TKEHOHEIERERFEONDLDEH D E
WHHATH > T, HEBHEEREOHEE L L LTI
BEEWIBWRB-=0ETHD. HMEIOHVSR
ZHWDOTHIUEENITBAE & L CidiEdh =
DObOTIEAL, ZOBMLHETEAERE .
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L 7> LKawase et al. (2018)% #t A 72 Chuanbin Zhul# +-
ORI OKENH D, 5 - #1(2019)0 LT E
HERZRME L2 L 2 A, # HIXHVSRD &7 E
HEER 2 R P L & % &\ 5 D T(Zhu et al.,
2020), THUTEYTIERVE TV, JHEEEEMER
WARHE L C oo B L 7= i 3% < o0 K B8 SR 23 VACF Al
E&_iofﬁﬁf%é;k%&wfmbf%%o
T2EWnIbiFThD. ZDVACFIEIZHVSRD IERRE
P % 554l L 7= Wang et al. (2021) THFIH STV D
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Fig. 20 The average and +/- one standard deviation of
VACF without any category for 1,678 sites with 10 or
more observed events. It is flat with 1.0 until 0.5 Hz,
increases to 2.0 at 1 Hz and keep 2.0 to 2.5 until 15 Hz
(after Ito et al., 2021).
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Fig. 21 Application of the VACF correction method to
SMNO005. A black line shows observed earthquake
horizontal site amplification factor (HSAF) from GIT,
while a red broken line shows simulated HSAF by the
VACF method from earthquake HVSR shown in blue.

5.5 HVELD#F L LMELVE 3 : EMR#HIE X

AT Cub~_7= & 912, Sanchez-Sesma et al. (2011)
OFSENHVSR O B i fi# & Kawase et al. (2011)0 #iFEH)
HVSROHGRMEA R E b HIE LR D2 &0 6, K
gL MESHOHVSRIZFE U TRWI ERH SN E R
ST WEHVSROEFRMFEE H W oA =T a
WBEEN, EHOZ Y — MO R T ENE
A SN TEAICH STV S 23 (Garcla-Jerez, 2016),
MWEHVSROD A A=V g o TIEEmmE N EET—
WY — 7 IREH LI O LB N HEST EHBE TR <,
REROREE R EITITE L TV AN B £ TR
WEREIITHRABART 2LV ER S 5.

T Z T2 3B 2 K-NET - KiK-net@1] a1 T &
L, MEFEOERBRIICH/DLZ LIZLY 2NEMHE
T 52 L %F %, Z I % earthquake-to-microtremor
ratio (EMR) & 4 f71), EMRIC X - CTHEIHVSR %
IR BIHVSRICA WA 2 FIEERE L. & - fi
Q016 Z DIRMDFH L TH 5. 1 5I1X100H S DFE
RAE¥EH L, MEHHVSRE ¥ — 7 v MW A >
N— 3 URER LRI O E RS DSEMRIE 2 AW C
M L - U EBIHVSRZ & — 4 » MITH WA
UNRN—=Ta s THELNDEZEEHLNILE. ZO
EMRAH IEEIXIEF A AT, N7 O 2R s
B2l —a DO FRESEHEE THLHM
ENTH Y (Sunetal., 2020), £7-ESG6TIThbLi=7
FAV R FLTF a7 varyThbAVGR, LW
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Fig. 23 A sectional view of the inverted velocity
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part of the Grenoble Basin. Black crosses with dotted
lines are those of the geological boundary from gravity

measurements.
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