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The 32™ Symposium of Earthquake Ground Motion (2004)
Introduction

i g
Hiroshi KAWASE

At the beginning of the new decade of our continuous 30 years activity of the Committee of Earthquake Ground Motion last
year, we have started a series of discussion on how to apply the results of our earthquake ground motion research to the
seismic design. To make it clear what we have achieved and how we can transfer our state-of-the-art knowledge to broader
range of users, we need to cover various issues of strong motion prediction and design ground motion specifications based
on it. It should include, but not limited to, source studies, path attenuation, site effects, soil-structure interactions, and code
provisions. This year we decide to discuss issues related to the evaluation of site amplification characteristics due to shallow
soil layers. The amplification of soil layers is very important and inseparable from soil-structure interaction effects. We
expect to share our up-to-date information with researchers, engineers, and practitioners for better evaluation of strong

amplification effect needed to anti-seismic design of buildings.
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2003 FEHBR AL HEICI T 2 BIRRO MBS & KB HBRIEE
Near-Source Ground Motion and Surface Soil Amplification During the Northern Miyagi Earthquake, 2003

KEFT* - LAE*
Susumu OHNO and Yu YAMAMOTO

Strong-motion level of the northern Miyagi earthquake of 7/26/2003 is comparative to the empirical estimation as Mw6.1, shallow
crustal earthquake. Based on aftershock observation at near-source area of the mainshock, amplification characteristics of surface soil
are estimated and subsurface structure are identified. Using empirical green's function method with equivalent linear analysis of surface
soil, strong motions at near-source area are estimated. 45-60cm/s of PGV are estimated on engineering bedrock, 80-90cm/s are

estimated on the ground surface of alluvial soil, respectively. These estimates are roughly agree with the estimates from topple rate of

tombstone and questionnaire survey of seismic intensity.

1. FLHIT

2003 4E 7 A 26 B, SIREACEBOME LEZER T O T &
EHIZBWT, KRBT~/ =F=2—FK M5.6,M6.4,M5.5 D 3
DOHBENFENTREE L. BROECIIEEGT - 678
DEANEL BRI SN, HEOHME TR DD, £ 898
B, 8 2 IB B EAZRBHEL L b, HBEORKE
RBITHNICEBIWMENLEL AU, BEIIH Lo b
DD, BEEIT614L (DB SOLEE) 1LY, £ OHK
KREDBEMERERERS SN
KBETIIABORBLEOBELBNTB L LI,
LBBARCERMBAE»ORD bN-BFRREDOR
B HiBE DHIERFHEIZ DOV TIRAR S, F-RBH 7Y — 8
ik L RBHBOSMREICEMBITEHELEDOE TER
MTOMBEZETEL, TOFRET V7 — FEESER
ZHREMHOHE SN HEETRS & HEREFT 5.

2. 2003 FEWRARIHHEOHE

2003 £ 7 A 26 BORIE (00:13, M5.6), =& (07:13,
M6.4), JmAKRE (16:56, M5.5) 1TTXTEERED 12km &
BOEEOHBANTREL, BPMBEDOA =X LEHED
LD ThoT-. ZAb—EDHEDEIIIM UL DEY
W27 LS, HRHMENBIIRD b TWawy, BIRR
DOERBERA EFIFD, 2004) RUORFE - BITERER
B O(EBECR) 1EA, 2004) 2251E, MRILEHOESRER D
EHLbDOTIEIRL, ALEBRFGICAETHEERO
B DIFHERDIFEENC L D L ST 3.,

HIBRRZE N LHEIN/IE - BB - RAKBEOWREET
HEERIZ T 0F) BERoTWD, TVIRLAEIL
BHEHOBEE - 5 - TSI TIFEALFER STV
WZ END, EMORRD 3OO, B bIkicET
THEZTL LTHEELEZbOLEESATWS BT,
BEREIZ A, 2004).

BELTEIEVEBETELATVAY, SEOHENE
RiIH x ) FHEABFOBRBERAARBOFHEICHIZY,
K-NET,KiK-net TIZBRIELORBRREITIH LA TR,

RIZBEEHULEZBAL-BHROHABELREK
IEE, BEREEZRLEZLOTHY, RIETITEEET
2000Gal, B TIIE S EF T 1600Gal % #8 % 5 SRS ELH
ENTVD. IRHREBTBIVEBENRE LI-BE
FTHEH, ZORTEHARENEZ> TVDDIEIEBOE

B, BRI LERRKEBEOFNEITOALZTHY, LAY
BRBIZEV EEZ SN TES TR, RBHAIBE L
MEEREREL»ELATWARVW#ATIE, BIEH
(1999) OREBRXEFAVTERRXEE*HE LZELRLE
25, FAMBETZR & TIX 100cm/s BEDENREEEN TS,

®1 FEMBETHET

Bzl | EHT Al | PGA*1 PGV*2 A%3
M) BE (Gal) (cm/s) (km)
00:13 | n&Hg 5.9 2005 [20] 3.5
(5.6) | && 5.5 476 [32] 4.5
07:13 | &A& 6.2 850 [93] 4.2
(6.4) | FEHR 6.0 491 [101] 9.9
TR 6.0 756 [65] 1.0
BEE 5.9 1606 42 10.5
BE 5.8 555 44 15. 2
AR 5.7 337 [73] 11.3
/NER 5.5 585 [26] 17.5
kA 5.5 383 [40] 19.7
16:56 | {i/g 5.7 649 56 1.1
(5.5)

*1 RANEE, *2 HERFEE. EHOHLKELHEORENE. []
PRI EE (AXBR). *3 KETEBBERD O ORI IEHE

X 1i3ATE, AR, RARBOHAREONHTHD.
FETA_VEOMEICKHIS LT, ATEILE LSO,

* RALRFTEF AR K EHEF L ¥ —

Disaster Control Research Center, Graduate School of Eng., Tohoku Univ.

EI2 A BE S ORI 42009 03



BRRABIILMTEENRKELL LoTNBE I BN 5.
X 2 l3ABBRREZORANIMNEE L BEREEIZONT, K
A (2001) (2L DANEERFBHEICN T 5 BEREER L
HEL-bDTHD. BREIAKE 2 o OBMEE (R
EDS5L, FHAEBEL PGA ML OBEHEIZ2 RS DOKRE
VME O ICHY) ©, BERRNIC—EN Yy M T7EAS 10s
Du—Hy FT4NETRD, R+oRBETHABLE.

HEEMEIIREFIZD (2001) DT XA —FBEIZHE,
Mw=6.1(F-net)& LT, FHiEH (2003) 0T HCTE
H3T & L CEMEREREY RO, BRMEE, HFRE
EL LETALLUET, EFH, RO D HEMR
(ZHFHOLHETEERRZE) FR L. = LBRIE
IZOWTITHIBE O SEIIT o TV, ZoRNG, BE
ED% IIHEEERREZEOEIIAML, HEHNRR
REDEANINWZ EXDM5D.

M3 IIHER ETERLBIZMET 2 EERT (K2
F) BIOI #HiRATEBRITIE Vs690my/s B L&
% KiK-net HAE (MYGHO06 #1%) 122\ T, AEBEOEH
BERELLROBUERERERAS b EE=RLURTD
HBRIZ T AEEELERNFE L OTHD. BEMEIR
BREEEEEREZOHANIINE > TS &P
5. BLEDD, M6.4 (Mw6 1)DNEERME L L Tidia¥
W HEBER I Thom L HEIND.

3. WE - REHN L ETREHEES

[ | wmm

X4 JELEHETOMEHE (FE, 2004)

P~ TR

04 B3 aREBE S >R T L (2004)

K4 3fELEHREDORBHER (FF, 2004) THD
25, MRILEEHIZR > THHE-FEHHEO EEMR S L,
FOEFEIHWEH L b EFHOWRE L O 75
DHEBYN LR DEHTHS.

3.1 RE - HEMEER
EFEGIIMBHO— 7 BICbZ0, BILEHD VR OE
DR TIEEFHC L D RBER%1To7-. ZZTiX%E
NTELN-REEERBOREERANT, ABOERE
FEOHRIZ BT D HB IR EORE 21T 5.
BREHZAWBALSALE & 8/89:51, M4.6 DHIETHEHAI
EN-EERE (EW K5y 2ESICFRT. 22 TKRED
R, WEE R, EREEPFER, BEEREE L Z—,
FEJKITOMET (I RBORLECE Y LR 1TID)
hEFHETH D, BERBEIMETHIREED ZLEL
WABLTWS., ZNLSOBAIAITHEDELICB LT
W3, K6t 2 MIBOKERMS (2GO~R7 ML) 12
DN, BIREBOL TRMBERERAMELE LT, K&
ERIZHT BT — U Z AT MUEEETRLELDOTH S.
R SEBER 17 BEOT—Y = RART hLEANY RIE
0.1Hz @ Parzen window TYIB{LE 1T o> TV 3.
FERTHHFHICBT S LB LA, EE KSR (2Hz
UTF) T, 525 b00HBARY—2713742<,
ARG MV TISEW (RBREBRITIZH - LER/NE
<, ELITBNVHIEENS LARW)., LEBo>T, ZOH
B0 RO MRS T BB RitE s Bbils. EL
IV EAEKETIIBE L EL FREET) CRBOME
B (BIEEET&E) L AHEENRLNS.
—HFREHICBT A MMOBEI A TIE, KFERTIZBW
TXVIERBEELEERALNS. RIAH/NER - FIFEEET
FHETIXA 1 5812, BNV ERET&E, FEF
TEBBEMNI1IBEFLE LEENEY =855, —F
BHORMIINET 2ERSFERBLUORILBENAELEE
FAcie—7ik 02 IRICAIE L, Bihomfl - dbflé R
RBZEWDND.
REBREITo - EAF LESBRIC OV TIRKES
HHIT->TEY, X6 I EME DK/ ETFHMH/V k)
bR LT, B H/V L E RERRED A FLtkDOE—7
AR hXfiE L TWa. 28, EAREOME vV
EIZIZA#M 3BT bLE—o 83H DN, Zovr—7riF, &V
EEOBEL R LI LD & ENTWD (LUFIED, 2004).

32 REHEET VERK

TIRA (1985) ITERBENOBEMA TR -V L IRAE
LPSHBEBEITO-TWS. £z, TORRERLEIZESNT
Wi - WEEEOI VY —BHEEL TS, ZIZTRED
F— ZIZESO TR FERT& S - EBRI&S - BETF - Bl
BT23 « ERFREORBHBET VEER L. £TEMR



B (1985) 12L& OIHHEET LV A/ERL, TD%K 6D
EHEAREHITIOCBERLD SEEELFEH L.
7B, FMEET&Y & IEEIERIIE TREX T T,
50, EEEBEIRBEREEZOEEAY, BEE DR
BEZFAELTND.

TIZHESNT-HBET VERT. £, K623
BETADLEONIEEBRQEZE)bRLTWVD. 2B,
EFANOE TR (TRMERE) O SEEEIEHE (1985)
Ti 1.3km/s TH D, IUFQ004)DFERM G JEILZEH DT
B (BT L EHF) T lkmis, B (FELHBE)
T 0.7kmv/s & LTW5. R7 DEBEEEERORET
iz, EREORBIZLVEON TV AIMNEROEL A
YA

4. BRIV — VBB X 2BREOHMEBEESHEE
AR & 5 ICABROBAEH IR I TWRWED,
I TRABEKLERTEL L TRERMN Y — U EAK
B2 X AARBRRIBROMEBEHE 2R AT

41 BIRETNVOHE

FHITH (2003) DERA 13— T 3 VIZESOTER
TARYFAETFLVERELE. RELEHEERORER
R 8ITRYT. RHEIABOBWERBALERMBOBRE
RLTWS., ABEOERNRT A—F 2R 27T

ERMEL LTI, 20038 A 9H 254 DREBEHFEAL
7= (Mj=4.0). BIERTA—F%KR3IITT. HEET—A
> b F-net DfEMo=4.0X 10"Nm)% A\, HHBET&IX
EFE(R)IZA (2004) DHEEE(A 0 =0.81MPa)% AV e,

X 9 (ZiTFFHIED (2003) Itk vELN-EE EDT
_Y SFETRTE, T OKEODERITEMUOEBVBEET
IZAEB L TWA. #EiE2 (2003) 2BEIZLT, K9D
KHEOEHEE T AT IZRE L. ARIED (1997)
WCEBRRA S — BRI I Y BB R EEL, AB
CERMBOTHENESF L BEOLNTWAHAT, BAIRK
FEDATDOLOICATHRTT ARI T A DT A—
SEHELR. 20K, EREROFLITEHRL, 77X
VT 4 DHPLEBHNERIND ERELTNS.

HBE 3 BRI B 2 G CRIAIRER L R LR (T
JLET, KiK-netMYGHO06 (HR) #iH) #X 1027, &
FKHERRGITIT 0.17THz Tu—h vy b7 4 L Z 20T TH
W, BEREOBBRELLT LLBREFTRARVA, TEFHO
MERERCINE RS MVERBRBRESATWS. R,
{AEETOEH 0.1 BUT THERFRIZOARLND E—7
FIKRBOEELHESIN, SRIZY > TREHBED
FEREHEEEEL TV RNEDHEEILNS.

EDT ARV T A DNRTA—FE2RA4ITTRT. BB,
TR T OEEIT2E L, BREIIAR - =% (2003)
WIZESELED 16%, 6%E LIz, &7 AR 5 1 ORkEER

PRAIERITHRBIZ I VRO DR DAE E L, FRERRITX
DHENEFREOARE L. TARI T4 DEHETE
X, ERIZQINZEVELNMEERBERS bL
P HEER L~V & FEH(4.0X 10 Nm/s?) L, H#iEA» (2001)
DOFECIVEE L. BBCEEEIIME (2003) OF
RV, T4 X84 MIFRITHRBRICEIVRELE.

42 TFEMEME I UOHR TOMBHHETE
rETEHEONEBRETAVEANT, BRETEONE
LKERFLRRNS )~ B LTEREREITo .

AR, FEEETRE, FAFICOWVWTIE, 32 TRE
LB ET L2 BV TERMBEHO TENER~D
L VRN EITo7-. FORKENLED TRR Y
— VBRI IV ABO TEMERIIBIT A HES &
EL-. BON-EERTY L EBUEERER7 ML (B
F5%) #H1IITFT. RREET45-65cm/s BEMHFS
NTWA. L, ERLEOREH ) A X0 OEHLF,
EARREL 28, KE/NI3PTe—Hy b7 45 %H
FTW3.

IR & T RIBIZOWT, SMBRTISERENT
Lo THEmMOHMBE 2 HTE L. HBOBMNER R
ITERE (1985) OETAEFRAWE. #HEIN-HREER
EER EUEERERAT bR 12 1ITFRT. HLE
THEMBREHEITICIIMHAIMTHHH, BRNEEIT
80-90cm/s L 721, THEMER LV HEAM 128 E2P.L0IIK
BB LEERENE LN

5. TV —"EBEZ LD

MBI CHESN-BRK COMEBERS &, ABRIZT
ST-ER - GEVRERLIOTVr— FEEFERR (B
FiFDy, 2004) L OHEEEIT).
EROGBERERURE L Z 2T 50 EOGERER
DOEESNTEREEDOHAHK 13 ITR-7. FEHEI—
# (FEREET&R - BOEF) BIULRHR (EAFRR) T
100cm/s W KIBENBHEE SN TN 5.

Tor— MBERECLVHESN-BEESHEZX 14
WZRT. ZHHIRBEEEDO S/ EREZE U TE
ft - EREZEELIZHDOT, 7o/ — FBEQCEEIIAH
LOFE CKEIEA, 1979 ;1998) #AVv-. M 14 TIX
lkm EHF Ay a2 TEDEHERLEZ (X v aNDER
B 4 U LEDOHRER W), Tor— FEETII—E
(FAARET 48, /NG) CTEE7ICHEYTAHERHZ - &
Bhnsd.
RESFRIEOFMER L EREEREYBLIOT V4 —
FEEIZLZFMEREREEZ R L TRLELDOTHS. BB
ENITEIIE LTV AER, X3RS R ERSEGREY
WCHRTHEPKREOREMEELROND. S%SEISE
FRATIZE B R o IO R THRIEDTEEEZ TV, LD

ER2 BRSO R 4004 05



FHRBREEEDDITFETHD.

6. &

2003 EEREIMOMBEOBETHZOBMELBENL, B
BRI & DB DR R, M6.4 DAREHE & L THREHMNA
HEERS Th-7=Z L &R L. BREEAIOREER
SEBEENAIEIC LY, BIREEDORE OB
EROFER, T2HERORBO 1 RAEARITE LR
OERBETELRY, BERITIEEAY 1 HERE, ENTIX05H
BETho. ZORBRLEEFOMET — 4 5 b HEER
RORBHETTNVEER LK.

Tz, REBNT Y — U BEEE L RBHBROSMBRTIGE
B EHAADE TCEBRE COMBSZHEEL-L 25,
TH#AYEM TI 45-65cm/s BRE, HIRE Tk 80-90cmy/s 72 &
DOEREERELN. ZOHRITV7r— FEESER
SEAH»OHEIN-HEEHRI L BB ENITIERE
L7=.

#EE

BHRHTOBARCHAEICH Y, BETOREMEALE
IZUOHEKECEBERD S 21213, HMBRAEBEKDIREL
HIZbELOTIHAEEE L. KRBT, R, #
EMZER, RAKRFEFWER HE - EATHHFES
ey 4— XKETEBESHER Y bV —OT—%%
FAL, BMEMCEKOZBAZWEEELE. R LUTE
#HLET. ERICIEGMTZAVE L.

SEIEK
EHE - -BEOET - BIE - KL - BIFRIAIT (2003) &
HFREENIFGIZ L 5 EIRIEILER (2003/07/26, 7:13) D

HEOBIEA /S— 3 >, http://www. k-net. bosai.

go. jp/k—net/news/miyagi_200307260713/

MR - L1577 - 83 - ABFIRER (2003) 2003 &
7 A 26 B EHREALEROHBEBMj6.2)DERDET VL E
VU EORGE, BAMEBEESEETRE, A0S

HEHHEC - MEMC - FEE— - BE—BR - FERER - &

WESE - NHER - BEES - EKEE-F ) E— -
A=) TrvE - BERJIE - BEE— (2004) Ei
LKBEHANZ X5 20034 7 A 26 B OERFALTF OHIE
(M6. 4) lZ2Vv T, 31-39.

ABFRER - BIHKAE - BOEF (197) BRAYTY —
B ERBW-EBESHTFRFEOKE, BARBESER
THa&E, B2S

ABFERER - ZF5LE (2001) ¥F ) AHBOBBE THI,
iR, 110, 849-875.

KNE - LRERE - KIBOEAH (1979) T —hMIE5

HEEDOBEOHE, ILEEKRF TFIPFERE, 92,
117-128.

06 B3t BE > >R 27 L (2004)

KEH - /NMUESR - FJIE— (1998) 7o —  NBEBERE
BEOBGET-SEEER-, BRKERF, 16-4, 307-323

KREFE - BERM - TEEAN (2001) HY 74 L=THRE
REICE S KT - ETEBOERRERE BADONEE
HBEA~DOEA, A AREFSHEERRE, 544, 39-46.

BERE—#E - BIRAFOA - BHES - BEEX (2004) EHRE
e ESTHE O BIFER L R EE), 2003 EFREILE D
HMEBICLSHEBXEICET 2REOFERSR, Tk 15
EEREMRARED S (FRIFRRER(1)) HEREDH
HE 49-56.

HERE - KFE - (LAE - FREA (2004) EHEON
REHIRERGR D BIRDI-BIR - (=HE - HUBERKME, BA
BEFSFEIIEHHAREE, #ER, 67, 165-168.

W5 - RS - EEEER - THE (2001) (BB OIE
TRV EEET AN OEESNIERH L~ &
HREHET A RIEIC X ARBEIT RO DO EIRET
BDET ML, A AREFSHEERRIE, 545, 51-62.

B EE - NREF - SREX - WARE - EEN -

BIRRET - KA IF - I E - FEHEF 2003 £E
BRI BEFRRIL CORSE - BITEHBEE,
2003 EERRALHMOMBIZ L ZHBREICET K
BHIRERE, TR 15 FEREMERMEES (RERIHF
SRER(1) TFEMRBESE, 5-20.

TEE— (2004) 2003 4 7 A 26 BEREIHOBLE
FAEHL, 2.2 HF - HEOHME, AFABEEES.
BJIZBR - AT - FAR% (1999) FHAIBELIBRE
IFEER I OHBEER S OFE & OBF, HiRkTeFEs

#WICE, 1, 51-56.

TR (1985) ERRMEBHBRXERFAEREE

BRREAN - KETE - (LM - B 6% - BHET (2004) 2003
EEHRILHOHMBIZB T 2ENRABTICE S BER
DHIEE) L HWEDRMR, 2003 EEHEIHOMBIZL B
HEKREICETIRENATIE, TR 15 EERZEH
REMEE (BHIFIRIRER()) HERRERESE, 71-81.

W PER - TAREARR - BIB{EE - EREZ - FILTER
(2004) 2003 = EALE D HIE O BIRIR O #fg#EE -
AR IZ OV T, 2003 EEREILMOMBIZ L B
MEREICETIREAMAEHE, TR 15 FERZEW
RS (FERIFFTRER()) FRRERESE, 57-70



1000

P ST

141" 00'E 141" 30'E 141" 00'E 141° 30'E 141° 00'E 141° 30'E
1 BTE(00:13,M5.6), AE(07:13,M6.4), HAKRE (16:56,M5.5) DFHAIEBEST
L T T T T oo T T T T A T
o KEHES EFRS |

o LTS

KEHS |

~ 100 ® 10
g : F:
< ¢ S
g I %
|
10 1E
o KT (2001) #=iE o Y
S B 4 o mme@
i e WY i (kT 2 RS REIFEY)
1 |— =#n || X PGViEwdE
(GETEERERE) (Gt EPGAD S)
el e R e RLER — et el b
10 10 100
Xeq (km) Xeq (km) Xeq (km) Xeq (km)
X2 AE (07:13, M6.4) DERKIEE - HAEE L REBRXOBEF
1000 10 109 . 1? _ 10?/ i 1000 1 “ 10 (cm) i 100‘ 1 \ _ 10 (cm) : 100
N L - SN :
— . . - ! 1l|— 'ﬁ,]']NS ............. ﬂ;MEW 1|— ﬁ;]l]UD 1100
] FRAINS Iﬁl‘lEW | —— #®RUD . (Gal) 100 o B (HHEERE) e R (LEEEE)
1-- - HEM (LEERE) |- HEW (TREER) (Mw.1 Xeq20km, 2 = 481 i (Gal
Q (Mw6.1,Xeq9.5km, B = 42L151) (Mw6.1,Xeq9.5km, 3 = 2 LIAT) . e {(Mw6.1,Xeq20km, 3B =42 LLAT)
E100 — N — — 100 e ,\ N
) . NP 4 o
> 10 N/ '/7\// -
3
3]
>
]
3
& 1

1 1
Period (s)

3 AEWM6. ) BRIEEDIGERARY M ERBR L DHB

Period (s)

(1) AERET (KEF95H)

Period (s)

FEREE S >R L (2009)

Period (s)

(2) KiK-net HFHE] (#1%) MYGHO06

07



38° 30'N

10[cm/s]

20 @

KN i

0 10[s] SR ET
38° 24'N
M °
SHRET R
™ \
141° 06'E 141°12E 141° 18'E

M5 BRROKBEERFOF (FRORFIIHRREE cn/s)

MM : A
p E‘Iﬁﬂhd\ ﬂﬁﬁ*
0.1 1 1 1 0.1 L raaal

0.1

L | L P ol
0.1 1 1 0.1
\ \ / 10k

- * 8/8BR 1 B
e« @ d AETRHF
. . s e

/' ’
/7(1‘511\(1-! )

141 'E 1&1‘
0.1 1 period (s)
. WMM
2 L —y7
g V\AJV‘J |- - ey
”i;ﬁm&f& ........... tﬁ&f?}b
0.1 bl L g N
0.1 1 period (s) 0.1 1

M6 KE/NEBIHTARETRHEND 7 — Y T A7 ML (2003/8/8 M4.6, BfMBEEHE, KEMRD)

08 ma2pitthi2@E) s >R L (2009



oF or op op 0= [
20 '— 20 — ----------- 20 — 20 20
3 B 3 f 3 R
S a0f- ] i4F S 40F S410F B 40 )
[=5 - - by - =% - a Q. L
3 F i F S F Sk < F
60 — ] 60 — 60 — 60 — ~~~~~~~~~~~~ 60 —
E AmETRS 3 i 3 o 3 e 3 FaH
PRy SR P B S I
0 400 800 1200 0 400 800 1200 0 400 800 1200 0 400 800 1200 0 400 800 1200
VS(m/sec) VS(m/sec) VS(m/sec) VS(m/sec) VS(m/sec)
= e ok »
X7 ®BEL-XRRBE#MEETT LV
K2 AEOEFENRTA—# R3 ERHMBOEBIRENAT A—H za4 TARVT 4 RTA—H
N38.389 Aspl Asp2
RIRLE SVIRES FEEL 2003/8/92:54 _ TETE (kD) 29 10.8
Strike,Dip,Slip (deg.) 186,52,88 ~7=Fa—F Mj=40Mw=37 BEREDLEXK 6x5x5 _ 4x3x3
BIRGES (km) 6.5 BIRLE N38.457,E141.171 FEEE—AF(10"Nm _ 5.43 1.25
& (km?) 1814 Strike, Dip,Slip(degree) 164,52,55 & 7) R I & (MPa) 7.29 7.29
HiEE — A2~ (Nm) 1.53x10' EIRES(km) 9.0 = (km/s) 2.8 2.8
I& 71/ T & (MPa) 4.1 Hi & — A2 NN - m) 4.0x10" BRI SRS
Si 33 B (km/sec) 35 & £16% F B (MPa) 0.81 L5 E AR (3) 0.5 0.5
015
= —— Obs.(Element)
E
w S 000 _*‘MMWW
> L \ Max = 0.1cm/sec
015 T e Lo Max=0.Temisec | =
. 20 - H
FREPN " / = —— Obs.(Main Shock) S N
. M E 0 AL z ! E ‘ Synthesis =
i g . . =4 A /AL g 2 Gbe. (Main Shock)
- MYGHO06”, > Max = 128cmisec | = - - Obs. (Blement) |
38 23N * 220 dad i L 1 B B Shirer el A s a AN
= 2 —— Synthesis § o ? N ‘)-/. .
g D
Wy, 09 M4.0 E 0 .\\,,// \ D 0.01
Tl e > L \ Max = 19.7cm/sec 0.01 g 0 N \/
) o 10 20 -20 == L e  — - AT ST AT ST
! ———— _ y 10 20 30 40 50 01 1 10
140° 36E 140° 485 1417 00k 415 12E 141" 2¢E 1417 36E 141° 48E Tlme(s) Period (S)
X8 WEikEX (1) KiK-netER (hH) (MYGHO6)
0 = 008 | —— Obs. (Element) 100 e—’ 10 (em) 100
p E 0.00 ——%Mwﬁm—w—— // % A N (Gal)
i . > [ Max = 0.04cm/sec : N ’ : X 10
1] : . 005baaat il L PP TP AP A A i A Y >
= 5] ! g 10 —— Obs (MainShock) | & 7\ W %
=] o > | : 1
°1oj ‘ﬁ ol Mex S domisec § ? >(2 " ’
] | 10 = 3 P <N o Joa
L - Py = — Synthesis ) PRI X N
: ‘* """ C‘ (‘2 = f' == "‘l: I 0.2¢ E 0 N- /\. AL O "o E /:/,;\Q' N b
15 -t HmEQONIC X BHEEE T 1 YT v X
— T T — vj” - 0.0 7 " - L iy Max=Tlcmisec ',.’\\ \\ ; ~~;s_‘ 0.01
o'o] Lt Loy i1 eyl L a oy
0 5 [km] 10 15 10 20 30 40 50 o 1 10
Time(s) Period (s)
(2) AI4tEr
9 WEEFN (FHIEH (2003) %) 10 ABOBRIER &R Green BT & 5 HER D HE

ERMBEBRB S LRI L Q00D 09



[
v
[}
v

KIE/INS KiB/INEW

Vel.(cm/s)
o
Vel.(cm/s)
o

PGV= 27cm/s PGV= 63cm/s

METETETEL TR NS AT STETErE B SR S S ST S RV S S R A S I A A _g§ [T I AT A AT AT ST SRS RSN AT TS I U T SN AT AT AR SN U SN U0 A A AT A

I F A ' RERBFENS
PGV= 37cm/s

o
wn

RERBEW

Vel.(cm/s)
o

Vel.(cm/s)
o

PGV= 64cm/s

T BT SR I B AT N B S S S S U S S S S WS U S A SN S 98 PR

v
=

Q) FAEBETIIBNS ’E"T PIERRTIRIBEW
E

S O—AWWM‘“W*—— g o

3 PGV=31cm/s 2 PGV= 45cm/s

FETERENSS BT RTINS ST ETEIS S STArEr BT AN A TS AR ST _58 AT I AT ST A (TSN ET AT B A AT A U ST ST ST AT A AT SR

(Vv
oo

SRAEFHFNS RAFEW

Vel.(cm/s)
o
Vel.(cm/s)
o

PGV= 48cm/s PGV= 38cm/s
N PETENS S AT ET AT ST AT ST

_501...|x...I...| P TS S R TS U N B A S U B A S A _50...‘|....l,.‘.11..;1.--.|.
0 10 20 30 40 0 10 20 30 40
Time(s) Time(s)
1000 10 100 (cm) 1000 10 100 (cm) 1000 10 100 (cm) 1000 10 100 (cm) 1000
/NG / N AN o] ] S ]
/ hY S . ', — PR 7N p
SN N T |RERER - NS|| 1\ aErigid o NS (Gal)
Q N VAN N N 100
8§ 100+ AAAA
> N AN
S
oS
s 10
8 10
s N 3 /
& wHZE o NS
EW 1
1 /é \, /’! /.
. 0.1 1 . 0.1 1 10
Period (s) Period (s) Period (s) Period (s)
11 THMERTOHER (HERFELISER~NZ bL)
100 100

FEESETIRIBEW

Vel.(cm/s)
o

SRR IZNS
u H “ PGV= 64cm/s

N STETENUES AP ETET AT BT U AP I YU G A S

Vel.(cm/s)
o

PGV= 92cm/
|

P s laaas

U
[oe=]
o
0
—
[22=3
o

@ RAHEHRNS g REMBEW
e [T T g 0 N
s 0 va"vvv =~ v
) PGV= 51cm/s 3 V PGV= 82cm/s
>-85....l....l.;.:l....l;l..l-...lu..l--.. -85 TSI ST TS BPAT ST AT ST AT AU S AT AT AT AN AT AT OU Al TSN SN SN A S AT
0 10 20 30 40 0 10 20 30
Time(s) Time(s)
10 100 1000 10 100 (cm) 1000
1000 y— em) 1000 e ,
(Gal) (Gal)
Q 100 Q 100
8100 > 8 100 +
> 2 )
3 3 P 3
$ : < N0 $ 1 WAL
€ 10 € 10 A
=1 3
Q (V]
g o / =
1 1
w N 1
1 HH 1 +
1 10 0.1 1 10
Period (s) Period (s)

K12 #RTOHER (EERHLIEERRT bL)

10 g3 @Ehs >R A (2004)



Lo 7 y v v~ )/"

PN T e
T e46 ﬁ\ 194 ° \ 7
(!f 7 47 Yo
A 3\ 099 N L %
. ‘\:46 mam /(S0E} AN
e ) £.106 58 ¢ ~
V54 T -
54 ' 3 v’\
30* .
R 62 s, &L souﬂgg.uouxl \j
[ ] ® ) 127 ‘( .84 6?\—[ "_"—\J
— b
BE&W [ 90 3 S84 L
g e sl
S~ j/ —y dll‘k C’j_ ,g 8 1 105 Lw__—\l\
L : L-—*.v., ® g
j N, i~ @ 62 76
}/ [ ] o ;\\61 A
94 73 , \
§ £ 5 Y ggq EEEM | -
A ; 89 |
s ¢ [80LLE]® . % . OE*&
: \I‘-\\ A " -
J LQ 69 /}/ V BT
S o8 H AT - AT
T TN o it
X 13 ERSHEAMAE»OHEEINTZEREE (cm/s)
(RPN« AIRERE D O OHEEE ; TREIED, 2004 DR EETE)
HAAET
BaAE aakll
S — - rEE
/ 6.5 - 1
i 8 - B.5
oo ey
i AT 4.5 -5
3.5 - 4.5
2.5 - 3.5
e EaT
, ~
%g W
14 Tor— NEESHE (REIFD, 2004)
%5 MEER—E
ITH¥MERTORTER HMJETOHEE Tor—b | BRESEEYD
PGV Hell PGV R B PGV
(em/s) BE (cm/s) BE (cm/s) HWE
KiE /N 63 6.0 (TEMERLEFEL) - 61
FERkR 64 6.1 92 6.4 6.4 =40~60
FAET R 15 45 55 82 6.2 6.2 =100
(8RA1E) - - [101] 6.0 - £1&Y
BAF 38 6 - - 6.1 94

SEI2 A BEN S >R DT L (2004)

11






2003 -+ EICE 1T HHERE L RBHBOMRFR
RELATION BETWEEN EARTHQUAKE DAMAGE AND SURFACE SOIL CONDITIONS
DUE TO THE 2003 OFF-TOKACHI EARTHQUAKE

B FE{hE*1  Nobuo TAKAI
WM 3E*2 Shigeyuki OKADA
SEMKIESE %1 Hiroshi KAGAMI

The 2003 Of f-Takachi esrthqueke coorred o Septanber 26, 2003. In this eartineke, it was
fooused an the ail tark demece of Tarekared by the lag period earthqueke mocian. How-
ever, housing damece etc. has ooarred besides it. This peper descrdbes the featire of an
earthgeke mtimn distribution of a wide area, ad the artlire of the huildirg dece of the
whole regicn in Hikkaido. In addition, the feshre of doservation recad in Sgparo ard the

eaple af aslysis in Atsuma are introduced.
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2004 Niigata-ken Chuetsu Earthquake
Sub-Surface Soil Condition and Earthquake Damage

AHEE
Yoshiaki HISADA

Damage of the 2004 Niigata-ken Chuetsu earthquake and its relation with sub-surface soil

conditions are reported. The most severely damaged areas are located on old rivers and alluvial

funs in mountain areas, whose deposits are composed of the weathered soft rocks on the

Higashi-Yama anticlines. On the other hands, whereas the earthquake damage on the Niigata

plain are not very severe, the alluvial deposits along the Shinano river clearly showed

non-linear effects during the mainshock.
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PARAMETERS WHICH AFFECT AMPLIFICATION OF
STRONG GROUND MOTIONS BY GROUND SURFACE LAYERS

5 AR
Yuki SAKAI

Parametes which affect amplification of storong ground motions by ground surface layers were investigated developing
a simplified method of calculating amplified ground surface response spectra. Parameters, inpedance ratio and
equivalent first mode periond of 30m surface layers strongly affect amplification of storong ground motions assuming
that ground surface layers can be modelled one-dimensional layers and response spectra on the engineering bedrock
and equivalent linearization models of ground surfaces are given by the revised enforcement order of the building
standard law. Relasionship between seismic intensity indices and ground surface parameters using this developed
method. Peak ground acceleration and JMA seismic intensity are larger for smaller inpedance ratio and shorter
equivalent first mode periond of 30m surface layers. The proposed 1-2s seismic intensity index which has close
correleation with actual damage to building is also larger for smaller inpedance ratio. In contrast, this index is maximum

at about 0.6s first mode period of 30m surface layers.
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SOIL PROPERTIES INVERTED FROM VERTICAL ARRAY RECORDS

e 3E
Toshimi SATOH

The effects of soil properties and the evaluation methods of site amplification on seismic motions are reported based on previous
studies on inversion analyses of the soil properties using vertical array records. Damping factors of S- and P-waves for shallow
sediments have been inverted at many stations by increasing vertical array records. Empirical relations of damping factors of S-
waves functioned by frequency and S-wave velocity have been proposed. However, the amplification factors from the seismic
bedrock to engineering bedrock are much larger than the amplification factors in the basin in the wide frequency range including
0. 5 to 2 Hz, which is the most influential frequency range to the response for ordinary buildings. It is also shown that strong
motion records suggest the nonlinearity of sedimentary rock under the engineering bedrock. Therefore it is important to
quantitatively invert the nonlinearity of sedimentary rock as well as damping factors for deep sediments using deep borehole
records such as KiK-net records. Damping factors of P-waves have been found to be about two times greater than those of S-
waves by the inversion analyses. The applicable frequency range of this relation should be studied in the feature.
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FRRRRLERD AT ML A U N— T 3 b EHE S 5 HAR AR =R
SITE AMPLIFICATION BASED ON THE SPECTRAL INVERSION
OF OBSERVED STRONG MOTIONS

JIIF
Hiroshi KAWASE

A review on the recent studies on site amplification characteristics derived from a lot of strong ground motions by using the so-called “spectral

inversion” technique is reported. First, the author introduces his and his colleague’s recent work, which utilizes separated site amplification factors

obtained from spectral inversion for a lot of strong motion data of K-NET, KiK-net, and the JMA Shindo-kei network in Japan. Based on the spectral

site factors and one-dimensional theoretical S-wave amplification analysis, they inverted the best S-wave velocity structures for 1,300 sites in Japan.

They obtained very good results for 404 sites among them. Then they try to find the relationships between spectral site amplification factors and

averaged S-wave velocity of ground. The amplification characteristics for soft soil sites show 10 times peak amplitude at 2.5Hz and 5Hz, while those

for relatively stiff soil show higher peak frequency more than 5 Hz. After thorough studies they conclude that the averaged S-wave velocity over

only 10m from the surface is sufficient to predict site factors quantitatively for averaged site amplification for 2 Hz to 5 Hz. Finally the author

reported his recent work on Tokachi-Oki earthquake of 2003, where he can obtain nonlinear site amplification due to high level of input acceleration.
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GROUND MOTION AMPLIFICATION CHARACTERIZED BY NONLINEAR PROPERTIES
OF SOIL MATERIALS

& H—BR*
Shinichiro MORI

In recent years, it has become to be necessary for a designer of structures to consider an extremely strong ground motion as an input
earthquake motion for the seismic design. Under such a strong ground motion, the response of ground is highly nonlinear.
Accordingly, such situation highlights the importance of ground motion amplification characterized by nonlinear deformation
properties of soils. In this paper, the author firstly provides the overview of current situation of tests to determine deformation
properties of geomaterials, and discusses the future direction of the testing methodology. Secondly, the discussion reaches up to the
nonlinear amplification of ground motion based on observational and analytical case studies classified into the cases of
lower-than-0.1 % strain, the cases in which excess pore water pressure buildup was recognized and the maximum strain of soil might
become 1 % order, and the cases of liquefaction or equivalent condition with over-1 % strain of soils in maximum. Finally, the strain
ranges in which so-called equivalent linear method and nonlinear approach can be limitedly applied to site response analysis are

shown.
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THOUGHTS IN INTRODUCTION WORKS OF PERFORMANCE-BASED STRUCTURAL CODE
- NONLINEAR AMPLIFICATION OF SURFACE STRATA AND DYNAMIC SOIL-STRUCTURE INTERACTION EFFECT -

ZHEAT
Kenji MIURA

Japan's building code was revised into the performance-based structural code in 2000. The new seismic design method

incorporates the effect of nonlinear amplification of surface strata and dynamic soil-structure interaction. In order to investigate the

numerical procedure for incorporation of these effects into the code, the sub-working group (SWG) was organized in Technical

Committee on Performance-based Structural Code, Japan Association for Building Promotion. The paper presents the author's

thoughts on the nonlinear amplification and the interaction, which were grasped during the progress of the SWG activities.
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EFFECTS OF SITE AMPLIFICATION ON SEISMIC DESIGN OF A STRUCTURE
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This paper shows the effects of site amplification on seismic design of a structure. Damages of superstructure and pile

foundation during earthquake greatly depend on nonlinear site response including soil liquefaction. Structure response
during earthquakes is also affected by interaction between soil and structure. It is necessary to predict precisely the
structure response during earthquake considering site response and soil-structure interaction for implementation of

performance-based design. In this paper menu of evaluation methods for site response and soil-structure interaction are

presented and discussed to introduce rationally into the process of seismic design of a structure.
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The Tips for amplification factor Gsin design

NI
Koyama Shin

The building code of Japan stand on performance-based type had been adopted since 2000. The

recommended calculation procedure, Response and Limit Strength Calculation

(RLSC), is adopting

response spectrum method. The distribution of first natural period (71) and its amplification factor derived

from RLSC for subsurface soil layers is studied using simple subsurface soil model, up to three layers

including engineering bedrock, considering several parameters such as thickness, soil types and shear wave

velocity. The effectiveness of RLSC is examined comparing first natural period, 71, and its amplification
factor, Gsl, derived from RLSC with those from SHAKE, equivalent linear analytical way. When subsurface
soil models are rather simple and be able to be replaced using equivalent one layer, 71 and Gsl results from

RLSC are coincident well with those from SHAKE.
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EFFECTS OF SOIL NONLINEARITY ON EVALUATION OF SITE RESPONSE

HIUE #E «1
Kohji KOYAMADA

This paper shows soil nonlinear models (G~ 7 and A~ 7 curves) and an effect of the soil nonlinearity. The soil
nonlinear models were evaluated from natural samples those were obtained in a lot of sites in Japan. Analyses study
using the soil nonlinear model was conducted in order to verify the effects of the soil nonlinearity on the evaluation of
site response and pile stresses. Konan junior high school was severely damaged on the super structure and pile
foundation by the 2003 Tokachi-oki Earthquake. The analyses of the soil-pile-structure were conducted using a
numerical model taking into account an effect of soil nonlinearity. The observed strong motions in the borehole array
at Atsuma Site by KiK-net are employed as an input motion to the analyses model. It is found that the soil

nonlinearity greatly affects on the evaluation of site response and pile stresses.
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BYISERAT BN 5 AT KBTI DEE R
ATTENTIVE POINT OF MODELING SURFACE GROUND
FROM THE VIEWPOINT OF STRUCTURE BEHAVIOR

HE e
Mutsuhiro YOSHIZAWA

Special buildings, such as superhigh-rise building or base-isolated building or buildings with damping systems, are required its
seismic performance evaluation using earthquake response analysis. In this analysis, amplification effect of the surface ground is
needed for proper seismic design. Modeling surface ground has an influence on making seismic design input motion and seismic
design model considering soil structure interaction. In this paper, the effect of modeling surface ground is discussed from the

viewpoint of structure dynamic behavior.
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HOBERA K - I IRESH & AR AR INE
Soil Amplification related to Earthquake Disaster Mitigation and Seismic Design

@ik =t TN
Nobuo FUKUWA  Hirohito TAKAHASHI

Alot of seismic hazard maps are recently made by several organizations for their individual purposes. The resolution,
accuracy and output values of each hazard map depend on their usage and the amount of soil data. Here, the soil modeling
methods and the soil amplification calculation techniques which are used for making hazard map are demonstrated.  Also, a new
attempt to model surface soil layers in wide region, where a lot of boring data are furnished, is proposed. This is applied for a 50m

mesh hazard map in Nagoya city.
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