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3 ]2003-1011 6.1 28 130 64.4| 7 |2005-0118 6.4 50 121 53.6
4 12004-0720 5.0 98 47| 51.4| 8 |2003-0926 (Main shock) 8.0 42 123 354.9

-150-



5. HERFFOFMRM RIS

SREEEREOIEIENE A 8 L - RIS AT X, AR B & SR S B A B ) A7z SHAKE
(1972) D \ZhhE-T- L E 2 T IV, AETIE. 6RO SHAKE (2 X 5Tk, ZO%BIRR S-S EFE
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(1980) 7| REH S (1982) ¥ BIUNEIRTH(1977) ) Z AV, X 10a &K 10b (10 HARFZEATO MRS T
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PLE, Q)DL o \ZERFARAFIEZ LD A D FEIZOWTCEE LTz, 7 60HET, R b s
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DROTHIGEOIEIEIEDORME A %S L LD Z 735, Yoshida et al. (2002)12 & 2 2(5)D &L 5 IA5E E
7o BEEC IR o - UTPlE T, a8 L 72 BECCIRER o DJEIRERA A2 UTEl L=, T 2 Cld. Yoshida, Miura &
Kobayashi (2000) * 7322 U7 O™ 3L DO BIHREA FI - AWTOT A 2 MK UFHE 2 L2
L. HEAMOT RO 7 — ) = 27~ URIE & TSR ORIR 6 | R(6) DRI A % F/ A L TRD T,
FIARH m (IZHONTIE, m=1.0~3.0 CBIAHERITICR bAET 2 L9 ICRE LT,

yejf':ymax f<fp (6)
logy ;= A(log | —log f,)" +10g ¥ .4 fz7,
8. AR ERX6)EL VAR DR ald. (D THEZBND,
_7 OA(logfflogf,,)’" %)

10 el 1T T T T TTTTT T T T T TT T 03 T T T TTTTI] T T T TTTTT TTTTT T TTT T
(=] N R o [N Ac: 0'm=98.1kPa (RN [
g o I L | o [N b (RN I )

L | L | | L I c [ | [l
(30'8 o | \HHH\\ [ < ——As: 0'm=98.1kPa [ Y&
S o o ™NU [N 202 [EEN LA
L L ] L E=} i
206 R R N T T I\ B4
E ] \ Uk 2 A
3 04 L L o | 1 o By
2 Ac: 0'm=98.1kPa Lo NN ! E o1 LA
€ o \‘ | a8 1
502 Dc [ LN T
o o | N 1
5 ——As: 0'm=98.1kPa o 1\1\7\\1 o
0.0 : : 0.0
1.0E-06 1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-06 1.0E-05 1.0E-04 1.0E-03 1.0E-02
Shear strain Shear strain

10a B ARBIZRATOBIIZERFIERER (G/Go) X 10b [BEARBIERFTDEIRIZRZAFERER (h)

5.2 #8

2003 4B HIEE OAE O M Fiek A T S RIS A AT IZ X 5 FHRHFEIE & BRI &
DA 11 1277, [FIXT, 5D SHAKE (2 L DAERIT, mEk s @tmfpam:d S<FHISATLE,
BRI DR ARNEFENZ TR 70% 0D/ NS 70l & 75 TN D, Sl B A RATIC K DR Ok
FAMTOT I NNRETH Y | BT OGIEFRIUE, 77— = AT ML @ EREO% S
IABBZE L, —T7, 6 (1994) IZ X5 FETIE, RARNMEEDEAGHNI ST LEV, BHHED 2 (52
Lo TWD, 7—U T AT MLOEEREMS HBEEE 0 KE <o Tnd, B, B 5(1994)DF
TR L 2 HERISEMATI L, & - KE (2003)I2 & 5r”/§u+:%ﬁ7 =S787 NN DYNEQ DOHDEY 22—V -,
Z OB, @)D a1 TFFR L THEE SN TV D 0=0.65 12, HEINCR HIET S L EX OGN HHENLIEE
13m £ CTOREHEOWEED FRRER, )2V T h,,,i,,—o.oz LTy \%.’)o Yoshida et al. (2002) |Z & 2 FETIE
Sf=6Hz LU EO @A CHEREN S LTS 720, FEFICEBEER DZWER Lo TLESTWD, £

-152-



7oy 7—VU AT MUIEWT 6Hz TRYERR D 7 — U =AY FUIBATL T D, R T 5 FETIE
AR EIZBOTUREFNE L SIS L TR Y, 7— U = 227 ML HHERD SHAKE OFEIC L 5 & @ik
DIEBLIAIE 72\, Fiz HAWTOT 7 & B ER O BIfR 285t BTl L U5 728, Yoshida et al. (2002) @

(gal*s)
7000 Obs. ground motion at surface (TR comp.) 1ed
1e3
1e2
1el
1e0
~700.0- Te-1
(gal*s) 10 10('3 )
700.0+ . 1ed z
— Calc. ground motion at surface (SHAKE)
E 1e3
2
8 oo A A«v/\ it A M A il Al f‘{lv/\ /\v N NN o2
: A AR AN AR
= 23738
3 1e0
<
~700.0- Te-1 y
) ) (gals) 1.0 10.0
7000, Calc. ground motion at surface (Sugito et al. (1994)) led (Hz)
1e3
00 'hl‘“h“\ l“ﬂm IML LIAHJ’ X| h\ﬁlxl $&xn% My ﬂum P fe2 //A/”X/xMWWWwW
!”!”” (o rw P Yo 7w
1e0
00 6829 'y 10 10.0
I T ] (Hz)
0.0 20.0 40.0
Time (sec)
Calc. ground motion at surface (Yoshida et al. (2002)) (galks)
700.0+ led
4727
1e3
0.0+ WRTFTL Vl“l HA“h il (’m” il ‘H i i \“JMIHMF ‘\“‘\ \H‘ “‘ “l‘ I i “ MM Il s “Mn' 1Yy b ‘““""m"“""'“\!""“'""l”" fe2
‘ m I \‘ UM\ m lN\ i ” A | ‘"I‘ W U l“ i \H i l Wyl m!' tef
% 1e0
E
~=700.0- le-1
g . 1.0 10.0
£ 100, Calc. ground motion at surface (Proposed method m=2.7) 1 (ia'*” (H2)
Q - e
s
) //Nfﬂbﬂwwwwm“
-700.0- le-1
0.1 1.0 10.0
T T ] (Hz)
0.0 20.0 40.0
Time (sec)

11 HERBHRSERTRER ERELUT—IZART bL

-153-



FHED L DIZT7— Y =AY MLVOBIEETRADOBATRBALR Y, D &5 EHERN S AT TR
L7cFEL, BURIBR SN TO D FHEIHANTHERMRH 2O TRV EEZ B D,

6. SREFFDIEMRMHRICERRT

I HBRISERTIZ OV TR, I8/ — O T B B3R & BUIRRET L $£ 72 R-O BT V72 & TER(L L THW
LONITHD (AR (1976) ), LosLiens s, ARSI R A AE R & & Crrl 21T
D12, SRR BT OB 2 O FHHTE HEM (2003) P (2 XD FEEZ AV,

IREZEEARATT O IR RIS BAMRAT Cld, FHR 2 ZE S ¥ 5 Hi%E 5 T, Rayleigh {5@%20) RENVETH D,
Z U DN TSI RIS AT D Vs=500m/sec LL_EDOBEE THV = h=1.38%DfEA3, 0.5Hz & 6Hz O
M CRK 1.38%I272 5 X 9 12 Rayleigh B DIRE &2 3 E LT,

12 | SR B ST R S AR Lz, TP ER DIV I A T & Hom U 7= B2 TR
ZHWAERTH DA, FREARILEEIL, éﬁ{ﬁuﬁfﬂuﬁjﬁ ZHARTR 70%D/NS 7B E e > TN D, 1272
L, 7— U T ARY MUZDWTIE, SHAKE (2 K 5% IR & O RJEEE DOV HIAA TV TR,

AFRERT U, MR BRI D B Z FARF i@aﬁ@%ﬁﬁﬁ TIRIFT D Z LB Z DB T28, TKCHOT7 (BHH)
BRSNS R K Lakm BEU 72 HRB) 1B A2 P2 PRI | COEhE S V7258 1 J8(Vs=51m/sec) DEL S 720 ik
Bt 77 v 78 SO B R (HBHHE) (2005) ) ZRAWTES BT 2 To7-, X 12
D FERIZEDFERZ R LTS, I KIEE O HBIRZIR L7 — Y = 27 MV O EEEEERIZ DWW T, )
P& COBETRHE R E W70, BHEIC <A LTCWD, ZORFRIE, JRALE COBZE R
PERRBRAE R A RTICE D AT Z ENEECTHDH Z L AR LTV D,

Obs. ground motion at surface (TR comp.) (gal*s)
400.0+ led
1e3
1e2 //\/\/\NVN
0.0l ~
1el
1e0
000" Calc. ground motion at surface >+ 13;1 o 10 100
. gal*s,
0o, (Non-linear) 1od (Hz)
% 1e3
g " 1e2 M
g et
>
8 1e0
<
4000~ Calc. ground motion at surface Te-t o 100
1000 (Non-linear using in-situ 1(ia'*5) (H2)
' G/Gy & h data) 3199 ©
1e3
001 ,,.‘urL“Mh“l ”\' H”M‘ h] ““‘H ll'Jl‘x‘ﬂ “ﬂ'h h mlh l“’l l, “ 1.1“ “ e /\NWM
”l!"‘IHW“’ Y A I T
1e0
-400.0- fe-1
0.1 10 10.0
I T 1 (Hz)
00 200 400
Time (sec)

®12 SERMHEINERTER ERELUIT—UIART bL

-154-



1000 - ——p - — CIJL S I - —_— 100 ec===c==c==EE==t==cE== 1000 ——— - Corao — ——
- Ty =917.761 x 1% Hy = 5067.999 x 59| F= Ty = 96.241 x 2RI
| i : o N
100 b __y_l__LiaL| R =085 | I 100 b=y ===ttt R =0962 i 10 | _ L _i_LLilu R’ = 03815 L
° T AN
T e X 10 £ X 10 ==
] SEFrA H] EE g EZZ
* [ R @ - @
e ! g el o z ! SE=Z=ZEETD i Te==
g FEE || S SESEEESS s
& i - 5 - [ 2
0 =l=L LIl 0 = ==t =t 0 b _ L _l_LI_
- EZZEZEEES=] || [~ 00
I cC-rCoCcoooo) || boooo
0 ! 0 | 0
1 10 100 1 10 100 1
Frequency (Hz) Frequency (Hz) Frequency (Hz)
13 1@ GRE 2 95m Vs=5Im/sec) TOIBEIEMRERDE AU T AKERD
T IARY bIUIRIE & IR OBER
5 , - 20 T TT T TIT]
<« | I I .
£ —: Sugito et al. — | || | Sugito et al.
>4 (1994) < 5 7 ; (1994)
= ) < o .
Z,; 3 /\j: Yoshida et al o | 1 : (YZ(Z)SE)hZI()ja etal.
=]
2 ! (2002) S0 /1
= ! Proposed 2 ! h ! Proposed
g : method g- 5 | I | method
‘ S 8 | I |
] . . —_— —— SHAKE
g ! : SHAKE = ! ! !
& ‘ I 1" I :
0 ‘ 0 — o
0.1 1.0 10.0 100.0 0.1 1.0 10.0 100.0
Frequency (Hz) Frequency (Hz)
14 %1 ETORIMSEG) & & WEEL () ORREBUKEF4E
1. ER

1.1 AV TAHERDARY ML

FEZ U7 ot LRSI R BTSSR LT AW O T AIE O JE ISR I DN TE T 5,
T3, HERICET AT > T 2@ OF TEAMOT HO—FERE ofiRE (RE 2.95m, Vs=51m/sec) DHE A
WO I Z T H L, B AMOTHEIED 7 — 1 =AY ML ERDT-, ORIz R AE X 25
TERIRL, FHRIE A (SHAKE)F L O BRI H RS Sl LIX 13 1R LTz, B AMTONT 2B D
JAREAEEE, O FEICRB O TS EREICK LT 2Hz (I HIREEFRD 2R L CnD, £,
SHAKE (2 L 2B & 13— &R E | @JERHCC O oy NG & s L T2,
1.2 RIMEERS & CEZELEOBRRTESE

KQ)D o\ JFEEILATIEAFEA LI 5 (1994) OFE, Yoshidaetal. (2002) OFHE, AW L D485
THER L OVSHAKE OFFERER G, HIMER (G) L= (h) OB EEZEH LY 14 1R L=, #7
SOTETIE, MWESR LI O EREURAAEC A BI TR Y . FERE U CREIRE T/ S 725
2720 TWND Z &N, MR FIEENFHE SN ERTEEE 2 511D, Yoshida et al DTFETIL, s
B9 6Hz LV d IR oRitREs L OVEN 7 T v MR- TEBY . ZHDNSEF RS RN
WD 7 — ) AT MAPEIERRDO 7 — ) AR NUVIBITT DK E 7o T D, 1RE LI FIET
L FIPESRES KON LI A ek L C BRI ANES X OV L CH Y . Yoshida et al. (2002)23F 17 1
AIETRD - AWTOT IEFEOIRNE & B OBHR LA LT 5,
1.3 {Z#m LHEMRFERIEEDORER

R(O)F L OB DR  m & 3%E Uiz m % R = e BV SAERIE S+ O i KM (2> T,
ARIOFRT OBF AV 15 (R T BRI D Do m DR DICHON T, EEEEANED 3 D 5HHE & 72 5 7o b ik
IR TN E < 22D, BIRERITIX, m ZFANCRDO 2 FEN DT B TOR0AS, TKCHO7 DX 57

-155-



HREFHAZ DA . m=1.0~3.0 NHEITH 5 L E 2 5,
7.4 REFZOIFHLFIAR

ZETITILFAFSENOMEF TOHEDOF Z /R L0, RS TR Cos| R LEE
. ]\jﬁ’@ B Z RO DTZDIIETH D, ZOHA. 16K SHAKE (2 X 25HR Tk, @A OHEER %2
W NEIT 2728, 5IE R LEHE T, WS @B A o K& < 22 2 EHRRE R L 72 0 | IEBIEAZR A
TIHEEN L 72 DEFINE L B HIT-, T2 TIRE LIZB AWM O B0 B ER A 2 B 8 U T- Sl E
IEEENT LTI E R LRI T T2l %X 16 1R Lz, ZAUZ HFE TARY "MV T 4 T A 7 LT2 1968
FEAREPHIEE D )T NS B2 ) UFELHIS O TR0 (B - 158 (1974) ) 1S &R LRETH D, it
s> SHAKE (2 L B Tl @il K& < 72 2P R0 (X 16 HEY) &7ed, —h, $BFEL
7=FE (K16 TEY) TIIASHR AN | IHFRANEE DR 1/2.5 T, BFAREIECo & R LEHE AT
REL 72 o TUN A,

B 4611 Fitting wave to the standard Sa
T T T T T 500.0 spectrum at surface
1000j b i x \
Ng r 1 0.0t/ | WAL I‘\ “\‘H‘\‘ H| ‘1 ll_‘ ‘\‘ l"lll[“”w i Hh ||i \'\‘1‘1[ lu‘II'AW.Wd.I T AL
2 [
g/ 500»» .
g -500.0
&
T T T T T T T T T T T T T T T 1
00 20.0 400 60.0 800 1000 1200 1400 1600
Time (sec)
108 Il Il Il Il Il
3 1.0 1.5 2'9 2.5 3.0 3.5 500.0- 4635 Calc. incident motion at base by SHAKE
Coefficient m :

15 {R#m LhREXNMNEEZEDER

Acceleration (cm/sec?)
o

8. %ﬂuﬂ:ﬂ -500.0-
[ I I I I I I I I I I I I I I I 1
2003 QE‘I“H#{EP&J@%@ KiK-net ﬁelﬁ? [/‘_‘%E 00 20.0 40.0 60.0 Tinf:(osec) 100.0 1200 1400 160.0
HlFCER A O CHE DI E ORI 21T

Calc. incident motion at base

o7, F£7. ARHEEIZBT 5 KiK-net 21 5000 by proposed method
RUEROHIFR, M S AT MLV AR L
Too TRERFOIFFAEOREE LT, Ay

RV D EEB RO T3 LAY b
He B AR ~ DR BN D 7705
BN 78l & LT TKCHO7 (8HH) |

TKCHO8 (KA XL TNKSRHI0 (EH) % 00 200 400 600 800 1000 1200 1400 1600
fhitH L, 2o CHgaIE O —FI7L » TKCHOT fime (59
TR L L,

I TKCHO7 BHRASDIZIFE FIT5 AL 16 REFEOIZHLEFIAG

7o 22 MR A VT, 99BN XT3 D i /i
SWAY MEbERH L, TOVfEE X —7 v b & LT, a7 /L3 X4 (GA) W CHRET L
DIFERNT 21T o T2, [FEMHT CHE Gz S FHl MR L O Q iM§iE) bR OI-HEm A7 MV, #l
BIAART NV STEHE & BN—8k Fa7-, [RIEMHT L7 S IOl 2 IV CosEic L DRI SE
N2 ki U7z, Z OFERGIRIE Uiz S IR S O S HEGR & 12,

I HIZ, 2003 FABHPHIEEAE OGS A VT, 1EKD SHAKE (2 X 5 M#t iR SEfpT, B A MO

-156-



T HDJEPEARATNE % B8 U T S RSB RNTR K OSBRI 25 T R SE BT 21T\, BLRIH
T L BRI O e 21T > 7, SHAKE IZ £ 2SRRI, 13D~ B FaHE S TN o i A
DE AR i N5 Z L AR L. ZHERER T D7D AMTOT OB EIR A BRE LT
S SR MR B AT TR A 1R S LT,

IR AT D MRS EFRATIC DUV CIE, TKCHO7 BUAI G EE O SR T OB IR RS R4 FV T
[T 24T - 7o R, AEEAR 22 iR 2 I D L 0 BUER VS D, UL, IR s B A T
2OV, JRACE COBIETARRERRGE R 2T AT Z ENEHEETHDH Z L 2R L TD,

Ltk TENHIBLAROFREHEIC BV CTH, 4RO X 9 7 KiK-net $hiE 7 L—BLHERER A2 HERE L LT, A
TERRHT 2 RN T HERIE DT o — = o VDS HBICE AT O FRIRE S ) HIZ R & BE 2 bivd, £z,
FENT B2 G0 L C, 88 Lo BV RIS BT D/ A—2 m ZHMICRE CED L HUEL
TWEW, FRCEEE OBRERALNCT D Z ENREE L EX HND, MBEOIERIEINE S HEC S 2
DR LR D7 0ITiE, MBS O\ OHIR T, E5HARICZ R OSET L—ifiERH AaiE L,
Wbz > CREDOREAETSD Z NN EZ L2 D, TKCHO7 (BE) BHlAIXZ 0 X 5 BT, K&
EEABHIETHY . 5% L LIRGIRBIINZE E NS,

B

ARFZE T, JSTATEE NBG SR ERFSEAT O KiK-net (& X 2 B RTaRIS L ORGSR 2 S8 Tz
PN, ETm. FERREH RIS O U7 RN B OB ZS TR R B SRl . ALV BT SR i A B s
B L D T —Z B RN TN b D TH D, HALFRERFORFH  EEERITIE. DYNEQ 3 X UNDYNES3D
OFEFEIZDONWT TR, 70, AFEOH-BRISEMTIC L, HH 2 - KEERE (2003) 1255
DYNEQ BEIOVEH 2 (2003) 12X % DYNES3D #fEf L7z, fEZEEOTH it REE S 4 HE
FBELIO 3 ANOEFHEICL DAy MLV FEROAKBICSES N, BL T, Z 2o EERT, 72
B AL, FEO— ANOFGRXO—ETH Y | 53 EOV T T 1 U T OOV TIE, LA (2006)
BRI,

SE3H
1) Satoh T., M., Fushimi and Y. Tatsumi: Inversion of strain-dependent nonlinear characteristics of soil using weak and
strong motions observed by borehole sites in Japan, Bull. Seism. Soc. Am., Vol.91, 2001, pp.365-380.
2) Iai S., Morita T., kameoka T., Matsunaga Y. and K. Abiko: Response of a dense sand deposit during 1993 Kushiro-oki
Earthquake, Soils and Foundations, Vol.35-1, 1995, pp.115-131.
3) Higashi, S. and T. Sasatani: Nonlinear site response in Kushiro during 1994 Hokkaido Toho-oki Earthquake, Bull.
Seism. Soc. Am., Vol.90, 2000, pp.1082-1095.
4) [IARBAR : R ORI E DS HIFREN 2 - 2. 5 R OV O TN B9 2778, A& R L3R5, 2006
£, pp.17-40, 138 pp.
5) BESKRMFEANIFZERT © http://www.bosai.go.jp/kik/
6) ETHEET « VEKHIZ R — 5, HATEE D1-No.441, 1978 4.
7y WP, A R ERE) 7 LA Y XA K DA DR, B ARSI Ram SR, 5 46 5
1995 %, pp.9-17.
8) TFFH-, A 5% : KiK-net Bl TKCHOS (ZH51F 5 S BRSO, ALHEE R HER BRI 50
Wi, No.67, 2004 4F, pp.181-195.
9) ARG, A 55, @IHPRE JEK % ALEEPN O KiK-net BUH AT I01T 5 HIZHUERE FORE 5 M D
HEE . ALHRE R HIERY B PR 56 68 7. 2005 4, pp.141-152.
10) JE7K 5, mdiRE, a5 BRI RIS T 2 1 Pk & mREhRrE (2) 50 S RIS D
HEE &R EORGT, AABE PSR FIGRHEEE Gr#) . 2005 4. pp.267-268.
1) mHeE, YK 2R BTAERS, R, —SmmERs, msdn, AT, s 55 HEsUTRE
HT\Z 361 5 H FREVEIZAT & BB O, HAHIEE T2 + K42 2005 FHIELE. 2005 4F, pp.452-453.

-157-



12) §H ., KEEHE : DYNEQ, A computer program for dynamic response analysis of level ground by equivalent
linear method, version3.23, 2003, pp.1-107.

13) fEEt. BNZRR « SRR B8 L 7= RIE AR O 78 Q1 il & 24U B < MR HEIRE DR T
fill, AR, 55460 7, 1994 4F, pp.37-46.

14) J5 BEK, TERIFG « HEEEREI#T O 720 O L OBRHWEE ONFFE—H AWMIEEL, BEEEE o BRIk
fetE—. 55 14 I EE TRERER S 1977 4, pp.533-536.

15) Schnabel, P. B., Lysmer, J. and H. B. Seed: SHAKE A Computer program for earthquake response analysis of
horizontally layered sites, Report No. EERC72-12, University of California Berkeley, 1972.

16) 5H 9 EH7 w2 Z 2 SHAKE O IME, #Es O HIFREIENE > o AR Y 0 2FEFRGR R, HE T
23, 1994 4, pp.14-31.

17) JEiRS . HHE— EHEE— R L OB ZSIRRME « SREERFIEIC OV T, B 15 I TR
FFEE, 1980 4, pp.625-628.

18) BEHIHF—RR, HERISTR « ARSI L0 AWM ETIAREIT OV T, TR 32 [RRER TR
H#, B30, 1982 4F, pp.257-258.

19) ‘AiRiECS . BEMSOR. mARFEAN « OB AMIZETARE L RO BIRFIEC SV T, 55 12 [ HE TEEE
FFRE 1977 4, pp.417-420.

20) FER, MM, HHRIK SRR EZ B L 2SO 71T K D Ml O MR I EMATEIZ BT 5
—EE BATEATR S, No. 493/11-27, 1994 4, pp.49-58.

21) Yoshida, N., Kobayashi, S., Suetomi, . and Miura, K.: Equivalent linear method considering frequency dependent
characteristics of stiffness and damping, Soil Dynamics and Earthquake Engineering, vol. 22, 2002, pp.205-222.

22) Kausel, E. and D., Assimaki: Seismic simulation of inelastic soils via frequency-dependent moduli and damping, J.
Eng. Mechanics, vol. 128, January, 2002, pp.34-47.

23) Yoshida, N., Miura, K. and S., Kobayashi: Equivalent linear analysis considering large strains and frequency
dependent characteristics, 12WCEE, 2000, No.1832.

24) AFAET - EEN )OSR, R HRES, 1976 4, pp.7-34.

25) HH  2E: DYNES3D, A computer program for DYNamic response analysis of level ground by Effective Stress
nonlinear method, version 2.41, 2003.

26) JESACL . PERE, EERR—. TR : 2003 AE-HRETHIERIZ 32D RS TRRD T ERBA#HE O fFHTHIRGE.
55 40 [AI Y TR R4S, Rk 17 AFFER SRS, 2005 4=, pp.2009-2010.

27) B, A AU RO KRR 3T 2 MRS | PREHFEEL No.177, 1974 47,
p.12.

(ZFE : 2006 43 A 28 H)
(FB#E 2007451 H 29 H)

Nonlinear Soil Response during the 2003 Tokachi-oki Earthquake
: Application of KiK-net Vertical Array Records

YAMAMOTO Akio” and SASATANI Tsutomu®

1) Technical Manager, Earthquake Geotechnical Engineering Group, Tokyo Technical Center, OYO corp., Dr. Sci.
2) Associate Professor, Faculty of Science, Hokkaido University, Dr. Sci.

ABSTRACT
The nonlinear soil response is examined by using KiK-net vertical array records from a large (the 2003 Tokachi-oki
earthquake; M8) and small (M~6) events. First we search stations which show nonlinear soil response by comparing the
S-wave spectral ratio of the Tokachi-oki earthquake with those of three small events; the S-wave spectral ratio is taken
from the surface spectrum divided by the borehole one. We find three stations from 106 KiK-net stations in Hokkaido that
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show the nonlinear soil response. These stations’ spectral ratios show amplitude decay at high frequencies and peak shift to
lower frequency for the spectral ratio from the Tokachi-oki earthquake. The TKCHO7 station at Toyokoro in
Tokachi-district, Hokkaido, is chosen to evaluate the nonlinear soil response. This site has very soft ground different from
another KiK-net stations; S-wave velocity (Vs) is less than 200m/s down to a depth of 30m. This station observed peak
ground acceleration (PGA) of 403.9cm/sec” during the Tokachi-oki earthquake. Next we construct the soil model (Vs and
Qs (quality factor for S-wave) structures) at TKCHO7 based on the S-wave spectral ratios from 22 small earthquakes by
using the genetic algorithms (GA) inversion method. Finally we evaluate the nonlinear soil response at TKCHO7 by
comparing the surface accelerogram observed during the Tokachi-oki earthquake with those calculated using the borehole
accelerogram and the constructed soil model; the linear response analysis, equivalent linear response analyses and
nonlinear response analysis are used in the calculations. The frequency dependent equivalent linear response analysis is

newly proposed; this method well explains the observed surface accelerogram.

Key Words: KiK-net Vertical Array, Non-linearity of the Ground, Inversion Analysis, Genetic Algorithm,
Seismic Response Analysis, The 2003 Tokachi-oki Earthquake
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