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Ground motion response of the subsurface structure of the Nakagawa lowland
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Abstract: This study aims at quantitatively clarifying the ground-motion-response property of the
Nakagawa lowland and its spatial variation. We installed a ground motion observation network across
the Nakagawa lowland and analyzed the ground motion responses. On the other hand, we constructed a
shallow-level subsurface three-dimensional velocity structure model of the lowland from the shallow-
level subsurface geologic model (Kimura et al., in this CD) by translating N-value and soil quality
information to S- and P-wave velocities and density. The translation was confirmed by comparing
translated velocities and densities with those measured at boreholes in the lowland. The translation was
also validated with the observation at the ground motion network. Then the shallow-level subsurface
velocity structure model was used to evaluate ground motion amplification distribution in the area.
Above the buried valley where the alluvium is thickest, the peak response arises in 0.7 ~ 1.0 Hz with
maximum amplification factor around 4 to 5. While above the wall of the buried valley or buried terrace,
the peak response arises in 1.0 ~ 2.0 Hz with maximum amplification factor around 5 to 6. Evaluation
of increment of intensity in case of Kanto earthquake similar to that in 1923 revealed that we may have
intensity difference of 1 within the lowland. This is what Moroi and Takemura (2002) has shown for the
1923 Kanto earthquake from the collapse rate of wooden houses.

Keywords: Nakagawa lowland, alluvium, subsurface structure, borehole, ground motion, amplification,
spectral ratio, N value, S-wave velocity

1. [FLoIC ORI, XV EHEOES VO K EWEKHINT,
S ORI EDOER L TW L EF N6
1923 R IE B HGE OB, AR - IR He - GEFE - R, 2002). EEMHEIXEY O 5L/ O
S IMEHEZ & 72 2 Mg 3525 © O BREE O BN K X 72 FYEIC S L 508, RO/ 2 DMl i o g E
WEELZIT -, FEFEEEIORBUCI VTSN FEEWOEN T, MR ERREOE N E KB L T D
TSR T, BUREH - IS - SRR, TATREPEDS L.
P L0 —BEEEmWES S L CENITER S TWND ARFFETUE,  H A Hi PN S 0D BRI 2 R 1k oD Z2 )
GEH: - 5UA, 2002). Z o<, BEMNEMI D K MI72E WA, MIEEEIN A28 L CEIEMICHRRD L & b
L 72 B4, 2004 FHIBRPBUE L ZORED 12, FEHNCE T AL STz BRUEH AR R~ o) [
BRricb R onT-. ZOE3ENIE, Z ol o HONE « PEO =77V v RET IV CRAIED,
JELHERET 2OV HHEEIC L DR S B2 5T 2014) A HWT, HEBSEFHMOICHWAS Z Lo TE
W5, 28 O R oTEE (R, ) MG
B OEMOMEE Y, EICyEIcRs TR TNAEER L. ZRoctEmEiEsE T v omEmo
TlERW., KEBOR—Y 75— &@Mﬁi@,@& TR, ﬂ%@mﬁﬁﬁ%ﬁowfi A=V
L7238 5 OB IRSCWIN D43 S 1K 5 &% % DOE T — & Lnitak oo MR B FE &k TE B
bhd, HEBIONED =RITZERIZEGA A & 7 ﬁbt.it,_ﬁ_ﬁm%émﬁL%rw%ﬁwT
2725 TW5 ORFIED, 2014). #DZEE LD IE Z O iUk O R AR 1 X D MUBBhIE R A & %
WEIEHITIL L, MENOHISEICH, KN TRE DOEWERELED TR L. &5, AMTRD
TREWNEU D EHEE SND. EEE, 1923 R AR EOR STV AL N 7 7 Wi Z é%ﬁm A48

136



o | AES i 0D Pt oD Hi R S 8 AR

TE L, e KSR SR ORE R A HEE LTz,

AHFGED & 5 72t IS g E O €T
N OIE, BEZIEEE I O AR 2 650wk )=
WIS E O EZHE T2 28T 5. Fi,
HIE X /52 & 2 @i g =7 L S 13870, FU
FEHE TH-> THHMPOEENR2 D L X DIRED
HWHLERITE DO THD.

2. d)IMEHRLIZH 1T B HhEER A
2.1 mhIHEHh i EE AR ORE B i & 8B
HRTHE N O HE D ZE 28I X D B EhIGE O
WE IR D 720, F)IME# 2/ 2 71 v %
bk L7ZEE CHARMEB O BB 21T - 72 (1
2. oM, B SEBHEEARIZEET & O 3L RS
THEhE L7,

BRIPAGYS IE, RHIpPRESE O B D 2225 b
IXFEIZ T Do TV o 7272, F390%, MiEE
JEDENT KA MRS OEY, BLW, HERICE
AR AZBRT 2 A HAE LT, il 2450
HI7AIRBIHIMEERERE L-. 518, 74 v Lt
TR E LT, B oE EIZL T 7 L A B
i (TDKN) %, 7=, MFHEa (2013) CTHLECH +
DFIERPA LT/ FEBHA—Y > 71~ (GS-
KBH) (2 &84 (SOZN) 8 L=, Ziud @il
W09 55 BETCHE, TFHEATERIHZEAHR—Y
VAR PS g bt T B 1R).

%%%M,#*XFU&X&@AHUMQE,T
71 VL K-NET95 MR Th 5. # RO HEIZ =
7 U — bNOEBEEEITHE DO LICHER 2% %Ltﬂﬁ
mE U —0OLE 40 cm OHFENEEBIZERE Lo
BENDHD (F3X). HEBMN SO E EE, Hk
R, HEHAZEORE TEE | RIRT.

2.2 HJIHEH I EERB CRF S NIz thERLZROH

2007 &£ 7 A 16 B AR P HhE

Z OMEOTEERE, MK EELRE O 7 8L
THEOLNZ. B SHIIREREED Y b, WY
WCOWTHEYZITY, HEREE LEb0EE 4 X
R WTNOBHIAICBWNT S, BN HK 60
MRS ENBEEL, TOREEYMMNEB L KX 72
RIEOENDNR NS, £7-, DT km OHFPHN
IOmTABRCB T ARETH LN, EhENLL
POWIEN R > TV DR DN D.

INDOWEEOHRERE AT FLEFES5KIC
R B O 72 8 B SR 5 T 0F 42 B K-NET @
GNMO009 (F£F5 B A= OB AL OFEERIT K A ISR
AT R b LT A, GNMO09 LA,
CHH R MG & BIROBICH D, BBEE NS L
S, HERRE OB T L A YR IT R nWEEZ NS,
) ES it FEBLRNHE 1T GNMO09 Bl X v b Bl S

137

DOIFEEN 15 fERERE WL LT, A 15
DA U AR B8 0058 o0 481 0 ZR 4% D R IE A3 GNMO009
BASOERE Y b RE V. 2k, FEEER=ES % &
R AHEFEE DI L 2D THD.

HO TS s R i, W3 o BRI B W
THEEN TR FEICEE L TS, Daidky, [
HOEE CIIEBABMES A RAT I Z N mes T
A (BEHEIEDY, 1986 ; JERIEAS, 1991 ; Kinoshita et
al., 1992 ; Yamanaka et al., 1992 72 &), GNMO009 #iHl] 5.
&) IS BB O LR E LT D L, FoRkT
DL TH D, = OISR IL R E B o g i o7
L, REGEOHRBN 2 ~ 3 km OEL THERE L Tu
HZENMBILTWDH (854, 2002 ; [ - [LH,
2002 ; HEHS, 2003), ZOE#M TR OAEBIE, LA
1E (1990), fEAIED> (2004) 753‘%?%5&@@@@8
FRIZOWTHREH L TWA Love L D IEARE— RIT
Lo rLEZ LN, HEREE COREREE 4 m@%@
LXBIELEEZD. —J7, HABMO AT FVidk
WHEIPHNTH D LT8R - T 5. EHEH o HES)
ERBI OMEOEBEZRZITHZ &#% 4 )
WD 2227 [ L OE NP E RS O R E D R
EEZLND.

PR O H )L Hb AR BRI T oD R T IR I 3
RO DT E D720, B SKSW Oftek%, [k
BlE T ZE T K-NET TR S 2B IAHr Goig
BEMT) —ME-—SHEomekl it Lz (GF

6X). B SN S - EENL, BEEEE &b
HELTW, oL, BEEFER (Z 2 CRLEDE

SITO08 & SKSW) IZA D LIRIENFFUNRE 725, FF
12, SEURICAMORWEmE (BEFRHHES) 2
FHEICHN, 1 em/s DL EOIRIET2 0L Edhfei) <
W5,

2011 FEEAL A K F i E

2011 4E 3 A 11 H 14 B 46 431234 L7z stk i K
SEPEIHIERIZ OV T, IR B R S SR N A D LI
FOERA L U7z, (KHIPNES OIS & LTk, K-NET
@ SITO11, TKY023, TKY024, TKY027 & Il & &,
oI HE 8 48 o OMRI, HKIT, MCNW, KAKI,
SKNS, UNDO Bl s 23 & 5. AKX H 4 o U7 5 1 g &
L i, B SR 2HE AN 28T © K-NET @ CHB001,
CHB002, CHBO028 ¥ X 18, H KZFEMEENFSEHT O ERI
B S (REREIZ 2y, 2011) 235, Zh b OB
FRABEICER LD, BLY, #HERERARY
MV OB RSy (R, mALRS @ 2 F R 2 F
) #%7, sKIIRT. 9, KNS %b%?
RN DEHE LT, B O L BEE sy DL
Eﬂ,8@®&ﬁﬁﬂﬁ<m<_k#é%%ﬂé.:
DOHAER L, AR o I R B HIEE O FRERIZ B L S
Ni=bOT, Diim & R U< Love O HEAE— R
WCkaEEZLND. IREANT VTR T BT
FIEaMAICELIIE— 2 L TR A TWA. %



BN - HEHA— - ANTEC - fERH AR

7, Zov—70EWE L RS, PIHEERE
@ B A (UNDO, KAKI, MCNW, HKIT, OMRI)
L CHB002 T X 6 ~ 7 # Iz, CHB028, TKY023,
TKY024, TKY027 TiZ 7 ~ 8 F L R0EDIT, £ LT,
CHBO0O1, SITO11, ERI TIZ ¥ —Z7 ZRD LN DL D
DZED L JVIT/NE, W) ERELN R LT,
WITIEHIN A O ZAERIRENE AR D . B & e
B &, ARHA OB ONE DAY, 2T AN L L
TWA LR 2. KNS ORFER 728N E, &
BEARY MV 1 RMHEICS R bs. [IK-NE O
L, Zobl b OJEHCEMAOREE E\]l> T
5 (K2~31%).

Fiz, BEICBTHEMNOENE R D720, E
AT KR LT (559 X). Wi, K[RGTRE
DEEBEWI BRETE L OB IRIED FH S R F Al
(72721, 2011 423 H 30 HRRBOEEEZERE. £,
H SN ERBFRBGE SN -T2 b D& BL), BiskHE
AR FE T O K-NET 8 s 05t gkm & 35 L2
PR EEAE, [E 12284 O])1| - 8 B2 fi ek O iR 5t %
N — 7 OFIEERFRE (E20mE E BT BOR
WAMEZERT, 2011), 3 X OE R KRZH-EM T OF
MBS (REREIZ A, 2011) &AW, EBEOLE
B2, B BME~ TR > T, SEEDL)
< o5, KHCREELVEEN LR L
WHEmE, —H RN DD, Fo&Eh Lizh
DT, Z ORI N K & < HRB O R
JEEIR Sy D AR R Z =6, FHRIEEE IO
B4 250 N I REINCE Y, FHIEE L v H R
=V TCIREWRBNICS o =riEE b B 5. 7272
FRNTHATE 2008 9 000%, BT L CHiGE
THVERDD.

- -
— —

3. NE-XBED=RTY )Y FETIIZEDIL=ZR
TYHEEREETIL

AFIEH (2014) ONE - LEO=®TT U v R
BT VL, HEEOMEE OZEME L EIEFICTEMICR L
TWDD, BUEFEIC X il o HuEB)) S 2 354
2120, el (B, BE, WEERR L)
WEERETOINEND D, —J, EEHEICEL T
X, BEOBEAEMTE T, NE - 18 & e o,
BLO, DM OBIFRIZ OV TRERAYZ2 BRI~
LNTWAS. ZOX ) eRBrT gz K-> THRZR 5
ZEbfEfEnTTWD (dILH, 2004 72 E). 22T
AW CIEBERE OB Z, FIIMEHNOR—Y 7
TEH SN A AV CTREE L, ROG I
BB A VLT, AFHED (2014) ONfE - HEO=
Wt 7'V v RET V& ZRITTPEEREE T 7 L~
T 5.

138

31 NfE- B OCYHEE~ADBREXDR—1Y Y
PSRBT —4H 12k BIREE

SR, PIHREE, B oOWTC, Nfi- BEL
OFEERA, Fik, PHEEM OB A HREGET 5.

BRI ORI W 2 WM EE O | E L, =) 1K
~HEALHIAN I B W TR SR 7 R — L THEE S
NE-PSHBEMEE, BXY, HERBERETHD. K
AR ZE T N Lo — U o A (R
EARMEIEAT, 1996), PEEELMR AT (FiH O
TEHNBEHERET L&) ICh DR -V A
CAIFUED, 2004 ; =HIED>, 2004 ; HPE1E2)s, 2011a
2011b ; FHBIEH, 2006a, 2006b ; P& R AHF%E
Ff RIO-DB, 2007), 3508, HRAETHE )N HhERILR L mE
T4 X D PRSI O — B CUNEE - P L
HO (HEAL, 2004) #fEMAT5. F—V > 7O
WEIIRE. TH DD, Z 2 TCOET MO RITIHHE
BB IXOZO T+ m OEFHRA /> THDHDOT,
ITES80m ETE L=,

N{E - TB— SEREMRERKICDOLT

F9, HEDISEICR D EEORE W S HHEIZD
WG, Nl - 28 L oRBRRERGFT 2. BEo®EN
MDERE I TND 4 DOBEFD N E—S & B R
(B, KH -2 (1978) @ XIT B LUXV &
W PGS g TR EE B S B FH AR 2 ) (2001)
DX, HHIFEH (2006) ZEY LIF, AHug~ o
PEARE L7z, 10 K abe T, PS gD S
AR LD MEM AL L TWD. 2k, B
WEARPZEFTOT —H2 D55, TNR (FAN), BLU,
MZM (KIEAR) OFHHS B 1, fthoo s & 5
ROEEIIIERST D Lo cERMIC LA L, g
FEROFENCHPREE & TR & OHUEBE RIS LT
HFs A2 b A on g, WURECiERneESx
b, ZO2o0FR—1 7 EBRITIE, REMICA
T, KM - %% (1978) @ XV K,

1.000(clay)
1.085(sand)

V, =68.91 5 N 5 op19s *{
1.189(gravel)

1.00(alluvium) By
1.306(diluvium)

(D
Db E<SHEMERBLTCWAD. Volx S HE, N
IENE, dep lZRSTHD. 7ok, FEXRDE F—
VY TREMRICE > TRANR 203, 6 - e -
WO LIS DIZIRY 3T 7. Bt LR e —
AJEITIRIC, AT o%E Uiz, R0z,
W ORI L ROBREE DB E AV io. FEERITR—
VI TR EAROERN B D HEEITIT I N E T H
L, DR 80%LLEDOEAITNE, 20% LU TFDEE
I, FEOHEIXZ OMOFEIZIE U T OREE
BRI ZE R LEETHO .
HME &S - %FE (1978) @ XV R X A EHEE
DENPKRELZHDIL, 1) NERErDOL XL, 2)



o | AES i 0D Pt oD Hi R S 8 AR

NAEAaF L < (NEE—%c, 50 DL R+ &
LT, fTHIEDIZTAHTZ0) WHEZATHD.

K - %HE (1978) o XV TiE, NEXAFPeo L
T SIWHENY e LHAE S, FEEO SHEEENL K
EAHANTLE Y. 20X ) RGEOHIESEL LT
YordNEA 1, 0.1, 001 [ZEH#T L L 2R LTk
B, 1ICEESBIZLIOPRLEY THD EbhoT-.

PEEF R AIIET Ef DR —V > 7T, 50 %
B CNEEFHAILTEBY, TOREAENMETRE
SHWHEZHHRERHATE TS, LrL, 4R
FECHW DR —Y 7 TIES50 22 THO NED
NI ENT, NE=50, b LI, NfE=50 Lo
KR Lo TNA, A, ZOL572ELA1E, NE
=50 & LCSEEEDOHEMEZRD =720, Lo
IO EEmENRELS hou B BND. AfZE
 (R#E) ONE - EO =RotH#iEE T VT,
A LER—=1 7 F =2 D% < M NfiEi= 50 THEY)
DIZEN TV, ET/LONED 50 THTH S
HTWb. ko, ZONfE - tED 7V v FET )V
MDA S T PEE T T VI, N> 50 OfHE
OB OHEERZENCPKRE 2D G/
oo TWDAMEEMEREY) L RIAENS.

SREE— P REEDEERAICDONT

PR IE, AR ORI CHEE Sz S IE )
5, PR L SIHEEOM OB A BV CHEEY
5. ZD XD iR, JEIED (1990), Nak-
agawa et al.(1996) 73 5. Z D 2 DD REERA O th 1K
HippfE g~ AMEE R Lo, 8 11 Klabe i,
I LD PHGEEE L, WIC L - CTHEE Shue Pl
R 5. 0%, JURIED (1990) DX,

V,=129+1.11V (2)

DIEH DHNPPHEEZRL, HIEMEAE->TND L
ITHD.

NiE - tE-ZEORERKIZTDONT

BEEIZOWTIE, PREEESE (2001) NE LD
7o, NfEE 8 & oRBIOBEGR (F2R) oAEE
BEL7. E12™abels, BERBIC L AEEME
RERABILRIC K D HEEREE A T 5. W20
A=V THEZRE, BBXZE, REIZXI10%LLTIZ
NE-TEY, HBEITZORBRNBEMR TR SIS
TWbEERD.

3.2 =ERTYHEEBEETIL

A COMGEES T, NfE - TEO =7V v R
TV (RFIED>, 2014) 05, ZwoorEfifrET
TN LT, S HHEE X, KM - %% (1978) XV
KERAWTNEE BENLEB L TROZ. PHGEE
1, JNRREAy (1990) % W T S IRENHAAH# L T
RO, B, hRBIKEE (2001) 2N TEE

139

E NI U CRRE LT,

F13[Xa~glZ, W< OO REWTRIZIB T 5, NE,
B, PUREERY, S U, OB E R
TEOFEAN RV £ 7 N OEHE S 2 S LT, FFRI
S MWW IZ BT, R &R OB 721 T
W70, WREENEICBW T HEMEICEENEL LT
WA DD D BILD.

4. HERRERICE D BRI L = RTYIEER
EETILDOIRE

ZOITIE, BlSnmERSRRICA NS EKE
Mg OB L5 S ORI S, i THEEET L
L Uigsa 5. TPIME BN T, FiR o
TNGS (FH&/PNF) B TOMIEEE S 2350 2
ERMSNTWA., 22T, ZOBBS O SR
(V77 LA) BUIEE LT, SIDOARY hLOBY
8 2 FH, R TV B IR S D e & el S
(5 14 X)) .

V77 L ABINS A AW R ORI L HiE
FHOHFOFENIL, V77 Lo ABUIA &, FEMix5
BAE L ORKE (7 L—) gz My, 207 —U =
AT M ERD D, HOMEIICOWT, B
THEM S - HES) 0, 1%, PRI T, BIREES,
REEREEE R Py, A b (B FER 0= R
Ja—ay, ¥2bb

0y(1) = S(1)* Py(1) *R(1)  (3)

- =
— —

TREIND. T, BESHEHMEE COREEECT
N, BB r & s G 14 X)) ORI OEEREN 7B
INE L, ARERREEAEIT S 0B cHm & A
Y, Thbb P, =P, LRI TIENTE LA,
BRI AR T A2EE r & s OO ALY ML
VR S R I B T

0./0,=S/S.* P,JP, * R/R, = R/R, (4)
ERTZENTED. ThbL, BHllErEsoYA
MDD RO HILS.

Z 2T, H) IR R B O BRSOV A N
MDA, 3 B CIERR L2 s g s k= 5 v
THMHTE 52 & 2 RE LTI 5. e T 1)
HHHLNRE S, BRAETICEB TS, B
REOH TS T, Mk EEEEE et sz
ERMfFEN D (FIAIEE 13K EDET LDk
X TIEHET NI KR ESIER L TWD 728, KEFH RO
HEDOTANRKELSIERENTRZ DN, EBERY
HEREEL 11 THEW = 50021%, 65— T EI0C E HS
wERRED). 22T, BV A MR, KEZ
JEEIE ~O A S I OERE AN 2 E L CEET 5.



BIRAAS - HEHA— -

FENT CIEE S OB R CRIFFICHIERBRE S S D
TEHUEZHWD A, BT LT X TORTRIFFIZFIE
DELNTWE DT TIERWO T, fEHTIC LIRS0
DELNTWOIHIELZRET OILEN DD, T TIX
V77 L2 AHELTINGS Z#HWADT, ZDmIT
T FRENVETH D, Fio, T TR o X 51T
B AR O SHEZET LD T, ZIUIHOETH
Wt & 2 B ICIXTE 2 72T B A ST WSt
L7 DB ORISR A AT,

Z ZTiE, TNGS Ttk o nTWnaiE T, #
HHEAT T E COBERIEHE A L BIFEES HO A/H N
BR2UTOLDOENS DMBERE L7 (F3F£).
BATFHEIIFICESAOm U LD T, 257
NTRALZHETHS EBbNS. IERIEMT DR
ERET D0, v~/ =Fa—KObE D KE QWM
BABEAT. R, 72RO 5 RONE X
2008/8/20 ™ MCNW @ NS %43 TP 52.5 cm/s’> T 5.
EIR LB S ONLE A2 15 ICoRT

U7 7 Ly ZBISICE, T A72FHEEO D
WIS E LT TNGS #8H L7z, miko L 51z, %
T V72 E D TNGS TOWMFEE O Z L2 & 235
LM - TS, WHEEOE XL, BT F
MOKRT (EBAL) BAZEHL TV 5 TKDN O 573
o (B 14 Ko RICHY) 23, BRI E W L
DN SELNTWAREND 2L, 7R FHT 53
TNz, sV 77 LA LTUIERALR
Mmool

S ARy MI/tt 1A X2 b EOESr (NS, EW)
TEICHE L. BON T INEERERD S Y &K
10@%‘30)‘74‘/]\‘7T@J0Hjb, TZ—UJ T AT ~L
RO, AT "LiToN> RiiE 0.5 Hz @ Parzen 7 4
VY RUTHER(EL, SBHSDOART MLEY 77 L
VA ED TNGS DFNTHEH -7~

BIE RO Z EICHE LAY MV EER
XL HDEE 16 KR T. ROFEBH AR |k
DA R MMEDOIE S DX T/ NS V. 7o,
AOYG @ EW 4> & SKNS @ NS 4%, &5 —h5D
Gy DAY NV & R LTI U /N S,
MEHE R Z O TIRBIN/NS N LR 0D, HiE
FrOBRENEZLND.

R O =R oe M EAE T T L0 b A BLHLR

HIFoOMEETLERY L, ZofEET VoK
LIS ~D S I OE AT 2 RO HER O
B A7 b Vb % Propagator Matrix 7% (Aki and Rich-
ards, 2002) CEHE L7z, DR MU 2 THEIY,
&%%L%?wm%ﬂ(&EW%E)wﬁﬁbﬁﬂ%

Bl o HESCxT 2 e (BRI AEE) & Uiz GF
17 ) R, HILE (2004) 2B Q=25 LR
EL7e. BURREL & FIERIC, &V A b OB IE R
% TNGS T R 3 Ha IR 4 éfﬂé & T, TNGS I[Z%f
T 58V A FOBGHARY MLk ERD T (5 16 X)),

140

AAFTEC - AL R H s

ZOETIILTHE, BREEoREE CEET MEL
TWDDT, TOTFOENRIAE L 2> TS, 7k,
TDKN [FafR D X 512, TLEBEOMER (KEXIE)
ne, i~ L%Eﬁ#@?ﬁ?ﬁﬁ?ik%b%&é
B EIZIE L TWD B bND. 2oL, ARk
FRHARREE T T L Tl BER O S I24 72 B B I Y 4
HEEZBNBDT, TiE, BAICEREEL D
TNGS TOHGGREIEEZE 7= O &l L7z,

RO TZBEFH A FVEL EBLUAI A R L% b
T5E, E—270BERIITNSGLOD, %< OEN
BETCHEARY MUIZ THZz O E— 27 2 B HEH L,

DI HZFREE TOL L H B AT Lt %
F<HALTWD., T7bb, ZoMiEETT VI,
Z OB CHEE ST S Mo HEiEMSE A2 KRBT
XHEWnzAB.

2~ hVERIE, TNGS TOREREIE N E OO %]
L, o OEATIENFEOREINE N & & Kk
LT, ZLOBNATIHz Tl —72 27, ot
DOEERE (5 16 M) 1%, AOYG & SKNS, TNGS #
M& | Hz AHEICHAB R e — 2 253773, 203 5T
TZENRE BNV, IS 3BRATIE, Wb
TPHEE OJE S 13 & <, 2y T ORI
KMESNTWD EBZ LD, AT MO EER
HATIE, V77 L ZADTNGS ThiffEBIC L
ME D A2 1, WS O BRSO MR N R R
S, BN HDHDOD, %< OB T RIRZRT.

WL OB S OB A 27 FVEIZIE, R
$Hz DL E o @ JE TR A =27 MLEIZR S
2E— 7%%%%5._ﬂ%®t 7120%, N R
MERPNZ L0, FFEDRY DR LIND Loz
R L, ﬁ@@ﬁ TXIFEIE D KRS
2T TIERHACE R VWA EER WD 2 &%
RLTWDHEEZLND. Ty AifE OREE D
WA LT LTV 52y, R EME IR SK 2 km
WZH Y (B ZITRAE - B, 2002), (FEE & R Uk
@ﬁ@%%@@%t@ M 2 S -, Zkockk

ORENMBERIIZICEEINTND I EE2EETD
z%#%%.&iwz,A@®ﬁ@F%%ﬁ%#ét

DI B EE R & FENAE FloB i 5 kg o —
WIOCHIERETH 2 Z L ITIIED D 7259,

AR ST AEFITHEIE RO 1 Hz O B — 7 OIK
B OBEICL VB TE WS I EERLTY
D, FiE, PIMERHORES T, KHERF O E
DANCIEBOMENR RES FETHZ LR LT
W5, FLT, Z0OZ L EHEO/BIN L HGom 7

THEBICHBI CE TV 5.

KRR Tk, s H & RERIC I E 2 %
Gl Lz Em%%L%Twmwménfwé(fE
1EAN, 2006, 2010) . KIROEF /L OERKROBEIZIE, ¥
PR R ORF D, B 2T T L
ELTHERR L7e D CIIMIES 2 Tl B BIC £ E O

- -
— —

- =
— —



o | AES i 0D Pt oD Hi R S 8 AR

MEO A Z DI CE RV alfetE 2 fEm L, L
ﬁ%@&ﬁi?%%?wk?é:kubfmé.&:
AN, AWFECIXIZIEWNREET S DOHDET M I D
m#ﬁfﬁ@ﬁﬁ%ﬁ%f%f%é.%@ﬁﬁ@~
Ol ABLAKEED T, WiEE 60 m itk DE S
DY, KRECEE THE L2 A TOMESE DK 20
NMm(%A#ﬁDF T D=, MWEEE SR
\ChH- 2 D %#%%%%k%< SR B & TR
*E“?’éﬂ{ﬂiikﬁalﬁ SRR o TW5. £72, RERKOBE
FERFIEIC L A Bt -, BUEESEA V-4
@@ﬁ&iﬁ@@,#&@ﬁ#m%ﬁ@%@if@%
TEXAHICHEETHANERD 5.

5. ZRTYHEBEE TILICED CIBIREHMELS A

3EETNAE « HEET V& ILICIER LMk
EET ML, 4ETRLIEL DI, TOMBERSEH
BLUZEBWT, EBARESLELVELSTILOTHL L
Dotz KETIE, 20O =WITCWHEET L 4>
T, HEENSEEEO, $)IENE O ZERZ L, B
KO, BN OENERT. 722 L, 22T, #%
WO XD I HEEN A F R I HURE Fo—kouiEiE &
RE L TIT 9 72, Mg O — R CHINE X5 E
LCU2uo.
51 BAR¥EOEIEER *ﬁ
F P, MR HAR O SR T EEAE ST T L
OHBEBSEZFHE L2, ZReET AN EAKFEFTH
DHEA vV 2 FITBWTERET A O A v ¥ = Ol % B
DHLC—RIEHBEET VEERL, —RoEEET
IVDIEFBIZAT) LT MR kb3 5 iR T o iR Eh o
A7 kv, DYNEQ (#F M « K&, 1996) 12 K
DEFE LTZ. ZDORRY MUE 2 TEIY, kS
ETNORME (B LAY E) AEE L HiIic kT 5
MBI A e Lz, ZoFETIE, BEOoHE
ISEEEL, HIUHE (2004) %5ECR/INERER
h=0.02 (Q=25) & L7=. % 18 X, HJI{K & HlHE
WEWIRTE D T A BT DIEEART ML ERT.
F72, FIOIZ, WL oD REBICEIT DIGE A
XY NVIRIE OS5 AT % d . 2 b OR & RE TR
(13X, F£721%, KFHEZ2, 2014) % i+ 5 &,
JGEART SO E— 7 AN EICHEEOE S (2
MU TERLTWDE 2L, LoT, WEDKIWE
AW EEICHREEIEICS U TEE LTS Z b
5. 02 Hz TIHRHINIZR A0, RHINA TR
TIFE A EENEND, L, KoM EEITZ o
&0 R E S OERNITIE L A EEEE 5 2 0
T EHREWT S, 07~ 1Hz TIHEHINTS & Wbl
MHEEEOREWE 25, HIEROWER R & TIHEN
KEV., 1.0~ 30 Hz CTIHHEAEECHEE: & TS
BEISRE.

141

5.2 BHEMEZHEELIGEORAKMENRELE
DIBRED

WIZ,  HUGRRFIZ GRS fie K H B o i 23 & D FR 52
BEZIT BN HOWT, B, KETHE A
Vo IR A —keHEE T, DYNEQ (G5H - K&,
1996) TaIE L7c. BESCR KHENEE ~D R 2T A
T HHEENC L > CTRA D720, ANIHEE 2% E
THLEND S, 22T, ZOHIBORKOBET
B 5B HRHE 248 U CTRET 21T 9 . AJHIEENCIX
1923 FRIEBIH B OEPA N — 3 VR (Sato
et al.,2005) (ZESWNT Z OHIUE O L HE e M TR ) 2 i
T 5 LD ICEFERICEEEOARYE 2 BIML TEDL
Ny T2 b— 3 UFER (Sekiguchi et al., 2011) @
e & P72, 1923 45 KT B SRS o RS it R ) & A
T DERTIE, MRS KR E RO T A0 A LIERIEIE
BN Z A AREVEMN % 2 B35 7= %, Hardin-Drnevich
DOIEMIERFEET VERAL, TO/NRT A —2|Z1X
drH (2004) N HEOMHFERE - WA IZ OV TR D
T2 W=,

5520 [XZ e R BN B4y A & o0 B A 2 g 2
T 5 BEEE AT, 521 BUZEE AT & & OB Y
Bk Dy oA E R, 821 Kk, BA - 6
F (2002) 12 LD RIEEZHEE? D A O 1923
FERFEMEOKR ERNOBESfiZER TS, THl
HIEEE A & FH B L EE oML, 35F - A (2002)
DB, FVS/NILRoTWnDR, ZOHE
& LTI sEEh A sk o B oo A ) i E B I AN
LHEEBZOND., PHHENL, €7 VA GO
% o B S A R R MR S AT O i T
M T & dd L ZIRIEN A > T % (Sekiguchi et al.,
2011) 23, AEHo> MU CEENE T B SIS AR E L
TWDDNE LIV, ZDOZ D, fe KHiEhEE
HEE L SRMNSENFHI O FREMER H D Z L A EE
LpFruda e, 22T, BREMYEICKd 55K
KHEHEE OHEESR & BE O IZER T 5. KHN
BT, I R HBENEE O WENE I3 1.1 ~ 1.8 fF, EE
DT +02 ~+13 L 2L L T\ 5. FoR sl B
VIR B O R AR ET D72, AJJHIEEB) O
WHAER D EALT D LB a2 T 5. (KHL oD Mg CHY
W89~ 2 A ECE O A T3 8 2 AU, e R B oo Y
ERIZZ DMLY REL D ATREMELRH D, —J7, FF
MEE X 5T 5 FREEGEEBRE > T\ DL, B
EESORBLVELEVELLA2NnEEZLND.

BEEHIASERICRZ W, + 1.2 248 2 5 5T O Mkt
WhRD &, RPN, NEOEKEE B 20 ~ 30
MOEENHTH EZAHNRE. BER S OENST
D&, FUEHNE THEEIZ L OBEWHAAEL S ATEE
PEEZRLTCWA2Y, ZHUE, 1923 FRHHE OO
N O EDOZER L ZHY T 5. 5 21 RoOFHO
AN, b - FEHOHEEIZ L 2R 7 OfFEE

i 3



BN - HEHA— - ANTEC - fERH AR

PE~FHITIE N T WA Y, AU, #tkfifis e 7 L
I HHEE SAVICREEE 3 A8 1.2 L E DR E WED W
BSOS DEPHICIZE—ET 5. ZoHlEE, +)
AR HE PR D) 111 & DB IZ T2 5.

6. F&H

AHFGENE, IR O AR S S R E, B L O
DZEMBI B A EERINCTN S 2 & & BRI FEl &
Niz. o=, [KHPAMTER L7z fiZEEHHE O
Sk F O 7o R BN S S R AT, SRS A A~ 1
IRHFFE O N« HEDO =%t/ U v REF L (OKFF
E, 2014) 1ZHED R HAR PR RS E T T L DAE
B & & ORRGE, S A T L & RV
R R A OFH R IT o 2.

IR R R L, 5l AKHE & B AT
B E OB A DR STV D, B 23
Wiz, ERMOISZITEWCELETEY, Wi
LR T AT, HEE E CORRE RO RE
ICEkARELEZ N E—7 Z2F>, B 1 Witk
WZiE, WHEEmSICLD EEZOND E—7 BN
2, FOREIIMEBEOZITR U LR RS
7.

AU AL ER ~ P IS o N i - £-& o =k
7Y vy REF /A ORFHNED, 2014) ([2HES X, N1H,
&, S EWPEE OB OB ORI A > Ttk
ERSEE T V2B LTz, RREBRCo@IE, F)IMEH,
RN OBEEDOR—Y > 7 D PS g LB ERE
DOF — X OFHMREE LTIV, S HHHEE ~D 2RI
JZOKH - % (1978) @ XV i, P EOEE ~D LI
VEARIRE I E D> (1990), 5 B~ D 28 H 1T 13 B K 27
(2001) OFRBRA FE 72T REBRIVEAR IR IZ .

oI M8 T8 S 7 B R s o BLINLE M o
AR MV EEST S5 2 LIk, KHANEOIRE
DZEMZBA PR, S HIZ, EERHE oYM ST
TN L BINE LT D Z L kv kiR E TS
INORGEEIT >, MMHEREE T VbR S
HER AT MVIE, B A7 R VIZREEY72 1 Hz
FEOE—27 2B HHL, SOICHEHZBEEETO
Lobh KKHHT 2 2 E R S vz,

MBI O S MR O SRR 8 R &, ARAFFE TR
U7 SR RS T T R O CEE L. K
HNTH & DITHREEIEDOKE WIRAOHE L
T1X 0.7 ~ 1.0 Hz OIIERN K E <, MBS B
T ETIE1.0~30Hz OEIENARKEZNZ 3o To

B | O Oi K BN 2N & OB A2 T
DDNTDNT, ARBFETIER L7 koo &£
ThEHAG, ZOHIBORRKOBETH 25 BERMEL
TE L THET 21T - 72, (KHIPNERC, By ARy i i
V2R 5 i K MBS S O AR I3 1.1 ~ 18 %, &
JEORE+02 ~+13 Lo/ R UEHMANE T

142

EEIC1 OFEWHRELDAMHEMEEZRL TR, i
1%, 1923 AEB IS O BRIC RIEEF I EN DS B S
FEESTLRONIZZETHD. £, 1923 F1
WHUEOBICEE 7 & Sz fugny, rkiifEes
JAZ X DRPE D DI b B S O K Z W Rk & kHiER L
TWAHZ Enbnolz.

BE IR BB O E, B LT, HERE R
WZBWTIE, BN, eEikz 2 —Thuv o,
B ERH oKy, RAMMBELZES, —HMH
BZER, oW, S0W, W EEREEME, m
KAEK, BEREERFENE 2 —0 A —1E
T REBMERIC R 572 (A BF SR FEA AT SE P
W20k, W) IR RSN B 3 2 e EFED § &, K-
NET95 HiBGt 25 L T\ ieiwnwiz, A—U v 75—
Z O IBNTIE, JeH R ARSI IERT o 1L
BHERICHEZK > T\ WnWiz, £, () B
BEEHEANF PR O iR ELNIKE K-NET,  HUT R 5 1R
TETOMERLEE A STVt n. — oo
YERRIZ 1%, Wessel and Smith (1998) @ Generic Mapping
Tools ZfEH L7z, BLE, 5L TR &N L ET.

Xk

Aki, K. and P. G., Richards (2002) Quantitative Seismology.
University Science Books, Sausalito, 700p.

Bl S22 (2001) THUME R (S BE 9 2 SRR A S
% 10 [a], & B} 2-2, http://www.bousai.go.jp/jishin/
chubou/tokai/10/siryou2-2 .pdf

et — - s - #)I=88 - AILACE: (2004) 7%
B L HIES O AL T L—ELHNC L 2 0% 8 s
Sl R B oD FEATG — USSR IS C B 1 £ S R
W1 & R OWEFE—. AAHE LYaWm
4E, 4, 87-106.

ARG URS « RFEC - B W - e AL HHR
Hoe R Fd - RIRE L - AP RE— (2004a) 5 E
WLEN AR X T H S - RiE R —Y v 7
27 (GS-SK-1) DHEFEAA - HERTM W E & e 1
PRI . MR | 55, 183-200.

AREfye - AEEHE - HILE— - AR GRS (2014)
HORR AT T 00 P Mg £ 771« PR LB T T
THERT RVET V. BRCEE i oo 1T
BiEWE DI, FERHE X, no40 (CD), Ht
Bt E 4 — ,56-113.

Kinoshita, S., H. Fujiwara, T. Mikoshiba and T. Hoshino
(1992) Secondary Love waves observed by a strong-
motion array in the Tokyo lowlands, Japan. J. Phys.
Earth, 40, 99-116.

AR IR - iR - /NRTSIE « IR - SRS IER -
FrHERESE - R IR - BAEZZ— (1990)
HEB TR OO OURFEHIAE P - S I HEE OHEE.



o | AES i 0D Pt oD Hi R S 8 AR

HARKERY, 9, 1-17.

MR — i - HRFEE - Ik - =9l A (2011)
2011 4E AL 7 IR R IR O SRR FLER. http:/
taro.eri.u-tokyo.ac.jp/saigai/20110311eqg/data.html

HE A2 im g E RN BORAR AT sERT (2011) [E 22
EW - B EERR OHER R v b U — 7 .
http://www.nilim.go.jp/japanese/database/nwdb/index.
htm (ZHH : 2011424 )

AL EBEE] (2004) L OIERIEE T /LD HURE DS A FE
M5 % 2858, 32 EHEERE Y ARY T A
(2004) FmSCHE, FJB HUAR OO IR AR ME O FEAR O B
MK & AR E— AR BT I 2 IR AR 5 LS AT 2T )
T (FD3) —, 97-104.

FAREEERR « A S (2002) BYHUOFBF OB T R
ORER A BV & LT B R IE o0 P —Hr £ IR
A s D =Rt S BRI OHEE—. WP
A, 55, 127-143.

EHI R AR O - AR GRS - I W ep e AL
g B - R - R EESCR. (2004) HURERILE
JUBR R HE K TR S V7o A — Y v 7 =2
7 (GS-KM-1) OHERSHE - HERSIE & B PRIk
SR HFHBTR L 55,201-219.

A AT HE . (2002) BEACHIEE (192349 H 1 H)
W X DAREEFWET — & O L R340 OHE
E. BAMUE Tamm g, 2, 3571

Nakagawa, K., K. Shiono, K. Inoue, and M. Sano(1996)
Geological characteristics and problems in and around
Osaka basin as a basis for assessment of seismic haz-
ards, Soils and Foundations, 36, special issue, 15-28.

PR - IO T KRR - RS AL - NILEERE
T+ LEH AT (2011a) B E IR =0T 2 R HI X o
fg =7 (GS-MHI-1) OHEREHH - EER A BEEER
ik - WME - BORPER FAEAE . TR | 62, 3-46.

FRYERISL . H) EeRMTES - E AL NILSEE -
SEHFRAT (2011b) f5 T B AR 0 T B f 1% M X2 4
95 IpfE ORI, R o, Wtk ik
SV IR AR . HIFAF R | 62, 47-84.

KH - s (1978) M IHE 2 HEE T 57200
KA L 2 OWEINE R, WEREL, 31,8-17
PESEH AT B WFZEFT RIO-DB [ B8 5085 0o #th T /e -

W% 5" — # ~X— A | https://gbank.gsj.jp/kantosubsur-

facegeoDB/
PESEHATR BT TEFTHVE A fe & & > 4 — (i )(2012)

20 55y D1 HAY—h L ZAMBEMT — & N— 2%
(201247 A 3 HAR). EEHAR A28 P98
TEHABE T — % X — % DB084, JEREHATRAIITE
PR ARG &2 —.

Sato, H., N. Hirata, K. Koketsu, D. Okaya, S. Abe, R. Ko-
bayashi, M. Matubara, T.Iwasaki, T. Ito, T. Ikawa, T.
Kawanaka, K. Kasahara and S. Harder(2005) Earth-
quake source fault beneath Tokyo, Science, 309, 462-

143

464.

Sekiguchi, H., M. Yoshimi and H. Horikawa (2011) Broad-
band ground motion simulation for great interplate
earthquakes with multi-scale heterogeneous source
modeling, LASPEI/TAEE International Symposium:
Effects of Surface Geology on Seismic Motion, Santa
Barbara, P3.8.

AT (2002) BASREEF O T HUE RS, BE KA
BATRIFERTARZE 8, 63, 1-19.

B2 - IR0 (2002) HVEFHANTT — Z I2HED
< 1923 FBRMEOFEMERE /M D2, &
ER. AAMETS2WmE, 2, 55-73.

IR < ANHIETE « AR BB « JIAHE - SR A -
M - AFwE (2013) MhEDREIE £ o® AW
WIPESR & 2 OHERERFERBERAAE I BT 2 AH 98 — B8
FOPEFREIC BT 2 S — . HARMERS, 122, 472
— 492,

F - s AL - A o A RGOS - e R
ARFpE e - iR - SRMEETT (2006a) FHULHS
BRI D MPEE OHEFER & HERE )k
B ROE 1 ODWE O WFZER] 4. HIgREEER, 57,
261-288.

A - o s AL - PR B R R L C - SR T (2006D)
S R ST A ARHK 7 HER I L 7 R A — U
> 7 AT HEREY) (GS-AMG-1) OHEREFR & ikt
BFAE, WM. HIFRRTER, 57, 289-307.

HORUHR (2003) SRR 14 4R FEBI R (RORUHE) MR
HEIEIZ BT DA ORI, MRS AT FeHEE
K = 7 Y A b http://www.hp1039 jishin.go.jp/
kozo/Tokyo7frm.htm

FAUHS (2004) SRR 15 42 FEERH AR AR A2 (2 BE 9 % i
BRRWEE. HERAETEHEEAT Y =7 1

I http://www.hp1039 jishin.go.jp/kozo/Tokyo8Dfrm.
htm

FOHER LARBTZERT (1996) HUAUHD (PXHR) RTREE M T
i [ —HRORURT U AR 6— g Pk gk oD -t ds &
U'PS fifE. 76p.

Yamanaka, H., K. Seo and T. Samano (1992) Analysis and
numerical modeling of surface-wave propagation in a
sedimentary basin. J. Phys. Earth, 40,57-71.

Ly - (L EfZ (2002) P87 LA BN X % B
HOFEEF 0 3 RIT S W EREIE T T /L ORGEE. W
PEAL, 55, 53-65.

WAEN - AHZEE - BE(E (1990) BRFEICHT
HORXEAMMBETSHOL I 2L —a . AARE
FADREESRA SCI S, no417, 79-86.

BiHREZ - A — - |ohE = - [l Eak— (1986) K
HTHR S N0 RAMHED (202, 2
FJEMHE OFPEIC OV T). AARBEFS KRS
AT, 391-392.

Wessel, P. and W. H. F. Smith (1998) New, improved version



BN - HEHA— - ANTEC - fERH AR

of Generic Mapping Tools released. Eos. Trans. AGU,
79,579.

B — - ILARWEF - B R RS (2006) EZTRIO 7
D O R P HEFE 2 1 oD 1 Jd WA A & 5 7 L O VERL.
TGWTE - T HIERRFERE L no.6, 123-141.

HHA - BAART - AR (2010) KPRAERT 2
8 HIAR R G £ 5L CD-ROM,  E RS
FPTHE AR A & —.

HHE - KEAE (1996) DYNEQ : S5 ffi #1512 &
S < ARVRE Ak D MBS BT 7 e 7T A,
T2 (BR) BfviiZepTeR, 61-70.

JERMEE - WEFIK - e ErpEE - ILhise (1991)
1990 £F 2 A 20 A F+ TR B /i H15E 0 SOt &0
BT 200K E I HUB BV O T fET. HUR S
DR TR L2, 164.

(ZZAF 22013412 H25 B ZH 201442 H 14 H)

144



o) TAEG 0D P Mok oD M ER B b 22 R

140°00'
36°00'

B
, | |mmmmeosmaammn

CTTTTGSKBHZT T T T || | emmseomnmasn

SOZN \ RIS IH-SERT T 0D B SALERS
™ (& R HERRD

RIS ST DR

Fcl3FEBRHEREE

v
\

N
\

l

\ |
390000 395000 400900 :
TDKN GSMHI1 N R
A A \ 130
I N

A GS_SK1 1 _1 -| o|
|

- R .. MZM}
TN v PTRN Psom 9 o
P$003g  HAY OP5034

GSAMG10 OGSKNJ1
PSQ13 oGSK\T\S 30
PS002

N
~
\

%IE IS R B OB (A), BXY, PSHEOH R —U o 7#in (O). AT, NE

BO=ZW 7Yy RET L (KFIEDY, 2014) BEOY, ZRoaerEEmEETT v (ORIFE) OF T kx4
WP Cdo . PESHARR ABFZFT DA — U 7 Hi4i%, GSKBHI, GSMHII, GS-SKI, GSAMGI, GSKNII,
GSKTS1. HU#l HARBIZEATOAR— U v ZHifl, TNR( & AR ), MZM OKk7eAR), HAY (HUGEBAR),
HMJ [ J%), SNZ( kA ), KMD  (B= HiR/ai), SNK GBI, DKN RO HABFZERT), HRM (I
). FREOFOLRSNAT LT iy OFCFIE, 58 13 ROV RS TRE R O E 2 3. Bafiiig, 52
HOFHZ =T, R, 20 550 1 ARV — AL AHMERT —& ~—2 (201247 H 3 Hl) (BB
AT E R AR & v ¥ —, 2012).

Fig.1 Stations of Nakagawa lowland strong-motion observation network (triangles) and Boreholes with PS-logging surveys
(circles). Brown rectangle indicates the area of shallow-level subsurface 3D geological model (Kimura et al., this CD)
and our velocity structure model. GSKBH1, GSMHI1, GS-SK1, GSAMG1, GSKNJ1 and GSKTS1 are the boreholes
drilled by Geological Survey of Japan, AIST. TNR (Toneri park), MZM (Mizumoto park), HAY (Higashi Ayase pak),
HMJ (Higashi Mukojima), SNZ (Shinozaki Park), KMD (Kameido chuo park), SNK (Shinkawa), DKN (Institute of
Civil Engineering of Tokyo Metropolitan Government) and HRM (Harumi) are the boreholes drilled by Institute of Civil
Engineering of Tokyo Metropolitan Government. The numbers iy on the right hand side of the brown rectangle indicate
the locations of depth sections shown in Fig.13. A rectangle with dashed black line shows the area of Fig.2. Background
is Seamless digital geological map of Japan 1:200,000 (Jul. 3,2012 version) (Geological Survey of Japan, AIST).
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Fig.2 Enlarged view of a part of Fig.l which includes the area of Nakagawa

lowland strong-motion observation network.
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Fig.4 Velocity waveforms (EW component) observed in and around the Nakagawa lowland during the 2007 Niigataken
Chuetsu-oki earthquake (M6.8). See Fig.2 for locations of the stations. The origin of the time axis is the origin time of
the earthquake.
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Fig.5 Observed velocity response spectra (EW component, h=5%) in and around the Nakagawa lowland and at a site out of
the Kanto plain (GNMO009) during the 2007 Niigataken Chuetsu-oki earthquake (M6.8). See Fig.2 for locations of the
stations.
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Fig.6 Variation of observed velocity waveforms (EW component) along a line from the epicenter to the area of Nakagawa
strong-motion observation network due to the 2007 Niigataken Chuetsu-oki earthquake (M6.8). The origin of the time
axis is the origin time of the earthquake.

150



o | AES i 0D Pt oD Hi R S 8 AR

2011/3/11 14:46:18 velocity NS (cm/s)
6
CHBOO1
23.8
CHBO28
7.1
CHB002
28.1
OMRI
33.2.
HKIT
4
MCNW-
313
KAKI
29.1
UND
27.2
TKY024
0
TKY023
3
TKY027
329
SITo11 ottt
WA
ERI
I T T T T T T T T T I T T T T T T T T T I
100 200 300
Time (s)

BT 2011 A HALH IOEPE I IR (M9.0) > IR HA P AR DSk BE W T/ . Ry Pl ol Sl | 2 e, B U
BROREBBITIH KL RO Z L. B = — RO RF OB IR NS, F 57 081 IR

MMZH 5.

Fig.7 Velocity waveforms observed in and around the Nakagawa lowland during the 2011 off the Pacific Coast of Tohoku
earthquake (M9.0). The origin of the time axis is the origin time of the earthquake. See Fig.9 for locations and deploying
organizations of the stations. A station whose code is in red is inside the Nakagawa lowland, and a station whose code is

in blue is outside the Nakagawa lowland.
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Fig.10a Comparison of S-wave velocity structure measured at borehole surveys done by AIST (black line) and that estimated
using three different empirical formulas. Red circles and lines are estimates using equation XV in Ohta and Goto (1978)
and open red triangles are the estimates using the same formula but replacing N-value by 1 in the case when N-value is
zero. Green circles and lines are estimates using CDMC (2001). Blue circles and lines are estimates using Yoshida et al.
(20006). See Fig.1 for locations of the boreholes.
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Fig.10b Comparison of S-wave velocity structure measured at borehole surveys done by Institute of Civil Engineering of Tokyo
Metropolitan Government and that estimated using three different empirical formulas. Colors of circles and lines are the
same as in Fig.10a.
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Fig.10c Comparison of S-wave velocity structure measured at borehole surveys which were compiled by Tokyo Prefecture for
underground structure survey and that estimated using three different empirical formulas. Colors of circles and lines are

the same as in Fig.10a.
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Fig.11a Comparison of P-wave velocity structure measured at borehole surveys done by AIST (black lines) and that estimated
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Fig.11c Comparison of P-wave velocity structure measured at borehole surveys which were
compiled by Tokyo Prefecture for underground structure survey and that estimated using
three different empirical formulas. Colors of circles and lines are the same as in Fig.11a.
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Fig.12a Comparison of density structure measured at borehole surveys done by AIST (black lines) and that estimated using
CDMC(2001)(red lines).
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Fig.12b Comparison of density structure measured at borehole surveys done by Institute of Civil Engineering of Tokyo
Metropolitan Government (black lines) and that estimated using CDMC(2001)(red lines).
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Fig.12c¢ Comparison of density structure measured at borehole surveys which were compiled by Tokyo Prefecture for
underground structure survey (black lines) and that estimated using CDMC(2001)(red lines).
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section is at iy=10 (latitude of 35.7289). See Fig.1 for the location of the cross section.
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Fig.13b E-W directed depth sections of the distributions of N-value and soil classification, and S-wave
velocity, P-wave velocity, and density which are translated from N-value and soil classification. Cross
section is at iy=30 (latitude of 35.7514). See Fig.1 for the location of the cross section.
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Fig.13c E-W directed depth sections of the distributions of N-value and soil classification, and S-wave
velocity, P-wave velocity, and density which are translated from N-value and soil classification. Cross
section is at iy=50 (latitude of 35.7739). See Fig.1 for the location of the cross section.
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Fig.13d E-W directed depth sections of the distributions of N-value and soil classification, and S-wave velocity,
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Fig.13e E-W directed depth sections of the distributions of N-value and soil classification, and S-wave velocity,
P-wave velocity, and density which are translated from N-value and soil classification. Cross section is at
iy=90 (latitude of 35.8191). See Fig.1 for the location of the cross section.
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Fig.13f E-W directed depth sections of the distributions of N-value and soil classification, and S-wave velocity,
P-wave velocity, and density which are translated from N-value and soil classification. Cross section is
at iy=110 (latitude of 35.8416). See Fig.1 for the location of the cross section.
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Fig.13g E-W directed depth sections of the distributions of N-value and soil classification, and S-wave velocity,
P-wave velocity, and density which are translated from N-value and soil classification. Cross section is
at iy=130 (latitude of 35.8641). See Fig.1 for the location of the cross section.
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Fig.15 Map showing the observation stations and the epicenters of the earthquakes used for spectral ratio analysis. The
rectangle in the map indicates the area shown in Fig.2.
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Fig.16 S-wave spectral ratios of each station to TNGS in Nakagawa lowland strong-motion observation network. Black lines
are the spectral ratios of observed records. Red lines are the theoretical spectral ratios calculated from the shallow-level
subsurface structure model. Blue lines are the theoretical spectral ratios calculated from PS-logging data.
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Fig.17 Theoretical amplification to the vertical incident S-wave calculated from the shallow-level subsurface velocity
structure model (black) and the PS-logging information(red) at the stations of the Nakagawa lowland strong-motion
observation network.
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Fig.18 Theoretical amplification to the vertical incident S-wave calculated from the shallow-level subsurface velocity
structure model at points at 500m interval along a EW line at iy=110 in Fig.1 (See right hand side of the brown rectangle
in Fig.1).
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Fig.19 Theoretical amplification distribution at 0.5, 0.7, 1.0, 1.5, 2.0, 3.0 and 5.0 Hz calculated from the shallow-level
subsurface velocity structure model.
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Fig.20 Peak ground velocity distribution and its amplification distribution when inputting the simulated 1923 Kanto earthquake
ground motion.

Intensity __ Increment of Intensity__ __
: . . S
3970000 '
1
1
L
1 ~
1
-t
'N
3965000 :
Intensity | Increment4
— ! ,
- 6.0
1
' 12
- 551
1.0
3960000 L <o
0.8
- 4.5 06
I~ 40 0.4
3955000 | 56 -
- 30 0.0
390000 395000 400000 390000 395000 400000

21 1923 R RIEBI MR AR S 2 A ) L7 BR 0, FHIERE 34T &, & OB Al 4 8@ 1254 2 39 93 43 A
PO BOMWRE, BAT - FH (2002) 12 &0 AREEFHEED D RBFE S 7 1923 FEBHRHE 05 E IR A
DR (T — 2 HHITIKERNOZ) .

Fig.21 Intensity distribution and its increment distribution when inputting the simulated 1923 Kanto earthquake ground motion.
Black dashed lines in the right indicate the intensity distribution estimated by Takemura and Moroi (2002) from collapse
rate of the wooden houses due to the 1923 Kanto earthquake (Data is limited only inside the gray frame).
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Table 1 Information of stations in the Nakagawa lowland

strong-motion observation network.

BAs | BE (B) |(#F B ) HEERE
BRI (NEES) 2 Hu AR 5
a—k | EHFRAMR | HRBMZR (m)
SKNS 35.86228 | 139.82422 | 7 H L& K-NET95 BB HEELE | 12.1
SKMN 35.86022 | 139.82947 | 7 A & K-NET95 BB &t HEELE | 44.0
UNDO 35.85919 | 139.82622 [ A FYU I RET7IILZZAK2 | HiERLE |48.0
DEAI 35.85853 | 139.82756 | 7 A & K-NET95 BB &t HHEEL | 40.7
SORI 35. 8564 139. 8303 | 7 H S8 K-NET95 B!zt HiEELE | 49.8
KAKI 35. 8597 139.8347 | ¥R A MYV I RETILERAK2 | HIEEL | 53.3
HNGR 35.84536 | 139.78903 | 77 # L & K-NET95 BB HiEELE | 40.2
SKSW 35.85972 | 139.82697 | 7 A & K-NET95 BB HHEEL | 34.6
MCNW 35.86163 | 139.84322 | 7 : & K-NET95 BB HiEELE | 53.3
HKIT 35.86169 | 139.85208 | 771 S & K-NET95 BUs&E & HiEELE | 53.0
OMRI 35.86393 | 139.86700 | 7 S & K-NET95 BB HiEELE | 50.2
TNGS 35. 85501 139. 88560 | 7 71 L & K-NET95 BB &t HEELE | 7.1
AOYG 35.85614 | 139.81756 | 7 : & K-NET95 BB & HEELE | 7.7
S0ZN 35.95166 | 139.77397 | 7 : & K-NET95 BB & HiEEL | 48.3
TDKN 35.86477 | 139.74802 | 7 A &L K-NET95 BB BEE 0.
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Hok LHENEEZHOEEEORRE (PREGKERE, 2001; X9 [ ] MIEREREOSES, £ OMITmHE -
A < HkaE)

Table 2 Empirical value of density with respect to soil quality and N-value. (CDMC, 2001; Values in [ ] are for diluvium.
Otherwise, the values are common for alluvium and diluvium.)

+E N i w M m E | BE N i i M
(g/cm3) (g/cm3)
A 0~4 1.6 W+ 0~4 1.7 [1.8]
4~10 1. 4~10 1.8
10~ 2.0 10~50 1.9
JEEHE 1+ 0~1 1.2 50 1.9 [2.0]
1~ 1.3 g+ ~20 1.9
7 — A 0~4 1.4 20~50 2.0
4~ 1.5 50~ 2.1
R 0~2 1.4 [1.5] JEA L 50~ 2.1
2~4 1.5 [1.6]
4~8 1.6 [1.7]
8~15 1.7 [1.8]
15~30 1.8
B3R SHEDAAT PV Vo HIFR DFE T
Table 3 Earthquake used in the S-wave spectral analysis.
#  Origin time (JST) Latitude Longitude Depth My Area A/H
(km)
1 2007-05-08 21:01:35  36.0603 139.8900 46.3 4.5 SW IBARAKI PREF 0.5
2 2007-06-01 07:28:59  36.0938 139.6812 59.3 4.5 EASTERN SAITAMA PREF 0.5
3 2007-06-02 14:43:15  36.1345  140.0343 49.8 4.6 SW IBARAKI PREF 0.7
4 2008-03-08 01:54:57  36.4525 140.6117 57.0 5.2 NORTHERN IBARAKI PREF 1.7
5 2008-03-09 06:13:45  36.0570  139.9493 47.1 4.4 SW IBARAKI PREF 0.5
6 2008-08-20 15:13:29  36.0567 139.9013 45.1 4.6 SW IBARAKI PREF 0.5
7 2008-08-22 19:59:50  36.4418 140.6153 55.9 5.2 NORTHERN IBARAKI PREF 1.7
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