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Abstract

This report systematically illustrates local event seismograms mainly recorded in the Kanto region, Japan, in a period

range between 1980 and 2001. Local event seismograms have various local phases such as basin-induced surface waves

and the wave trains of total reflection. Discrimination and understanding of these phases usually require array

recordings. Thus, the main part of seismogram collection consists of array recordings. To declare the generation

settings of local phases, we use array signal processing. A software package, SMDA2 (Strong-Motion Data Analysis,

ver.2), was developed for seismic data processing, package which is in an attached CD with test data. This report

introduces the some details of SMDA2.
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Fig.1.1 Schematic model of source spectrum.
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Fig.1.2 (a) Procedure for calculating Peterson’s amplitude spectrum(1/3).
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Fig.1.2 (b) Procedure for calculating Peterson’s amplitude spectrum(2/3).
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Fig.1.4 Frequency response characteristics of the V401 accelerometer.
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Fig.1.13 Fourier spectra of velocity seismograms shown in Fig.1.12.
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Fig.1.16 (a) Procedure for the integration of seismic wave signals (1/4).
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Fig.1.16 (¢) Procedure for the integration of seismic wave signals (3/4).
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1.5.2  IRERHSRIRIC 35VF 2 18 2 F2 R 38 O fif B 7 SR 75

I ZTIE, EESHZ AR o B S S R I

BEMATERLTRTALS. H{ELDRD, B
FHEENSEEEE L, HBESIIE =R AR L TEN
INFELED. oK, EREKEETIE,

T(w) S(@)=~pB!pByr"

exp[-or/20(w) VI Py f M, (@)
ERBIMEEREEE T HEESENEGSND ZLERL
el BB EERT ZHER, EEAKTS. Z0
B, M, () XS 2 BRI O BRI, IR
EIEER, HIEET-AV L ORER# M, (1) THA 5N 50,
Z ORI, —RICEHEBEKTEMI NS ENY
W ThH 2 RERTHE D SMDA2IZBITF B IS RITBNT
b, M, () ELTABEKZHNTVS). ZOMENE
oSN B M, ()1, GiREE 53
r ' exp[~or/20(w) - V] ICE D ER{LEN S, L Lisn
5, o/Q(@) M 1 sEA E T3S E —~E L2 5 HEHIEE
ELTRODLNTBY, M, (1) DTN 32530 % 20
BEGERD. f-T, HEEREBRNLZOHEHIEO K
7%, HWEREOERZZ T2 WERM AT, EESHEKIZ
M,(t) DR Z EFHREL THBO, —DON & LT
Bans., £, IhzBEMMS L TESN 5 EELE
TUE, BEESHEA 1 HOWEIEE L Tidkahsd, 0K
BT, Z0%, NIMROBEESKE 1 MINOBRERT
LHEESHZE, &%, Bk #@ERETEREZ<HENL
£9.

ST, ZITOREBELT, | HMIOEEEERKEN )
MROBEELMI 2 AN T, MBI SHE- A2 F A
RS ML HFEEZRLTB IS, i, TITOH
I EBRERET S, £T, %awﬁ@ﬁi%@#%
BHLS., REESHE SN2 HEROBEMRRHIC
Hé%ﬂ%ﬁ%t@@@ﬁmﬁe%i,%ﬁf@ﬁﬁﬁﬁ
Zv(t), HMMEEREE G (B, —E &9 %), #iERMR
DEEE p,, IT AV NIVER, ETHE

ex=0/2)p,(IT)[ "[W(t)/ GR,, Tdt

&b, ZIZT, Eﬂilﬁé%ﬁgiﬁ@?ﬁiﬁﬁfﬁzmgﬁﬁi}?

FFfElE 9 5. BB, T IR T 190N, RAHETIN I
AR Z R T EERKE ORI LT 5. 5T, BUA
TOHAIHEE 2 @RS 2 EBH I I, BT OBE
WEEC PRSI e, SEESIEL ETH)ETHE,
CTe, L7135, BIZ, F£, BIEER ORIIZOWNT
9L, RN S OEFINF 13

E, =4nr°C,T e,

Es%, HEEEIZBWTIE, EZHIo: &8 Fuuvle It
¥ 13% L W (AKi and Richard, 1980) /05, EMHEING E 3,
E=2E,

=87r2C,T,(1/2)p,(1/T, )j [V(1)/ GR,, 1dt
=47rip,C, j "[v(t)/ GR,, dt

L%, HEPHEIIOWTIE, Z0OHE
LT &,

FEIZ v(t) = v, (F)

Ey=4zrp,a, [ [v,(t)/ GR,, di

Lis%. ZIT, T, 3EEPKOMFRHE IS, ST
DWTIE, C, = B,,v(t) =vg, (t) (SHED BT v(t) = vg, (1)
(SVi#) &L T,

s
Eg=471"p,B,[ "[{vg, (1) GR,, Y +{v, (1) GR,, } a1
=4r rzpoﬂo‘.‘oTS [\/EVsH (f)/GRH(p]zdt
2 T 2
8z poﬂojo [V (6)/ GR,, T dt

Lia%. ZIT, TLHEESHEOMEIHET 5. HED
FR725° 7 W7 VO KEIR T, Eg =23E, (Aki and
Richard, 1980) TH 275, WEINE E35RE Eg Tl
INBELTENAS. A5,

E~871°p,f,(GRy, )" [ v (OF dt

VEESHIE 2 sk & U CTo 72358 OMBINNY HEE
X&d, ZhiZ, 1HID v, (1) DHREKRERS TS
FIZLD, WEINF EVNRBEBNLIEZRTHOTHS.
Z O X2 E BRI TR D %1213, vy, (1) DFourier
FREV, (f)ET 2L, Parseval DARITK D,

Ex1677p,f,(GRo, ) [ Wi (VT df
L35, REBEEZEETHE, BIZ

E~1677p,,(GR,, |
[ W (Nexpiz fir/ Oy ()IIT df

L8%. ZIT, vEQUNIE BR, SEDFRRFEH
ELEOEMETS. ZnsofERITBLYTHWSANS
BOMDN IA-4IZBL, FlIZRLTHIS. B EDE
ERagEN o1t EZ2RED S ETIE, G= 2,R,, =06,
Po=2(g/cm®), B,=0.5 (kn/s) RENZLHE LIRS
5. F£7z, BEESHORKGREICEE L T3,
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logTg =0.5M ,,,, —const,const = 2.3~2.4

NG Z M T 5 EToHZ &5 5 (Kinoshita,
1994).

T, EEREKROBEENLREMERIE, N IVROHE
L2 EERRTERD, TI TR, ZOEMNIAD
MFED & M- AV MR BICEHET 5 HikE R RE S, —
i, REBE? S OEEPIK & EIESHE OEMIE R,
B/,

u,(t) = (GR,, [4mpa’r)- M, (t—r/ @)
JraoN
us(t)=(GR,, [4npB’r)-M (t -1/ B)

THZ5MN%(Aki and Richard, 1980). 22T, a, X
NP, &4, BEBICB TSPk ESKOERE, MU,
BETHD, G=2,R,=064LT 5. >T, ik
NTZEERRIEOELIN VA RGeS DR 2, 4ty MED
53> T, PIRESHKT, &%, T,KUT,&92L, ME
AV ME,

M, = jOT" M (t)dt

=(4mpa’r/GR,,) [ w0yt
BN,

M, =(420p’r I GR,,) [ us (e

Eirn. Wb, EEEREKEOEMN MZEST DEICXK
0, WEL-AMEEHHEND. FlERES. T,=18()D
EEPHK ZEMTERL & EDON WAL D HEiIFE=3.6 (cm*s)
L, BEBOPKEEEEEE, &4, a=T kms) &k
L p=27(g/cm’) &F 5. FERAEIREE =500 (km)
TELNEETDE, HE-AMIM, =2.1x107 (dyne-
em) ER B, TRV ZFa-bN KHBET B &,
logM, =1.5M, +9.175, M, =75&15%.
DLk, BEEEEOEETH D 1 HMIVOEER
EN MR DB IIEBIFEN TA-Y DO KIEZEH 2 ETHMAK
EHERD, FlZIE, Tio(1986) DILHEIL, TDOAEDE
REWFRNT, T ORRIREEREEEHNERE OB LT
EQXDITNMEINENEH B LETEEIZRAS.
1.6 abt—L Y NaEiz T SR

LIZBWT, B FicHIT 284 i &
HITH0IT, BARE LOIC-V MR RS ENE
BEThHhdEGL L. 22T, t-WiikzEzsd s
BENEOXDBEARKEHELZ SN EH#EmL KD,
I, EIEREeKREZAFELT, RBAEEENKE
WHETEE 2 BB T 2 MBS E Z L TI-AR KR TS h
EEREETS,
1.6.1 Jb—L 2 ADFEERHTIXRE

2 METCHES Nz BB OB O E A W & kK

DK EL TRLEDDEIL-VIAET D, BAILTHD,
FERCHENS T 1 2, E<HENRTNT 0 &725.

HOHIOTRE T,

72(ﬂ“)=|PXY(A)|2/[PXX(’I)’PYY(’I):|
Thad. 22T, A=o AT(|A|<7)RERLMREEKT
BY, Py () &Ry (A) BMEREKERB L 2 DO
B, ) & Wde, O INEERE, Py (1)132
DHEIN JMEEERTH S, BRATEAT B &,
Py (A) TREL T,

Py (4)= E[X (W)Y (-2)]

EnB. 2T, Nl &y OFowierERIT, KX,
LR TEHEND.

X(A)= (27[N)71/2 ixke_M

k=1

N
Y(A)= (27ZN)71/2 D> ye™

k=1
ZDI-Vay? () OHEFEFEICIE, BOKENIRETS
MBDONEBETHD. BHDOFIETIE, FFTZH W
N VS BEEL D HE TE fE & Welch’s averaged periodgramiZ (B
BRAHXMEEEETIE 20 BHWS NS, ZOHEEI,
y* (A) DHEEIK R 2 8 D H D HALK I 538 U (R 2 1
Faw), SHEMKBETFFTZ2HAWTHEINL
Pm(ﬁ)spw(ﬁ)spxy(/i)epyx(l) EHRAEELT, TOME
27 (A) 0EBROLHDITRALT, Zhekndbo
THbd. Wiwm, WoITIED 20 HER 2 E R E W B
EIRET B.

RYHIT, EESKOIL-VAIKDOVWTEZTAHALD. HE
FHiRZ EICGRRZ@BO TH D05, FEITHWDMITX
FIZDWTERT 22 EET 5, BRI, HiFRERNE
IANOHRICEEL, HERTE2RHF L THUH AR
ST (INSICHET 36T, 5%, HELIDOERT
W0 EFsnsg). W-7T, BE,SHRICERET SHE
WDI-VAZRARD 0TI, 2D RLFENE T AAHM
BEERBEITLEL, EVWEIACRBIN MBSO
FLERDHIT, [EEE ORI R S E R AR TR
ENTRE> T SR (two-way time) 12 Z fRHT X 1D L [R
ETHHED2 ENEEERD. RO MITHNOSEHL
IERBEOTHOHLIZMES D THD, FHIRTII,
= RIEBNMBE 2 RETLONRATHD. <
NTH, BIEHIE PRI T km DR S I B R E
INTVWDS, I —DOHIEL TIE, —HHNGEHET
LHEPF OIL-VIAZFAND DI, WHBENMEIET DR E
IS RO AL DIIAREETHE A TH 5.

1.6.2 HREZEBISEESKEOIE—L AR

TiE, EBOFERES. H1.23IRTEEkIS,
G BN B MR 1T BT 2 R E I (X 2,750m) SR T D
MBS TH S, RERIISHENICEML DD THD,
19904F 8 A 5 HICHMMIETHAELEM,, =51(FKS
15.3km) OHIE (K4.3(a)Z ) ITBVWTHELNLEHDTH 5.
£, BEESHE S DEEIEED 3sicxf L, &b
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Fig.1.24 Choherency characteristics estimated by using the data obtained on a free surface and at a depth of 2,750 m
including direct SH-waves shown in Fig.1.23. The data length is 3 s.
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Fig.1.25 Choherency characteristics estimated by using the data obtained on a free surface and at a depth of 2,750 m
including direct SH-waves shown in Fig.1.23. The data length is 6 s.
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Fig.1.26 (a) Epicenters of earthquakes used for estimating the

£11.26 (a)

choherency characteristics of S-waves propagating a

sedimentary layer — basement system at the IWT site.

REL 2 HMERLFOHFZRET 2. i, FEEH
FoER & R EL SR DM EAHBABI R AL ) LR D KRR B D
ENFFEN SRE S NS, i, one-way time THD. €
2T, HLRFLER % one-way timesy 72 VT AiIE S B 72 HESTK
oL, TOEEL TBWEEBIOBEEEIS 3s&M
SIt-VAZEHT 5. #ER2ZM124I7TD. H1.240 %k
K, ERAHZRLEROAN JMEERE, TRNEEH
REROIN INEEEKTH S, £, ARIT, EXNHE
HAEREAKTH O, FTHRMNIL-I/ATHD. tHAEAHBBIEK
DFERM S, one-way time22sF2ETH D Z &NV A D,
JERFAYEIZ 72 2R, 3 sOffiXEEHA L2 bE, Z
DKl Aone-way time & two-way timeDFIZH D, M D,

one-way timelZIEWNSTH S, Zim, I OMFTREER,
two-way timeDHEPFHNTHIUL, KES L THELZAR
W, ETC, Ib-UAE 3 Hzd 20 2RI, KBTI
FFE 1 &R0, BAKREETERARICEAL T ZE
NEMSHBS, DX, FEHANSHEET, 2.75km
DX ZARRET DSHIKIZ, 3 Hzk DAREEETIZat-bob
15 L TW SN S,

i 2 GRS 2 HEBKR OI-1 A E AN DR, HESO
BLE Ik LT, O KEEIL LR Ttwo-way time®
EXITHdLELE WM, LEOHOHE, two-way
time 4.4sLANDENTKHEZRAWESHG, #EE S Nzae-bix
B EFUBIRERS. BB, 3 Hzk O KA BEIR TIE-

VAN 1IEWEZR L TWSD, LOALABRS, BT
E230ltk<95&, 3HZBEICK D RAEREIS Tt
VITHDZ EDOEFIIFETH, I-VADOKEXIE, T
RENELBZEZDITKHEFAL ThEL</E>TPOL., —fF]
ZH1.251RT. 2L, MITKEE 6s& LRFD#ER
TH5. 3Hz&k DIREE I TOI-VUAM0. 7R £ T
BLTWBZENHAS, BARAKZ, HMHKEZ10sET
5 &, REWEEIE DIV ANT0.41ZH DT B,

FEEOBIT, HEFEE- R 2R T S EESIKIE, T
XA two-way timeD & S ANIZHIUL, 3 HAREIZIE-)
IWNsfEE L TWEBHEERLE, 22T, L0 —#t
EEHLRD, 3 DOERBENER GWT, SHMB LT
FCH) IZ BV 2 BN L ek & iR RL & O It-V A O R FHRY
BERDTALD. H1.26(a)lF, ABVERBEEMER QW)
DALE EIL-VAHEE AW EHEBOEBREZRLAEZDDT
HD. BEESHIBD #ET2.81sDT -§ &AW THTE SNz,
HiH3.5kmA S HIENMREE T DS D 1k-V VAT EI1.26(b) D
BRicie s, BERENZEERTDE, RXD 3HEEE
TSHISHEAE - AR Z -V NI L TWD 2 EAVH 5
FERkOFIS, FHEEREMES: (FCH 0BG DK1.27() &
), BRY, TFTHREBENGEZ SHM) 05 G DH1.28(a)
EMIZDVWTHRDENS., IhbiE, &4, 2.75km&
2.3kmD I NN 5 HEITE D SEE D DEFFITHED 1k-VY
MEEZERTHDOTH S,

LR DOEI1.26(b), 1.27(b)&% U1.28(b) DEERIT, —HEIZ,
WHEE-ERRZ BT HIEICL T, EESKI)OIL
=VUAS 3 HZBA ETHET 5 HE2EKRT 2 H D TIEARWN,
BEIZ, HEBEANICEL ZSHED 3 HzDL ETak-Vy Mg & #f
STWARWIEESH D, £z, KVEBEALALZ, N
50BN ELBEEZLTHEONTNDETHS. — &
12, {REFHRERE MR “— " ITHIE L TV BER
TlEWw, FREDHE, EEHANAS T SSIITRD AL
LTW2EEZEZDONERTHS. > T, fHxDHE
ZDOWTEZNUL, X0EWEKREE TIt-V I Gz
LTWBSENRWETENARTH D, LHLENS,
INLEOBERIZIZZTEREREZRZBRWTHAD. T
CTEERELEZVWDIR, EREOLIBAEIZEZEITAN,
MBS ICHII T B4k 2 I &R T 2 41213, iz
REBIHU T OREEBZEFFDEBEEZRORNETH S &
EOZETHD. HEIZ, MAHDOBEHNITHED EES ERE
HERD DB, IR 1 HZPA T OHE L& 2 %
DT EN, RIS ZERT 2 DICERENDTH
ADEFDIETH D, IHEEEN 1H2EF D Z &1,
KM E AR, KRBT Fa-b 5 (M, =5 EHMA 2
HEAY, HEBRLEICHIAT 2 RFTALAH 2 S ETHH
BERBRDEEBEKRLTNVS, o T, AERTHES HE
B, BONOHIERNT, M, B 5ITEND, T
NULOHIENSHBESNZDDERS.
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Fig.1.26 (b) Choherency characteristics of direct S-waves which propagate a sedimentary layer — basement system, estimated at the IWT site.
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Fig.1.27 (a) Epicenters of earthquakes used for estimating the choherency characteristics of S-waves propagating a

sedimentary layer — basement system at the FCH site.
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Fig.1.27 (b) Choherency characteristics of direct S-waves which propagate a sedimentary layer — basement system, estimated at the FCH site.
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Fig.1.28 (a) Epicenters of earthquakes used for estimating the choherency characteristics of S-waves propagating a

sedimentary layer — basement system at the SHM site.
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Fig.1.28 (b) Choherency characteristics of direct S-waves which propagate a sedimentary layer — basement system, estimated at the SHM site.

2. SREEN
2.1 HERUE-EBR
2.1.1  BUSHbI O b T RS

T 3 D M B O BRI B 9 B Bk & TR SR P 75 AL AH & FER
T520I1C, BHEBMTHEEDT WK ELRS. H21
IR LM TGS NS, ROBHELEDBOD—DTH S
N, REIRICTEAET SO ERREEFHAT 2123+
HIRbDOTHAS. BB, FITRTHRENRD KERF
frakfEer W&, ZOWMENHE DRI, EBREHESEUELL
MIZHB W TRisk S N2 MR RL &k - O ST RY 72 AL HH 2 3B
THDITMIZB AR ERT OO LSRN, £, Z
O T ST WL, BIREMIB T OM T EEEHAT % k
TREREREZFALTNS. £7, 2RZHETS &,
MO T #ETT WL, 2 DOE, YYA717 (Lithosphere) &7t
J %717 (Asthenosphere), 2SHLZEMN SHEN TS HEE L70-
TWBSENPHAD., W70 BB, HREEbh,
< OMBNHBNTHRAEL TWD, ZOHGBETDOT
B, M, OBt EEAOL 9 F A& E (Mohorovicic
discontinuity, ML T, Moho boundary) &5 9.

BYSE Ml D M TR 1S, Bk O 2ARHEIC 2 D OWEE
PE77 V=, 7408 VT V- b ERSEVET V-, SHEED SV MY
NEDAAUTVWDE VTHIAINDS, IS O Y
-ME, fEEICIE, 2 EHETHRHINS. KR, MWEE
7T V-0 B REEEL, WrEERRE Shhs. T -
PO EEHEE DAL -8 U, O TS & i U T/
IfEEBEITZHOTHS. BRMETIE, £ OHE
2, IS V-0 L&D RICTFEET S KEY

b=t ZOBEEITIZIALKT V-F, OFHETHEL TWS,
e, 7I-MERBEMESSONS, UL, 7
-MAERTHA T HHIEET -INHIE LSS S (K225
).

ik D BREIE, HEAE, EFDE=REETHD. H
B B o 00mEEX, EE, N0 EEL TWhS,
TN THHEM EIEIISEIEENB KE 3 kn/sITET S HE
BTHD. HWHBTIE, ZOEBECE=EDOHL
WHERERE ML TWD., ARERTHD BT AH Z2
BT 5 ET, ROBHELDH FEEO—DIX, ZOHRE
B NS AU HBERTHAS. T, i
OHEFERBITH T B0 -5 VAlA, S E, P&
HILLEICETEZZOTHY, B LEENRIRBIRES
THRHTDH.

ZZTED, HM (basement) 1IHIE XD HZETH 273,
ZHUTH LT, A 9b 09) (bedrock) & & D LMY FHFEN
FET S, W, SEHENT00n/EEICET 2HETH
D, BEZROBEMBEZSES. LirLRaNs, A yh oy
DEHIT, TFEHBELEBIETVEHNDONHE. LD
DI, N yNmyy-t-vand, BB TOMEHESOHAD
HY, NN I TOHEHZSSLHADHLINETH 5.
2.1.2  HERERRG- LB R Thilld & N 3 R iz b

HeREE - RN, W TEHBII N D R B
WA RBINBMHEEZHRI T2 ERNERD Z &3 kb
L7zd, ZZTIE, HEE-EERICL> TERI NS
FHRMAHIIDOVWTHRLTB IS, Za6id, %ISR
TERMEBRLE EO RPN Z2EENICEMRT S0
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Fig.2.1 Underground structure for explaining the generations of local phases on local seismograms.
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Fig.2.2 Schematic model of the generation setting of earthquakes that occurred beneath the Kanto region.
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L&D,
RN, TNNROEBEDHETH DA, HHEE-LE
REGHET D2EEAFEOHEITOVWTEE D (M2.33). #

BT AR U7tk Bl ATEESES, AREEEEL,

RNTHREEZ L THRICET S, 2O/, {08 -%
TN T8 MERAMNERET 2720, HIESHKE OIRIE
IBIRZICKELRD, WHE, MRICELELEREDBRE
{725, ZOEESEIZ, HETERHFL, BUOHEREZ
WS HMNERET 20, FEI - AP KRELLDH
MINERE T 57280, MR TR U ZSEIIRLAIT/NE <7
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inhomogeneous waves (ihw) AR E NS, UL, HBEN
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5. —MIZE Z1E,  inhomogeneous waves®DFEAEITHIE
Bisk BRI/ R a5 & I REME 2 RIZ T 5.
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Fig.2.3 Schematic model for explaining the generation setting of local phases in a sedimentary layer — basement system:

(a) Propagation of direct S-waves. (b) Generation setting of basin-induced surface waves. (c) Generation

setting of the wave train of total reflection. (d) Generation setting of SP-converted waves.
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Fig.2.4 Locations of strong-motion sites deployed by NIED.
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Fig.3.1 (a) Epicenter of the near Ashio region earthquake of 22 September 1992 and the locations of the AS1, AS2 and AS3 sites.
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Fig.3.2 (a) Epicenter of the near Ohme region earthquake of 19 December 1994 and the location of the HNO site.
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Fig.3.3 (a) Epicenter of the southeastern Ibaraki Prefecture earthquake of 19 February 1989 and the locations of the TKN,

MKB, SHM and IWT sites.
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Fig.3.4 (a) NS-component displacement seismograms observed at the TKN (top) and MKB (bottom) sites. The original

seismograms are velocity seismograms.
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Fig.3.4 (b) UD-component displacement seismograms observed at the TKN (top) and MKB (bottom) sites. The original

seismograms are velocity seismograms.
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Fig.3.5 (a) Epicenter of the Chiba-ken toho-oki earthquake of 17 December 1987 and the locations of the TKN, SHM,

IWM, CHY, KSR and URY sites.

KiK-NET D ¥k 78 530 O s B EHHE TII A S IR 2 FH N H
KDL, EEMRBERbUEELRSS.
32 ZHEENR

iR E R MBICB N T, MERHOTICHEDF)
ERAHZENTES. INSIEIFE—EREINDHER
BEHICHETLZ2HOTHY, FEMHAEMELIIRARD,
LEZBRESDOND. —HIELT, 19964 3 A 6 HIZIL
BBHEHTHREL M, 5.6 DHIEITBIT 5 YMKELH A
DRtk ERT D, B EYMKEH S O E B %13E3.9(a)
KRS EBOTHD, BEEMIBLE2MTHS.
YMKERF T, FE=AOB MRS RITVSE-11/128 D
REEEENRBEBINTVS, ZOMBICRW TR
SN HEELIIEIILITRT EBDTHD, Dia &
H3DOPHDIS NV EFGEAEND. LHLEBNS,
HEETING 3 DOPKICHIET Sz Rnizd 2
CRRETHAD. &I AT, RHEEHEFOF S,
BHWCEMEWRTEDLIETHD, K3.9()ITRT AR
el EMTES. BECHF ETHNNRETSH >
723 D0¥7 AN JME, AfEiEk B THRA LD T ENTRE
THO, E3.9b)DPI, P2, PIIHIET H¥7 4\ Vh&EH
3.9(c)DSEDH TSI, S2, S3EFETES.

B3.9(b)B W E(e)ITBNT, 3 DO 4N JhERIEL =
A, EBRIEIYMKEHS THEOSNZRHEOA TLEERT
HBEZELEEFTODIRRNIENELNEZANDHD, K5
MERINED. E, ORI AN YMORIEIZ,

BROBURORENBEESNS, EHE, 71\ VN,

$77 4N U ME ORI ZEN 2 TO R ZBPE OFEERITB W
TlR—&72% & E Srule-of-thumbiZHE > THRO END.
DOHEOH S, B3.10TC/RLUZAKW K O UHRBEIA D E
TEEERLERZE BRI UL, P, P2, P3OREDERIC
AIREE 785, AKW MK YUHRBH R DOALEI1TR3.9(a) TR
WD THBH, AKW TIFHIRFRE S N/ VSE-11/12DFCEk
%, UHREH S TII# A 23mIT R & N7z v401 B N &
FrOREES LB OER3IOTIIRL Thd. RKT
W57, WWALREIOMETIE, 198348 H 8 HOHL
B(M,, 60 bLEHBERETHHLMRIZ, ZOHIRTIHE
THHEDL, LTLIRZEBRERLELDTHS.
3.3 STk H M N

ZZETIE, BRPCHAEDIENHEDREREEE
R OplZRLUTER. L LANS, EBEOBEZEER
W, BRI T ORELSH MIRIC K D LTS N2k
Cho Ttk nd, 1 MIVOFEEREON VAR DZENL
WIENEERER & LU THWE S DL, BEISENR N
BAETHAS. 22Tid, s otz HnT,
EEEAEOHBE- LB RITBITZEMORERZRT &
iz, EERMIVIRTH 2 EEXFITOVNTZDHIZER
9.
331 #i

I<HENTNDZ ETIEH B0, HPEHFIEHRNTE
RIE DML & STk OH MERSI R E2ERT2DICHH
Thbd. ZITIE, SEOEERNEERT SN, TOD
KRB EEONRT ZEIZT S, &ADOHIL, 19804



200345 H

B KBL AR AR B R 5524045

‘sjuauodwoo-q (wonoq)

pue [erpex (o[ppiw) ‘ds1oasuen (doy) 11861 I10quIad( £ Jo oyenbylies oy) wolg 1 NSLL Yl Je paplooar werSowsIas A1190[dA Jo sjuduodwod 221yl (q) §°€°S1q
(L% TOXNLY LL Y= YL QT SEF QY MMNILS (kD13 ht o i35 L O HLTHTI8L6T (@) S'SfR]

(s)auwrty
09 0s o o¢ 0z 0T
_ _ _ ! ! | 9£8L" 0-
Lo
[s/wd] 8L°0 =" xeR 00°LZ:80:TT'LT/ZT/L86T NML A L 9egL"0
AH — 891670~
|
S
wv
|
] 1 )
[s/wd] z6°0- =" xel 00°LZ:80:TT'LT/TT/L86T N ¥ L9160
— 9062 T-
)

[s/wd] 6T T- =" xey 00°LZ:80:TT'LT/TT/LB6T m NML b L-906Z°1



ek — AT

i

ITHHE D

‘SWeISoWsSIAS AJ100[oA [BUISLIO 9} WIOLJ PAje[nofed e SWeISowsios juowdoeldsip 9say], ‘syuouodwoo- (o0oq)

pue [erpe1 (a[pprur) ‘as1oasuen (doy) /861 1oquadd(] £ ] Jo aenbyires oy} 103 9IS NILL O} 18 PapI0dal weigowsias juswadedsip jo syjuouodwos a1y, (9) §°€°S14
(AL THANLY L6 Y= L <) BT QW IINDLL S ek DI i3 O HLIHTI8L61 () '€l
(s)swtL
09 0s oV o€ 0¢ 0T
| | | | | l 1827 0-
— 0
[ud] 8Z°0- ="XeN 00°LZ:80:TT'LT/TT/L86T NML A —GT8C°0
—SS2S°0-
-0
[ud] €5°0- ="XeN 00°LZ:80:TT'LT/TT/LB6T NL d ﬁ.mmmm.o
—TE€T0 T~
— 0
[wo] z0°T- ="XeR 00°LZ:80*TT'LT/TT/L86T NML L —T1€20°1T

51



B RBPF BN 7SR 78 20k 524055 20034E5H

35° 00'

34° 30" L —
138° 30'

139° 00'

T
1980/06/29 16:20:07.66
Mag.
O s.0
— © 5.0
10 km
O o 4.0
T
139° 30'

R3.6 (a) 198046 H 29 H DOFF G BRI Mt ER O R & NZBIA R O AL iE X
Fig.3.6 (a) Epicenter of the Izu-hanto toho-oki earthquake of 29 June 1980 and the location of the JIZ site.
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Fig.3.7 (a) Epicenter of the near Mt. Iwate-san earthquake of 3 September 1998 and the location of the GNB site.
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Fig.3.9 (a) Epicenter of the eastern Yamanashi Prefecture earthquake of 6 March 1996 and the locations of the YMK, AKW and UHR sites.
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Fig.3.11 (a) Epicenter of the central Chiba Prefecture earthquake of 25 September 1980 and the location of the FCH site.
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Fig.3.15 (a) Epicenter of the southern Ibaraki Prefecture earthquake of 4 October 1985 and the location of the Fuchu array.

K, = (ﬁn+1 COS¢n+1 - ﬁn COS¢H)/
(Bacosd,, + f,cosd,)
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BEAN - ATH D, ZOXG2) DIV VL ME, Ak,
BRI BT, (k) Z2RECHBIGRES & L
LE, HEEREREK o] #B5E0ICEMNEHDT
»H5.

—75, BEMRIEHOSBICBNT, ik WA (1969)
3, WECHBGRE»SHREL T, hae KRk
BRI EICKD, ERHO2DERETIHTH T V')
W74V ML, SRMTOSTICERALEZ. —7A,
Riley and Burg (1973)13, Burg(1967) & ARIvbIt" -7k &%
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MAHEEIEICNTE T 24 FREE Z W BIEE O 7 B IC# A L
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TW2 (B 21, Zelniker and Taylor, 1994). k- A
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VT, BRI O 12 R B % i rh & 2 D[R] R 481
WIS SHEET 2 2 &, LAl BB E Ok
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G(A)=0,z"1>[al +a’ 1z
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(3.5)

= opz’b /Zp:d:z’”,aé’ =La’=a’ +a1’;’_n
n=0
ORI~ N WIRITBWTIE, B OHETHIIDRK
BHWEZTOBENRETH O, 7-F N )R OHEERSE
(Akaike, 1966) 3N EE L7325, Z DIRERE Kk 3.5) ROBE,
ARFRE D HEE 1T IR e/ B ik (Akaike, 1976) 74~
NN IR OEERIENERIND.
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Fig.3.16 Cross-correlation function estimated by using the 200m

borehole and surface recordings.
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IR THEALNS.

£ = |/1"|/27ZAT (3-62)

o(f,)=—|4,|/2Inr, (3-6b)
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Fuchu Crustal Activity Observatory
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Fig.3.17 Estimated wave transfer function. The input and output
of the transfer function are 200m-borehole recordings and

surface recordings, respectively.
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Fig.3.19  Goupillaud-type equal-time layered model.

Each layer has a common travel time across a layer,

thatis, AT /2, where AT is the sampling time of borehole array recordings.
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Fig.3.20 Digital filter representation of equal time layered model for SH-waves: (a) observation system and

(b) lattice filter for layered structure.
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Fig.3.21 (a) Procedure for estimating wave transfer function (1/6).



IR DR — AT

—SHM G
DIs.[em] Hhszr-h E-W
0.04

CH2

—0.04

DIs.[cm] Hecpri-h E-W
0.0z

ZHE

-0.0z

T T T
1] 10 20 30 40

Time []

- BT R

[iezr  #-fmz % M

Eae [ maws | et |

X3.21 (b) SMDA2IZBT B IEZEREEHEE D % D FIEQ2/6)

Fig.3.21 (b) Procedure for estimating wave transfer function (2/6).

01626005 =
=
5
=
=
g
(41}
o
=
]
30269e-005 L : : : . : : : :
4 3 2 1 0 1 2 3 4
|
Lag Time [=]
<EaE [ maws | et |

X3.21 (¢) SMDA2IZBT B IEZEBEEHEE D % DFIEG3/6)

Fig.3.21 (¢) Procedure for estimating wave transfer function (3/6).



PSRl DI E R 52405

b @4 - {TiERRE

200345 H

— HaFeFelp) G |2 vl— HTRF 2L (B Iﬂ
e o m { & F200  m
~ ARAREERS
e - Jeare # Fohagn iz EREEe: [T =
N I BREEETID
& SHIRE D) Lol= 1010 RSP A
~NSi-%thpg | [
IETEOIEEE S - .
Themeomm er 1 o -0 || gpe [Foee o
f i . _
e s M o - { A E——
B ORI RS - i
i R L R Vs —
HEECERFRAE [ ! 5
FREaEAE @ :
CRAE Fetl |
R3.21(d) SMDA2ICHT B AREREHETE D 2% D FIE(4/6)

Fig.3.21 (d) Procedure for estimating wave transfer function (4/6).
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Fig.3.21 (¢) Procedure for estimating wave transfer function (5/6).
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Fig.3.21 (f) Procedure for estimating wave transfer function (6/6).
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Fig.3.22 (a) Epicenter of the earthquake of 23 July 1982 and the locations of the SHM and FCH sites.
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Fig.3.22 (¢) Cross-correlation function estimated by using the 2,750m borehole and surface recordings.
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Fig.3.22 (d) Wave transfer function estimated by using the 2,750m borehole and surface recordings obtained at
the FCH borehole array site for the earthquake of 23 July 1982.
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Fig.3.23 (b) Wave transfer function estimated by using the 2,300m
borehole and surface recordings recorded at the SHM
borehole array site for the earthquake of 23 July 1982.
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Fig.4.1 (a) Epicenter of the earthquake of 14 September 1984 (Nagano-ken Seibu earthquake) and the location

of the FCH site.
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Fig.4.2 (a) Epicenter of the earthquake of 4 March 1997 and the locations of the KWN, OKA, OKN, TNG, JIZ and TOI sites.
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Fig.4.3 (a) Epicenter of the Hakone region earthquake of 5 August 1990 and the location of the FCH site.
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B4.4(b), (©KK@PH T, HHD50s~60sH 5 FEET
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HOTWD, EEE, ZOERMKEOTH @IS IE, 65~
9SO TH D, Da &b, HEEM TITHEE 208
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9 2 Rayleighik tHBL A M D HERE B R Wi g 1, &R 2
RO, Lovel# KD HHHL TNWBH I ENHAD., T,
WEBEEEOBBMO—DOTHS. MOBEIE, FKEK
DEE AWM TH S, Kinoshita e al., (1992) I KIUL, HEFE
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U THRAEL LHEBOSSG, HAEEME T, N230E~

N240EDE B RIE A M EBT S EF D, Hi ik O Kouketsu
and Kikuchi (2000) 288 > £ D12, I hi=Emikz 51,
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DA, N ETFRERICH S EIN TS (Kinoshita
etal., 1992).
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Fig.4.4 (a) Epicenter of the near Izu-oshima earthquake of 20 February 1990 and the location of the Tokyo lowlands array.
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DHEEREKRLTVD, ZOMRBBEZEZKEDO (E)2#MES
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HHON TS, HEEIIREOWBEOINNF MMEREL T
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PN I ERWTEREINS, 0270 <IN IS, —D
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Za-N =DURHT (A 1N 557200 N IR 12 2R T 5 F
WCEDEIENETIND. 5277 I IR 12 #IRT 5
FITKD, FES AT RERE N, BAXKEEEZDYT
RSN IA-3 & U TERE N 3). E4.4(b), (¢), KU,
(DOFFFEERDOH NS, KMDBEHEISDOFEHZERVHL,

FDIVZ N IMERLIZD DN, £, H45(), (b),

KU, ©TH5. ZH5ORPTHE, BEENSEOIZEN

TMBRENRENEZRLTWS., FFDI/Z) AN I
W, RFOREE EBITEKREEDIN IMDORENET S
NERMOENSERAMOEABITL TIT< 2EARS
NTns, W5, REFEOIESHZERL THD.

B OB, IO K E IR L TR
ENHEPFITNS K BD2BENH S, BESBEMINS
BRTH BN, EoME L TREENSFIEIFTDH
5. —flEB4.6b)IRED. TR, 19844 9 A19ICE
BB TIHAEL =M, 6.6 DR VHIEE 2 TRNEIH A
TR LZDDTH D, BIETKNEH S OO E BRI,
B4.6(a)l R I N TS, TRNEEISE, BIEHE DT
WALE L, fEMEOBHBICERINZHAUSTHD,
BREHZEOHBEEBOLBEDLNWEIALTHD. VS-
355 BREEI TR O NZRERERES L TEME E L ZON
M4.6(b) THD. Z I T, FF RayleighiDMafEd 25
MITTH BI7 ATV DT DN TIVZ) <IN IV 2 T
LR 2 B4.6(c) TR, H4.6(b)ITRTELERT, KKK
DELES %9057 5 150s D KT B 1Y TRayleighii 23 ¥4 7
BL T2 DHH4.6(c) DRI SHS D,

ZZTIREOFDIR DY, FE O FEH A
R Y, Ko RMNEEA~BITT5IcDN
TELRD, HHEMTE/NERD, Z0%, BIZEE
AN/ I DN THEEDN R <722 O — R 78 F5 1k
THD., T ORRTSHEEE OM/MEIT IR 2 REE DAL
M7V &I, REEOGLER LK ERREEF -
THHT 5. B4.6(b)DFLEETIE, BXZ100sATICHE
LTWBRERIRE\EZETDHPIT-HTH D, BEE
1%, ZOMEBRICIES D W EABITT 5.

KMD -T 20-Feb-1890 15:53:39

log10(frequency(Hz))

time(s)

X4.5 () FERKSUITHEHEE (199042 H20H) iI28B1F 2 KMDEHEIE D YAN -5 B4 Foék (K4.4(b))

DIVZVY AN I

Fig.4.5 (a) Running spectrum of transverse component of velocity seismogram recorded at the KMD site for the

near Izu-oshima earthquake of 20 February 1990.
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DIVZI TN I

Fig.4.5 (b) Running spectrum of radial component of velocity seismogram recorded at the KMD site for the
near Izu-oshima earthquake of 20 February 1990.
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DIVZIIN I
Fig.4.5 (¢) Running spectrum of vertical component of velocity seismogram recorded at the KMD site for the

near Izu-oshima earthquake of 20 February 1990.
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Fig.4.6 (a) Epicenter of the oft Boso-hanto earthquake of 19 September 1984 and the location of the TKN site.
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R IT BT DRayleighlf DHEAL-F E L THRADTH S
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Fig.4.6 (¢) Running spectrum of radial component of displacement seismogram recorded at the TKN site for the off

Boso-hanto earthquake of 19 September 1984.
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Ry (k) = Ex,(n+k)x; (n)]

30N

P,(A)= Z R, (k) e
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Fig.4.7 (a) Procedure for estimating frequency-wavenumber spectrum (1/9).
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Fig.4.7 (b) Procedure for estimating frequency-wavenumber spectrum (2/9).
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Fig.4.7 (¢) Procedure for estimating frequency-wavenumber spectrum (3/9).
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Fig.4.7 (d) Procedure for estimating frequency-wavenumber spectrum (4/9).
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Fig.4.7 (¢) Procedure for estimating frequency-wavenumber spectrum (5/9).
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Fig.4.7 (f) Procedure for estimating frequency-wavenumber spectrum (6/9).
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Fig.4.7 (g) Procedure for estimating frequency-wavenumber

spectrum (7/9).
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Fig.4.7 (h) Procedure for estimating frequency-wavenumber spectrum (8/9).
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Fig.4.7 (i) Procedure for estimating frequency-wavenumber spectrum (9/9).
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Fig.4.8 (a) Wavenumber spectrum with a period of 7.5s estimated by using a data between 75s and 115s on the transverse

components of velocity seismograms shown in Fig.4.4 (b).
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Fig.4.8 (b) Wavenumber spectrum with a period of 7.5s estimated by using a data between 105s and 145s on the

transverse components of velocity seismograms shown in Fig.4.4 (b).
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Fig.4.8 (¢) Wavenumber spectrum with a period of 7.5s estimated by using a data between 135s and 175s on the

transverse components of velocity seismograms shown in Fig.4.4 (b).
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Fig.4.8 (d) Wavenumber spectrum with a period of 7.5s estimated by using a data between 175s and 215s on the

transverse components of velocity seismograms shown in Fig.4.4 (b).
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Fig.5.1 (a) Epicenter of the eastern Yamanashi Prefecture earthquake of 14 February 1984 and the location of the Fuchu array.
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— 123 —



200345 H

PSRl DI E R 52405

"$861 Areniqo 1 Jo oxyenbyires oInjoojold IYSEUBWERL UI0)SEd Ay} 10 ABIIEe nyon ay) e popIiooar swerSowsas £1100[aA Jo syusuodwoo [erpey  (9) 1S 51

W QHWOSLT “RIVA HOd " (LMl LA LY L£0) M F O BYMBIS i ch ] & A 2N (HYT HTY861) B @i () TS
(s)auwty
Sy 0¢ %4 0c ST 0T
_ | L L L _ ZPLE" O-
| 0
[s/wD] ¥L6°0 “XeR / l » DdH —Z7L6°0
I 0
Nm m m e
— 0
[s/wud] 092" 2- “XeRn ONI — €
— Nl
|
L0 M
|
[s/wo] ZTE "1~ " Xepn odd -2

[s/uD]

[s/wd]

[s/wo]

¥Ze 0-

9L°1T

128" 1~

Xl

s XeR

s XeR

My

¥Yd HOJ4

HO4




ek — AT

i

ITHHE D

861 A1eniqo 1 Jo oyenbyiies a1njodjord IYseuLE) UId)SEd Y} 10 ABIIe Nyon,J oy} Je POpI0odI SWeISowsIas K100[aA Jo Jo sjuauodwod [eontop  (p) 'S Siq

W QA WOSLT "RIVA HOd " (Sl L (G T) MG F QY hadd ch M S Ok 2 (HYT Hev8e) B o dingm P I'sK
(s)surty
Sy (0074 S¢ o€ S¢ 0c¢ ST 0T
l L | | _ _ I I 8867 0-
Id 0g
’ f — 0
[s/wd] 6670~ ="Xen ﬁHm Nm*umm A —8867°0
— 67250~
— 0
[s/wd] GZG 0- ="Xen ONI A — 67250
dS Nm ﬁa om —~6608°0-
_
y .
il — 0 u
_
[s/ud] 0T8°0- ="Xel ESS A L-6608°0
‘m — 8871 °0-
— 0
[s/wd] 6%T°0- ="Xen ¥d HOJA AN —88%T°0
—90¥%%°0-
| — 0
[s/w2] TH% 0- ="XeR HDA AN —90%%°0
—S0L6°0-
_ -
[s/wd] 0L6°0 ="XeR YL —G0L6°0




cm/s

KFC

_2_.

KEVEEANISE e E R 552405 20034E5H

5s
I

B5.2 (a)  ILBURRELOHEE (1984452 H 14 H) I2B VT S KFCEIRI R DONSEL M HEHE () EEHRE (1)

Fig.5.2 (a) (Top) Simulated wave train of total reflection.

(Bottom) NS-component of velocity seismogram

recorded at the KFC site for the eastern Yamanashi prefecture earthquake of 14 February 1984.

fi (1) direct pulse

N
fr (t) . reflected pulse f; (t): Hilbert

transform of f; (t) ]

|

Rp (r) . cross—correlation

of f; (t) and f.(t)

Rp (7). cross—correlation
N

of f;(t) and f,(t)

1

R; (o) : variance of f; (t)

l

Rp(0): variance of f.(t)

2 2
L(r) = Rp(0)=[Ry(x) 4R, (x)] /R;(0)

Lir)Z L(r=38)

l

8. delay time

& . phase shift

2 2 -l/72
cos(e) =Ry (8)-[ Ry(3)+ Ry(5)]

a‘ gain factor

2 2 12
a= [Rp(8)+ Rp(8)| “/R.(0)

-1’2

2
sinte) Ry(s) [ R5(8)4+R (8)

B5.2 (b) TEREAR L OHERE £ AR 2 SHIRO 2RI 5 BN S EAZHEET 258

DINT YR A

Fig.5.2 (b) Flowchart for estimating both the time delay and phase distortion of total reflection waves.
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Fig.5.2 (¢) Results on the relation between the delay time and cumulative phase distortion of total reflection

waves estimated from the Fuchu array recordings obtained for the eastern Yamanashi Prefecture

earthquake of 14 February 1984.
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Fig.5.3 (a) Epicenter of the southeastern Ibaraki Prefecture earthquake of 21 December 1996 and the location

of the FCH array.
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Fig.5.4 (a) Epicenter of the southeastern Ibaraki Prefecture earthquake of 19 February 1989 and the location of

the Fuchu array.
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Fig.5.5 (a) Epicenter of the southern Ibaraki Prefecture earthquake of 27 February 1983 and the location of the

Fuchu array.
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Fig.5.8 (a) Epicenter of the off Miura Peninsula earthquake of 25 February 2001 and the locations of

ocean bottom seismographs.

— 142 —



ek — AT

i

ITHHE D

‘sjuauodwos-q (wonoq)
pue mF (erpprur) ‘SN (do1) 1007 A1eniqa Gz Jo oxenbyied ejnsurusd eInijy Jjo 9y 10 1S GOZONI 2y I8 paureiqo weidowsios A)100[9A  (q) 8314
(L0l ANy ME SN Q) FREEF QW I SOTONN & L1 2 (H STHTH 1000) B ot Bl = (@) 8'SIK

[s] swiL
0g 0z
| |
— 000+925°2-
pi25°e- =UN €669} =xep AN o] foaoa
— 1004069}~ |
s
5 |
>>>>>>> >> >>\/>>>\/)7 >>D?>>>> > AP AP~ AL AN AN A
< v </\<<<</\<<< <</\/\<<<<<< C i av; \va VAR .
6686°G1- =UN 0S89l =xep M3 (guie] Kool
~ 10049242
IVANA AN > M\ IUN Y > \ I\ A
Ay \ O VAR Vo VAR A A AL <<<
161 V2 SUN  G980°€2 =XeW S AAA

L€:G0:v1 GZ/20/100C SOCONM

S0¥1G220L0S0CONM



200345 H

B KBL AR AR B R 5524045

0S

1007 Areniqa, gz Jo ayenbyiies eynsutuog

eINIA JJo oy 10¥ (&) 8°5°S1q ur umoys syderSowsios Aelle WI0}0q UBAOO AY) JE PAUILIeqo SWEISOoWSIds A)00[oA Jo sjuouodwod [eonop  (9) 8531y

oy

FFFLES T QAR S Q2 (HSTHTH1000) Bl oddE k= () 8'SK

[s] swiL

(> 0¢ ol

L | |

ad

a-N 90ZONM

dd

Q-N SOZONX

a-N YOZONM

— 144 —

1 Q-N €0ZONM

M- @-N 20ZONY

a-N LOZONM

ad

000°2€:G0-v1 GZ/20/100¢C



IR DR — AT

6. ZHupk

KEFEERUCEDIC, EHEdELMT#EEZM2 L
THRRMHETH S, BHRFITIIHELATREONDH 20
T DOREMZD DITSPEHE LPSAEWIE TH 5. FFIT,
SPAMISE LT B SVIRDIMNE MP ELERNTRE W
®, PSEHH LKL TE OBHEERZEZEATN S,
ZOERTIE, SPAHBIICREL T, IFHEFIERHETE
SN AERIBEORL S 2 FMEOSPERIE Z2RT.
6.1 HERUF-FEBEIN CThlld 2 5 SpE#uk

TS D RLERIC IR T 2R DL WA, R
JE-HEBERATEMRINSGSPARKE THS., Z1UE, K
23@IHIRL 72K DT, SVIRAISPAHRICAEREIND B
DTHY, FiZ, ETEEG RICHBL, EESHEDE
AICREER N D, —Bl%Z, 19894510 H 14 H I =i 3 &b
THAELEM,,, S TOHBEITIBNT, 518
THONEHIIEEEZHNWTRES. HMEOEREFH
BRI & DAL ERIRIE, H6.1(a)ilRTHEOTHD. 5
SNEFHHAEEOF T, B6.1(d)ICRd ETEERS D
BEARLERT, HREBEENBXZ 2kmD ZOMUK T,

BES N S R E N S SPAHE AISVIE & 7B L TRldk S N
ST EHMEIFITRLTVWS, N5 OEFIGEIL,
FBBFE LR SR ITVA0I IR E R 2 W TEREIL 72 %
DTHD. HEE-ERRERTERINDSPEMIIT,
BROFLNOSZTOHE FOMEBEIIKEIN, LEROHKS
WENRECZONEHBTH S, EHERMETE AL, )G
NSFHFICES LB WOBRBRTIE Z OO SPE
EONRLSBHIEIND., o, ZOHBTIIHESEZ
BRI HEOKT B EEFIE NS L THIRTH D, £z,
ETEMRS OBFIEEICIA T, NN A RKTIT 17
VAT DEFIFED, &4, K61b)X LK (@IRINTY
5. 9, EFESHED, 3.0FEEKEDOEZIATHBALEZD
LRI, HFREE-EBEREGREL T < ARz HRICE
BINDIENHAD.

35° 30'

35° 00'
Mag.
- 1989/10/1406:1;2;8:15: I O 6.0
f — O 5.0
10 km
e ‘ o 4.0
— — —— — — —
138° 30' 139° 00' 139° 30' 140° 00'

K6.1 (a) 1989%F10H 14 HITHEAE U 7= =l L B O LB D B 0t L FCHEIHI A DAL iE K
Fig.6.1 (a) Epicenter of the off Miura Peninsula earthquake of 14 October 1989 and the location of FCH site.

— 145 —



200345 H

B SRR BRI ACER 452405

"90BJINS 901J B UO PIure}qo weidowsios AJ190[9A (wonog) (VS) W G pue (VIA) W 00S Jo syidop je paurejqo swrerdowsios AJN0[9A (S[PPUA) W 0. T Jo yadop e je poaureiqo

weidowstas A100[9A (dol) 6861 1290300 ] Jo axyenbyjied ensuruod eInIjA JJo Y} 10J AelIe 9[0Y210q [yon,] JY} Je pauIe}qo swel3owsros AJ100[A Jo sjuouodwod asioasuel],  (q) 1°9°814
CEMLHH WYL HWO0S “HFW0SLT “ G ) FREITI LY~ \LLE ORI FEch T ch B S (1 2L (HYTHOT6861) A Otk = (@) 1’9
(s)swtL
Sy (037 S€ 0€ S¢ 0c ST 0T S
] | | | 1 | | L | 7
?/\/\(rz‘l 0
[s/wd] 00€"€- ="XeR ¥D Yo3 &L -7
— C—
©o
=
I
[s/wo] z8G"T-  ="Xen ¥S uo3 I Lz
« —<C-
AA AN~ 0
[s/w>] 89G°T- ="Xen YW Yo7 &L —C
—EV0E 0~
— 0
[s/ud] p0€0- ="XeR ¥Ya yo3 L —Ev0€°0




ek — AT

i

ITHHE D

*90BJINS 901J B UO paurelqo weidowsias A1100[oA (wopog) “(VS) W ] pue (VIA) W 00§ Jo syidop je paureqo sweiowsias A1100[oA (SIPPIA) "W (S ‘7 JO y3dop e Je paureiqo

weidowstas A100[9A (dol) 6861 1290300 ] JO ayenbyires ensurudd einijy Jjo oy) Ioj Aelie 9[0yaI10q NYINJ Y} JB PIUIL)qO SWRISoWIds AJI00[oA Jo syjusuodwoos jeipey  (9) 1°9°314
CEMLHHWIYT HWO0S “HWOSLT “ Q) FREIFI LALY LEORMIMINS F ch T ch B @ L1k 2N (HYTHOT6861) AT Otk = O) '
(s)aurty
Sy (037 S€ (033 S¢ 0¢ ST 0T S
| | | | l l L l ] €~
—0
[s/wd] 018°C ="Xen m YD yo3 q — €

— Z-

L0 I
o~
=
I

[s/ud] TPT°T- ='XeR ¥S Uo7 d —C
— 86570~
— 0
[s/wd] 865 0- ="XeR YW Yyo3F s — 86570
—EIv6°0-
— 0
[s/ud] T¥6°0- ="XeR ¥a yos3 d —€TI¥6°0




200345 H

$2405

B S BFF BRI ZE IR 72 Bk

W ()57 30 yadap e Je paureIqo wei3owsios UoeId[Ad0Y (Wonog) ‘W ] pue w (0 Jo syidop je paure)qo sweISowsas uoneId[a9dy (J[PPIA)

"00BJINS 921] B UO PIUIRIGO

werSowsies uoneIa[eooy (dor) 6861 1990100 ] JO ayenbyiies e[nsuIUdJ LINTAl JJo Y} J0j Aelre 9[0YI0q NYIN,J oY) J& PAUTLIGO SWEISOWSIAS UON)LId[ode Jo sjuouodwiod [eontap  (p) 1°9°S1

CER2AH WYL HfW00S ““HWOSL'T * G <o) FRE(FNC 11 L1 4 T OBYILMINS 4 ch i ch & Ak 2L (HYTHOT686 D) B ot k= (P) I'9K

(298s) 3JWIL
02 a1 %}
_ : . . ] — : _ : : I . : _ g
o
- 9
(1267 pE-a="xey A AS L6z
\ \ (WOGL2) IDJlLIBA r8°e-
- o
[1eb] gr2="xey r__ r_ AS ~8°2 |
! (wOG/.2) IpipDY 8" b= A_h
’ r 0
(1267 2" p="x2} r_ A 1dS Lgy
VYo (WOOG) IDAILIOA s
O
[1eby g-g="xey » » ﬁm.m
H 28 (WoplL) IDJN4IBA o1
r B
-1

1=3% ’ =" X®
(1261 ¢y ol="xel AS dS (wl) 1021 IO




IR DR — AT

DURELHBORLRICBNT, EESIEOEFITHRAK
BEZRF OIS B ETHOREERL I ENHD. €L
T, A, HRERE-ABRR TERI NIZSPEHE DEH S

KEDENMHAS MRS H D, BRI REFICBENT,

YEFEE 258589 P &SI Done-way timeld, Wb,
BWRETH D720, BEIESTH ESPEHE N L KEah
BTRERLZS>TLEY. 2, HEBEDXDEWH
WTIREETH D, FIAE, 1995FDOMFHIEDOREIC
PWT, HiuE Tk I Nz B NERS DL TIE,
EFEORAEBENSPAHTH 2ENKELBHHINT
W3 KT, 1996). #FE OMEDOREBEHMTIE, SPE
W B ICEBII N, BUCLDREHFIIN -
BIZBWTBHHESNTZEWD., LALAENS, SPEHK
OB ZRRFINICH > iz n, Dl sd, AE
DRIIZSPEE R 2 BB ITBHEI L T 2 #1370,

62 TL—bFBERICBNTHKINSSPEBIE

Moholfi & D IFEWFTICEBIFEZ FFDOMBORLETIX, ETF
ko 12 LY LT SPALAE 2 8119 2 FHA3 sk % (B95.3(d)
ZH). Moholll ® FHICHFETET 57 V-1 D LEEES TH Rk
INDENISPEMMPETHD. —FlzmrRTD. 19884 3

35° 30'

1988/03/18 05:34:30.07

HI8HITHEA L 2 AU A OHEE (M, 6.00 13, B
DHEIVBELFIOkNMTH 5. ZOHBEIIBWT, fFHEE
IO EF BRI ITIESPA LR & RN Z 9 2 EATHIR
5. WEOBREIBANSAOMEBRERIT, K6.2(a)lRd il
DTHD. ZOHKE, FFHEEFIERTIE, HERTOBRMN
IZVS355BGHE S N AW SN TV, T O EEFE
THONEERLERE L MEERICEH L, NS, EWKD
UDD R EIZ T TR R LIZD DN, &£4, H6.2(b),
OKRT@TH5. ZNS5DOHOHT, BB D
EEPIK KR DEESTIE, WiEtT o5 HlifFsn
DEDIREBIEN WM &> TWwb, SPEMIIE, K
6.2()D L FEIFETHRIT 2 2 &AT sk, EESHITFE
R TWBA, 77 h-b RS TR E 72 SPALFH A BRI
A ENLD.

A
3
; {7
\
Mag.
O s.0
1 O 5.0
o 4.0
140° 00'

R6.2 (a) 198843 H 18 HICHAUAR SRR THEA L 72 Mg DR & T B S B A DAL i [
Fig.6.2 (a) Epicenter of the eastern Tokyo earthquake of 18 March 1988 and the location of the Fuchu array.
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Table A.1 Site information.

No. | Site code Station Name Lat.° N Log.® E Depth (m)

1 AKW Aikawa New 35.5216 139. 2951 30
2 AS1 Ashio #1, Utsunokomori 36. 6321 139. 4646 0
3 AS2 Ashio #2, Karaburo 36. 6149 139. 4033 15
4 AS3 Ashio #3, Mochigase 36. 6247 139. 375 50
5 AS4 Ashio #4, Nankyo 36. 6597 139. 4481 40
6 AS5 Ashio #5, Mikouchi 36. 6655 139. 4779 36
7 CHF Chyofu 35.6758 139. 5508 0
8 CHK Chikura 34.9674 139. 9491 0
9 CYS Chyosi 35.7022 140. 855 0
10 ECH Ettyujima 35. 6653 139. 7925 0
11 FCH Fuchu 35. 6507 139. 4736 2,850
12 HCH Hachieda 35.6519 139. 8147 0
13 HDN Hadano 35.4304 139. 1937 50
14 HFC Higashi-fucyu 35. 6692 139. 5036 0
15 HNO Hanno 35. 8425 139. 2997 7
16 IKK Ichikawa—kita 35.7628 139. 9697 0
17 IKM Ichikawa—-minami 35.6915 139. 9208 0
18 ING Inagi 35.6367 139. 5025 0
19 IWM Iwai-minami 35. 0803 139. 8647 50
20 IWT Iwatsuki 35.9258 139. 7381 3,510
21 JIZ Nakaizu 34.9129 138.9968 0
22 KFC Kita-fucyu 35.6794 139. 4694 0
23 KMD Kame i do 35. 6858 139. 8386 0
24 KOT Yumenoshima 35. 6456 139. 8356 0
25 KSR Kisarazu 35.3733 139. 9183 0
26 KWN Kawana, |to 34.949 139. 1415 10
27 MKB Makabe 36. 2358 140. 0819 0
28 MZE Mizue 35.6894 139. 8944 0
29 NIZ Nishiizu 34.787 138. 804 0
30 OKA Oka, Ito 34.9583 139.0978 0
31 OKD Okudo 35. 7369 139. 8656 0
32 OKN Okuno, Ito 34.95 139. 0652 0
33 RGK Ryougoku 35. 6944 139. 7994 0
34 SHM Shimohsa 35.7934 140. 0238 2,300
35 SHN Shinonome 35. 6453 139. 8022 0
36 SHO Shiohama 35.6625 139.8119 0
37 SHR Higashi-hirahige 35. 7281 139. 8153 0
38 SHS Shin-sunamachi 35. 6594 139. 8375 0
39 SNZ Shinozaki 35. 7106 139. 9003 0
40 SRA Sarue 35. 6844 139. 8225 0
41 TKN Tsukubane 36. 21 140. 0922 100
42 TMA Tama 35. 64 139. 4472 0
43 TNG Tokunaga 34.9198 139. 0473 0
44 TTM Tatsumi 35. 6442 139. 8125 0
45 TYS Toyosu 35.8172 139. 798 0
46 UHR Uenohara 35. 6344 139.1162 23
47 UKT Ukita 35.6672 139. 8667 0
48 URY Urayasu 35. 65 139. 9053 0
49 YHR Yahiro 35. 7222 139. 8281 0
50 YMK Yamak i ta 35. 487 139. 0628 0
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(2) Ashio array GZREREFIBI)

B B s AL SR o0 e R L & 2 R B HTICNE, BALICR
TS5 EPENEBEBIN TS, 205 BHBEMROHT, ASI
BHEOAPERH S THO, MIIBHIE2ET 58
HETH2., FEBPHOFEZIT, AS2, AS3, AS4AKT
ASSEIHISIZBNT, &4, 15m, 50m, 40m&CF, 36mT
HB. 1996F N 513, K-NETO ERBEH SN BEEL =7
W, BETIE, BROMEBEHAAIL6 /x> Tn5,

AS TR G2 RN R B 32 A AR LR R ERE AR R R
142451, Z OFFIERMEORINICER S N/BHHT
b, EEZREBOERTERBICETSE LA L
IR EIN TS, ZOBRETIE, VA0IZRILEREETD 3
RO BB NEHA LICHRESI N, Z0%, MEN
WX VSE-11/12B R EFE AP S A, 16k 9 M O [ Fkds
SAMTAC-16XICH S N, kSN TWVD, ZOEHA
DOEEIBIAE, Bi62HE3 HTh 5.

AS2EE A U2 B B H /K 253G A5 KL EERE R e
HT13658) 1%,  JE#TEE =R OIRATERPIRRE F1215mD
BHEHAZEZLZHAUNRTHS. ZOBEBSTIX
2,000mDH T & WK ERBEEBRNITTHONTHO, %

AGiBRICE 2 EEMEDEON TS, ZICXNT,
ZOBPRTIE, BT ImKHOERLEZRE, BLE140m
12D STEE N2 2kn/sTEE TH 5. 140mELEIT,
480miz D XS FHREEN3 2km/sFRE & 72> TS, AS2
B OBLHIBIGAIZSERRICE 3 HTH O, 15mOFLIEK & sk
IZSA-3SS RN E R IR B I Nz, ZOBBPE TR, £
D, HEDMEEFAVSE-11/128EEEHIEE I N,
16t" v M DI ERER SAMTAC-16X 2 F W THEIIFINER I 11T
W5,

AS3EIA A R 2 i 18 BB e 5% A AR LR R ERE AR R R
WY 950 B G k245 BE/INIEND 13, A&ﬁmﬁ#bfﬁﬁm
OZ P 7 W) 2B LT 5kmI D DIF o = M S IR S
ht.__u,%ﬁ%#ﬁﬁkm%ﬁﬁﬁmﬁﬁ%ﬁy
SomOBPHEHTHHUATH . BHEHOHMEZ, #h
T32migMn& L THO, LUFRATER RS FLED50m
FTHEFT D, I OBHEASIIHBT SIMEIERZL, 25mh 5
BN CTRBELR DR /2o 2y, EERE O
BICHEEE L THENTBO, 25m~50miz D X EHEE L
P K USHE T, &%, 53km/sKU3.1km/sIZELZ. 2
IR B OEEMTH D, AS2BIHI S &R g,
AS2E I S D480m RN ASID25mEIRICH G L £ 5. 2
OERATIE, ik 4443 AN SERMEGB I N, V40l
BINGHEEGTO 3 B B EERT 2350m D FLIEIC, VSE-355)%!

HEENHEICRBEBINTVS, IS 2 RZBOEBIL,

16t 9 MIDSMAC-MDIZ X DREER I N TN 5.

ASABIA A U2 2 r A R AR B R A AR LR 4R AR 2 BT
FMBFEM X, B =REETH 2 BRI AEREORHE R
4omZzEIEHIL 2 BEH 2 ETH5BMSTH D, ZOBIHF
OB, FI8IMZNERLIHTH Y, ZNLUENKE
REDEME TR EINTNS, HERBORKRIZEN
1L, 32m~40mD¥EHE T BT B PR ST HEL, %4,
5.33km/s L TU2.67km/s D XFEE Z R L TWd, ZOEH

mIE, ERBABEICLSMEEIIBNTIE, ToREEE
ﬁéﬁﬂﬁf@@,1%5@3%#6@Mﬁ%%éhh
Z 2T, VSE-355J803 B EF & VSE-11/12 2 3 573,
#a, HHamEHRICHREIN TS, b 2 7K
EF1E, 16t v MUOCVIIORINERERIC K DREEHEI N TV
2.

ASSEIH A (2 BT NIREE N A A AR RHEER
TR &17191%, T OHIBRICISL U THfmd 25885 =
R DEEIRAE [ PR P 36m D X 2 HRE| L 72 Bt 24
THEHUSTH S, ZOBEBRT, ERITEETICHET
HNOEEWT AL M OUE L) & 28H % BRI FE L
W T e ISR 2 R LT D, ZRUE, B
DRENCEES T, 17O ENWIRICERTZENS HH
5. BEEHFOHET, HES10mPIENERPIREETH O,
HEMEOHKRETIE, ZOWMIOPKRUSHEKEEIL, &%,
2~ 3km/sKTN 1 ~1.5kmisE72> TWS, Z OB O
HIBHEAIE, FERK 9 4F10H ThH D, VSE-355JBIHE G &
VSE-11/12BUEEEHDY, &4, #ip EHIRICHREI N TW
5. IG5 2 RZMOEFIL, 16t v OCV-910T I Fk
kDTN TN S,

(3) CHS (b7 iuseeG BdiEat: TR i R £

BREHORMICAET S 2 OBBLEIE, EFE=7HE
BEICEZINTSBO, INEERGEEESAMTAC-17/) 1
RICHRBEBINTWVWD, ZOMEFHE, 3 R BNEES
SA3SSEERAL TS, #HBAGIE, BES9HE3 A THS.
(4) FCH array (FFHEEFIBIIN: R 5L BRI P A HT 6)

HEERER N DL EEMIE TR L /2 2 OB, 1T
FR i RS BY LI iR (FCH) 2 0T 6 BLHLA D SR S
TW5a, Ziud, BT, 222THiRA=Z@ED THS., Hb
BME S OFCHTIE, 2,750mD&EBEIFICMA T, 500m&
200mOBE P EZ I N INSIERHOFLE & HE

Site Location

139° 18 139° 24' 139° 30
36" 42 36 42
o &
S1
‘53 ‘
:SZ
36° 36 [ —— 36° 36
T 1
10 km
139° 18 139° 24' 139° 30

A1 RSB R OAERN
Fig.A.1 Layout of the Ashio array.
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FA2

200345 H

IWT, FCHRU'SHM B A M T BT 2 i N i
Table A.2  Velocity structures at the IWT, FCH and SHM sites.

SHM
Layer No. Swave velocity Density Thickness
(km/s) (g/cm°) (m)
1 0.17 1.7 3.0
2 0.24 1.8 9.5
3 0.35 1.8 7.0
4 0.41 1.9 12.5
5 0.33 1.9 16.5
6 0.27 1.8 2.5
7 0.35 1.9 28.0
8 0.45 2.0 272.0
9 0.72 2.1 497.0
10 0.90 2.2 345.0
11 1.17 2.5 309.0
12 2.54 2.7
IWT
Layer No. Swave velocity Density Thickness
(km/s) (g/cm) (m)
1 0.16 1.7 12.5
2 0.13 1.8 2.5
3 0.33 1.9 27.0
4 0.37 1.8 9.0
5 0.33 1.8 14.0
6 0.41 2.0 17.0
7 0.36 1.9 20.0
8 0.44 2.0 218.0
9 0.76 2.1 670.0
10 1.30 2.5 980.0
11 1.60 2.6 830.0
12 2.50 2.7
FCH
Layer No. Swave velocity Density Thickness
(km/s) (g/cm®) (m)
1 0.14 1.7 4.0
2 0.35 1.8 12.0
3 0.42 1.8 6.0
4 0.36 1.8 22.0
5 0.53 1.8 6.0
6 0.60 1.9 6.0
7 0.44 1.8 20.0
8 0.46 1.9 14.0
9 0.54 2.0 115.0
10 0.78 2.0 856.0
11 1.19 2.2 963.0
12 2.53 2.5
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12, AlEENEEE V401D 3 o BB AR E I N,

HAHFIERNTONT NS, FCHEMIATIE, ®EH 2%
FIAL-RERBNTONTRY, HEE-EBROHE
Kt (KAL) A S MIT/ > TW5D (K-, 1981).
723, FCHCOHMEEEIZ 2kmTH 5. FCHEHEIRITH
B EBIBAE, BRSS9 ATH 5.

FCHER M i % & D KFC AL P oR B BN ), ING (Fabk
WEBNR), TMA(ZLEMEBEHNMER), HFC GRTHH
BEENMEER) & O'CHF GRAASEEH N A B TIE, 3K

B E 5HVS-3557319824F 3 A LIRS R TR E S /208,

19964F 3 H LABEVSE-11/12BLEEFH I IN TN S,
FCHEAI 2T E L& &, HEBNKFC, TMA,
INGEKUHFCEHI A, BEZE 3 kmDERHCEEI N TN
5.

(5) GNB CRIL KA R BN a8 F A FIRE AN
ZOBHE SO, HILHSICH D, GNBEHIAIL
19984E D 3 A AN SIERL L 25 F 1L Z B D OIS
JEBH Uz ik m B gl a2k 5 @S TH D, 2
DEERBEETIE, AN OTVIAK2 BIR R A hEdk

O RIZREIN, FHR104E 6 AN GBI Z2IED 7.
(6) HNO (ftrE bt 52 3t T 7k f8 00t 5% - 1 & DR B RE v K= T

656-2)

BEICENZ T L2 OfMAIE, BERILHEHRET
BRSEE & OBRERTMEICEHRINL. oKD
B, EHE=RBEXPHFOREBHRDS 5O ENLB
HTHD. KEBRERRICHESHBHEZETIE, HENS
1.5kmiz, WEBLOWELHEDEE THS. HEEHH
FIES TmiZBHI SN0, BESL, AfbEHRTH A
5. BEPRALERICIE, ANERIEE R SA-355 N EE &
N, BEFI624E 3 A K D EHMIMBHBE N
) IWM (5 ra s R s 5. T 35 R &2

1175)

ZOMERRE, HEHROREBHRKEBICET D EIKE
BOMKBEOBHBICERINZBAUNTHS. 20
MR TIE, SA3SSHMHEEF 2 RITHEL,
SAMTAC- 17BN &R 1T & 5 Bl 2 BEF1604E 3 H & D Bk
L7z, Z0%, k745 AT, %N TS 49mig iR iH]
INF=ERH O FLEIZSA355 B I EFH &2 %@ U, B
MWiTbNTns, ZORAT, i sEidiet v oD
SAMTAC-16X& 755 7=
(8) IWT CEMBLHbBETS BhsL B ha st ¥ R I A B R 28 D

12878-1)

RSO OVFF h R ERICALE T B Z OBBEI ST, B
ETHRDESHEEILZ3,510mOBHH 26 L TWS. i

e B % L LMY e

RICACIE, ZOEEITIAT, 108mOBHH1DH 5.

108m & IR ITIE, SA3SSEUAMHEEFAY, WEH LRI
VA1 EBERINEE R 3 A NREIN TS, IS
DOIEEFT DE B[R — D24t » MUELEREF SMAC-MDUIZ
NI N TND,

ZOBNMEE T, EEH R L 2 EEREOhta et
al. (1980) IZL DTNz, TOHFE (FRA2ZH) Tig, #
BNTOPKRUSHEHEIX, &%, 5.5km/sKk2.5km/sTdH

Sf. INSIE, [MnbEENEH
HEDOEETH 5.
(9) JIZ  (H {7t 1 5 s Th fed 00 i 35 < i o UL E 5 i o 5 LMY

I CREB R R B660-1)

OB TIRATLEOREBRETHIE=2DENE
JEREDEIKEF 2 < DB WER/NNICHEFINRRE I N
TW%, MAVORIEEZFIH U 7= ST HIE TiE, 1.3km/s
OBMEFHEEZRL TV, MWW OMES RS EITIE
e N T 5 FE 40cm/s D A R B3 5T SF-101/102 & V401 241
HERED 3 o BIHEE N BRE I N BB, #E
S48 ATHS. ZDKk, FNMEEEFHIL, 1996412
B A HE T 100cm/s DVSE-11/12B5#HEFHI AT LT
5.

(10) KSR CRERSH BN TEERERETH R1-1)

ZOBBEIRE, EEBBOED THICERI N,
PR TOMERETIE, 2mgNEOLTTHD, 2m~
7.5mIZINfE10~20F2 B DM & 75> TS, NENS0IC
ET201F13mTH 5. BHAEIKTIE, MKRITSA3SSEHIE
EEt & B OSAMTAC- 178 R B AT B S Nz, BN
1%, FHFI604E10H TH 5.

(11) KWN (RGBSR B IR AR RES
AE31-1)

ZOBPERICBIT 2 MBI, FERERAHD
HAMBOBFEEMEZRET 2 HWTHM64E AN S
BRI Z AL 72, BT, FERPNICER S N2 10m DB
HALEIT VA0 BRSO 3 i BBt 2 %iE L T
o N, ZOBBIMER ORI, FEILO 3 RIS
BMER, OKN (BEFHIFHE B MG BEA, TNG
(7 Hb 78T B 18 300 e 3%) 0 A B N OK AL () b 7T Bl 8
It )ﬁﬂﬁﬁﬂb<@%+%ﬁﬁ@®ﬁ%%§%ﬁ
L E L THREINS. IS OMBRIEEBMIER T
1, HEFRITVS-355 B 5T 2 B ICERE L2, a0
DOHBEOERRITEVE SN,

(12) SHM (T AeHhses B8 I a2 . T 52 IR 3R 8 A Ak vE ma AT
By

ZOEBHERfEZHTIE, 2,300mDERBHITA T,
200mDERBIFNEFZ I N, NSO 2 BHRHFLE & i
RITIE, V401D 3 B BINMHEEF MR E S Nz, WEH
R U - R R oM ERER, K-l (1981) 12
K 0fThbNz (RA2ZH).

13) TKN (O W ThiaBE Rz kiR D IEHAKFB
FH %7 FH 1435-56)

ZOBIHEI S, HLwEE T, ¢$ﬁ@mﬁmﬁ%%
OBHBRICERINEHBAMEHTH S, HEik A58
Ewﬂﬁ%@f@é#,%@&,&mn@@ IS
B & U T, SRR 7 AR 10 H IR X 100m D B 23 4 H X
Nz BEHOMER, 2mOELOTF, 40mizhEILIE
METHO, 4omPAESH R BERERE SRS, HE
BMEORBEIZLIE, ZORERAEMEDOPIEED
527km/sTH D, T DSHHEIL2.55~2.69km/s & 755,

C OBBIMER T, BRGNS FEL 7 F10H X T,
FTHACRE FICVS355BIE B 2% @ L CRMZT> T

B 5 AN ARTE S % 5
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WS, T D%, BRHOWEAENTEY, SERK 7 F108 2
5, 100mDFLJE & HZITVSE-3551 83 51 % 3% i U Bl
AT U7z, E7z, FERNOBEBFERITIE, QA-3000%
I EE Y, VS-4BIA A TOREEEE, STS-2AUHERY, L-4D-
SCHLHESTENHBEIN, ML OHBRBIHICHNWSNT
W5,

M U Sk BE R A ICIE, MKB (BEEEREREINLS) &
HEDHEME3FE A ICEZINAZ. ZOBBEIRTIE, H
M5 160mDE ST H MU VSE-11/12 B 5 A3 E
INTNV5B.

(14) Tokyo Lowlands (KOT) array GLIREEFEHD)

ZORFBBEHET, H2.6TRUEKDIZ, HAKME
OB N SR EIN TS, KER TH > ZKMD
(BFIREHNGER) S URY GHZREHHS) 1T Z OBHE
MIZEL TWa, BEHICEIL Tid, 2241865 T
W5,

(15) UHR (LB7JE B e M3k L AUR b AR B8 A L By ST
EHEFTDIRI91)

Z OEPFITILALIR BN O /MARENIZ R L 7223m
OEHHZFTI2EHPETHS. BHHEFoEIX, BX
Z3mOELLUENEBFETHS. AL, ZOREBHE
JBIE 2RI 2 S THIBEAHEL TWd. FOEH
HICIXENARD SN, WiEH L E2REL TWS, HE
BEORRICE L, ES13m~23mD K TOPKRUSH
HE, &4, 2.63km/sKT1.32km/sTH D, Z OB
TiX, 23mIFDFAIRITVAOIIEEET D 3 ko B EET
HRICIZIVS355 B EF BTN ENHZEI N TS, #
HIFAtAE, ER7HE3 ATHS.

(16) YMK (LIt t53E BhER B b 3 . 52 ) 11 I Je A AR LLI L BT
H)11927-2)

Z OB TIE, B=RO&EMMERE LITVSE-11/12
RIEEG2%EL TWD, BIETERE, FHRILBEOIFIE
HFOREBICALE L T s, BRIBRE, SFRR63F12H TH
5.

1B, ARHERHIEST
ZZTIE, ARERHE-HBERENEDOL D tiE
FtEHWTEHHI SN Elh &S, HEFE, R
HWEGHERWT, 2 TAMEMNHMEBE EHMINDIBOT
H5 KT, 1998b).
B.1  ARHEREST O
B1l1l YA—-ATUVI %
BIBRMEH WA ED, TORERIVAT V) R
RV TR THS. HBUIRTHRIZ, T-MIEESI N
A, TV-ADZERNCH T BN y() I L T, Th-MTxt

T OMMEAMx() 2R U D, Tk, WOEE LSRN,

VDOEEZE m [kgl, N FEER(EWIZL, stiffness) & ¢ [kg/s*s]
L5 L, R LS.

m(d’x/dt*) = —k(dx/dt)—cx—m(d*y/dt*)

ZZT, —exW3N1OEICTI, —k(dx/dt) i 3IATHT 222
SURPIET 2. 20T, LaplaceZ s # W TRAD

SO ICHEFRERTERIEINS.
(s +2h,w,5 + @) X (s) = —s°Y (s) (B-1)

ZZT, w,=(c/m)"? 12O T OREA MRS K [rad],
hy = k1Q2mo,) BBEERTHS. B-DANS, RO
EAN(s® +2hyw,5 +0F) TR END T EAVHS S,
T, ZOHRRNZ3 DOENHD ZEIZERHLELS.
BRI ST &3, VAOMMAEM X (s) ZMTL T, Z
D3IDOEOWTND, HLLIZFOEKIEIE LK
EIDOMMBZRRTDHEICLVESNDIHMEFTH S,
Bk g DERIC, B2 IRHUEBENS RSN, HEE M UE
frED) 7%, ZORBICEDITNT, Mieh BHEICEREERS.
B.1.2 AR R

ARV RO AR E B-1) XITEDOWT, K
B2@a) D ICERL LS. FTOIER S6)=
1/(s? +2hywys + 02) TH . T DRITH =72 [FIEE S, (s5)
ES,(s) ZHALT, EB20b)DOREAIRE R (AIRT,
HOANCHL TEOYMHEZE G X 2FEIK) 2 KT 5.
ZOMEEEIZED, YAOMEZ P RITHEEEL T 500
AMETHEBE OREATH 5.

2T, HB2b)DOMHEERE L TOAMIIREZ

V(s)/[-s’Y(5)]
=Sy ($)S(8)/[1+.8,(5)S,(5)S(s)] (B-2)
= SO(S)/[(SZ +2hywys + w(?) +8,()S, ()]

Ehs, RBOKBITEETAE, REEN
S,(5)S,(s) P THALNSD T EAHS S, L [
OAHMAS, A7) MO Mg ORI E E D L D ITZE L
SEINE, KBNS HB L HKS. E<HSsN
FEETHDN, MBHELTONENS RTHEELE
13, UFD2HETHAD. —DiF, MES O E T
DIRHELEL, ZHUTIIFIEREEOR T EEDS O —
BHWTHD, FIfFEHERIEOHIIEE—ETHD) THS.
i, —HlELT, RB-2) TS, (s)=Ds (TN, #
BT BRI, RO TFOEBOEERHZEKT ), KU,
S,(s)=4,G/mR,) EL THNTHSNTHSS. ZD
K, XB-DIX, MEHEEREELT,

V(s)/[=s"Y(s)]
= Ds/[s* +{2h,w, + DA,G /(mR,)}s + ;]

&80 DAGI(mR,) &K & < BUuE (BB, 4, &K=
<HAUL), EEMEBREZLSEDERL, S
D s OEG I V) OH) & BT ERELS T BT EAH
KoK, M E UTOVHBRALAD, RGNS
DT 5. FIBOME, ERT L BHRICHEEDTH
5. FUHIT, 65 DOEEARMERTHL.
S(s) CEEND A 2LOKREILT, EROHEN
DAGs/(mR,) THEMTE 5L 5195 &, MkEate
UTORMHENTORMEE, ERickD, ERMIC,
mR, | 4,G=1/S,(s) £ 73 %. BB, MR,
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Frame

MB.1  HMEFOHEA LD R

Fig.B.1 Mass-spring system which constructs fundamental seismometer.

()
-s2Y(s) X(s)
—_ Ses) >
Sis)=1 /(sZ+2h0a)Os+ W o?)
(b)
2Y(s) + V(s)

\ 4

Sts) Go(s)

Gi(s)

MB.2 HEFO AR, (L) Y-27 V) ROEHRBIEGEIR, (F) AR RMEEST O FsBIBERR
Fig.B.2 Schematic input-output relation of a negative feedback seismometer. (Top) Complex s -plain representation of

mass-spring system. (Bottom) Representation of a negative feedback seismometer in the complex s -plain.

Transducer Amplifier Out put
-s2Y(s)
+ V(s)
Ses) » D) > Acs) >
I
I
Mechanical : Electrical
- | —>
I
System : System
I
I
I
L Dr(s) Hes)
m
Driver Compensator

®B3 AMERMEG 2 MR T D HEATR

Fig.B.3 Basic elements consisting a negative feedback seismometer.
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Sy(s) ZHEpk T AR (ZDHE, Ds)FENHELLBW
LMD, mETE, ARERBOBEITED, M
A1 P D AR H 25 S B IR R 12 3 TN D & DREE K T (A
IR SE) DN 79T O FIRE O ENER SN D H

Lias. W, WEKICHAAENREIFE T OZE,

ZOETHEAHOHNCHNEEER S, —BRIR
THUDE, THIREREAER O AR (B-2) 45,
S,(5) B HAKRETHIEICED, KROEMR TEH
ENZHETHRENLS.

V(s)/[-s*Y(s)] =1/ S,(s) (B-3)

ZolpAE, AREMMESIOAHEZRTHOTHS.

ENn-aREMMERNTIE, ZORFRENKLB-3)IcED<
EWZ D, o T, BUFTIES,(s) &l cHiBET Ok
EIRNRDELELT D,
B.1.3 EXR-HWEHmR

AR R OMMAEE /2 EEIE, KB20b) D
REAS, EBRICBNT, BEX-HEMARTHERIND 2D, #
SYBEORMNEBRINS[BELKR]IN, TLUTHY
[HEBRINEE(LT 2R THS. BB, WA-A77 V) RIC
BUFBADTV-MIH T 2 HM AL [ R ] & A Hids THE
JE[BRRNCEMRL, MEBKMEKEZEL T, WEER
U ELEMBICR T 20O N HEMANCEIT 5
BENZOBOMEE OEARHETH272DTHD. £
ZT, EB2b)x L0 BAEKIZHRT 5 EEBIERS.
S, () BEHER D(s) & T DHIEL A(s) THRE N 5.
S,(s) RIMRIER TH S8, T Z T, HHEE %
H(s) BB % D,(s) 7 5 D,(s)H(s)/m DIETHER & 1
5H50ELTDH, ZIZT, mIEOTOHEETH S, £

wEL T, @Y, 2@ oINS, —DIF,

17 HORBEMRESITHE DO EMEMBTH 5. fh
D—DI%, WHROFRFHAEMPICE D HELHEBETDH
5. miEIE D(s)=D, %&\I D(s)=Ds DFT, TADOH
2SR X (s) [m] % BEIESE A(s) ~ND AN EEV, (s) [VIicZs
BI2b0TH%. £, WEEL, MEEEE H(s) D
JEIEV(s) VIZ IR R, [Ql2 8 L TRZE R
I(s) [ARZZ# L, ZHUTHEId 2 BRI EINCE A S
Wa-MVEINFEETH D, ZDOEHEE (motor generator
constant) & G [N/A]E T B &, MAEFHIEMEITHRDZDHD
Nk GH(s)V,(s)/(mR,) INl & 72 . Z O &,
D,(s)=G/R, £12%.
B.1.4 ARREIC X2 HEBHON
AIRERIMEETTIE, VAOMHKENL X (s) » SEik L 7z
HICAMBRZROZ2DTH DM, HEAMICIE, HEE
JRiE, EERE R OAMImEO = EENEETH D, 1
DOFAM AR A A 2 WG, s Ok
BT 0 B D (87 +2hyw,s + o)) D 1 IE (g
), 552 THCGHEE) RO 3 H(EME) 2, &4, B
JEEmMEIEAZEERS. LRSS, HEEMD
M D(s) ICZfEI 2D B 0nHES. wEEkE L
T, AWM MBI SR L T, HELE
s (T BAM P IR R R MR 2 B L T H, Wi

H IR R O MBS RS,
ENEWBZERWZGEG, BT 2REEEEEZ
s RSO B ETHHEICKD, Ko, IEE, HERD
ERENAIREE 72D, Fiz, HELHEZAWEZEE
BT BRI E o KPR ETH I EITRD,
B, MEERCEERENITREE 25, 2w, SEH
WP ZZDOEEMATELMBHIMMED R NDIZE D
FTHRL, BB L ITEHELSHBOH T2
MICHEL TRIET 2MHEESHD, ZNET, EENL
B ThHor=. W, B SIEE-F EESbhsm
HWEFTH D, BAETIE, R EIVA01 BN 300
HE R BESATINHEF 215 2 DK TH 5.
B.2 Ak BHEET O
BIERHERNE, BB E%ET 2 IE RO H A
AbETHRL2OHEBFNHETESMREEEZFFD Z &N
oMoz, 22T, EBROHEAGODEIZDWTH
RLUTHED. £T, WHEMEE L TEBICRT LD i
BENEBASOSND. ZITIE, MEDA, wWHEEK
H(s)=12{KEL T, B> TAREMMEFOR
ARTHBNEEE %= RIKITERDELET 5.

#B.1 Bl B AR ET O
Table B.1 Five fundamental negative feedback seismometers.
A, V and D represent acceleration, velocity and

displacement outputs, respectively.

Acceleration- Velocity- Displacement-
Transuducer
feedback feedback feedback
Displacement AV,and D AandV A
Velocity AandV A

B.2.1 GRS GEEERR AR
EIB.4(a)lc LU, MEESHE LU TOREREIIARLE
25,

V(s)/[—s*Y(s)]= DA, A,s” /[(s* + 2h,@y5 + @)
+ DA, 4,Gs* [(mR,)]

7> T, DAAG/ImR,) % +onKRE<THUE, mR, /G
EMNEE ST OMEEE LD, OO AR H
Batid, BRI QRPN S EE KRB ) & FRRIC S
SNHFMEFFOBLDTHD. AL, MEEHIILEA]
ELTHBRELRZFFZRN, REEEZETH5ORIEMEN
OHTHS. TI TR, EBEICEIRLFEHEINZELR
WS, B E R DOHIEFHT DWW TZE O fER] &R L
THIS., 2aunid, XB-2) ERB4@EVAKXTE
ABN5.

V($)/[-Y ()] = Ds” /[(s> + 2hym,s + @y

+ DA 4,Gs” (mR )]

(B-4)

(B-5)

zz7c, m=003[kg], £ =1.5[Hz], hy=0, D=50
[Vimm], G=20I[N/Al, R, =667[Q]ET%. Fi,
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Fig.B.4  Five fundamental accelerometers: (a) Acceleration feedback seismometer with a displacement transducer. (b) Acceleration feedback
seismometer with a velocity transducer. (c¢) Velocity feedback seismometer with a displacement transducer. (d) Velocity feedback

seismometer with a velocity transducer. (e) Displacement feedback seismometer with a displacement transducer.
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As RO Ays EUT, i A1 8K 2 50 B2 38T BOE 2

AT-EBS@MN ST 5L, As=4,s &%, ZIT,

C,=10[uFl, R=5MQ] R,=100kQ]&TS. Z
DR, HERE mR/. / A4 A,G =1[V/m] (=0dB) &720,
KB.6 CRI Rtz BmTHEMEIE 5.
B.2.2 T U R A St GREE R H AR T

KB.4b)IZ LN, ZTOROMBEOMEEFE LT
DB, K& s,

V() /[-s*Y ()] = DAs> /[(s* + 2h,m,s + @])
+ DAGs’ /(mR )]

- T, DAlG/(me)%+§ij<%<Thbrf, me/G%E
HHREE T2 INEEFERS. T2, BEEKEO®RF R
SHEEHNNESNS. ZORONEEMBESNS5I13E
EEEZFEDOHMIE SR, IEERCEED 2 HH
ZRD IO OB, (OB ESEER#SD-240
N5, ZOROMBEE T, EFEHIE/HOMBEICD
WT, BEflIZRLTBIS. EFELREL HB4b) &R
B-2) "5, XKAXDLDITk>.

V(s)/[=sY(s)] = Ds> /[(s* + 2hyw,s + @)
+DAGs” [(mR,)]

(B-6)

(B-7)

T ZT, m=0.043[kgl, f,=143[Hz, h =0,
Ds=1,250[V/(cm/s)], G=28.6 [N/A], R, =667[Q]
ET B, Fiz, As EUT, BB Z M) BRI EHIE
ZMAZEBSM) A5 MRT 5. EEHROERI,
C,=10[uFl, R =150[kQl, R,=100[kQ]&TS. Z
DK, HEHHOREREIIRBIER S, HEER
mR, [(A4G)=1[V/(/s)] (=0dB) TH . ZOEDEEG
13, B23TlRRZHEEFHTE EILHBENE NN R A ZE
HI D0, KEFEEETOWHEE%-12dBloctave & KEL &
N3FEEALTWS, Zhid, HEF KRBT
DENEERENT HEHEERDOHDOTH 2.
B.2.3 B ERRILEE T (ML)

HB4(c)I2 X iUE, ZOROMBEFOIMEEFELTO
REE, KX THEASNS.

V(s)/[=s*Y ()] = DAs /[(s> + 2hyw,s + @)
+DA,Gs /[(mR,)]

#>7C, DAG/(mR,)&KkE<TIL,, mR,/GzHNH
BEETHIMEE &S, F/2, ZOROMBEII,
BAEIEE N S EH IS 5N 5. STS 2B E S, VSE
R B I "CMG-3TRURE B (B 72 AT, CMGRIMIEE
FHE, HESIOBREBOERRESNTSD, HEL
RITNHDOTHEH, N WMEZ2EETZHAICH DO
NEFWITVIIRABN 12 HNWTWS, HEHDOLWHIEST
H5.) 1L, FridlLmEiEERNE 2 ORI S O E
HhzEHHETHHEFGFTHS., HL, ZOROHE
FHIMEEE & U TR BRIEZFE2T, HEN I OBN
RIBEEET DHEITRD.

22T}, ZoROBEES OFERF & LT, BRETH
R DOVSE-11/12BREFH 2 /B S, OB OHE L

(B-8)

i, EB4(e)EX B2 &0, Rl Lind.
V() /[=sY(s)] = Ds /[(s* + 2hyw,s + @)

(B-9)
+DAGs /(mR )]

22T, m=0.03[kgl, f,=15[Hzl, h,=0, D=50
[Vimm], G=20[N/Al, R, =667[Q]1&¥ 5. 7z,
As ELT, RBHERZMS BRICEREEZMAZE
BSMb)N SHRT 5. HEEPOEHREL, C =10[uF],
R =5IMQ], R =10[kQIET%. ZOK;, HEHNOD
ISER RIS 2. i EE mR, /(4G)=10
[V/(m/s)] (220dB) TH 3. Z DVSERIEEE 3t DK E I £
ICBTBEEIZ- 6 dBloctave TH D, HMEFFOEEELTE
LT 57-20121F, TODKRESREENNKELELT S, D
&, B22DOMEEI D D-12dB/octave R EIINETH A 5.
ZHUCEEL T, STS-2BUHEEr OEMERIEN S, AN
UTERBEAFEER TOREREZKRE<TINERRES.
STS-2MIMEEHE, A EEst & U T RERE S 7 S
FHEHTHS., 22T, FOHEKAEBHRTIOVWTHRRT
BID. STS2BMEEHE, HB4()DEAMEKZR DB D
THU, HmMIIIHROEMAETHD., Wb,
BIB.4(c)ICH B H—DM i EHK Cs (LUF, #HAOMER L,
A =C &I 2)ITHPER/(Rrs) EERKEFE R 25
AL (EB.s(e)Z ), EEEHE L ToRt®%EETT-

detector __output
Ry R

(a)

detector ) output

(b)

detector output

'\N\' T= R303

(c)

MB.5 JEEER; (L) 2R R TR O IR 2
&, () 2847 b9 ol B U 0 B M 7R B D R B R,
(F) STS- 2B L Bt D R TR

Fig.5 (Top) Feedback element used in acceleration feedback
seismometers with a displacement transducer. (Middle)
Feedback element used in velocity feedback seimometers
with a displacement transducer. (Bottom) Feedback

element used in the STS-2 seismometer.
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Displacement response characteristics [VSE—disp]
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Fig.B.6 Frequency response characteristics of an acceleration feedback displacement seismometer with a displacement transducer.

Frequency response characteristics [VS-315]
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Fig.B.7 Frequency response characteristics of an acceleration feedback velocity seismometer with a velocity transducer.
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ZbDTHS., ZOK, MBAQDPEELNZTV,(s) &7
L, V,(s)/[-sY(s)]1E S,(s)=a KU S (s)=0[Cs+
/R +1/(Ryzs)l/ M EERIL T, ARERMET OREA
ABADICINHERATHZ EnGESNS, HL, &
HE HEB4PLEEa=D, c=G/R;, M=m KU
H(s)=1&LLTWwa, ERIIRKA L5,

V,(s)/[-sY(s)]

=as/[(s* +2h,w,s + @) +ac{Cs + R, +1/(R,z5)} / M ]

=(Ms” /| 6C) /[(Ms | aoC)(s* + 2hym,s + @] )

+{s* +5/(CR)+1/(CR,7)}]
Wielandt and Streckeisen (1982) 23, Z DFw3L D H THLHIZ

Auz®kiz, EROFT2hos+o] DEEZEHLZHO
T, Xl&iss.

Vy (s)/[=sY(s)]
=(Ms*/oC)/[Ms® | acC +{s* +s/(CR)+1/(CR,7)}]
ZORNL, R AEE I 3B 0 T-12dB/octave D FI 15 5 I

WP/ CRr DHHIRITKDBENDH I LZRL TN,

ZORIZ, RERBICHESSEAND ZEICLD, KE
W EIE T DOIE % - 6 dB/octavelB T B H%1L, DCH-F B
LLIIEBLHGERKOATIEIN, -7 (HEFOFR TR
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ERHDEL TS, F/z, STS-2BMEFAVSERHIE
FHEE<RBDHEE, ZOMBHNERBEOEERT
HDMBEFZOMRIZ, VSERMERRD, EEMIESRZMH
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BEMIEL, HE e 6EHE O LR Z100[cnvsiz K&EL L
TWBVSERIZHK U, STS-2BNIHIE rJfeE D LR % 3
[cn/sIBEETHEEL, HREEZEHODIEEZEAMELT
WA Ths. BB, fnfifes BT 2720, STS-2EIMIE
FITIE, WMAERIT MY 2RAET HEHRETEHN
T, ZHETOAEHNTNS,

STS2BIMBEET DHMEERL TH I D, T DOHEMED (B-
RTHALND ZEIXVSERIE[FH U TH DY, EB.4(c)
D As 1 ZEB.5(c) DI Z STS-2BIFERHA L T2 720,
Y SRR AP

As=[Cs+1/R +1/(R,zs)]/[Cs+(1/ R +1/R, +1/R,)]

ZOHXERXRB-9 ZHNT, STS-2BGERE OK: AR E
M, fo. by BRORBAATHD. alERMES &
LT, fy&h BERLTHELROENA, R, =500
[QIZRKELLD. ZOMDON IA-51L, M =0.3][kel,
D=570 [V/imm], G=50[N/A]l, C=781[ u Fl,

R =17IMQIL, KU, R,=600kQIA5A5HTNS,

F/z, ZOHBEEIOH NI EEEET IV EBL THAS
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STDIHEEE 75> T b,

ZOBMONEZEEICEAL T, —D0ERZRED.
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V($),V,(s),V,(s), 4, (s) RO AV (5) £FHUE,

— 169 —



B RBPF BN 7SR 78 20k 524055 20034E5H

V(is)=V,(s)+AV(s)=H(s)V,(s)+ s‘lH(s)Ag (s)
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Fig.D.1 Lattice reperentation of prediction error filter.
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Fig.D.2 Estimator of partial autocorrelation coefficient.
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Fig.D.3 Lattice filter for representing the inverse of prediction error filter.
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Procedure for the determination of both the hypocenter and focal mechanism of an earthquake (2/6).
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Fig.E.1 (¢) Procedure for the determination of both the hypocenter and focal mechanism of an earthquake (3/6).
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Fig.E.1 (d) Procedure for the determination of both the hypocenter and focal mechanism of an earthquake (4/6).
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Fig.E.1 (e) Procedure for the determination of both the hypocenter and focal mechanism of an earthquake (5/6).
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Fig.E.1 (f)  Procedure for the determination of both the hypocenter and focal mechanism of an earthquake (6/6).
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Fig.E.2 (a) Procedure for simulating earthquake waves from a finite fault located in an infinite medium (1/4).
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Fig.E.2 (d) Procedure for simulating earthquake waves from a finite fault located in an infinite medium (4/4).
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