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Abstract

The surface ground motion due to an earthquake is estimated from the motion of the
bedrock by convoluting the effects of sedimentary layer on the bedrock. In Japan, thé pre-
Tertiary basement has been recognized as the seismic bedrock. Particularly, in the Tokyo
metropolitan area, a thick sedimentary layer with a thickness of several kilometers covers the
pre-Tertiary basement, i.e., seismic bedrock. In the present study, we investigated the effects
of sedimentary layer in the metropolitan area by means of down-hole arrays whose maximum
depths are 600 meters or more below the top of the bedrock and a surface array at the Fuchu
area in the western part of Tokyo. The summary of the results obtained by our investigation
is shown below.

(1) Based on the direct measurement of bedrock motions, we proposed two models to
predict the zero-damped velocity response spectra in the bedrock of the metropolitan area
for the period range from 0.1 to 5 seconds. These models were derived separatedly analyzing
acceleration records of category I and category Il earthquakes; category I earthquakes
distributed out of the volcanic front and category I1 earthquakes distributed in and around
the volcanic front.

(2) We estimated the internal damping factor 1/2Q, as the order of 1/100f
(0.1 < f<3Hz), of the S-waves in the sedimentary layer. This results were obtained by two
different methods.
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(3) In order to estimate the average amplification characteristics of a sedimentary layer
for the short period S-waves (0.2-2s) in the metropolitan arca, we proposed a tentative
estimation procedure. The average amplification characteristics are given by the average of
ratios of the zero-damped velocity response spectra of surface ground motion to those of
bedrock motion, which are predicted by the models mentioned in (1). The results obtained
by applying the present estimation procedure to surface strong-motion records of many sites
in the metropolitan area, show that the average amplification characteristics are mainly in-
fluenced by the response of sedimentary layer for the SH-waves, arc independent of the dif-
ference of horizontal components, i.e., transverse or radial component of surface motions,
and have maximum amplification factors of several ten times.

(4) Observation and analysis were made for a process of generating a pseudo-Love wave,
which was due to a SH pulse train produced by the total reflections at the upper boundary of
dipping bedrock. Such SH pulse trains are observed in an array at the Fuchu area during the
earthquakes whose shallow origins are located in the southwest of the array. The train of
totally reflected pulses is simulated by using the Hilbert transform repeatedly. The pulse train
modulated by the sedimentary layer becomes a predominant wave which appears just after

the direct SH pulse in the Fuchu area and shows a dispersion characteristics similar to the

Love wave.
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BEGHCHEANICIHE LT3, © 2T, BIELiTb&ERIREET 3.
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AN EFORMARLC ETH D, AETIH, EEbRBizh T 2HREE KB Z 0
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SHHE Vs = 3.0 kn s REOHES S > THIEMAELE LT3 (Shima (1880)).
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# (SHM), Wt (FCH) (= (1982)), RUBEITHIBEOHN (TKB) (s
(1979) ) OFEREH L, Schlumberger iz L A3TEMENL DR TVS, X2 1
IWT,SHM,FCH&UTKBK£U5g&@@&&ﬁﬁ@@%%%mﬁ.E@ﬁ%%
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model [Koehler and Taner (1977))). 81 v -4 2 & RAREE, TTHEE &
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a=310v-27,; 2<v (m/ s) <55, (2.1)

7B IR 3.
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Fig. 2.1 Time series of average acoustic impedance and average reflection coefficient logs. (First,
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digitized at 1 meter depth interval, Next, transit times are summed unrtil integral multiples
of the sampling rate AT (= 0.2 ms) are achieved. An average sonic velocity in the present
figure is obtained by dividing the depth interval required for the sampling time by AT):
(a) Iwatsuki observation well; (b) Tsukuba observation well; (¢) Shimohsa observation
well; (d) Fuchu observation well.
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Table 2.1 Underground structure model at IWT. [after Ohta, Y. et al. (1977)].
Layer No. Vs (km/s) o(g/cm®) H(m)
1 0.16 i 125
2 0.13 1.8 2.5
3 033 1.9 217.
4 0.37 18 9.
5 0.33 1.8 14.
] 041 2.0 L%,
7 036 1.9 20.
8 044 2.0 218
9 0.76 2.1 670.
10 1.3 2.b 8 80.
11 1.6 2.6 830.
12 2.5 27 * %
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et aEEh R e (S HM)

SHMiz#17 2 BRI 1978 FETH 575, Hith 2300 m O #REHF i nA T, HMERY
Hieh 200 m OB HA SO IR OESEHIE 1980 £ h S iThbh T, K2.8icld
Wikick i AMEFEBER 4 RY. FEHFcERBINNEE T, REOEFELEED T
IWTOBE AU TH S, EREHICEE S A EE i, HPEENMERRTT, EEk
AL 450 Hz, WETCH0.6~0.7, HAME 3V./g TH A, HEMEEI N, SMEE
% 5 Hz, WEEH 300 O#ERERMMEKELTH - 7h, AP TERBHRER &I
BREICLESh TV S, BEHSRBMEL OGS, BUEEFMERS N THEIAT

D, HONHEEHESRERINTVS, TH o DML, —BBEEEEE

T, H T — FeEbin 1 BO7 o VEsaciNiE TV S,
C OGS T, BT+ HOiafEmEA2EiThnTns Ok - fth (1978) ;

mamizu et a/. (1983)). 2@mHOREEHERELL T, 2 99EUE2Z2HRESHTHL

5.

fth R BN LR (F CH)

FCH iz 2 MBS 1980 £ TH O, Hi 2750 m O R EH AT, HERUH
tH 200 m D IREH A S IR RN S RE, SIS WA, £/, COfE&ETE 1983
Fp P 500m DR IEH-COMEERA SBMs hTwd, K210, COME&izsld s
HEFOREEN TH 5. COMRicH - THihZE s o EEsT iz, Lih SETTREE
450 Hz, #ESER 0.6 ~0.7, HARKE 3V g O I EEANEEHTH D, £, iR
HETSBZAERMPEER & FARETH 50, MUIEEEREE S Hz, MEEK 300 O
AR s A S T, MAEHESOBIMEED(RikR, FEBHOAHPC
M#ETHY, REHETH D, HE, hoOmMdEE5E, 2TI1EDF 1 Y4 it
BRESICEIRE D — F & & binS T 4, C8BIE66dB D541 F 302 « Ly VRS,
ERA LI 0.02 s, [EEBLERRT 10s TEMEL TV A, 2720, 19844 9 H] Bl

N
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B2.8 THAHIFNTEShEE IS 1 B
Fig. 2.8 Plan of the Shimohsa Crustal Activity Observatory (SHM).
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Fig. 2.9 Underground structure model at SHM. [after Yamamizu ef a/.(1983)]: (a) main well; (b)
auxiliary well.
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[(Yamamizu ef al. (1983)IZk3%).
Table 2.2 Underground structure model at SHM.
[after Yamamizu, F. et al. (1983)].

ﬁ Sub- borenole
(500m

Sub- borennie

1200mi
Layer No. Velkm/s) pl{g/em®) H(m)
1 0.17 L7 3.
2 0.24 1.8 9.5
3 0.35 1.8 7.
4 0.41 1.9 125 )
5 033 1.9 16.5
6 0.27 1.8 25
7 0.35 1.9 28,
8 045 20 272 Macnina raom |
9 0.72 4.1 497 "
10 090 22 345 | ¢_r—j
ll 1.1 7 2. 3 3 0 9 Deep borehole |
12 2.5 4 27 ewes ] t27sim) |
I‘I
Observarion room l‘:f
9 20m
(LSS S [ |

2,10 Fifrlvah kg B ER e 1 d .
Fig. 2.10 Plan of the Fuchu Crustal Activi-
ty Observatory (FCH).
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HAEEDERE b S URARMEIHETSH 5. £/, KD 0 2 JFRUHAC ZES M
IO A RIEEC S, BT, 0~10H, TVHTS 3.

C ORI &1 HRERIEE, k- fti (1981) i &b, FBHEMOTTbA, K212
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Fig. 2.11 Over-all frequency characteristics for the acceleration seismograph, used for recording
the horizontal acceleration in the bedrock.
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Oepth S wave wvelocity (km/s)
G.L .

(mg y

(b)

F2.3 FPHERICET S S EEREMEE ULk - il (1981) itk 5],
Table 2.3 Underground structure model at FCH. [after Yamamizu, F. et al. (1981)].

Layer No. Vg(km/s) p(g/cm®*) H(m)
1 0.14 1.7 4,

2 0.35 1.8 12.

3 042 1.8 6.

4 0.36 1.8 22

a8 053 1.8 6.

6 060 1.9 6.

¥d 0.44 1.8 20.

8 046 1.9 14.

9 0.54 2.0 115

10 0.78 2.0 856.

11 1.19 2.2 96 3.

12 253 2.5 o

WFCh/ R AR EE S R

HEMEAKOZEMIE TR, FCH A2l &d 5 6 S OMKIcEERMET4REL,
1983 0 & KRBT BB AT > TV 5. COMERCOBEAIC FCH TOMTEH R %
BOELbDE, ARETH, Mi/NEEEFIBREHL TV S, B 2131k ¢ OEFIERIIz
B BB SERLI-bDTH B,

Wik 6 Ml ill S fic BB, COMIIBRO b icE-iciiffshi-b0THD,
R ERNEE O RO R BERE SR HAAALH 2 4 TR ED O TH 3.
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Fig. 2.13 The Fuchu small-scale array.
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Fig. 2.14 Fundamentals of velocity type seismometer used in the Fuchu surface array.



(ST B SREReT € ~ 5 — RS B8 10864124

Table 2.4  Specifications of velocity seismometer used at the Fuchu surface array observation.

(1) Mass (m) 43 gram
(2) Natural fregueney (f,) 1.43 Hz
(3) Generator constant (Gg? 2.5 volt “kine
(4] Motor constant (Gg) 286 x 10° dyne /A
(b) Amplifiers
Voltage gain of A, 54 dB
Current gain ol A =90 dB
(6) Load constants
@ 1 uF
Rt 1 M2

%24 FEchuNEUSEL It R RS oo R CRETHME (R BUVS - 33581
|
I

K 21503, COMHEND 0.02~5 Hz icH1F 3 REFEEFHETHY, Wb LHRE
MR (R (1977)) £RBEELVESEER-TH 5. _ |
2131072 &S T, CHF 2%, < OmEdl% ueE 0,005 s BINOFSE |
AfEOFGa - FEEb Ty vyl TV A, W ICAE) 2N TITHONT

B, §4F 32« LY P66dB, EA{RL 0.02s, {F5EENMH10s & SHENEL
BiHlleE L Thb. CHFTONEE, YW TFo il Th-70, Chb@BhTT «+ ¥
Fivitkic AT X T S,

(m{/kine)
1004
S50
0 =T hw NI R TR P 5
0.01 o} 1 5
Freguency in Hz
(rad)
13

BN 215 WFooAE5RR I 22 S T O &

6 R
Fig. 2.15 Over-all frequency characteristics for
0 — T — T —rT the velocity seismograph used in the

0.01 o1 ! 5 Fuchu array.
Fregquency (n Hz
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2.3 ERHEBESH

Big GHERE) LSH5BE0RME, & 3EREOINAD A - oIl FZ ES Rt
%, HRETOHIENYE E BB TOMBRHEE S oL, BT oMES R4 M
CHEL LD ETHELADLSHETNS (Kanai (1965) ). T O#4&, EEMEI)TES
FHETH5ETMELT, FORLISOAEEZL L0, fHt=7+OFRBNICL - THES
NBXETHAD. TTTIE, UTOBUEHLEELR:

(1) —HeBI7E%7 2 — 7 in L DIRES N, BV IZLBERSH S 2 L.

2) HRBOLEHMEHEICERTHE T L.

(3) MFENLSEERSTPLINTDT &,

TN GDEEE T HEMEHOTMET 0 1 e LT, BANIERTERILE R ~
7 b OBAHIS R D B B, 2, PHEIEER RS bovld, w7 =F 2— F & BREERH
EROTHINIZEIH L 7254, A EREP S OIHEC SR L TED, £&0IC#ED b
DTHB. 2/, FHELER <Y b rodhT, FEEREEEIGER <7 b, TEREMER
FEHFD 7 — ) TRER <7 bovd FFRUBE LD o, HEREOIRER L S ER
CB SIFMEREINER <7 b TEWSY 5T EAHRS. CTOREHRICEYNT S
LbOTH B, Rkic, BBEATEMED L HicHBRIc L 3EHDRD0 0, HER
DEFEHHD 7 — ) TRiGRA <7 b v OFERSE HABEEN L EEERNRE» O L1RE
EHBd A SRAMETH D, bod b, HHz L EOERAMAS cNd 2 EERSERERE
Zo2g bovld, sTRICHORERBICAGS NS T ERTIRSL S05, £H4Q1IZMT 5E&H
HicithhiT b, ThizBAL TiE, 2.3.2 Tiddhd 3.

231 BRBicsd FRFEEILER X7 b 7

ARt BT, ABMEDOERERELEA <7 b SV, (T ; M, R) (gal-

s) DOFHMIERE LT, /MR- &8 (1967) R LELERAVY LT A2RAEH: 3.

log,y SV, (T ; M, R) =a(T)«M—0(T)+log,, R+¢c(T). (2.2)

CZT, TWHE (s), M JMA=Y =F2—F, R IEFEEH (n) THb. ZOFF
MixE XRS5 2% a, b, RU ¢ icALTH, CHESL OWMFEHRAELZINT
V3 (McGuire (1978) ; Z/| »/p#k (1978) ; Ohsaki ef al. (1980)1. L& L7aH
5, UEHEOEE=LEET R EREAL LT, FEEEZILER ~7 b OWEEH
~N/f:®D, Kinoshita (1984) @& THD. FEHEECE SV TE L0/ Kinoshita
DRI, HHEORBICE Y L ABEREIEER X7 bvicBl L TRUTO 2 >OfFHEE 5
fig L 7.
(1) EB|=JEBEN 600~800m it B} 2 IFMEREIRER ~7 O hEL (2.2)
CHDNTI - 258, Bikeryy - 03 ERITOBRUEFO A~ PSR
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0.1 ~10s Q#EHTH—MICHPAHKS. €-T, 3 EBEHIKHKES hioHEZt
i, E—OHEEBNICHELEATS LoDAL.

@2 L, FEETvELT, KX (2.2) ZAVEES, SBT3 EBMETZ,
BRABIESLVE—FRATHBT S calBETHD, DEE T A—2OD
£L52 208BA AV REFBAS AL L, KEEZ L - MRVICREA T B
BL74)wEYBTL—- PREZOBATCHET HHMEE TRRA (2.2) FXEd
HENTA-FERBEEDEN B,

LEEORH2) 3, BEEEML THRT LAHER, 2 o0HEROBER*ERAL7 o
Y LeAPHERCC E¥EBHL 72 (KT (1986)). HIb, BE&cOFHEMERTEHE
BILER ~7 b vDREBRIL, DTORIERT 2. 9, BESKL7 oy ORAlics
BEGFAaTa) - LicB3 AHE, kKL7ory rBAIRUHEAlich G857 -1
R AMIEL LCHEd 5. BRAMFHICH O HEOEREUES AKX 2.16iIC /KT .
Hpopfrns 3y —Tic, BAMSHFIT) —llic, R4BTAHETHS. £2.5(3,
CNoDOHEDETTHD, BlESE bR L THA, HIER, 5.4 <M=T74, R
400kn, EFZES < 100knm TRELZ&DTHS. FHER (2.2) D95 2 — 5 R ER,

%25 EEMEHOIERHELIGEAR MORRIIERICAVIHEOET (RRFFick3) .

Table 2.5 Earthquake data, which are used to make models of the zero-damped velocity response
spectra of the bedrock motions in the Tokyo metropolitan area. Parameters of those ear-
thquakes were determined by the Japan Meteorological Agency (JMA).

Na Date Latitude Longitude Depth Magnitude Recording Site Category
(lm)
1 June 16, 1976 35° 30" 139° 00’ 20 5.5 IWT 11
2 Qct. 6, 1976 37° 04' 141° 25’ 70 5.9 IWT I
3 Jan. 14, 1978 34° 46' 138° 15° 0 7.0 IWT 11
4 Feb. 20, 1978 38° 45" 142° 12’ 50 6.7 IWT I
5 Mar. 20, 1978 36° 05° 135° 53’ 60 5.8 IWT I
6 June 12, 1978 38° 09’ 142° 10° 40 7.4 IWT, SHM I
7 June 14, 1978 38° 21" 142° 29" 40 6.3 SHM I
8 June 21, 1978 38° 15" 142° 00" 50 5.8 SHM I
9 July 11, 1979 36° 36 141° 19* 40 5.9 IWT, SHM I
10 June 29, 1980 34° b5’ 139° 14’ 10 6.7 IWT, SHM, FCH I
11 Sep. 10, 1980 34° 01* 138° 00* 20 5.6 SHM 11
12 Sep. 24, 1980 35° 58’ 139° 48° 80 5.4 IWT, SHM, FCH I
13 Sep. 25, 1980 3 31" 140° 13" 80 6.1 IWT, FCH I
14 Apr. 13, 1981 37° 18" 142° 21’ 30 507 FCH I
15 Mar. 17, 1982 36° 28" 140° 39’ 60 3.5 SHM, FCH I
16 July 23, 1982 36° 11° 141° 57' 30 7.0 SHM, FCH I
17 Aug, 12, 1982 34° 53 139° 34’ 30 5.7 [WT 11
18 Dec. 28, 1982 33° 52! 139° 27° 20 6.4 IWT 11
19 Dec. 29, 1982 33° 46° 138° 22 20 5.0 I[WT I1
20 Feb. 27, 1983 35° 54° 140° 09’ 70 6.0 IWT I
21 July 2, 1983 36° 54* 141° 12 50 5.8 IWT I
22 Aug. 8, 1983 35° 31’ 139° 02' 20 6.0 IWT, FCH ; I1
23 Jan. 17, 1984 36° 21 141° 15’ 40 5.6 SHM, FCH 1
24 Jan. 18, 1984 36° 27 141° 16’ 40 5.9 SHM, FCH I
25 Sep. 14, 1984 35° 49’ 137° 34 0 6.8 IWT, FCH 11
26 Sep. 15, 1984 35° 47 137° 28’ 10 6.2 IWT, FCH II
21 Sep. 19, 1984 34° 03 141° 33’ 10 6.6 IWT I

46 —
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Fig. 2.16 Location of deep-borehole observatories and epicenters (a), and focal depths (b). Obser-
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designated by open circles, and those in category II by solid ones.
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KRS ETERE HIVTIT - 7088, 4RO, #7710 — 1 T4584), #5 =0 — T =355k
NTHD. R (2.2) LB B35 24— 28, BNEBECLOBESA, K217 05446
ReWa, Bp(a)@#n73y -1k, (b)RHFT)—NicBT2HBEEZHNOT, Bk
Eéntémﬁﬁé.Cﬂ%@ﬂiﬂ—ﬁfﬁﬁéh52?®%%ﬁ%.tfouI&U
LieIG LT, €7V IRUN&ELTHET S, M21T0DN55 4 — 4Ol (BAL) 14, T=
0.1~5s DHETRHILGDTH S, NhOEBRT CNETBRILLEDTH S, T
b, NI A—9 2(T) (x=a,b, c.) %,

x(T) = xn4f£§ X, » (log,, T)", (2.3)

n=i
TRHGIUT 5T Ltk Dirbn T A, K260, AL (2.3) iwsd 2 EHEEEE A
[ CETRDI6DTHS. H21TORRIRTHIZ, R (23) 2HVAEEED log,
SV: (T ; M, R) OVERE (F) HR/DERELLEEO RS (Bh) » K3
CERIBCE@EHC, K (2.3) KL AERBILETREBNTHS. LIFTR, & (2.3)
FAANLRK (2.2) OEORBRTEBICB U 2 ERBEFEILER <S h LDEFL L
LT,

F26 HBOFEGEEIEERT MOTTVERETAES a, b N ¢ OEBIEK.
Table 2.6 Expansion coefficients of parameters @, b, and ¢. Prediction models of the zero-

damped velocity response spectra of the bedrock motions are constructed based
on those parameters, a JMA magnitude, and a hypocentral distance.

— -

Model 1 Model II
- 0 1 2 3 0 1 2 3
a. | 0.804 0.518 -0, 161 -0.554 | 0.573 0.120 0.273 0298
b | 1.432 -0.137 0,483 — | 1. 173 -1.649 1.190 0. 902
cn |-1.856 -3.656 1.481 3.481|-1308 -4 144 — = —

2.3.2 FRRZEHEIEER <7 b DR
$9, SV, (T ; M, R) OF#AE&B/ic, R=50, 100, K 200 kn icHd 55t
Hfle M=55, 60, 6.5, MUT.0 20T, K218~/2.20 iz R, Z2H &b
(a)@Eeruwlic, (b)EHEFrvIiBTAGRETHE. DTFhoEtieshTh, FERt
SOHBRER (23) ZHAVALOTH S, HEBicE T 3 28O FMEEERER <2
R OSFHIL, OB EHHAD,
N =7Frlicsdd SV, (T; M,R) 4, EFovllicidd60Ldd, H—0OM
ERIZBOTHMEAKSVEE LS.
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Fig. 2.18 Zero-damped velocity response spectra of bedrock motion as a function of period

predicted from model | (a) and model 11 (b) for earthquakes of magnitude 5.5, 6.0, 6.5,
7.0, and a hypocentral distance of 50 km,
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Fig. 3.5(a) Seismograms obtained by the down-hole array observation at FCH during the Central
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£3.1 HHEBONRRSFEORTICH A TERGHMEDCE . (RRITITLS).
Table 3.1 Earthquake data of the Central Chiba Pref. Earthquake, used for estimating the in-

ternal damping factor of the sedimentary layer at FCH. Parameters of those earth-
quakes were determined by JMA.

Origin time Latitude Longitude Depth
o Date h m s (N) égE') (km) Mag.
|1 Sep.251980 02 54 23.1 357 31" 140°13" 80 6.1
{ 2 Sep.25,1980 02 59 48. 5 35" 33" ©1407 10" 70 5.3
3 Sep. 251980 03 26 36. 2 35 34' 140° 10" 70 4.8
4  Sep.251980 04 52 50.5 35 35 140709 70 4.4
5 Sep. 25,1980 05 04 17.5 35,83 140706 80 4.7
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BB ToAFEN5, BIEORGCH, AFEE FRENIT L TEASATL 2001
TRIEC, EYSHERMINELS NS, CCTH, 3.1.2Tl~t |Gy (2) |7 &4
IEBI%E LTHY, K 3.6 DFER+=B8ET 5. Aftiicxis 2L s DREES | G,
(2)| LHET B0, {35 ) TRALASHEREEHAT L. Db, AMELE MG
THEMGIEE LT, 2~3 R (2t s s, LoWmEaTHEL, FHRE3H
ET5) OWRERVD, CORGERIcLY, BEHBOoe— L » 244, 0.5~3.2 Hz
OFEATIIEL L1405, EFRMOEERELT, romes. HEAVEER (B2H) £,
| G5 (2) | OABERKEERITiIRT. 2 - LY ZAHEOED, r.m.s. Hig, 2~
PEETIPOGON AT L B EAL -BL, BEHDOSWHERR L TV A,
58, 3.1.1 Tadi~tofkic, TERDRHEOSHS, BB TOAMAR 2B BETHD,
| Ga(2) | &, 0.1~5 Hz BETHEIEAFEOESLIERELETHS. M3 TiTRL
fo | Gy (2) | 3BEASEICHT250THE. M3 T TRONLHII, D |G,(2) |

,63_



2

(=]

ESZB RPN o 7 — T Y FE38%  19864E12H
Observed
—— Caolculated
Envelope point
) -1 3.7 Hidi SORES HOMES i it

#

f

oA
i

s [ \ U (\ 1
e T | %
30 \ Fig. 3.7
b=l
Fop |
E ‘\)
i 1 1 (1 Y ) L L L
0.0lm i 5
Frequency (Hz)
10
g
~
o
it
<9
E3.8
o
=
=
E
o
a
______ Q=507 t
=5 Fig. 3.8
01 1 N | 1 L A f
01 1 5

Frequency (Hz)

T 5 A7 bR & HEREIB A
UHMOA v e — % v afEici-
< W B R (HEED
[TALIE TR D LR,

Comparison between the spectral
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3.1.4 FEEHEHMROTEFOLEIC L 3HEE

3. 1.1 Cilitobkic, SEM=ARE FORVHERED S HElio 5 (BB Ol EIC A,
WIRE I EEA OB REMNEL TV A, fic, 1~10s DFEREICET 5z
MOHTICN, EREEOR <7 pv. E- 28 OFEWEICE S (K2.18(a)~2.20
(a)) M= THEOHESAHOAC EPHENEEOIFHRETHS. I THRD 1982F
TH2BUOME (M= 7.0) itk 3EB S MEORMDRE, iRy t—
DbDTH-72. LLF, SHM & FCH DEBOFRD oo 0 RErRT.

Yhiz, SHM ek 3B L HFED N49°E i E AV 5. (mEMHHOHEERHE =
W B v, SHILEMRMS s & &Aic 20s ~60s O i [l T REH kUL GO A
MR A A E L, ROMBIMN & AXMEAE RS, SHMDiETH, #HEXERE0s
CHO TR BB HEHE 2 AR 3. 9 icnd B o n s, COERMERANT
BonfBEEO R~ bovikEitE X 510 ic SETwd. HfieFE TRLAZS HED
I | G, (2) | OEER (EH) &, K2 20FERGECES0T, ARBRTR
A E(LSE TR OBHEGRENALTHELELNEDTHS. AH 45,
ATl fokie, SIGEER A 5km s OB EEL CRAEAT 3 km s OEBENA
HLiE2cBONAETHD, Q~50F L&bIEEBEONVLOTHDH LENERL
T3,

iz, FCH TORRIcHWLTRT. MBinicBvidiks, REH L FRickd 5 N16°
WHSTHA, HEXEZ, SHM LRI L THE L. &EMcH O XERE3Bs T
B0, HEAELHOMESHREE R 1L IR, CofE X B 248 OHiaRE T
ORFELERE, FCHTO |G, (2) | ieitd 23 HEERE, &4, K3 1210 QRKUER
CRRCt B, S Higlc i BERAEG, SHM &R, %23 OREHELALT
ft, 2T Th, EBTOARML & Q=50 PRbBIMEBREHPL TS,
B3.13 D48, 3.1.1 (b) BT Rkl - iRt ZEick it 2 FCH TORBEH &
HisE DI transverse WA LRWE | G, (2) | OHEERHETHS. T TH. AH
fM45°, Q=50f OFTOFCH® |G, (2) | 2FE{RTRLTH 5.

[€3.10, 3.12 4T 3.130BRTH LMD, f=01~1Hz OEFETOHEREDHEIFN
Mz, Q~50f 25 1 EMlE LCHAVWAZ ETHBHRAETAS. f=1~5H2 O
FEIRAER I, HEOAT 2 —BS ¥ 5 LRIV, T OB R TR
5. fEoT, 3 L30ERLEETNE, F=01~3H OFEEHERIcELT, HRE
DS HicH T AREBHOE 1A, Q=50 £FEATRV.

IWT T, COETE-TO3REEMEOMYLEEISL. LALEMKS, 1978
FEWMEMHE (M- 7.4) 2300 < oh0RBEAVE | G, (2) | OF@THE, /=
0.1~1Hz itH0T, Q=50 WEYLHFHEREN LT LERL TS RTF(1983a)].
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Fig. 3.9

19864124

PRI (19824 7 230,
M=17.0) lcEl 2 SHMERI
& M TR O HHBE 4 B
Cross-correlation function of the
data obtained both at the bottom
of Shimohsa deep borehole and on
the free ground in the same site.
The data obtained during the Off
Ibaraki Pref. Earthquake of July
23, 1982 (M=17.0) are used.
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Fig. 3.10
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e (RAR) o Hede, R
(1982917 H23H, M=17.0)
B HidHOSE.

Comparison between the spectral
ratio of the Fourier amplitude (dor-
fed line) and the gain of transfer
function Gy (z) (solid line) at the
site of SHM. The results were ob-
tained by using the data during the
off Ibaraki Pref. Earthquake of Ju-
Iy 23, 1982 (M =17.0).
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Cross-correlation function of
the data obtained both at the
bottom of Fuchu deep borehole
and on the free ground in the
same site. The data obtained
during the Off Ibaraki Pref.
Earthquake of July 23, 1982
(M=17.0).
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Comparison between the spectral
ratio of the Fourier amplitude (dot-
ted line) and the gain of transfer
function G(z) (solid line) at the site
of FCH. The results were obtained
by using the data during the Off
Ibaraki Pref. Earthquake of July
23, 1982 (M=7.0).
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Fig. 3.13 Comparison between the spectral
ratio of the Fourier amplitude (dot-
ted line) and the gain of transfer
function G,(z) (solid line) at the site

Calculated {FCH; §;=45°, @=50f} of FCH. The results were obtained

by using the data during the Off

o i T Ibaraki Pref. Earthquake of Feb.

“o.l \ 10 12, 1986 (M =6.1).
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3.2 HBEEICRITIERLHSHOBESYE

3.2.1 HELE

F2EOK (2.2) BU (2.3) TiMhs 2 EBCORBBEELIEER <Y vk SV,
(T;M,R) &85, 2T, THRAY (s), MEREIR, B4, GRBF< I/ =F2—F
EREEEE (m) T3 H2EBOAEFTAIRONE, j=1RU2TXITEED
EFh. Fi, HEFEEOBERVEHE NS Ic 3 1T D HE R RIEC S O IR T A A = ~
7 bk SV, (T ; My, Ry) £95. HL, M, & R, &1F, B4, FntiBicB0 5~
F=F - FEREEETH S, HMEBLMOBHEN ELAES, MEMSIcE 0 5 ERHE
BERER <2 bk kX TERT 3.

G(T)=N"e slSVg(T; Mys Ra) SV €T 5 Mys Ral. (3.1)
HMFAFLILER <& bovdi, 7— 1) TfRIER ~7 b oo FFRERTH L T EFE LN,
X (3.1) BHEFEEcET 2 EHNIREHFEE 522602603, BL, SV, (T;
M, R) " EABADHEKIIESOTHIKESNAC LM S, SHEAEZLEATS, G(T)
DB | Go (2) /2 | ST 5L EEAHC, HEBEO B FRAHN & BElo M
HTH, G(T) 2 |G, (2) | kBN TBLELON5. BT, ABETH, G(T) £H#
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B3 10 5 FE Bt £ Trd 5.

X (31) i, SV (T; M, R) 2T B10iIc O HE L EBHOMBICES L
T, TOBEIFIRSNG. £, MERTHBY, R255BRicthig, 5585 M <
7.0 R 100 SR < 300 kn BEASHRERE, AWTE, NL160FHEELLS
T, 0.2~2s BEMSHNELECATSHD. 1, BEHERRIVLSL STHEBORE S
LY, HRBOMNIBIRICRIMATOEMAREE) 3~ TH 5, R, EHEEEE,
BRIE 3 HOMBIMEEZEMET 2L, Relzhlsd 5 K88 10k BELRESL LS.
3.2.2 HEERSR

G (T) O#FER, M3.1410Rd BADBERGESH T, RADLHEROMNE
ER32ICRT. HEBSTRFI~13TIESMAC— B, DIEHFEAAL, THY— FR
IEEDEFEMAV . SMAC— B, Ditédid, H&7 Tid, HELTTE (4I5(1985))
2RV, HHR9~13TH, ABINAHEEEEINER <7 F vORER (BH - (19794 ;
1979 b ; 1981 ; 1983 ; 1984 ; 1985; 1986)) A 2D F kAL . 7/, & To
REHE, 2THIE(LL, ChERVTERRERIEERA <7 b ARD. BicBOTH
WiRLsOMIE L £ OHELE, &4, £33 RUEK3 4TI, _

UTF, G(T) OfEHRF T, HEES1 (IWT) TO G(T) ZN3.15TH 5.
AW, ZENEFEE LT A7) —TicBT5b0TCH5. -7, =& (3.1)
TiE, SV, (T, M, R) DHERAOTWD, RAMIEESN20THO, transverse [
& radial RAEEDH TR OO, 20OERI/ISV. K316 KUK 17, O
TNOEBEHBALG SHM (MhFES2) RUFCH (MiAFS3) ickid 3 transverse

3,14 HEfElE T OEEF HEaR O HEE 0t
FREATALER.

Fig. 3.14 Approximate locations of the sites
for estimating the average amplifica-
tion characteristics of a sedimentary
layer on the bedrock.
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He 15 kg o Tt i 8% kit
G (T)DHEET R ML L &

Names and coordinates of
sites used for estimating the
average amplification
characteristics of a sedimen-
tary layer in and around the
Tokyo metropolitan area.

G (T HESEIT I 7 HIEE & BRI

Matrix of observation sites and
earthquakes used to estimate

No  Site name Lat.(N) Long. (E)
1 Iwatsuki 35°55'33" 13944 17"
2 Shimchsa 35 47'36"  140°01' 26" A=
3 Fuchu 35°39'03" 139°28'25"
4 Tsukubane 36°12'36" 140°05'32"
5  Urayasu 35°39'00" 139°54'19"
6  Kawasaki 35°33'02" 139°40'54"
7 NRCDP 36°07'19" 140°05'45"
8 Tama 35°37'55" 139°26'09"
] Kashima 35755'49"  140°41'45"
10 Chiba 35°33'53"  140°06'23"
11 Shinagawa 35°37'29"  139°45'43"
12 Keihin - ji 35" am! 139738
13 Yamashita 35°265" 139°39.5"
Site No.
Earthq. Mo | 1234 5878910111213 MOMAEDHHE.
1 *
2 » Table 3.3
3 *
4 * =
5 * * G(T).
6 * * ® * *
7 *
8 * *
9 * * * #* *
10 * * * ® #* - L I I
11 * * *
12 ¥ = * ¥ ¥ ¥ 4
13 * O ® X % * *
14 ¥ .
15 * *
16 * L 3 *
17 = * =
18 *
19 *
20 * - *
21 * ® * % *
F3.4 G(T)HEECCAGAHEDHE L (HRITICLE D).
Table 3.4 Earthquake data used to estimate G(T), which were determined by JMA
o Date La(tl‘lxlt?de LmégElgude Mgttt
1 OQct. 5,1977 36° 08' 139752 60 5.4
2 Dec. 17,1977 36 35' 141° 05" 50 5.6
3 Jan. 14,1978 34" 46' 139° 15" 0 7.0
4 Feb.20,1978 38" 45' 1427 12" 50 6.7
5 Mar.20,1978 36 05' 139° 53" 60 5.5
6 June12,1978 38" 09' 142710 40 7.4
7 July 11,1979 367 36' 141° 19" 40 5.4
8 June 29,1980 34° 55 139° 14" 10 6.7
9 Sep. 24,1980 35° 58' 139°48"' 80 5.4
10 Sep 25,1980 35 31' 1407 13" 80 6.1
11 Mar. 7,1982 36" 28' 140° 39 60 5.5
12 July 23,1982 36 11' 141 57" 30 7.0
13 Feb. 27,1983 35° 54' 140° 09" 70 6.0
14 July 2,1983 36  54' 141712 50 5.8
15 Aug. 8,1983 35° 31' 139°02' 20 6.0
16 Jan. 17,1984 36" 27' 141°15' 40 5.6
17 Jan. 18,1984 36 27 1417 16" 40 5.9
18 Sep.14,1984 35° 49' 137° 34" 0 6.8
19 Sep.15,1984 35" 47' 137° 28" 10 6.2
20 Sep. 19,1984 34 03! 141°33" 10 6.6
21 Oct. 4,1985 35 52' 1407 10" 80 6. 1
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Fig. 3.15 Average amplification characteristics of the sedimentary layer at IWT estimated by using
the data obtained during earthquakes in category I: (a) transverse component; fy) radial
component.
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Dfcdd, K318icmlic. BHz ~8s itB0TIBIFFEHTHY, FEHE ek LTHs
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Hu/idikd, 27T, A7 7)) - 1 kBT 2MEcE3260TH 5. K319, HEAES
5 (H%) b sH#E#RTH 5. K3.19(a) RU (b) @A77 — Liclgd 3HIED
e, M319(e)i3A7 ) - MikBe 2HECRBGERLAAV/60TH L. WFho
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ROEMMERBLTVWAESA S, U, Ok, NE50 BT OMEEED 36m ic
BSHENTHRABMORBHEFETLL0ATHS. H3IOICRONS 1s ffEDE—
7, COMRBICEL GER ERENIbDTHS. GAEEEINEETH 5.

HWEES 6 (IBHER) TOHEZSRN3.2002, FCH LEMBICHANMISY 10EETSH
5. CCTH, #7TY) - 1iBT AHIBEDLHFOAEAV. HEAEET Bikers—)
OFERE, A7 TN - TICET 2HBICE8) 2 SMAC—B, ODEBREHAVAZEDTSH 5.

321 ic Ron 2 ASIBEE 0 BETH S, HEAEFSS 1, Hlmmiicilys s &8
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Fig. 3.16 Average amplification characteris-
tics of the sedimentary layer at

SHM estimated by using the data

i L i obtained during earthquakes in
0.l | 0 category I {transverse component}.
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Fig. 3.17 Average amplification characteristics of the sedimentary layer at FCH estimated by using
the data obtained during earthquakes in category I (transverse component).
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Fig. 3.18 Average amplification characteristics at Tsukubane estimated by using the data obtained
during earthquakes in category 1 (transverse component).
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Fig. 3.19 Average amplification characteristics of the sedimentary layer at Urayasu estimated by us-
ing the data obtained during earthquakes in category I, (a) and (b), and those in category
I1, (e): (a) transverse component; (b) radial component; (e) transverse component.
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Fig. 3.20 Average amplification characteristics of the sedimentary layer at Kawasaki (HRM)
estimated by using the data obtained during earthquakes in category I (transverse
component).
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Average amplification characteristics of the sedimentary layer at Tama NT3 estimated by
using the data obtained during earthquakes in category I: (a) transverse component; (n)
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Fig. 3.24 Average amplification characteristics of the sedimentary layer at Kashima estimated by
using the data obtained during earthquakes in category 1.
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Fig. 3.25 Average amplification characteristics of the sedimentary layer at Chiba estimated by using
the data obtained during earthquakes in category I.
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Fig. 3.29 Horizontal component seismograms obtained at the bottom of borehole of 650m depth
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of July 10, 1986 (M =4.9).

Laver No. Vg(km/s) p(g/cut) Him)

| 0.082 1.3 3
2 0.145 1.6 5
3 0.23 1.7 10
1 0.40 1.7 6
5 0.48 1.9 9
6 0.32 1.7 6
7 053 2.0 371
8 2.50 2.5 rEx
Layer No. Vi(km/s) o(g/cm’) Him)
] 0189 17 5
2 0.155 1.7 6
3 0.30 1.8 6
4 0.18 1.7 2
5 054 1.9 181
6 0.78 2.0 750
7 1.17 2.2 800
8 250 2.5 >k
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Table 3.6
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Table 3.7

ik v ¥ — B W THRT
L7c S ISR .
Underground structure
model at NRCDP.

EE——4% v (NT2)
WA W TRIE L7 S i
#BiE (lik - fth (1981 @
FERIT R,

Underground structure
model at Tama NT2, which
is based on the results of
Yamamizu, F. er a/. (1981).
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4.2 £REHRBEOBHE

EREE FOHRIZIC BT 5 S HEmEOMBINEF, = O Bt s B o ki
L, &, HHRMEATLCLT, KEEREBICBY 255 L RL T3 (Ishii and
Ellis (1970)]). ZAET, Fic, ERER FHTEENIC2KH L, down—dip A H
~NMEET B SHic 0T, 20RMEEERS 3,

4,21 HHEEORELIH

SHROHDEHS, HEBTOS EREI s 2HREEORLI3IE 174 A& b8
BEEDHE U5, EAER FE ToSGEN S SEMkIcE N Th, HATOER R COED
HEESECS, TR, BlESECRONSCOBOSEMEEREL, X (4.6) o
S TR & T B,

i, WrbtbRO 8BRS TMATE S0 W BUR TSRO IS (19835 8 1 8 11, M- 6.0
NUI9B4#E 2140, M=5.2) * REEMAHOME (198449 1148, M- 6.8 RUFEA15
H, M=6.2) OiE» 5, 2REGHRICLS EEDNLBEIEERE, SHEOHRREIC &
S SEIREIBUR THI L T4 2. R/ NI TR i08h SHEE ShizCh oD IR
B HEES WE SO B R, 3.0~3.2kn s OMICH D, FOERAN G IERE
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CTHLT Epo, HBER FOREICL2RAUOBEICEFHFsns. FilotiEcs

iF 5 TMA @transverse Bi4Taciss, L OB TOSEE N1 /8 Hz 20 s4 5.

ho=0.32DFEMEBT v 5 (6.5.2B8) T L HERHSR 4.8 TH 5, SHEBT 4
vy TRELLERE, OThOoHBics0 THEULABERELRLTHAT L0553,
Brio, MEEEOAS L EFERBHEOARIC ST AT8E, FEEHEHEIT vy
EOHEE LBV OREECT I B 2 SO T ERICRL TV 5.

Filtered Waves (f.=0.125Hz )
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WM‘WWWM WUMfM MBG
ey lsarn N\ S\ A 0

' 1984.9.14
AV AV O A WA VAV e
10s )

Bl4.8 TMAIE A2MEHeEl s SEEE 7 A0y (F,=0.125Hz) TR #4558,

Fig. 4.8 Bandpass filtered waveforms at TMA in the Fuchu array for four shallow earthquakes
whose epicenters are located in the weat of the array.

TMA

i, o £ 8RISIC 51T 5 transverse B a0E%, (LWFLUEHEIHIE (M= 6.0)
EEFEATME (M=6.8) &It20T, &4, M4 9RUKLI0TRY. 4.9, E4.
8 LA UHEBEE7 + vy THELIHDTHEY, RECTH-0BKETERLLTH
. CO2ODHMBICE Y A8 s BEOMKIZ, SBENABICELL THWAT L0545,
Hic, K410k L7 FCH #BHORER, EBNTOANKEAHIEE s BEDHK4
RACEATED, MIRTORKIE 7 « vy % AH & T 2RBEINEHRELHE & 12 -
T3,

LT, K43 OHREE — EEe7reX (46) 2HVT, AEEEEELTEL, B
RASREEKLTHS, HBWRERASAE LTR, H43DeFvifv 584, 4.1 TR
Uckkic, Bfl o] (4.2) £31E vz (K4.6) EoBHET 3R (4
6) DNFA—IPELZONETMAZELS, EE, X (4.6) O 524—5 0 (41,
ienua BOEG 4DHEEEREFK 420D TMA ORFIcA VS, SO 4485 (3.58

I=1

s, 77°), (6.54s, 295°), (8.48s, 379°) K (10.54s, 507°) LLTHEESLA.
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W,} Fig. 4.9 Normalized transverse components
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E4.9 (LRUEEEHHIE (198348 A8 H,
M=6.0) iTHit 5 HFE7EEH
WEHEEFOLE. DOARK
1/8 Hz OWE&ER 7 1 05 THL

obtained at the Fuchu array during
the Eastern Yamanashi Pref. Earth-
quake of Aug. 8, 1983 (M=6.0).
These waves are filtered by the
bandpass filter with the central fre-
quency of 0.125 Hz and the damp-
ing factor of about 0.2 (,=0.32).
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Fig. 4.10 Velocity waveforms of the transverse component observed at the Fuchu array during the

Western Nagano Pref. Earthquake of Sep. 14, 1984 (M =6.8).
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—%, K43 DEFNTit, fET 25 A~ O, H=1.75kn D&%, (3. 435,
64°), (6.70s, 214°), (9.71s, 376°) KU (12.38s, 543°) &b, H##E< —
HLTVS. BEGSOINETE, X (4.6) TBF3ARES LT, REEATRHE S
7% FCHZERBHTOME (K410 DRMTHRLAES) & COBROEMEIETEENIC
Huoid Ricker wavelet,

fo(8) =05 /7 «(a—-05)+exp (—a),
(4.11)
a = ?fzfz/Toz ;

ZHWTHS. {BL, Ricker wavelet ic#5W\ T, 7,=8s &1 3, K46 &ERic, Ht
REEH ZZLSETROLBEIGTEESK 411 TH A, BL, EHERBEHTHE, S
i Ricker wavelet * ASME L THAWAERTH S, BEEMFINE S Ricker wavelet
ERUTHABT EEED, BEIEEIULLOEL TS, i, M49RUM4101E
& TMA®QBRE, R4llicmli H=1.75kn TOABEETHBENES. BEBEFT
BREAREE L THVES, 4100 TMABSF3EAEELH41] O EEE (£
B, H=175km) &iF, RIBO—HLEHNESZ 5.

HEkm) 411 H4.3DEF0ITES < BIEinER
25 DF|. FARERT L, ATREL

T, H4100EEHCE (REIDH
41) L8 s @ Ricker wavelet
2.25 e O FER.
Fig. 4.11 Response waveforms calculated for
the two layers model with 6, =5° and
2.0 8,=14° in Fig. 4.3. As the incident
wave for the response showing by
solid line, the data between two ar-
175 rows in Fig. 4.10, obtained at the
bottom of the Fuchu deep borehole,
are used. The Ricker wavelet with
15 predominant period of & second is us-
ed as the incident wave for the
response shown by dotted line.

4.2.2  AriEEEEER T

RIEIDET VAR TEONM L6 TR, HREBE H=2m 054, £2IM=@B0EE
&, DL &b, EERPS5s BEMHMSEL TVWE, COEZRT SUEBENEI ORI,
Love lf& OBt BV THMKSL A 6DTHD, TITEERT 3.



BERHERIC & O HEE S B #ERBOBIRERSE — KT

9, BEN— EH R~ b EACT, 2RMEEEO RS0 EEOSE A KD
THbH, BENRELIAEE, LWRHERBHE (1983F8H8H, M—6.0) kKEd 5
transverse B4 T, B 412icRT 6D TH S, BEH — B2 ~7 b, KdickH
TRl KR 26s AMWTHEL 2. dyNEERTIV R BT, BRSO s BEREHs
H3km THDBIH, HWENRELLIFEOEREImABEIL60THS. 1, TOHABE
i3, BEXH6k THD, COBREORKEICHT 2HEH—EEA~s F vOfEEICEL
bDOTH 5. INLULOFEROBEICHL T, BEERPRECUEIEANI b E-7HE
T A, WBHLEELIARZ b €= 205K F 501, BESBEMOBEEDOHSE
B0k L TETSH 5. B5, FihcOBETE Y — BHR I P VEEIBAD
BOgi, BENE6~18mEEDLDOTHS. M4l2icnl i@ eA0igs, 6 ~18
km REOERS BRI NS AN — B <7 t v EFD HOERE, 5~8s BETH
o7z, A3 /AW 5 ~ 8s ekt T BEE A <7 v DHEERRERT. HPOHKEE dB
HiiThs, K413 omAsENEEL2EOHFKALRE, BEWHNTHZ, BRAFEH
W20°S Thohb, FhIFEOHERAE I AENE->THED, M5 TRLAERELE
WA S, RU S, DEXRAREFELERERL TV S, ZOEFAROREH DRERICD
WT, WEDEAHEBELHAGEY. BEE R 50 RS g EEREE, B —
BHART b - MBENS, MAMDANTRTHREDD, SEHERLTV D,

iz, COSHEES, X (4.8) ©7— ) 2R DB ONIUHEEDOSHFFT &L
BB, O, 2AMOFEMBEESEE, 7 ) DB ZE - HEROBRE

Max, Yelocity
(emy/s)
1.59
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209 B4.12 |WBUE SIS (198348 A8 8,
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H‘WM‘WW‘UM N"J\"“‘W\‘w’”ﬁvvﬂ’w Fig. 4.12 Transverse component velocity

waves observed at the Fuchu sur-
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Fig. 4.13 Frequency-wavenumber spectra estimated by using the data shown in Fig. 4.12. Central
periods of bandpass filter are 5 sec (a), 6 sec (b), 7 sec (¢), and 8 sec (d).

fiZ» ok 5 (Bath (1974)). HBEEH A5 1.75kn & 2. 0kn & D 2 Sflic B 173 E
IR AR, B414ICEBTRLE C ER5b, EARROHSEAAS OB, M
Dl fcaBEFATR LTS, T/, 1k - fib (1981) &5 FCH DEBHZH N TiT- /S E
HEREOREBRCE ST, MEEE3 B, O EITEE LES (M2.12(a)) DLove i
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DEART LIRE— FOMMEEERMES, 4142, B4, Ly KUL, & L TRt 2EH
DAFHEERE C RO L, i3, RO AR LT, EEdT2EBLETOLE
i Love ME IS H ALK T 5 T L& E T TV 3,

5.0

H=2km
5 L
3
3
E
< =
0 .[’z I % 111 !16 =
20 BlA14 FEEE - <s b oiEs
N5 Rl S & 2R EEERD
Qe Estinitted THIRIAERE C O L#t. L, i i
=~ L BB FITIBTE -850
2 Love A £~ FOAMEEH,
f, Fig. 4.14 Comparison berween the apparent
20 velocities estimated by the peaks of
E‘ wavenumber spectra of Fig. 4.13
8 and two calculated phase velocities
'E designated by C and L. C is
5 average phase velocity of the waves
g 10 reproduced by total reflections at
i . the upper boundary of dipping
bedrock, and L, is the phase veloci-
1 NI EE I ty of fundamental mode Love wave
2 5 10 20 based on the underground- struc-
Period (s) ture model shown in Fig. 2.12 (a).

4.2.3 HWLEHERE~DOIGH

Rl D | BB RO MBS DR IC A S35 Love 7S Sflili, ASS HEAE
REAREETERH LU OHEBLEBL SR ELTELAbDE LTG5 &8
thk7z. —%, MOETHE, Love M BOMES, Fhtioic S kEEEETLn
<, £030~40s HAhSBMINTHE, R4153201HiThHY, EFENBHEI ST
SREBT 1 (ERET (KFH) OSNBRATETH S, ¢, FNhHSOBRIZERD 300
IKAWICHET, HOEics1d 5 Love NN EORES ZET 3.

L, FMPfRORIC EBERNAEIRE N, BEEHETHEE2NATVE, L
BT, He3DEFLEEVLERLT, MA416ItRT 250 FuiEE/SC Licd 3, i
ETLS, (NSHRES, QUEERERLRT. £/, SEETFSEIRGICEL #-HE%EH
Wie, 3 (4.6) @ fo (£) icHiMT 3 AHEE LT, T,=8s @ Berlage M :

— 101 —



By B SERIER T+ o —WFERsy 5385  19864E12A

[1cm

=]

—_— m A AM{‘
LA .A.JA.“_ ”,ﬂw.! A aad ivGTivaTivi
QuTANwARAREI i WWATYLITE iviTin o i
W vl U | U %}M &A&MUUHM,LWML

0 60s

L |

X415 REHFEEHME (1984429 A14H, M=6.8) 2B 355 1 MRt (AT

D SN pi oyt

Fig. 4.15 Displacement waveform of the SN-component obtained at the JMA (Ohtemachi, Tokyo)

during the Western Nagano Pref. Earthquake of Sep. 14, 1984 (M =6.8).

Model |
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Model 2
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p =2.0g/cm3
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vertical scale

e e K] o] 20km
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R 4.16 MO TOLRKPCEREEET S0 OHNE - BERE 7.

Fig. 4.16 Two models used for calcualting the earthquake responses at about
x=150~60 km, where corresponds to the central part of Tokyo.
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U t <0,
Jo (£) = (412)
t2eexp (2—-2¢t/T,) »sin (22¢,/T,) ; t =20,

EROV. EiflkEZEE T, BEEE2RREOAZARLEREET LV RU 21T
IBLT, &4, K417(a) KU (b) iimd. MOMICHYT S * = 50k A& O ATt
Bk, WEFhOEFricB0Td, SEBEEZLIE S LT Love B EOEE L
TVBT EH B, BOLSicBbh s sigitic, B8 iz 3 8GN0 LREEDOHFS
BRENVC ED, ThoDBRE,LGHEShE, Wi, HE, COHficsLTE,
FRCR AN & 0 RS s R EEFIEIIEA BRI (IHFIS9E~63) TH D, isoE/EF-
TREMIIRFEIT TS 5.

Model 1 N

66.78

Model 2

7.2 ‘ 60
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Fig. 4.17 Calculated response waveforms for two models in Fig. 4.16. The Berlage function with
the predominant frequency of 0.125 Hz (8 second) is used as the incident wave with
6,=14°: (a) model 1; (b) model 2.
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EEOBEHEZ, Esfimicksl#REEO FicBEshcns, A0 2~10s DiFH
BEREE, COFE=HKEUEMLOMED Sk 2 HRE OB SRz b DS
DXEINTV S, BT, HRBOMEBEIGE* EEHA Tl s 3 BRI OHERC
HOWTHEL, DUTFicl~2 iR 48,

(1)

HEEICB T 200 S REABNTOMERO R <7 b VR % IEREEEIRE R <
g (7= ZRBER~<~7 D LR OFETETVELE. Thid, HEEO
RIS B4 RO MELEE AV TN 2/20, HEBANOAN &4 2EEH
EHRYE FPORET I LEENELLLDTH S, BRI TR, =5 =Fa—F
CRIFEMAE NN A — 4 TR EHIEER <Y b AFEREAVT, BEEBOEWIC
5 2BHOBEMAEIER L7z, 1 26, K7 ov h BETRET 2 FEOHIEES
REFBEDOTHYD, D120, kL7 or BHERCZOREATRET 2ELH
BEEMRELAZHGDTH 3B,

HRBIC 51 5 S B AE RS I 4 G TR ORI & i & ORIBFIRERE
WK, SHEDQE, f=01~3Hz ORAKHET, Q=50 % 1EMHE
LTEETHDEVIEREB. Thitk > T, HERE & A8 OEER S
Hic BT, SHECHT 2RENREMREE T 22 &AL -7,
HREE~DANMESSE S LT, UTEAEREZHAY, HREBIzE Y 2 EL6kiE
BREE 0.2 ~2s OERPISTHEST AL LWafETH B L4 R L 1. HAIEEE
WO IEBEEEILER <=7 FWHBTO D EIE A, MEOMETGOAD
SFEOSESFMHE L VD T &, BEHBEIcEI 2HE ORETOERE
AE*ERICHEARTH2bDTH 5. 45, BEFHEORALEFRE, 10~0EEOHET
Hot.

HREE L BBROBERT2RMICREL, HRBRBREZEET IS, HETOBRES
MG AT ST - HEETH L. COBDEBHEET, BbEENL LD,
AR P THERE L T2RHLEHBS down—dip FA~HRBALEZET 560
THDH. KHKATIE, TORIEBEEEZRS SH L RF|E 502 F[HS Love HEH
15 BLRE & 75 B R I/ NEAREE SRl C D RSE A O THER T B T & ik,
—%, ERIHTOLRMENAFELZO v~ r EBRETERINE T &5 F
RALT, LEDHAEESRIAHRS Z L52RL0 .

PIEHARRTEERETHE0, SEIISHEVTERLRITHSNVWEENS L. BHic
EEQ MR, HREEREDEOE KBRS DB T OBRAEESBETEE & 5 A5
BWETLHLETHE, BRI TREDN -/ Rayleigh B OHEBRAIHRIC 2V TDH,
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HHEERMEIC L2 L RMSNEANG6s BEOEOETERHE ISR nTHEY, fET
EREINEHETH S, ThicHRELT, HRERE RO ERBREE MR & T 5 RSB
ERESHDUEDE L. BREBHETR OMRTEFHEIN S EHREDRE CEEEE S
THERML TV 2 ML & B30 E T OB AL S BBEE LI T,

6. MBRISEHEE X

MiTe & MIrpIC BB S M MRS I & B IR, MUSK I 351 3 AR DRSS hE 440 4
LIHDRGHEARNUKETHS (Tanaka ef al. (1974)), C OEEDHEFET| A,
HWRPKFSEHETEUHRS & &, ROENELOLNE, KEEIEHIZ, Stk
B A5 CHRMOBREHOBI S S0 T, HBOFRERELERT 20160 CH 5.

AXTHER - 723EROT TS, COBOBFIBETHRON: OIS LHAE EDTH
5. LOFETHE, ThoOBIIBRGICES O THBREIE TS 5 5 &I 50Tl
&5.mb®3ﬁu,%Eﬁﬂﬁﬂﬁﬁm&ﬁ(ﬁ%ﬁ%ﬂﬁ@ﬁ%ﬁﬁ&?%b,ﬁb@
2 B AKCFRBGEARIC B T 2B TH 5. 1B, COETOMRE, 2 TS
CTFATIN e T ngERRBELTVE, 27, HEREISHREOBREUDR LT3,

6.1 THTZEHROBAR

M & thchic 3R B X h /o B ORI R I B SV THB OIRENS 4 4 3 fodicid,
HIFRELERDHICPEOE & AR OB D ( YW RIND T e HIAH T REHEK DR ICEER
ﬁé%ﬂ?%ﬁ%ﬁ&%.ﬂ%ﬁﬁ@%%ﬂm@%ﬁmmﬁamm,ﬁﬁ%@%a£ﬁ®ﬁ
HEBTREAL-bDTH S, C T, SHEORDASICHT 2 FHEBMEDLEE
ﬁ%2£ﬁ®ﬁ@@ﬁTﬁﬁL,ﬁﬂﬁ%ﬂtﬁméﬁéﬁﬁ%ﬁd%EKT'Ugﬁ;
1986) 1.

6.1.1 mEFEHOzEHic L 2EH

FHRE T L OKELBHISIC SV TEZL B, KESEHY, IhEHELTELGN
5P@@§Eb%ﬁﬁéﬂ5t?%.%ﬁ@m,%&ﬁgﬂﬁﬁbQHU,SWQEE%@
Witdic AT /2 THAE4 5 (Equal time layered model (Koehler and Taner
(1977)1). &6, REBEIL, HEM»PBEMI ATV EEDET 3., DRI %
HBICENT, FLEEOS v E-¥ v 2%, COBTOEE o, (g/cm®), SEEE V, (kn
/SJEUA%ﬁﬁk%@PT,dk=kams%(%TET®4VE*FVZ§c%H)
ETNR, BAELHE (F+ 1) BLOBRICBYZE (k+ 1) BA FSBOREREI,
Se=(ap —ap) /(e + @) THDB, COLE, KESEBHE O EZBEICNT 2
Haskell D73z L 2 X2 LI T O 2.
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T, BAEEEETEE (A+1) BEOBRICHU 3 LRUROS (k- 1) Bep
BRicBY 5 TR 2 £lE, K4, X, (2) RU X, (2) TRBT S, 2T, 2 -
exp (i4), d=w-4T (|2|<x) Ths. AL, o IMHEHETHD, I EEH
{EMIREIE S F5d 5. Haskell OITFIERTIR, BEBLE (k+1) BoMET,

Xk+1(z) Xk(z)
~ = (1 + )70 Qy (2) » s 0k=p.  (61)
Xk*—l(z) Xk(zJ

RAMFZELES B, T i,

21/2 Kp
Qe (2) = (6.2)
Ky 2_1/2

»

THY, £=1 BRU X,(2) =0 ¢45. 227,

a\* (z) af* (z)
Ap(2) =
ay* (z) g, * (z)
&
= JIQ,.(2), (6.3)
n=op
&,
&
Sp=IT (1+¢,), (6.4)
n=0

LA ERCAE, R (61) 25, IEEOEEMNK G, (2) UBBHKO7— 1
Bl RTEAHED 7 — ) 26t), G, (2) MEERED 7 — TR BRTEER
BD7 =) 285E), RU G, (2) (HTFEBAEO7 - ) & S TBAMED 7 — Y
THEME) DR A,

Go(2) = X, (2) /27 % X, (2)

= s,/ 27 %eq W (2), (6.5)
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G, (2) = X,(2) /(27%« Xpy, (2) + Xpuy (2))
=5,/ (27%a, P (2)+a," (2)), (6.6)
U,
Gy (2) = (2% X,,, (Z)J.r}p”(Z))/z’%' Xper (2)
= 1+a,P(z) Sz % P (z), (6.7)

ELTEEENS.
zz7T, A (6.1), (62), RU (63) »oiEo603 2 >OBER :

a ¥ (z) = 2%e g "V (2) + ke a0 (2) s 1=k<p, (6.8)
LU,

@, % (2) = 27 ke g,V (2) +mpa F (2) ; 1= k<P, (6.9)
HHOAE,

a, B (z) = 2% g, (z71) . g<k<p, (6.10)

DEEFRRMEI L DRSNS, £, KX (6.8), (6.9), RY (610) »5,
a M (2) = 2% (6, %0 (2) +ry e a B 0(2 ) ) 1<k<p, (61D

RAHERNBBOND. Tlic, a,V(2)=2% t33. 3o, T

@,(z) = g~h+liz, g Wirz)y . p=<k=p, (6.12)
ickY, K (61D @k LML B.
24(2) = @y (2)+rpoz™® e a, (271); 1<k=p, (6.13)

TZiz, a,(2)=1 Thb. X (613) »b, a,(2) 1 27! OBHEAT,
k
a,(2) =1+ 3 g® .z, (6.14)

EFhid,
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g =5, ; 1=kx<p, (6.15)
RO,

gW = gl-1 4 gtk gk(if;n : 1<n<k—], (6.16)
wRons. &R/, X (6.5), (66), RU (6.7) it, &~,

G, (2) = Sy z_b//ag(z)

It

?
Spr S P et (6.17)
—0

G, (2) =s5,+2% /" (ay(z)+2", a,(z7) )

- ()
Spe 2 /kZ:D(gk“" +gltl ) 2k, (6.18)

&U;'
Gy(2)=1+22a,(z™") Sa,(z)

)4 p
=1 ¥ X gl LY gt e gh (6.19)
k=0 k=0
LT85, {BL, &P =1 RV b=0/2 £45. $1, G,(1)=1 5,
b
Sy = 237 gl (6.20)
=0

&1ih, K (618) i,

G, (2) = égk . z"’/kzju gx v 278, (6.21)
L35, {HL,

g = (& +8.2) /(&P +g/”) ; o0<k<p, (6.22)
Th 5.

MO ERLER (6.21) ORICEITHICEE T 2—#i#kit, Kobori and Minai
(1969) IKL-»>THENTW S, 2 EHOGEEBRICc L A (6.21) O OEEEK
FHz, EBOKEZBHELZ X5t Equal time layered model THOEKS Z Liz k
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DIFoNbDTHS. LEOLAMD, HEBHRIIGEERTE L TR, BRSSO
EEHNET AU OHE, ChoDRAFBRORAENNL GO LN S, Bie, R (621) itky,
M FBICEES W R ESGORRFILESEZ U215 L0531k 3,

T, H (6.21) BRU (6.22) wLhid, G, (2) OHfHI 27! OEBEFARTHY, %
D32 Tz —FH ELOBRNMAEIZH 5. 2 - TFEHOBEMMLics 2B 0H4 B
WABEIxHE, RELETVHBRHEZES-0icE, HBTORERENERENS. &8
DEEEED L1 28, ABREOEAR, BRI, B 7 4 -5 0ERIC LD
Thha. HIL, G (2) kBT, ERLMEEY 2 %

A +i/ Q% =1-i1,/2Q, @>1, (6.23)

TE#TLHT LickD, ﬁﬂﬁ@@iﬁﬁf\éﬂé (Kobori and Minai (1969)). = (6.
23) kL,

Q=4,/2¢4, (6.24)

D, Q HEABBICHEIT BBEiciE, G, (2) kBlFd 271 % exp (—¢g)» 27 &
BT 22 Licsh, ANBESBASNS. 3.1 Til~fchic, O Q &, 1AL
Lf,ﬁ(&%)@%é&étm,Gm;)mﬁﬁﬁ(am)u,%@ﬁ@ﬁﬁ@%éﬁ%
HEZEWHEEDREDH D, AEEELEL G, (2) OFRBERXD S, SEREICET
Q% G (2) O FREAOERLER (7 exp (£i1d,) } ZHOLT,

Q=—n+fo+dT Inry ; v = A 24T, - (6.25)

CHESNG. 2T, fi (Hz) it G, (2) OFEERSH (=HEOSBREHH) Th 5.
6.1.2 HRlFETN

ZCTit, BFBRWT 4 15 2A0T, HIRRUER FEICRES N IR I L 28RI%
ARRT A, BT o vs i3, EROBBECEERI DBV LA ODTHY (K
& -5 (1969) ; Riley and Burg (1973)), SHEOMEMSEICHT 505 LE M
INEAEF ORI RREEBRICRIHET 2 £k A, 6. 1.1 Tili~okkic, KESEHBODOS
Higiextd 3058, SEO LEBRORNFES («,)} OATRB SN S, BFEY
TanF b, TOREF (,} DATETORME AT 2 L0H%KS.

9, M6 1R 2BHOW7 vy 2EZ1 5, CORTRINTVARERERA,
M6 2icmdtEEET5b0Ed 3, M6 1iekT, KEFHEHF (£,) » Durbin—Le-
vinson D& (kX (F1Z1E, Clarebout (1976)) =FHA &0, K6 1 OBFER
7 4 v s DAMAEDOERIE, HOESEAWT,
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Y(n)
6.1 &@ERE7 L5,
Fig. 6.1 All-pole lattice representation of linear autoregressive filtering.
(1) Unit delay @ x;(m X (n-n
X {n)
(2) Adder : ! ::@—ximnx](m
X {n)
J
L X m
(3) Multiplier DX)——- xj(n) -xj(n)
X ] (n}
X (n - -E{x ] A/E1x1E1xy 1"
(4) Correlator o
Xj(n) || -Elx{x ] eI E1xp®
—
B6.2 TR 7 4y IV BEETR.
Fig. 6.2 Operators used in lattice filters.
p .
y(n)+ Y g ey(n—j7)=2x(n), (6.26)
71=1
p . —
yn—p)+ Y g®ey(n—p+3)="(n), (6.27)
=1
RU,
Lo S b o 9
g ex(n—7)= gy-;ox(n—73), (6.28)
j=0 7=0

1 BMER AT (FlAE, Robinson (1983)). L7d5-7T, H6 3iTRdhkic, &
FRIFE T 10y 2 HAAAZBIRIZFRICR L T,
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x(n)

. inverse filter
x(n)

x(n)

exp(-Cqn)

2" - = " )

E6.3 W74 E2HOHE - bR RIRCERD &
Qhs B 7 2 SO BEREL AR (FED.
Fig. 6.3 (Upper portion) Block-diagram representation for an
equivalent observation system which has two seismo-
meters installed both on the free ground and at the bot-
tom of borehole. Observation waves on the free ground
and at the bottom of borehole are designated by 7 and %,
respectively. Observation wave £ is composed of two
waves, incident wave x and back scattered wave X.
Operator z—? plays one-way time delay and gain factor
of layered system is designated by s,. This diagram is us-
ed to model the earthquake response of multi-layer
system for SH waves. (Lower portion) Exchange of delay
operator due to internal attenuation with Q e f (c,= nor-
marized circular frequency/2Q).

B e Y H— F) = 5. . _b :
&; y(n—7) =s,+x(n ) (6.29)

1bgs

.,

RU,

p
S (g gl ) Y (n—j) =5, T (n=b) (6.30)
71=0

BT B, 7220, T(n)=x(n)+Z(n), T(n)=s,»y(n-b) THa. =
(6.17), (618), &R (6.19) OHFLE 2D AR IR TR s s~28ER L, =

(6.29), (6.30), RU . (628) 206&DTHS. Huc, K6 3imLiABAREF v,
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S HIE DK & BRI B 55 & B B A ZE T 5 b0 B C E RS, 6
11 Till~x7cfic, HBOQ %R (6.24) THAZ /L33, M6 30 FHicmdic Bl
ARAEMT B ik D, NRRELEAT 2 EHHKS,

6.2 EEMMETE

AETHE, R (6.21) KEIWT, G, (2) 2 H#ETIHEAEETE. G, (2) 2 #E
RNEELIBE, ROICRET ST &, ETICAVZERBATS 2. CORECHL
T, G, (2) DAMAETRLT MM ESEELREE R4, 2, C Ok
Hiz Tk~ 3,

M63THONBMERVRETETORMESE (¥ (1)) BU (7 (n)) ©z%&m%,
&%, Y(2) RUX(2) ¢35, Y(1)=X(1)=0 &30, = (620) 75,
2% & 5 T B T DB R DA E AR 4 51,

Rzp (B) = —2:£—_§3(\(2)-?(z‘1)- zh-14 2
i

2 g @ ‘
= (X &) Y&, Riv(k+b—n) (6.31)
m=0 n=0
LA, & LT
1 oS ~
Rpp (k) = 5—,§Y(z) e Y (27l) . 2kl de
T i

IHFRELERD B AR TH YD, BN £ 4T 3k cRESNBET 5. £ (6.31)
ICBOT, &= 8p-r BIHWBRBMRE Rpp (k) = Ryp(— k) 75 2{ERIMMAEAFIBT N
i, Rir (R)=R3zs (— k) PBOI3B. ZOFIHEER, SHESMDICAHLTDS
REINDZDOTHY, KPZEHRICE T 2 SHEOLERGFRELZ M EELNETH
5. Hib, G, (2) OHEICE, Rip (¢) 28 £b AT OEHETE— 7 2> EHKER
LU BHERMAERVEINETH S,

LIFTi, EiEBRER-> Rid (+) OHERMICHNT, G, (2) 2#ET 22504
HAEET D,

6.221 LPCH7TR+FaEANWEEE

RPN, G, (2) DAY WRAGEEEETEBNED:-2AALTERRASNS, G,
(2) DHEE LR, TORIHAETNLESEREL, G, (2) DA v v EEICHYT 3
bOEMOHDETHMT S LTHE. ZOBDESHEITIE, #7A S0 HHPR
DRV (Oppenheim (1969)) #d0, T THE, G, (2) OWTIKFALTAS.
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=9, R (6.21) SBRIED 2 ZHhe OBIEE,
P ? ~
Y (2) = (kz gk/k)? v ¥} 2 X12), (6.32)
=0

CLTRETCEiRT 3. CORDBYT 5L AR, & FESMHOEEE 04T 12
FESETHRAE, G, (2) »H 270 DEEBRLCEMSHELENIT ETHB, LEL,
TIPS RERFHED ng DE~NBELLLBEIETHHY. £CT, 6.2.1 T
20K (2) % X (2) tLT&?C&K?%
xic, ¥(2) R X(,ZJ PHCERE T TEUMERS 5. K (6.32) i3s3
HEERERIERR LTS,

0;/;250“9(’5) <2k = 3 /k)i @y (R)«z™k. a;/é a;(k)+27% (6.33)
T, les(k)} BRU (ez(k)) 1, &4, iﬁﬁ&(ﬁﬁ?ﬁ%%ﬁiﬁﬂ%ﬂﬁmé?ﬁﬁén%@
RIRBTITH B, £/, 0 & o i, OO ERREGCAHMEL THES N5 THlms:
DRFTHS. g, ()} KU 9 &, G,(2) ZHEET BIBICBENNT A -4 T,
UTokickE s, 12721, R (6.33) T, @;(0)=a;(0) =, (0)=1 &4 5.

HEEHFETF Vb oROONZ X 7R b 3 aic kg, R (6.33) i, dL2OELE L3
ZEicky,

' » » '
2Rzt =Y, (k)2 ™+ X cp(k)ozh (6.34)
k=0 k=0 k=0

LB, Cit, i=7, Y RU & ELLiEE, £TRL T LERME,

¢, (0) = Iln g ,
U,
ok (6.35)
¢ (n) = —a;(n)— ?11_ Y a;(kR)ys(n—Fk)-c,(n—k) ;
k=
l 1=n<p,
&7 % (Oppenheim (1969)). iz, [F CFRD FHEL,
g, = exp (¢;(0)) ,
RU, . (6.36)
a;(n)=—c¢; (n)— —?lzu S a;(R)ys(n—k)sec,(n—Fk) ;
k=
' l l=n=p,
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L5, BEERETF VOB FillfRE (Linear Prediction Coefficient) »5, &
(6.35) KBt~ TBLNBY TR LT 4, WE LPCHr7ab5455bNbbDTH 5.

PLEDC &b, G, (2) OREFIERORKIcT S, 4, (Y RO (T (n+
b)Y wHAEREFVEERLT, ORHREKE FRZEOAHERDS. Lhbikic,
X (635 2AVT (e (M BU (e;(m))_, ks,

ez (M) =¢c5(n)—cz(n) ; 0=n<p, (6.38)
THEPS, ZhER (636) KALT (a (W) RU o, %155, 270 &R
i, G, (=) i,

b
Gi(a) = o5 +270/ Fag(n)ez", (6.39)
n=0

ELTHEINLT LTS,

G, (2) DEEHERALLEDBEBD TH LY, v7A S L2A0EC it >TELS2
SOEBITNREHERH S, 20| Diz, HROHBESMOHETHS. 2T, HE
B AEEEMS (X7 b)) 2RO 28+ G, (2) OBLEERMEELEL 5. 39

; —if, (1)
2be G (2) = |G, (e'P) | = e 0, ( , (6.40)
s, R (634 Or7z b5 452H0T,
In 2°G,(2) = In| G, ()| — ifg (1)
» 3
=2Xeg(m)ecosnd—i e (n)esinnd, (6.41)
n=0 n-l
L%, BRRERRITEME 4, (X)), K (6.38) &b,
d p
fgl(lJEAT-ﬁﬁgl(i)=AT-nzz:n-cg;l(n)-cosM, (6.42)

L5, K (6.41) @F, ANKESZERL72BE, 2°G,(2) DLTOBA 2 — FHOHE
Gr P FE B SIS £ 71 3729, 2°G, (2) OXEIRIESYE In | G, (e'h)| &
(KB B B, ()& 77 Hilbert ZHRH TRESNA LS HEES 72 b 7 a%5MOTEEL
FbDTHB.

35), (6.200~(6.22), BRF (6.4) £b, G, (2) D 27 ghhbrRELSHT, KA
LB,
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p—1
cgl(g) = X 1n(]+mk)*b'i// : (6.43)
k=0

-7, MREEFBicE T 2BRBEINADCOE N f, ORER7 L9 TOBL
#ic, 2O LPCH 7R b7 AOFE&EERDIL, HBD f, B33 1.,2Q (f,) i,

1./72Q(fy) = [:zj In (1+#g) +¢:(0; /) —¢500; ) /=fy-p4T,
(6.44)

L1553,

6.2.2 BAEILLHHE

6.2.1 T~ /58, EAED7 - ) TRIBEEDNT — « 22 b LOFELBRHERNS
HEDHKIZETIW 7 ) - OHETREEL, SERGRELZE L= 7vEBE L THT
THRLLICERERODODTH S, LeLEAE, WFhohkickwd, ASESH
BOBTRESNTVSE LTS, HEOEATED Sl S HI 0S4 SH%E LT
S, WINOLETOLRASEEZESFHEL S, LCad, ERCCOBOFET
HEE L7 AER I, B E THRS W 3B BRED “n” 3745<, SHEUADED
BAZREICRLTWV3S,

AHITE, AIEREEIC G, (2) OBAFEELENSS, AHAMICC OBIc EE L
DR E NIARBET G, (2) 2MET B HE >0 THRNS, 9, £ (6.30) eS0T,
ROMISHERMEFVEERD.

b4 g P ~

kﬁa(b-y(nfk):}jwih-X(nfb)+u(m. (6.45)
=0 =0

czic, (F_ RO AY (0 3BAEEBELL, E(-) % » OWSHEs

FEElies, E(XMN=E(V (M) =0 &35, 1, (¢}, 3 HRukS

BRETH LD, ThEEHEORRIEF VOB EEAYOGE S BETHET S i, O

RHBEENR LT B8, AEOTELY. 227, {1, 2acEREFrv

q
ARy eu(n—k)y=wmny, B(0) =1, (6.46)
E=o

THABZ LT B, i, (w(m)))_, &, Elwn)l=0, Elw(m) w(n))=
0f ¢ Op, MATFHMABHSERLE TS, £/, Op, H20x 0 —DFus LT3,
A (6.46) DFEAE, 2 20HMIcL VB ONBLOEDTHS. 1 DEIRL iz, 8
AHEDIRS, LU SHEOAEHI] - DL TS C MUKV LD TH D, i
BOICEENTV 2 SHELANOHERS LA LT, & (6.46) OEFLDOHE~RINS S
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VB B, oEhE, BEll%RERTRG 3 TALNAHC, ATBRRLATLTHAED
B, FEOAS (2 (1)) TR, BOT 4= Koy s Dbodrode (2(n)) ThHoH
DTHD., COBERZOMEERETIE, KX (6.45) KU (6.46) OkZETFBERS O
% (Akaike (1966) ; 7R« dr)I] (1972)).

Wwic, T (6.45) KT (6.46) icHid B35 4 — 4 OEEELEET . HEEERLRLE
Lk DERILS N B, EEOHERIIEEREEOTALB S, £7, (wn)) M
TAREKR LY, MEd 2 LEREHERATAMUEN S,

v
I = (2m0,2) %2 exp (= 3 w?(n) /20,% ). (6.47)
n=1

BEORLETITOOSRIC, | OBRK{Lik»A T, EEXECEEREK

L

—21Ind

Il

N(ln 2z + In ﬂ'wz =+ Swz/awzj » (6.48)
DEMEICE DL N5 A -y DHEEEITH. L Cig, & BERATHS.
N .
Gf = Fatony N (6.49)
n=1 .
;JoiT, o LoV T L ARMET BT Eickb, o =5, D&z L ovgwMEans.
LEdi-T, o042 =8, 23 (6.48) itfRA LT, EHHEAKRGE, M,
M = In 832 , (6.50)
BRINET BNG A —F o« XJ b
0= (a(1), (@), a(p), AU, =, ALO))", (6.51)

DOWTMBLL S, i, "FfTfoizEE R &4 5.

PO B TR S o, & (6.49) O spf 00T, MEHMBICEY 3 EHE
HERME, 2F, T =0 RC (1) =0 (n=0, RS n>N) #{FEL, *®)
/N 22N RUT (n) /\f2aN ©7— ) TE5%, &%,

~
X

bz

X () = (22N) % () «zn (6.52)

"

i

1

kU,
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N

N/\
Y(2) = (2aN) %« Fy(n).z27" (6.53)
n=1

THRDT. Rk, a(k) RU F (k) 7 -1 %1%, &4,

b
A(z) =k2 o (k)sz™% | (6.54)
=0
&UI
B(z) = k,f BR) 2+ (6.55)
=0

EF5. Wi, w(n),/\/ 22N D7-)xxkFER (6.52) R (6.53) &AkicES
5. ZoEsE, K (6.45) R (6.46) iz, =& (6.52) 5 (6.55) D7 — Ve G|
ALT, w(n),/J2zN ©7—)z&RERONE, Thi,

W(z) = B(2)- [A(2) Y () —A(1) -2 X (2)), (6.56)

THRUENS. Lid-T, & (649 THELZoh3 5,7 i3,

1

5T $W) W) -2tdz, (6.57)

g =

Tflahs,

ST, 0zfT 3K (6.50) RU (6.57) OB/MLRIBORE, ~7 ruF| { 6,) <&
LNbDETD. M%E 6, OBIFEALLT, M(6,.,) % 0, TF— 35— ML, B
D2RAER LB &,

M(ﬂﬂ+1) = M(an)‘i‘f'(o,,) . (anﬂ —6,,)
+(8rs+l70n)"H(0n)'(0n+1"8n)/2’ (6.58)

LB TTiT, €(0,) 1 0, KHTAEMDIS5VTy v 4, H(B,) it 0, ictidaM
DNy ¢ v EFEATTHDET S, K (658) DL 2RIEELSE, 75 V2 v g~
7 b WADIRICHECENY b AABGET B, 22T, 0, Di KU J %, K4, 6,0
RU 6 Lgtud, £€(0,) imRE H(6,) @ (i, ) @A, B4,

atyM

E (01;) ‘i‘ = 63;‘"’60]-5’” ’

a &
5 g ¢ RO H(}];; =
?
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TEZESNS. M(0,,,) #8/MbT B10ic, 0., KBATAI SV bPEFEXZ b
0 L7, X (658 b,

E(an)+H(an)'(an+l_6n) =0 (659)
1B, ~v e vHEAIESE, R (659 &
O, = 0,—H™'(0,)+ € (6,), (6.60)

BB=a—bv 57V v REOHREREB B, LT, 0,2(0,), €00, RUH(8,) @
THEEIC DWW TEES 08, BEDD, T n 1EHBT 5.

a) S oy

EREARSZERE (v (1)) OEHCHMAE Rew (B) &, R (6.57) hokA LN B,

1

-1y, zk-1
T W) W(z')-2t1dz

Ryw (#)

2,984 ) ) ) )
S @) am) f(n)- [Rpp(hk+m+n—i—j)
=0

f.jamyn

Il

—~Rizp(k—bim+n—jJ)—Rsz(k+b+n—i—7)
+Rys(k+n—7)]) . (6.61)
® (6.61) oLk 2HERUCHEEMEM 25, N (6.52) KT (6.53) » 5,

1

Ryp (k) = TF $Y(2)Y(27').z2ttdz
N-k/\ —
=N'XY y(n+k)y(n), (6.62)
n=1
Ryy (B) = —1— § X(r)Y(a')s2*tda
2mi

k/\ N
=N Y a(n+k)y(n)

n=1
= Rz (— k), (6.63)

BT,

=118 =




EREHERRIC & O HEE S hic Bo RO MBS 2 —

s z2f1 gz

Rig (k)

M=k ~
=N'2Y x(n+k)x(n),
n=1

D, DE o® i, & (66D B,
oy’ = Ruyw (0) ,

THo.
b)
€00) Digksrig, R (6.50) BT (6.5 »5,

Al B S N

aM 1 aW(z"") .
= Y Y |
a0, oy W) a0, AR

THMshz., E-T, EESEA (6.56) »5,

AT

(6.64)

(6.65)

(6.66)

aM 5,494 § ' ;
7a i) mnua()ﬂ(m)ﬁ(n}-{fe” i+n—1—m)
pR(b+n—1-—m)— R (i — bt n—m)
tRiz(n-m)}] ; 1=i<p, (6.67)
BU,
oM o _bao ;
5D~ a7 [Lz;n:omz) B(m) a(n)« {Rpsi+n—1—m)
—Rpz(i+b—Il—my—Rs;(i—b+n—m)
+Rpz(i-m)}) ; 1=i=q, (6.68)
155,
c) ~ve Y H
H(8) &, (i, ) s,
8 M 1 - W (z) OW(z™!) -
That imng P e a5 % -5

Tl S N AT THLS NS (Akaike (1976) ).

H-T, B~y + v DERSD

=118 —
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i3, R (6.96) »5,

arM 2 ad o
da(i)da(i) o [m‘.’{:f(’"”(”)' {87z U —dam—m)
—Riz(b—t+n—m) - Rz; (J—b+n—m)
+Rzs(n—m)}]), 1<i,j<p, (6.70)
azp 9 50 o
GB(I)IAT) oy [m%;:ua(m)a(”)' {Res(i—i+n—m)
“Reg(b+j—i-m)—Rzpp(j—b—i+n)
+Rzz(i—4)}) ; 1=i,j=gq, (6.71)
BT,
M 2 a.p | o
7a( 05 " wr L2 E (R Gmitn—m)
—Rpz(j+b—i-—m)—R3;(j—b+n—m)
+Rzx(J—m)} ) ; 1=i<p, 1<j<q, (.72
LA,

Lﬁ@iﬁéﬁﬁﬁéﬂﬁﬁ(6%)®%ﬁﬂé{EXM]LI&T%.ﬂﬁQEE%ﬁ
i3, R (6.2D) itk B (&M, kKed (Y, #RALTRE 3. 14,

— »
AUy ezt JT (1—zt 27y,

xr

=
£
Il

Zp = Tpeexp (14 3 1=<k<ph, (6.73)

& RMART hIE, 1O SEIRENICE Y 2 ABHEETRT Q i3, 3 (6.25) ~ (7,,
) ERATEC ETELNS.

(@ ()], K50 TBONE G, (2) OREIESMIHG, Re(-) £ () O
HAERTELT,

P P » P .
b-dT—Re[Zﬂ'd(”)'z'"/fm(")'z—nj = AT, (6.74)
n=1 #=0

Ei . EAOAIE 1 EAMREOHMBIC ST 2EEBMTH D, F2HESR (6.42) i
MET 5 1, (1) Tho. BRERMEER, MG 2REFESEENO 590 T, »o
REUfET L 28ETR, EBMAOREMICLD, ZORA LR/ E O OB I BE

= 20—




EREHBIRIC & 0 #EE & Do B B O MBI — AT

DEBRRPEET L L2TBTL200THS. HEROBSIZEVTD, lzumi ef al.

(1980) BCODFEREMEL TS, HE-T, HBickid 5 AH/TBAROBRUEERTHE,
BRRERMONEROBILT 5729, 1, (A) S & 5 MR EOREREOZRANRE
AT EBEINA, BL, 2°G,(2) OSBRI S 5715, tgl(i) D |2
=7 KBUAFEGERFLELS. Chid, R (642) OF TR b7 L52AVAEERLHS
bEZ 5,

6.2.3 H#EER .

AEIT RN AERHEE RS R AV 2RI RT. 622 Tli~tBtikic L B
EETE, R (6.45) KU (6.46) icB MM (b, b, ) DBRESEZHTITH &
Ehe B, WEOM (b, b, ¢) DREEEHT, KN FLOEEH D, 3EANE
FTHERES S—FikicE/N AL CHE (Akaike (1976)) Ak 5. Thiz, Fitwesu
DREDTN 5, TOFAMEARE & B IcHRAEL =T LD5 2 - s REBVTES
SNHEHREHE (Akaike (1973))

ATC (b, b, q) = — 2 (BAMKEE
+ 2 (EFVHNTHICHAEARES 5 A — 58D

FRNETEETN (REOM) L2DEEDBLHET A -4 (6.2.20iklkc L 53
HER) 265 TREBETVETEHETH L. T, T OHEETRE S CEEMHEAHE
ET A, R (6.45) RO (6.46) KESKEFAD AICH, TOEHEH S,

AIC(b b, q)=N-lnogl+2(p+q), " (6.75)

ENEB. NET—48THD, o 3R (665 THEZohd, Ti, = (6.46) 2 £8
Liawigeid, R (6.45) itkd B35 A — 2 HEFRBMASEAEL LY, (1)) ©
SEE oy UL, ATC 3k ER S,

AIC(b, P)=N-lnog,2+2p. ‘ (6.76)

PR, 2 0isictd 245E 5757,

la) HREM#EZEicEds [WT DiE

19784 ESIRAMHIRICH I 5 IWT TOBREEEM6 4ic7s. RMEEWERS TS 3
», 1B transverse L AN ENS., T Tit, HIFELEBH (108m) ORE4H
WT, RBHBD G, (2) 2k 3. £, 2E40s DRHH, S, HAXE 10s & LT,
ls SOBBSEHC LItk VI DFERRAEEES. R (6.46) 2 EZFETIL, AIC 5%
INEFBH (b, D) AT oy b LDOKKGE 5 THS. HL, (b, p) OHME, 15= b=
19, 30==p=38 LLTW3., 23, two—way time 28 0.7s THH, AOFERE
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oki Earthquake of June 12, 1978 (EW-component).
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- aT =002s
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B Fig. 6.6  Values of AIC for different orders (b,p,q).
600™34 35 L0 P

0 10 20 30 40 9

Bfe] 4T =0.02s Tit, P+ dT~0.7s BENZYLELNEIETHE, IDEE,

b~p/ 2 B1THLLIZIBTHB. [X6.57Tid, H5~%H0BRKET, EHEEMNLH
MT DM (6, ) BBOATVE. 22T, FERENXEORN,S 1024 s %
Hv, K (6.46) 2EMLT, MUAICR/NEABMERDAE &, K66 ICRTHELER
LB, M, (b, p,q)=(17,34,14) B AICEB/NETERBETLORKENL S,
BOZEDLY, CDO1024sBETL-—L1&0, ChICERTS1024sM271L— 24
24T 5 RRRICLTRDATL—L2TDAICRNET HREOMIE, (b, b, ¢)=

(15, 31, 14) T& 5.

&7 V- LB AENEOMEMBEA ARG TicRd. SHEOSERRELRT
BEASIRER, 7L—LlicBLTHBICALND, R, @7 L—LicBlH3 G, (2)
HERREZX 6 8RRV 6.9icRd. 6.8 |G, (2)| #RL, B6 9 i B2 IE BRI
THb. K68 TiE, BREDO7 - ) tBHEEFFLETRLTHE. WTFhOBEEKBENT
b, |G (2)| r7-)zRIFLE, BED “Gh” 2H5880 EMELTVELER
5. JL—aliBT, X (673) poBonsadr®il (H2) & 1.72Q 0,
(0.92, 0.173), (2.06, 0.038) KT (3.35, 0.033) Tk 5. Ttid, #2 1DHEH
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Fig. 6.9 Group delay time characteristics of estimated

wave-transfer function: (/eft) frame 1; (right)
0 — T T 10 B R

1T 2 3 a4 0 1 34 frame 2.
Frequency (Hz) Frequency (Hz)

BERL/ROND G, (2) OEMRI (Hz) 0.88, 217 RUF3.32 L biffuL T3, 2
7, Q~4 FRRETHE. 7L-42i8, #HESNL |G, (2)| ©LESHKIIZET L
—L1LELETHY, o, 77—V ikiEkic 4 28RS B0, HEMEBLEICT L
=& 1 OFRISERHMESE OIS, SHEOESERMRENB O EREL, TALFTHNA
THDRRHETHAZEAERLTVA,

(b) FEEDFMEicH I} 2 FCH DI -

3EDM3.5 (a)id, THEEHIME (198049 H250) it} % FCH coOBNIE
0sETHS. HRLEBEH (200m#) 2BOT, REHRO G, (2) 2T 5. Fif
LEBRICLTRDICAIC (b, p) BANET S (b, p) OMERG6I0ITRST. 72750, T
DR TIHBAFTXME6s &L, 4T=0.02s &LTWV3., ZZTD two—way time
130.42s THaEh0, (b, p)=(21,42) BEHM | G, (2)| DT & LTHFHLIAS
KETH B, -7T, BE~FTRTXMRESHETICEL XETH 5. K3.5(a)D1
Trli, B5BFRMOMDRS6s FEHANWT, AIC (b, b, ) 2RDIFEREHK
611 THB. AICHBANELBDIE, (b, b, q)=(21,43,13) TH 5. CDEED
| G, (2)| 27— TiRBlE & bit6. 127 (EH). [6.12 06K, K3.5()
D2THRLEZEs BlickT, AROFERETEL | G, (2)] £7 -V 2RIBLTH 3.
 F—5 556, () EEMOBEE F K (6.45) RU(6.46) iIKBSTWEA, BlG, SHED S
BRSO 7 — s TRV EE, Bohic | G, ()| & 7 — ) cEELOMHGERES
bOEBATEE, M6120EMEIRLTH S,
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Fig. 6.12 Comparison between the ratio of the Fourier amplitude spectra and the gain of estimated
wave-transfer function: (/efr) section 1; (righ) section 2.

6.3 HIRICHIT BHETEENTE

AEITEH, HAMEZAV ZHBONREREHEELS 6.3.1 T, RELCHLHV 51
BOBMELERA A EESE 6.3.2 Tk~ 5. MiFk s tithic F 8 S hi-Ziasdic o< H
BONMEZFERTIZEAL T, R (6.23) (HEEERFHRET L, £ (6.25) &
(6.73) OMAGHE), Xiz, I (6.44) it LDEBENE. 6 3.1 Tk~ Hikiz, HihE
CHRESNAHBENOLFEDAFMNTITHIRE T 2.

6.3.1 WEEFHEHEE

iic B 5 S HEORWMETH, BES - Etosrickd, RaFETHTE
SN, LdLahs, CORGHETORBI LT, MMkt ToRLAEKEL e
DISEFHE & BHEED SEONBINERHME L OUEBUREL LS, Lichi-T, 8Tk
TEHLERESHR L A RAHEN B EAMENE Sk 3. HEi 4 EL S TE
~EELT, G, (2) 2 HERAOIREREL LTHC AR b S ki, tihHSRto
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FIHELE LTRBOERSVEYL., BELELE, E2EHOREDT TR, G, (2) Ol
2Tz — PHOBMM e EET 2h0TH 5, MbEatEH0S BEN S HER, &
(6.19) i8I G,(2) DERFELHEAMED L DOIEEHEL LTAVSELDTHA .
chiz, M6 1B ABTFREY + v O2HBEERESOLAEA VST LicEEL, #
ERGEREORBREZ BT &85, LALAKS, LOREEERAT DLDITE,

B35 (a)D FCHEBH TORFICR NIz, A—HENTERBELHMENSCDOTE
BASAMEL TS 5N A REDES i M HIEE A 3B L S P hZ R 5. coT g, B
BHIET D 1 BTES, Ho, ABHESRE L VSRS EH-. T, BTBIEES
NIRRT O RGO 44 B VTR0 IR A TS A 5 BT 5.

& FEiciid s ASHE FREE, =X (6.19) OFIFE2WEEi4. chid, K631
B BAGE 1 (n) RUOTKE 7 (n) 2 (6.28) OBBIcHHC & ESHmTHL.
ST, x(m)=08,, LT, & (6.28) poRESL (2 (M) % (%, ()} &ThiE, &
TRicks i 3 BB ASRBICHT 54 v L2 EED 2 T, & (6.19) £0,

H3(2) =1+ 3 x,(k)«27*
k=0

p-lal il =
(1+ X 2, (R) ez *]+2?e F 2,(p+R)ez*+ 3 x,(R)s27%
k=g k=0 k=2p

(6.77)

b R (6T KB 5EHE 1L, EFETA v~ BELBHIL 288, 1 v
N A AP S HIED O ORFESHERT 2 208HaTH D, H2HIZ, HEIOORH
BHRER L, two—way time ODRIZbO5H0ThHsd. 2C7C, A (877 bt sh
AE2EOFE | Hicd 2% G,(2) &5, 2O G3(2) i3, mFEicB28flET,
EEWES (202 BHEEX, (2) EF5) LMiEH SORIOKNERS (20 2 BRER,
(z) £93) Mot L TIHONIIGS, EEIC,

| X, () / Xa(@)| = | G4 (3) | « e P30 (6.78)
ABETEEELLNG. RoT,
1,/2Q =(pA-1n| Gy(2) + Xy (2) /X, (2) ), (6.79)

E1B,
6.3.2 HELEZSE
9, BB 2HELBEZEREL TEL., Ok, HBOMFCETAB1BLE
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CAYE—FrRESDVEIRESHE FiciELT, HELOORAVBE T BE~EE LS
VRASELESNTVEbDLET . CORUEEDTT, R FBicsH 5 AHE THE,
RORE L -8 O LEBE~DERID 2 El%, &4, X(2), X(2), RU Y (2
ETD CDEE, MBOTLBUARET S L0, Trr¥— G0

X(z) X(2") = X(2) X (a2 )+Y(2) Y (1), (6.80)

BRI L, o, X (2) itk Bimshs,

v v = & %y x ey, (6.81)

FAS
2
REETEHRIND. COERICENT, AREELXRT S50 Q75 2B+ I HE

extL THWTH 5.

Wiz, Qq DFHBEICOVTERT 3. ROMELBEE, | ROBFEIADSEEHS
BHATH S, COBADA Y wAANCHTS X (2) i, MRS 5 FREOS
BIERic B 2 RYDIHEOATHRE NS5,

=(1-p272Q4) - X(2)X(z27"), < Qs , (6.82)

s p-1
X(2) =270 )Y r,z2*, (6.83)
k=1

EEEZTHS. 5T,

- o p-1 i
X(2) X(&) = p+ [Re(0)+2 % R.(k)vcos ki), (6.84)
k=1
&I B BT,
R~ -
R,c(k) :T Koyvk &y H Oi-kép_] (685)
n=1 a

Thd. X (6.85) ERHFEHKD 2ROMHETHSB. oBLERNEREH DIz, B
n, RARHOFKAMIEENTZOERESTH S, FIAE, F2ETE-7L9iz, £BE=HH
BE 1 DO L A2 LIBEEACNICHEYT 3. CoBEa, R (6.85) EREHEK
DHOHEAHOHER AN EINEHD S, KX (6.84) &, REGEHED YT~ + 2 =5 b
S (1) 2AVT, RADFKFICET 3.

X(2)sX(21) = p-S, (1) . (6.86)

AYNNAAATR, X(2)X(z7)=1 ThHo0ro, X (680, (682 RU (6.86)
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£,
1/2Qq = Sg (A1) 72, (6.87)

i B

SERGLIEEO X (2) itLd Qq 2, & (6.87) ORIcES Tz erEETHY,
M EICHEO I 24580, ZOBSICBOTY, 41wz AR X(&) X(z™) =1
2REL, & (6.80) & (6.81) 5,

1/2Qs=—1n[1-X(2) X(2)) /b2, (6.88)

%X (2) poRpsdciicnd HL, & (67D 2BOT X (2) DA v vEEE
Ko BBE, HRLCE 1 ELBETAERBEREL TITY. AREBORE S, X(2)
DA v INET, BRBEREEAMEEAIESD two—way time &% AL, 2 (6.88)
CRALT, 1.72Q4 IHET 2B T58DET 5. EEDHETEH, FHED two
—way time @ 2 {SEEOEEEELAZERET 1./72Q, BFESNFHT 5. 6.13iz,
F21~23IBTOTERENAEE 1D Equal time layered model (47T .72 =
0.0ds) HOTRKD/ASHM EFCHTD 1.72Q4 277, 1.72Q, LR, #h,

1/72Q4(f) =003 ; 01<S<2 He, (6.89)

BETHS KT (1983 a)).

10

it 1yl

I/2 Qg
1

B 6.13 TrEFhoMEBEICETSSHEOEEREL
WHE /204 Bk,

Fig. 6.13 Comparison between damping factors of S-
waves due to the intrabed multiple reflections
in sedimentary layer-bedrock system at SHM
and FCH.
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6.1 3EBHBAIKRICESY 5 Equal time layered model.
Table 6.1 Equal time layered models at three deep borehole sites, IWT, SHM, and FCH.

Equal Time Lavered Model : 4T= 001s

IWT SHM FCH
. [mpedance | Thickness Impedance | Thickness : [mpedance Thickness
Laver No. |i 0, :S-g."cmji {m) Layer No. (kméseg/cm (m) Layer No. (km&-g«'cm’) ‘m)
001 — o08| 0.29 128 | 001 — 002 029 3.4 001 — 003 0.24 4.2
009 — 010 021 25 003 — 006 043 9.6 004 — D07 063 14.0
011 — 018] 059 264 007 — 008 063 7.0 008 075 4.2
019 — 020 070 T4 009 — 011 074 123 009 — 014 065 216
021 — 024 0.59 130 012 - 016 058 16.5 015 096 5.3
025 — 028 C82 16.4 017 .46 27 018 .14 6.0
029 — 034 068 216 018 —- 025 063 28.0 017 — 020 080 176
035 n73 092 1980 026 — 054 0.74 1189 021 — D23 0BT 138
080 — 171 160 6992 055 - 092 095 2014 024 — 047 1.06 1296
172 — 248 286 1001.0 | 093 — 153 L.17 3965 048 — 160 156 8814
249 — 298 352 B00.0 154 — 205 1.94 5044 161 — 238 262 9282
206 — 226 286 2730
288 — 8.50 427 = 6.75 239 — 6.33
Equal Time Layered Model : 47T =0.04s
IWT SHM FCH
[mpedance Thickness s Impedance | Thickness Impedance Thickness
Laver No. (km*sp'g.u‘.mi‘ fm} Layer No. ;'\km"ps-g.ﬂcmw (m) |Layer No. (knvps'g/cm]) fm)
0l - 6z | 029 128 a1 n.29 6.8 01 0.24 5.6
03 021 5.0 02 0.43 96 02 063 14.0
04 - 05 058 264 03 0.70 16.0 03 065 14.4
06 0.70 148 04 059 132 04 1.00 216
| o7 0.59 13.0 05 — 06 063 280 05 — 06 | 080 352
08 ng2z 164 07 — 13 0.74 1148 07 =12 | 1.06 12986
0g | 0.68 14.4 14 — 23 D95 2120 13 — 40 1.56 8736
10 — 20 082 19386 24 — 38 .17 3900 41 — 60 262 9520
21— 43 160 £99.2 39 - 51 195 5044
| 44 - 62 289 98810 52 — 56 2.86 2600
| 83— 75 352 8320
i T = 8.50 57 — 6.75 6l — 633

6.4 ERMCESMETL L ENBMHEETER
4. 1.2 TubTobkic, MARBRAICBTSSHA VR f; (1) L20RTEBLEGTOS
BB S () &g,

fr(t) =cos e fi (t—8)+sine~f ({—8), (6.90)

DRSS, KX (4.6) TRENIHI, 2RHEHER, 20 (¢, §) DHEHICER
&5, 20T, TCTRI-ERICEG ZEBMALRTNS, (&, §) THET AT oL
Ti~5s. &7, E() % () OWFELT5&, cos e B sin € i, = (6.90)
£0,

Ry (8) =E([ S, () f; (4-8)],
= cos €+ R; (0)+sine » R (0),

kU, (6.91)
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Ry (8) = E (£, (1) Fi (t=8))
= cos € * R,;7(0)+ sin e » R;7 (0) ,
L BMG,
Rz (0)=E (i () F; (£))
=0
= R} (0),
R:; (0)=E (f#(1))
(6.92)
= Ry (0),
BT,

R (0)=E [f2 (1))

= Rii (O} »
71 LR oMY [(Saito (1974) ] ZHONE,

cos € =Rri(a)/f\/ Rrr(.o) 'R;‘;' (0) ; sin € :Rr? (a)//\r‘ Rr‘r(O) 'Rff(O) »
(6.93)
EfB, & (6.93) i@, BHRESHEORORAOK VEERETHS. 20T, HBEOH
HELBPOOEE S 77 v 2 DRERFEZAOTRY 3. $14b5, BEx
L =E[{ﬂu)—msﬂo-ﬂcn4)—mneoq-2<t—n}ﬂ
— A [sin?e(t)+ cos?e(t)— 1], (6.94)

DOEMERIELE LTERET 3. &£ (694 Olt, 545y V. ODXTFEMETH. &
(6.94) F, cose(r) BLU sine(r) itoVT L(t) 2BMbT BT LickD,

cos € (7)) = + Ry (2),/ RE(I+RY ()

sine (r) = £ R, (£) /o RE: () + R%(2) (6.95)

BEMERS. X (693) LHELT, K (6.9 KBIIZERFSOHREE*FEALNE, &
(6.94) &,
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Lmin (1) = R, (00 + Ry (00— 2,/ RE (1) + R (1) =0, (6.96)

£ 5. K (6.96) DELDESY, X (6.93) OBHIBOMETHEC LEWELHTHB.
#akE, O (6.94) ITHEIKHRI, (6.96) Kb r =0 OLAZNMEL LB LT AE, &
(6.95 T r=24 tLT@iBﬂé.it.RﬁU)m,tw&mhﬁﬁ@ﬁﬁngﬁﬁ
(r) LLThEZ NS,

A THRNTE LFEOBAFIZTE S, £REHOLEH & LT, K614 (O FH)
AT SDERAVE. i MNIERFIBISED 1 >TH 5 KFC (213 icsT
Bonzb0THY, 1984F2 A 14 HOILRRTBHE (M=5.2) IK51 5 transverse
BRAERTH B, EESHANVRBICHEOT, MBMBTEE L2 FIHEEN TN B D
w%.c@ﬂwlﬂu,41Tﬁ&tiaﬁ,Eﬁﬁwxﬁgﬁiﬁfﬁﬁbféﬁﬁtt
RRELTELABDTH S, 2T, EESH LR BERAD LR L RFIERD 7
ERiz >0 TmRT. '

=9, K640 ERIORT iz, EESH o VvRE LT, f, #1884 5. BIEE 256
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Fig. 6.14 Comparison between a pulse train reproduced by total reflections at the upper boundary
of bedrock (lower portion) and the calculated pulses (upper portion). The pulses f, ~f,

are calculated based on the direct pulse f,.
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METNOBESLEKRTHY, EFAROEAE, ¢ (n) (EBEHRHE c* (n) £42)
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TS E LT, HFEAD Durbin — Levinson # [ Claerbout (1676)) :
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e T L LD Iy S B N (6.103)
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(1979) OFEwiE~T, (k) iz Bayesian weight %44, E7¥ Durbin—Levinson
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IMEBD DR AT b FFEA BRI TON S 2 — 4 Th 3 RE CBBIEEY & Fillins
Fllic Bt L THIT 25D TH S, 2 THR-HETIE, X (6.97) Oz, BEFIEIR
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®
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E6.16 HEAEADOLTHTFHRET 15,

Fig. 6.15 All-zero complex lattice representation of linear filtering (prediction error filter).
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exp(-ikn)

km, m=1,2,-.,p

)

prediction e(n)

error filter

B6.16 SO FHIERE 7 ¢ L8 S FE LA BR <2 s VBEEDRBO5 4 — 5 1.
Fig. 6.16 Block-diagram representation for estimating complex partial auto-correlation coefficients
and prediction error. Frequency-wavenumber spectrum is obtained by using the
estimated coefficients and the variance of prediction error. B.P.F. represents a bandpass
filter with narrow passband.
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B6.17 #5THEELT Rro 2 AR,

Fig. 6.17 Representation of digital integrator with lattice structure.
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Gain

B 6.18 D FFEHL.

Fig. 6.18 Gain characteristics of the

I 1 i g digital integrator shown in
0.01 TR ST R S A W L o A0y
0.001 oo ! to Fig. 6.17
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Fig. 6.19 Velocity seismograms obtained at the Fuchu borehole of 500 m depth during the Western
Nagano Pref. Earthquake of Sep. 14, 1984 (M =6.8).
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Fig. 6.20 (Upper portion) displacement waveform converted from velocity
seismogram. (Middle portion) Displacement waveform converted from
acceleration seismogram.
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