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IDENTIFICATION AND DYNAMIC BEHAVIOUR OF AN
IRREGULAR GROUND THROUGH THE ARRAY
OBSERVATIONS OF EARTHQUAKE MOTIONS

By Kenzo Toxk1, Tedanobu Sato and Kiyotaka SATO

Synopsis

Powell’s method to minimize a function of several variables without calculating dervatives
is applied to identify the ground characteristics with irregular profiles from its recorded earth-
quake motion on the ground surface. The influence of the initial values on the convergence is
studied by evaluating the square error between the given response function of one degree of
freedom system and the calculated one by using the identified parameters. The identification is
performed by selecting the shear wave velocity, depth and width of irregular surficial ground as
unknown parameters to obtain a least square fit over a specified frequency band between the
amplitude of transfer function of two observation sites on ground surface obtained from the
recorded accelerogram and the corresponding transfer function calculated from the response of
the ground model. The discrete wave number method is used for the response analyses of the
irregular ground. The dispersive trend in observed accelerograms is also explained by the
calculated response using the irregular ground model.

1. ¥ 2 B &

BEP OHREE > TEHE LTS AHBREIE, BRAEHOMBEEICKS EBERT 2, Ficiiss
BREETET 2B/, BEOEE /S v E—F Y R EICK > TRERBOBIBESKE(RLIDT, C
NETE, HREPKEREPORLEBDEREL, TORBELRETELOOBNMNBINT &, HR
& UTHROMBISERNT IS, SH FOEERHERICE SOI—RITHEEENERE L > T, Lk
U236, —Bothidid, WEENLESRREEET, MEFENRERICE >TNE0T, —RTHIEE
FTRBRATEROEBBISELRT T LD R0, RAOHBHREIC OV TORRICINL, gD
BELGFEOBERCREBOVEEDSZZ EMNHSHRINTNEY, Lchi-T, Mo REHELREEL,
TH Ulcific 813 2 BB OMIBHHAZHOMIC LTHBL T &R, MBIE LEELRRED—2ThHbo

AHETE, EHRTED SHROREBH PR LHR T2 LOYBER L ELRET 2cDDT VT
) RABMER L, ZhEeEMBRIERICER VEREEEET 5. 29 UBRRAERIT S FEN 2,
DI=HITIREIRIC BT 5 REOHIBERFERITTE 27005 ADNEILE S, TZ T3 Akiand
Larner (1970) As—#f&{k U7z Discrete Wavenumber 2 2\ 2, F/-MELWHICT 5001, SH A
WY BEADIENRE Ui,

B EOMREET ML, ETAVERBRT S/°7 XA — 4 DA, REEHEOBR, B EHR LT3
TOYBERILEEROKE LT, BARBEHOTIOSERRET 5, HANIELLHIL, 7MLl

— 1 —



2 SOV SBIRTTAEE 2752 B2 (H50. 4)

WO ERITRERD SR E 5 HiR OBIEEE & BIRIEEED 5K 2R OBIEFE oM oBEEZRMNCT
BEIT, RS54 —EERETBLETH B, Chid, EFAVROBRBLET) T EICHLT BN, T
3 L-AEFER, (MIRHKE LTREERT S, (IRECOFTHE, KoUK, ([MAEENBERET S0
D 3MEICHHET B EMTED, (I1&E LTREFVEREZRATE.D0bDE, VAT LORBILEZR
2H0EICAT ONE, BERVATLNOARNERECERET 2 EHNENTHD, ARAICETEE
FAEERTZ6DTHY, YA7LZ20HOOYENEEILLT L OSKEEET, BEHNTALUERD
HABNBT EMBL, ATy« 7 4 ME—~LL BRI QCOHITH 2, FIFRPEITERIC
ESOTHREINEFVORSERERELII ETEHOT, EFVOBEEH LI UHEATENT
HFRER SR, BELOFEE LTI, WERN 2 R BN 2 RELRSCKBAEEZAVS 0
HExhg, BIVEKELTR, AEBBELAMA DO L HBERBELHECT 2840 2ENERS
h3, HIBREEOREREREOBARICEZZ N80,

AR TR, BEMEROBERECESOTENFEREFUL T I0T, JERER/N 2 REOHE
EEIhd, ~RICRFERBEZS/MLT 2 8B TEAFEROMBELHET ILENH B0, T
T3, MREE RO TICEEER/MLTE S powell DFESPEZRANTN 5,

AHIOBRRAUTOL S TH B, £7 powell DFHEOBEERIT 2 DICHRED 1 HHEREZRE
LT, BEBHREBEERERE T 4 —4 & LIZEAIOVT, WIMREOESLFICL D REE~D
INRMERE DL S CEATEDICDNTEREMZ 5,

WIC, EFME LT 2 B OHAZIcK U Discrete Wavenumber i X » TINERRATETY, RITEEOE
BERRIET 5 & &b, REVHBBOBRIDEUEEOIICT 3,

B, EHRICHE AR-MA =7 0Ck > TRE LHIBROAR7 P VEREL, ThERVT R
BILHBEE LI 2 NEBR T 2 (BEBOSBEE, ZBEERBEO v e—F 2R %
FET 50

2. BELZAFADRE

BHL HHERBRAOEEEI, EEMREE on BEEH 4 (#=1,2, ) LL->THES N B,
TARPEENT B LICk > TROONBEERES M) EROINS ETHE, BREEBIC ST
BERE Hlwn by w) EOBRER, RATHEINS,

E(wn, /l,‘)z/‘;w(!}]*(w)] | Hwom, iy @)} e snsveossssensnsssss s sesn e s eh)

T Ewn hn) 135 @n by &85 4 =5 LT DHBSIEVERTH B,
BEOHMLEFVE LTI HHAEROEFA2EZ 5 L AERBISERRRIRROL S it 5,

1
H(‘")szTz:—wz-l-Ziﬁlw,u; .................................................................................... )

VE, 1 HHEROEFVOEEMIREH o LEEER A 252, TOROHEISETREROERIEE
H¥w) &35, DX, TORBRD/ ST 2 —& @, b ZREBE LT, RQ)H 5 BEMICEER DM
# | Hw)] 2R, ROIRAL, BEOFER L, 4) 2KD5, CORBERBNCT S o, b %
BET 50

T, X5 4 =2 OPHEIC K > TREE~OPGRENSED L S KENT 2 0D0%EHE~ 5, BRUBEELLT
52 3 BESICEREY |4Mw)| 2HETEO0OBEA R o* % 31 3(red/sec), EHBREER A*
%20.025F 5, Figs. 1, 2 (3 w1 & A1 2EEHE LT Ew, &) OEERRLESDTH S, Fig. 1 3 A
H30. 02k D/ANXOEEFRD, Fig. 23 A OFED0. 01X VKRS K EZEHTO Llw, £) DEMRINTN
%, Fig. 1 XM SO L DI, A HBEEEHEO. 024 O/NX WVIEAITIE, RIE R wHE ORIF A3 5k <

—_2 —



sk - R - HERETS  REIO T L —BRICE S RERIMROBBI L 2 ORE

)

@Mu W

\\\\\\'\\w i =

[} xx2 E(u)o,ho)

~_1=0,00]

4R
AN
& AN
N i
Qu il ~__h=0.02
55 ,",vl
©
J /
8
o

Fig. 1 Error function defined by Eq. (1) for one degree of freedom system in
the region of w=0~80 (rad/sec) and £=0. 001~0. 02

~__h=0.01

w (rad/sec)

h=0,1

———t

~ h=0.2

Fig. 2 Error function defined by Eq. (1) for one degree of freedom system in
the region of w=0~80 (rad/sec) and £=0. 01~0. 2

—_ 3 —



4 KB SFRAER $275 B2 (W50 4)

WoTde TRHL, wBICETICH S & BB 31.3 red/sec DAHITKRE  DB/IMEMSRSH, w1
BOHEZFCL > TREFREEATOROBMENRT 3FHEDOH 2 C Lisbhp b, 7z, Elw, 4)
DERMBE USRI SF * — 2 2 RERREENEHIEE DO T ) XL EBET 5 LBREL
O, FESREEICLY, BBT2XIBEHRLEL, Fig. 2 T 4 50.01L W K& E, Ew, h) D
BREDIELED, 2B OLRHE SRS S, £/ A ZEET 2 & o OEMEEREICEOFT CR/IME
TR B0, FEEESRERONLHEDRBANILL B85, XA BmickE{T 5L, A0 2L
1A, o ICET ARMERE DD SR RADTRENRARICE-TLE S, BRELT, BEE
HOVHELAHEEEEL ONAED 2 ~ 3EDEICT NI, BESIEMEISKD ShPT I EMRELL
1183,

3. FEBR A ORERIF

Fig. 3 |\URT LD SR UERE 2 E T 2 B OBRERRITEITS 7odic, SH FHExds & L7 Discrete
Wavenumber 3 (D-W 2k) 2\ 5, S TRIFEOBBLHENS, DFKK, HBERAET->TH3H1E 5
EREFNIR) OHAREEE €T ET 3,

3.1 D-W ZORBECKT R

IRFEICHE A B Bt AR Eic— BRI BE D 2E T 2 RBHAR O > TO AR OB MEAE D-W BTHEM
L, EERHERCESCHERELET 2 LickD, BORLEERITT 5, HBROYHEER (F
B oo HAKEEE B B Fig. 4 WRTLEBVTH S, ZBHBOBED% 9m, I9m 25 45m & L
TBARODOTHET 2, COBER, #IOURTERIAES No. 1, No. 2, No. 3 itk 5 RBOEIIKEL
(BB EHICRAT,

Free Surface . ) 81=170 m/s
Layer p, B, P1=1.7 g/cm3
7
Base 8,=330 m/s
Layer P2, 82
© P2<1.8 g/cm’

Fig. 3. A ground with irregular profile Fig. 4. A layered ground

5

-~

)\
\
[}

1

w

7
S

Amplification

~

Amplification

5

&

w

~

.......

1 2 3 4
Frequency(Hz)

(a) D=9m

1 2 3 4
Frequency{Hz)
(b) D=19m

Frequency(Hz)
(¢) D=45m
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Fig. 8(a) A symmetrical ground model of the observation site
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Fig. 8(b) A non-symmetrical ground model of the observation site
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Fig. 9 Magnification factors for each observation point calculated by the multiple reflection theory
(full line) and by the discrete wave number method (broken line) for incident wave angle 1°
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Fig. 12 Magnification factors for each observation point calculated by the multiple reflection theory
(full line) and by the discrete wave number method (broken line) for incident wave angle 80°

w

'S

plification (18)
~N w

Am,
—

\

1N2 3 4 5
Frequency (Hz)

Amplification (3S)

0 L .
01 2 3 4 5

Frequency (Hz)

Fig. 13 Change of frequency response function along with ground surface for incident wave angle 1°



RIS - BRI - RS BB T L —BRIICE S CREHBROREEM L Z ORE 9

Fig. 9 IR LA RIZMNETHHSOAHN 0=1.0) 1cd LT, WFNofET b EHERSBRRICES
—RTTETORER EZF-H LT 3B, 2S QLI ERSEH LTV EIEHTS, LRI STIC
1RIAR A (2.24 He) Io BT AIRIBOK & S IERRHER» OKF 503 60)iciFiZ—H L T 5, Fig.

10 ITRE 1B 0=30° DFEATH, D-W B:TROFHEBICEHIRIL, 1S TREERMER» SRDK
EFNEHFHREBERL, 2S TH, MBEDOERDTHRTLY, HERBBONESHETHTHICE
LT Bo Efe 1 IRARIRER L D HOIREET, MBEOEBKELL5, 35S THHERCEHRROL
BHISAERIS, 2S SIBIE—H L Th5d, L LEhss, 6=60°80° 7223 &, Figs. 11,12 5SS L
T, RNEBHBOGERELEERGERCEUT 2 ERRTHIIE S, 2Lk &hd, REF
BICHEE ORI RBARANKE IS EEEFICIE A0, ANAN I EET CREERNERTOLI
D ORBETHEMOEUNTE BT Ehsbh 5,

RIT, M DOREHHIC &L » CHIERT OISR E OBREET 2 0% B~ 5, Figs. 13, 4 2R ~LA
A% 1°30° L LcBAle, 1S E5hD 3S ST 80m UM CHEROISEEERSL 3 RITHNGR LD
THb, FZHEAS &A1 Fig. 13 Tk, BBHBBOFEIMNELZITLIN-T, BREHDO=
— FOSEM LT 2T HIHIChD S, FBT— FESBICR~N LS CEERHERP ORDOSND
SH D€ — Fitiziz—H LT3, AfHf% 30° & L7 Fig. 14 o313z Fig. 13 LRLTH 305
REMHBESICRRLTO S EZZ SNAREE ~ FAREL T3, MICBRTHAR E—2 M2 h

N
-

200 2.3 4 5
Frequency (Hz)

plification (1S)
w

Am|
—

-\

120

280
360 e
440
520
600,

~ 57 .
1]
“ 680 /)
4 1s 25 3s
Q el © © P
431 760
o
3
& 2 MBao
o
g Cl
g 1 B

0 ,

o 1 2 3 4 5
Frequency (Hz)

Fig. 14 Change of frequency response function along with ground surface for incident wave angle 30°



10 FORB KRR 275 B-2 (FE59- 4)

THhb. ChLDIEBRBYAICHZ ©—7 13, HREKESHRELSILE EEL, BERHERICLDRD
7o 1 IROILRFERITIZZ—HL, BRIFWCSH 3 €2 & 2 ROERBEHPICRI-BT505TH 5,
4.2 EFIRCHTZENAROHBEEE
4 1TRD R BNSORBPBISEERER T, BRSMOERRCEREEEET 2, ABRFTTAL
BHIBMIE, WIhd 1S OFEPOLAHL, 285,38 ANEEETEHDTH L0050, EEKI, 15 &
35,28 & 3S ORIRDVTRDI. FNENDEEEEE Huw), Hnlw) &T5&, chdid, RAD
3K, BEHADOHBISEERORICE - TRkDONS,
Us(w)
Ti(w)

Us(w)
Us(w)

Hyz(w) =

Hos(w) =

2T, Ujiw)j=1,2,3) BERA/ ST 5 AREISEMR TS 5,

Uleds=T, BIEITR®DZ Uiw), Uxw), Us@) ZBHNTRG) & D ENENOEEEEE, AsfA 0 %
1°, 30° 60°, 80° LZE/LXHIHAICDNTRD I,

Figs. 15, 16 gz heh |Huw)| & |Hulw)| 2ERLE

5.0 — bDTHB, A 30° UTFOHAIMEEERD £ &1
2.0 --= g: | Hal IERP €~ 2 ORAET ZRIFUIEE TR -HL T2,

* ABE 3 60°, 80° 1278 % & BB O RBIEIC K 5 22 Ehhs

=5 304 WU 8B, —RICTHBR OIS LT 2HBD S BEEi
s 3km/sec ¢HNTHY, TTTEATS EMEOS B
20 Bt 330m/sec THEME, MEDA vE—F VR D
1.0 HREICHY B S WOASMIRA S RHS - TH 3~

BETHd, 9 LI &uEX B, Figs. 15,16 TELN

FRERE, RICT S RS T, ANAOEEEHT OEKE

Frequency (Hz) KO FEDEL THROT ERRLTN S, #UCERR, &

Fig. 15 Frequency transfer ‘fupction AR ERANE S UCRET 258, AAR, FET~E
between the station 1 S an:i 38 754 —FD1IDLBEOBRNT CEHRL TS,

4.3 EFIRICHT DR AMOLEE

14.0 ¢ 4. 2T, (EHEERORIEIC DN TERAD, RERHARIC

13.0 « B BIEREE AR5 T2 DITIRAER 27 P VCDNTDE

L =& i BOREE B, ABAN 10 & 30° DBAICONTOEE

50T - i Hal 5 1S, 3S & 2S, 35 ORIOAAER RS b dis(w), daslew)

- | % Figs. 17,18 [T Uiz, D-W ik » TR bHAEHE

3 M il BISTIORHEER <7 b iz, BRAKTE LR 2 8

ES i | HOMAEEE AT KODT, C AR SR &I

1 TBo Lidi-T, MREIHYS 2 AROMIBENEC

2.0 A NoORSHIHET 584, R 5RE A HREAEICA

HEZ Db DD > TOBAMEE ¢ A TEN BRI

0 O, HRAD, 5 He ¢ 50 % TRANGEA RS
MEIIIRHOBRICH S T EHBDD B,

Frequency (42) VE, 2EAROEEE 4 £ L, AR ETRI
Fig. 16 Frequency transfer function 2 b EEAEE L TO A RBOME#EE C IRATEZ S
between the station 2 Sand 3 S Nb,

—10 —



il - EREE - RS BB T L —ERICE S RER R OB B L £ ORE 1

180 180
% %0
0 0
-90 -90 = =
e 1.0 2.0 3.0 4.0 5.0 () e o Z0 30 46 50 ()
(a) ¢ 0=1° (a) ¢1s9=30°
180 180
90 %
0 b 0 fe=
% o -90 ThNee
180 .0 2.0 3.0 40 5.0 (42) -0 7.0 2.0 3.0 4.0 50 (H)
(b) a3 0=1° (b) ¢z 6=36°
Fig. 17 Relative phase change between Fig. 18 Relative phase change between
the station 1S and 3 S (a), and the station 1 Sand 3 S (a), and
between the station 2S and 38 between the station 2 Sand 38
(b) for incident wave angle 1° (b) for incident wave angle 30°
wd
O ettt e e eh e e e
[ ()

TTIC o BEBLTOARBOBRIN TS5, HA8 ¢ 2 o LEHOBRNS 2 BEICE, (EHEIZ
—EEWE B,

WE 0=1° 30° i B BIHAARE R =7 bV $us(w), fuslw) EMHEIARVAL TR L, AAREEZRDT
BB, FEAxthriEE OFEZELE, Figs 17,18 {ORT X I WHMTHEMT 2 & 0=1"D& & f=4Hz Téy
WDNTIE $=180° (Fig. 17a), /=4 Hz T ¢us LD TIT $=90° (Fig. 17b) L7153,

6=1° DDA MEICE S 4Hz TORMEE ¢o 13 1S & 3S ORYT 64.0% 28 & 3S DT 30.5° T
HDo 413 (1S & 3S DOffgk) (2 840m THY, 423 (2S & 3S OFM) 12 400m THo-7h o, R
HE Cis, Cs BIRG) XD,

360° x 4x 840 360° x 4x 400
80645 = 5400 m/sec, Ca3 ="90°+30.5° =4780 m/sec

Ci=

E1B, BEA 1S &3S OREDOMBEEE 2S & 3S OMOMMEEEIIE 700m/s < SODEHHET
 BdsA —# —BICRBIE—BH LTS, KRiT §=30° OBLERDZ L,
C13=599 (m/s), Cz=598(m/s)

&30, MBEFRO—EERT

IKETERR AR T DRNLER T, ASFD 1° OF 21km/s, 30° OB 727 m/s 185, hickp o
% & QASHAICHS B MAREE & B 5 & D-W BT & DR Lo ARt bS8 AR 130K
FRHEHROZNLD NS KRB CEERLTED, HBROREBEICHEFT IEEE UTRKRD,

Mgt 1, 30° 60°, 80° Icxtd 5 2 He g TOMMIIAEZR LIcohs Figs. 19, 20 TH 2, &3 1S
L3S ORD, #EIZ2S &3S OMOEMHIAETH S, MR SUTOL SR EMPSRICIES, 12
BSAT R SWHSABT 5 L 572 0=1° DEATH->Th, HERMAELIRBKOBFRIE, BECE, B
BEGETRE THMEERMREEET 22 &, AR 30° OBA&L 1I° ORATIENMEZEOR <7
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Fig. 19 Relative phase change between
the station 1S and 3 S for sev-
eral incident wave angles
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Fig. 21 i3, Fig. 19 oMufHER <2 P AIKESNT,
BEASAICET B AAEEE O BERER LI b DTH B,

4.4 FTEEBREHORTEEZOREEICHT 30
2. T~ fe &k 3 i, Powell DI K BRIETIZ, #HHE
1T & » TR B HEEEDME L IZE » 7o b DICTS 5 T REHEDS
HHDT, TR LicHicdd 2884475, Fig. 22
WORT & S ISR A = 7 0 OB 2 RIET 5, FE
TBENTA—RELTIE, REHERT S5 LOTAMEEE
CEEEZRBAN, BHIEELTR, CoeFAdigic §=10°
T SH BMAH L7120 A ek ) 2 BERSE#EEL D-
W HETRDIzODEEZ 12, T DEOIBERHIBEETH
v, Bi=130m/sec, B2=120m/sec, B3=330 m/sec, Di=6m
Thb, COBRMEEHEIC LT, i B (=1,2,3) & D,
ZRE Ul ¥EL Table 2 iT52 S5hTW5, Thdhd,
HABBEE OYIIERME O KE - ZIKER - THRENT
I EDsbh b, BED LS ISR OBECE
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Table 2 Range of initial values converging to the exact values

Parameters Range of Initial Values : Exact Values
| & 20~470 | 130
Shear Wave Velocity g2 90600 120
(m/sec) : 1
B3 270~350 | 330
| b1 | 4~ 8 | 6

Thickness of Layer

THEMRBFNLE SN E bbb, D-W ik 2BOBEFH L, ARERECHEFERELED
RIS, BHERRIEE OB TTEN, 2N THREMBED & 5 IRV E LAESBETGEAIC
3, OMIRMEOER FHREO EHERSEL LY, REINSHEED S —EENMEHLENTEBLRL
BHC 2o 25 UIESARRT 200013, Hlsic BT 2184 T & 3720 AT LB oiskst

ZHET S LI LBFEF TS0,

5. EHMRESEACLFBRGRBEORE

© 5.1 BRICAOSRIREDET

HBERZFT » T A HSICE 1T 2 B ORBAE DK
AR &EFEERE Fig. 23 iORLic, BRIRS I, SR
b EF EKT 25 (EW, NS) D 3ksr Thbo WATICH
Wi HRECE DL Table 3 (R, HIBEGRERA
B L > T3 2D —F I, I =7 1IKET S
HiE No. 49 i3, BELSEBREROFEHETHYD,
BRI Fig. T IORUCERERICH L 28.7° 3 RA DS A
Lt ZVv—73ICBT 5 HE No. 21 LNo. 33 [J&EX
$3 50~60 km, BRFEHHS 80km HIBRO D TH Y, HWRE
R > TAS Lo 20 —7 4 OB ERRIC
5L 4L OBETIADPOAMLISDTSH 5, Fig 24
REAREBREOBRERLIODTH B,

ZDES ITHERE NI WBREE S v—T530 LD, &
IN—TOMBREER—-OBRRERCRELMRICLS S
DITHEL, HBHEODIKE T NI CERBOLELITH N

NO.T NO,2 NO.3
. et
1 3S) 5} 5 i

Base Layer

NO.2

NO.3

o) o)
440m —¥— 400m—-q/7

O :1 Accelerograph

© :2 Accelerographs

Fig. 23 Location of accelerographs

Table 3 Data summary for analized earthquakes

Coordinate Epicentral Max.
Group | Event Depth PI¢ L
Date T M Distance | Direction | Acc.
Number [Number Lat. ' Long. (km) (km) (gal)
1 : 49 1982 723| 32.2° } uLe | 30 | 70| 18 | N80.2E | 311
; 21 |1981 222 36.3° ' 140.4°| 50 | 4.7 65 | N49.2E| 4.3
| 33 1982 3 7| 365 M0.7| 60 | 56 % | N4T.7E | 344
. 30 1981 914 36.2°|140.0° | 70 | 4.8 3% | NI69E| 7.6
31 | 1981 1130 36.1°139.9° | 50 & 4.4 23 N 3.4E ] 1.0

— 13 —



1 FURBH RBIFEAES #2755 B-2 (F59.4)

CHERLDICT 370D TH b0

1535, BHX N/ NS Ros EW RAERL, M@k
FHICERT2ES (THRD) 2HEL, ChERFIKAV3
W& Ui

5.2 @ARROME

BRISNIHBERERTA b A XBANTERET «
NE—ODH N EEL, £OREEEEERE T, 0,
7 4 v —% (p ) ROBEEENT « BEHTEEE (AR-MA)
TRHTEZ &L, B4 7 KB 2 8EME » 3RXD
LHkEHEEINBY,

Lot Operating

Fig. 24 Location of epicenter
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XZDTP, LTk p=9=8 L LTI LT 2 & ¢ DRBOELBAII 2 BER/N2 REZH WS
Lk, KMERETZ/55 4 —4 ai, fi (=12, 8) BBRAHOADORETEEY, ZOH;
KO TERINIRERID/NNT =27 PVRBRAD LD ICEZL 5N BV,

8 8
S(f);20.2|1+ Ia Bw~£2.zf11|/|1+ 121 a,efiz,-rflTi ......................................................... (8)

T, fRBEE TRy ) v REREETH Y, of BAHOSKTH S5 ChOBRIEDSRE
T&%,

R@OTRDOLNE/ T —2 <7 bid, 7 4 V2 —DFEHBMESERICLVBELENTOEDT, 7—
) ZEREBOTRDILZ RS PO &S ICRHEAISERITRE 3, FELEhZ, REKERESOLTH
BEBAEOEEEEEHET 3184, 7 ) tEWTROIOOE/ERT S L, RIFRHICK 5 RHER
REHHBKEODOT, HED/ 5 4 — 2 BFEETEENT EPB, AR-MA TFVERANE EH LR
XM TECENTES, Fig. 25 3 1HELT, Al No. L, 2, 3 KHWVT, S v—73IKBT %
No. 21 OHEE TOLED SKDI/T =27 MAERLIZSDTH %,

T3 LTROIHBRITED/ Y7 — 2 )7 bvic kD, Eilg No. 1 »5 No. 3 ~, No. 2 /5 No. 3
~OEZEEBOERE |Hisw)] & |Hulw)] ZRACESTDTRD 5,
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Fig. 25 Power spectrum calculated from the earthquake record of No. 21 by using autoregressive

moving average process
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Fig. 26 Frequency transfer function calculated from power spectrum shown in Fig. 25

T, Hxylw) BERE X 5 ¥V ~DEEREH Sxx(w) & Syr(o) BBRA X & Vicki} 5,97 —
27 PWTHD, Fig. 26 (3 No. 21 OFEERICONVT |Hu| & | Hu| ZiRLIbDTH B,

5.3 ERRIECED HRE Rt

Fig. 24 {CRUZZHBO I/ Vv—7 &I, BRA No. 2 5 No. 3 ORficB 2ABERERD B0 &
P, BISN—THOMBREICONT 2 SED2 a 27 —2¢7 bk No. 2 Hid/87 —X_J b %
BT B, OFIT, BLDARY bVERENLTERAELZCEIRED, Sv—7TEDI/RRRART b
WEIRT =27 P VEEM U, FIBERETRT S LKD) 2 AHOEEREERD, T OEHKEH
SEAEER R P VERSDT, Fig. 2T (325 UTROIMHEER RS P v, ERAEOFHEDOREICKD
Shica—b LYy AEMO 1 PERLESDTH D, S v—7 1 DEAIRENT 3,

R RRIRINTOAAMEER <7 PAh SR BH, CHSIREBRICEY 2 HBROBERTAUT
%2&0, BN EHEEROTHMEA Y PVORLBMEREL, ChbSMEEEERD I, BB, =
E—L Y ZAEROES T — 2 DEBEEOEARE E UTH/N 2 FELUETT - oo R0 Fig. 28 IR N T
Wio b oBHELRELSIC, BRXNHBROMMEER L, ABEEZELTEL, ChoDsEdiRi,
BTN =TI L > TR T EAERLTO S, TOXDEAABREOS SR, RO RERESICER
FEODEELOND, LbbINODREEEEICLSFEIE, BEROAMHFHICL > TR > T3,

. Phase angle (deg)
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Fig. 27 Average phase spectrum and Fig. 28 Apparent wave velocities ob-
coherence function for accelero- tained from the average phase
grams in group No. 1 earth- spectra for different earthquake
quakes groups
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X510 S U MAEE O/ SIGHED, HRORERBECERT S b0 Lcha, LOBREHRHDC
DERUOBRNOWSRTH 5o LAORH, Fig. 8(a) iR L 72 & 7 vMRICEATIRIRD SH BosA
58 5° TAMTZHAK, BHA No.2 & 3 ORITHRITAICKRE 5 s SHE Ul (AREE TS 2,
TRO S DORAHASY 10° DBATH 2. BRI WA, BEOSBRIHROFICEIZTINTV 5,
CH Lkl Ed s, RERSELHERICEF VT NVIMAEEOMRE P T D OBETRRTEEC L
Bhhdo

5.4 SARSbHDRAEINIHRENE

Table 3 |CE L7z& 7/ v —FDth 3 No. 49, No. 30, No. 21 OHiEIIC2W\T, EHRIA No. 1 & No.
3 DEOEFEEMEHEL, ZORIE Hulw) ZBEAEEEZ, HBOYEEYIL S CCHBBEERET 5,
REFHAR DML Fig. 82) (GRL LS ICEFMETES &L, HBROVANBEE B, fo, RBHRO
BE D1, D: 13 5 VAR S EBEERA DR [ 2REKE L, REBOBISHETHINIHER
BICRET 27T ) RaTiR, BEENOPEEREBENDOTUTIGRNS X5 IK& DB UEEZET » 7
kuE (B B2, (Dy, Do) & I D3DDINTID G B £F (D, Do) & I ZPHEICEEL, (Bu B2)
ERET 2. DX (B, Br) ZCOREINIMEIEEL, »2 ! 2PHEICEEL, (D, D) 2FET 5,
X5 (BuB) & (D, D) 2EEINEREEL / ZFET 3. UTCO#EEE, &TORMEMD S
EEICINET 2 $ TRVET, | Hulw)| ZHEIME & UTRAZ DR, REHEEORBITIERL | Haw)] &
D |Hia()| KEDELAEENTNEEELILDTH D, HEDIHIC No. 30 OFEFICH LT |Hi(w)
& | Hoslw)] SBRMEEEZREEIT-> 70

4.2 THR~F &SI EEEBOBMELENE LT3 & ARAMNSOHACRBAHADE LK 2XE
BEEVIR->E0EDLNIL, Licdi-T |Hulw) ZHEMEET2EE8CE, ASA 0 ZRETE2D0
AT RS LI TII D, T T 0=10° & LTI ET > 7, B EETORAREHEER B L
% 2~3km/sec LEZSNADT, COBEEMBREIVKFECEET S S0LRET UL, =7 vibRick
B 2EBRETOASAR 9.5~6.3° LB H5THB,

Table 4 (3, PIERRNE XS RFEIETE S Vv—FCEDOHBROEERMEZENMEE LTEALES
OUHIELE LUREEERE LD TH 5, BEEOMOEAMBEE R, SBEUMSTOMRRARRE
HIC U TROTEMIEAWREEETHD, D1 & D3, HRBELVRE > TOHEEMBOFEITHY, /

Table 4 Identified values of irregular ground characteristics

\\\\\\ ihfar X}/E’:OXSI(;)CMES 1 Geometric Parameters of Groux}i
‘\\ Bi(m/s) ‘ Bo(m/s) | Di(m) Dy(m) /(m)
Initial Values 170 ‘ 330 9 45 620
No.49 | :
T | ool | 188 450 10 53 625
g sl o @I‘?};.gg(w)l 170 380 16 58 625
O <
£ No. 21
25 colHw 158 438 9.3 50 668
&z No. 21 180 320 5 30 620
£ GO | Hutw)
o
®m No. 21
| 6@ e 160 318 | 8 47.5 635
Exact Values 146 343 9 45 620
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BEFME LR OREREEDESTH S, EHBICH > TEELTL 3 No. 21 OBBREEZAVAE
BREESEE, |Huw)| EROESERSEENEEEICEONEEZEA TR EBEPODDD. &
PR D ¢ — 7 BBEECELNTOEN S/ A—7 1 & 4 OHBEZAOEAICE, BB, ORE
BRELIBTELbME, T1bb, No 49 (Fu—71) 50 No. 30 (Fv—74) DHBHEEIA
S EERROHEH—BE L TOREN D THB. CTTIRT S LIMERICH LTS TRADAHZR
CREET>T %o CDEADTHERAZ Fig. 8(a) iCRT & 5 0T 7 vl © AR ICBEIHS & 318
STV, L7etiaT, (EETAES% SH H& L@ TR+ cBllEESNHTEmVwOT, BE
T & REE & OEICIZAIE D DENHBNB, & LITERERRT 30, AMHHOERICL S
ROBRBBHEERTES L3510, BNSEED 3 RTNERELMELEF LU ET, RERTET
BHEGHIZE B0, CORBITE, SKTHREMND ZETAREERAEE D-W ik 0tk
FTEEHOTATY RAEBHLEGWIRE ST, 4BRICEINIRETH S,

B

6. ¥
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BE, FEVAMEAROESIZEN, ZAOBELHFERACTHETESCLERLI, OB BRE
BRIC & B RS, PRICHE T 08B RCHOBENROCZ EEHLIC LIS

APETE, EHRORBREEEMIL, 2hEeFafLiz ET SH MG EEEUIRITET -
7ro L72hi~T, HEBWROEEHRPL 3 RITHIARBHEICKS SV BEORERBEL TR, T
AFIETIE, BRAAEOLESEARHCTRELTHA LD, A%/ 52 -2 —LLTRETALLE
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