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SUMMARY
Earthquake ground motion is the result of propagating waves in earth medium originating from a seismic
source. Therefore, it is natural to conclude that the artificially generated earthquake ground motions for
the aseismic design of structures must be developed by reflecting such physical wave propagation
process. Thus, the waves depends on seismic source parameters as well as physical parameters of the
crustal and surface soil structures through which the seismic waves propagate. In this thesis the
engineering synthesis and simulation methods have been developed for the earthquake ground motion for
the aseismic design of structures, by improving the empirical Green’s function method, the stochastic
Green’s function method, and the kinematical source model.
In Chapter 2, the earthquakes source mechanisms and the crustal structures in the Kyusyu area have been
summarized. Also the dynamic response characteristic of ground surface soil layers in Miyazaki City has
been evaluated by using the microtremor measurement method.
In Chapter 3, for the simulation of earthquake ground motions at higher frequency ranges, an improved
model of conventional Green's function method has been proposed. The relationship between the
proposed model and the several complex faulting process models for seismic source has been made clear.
By comparing the ground motions from the proposed Green’s function methods with the data observed
during the 1987 Hiuganada earthquake (M6.6) and the 1997 Kagoshima-ken-hokuseibu earthquake
(M6.3), the importance of the selection of small earthquake ground motions as the Green’s function has
been revealed. And the efficiency of the proposed the stochastic Green’s function method has also been
revealed.
Chapter 4 has described the frequency wavenumber domain's solutions of seismic waves radiated from the
kinematic source model in a three-space Cartesian coordinate system, as well as the closed form solutions
of the soil layer stiffness matrices necessary to calculate the seismic waves in the layered soils. To
demonstrate an applicability of the proposed method, the synthesized motions have been compared with the
near field ground acceleration motions recorded during the 1966 Parkfield earthquake (M6.0), and verified.
In Chaper5, the ground motion synthesis method in Chapter4 has been applied to a tsunami simulation
during a hypothetical Hiuganada earthquake (M7.5), in conjunction with the finite element method for
tsunami analysis. The difference between the tsunami waveforms has been revealed the two analyses. In ,
one analysis the bottom of the sea was considered dynamic motion and in the other it was or not.
In Chapter 6, the personal computer system which simulates the ground motion using the method of
Chapter 3 has been briefly explained. This system has been developed for the design engineers and the
disaster mitigation planners to easily compute physical process of seismic source wave propagation in
earth medium.

Key words: earthquake ground motions, aseismic design of structures, empirical Green’s function,
stochastic Green’s function, Hiuganada earthquake, Kagoshima-ken-hokuseibu earthquake,
kinematic source model, Parkfield earthquake, tsunami simulation
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Chapter 2
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3, 4 HETBLOND, TS OHEESKROMBEOBFIROGHM THD LT5, VWb D HED
ZEFIRCTH D ONOHEITEE LAY, 1996 4510 A 19 H & 12 H 3 HITHAE L7 M6.6 D 25D
H R OB L, 827 A b I ORS HFOSHKITBWTA LN T L— MERD |

DR TH -7z, Bk S E%AKE ST T o MERE O 22 MR A ORI 28 L 2 L L
TBLLERD D,

Fig.2.1-5 1%, 1979 4E 1 H /5 1994 4E 2 A & TITHE Z o 7= JuN e B o> PN [ 1 38 0 B IR A3 A % 7
3O, BE VLS IR HIK T (K 00 P AR & =l 3 T (I 0D PR &l SR BN DA 3 8 1)

Z O EITIE, TR A BRI 2 WE R (R R — BT — RIR — KB N IS,

(((((

Fig.2.1-4 Distribution of micro-earthquake in Kyushu(1984-1990).%)
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Fig.2.1-5 Distribution of inland earthquake in South Kyushu(Jan.1979. -Feb.1994.).
Before 1900 a previous epicenter is indefinite.?

()L BEBIZ 31T 2 KHE OILHE)
BN O R HIEE 2 Table2.1-1 1Z7R9, 20 9 5 H[AEEH THRAE L= BN EEIIZE <,
~ 7 =F 2—FiE, 65~75 7T, RANSHITHENTZESNATND ),

B ONERICTE A L EME & L Tid, 1968 4E 2 XD HIEE(M6.1) 233 T, £ D, 1899
AR IR L O MR (M6.4), 1911 "B IRy i £+ 3T O HiEE (M6.6), 1978 4= H .2 S HT AT O Hi & (M6. 2)
mENBITFOLND, MEORIKNTHHIGEWE & L X, IEBEORVOH 5 W3 N RIS
HHO0, BERIGEWREITRD ST, WO R RHE iot<ﬁq:57‘ocb\0>75>fﬁ>lﬁf‘&>
V. FHIE FTHEOREN 2 G E TE 2V, THIT D ICIERAR AN E L FET D,

BiIFEHO B EBIRETHOHEMEL L.~/ =F =2— K M7 7 7 ZAOHENR LR
HAIMICER D IR LAA L T D, Fig.2.1-6 1E, 1900 FRICHiT 2 Bz ER &3 2% M6 LIk
OHEORAEFLEZDOMEBEO~Y 7/ =F 22— REZ2 R LTS, ZTHIZED L, REVHIEN LKL
2 HIEENH & L Cid, 1899 42~1913 4F(15 4EfH), 1929 £E~1948 4(20 4E[#]), 1961 4-~1970
(10 FM)D 3 SDIFEH N H o7 Z LT D, Zhb 3 DOIFEIH O BIL LA FRER 72 REH
T, HLEE2BL0H 2 L6 3OITEMOMEA G FFESIT 16 FH I L O 13 F R EkE
L ZEiThsd, Zhdb, 64 OEBHHZRO LS ICHBICTHTLZENTE S, 5§ 3 O
B O R% A 1970 4D M6.7 OME L+ 5, ZHICEREHIM O 134405 16 FE2E BT D &,
54 DIV OMGE V1L, 1983 42~1986 - L #EECTE 5, FHE, Fig2.1-7 12K 5 & 1984 FiZ
M7.1 DHIERHAE LTIV, 1987 FIH M6.4 DHIENE Z > TW5, L7=RoT, &4 Dl
L, 1984 4-~2000 I & HEE S5, IHEIHNCIT, WE, M7.5 7 T ZDOHEN AL T
WD, A DOIEENIC Y722 1997 FEDBEE TZ D7 7 AOHEITRAEL T, L7
ST, A% T~84ERMIC, M7.5 27 7 ZAOMBENRET HAEENRE N N EZ N5,
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Table2.1-1 List of destructive earthquake in Miyazaki prefecture”

Earthquake Name Latitude Longitude Magnitude
Hiuganada 1498.7.9 33.0° N 132.0° E 7.0
Hiuga- Ohsumi 1662.10.31 3.7 N 132.0° E 7.6
Hiuga- Bungo- Higo 1769. 8.29 323° N 132.0° E 7.4
Hiuganada 1899.11.25 319° N 132.0° E 7.1
Miyazaki-Ken-Seibu 1909.11.10 323° N 131.1° E 7.6
Hiuganada 1931.11.2 323° N 1326° E 7.1
Hiuganada 1939. 3.20 323° N 132.0° E 6.5
Hiuganada 1941.11.19 320° N 132.1° E 7.2
Hiuganada 1961. 2.27 316° N 131.9° E 7.0
Ebino 1968. 2.21 320° N 130.7° E 6.1
Hiuganada 1968.4. 1 323° N 1325° E 7.5
Hiuganada 1970. 7.26 321° N 132.0° E 6.7
Hiuganada 1984.8. 7 324° N 132.2° E 7.1
Hiuganada 1987. 3.18 320° N 132.1° E 6.6
Hiuganada 1996.10.19 31.8° N 132.0° E 6.6
Hiuganada 1996.12. 3 31.8° N 1316° E 6.6

H 1) 2= O R AL ETICE LT, Fig.2.l—7 NBEI2 D, ZOKIL, 1662 0D M7.6 D A [\
WEFEE O HIE DN D 1984 D M7.1 OHIFRIC A H LD M7 LA ED B SR ORI E 2 7 1
FL72bDOTHD, ZOMIZE D &, 1931 FX 1968 FEOHIED L H 12, BlRRERONDENHE X
% 100km BENL7ZFTICIR Z A b D &, BEZSkm INICER Z 2 b DIzt bhd, TNENED
RIRFHE A FFOONT L < DN D 2RVA BIREOIRFEITEWS OO R EERIIZEL N,

1961 4% H IR (M7.0) Tl SE& 1 44, #CESH 2 (K 3 T MR, 1984 4F H )kt 5E (M7.1)

TiE, BeE#E 8 1H 6 T MIFLEE, 1987 4F H MMk HIZE(M6.4) Tl #ER 12455 T/ s & &

FEEDRBEITIZE-S> TUWR,

8.5
M 8F B
7.6
75" . 199 7.4 74 7.5 :
68
09 41 71
: 7.0 ‘.84
7
. 6.8 61
66 |20 66 5T 6.7
6.5 6.3 (13 39 70 6.4
03 : e
6l

5.5 ; y
1880 1900 1920 1940 1960 1980 2000
Year

Fig.2.1-6  Distribution of Hiuganada earthquakes above M6.
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| 9 , 1958
| 8 5
1941 : 1931

Miyazaki ' 4 : Hi
1899 juganada

"%& N
1961‘ 7 }

S0km

Lty
’ \ . A
'\\ ‘,' Estimated epicenter areas.

Fig.2.1-7 Distribution of Hiuganada earthquakes epicenter above M7.

(3) H 1t o> Hh = e

H [ 7> & A8 36 K S IS 2T T DTN ~ P PR 3 o GV ~ 7 =F =2 — K M7 &8
X HOHIEN 20 IS —EOFEMCRAE L, —ERETDH L IFLNICHE L TR HHmE 2L

TW5 (Table2.1-2Fig.2.1-8) &, Hz##HFKTHAMEL LTIE, 74V BT L— h3ER
HIEMER O 7 L— FNHUEN H Y . 1662 (E0 [ [AEEHLE(M7.6) TlE. = IR & o Ay /) 1|
ROKIBNINVOEK 25 5m FLEOHEE N 20 4 LA EDEE 2 H L, KIE) O ICAEAE
L7 (EAEZA) BNHE LoD, SR S I TV, ZoHEIL, BRTIZRKR
DOWE L EEWRELS G2 - ELHESh, 8ok b e, HEM, mf, ELE, B8Ok
WOGER ENBNE D, 185 3800, £H 200 1B L5 &HDH, TRKIEIRTOO TR, &
ST F KL OVINTT I O O O TE T L, 7 &R OKEANZEAK LT, 8000 4341 D %Ak
BELiz) EbdD, £, BRHTOREIZSH 2 REBHARIADLZIZ, ZOHEIZL D HE
EENRWVE L DENNG | HEN S 50 FRICAMNAETHON TV SH(Fig21-9), 2D &
EEDOETEZD L, RBETHO-T-ZLIIFEETHL LEDN D,

HEIG % 98 A SR T2 Wi O MU 28 R 0 REIR (R I O B IR 1L I IE R O R & ST LV &
Ez bbb, Fig.2.1-10 @ HIM#EE O T, M%ﬂ%mhtlwzimaﬁ%ﬂ DHEEPE DP P
MOKE SZ2RT ), PBICLD ZOMEOBIRIEIL, Fig.2.1-7 TR LEMEL D & EIFRR
AT . WO —EIEE_IZ > Tz ENTWD, ZOEFRMEOEWVIL, 5% BE
L2 3uiE 78 5720 A3, Fig.2.1-10 £ v | m%%wm ZER< & B R, bk 32 |
W% 132 EOHE AW Y | HIRRIREIZIZIEETRE EH 5 0IEEN LY HIRFE LD o A i
EHORST LI %ébfné kﬁb@él%r$®ﬁ & 1662 45 0D H1FE o el I PRIk
RESPOMEIFEISLTEY, 1769 44F L 1941 FDOHLDH LTS,
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Table 2.1-2  List of Hiuganada earthquake.®
1899.11.25 03:43 M7.1 Middle areas of Hiuganada  small tsunami
1899.11.25 03:55 M6.9 North areas of Hiuganada
1929.5.22 01:35 M6.9  South areas of Hiuganada small tsunami
1931.11.2 19:.03 M7.1 Middle areas of Hiuganada  tsunami
1939.3.20 12:22 M6.5 North areas of Hiuganada tsunami
1941.11.19 01:46 M7.2 North areas of Hiuganada tsunami
1968.4.1 09:42 M75 North areas of Hiuganada tsunami
1969.4.21 16:19 M6.5 Middle areas of Hiuganada  small tsunami
1970.7.26 07:41 M6.7 Middle areas of Hiuganada  small tsunami
1984.8.7 04:06 M7.1 North areas of Hiuganada tsunami
1987.3.18 23:07 M6.6  Middle areas of Hiuganada  small tsunami
1996. 10.19 23:44 M6.6  Middle areas of Hiuganada  small tsunami
1996.12.3 07:17 M6.6 Middle areas of Hiuganada  small tsunami
TS3E 130 131 135 T99E
Fig.2.1-8 Distribution  of inland

destructive earthquakes in Kyushu above
M5 from 1885-1990 and Pacific Plate
destructive earthquakes in East Kyushu.
The range of a stitch an aftershock area of
an earthquake on 19 oct,1996. Hiuganada
earthquakes showed an aftershock area by
a tsunami wave area from Hatori(1985) or
after-shock from Nagamune(1988). A
solid line that extends toward the
southwest from the west of Aso caldera
and the range where was surrounded
caldera with a dotted line show is a
Hinagu fault.?



CHAPTER. 2 Fg JUIN HI3 2 351) 5 RIS Bh B8 L OV 54 12

Photo by Ohsumi
Fig.2.1-9 Religious monuments of the 1662 Hiuganada earthquake at Shimayama, Miyazaki City.
About 200 person were killed and 3,800 houses were destroyed. Stone monuments were built every
year 50 from that time, with so as not to forget the damage by this earthquake.

34°

33°

32°

31°

Fig.2.1-10 Distribution of Hiuganada earthquakes.g)
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7 e g 2.1.3 LI Hbig DU

S RT i P ;ﬁ; (1) FUMHIR O - T
e B s JLIN DB T, R AL
O B P LSRRI 2 B — B I <0
B[k 7 V7 VE 5 O B AW E SR I
BEROAKE VWV ENGTFET D
(Fig.2.1-11)'%, A& A Hh & (M6.3,1889)
0B U EE (M6.9,1922) 1%, B — B
JRiEONREHIHEMETCH D, £
7o, REARBE X, REARMEE
R 1 (M6.1,1916) < /\ AR AL 0 M 2%
(M5.9,1931)% ., H &AW ERIH\WVD
HMEFESHIERER TH L, TN
R — B IR R0 A=A B R 1
HRET N EL, ko Hme i
% BB RO S MIC AR N
FAELTND O,

33

32

3IN
130E

Fig.2.1-11 A main tectonic lines and an active faults of Kyushu 20 km than the epicenter distribution
of a shallow micro earthquake (1984-1990). (modified Fukuoka JMA) X

(2) ERF N O W

HIRFEANIZIE, BBRRIEETE IERO b, FiRRHIUERERERE CIX, RNICBITS
INETCOWWEHEORNNOMON TWHAHEREAIKIZ, 3 DOERFEMELZHEL TW5D
(Table.2.1-3,Fig. 2.1-12)'Y,

OREICE ST
@ AL
® AVO—/IHFHEOHE
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Table.2.1-3 List of faults parameters.

EloE 8003 Brgitams AVD MR
TS ZFa—-F 7.5 7.5 8.5
Mpva
HER= 70 70 25
L(km)
Wi R 40 40 15
W(km)
AUy TR ¥ 2.25 2.25 0.8
U(m)
BItERE 1 2.4 2.4 2.4
(10!''dyne cm?)
HEBE—AF 2.8X10% Y 2.8X1077 v 2.1X10% 2
Mo(dyne cm)
Mg LRk S 3 3 3
D(km)
EF@mo () N15E N20E N6OW
o () 20 20 90
WEy A7 EME 1T R ByneE
LB EASD RRRE 225 % 225 9 08 ¥
T (sec)
R R RR R B 3.0 3.0 3.0
Vs(km/sec)
BRI 2.1 2.1 2.1
Vr(km/sec)
W i 31°28.0N 31'58.0° 31'55.0N
131 50.0FE 1317 59.0/ 131'05.5E
| | |
32°05.0N 327 34.5N 32°02.5N
132°01.5E 132" 14.0E 130'51.5E
RS i8I Lo BETRER BB R T i
W HHMA E5HA %HH
= 1) R logMo=1.5Mima+r16.2 Mima: SRT BEERS
2) Ak logMo=1.1TMuma+17.72
3)  BABL logU=0.5Mma-1.40  KEE logU= 0.6Muma-2.0 (cm)
4)  ©=10(0.5M-1.4)/(10~400)
5)  Vr=0.7Vs )
6)  Vs=3.0km/sec : HiBBERD S WHE

[Sek: ol

50km

Fig.2.1-12 Location of hypothesis earthquakes.

14
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()& H DW=
i, B R O AL ALE U JE PR 1km, B O & s s B 5.7m DA 72 B T (Fig.2.1-13) |
By, THROWEKR) &MFEN 2 BOEE 2B O RS A R LT 5, AL, #7
“REREEETOEEEREEMIIN OB EIREREOENRBIZE > TERINTND
(Fig.2.1-14) 2, KBk L L TEM
N30° E. fH#A} 14~20° E O HAEMEE TH D
(Fig.2.1-15) 2, Bl D4 52 % Fig.2.1-16
R, WIS DAL 2~ B B PE BRI >
F T EALHGE 2 B F A AT T 2 R/
Elbnd, WiBIEHEDLE o7k ) 2k
fEl oW IR Z 2 L, B R ThEIRREO
T 35m THDH (0,Q) . BHodvE
HOWENERHTHD (0,@) Dlext L,
A PG OO W VAR O R &N AR IECT

BT P2 & WIS WEIT
TR ICE L T (0,0,8) , Fiz.
B HGH CUIIBTE N EMAR T S (0,0) @
W2k U ARHGES O W g 13 R &N
BRETHY (B) . JEHOFTNET 2~
3mTH 5,

[]I[[H] : Mudstone - Sandstone

Fig.2.1-14  Schematic sketch of the washboard-like relief on the wave-cut bench around Aoshima

island*? .
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Fig.2.1-15  Geologic map of Aoshima island and surrounding wave-cut bench(after Kino,1957)*? .

lsand, 2.gravel and boulder, 3.rhythmic alternation of sandstone and mudstone,
4 .sandstone-richalternation, 5.madstone-rich alternation, 6.thick sandstone bed, 7.fault.
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2.2 EAMICHITAhEERE Y

221 HEHE

JUNHEDT Ci, POEHT A B3 2 H R iERR O ¢, BLEISWEE ICH L TR0V,
POTIEHMNMETH ST B ONAIHERTH ANz T Ly 7 AT AR E Y 23 5]
EThHD, PIMEHROFM T, B — BT WO UG +H 23554 L T 5 (Fig.2.2-1)
W P LAY D 2 O EIE, 2ok T, £ 7 THERC,  UEE T
HREL7ZEW (X —E XA ) LHETL— O EfZERL T eAaa (LE2 THFRIO
TRIEWHR CHIEMEKIC X - CTE R LREOHRIEES, WETHIKET Y /) TI7v 7 hrod
by

M HAE S LT A K ARk
BPEENEVED - T
T&7F v — FIBITH
TR KK & & T IR AR
PR DO ES) DEMEICIRS
LCER SN in=a
Ty ATHD D,

LR

mrRHEREE (Q)

WS EHI LSS Q)

PO - KPHERUET (Qu)

chpg it ch ) — R IUACHERUA T (N:-Q)

U 0 — SRR HEHERA I - SO (N2, Na-Nay No)
IR I — PR ST HEAERUS S (PG, PG-Nuy NY)

e HE— VAT IEERUARL (PG, )

e SR (K.)

P S T EE R AR (K )
0 e T R BT R T (Kum)
e EEA LSS (Ko

gasfftmar7re 2 (Jia)
AN 7y v 2 AHEREENL (P)
R D > 7y v 2 A AOLER (b))
i — 7R RS (S-D)
FynRBEREREH (my)

BEEEE (U)

m

D - PR (K-Q)
WP (B)

10 ERENED ERER 0OCOOmC

Fig.2.2-1 Geologic map of South Kyushu.*”
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222 BEHRIZH TS84

BEIRFRANICIE, BRI O & AAMBEERR O RIC, WE . BEA0 D725 AfifdH b gt
WIENTIE AL S VT2 W RCHERE ) CTdo 5 WU 5+ 3 0 A 2, EIR TR R Tik, it s
BRAZ2T COWERE DORbE . Teisd KO - Ve O BJE0 6 70 5 HERR = Wa JE 7 23 U 5 44
BB 10~20° OFFR iR 2 2 Lo LT g 910,

W & Ui, IR T AL PR OO B KAB A 2 B B IRERIZ A > O PR OFRIZTE S 50~
6OMEEKE F)DENVAHIENTFET D, £ L TEOMRIL, Ml Z2 KIENAFEICED H Uz
WARAMIZE XX 5N T, BIFRFESHSALRO G IR EZE 25, ZOFTARERIX. &
Wtz b o e REEDOE ERMOWFEW L TICET 5, —hH, OO LEE R LTI & He
o THREE L7220 . @500 BRI, 22Tk, BIFTHMR IR S s R o
N, 2.3 OFERFREN G HINZ 72 @-OREWT X & @-@REBr K o | % 4 7~ 7 (Fig.2.2-2),

@-O@HkMr

VaWimXIL, — vy EFEOREE L Z—(HEN I, REBET, SR 28
S T TFIAFEMTEIZ D O Wimf C. T & ONVEYEE 2 iR Hifs o B SRR HE & v = 1)
2 W9 %,

R 72oix, EEMEN R EME L TEO LN TS Z &, KEFEE TEOH I IMKH
M PLIZ, DNV FRORBERLEINTNDZ EThHDH, EEmiEIL, Wi DI ENIHE
THY ., FFTHEENBEREZIRICT TE, WEOARTRIWBENPESHERE L TWD, v
MBS ORE 1T, EEE TR L RITEEMNCE e s, EE LRWBE RN E W,

@-@HkMrE

— v BEWR O NTLAHI 2 O FIRERZ 38 0 | iiATH 0 2 #0 CIERE 10 SR WIS A B O
G RATIT I D Wik . EEEICOW T, & EEER T, RHMWEENFEL, ZOWEE
[TEE 10m THMLTWD, Ll e FZoWE L2 W TR, MM Ty MEicB
6T 25GENR LW, EHERKEEZ " TR LR TWD, A E, W X0
22 50 U FRIBHIE N A O, WEHPENWZ E 2R LTV D,
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Fig.2.2-2  Geologic cross-sections of Miyazaki city.
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2.3 BRI 5 ERMEIFHA

231 1IC®IC

HARII AN BB ETITHRO N A2 T T, FHICHBMREI L T\ b, 26 Ofuh 7 figiREh X
HRNE &N D, WRMRENC 1L, E OHUEOBREFHEICET 2 E RS E EN TV AT T
bHDT, EEOMBICHERG ZRE L, WRMEEH 21T MEORBFHEZIET 5 2
EMWTE D,

WEFENL, AMETHEONAAWIEEOFHVHBEORNLTH DD, HBEOUT AL~
INE L FRFENC X o THMEOBIPISERHMES TR SN D Z Lo b, Ll IR S ok
[ZHRUVERIUIC & > THUAE O IERTR R E N AE U 2 IR D O 2 L UL L 1T R 22 53, #ifE O Eh i
FRPEDRIIME (Gy) %1% S CHERFHTH Y . HBEOMEEILHV 227 M) ingH
BIRBE A TE S LWV HFEMERSh, v/ 7y —3x—var Dicbf s T3,
F7o. HIV AT MVICEET 209818, 55 33 [mIs TR afseiesiss (1998.7) 7217 CTH., 9 14
DOBFFEFEF O3 <, GEAME T B IR SEABFZER 22 STk 5 230,

ﬁﬁ%%%%@@&@ﬁm\%MﬂwﬁﬁﬁifhézkmﬁéoKﬁ%fﬂ\a%m&
DOEEFPE ORI N, HIV A7 RVIEDORGED 72012, i R Eh kG R & Hefd g o g 12
FONN B & PS HRERE R & DI AT 9,

232 FHAIC AT LBE

BTS2 R Eh FHANE, 1996 4F 12 A 25 A 4T~ 72, AFHEIO B AR, 24 5% Hk oo HE
ﬁe AR L OB HEREZIET 2720000 TH D,

ZOFHAITCIE, BEEH O R R ENFH > A 7 A SPC-35F(Fig.2.3-1) & H e, = Dftkk%E
Table2.3-1 127”73, FHAMEERITEEFCTHY . ZOEBIL8 T v R VD 0IHZ Dr—T1 > b -
TANE—ZF LT VALY 7 THIEL, 16 €y P AD D —F =& LT |
VI e a3 Ba—FDON— KT 4 A7 BICREERISN D, feklE 2 4. 001 oY T v
R TERKRIND, FHUSOFHINL., KEH MO 2 jfisy & BEF MO LG D 3 F v b
TR 2,
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Table 2.3-1

Specifications of microtremor equipment .

Input channels

8 ch.

Pick-ups

Pieso-Electric, Velocity type

Sensing Direction

Vertical or Horizontal, as Selected

Full Voltage Scale

-10to 10V

A/D Converter

16 bits (above 80 dB)

Sampling Rate

0.001-1s.

Pre-Event Memory

0 - 5000 Time Steps

Time Units

Month, Day, Hour, Minute and Second

Time Correction

By N.H.K. Radio Broadcast

Trigger

One Selected Channel (1 -8)

Trigger Modes

Manual; Automatic; Fixed Time

Mode
Trigger Level 0.1 to 50% full scale
Monitoring 8 ch. of D/A converter (12 bits)

Consumption Power (3 pick-ups)

100V (60VA); 12V (300 mA)

Operation Environment

Temp. 10-35°C ; Humidity -20-80%

Recording Medium Micro Floppy Disk
Dimensions 460(W)x170(H) x330(D) mm.
Weight 10 kg.

Fig.2.3-1.

Microtremor

observation unit and pick-ups.

22
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233 ®EEA

HiE O & R EN AN 3B T R BN RLER D O AN IRB O A L L, Mk OR B EE
T2 51k E LT, KEOFRMEI A XY MLVESRE DO A7 MV TERLTZ HIV A7 kL
W5,

M D F R EN O MRNT TR, BARRICIE X 5, Y FE. Z FOARSY & 20 BT 6
HIZHEL, TNENDANY MVEREEL, TOMBENS, AliREBRE RN 5, A8
FHiEE 2.3.4 1281,

A GIL, BRTHTNORFEHE TH Y | IR HEIE Table2.3-2 17T B0 TH D, 72,
222\ L2 B AR IS 3 1 2 HUE M Lo @-QWrii, @-@Wri z @-O@WHR, @-@OHHE &
L. sHlZrEIE A% X, /S mE Y, $hiE Mm% Z e 35,

Table 2.3-2 Measurement Points
ST No.

®-® 7716 BT IR T B IR o SR
®® 7575 I A AR 5] £
®-® Z447 IR iR
3-3 JM-1 RER
@@ 7267 7 =) — & —I )L
@-@ P-2 B W VST AR
@-@ 713 BT B U MBS - NI
@-@ MYZ-C BT - B SR it RR G i S AT
@-@ MZ4 B M T KPR

234 WMEHE

(DHIV Z~7 s DR

WREMENL, SEIEREHMEICL > THIEEIINDIFTA b /A ARREEE 225, AU
A KA RZIE, fax e REIOEBENEGEND, Lo L s, HFRiH Cridk S 4v7z & Rk
BCIX, M ORENFFEEZ K L7200 OB L IRBBNHFET DL EX LN, ZOIF
WICITIRENRCIEIER B OB BN G ENTND Z LITHETE 20, L L, IREE & GEREK
D BRLS A & LTIk, MERTAOHIIR AR & L C 2 80 A7 vl Z2FIRT 2 HIER RS
230, Ak, Hk L HIRE D ALY VAR D ONEIETH 52, (iS5 HIFRITII1T D K
B OKFRLSY &SRB DAL MVHAEARET 5 2 & C, Mo SiRE A cE 5 & v
25 (HIV A7 hViEFig2.3-3) MRS TV D,
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Fig.2.3-2. Microtremor observation points.
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Nakamura(1989)*®ix, Hi3%m TN S 7= 4B D b TR 563 2 AKEBRL Sy D A~<7 kL
tE WD FIEEZRE L, EIO BT T 2 KRG D AT RV IR & HFR
D S WD RZEBIIZ—BT oL 3D, DFEV, B OKFEH) Hg & $HEE) Ve 2%l b D
ELTIREL, &SI SR E O EH)ICKE 2B/ E LT, MR O EE)
Vs & HAZOKTE Hg LS li7e b 0 & L, MIEBOKFEE Z B OREE TR 52 & T, A7
MU ZEREH LTz, Wb HIV A7 kL Sy ( modified site effect function) Td 5,

M:HSIHB:HS 23-1)
VoIV, Vg

AT, 3 I DRESA T OB —2 AT L LICL o TYTo 2 (Fig23-1) ., B
— DA EEET, 1HZ-10Hz [ TR REE Ff o TV D 0T, RerE#iPHSS O J8 I 5 sE 0 X
TUHIN e T 4 =Ko THIBR LTz, FHUROFHT —% % 6 DO 31T . &% Oy
D7 =Yz« A7 MLAERD, 6 HoOEREGFEEZ Mo, £72. 6 DORFZNIIEFITE Y/
A ROy, T2 & ZE, ISR E N T v 7 e E OB EIE U2 E ORI IERE L,
0.4Hz @ Parzen ¥ 4 > R & HAWT AR MLAEERAL LT, B EEN TR 0 458 FIE %2
Fig.2.3-4 (2”7,

KL TIE, KD NS iy & EW iy DENEND T — U =« AT b L Fyg Few l2%F L,
SREEHUD 7 — U=« 237 [V Fyp DI TH D ARns ARew ZLL F D L D IZEFH L T,

AR ()= Fell) g ()2 Full) (232)

“ Fo, (1) Fo(f)

i=1,...,ng :ith windows of stationary portion of microtremor record.

In this analysis ny =6.

HIV 22 koLl AR(F) ZLUF 0 & 5 s 6k 7z,

AR(f):nii\/AR‘EW(f)ARL,S(f) (2.3-3)
AR(f):iiJFé‘N(f)F'&S(f) (2.3-4)

Ny = FL,ilD(f)

Z L C, D SR BT HIV A7 hLEE AR E— 7 &R D IRENE B3R 5 (K 2.3-5
22 DFNaZRT),
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-
AN
Pick-up
Horizontal Vertical
Spectral analysis Spectral anlysis
Frequency [ Frequency

Fouricr amplitude of horizontal microtremor

s s TS .
= =
V.1V, Vv, Fourier amplitude of vertical microtremor

surface 5 s

@ ; Resonant frequency

H/V Spectral analysia

baserock H

Fig .2.3-3  Soil characteristics by ‘(H/V-Ratio) technique’: The traditional spectral ratio technique
computes the ratio of the Fourier transform of the signal at the measuring point (surface), to the same quantity
at the reference point (baserock). The amplitude ratio calculated in this study defined by Nakamura (1989)™.
H/V-Ratio is based on ratio of horizontal to vertical smoothed Fourier spectra of the microtremor data.

According to the Nakamura’s technique, a modified site effect function, S,,, which is the ratio of site effect
of interest over amplitude effect of the source, has been introduced as follows:

_Hg/Hg  Hyg

AV IVARVA
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MICROTREMOR RECORD ANALYSIS

Site preliminary analysis

Instrumentation (SPC-35F velocity type
point sensors), data recording (highpass-
filtered 0.1Hz), format transfer
Time (space) domain

{

Spectral analysis of records

[
Cutting out of
very high direct noise & base
line correction (shift)
[
Dividing undisturbed part of

record into subsections
(i=1,n,)

;14

Fourier analysis of records
Frequency (wave number) domain

Removing noise from spectra
Cosine & Kameda-type band-pass filter

Smoothing of spectra
(Parzen window w=0.40, f=0.1~30 Hz)

1, nfloor

k=

Free field

Fourier amplitude ratio Cross-spectrum technique
! i = i Complex
AR' (f)=—FN5(f) AR' (f)=—Fgw(f) ® () =xa (9 +ivis() time—pseries
N F'(f) = F'(f) ®  Auto and cross — correlation function

‘ Rh“(f), thk(f), Rhy (1)
. Auto ( power)and cross — spectral
(H/V-ratio) - - density function
(1) = (Rl (DA (1) - e (O 51 (1): St (1) S (1)

Fio ()

[
Coherence, phase and transfer functions

7“%*“)‘2 ® oh (f)=ta“_l[m}
Shy(1)Shi( 7) " chy (1)
M Sy () =Chy () =iQh (f)
Shy(f)

Averaging over subdivisions ® yhi(f)=

AR (1)= L3 AR (1)

® Hh,(f)=

y

Comparison among methods

* analytical (FEM-earthquake analysis <large strain>) methods
* theoretical (Shear <PS-logging> & Rayleigh wave) methods
* observed (Microtremor <smal strain>)

v

Predominant frequency and
transfer functions of ground site
and structure

Fig .2.3-4  Flowchart of procedures for microtremor record analysis used in this study.
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|t g \y.‘»;\.hd'!: e, x¢-1.'||.-f- b
RTRER T AT i

:‘L , ) " . | . R ~
%%ﬂ%ﬁm i JA%MWWW b wﬁewwww[#%
Jsmbapasacimtond Lol [
; i 5 L . . | (irespree dror)
Dividing undisturbed part of record into subsectins. FFT
k=ln,

F.FT.

A=

(freq. wane morber donin).

Fourier amplitu

Averaging over subdivisions baserock

Ampl. _ I
factor "\ cos(2 mf H 1V,)

1. f=1/>:,}‘_i14Hj/Vj

=3,79Hz
ZN V H JH

/4H
av
=4.22HZ

Fig.2.3-5 Flowchart of a resonant analysis for microtremor records on ground.
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(2) Hirfig o> e R BN KL & D ELiig

A=V THEFHALTRD LGNS, HEEOH AW EHE Vg & IR HBEDIE S H G, #i3
A O SEIREN S 2 L T O L 9 ICHET S 2 LN TE B, HIEFTHN O MR IS E S NS S
WA ANE T 5 54 (Fig.2.3-6), W EH L IC LAVEER Ik Ko L S ich 2 bh 5,

// (2ﬁflﬂj
1/ cos
VS

EXROFDNERICKE < D56 HRBELNAEL 2, T2 b PS MR E 721X SPTIN
fE)IC & - TR LRI ABHEEE V' & ENOIEE TORS HIZE->T, ko 20D )
LOELHNTEY | RO EBIREIK R 23R 5 2 LR TE 5,

|surface motion|
r= _

Amplification facto _‘b " " ‘—
ottom motion

(2.3-5)

N Vsl
1 fo o= 2.3-6
" Z4H (2.3-6)
V NviHi N .
2. fo=—2 & V. = S , H=)Y H' 2.3-7
=20 N Z v Z (2.3-7)

TSV I EORARIEE, H T EOREIE

surface

£ —
Z
cos(m—z]
Vv.) .
H —u> u(t)=A s _glot
harmonic cos(ﬂj
motion Vs
v.o B #y_o o
s p ot oz
*—

baserock

Fig.2.3-6  Amplification in an elastic ground

235 MREHER

(1) o R B A

& FHE LS O FEAHEE S A Table2.3-3 8 LU Fig.2.3-7 (TR, Y% HS o ) sLEIR B 5k
% 1.27THz T LN b ond, £7-. Fig2.3-8@)z@-OWrik o> & R Eh i 51 % |
Fig.2.3-8(b)IC@-@Wria - D#ES 27”7,

Q@-OWrm LSRR TIX, BRI A SR & T 2 HREE OFE S ICEBIRBIEA KR E AL Eh
%, HEREJE AN 50~60m & JE < (FAET D Z2716,2575 Tl 1Hz B L7220 | HEREE 2 10m &0
Z447IM-1 Ti, 13HZ FRETH - 7=,
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@-@Wrim EickBWnW T, ORI ICEBIREI N A X v, HEREE 2 50~60m & &< f77E
T 25 P2 Tlk, 1.0Hz F2E & 72 0 | HEFEJE 2N 30m T, 1.5~2Hz L 72 v | HEFEJE A3 i\ 7267
TIT4Hz BRETH 5,

Table 2 .3-3 Resonant Frequency
ST No. resonant frequency
3-G® Z716 1.03Hz
®-® 7575 1.07Hz
®-0® 7447 1.30Hz
®-® IM-1 1.30Hz
@-@ z267 4.19Hz
@-@ P-2 1.00Hz
@®-@ Z13 4.75Hz
@-@ MYZ-C 1.47Hz,1.96Hz
@-@ Mz4 2.15Hz

Spectral ratio (H/V-R)

Frequency (F&)

Fig.2.3-7(a) Resonant frequency at 10 observation points.
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Spectral matio (H/V-R)

Spectral ratio (HIV-R)
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o
o

o
o

2.0t

6.0

4.0}

frz.c, =147 He.

. MYZ-C

urzc) =196 He
) : . :

2.0 4.0 6.0

2.0 4.0 6.0 8.0 10.0

Sz 575 =1.07 Hz

4.0 6.0

2.0 4.0 6.0 8.0 10.0

L Fyrey =9 Hz

4:0 : 6:0
Frequency (Hy

Z:O 4.0 6.‘0
Frequancy (1)

2.0 4.0 6.0 8.0 10.0
Frequency (Hy

Fig.2.3-7(b) Resonant frequencies of each observation point
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(2) AW DOHEE

N B D534 > B HAR O S I3 FE 2 B 5 BRI E STV % (Ohta and Goto,1978)°Y,
ZORBRAAEME (2447) . 7=V —F—IF /0 (Z2267) . WeAE (Z13) . KEEHT (MZ4) I
WA+ 5 (Fig2.3-9~12) ,

PBRERA G SHHEAHEE L, HBolHR I, X(2.3-6), £71TX23-NTL - THEZ
% ik o0 L EUR BN R & FREIEN IS X D HIV A7 RV B3R B 5 HiE o s R B 5
% Table2.3-4 |27~ 7, #RBRAUC K D FUBHR BV FHIE SR 2 00 T 8l 2 A5 LRI f OB ) 1
—#T 5, F72, Fig3-13 TR L HMEORERS L ORIZBWTH, Z OB fEOEW OfH
X, L0 —BERL TS,

V{ =69N" D>’ F'F, (i=i" layer)
N, = SPT value , D, = depthin m. below the surface

Ei_ 1 for alluvial deposits
' ] 13 for dilluvial deposits

(2.3-8)
10 clay
109 fine sand
F, =< 114 coarse sand (grain size index)
115 gravelly sand
145 gravel
Table 2.3-4 Comparison of the resonant frequencies obtained from H/V spectrum and Vs/4H.
ST No. FMEEX m 0 Hh R Vs/4H Resonant
Freq.
®-® z7116 4 B M T BT O M 2 ST 1.03Hz
®-® 2575 55 B R T R ATET 5] 4 1.07Hz
®-@® z447 51 B I AR 1.05Hz 1.30Hz
@-® M1 - K[ER 1.30Hz
@-@®  z267 13 HETH 7 =) —%—IF 3.74Hz 4.19Hz
@@ P2 - B I SR SL AR R 1.00Hz
@®-® 713 33 IR T E LG - AR 1.33Hz 1.75Hz
@®-@® MYZ-C 20 B R T AT + B SEATF M B 3% S5 T 1.47,1.96Hz
@-® Mz4 24 B IR T PR T 1.81Hz 2.15Hz
[m] | - o [Fz]
10 e \+basmck\
EA
20 4 L:tR,F
30 3
40 2
50 1
Fig.2.3-13 Comparison of the

7716 7575 7447 267 713 MYZ-C MZ4: ‘ resonant frequencies with the base
rock depth, at each observation
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MIYAZAKI (Z447)

Vi =69N;" D}*F/F,

(i=i" layer)

N (SP D N(SPT) H(m) Vs (mf5)
15 -13 132.517
0 10 20 3
0 40 50 60 70 80 5 o T
o] I S I [ A 18 43 173.635
| I A i i==o—SPT
- 122 I.Z\S S IS Pre Sep 7 53 168.991
S: =N e 19 63 189.148
-10 =~ [3 73 160.139
0‘0”8 e bt el b e S )
L o0 - 14 9.3 194.127
=20 3 ; ; 19 -103 208.690
=0 27 -11.3 196.244
? i e 25 -123 197.006
~,
25 -13.3 200.110
E\ '30 : 13 -143 181.671
Nl N 16 153 190.760
ﬁ Cg 17 163 195.192
8, 40 1 < 14 173 191.117
S % ; 7 183 171.793
o % 7 -19.3 173.631
9 203 183.050
-50 - O :
- - - - a . 10 -213 188.159
A ISR R I IS M SR o 25 223 221.901
| odeor ch 4 233 163.934
-60 < - . : - =5 £ : fEaana 6 253 178.550
E : 5 g 8 : . : 6 263 179.939
H S : N 14 -28.3 210.886
70 it N 6 313 186313
6 -32.3 187.489
N,=SPT value , D,=depthin m.below the surface
12 <353 214716
F 1 Jor alluvial deposits s 363 191.918
' 7 13 for dilluvial deposits 7 383 199.139
1.0 vIay 6 -39.3 194.990
1.09 ﬁne sand 7 -423 203.134
i . P 6 -43.3 198.807
F) =! 114 coarse sand (grain size index)
7 -44.3 205.020
115 gravelly sand
1 453 222385
145 gravel 18 463 242.863
(1.3*132.52) + (1.0%112.98) + (2.0*173.64) + (1.0*168.99) + (10*189.15) + 31 473 267.518
(2.0*160.14) +(1.0%164.30) + (10*194.13) + (1.0%208.69) + (1.0196.24) + 30 483 267.146
(2.0+197.01) +(1.0*200.11) + (1.0*18167) + (10*19076) + (10*195.19) + 33 49.3 272.625
(2.04191.12) + (10*17179) + (10*173.63) + (10*183.05) + (1.0*188.16) + 31 =503 270828
(2.0%22190) +(1.0%163.93) + (2.0*178.55) + (1.0*179.94) + (2.0+210.89) + 32 -S13 273368
VH, 1
Vo X (3.0%186.31) + (10*18749) + (3.0*21472) + (10*19192) + (2.0+199.14) + ot 523 568.534
i=l -
T (10°19499) + (3.0*203.13) + (1.0198.81) + (1.0*205.02) + (10*222.39) + L SiE SSL0n
(10%24286) + (10%267.52) + (10*267.15) + (10*27262) + (10+270.83) + © A3 SPIT
(20%27337) + (10*568.53) + (1.0%581.05) + (10*570.97) + (1.0%474.35) + 18 553 474353
46 -56.3 558.381
(2.0+558.38) + (10%553.96) + (10*513.60) + (1.0*590.28) + (10*592.26) +
(1ﬁ*59421) 43 573 553.963
27 -583 513.601
gce iy ) 593 500279
v 2sa 60 603 592.256
= 3 105 60 613 594.208

", Tde13
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Fig.2.3-9 Estimation of elastic characteristics of soil site by SPT at Z447.
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MIYAZAKI (MZ4)

N (SPT)
0 10 20 30 40 50 60

T
d : _bpr | B i 0.17 0.2 gri i .
LA(' o PPT | Ee=r VS=69Ni D;”F| F, (=" layer)
-5
N, =SPT value , D,=depthin m. below the surface
B 1 Jor alluvial deposits
-10 Y71 13 for dilluvial deposits
10 clay
=
& 109 fine sand
- -15 : F} =] 114 coarse sand (grain size index)
e .
% > 115 gravelly sand
Q : 145 gravel
-20
” i
FEe N (SPT) H(m) Vs (mfs)
-30 1 -1.30 2717
2 230 91700
12 -3.30 150.376
15 -4.30 166.872
23 -5.30 187.112
30 -6.30 202.643
37 -1.30 216.278
19 830 198.133
4 -9.30 136.426
2 -10.30 123.763
(13*7272) + (1.0*9170) + (1.0*150.38) + (10*166.872) + (1.0*187.112) + 2 1130 126078
(1.0*20264) +(10%216.28) + (10+198.13) + (1.0%136.43) + (1.0*12376) + 2 -12.30 128234
v JLvA, 1 (1.0*126.08) + (1.0*128.23) + (1.0+139.55) + (10*141.59) + (1.0*15071) + 3 -13.30 139.550
& Hy 2600 |(10%145.34) +(10*160.43) + (10%14875) + (1.0150.34) + (10+165.64) + 3 -14.30 141,588
(10*172.51) + (10*203.44) + (1.0%202.84) + (07*477.56) + (1.0*48147) + e SEEY L30.708
(10'485.27) 3 -16.30 145344
18863 m/s 5 -17.30 160.429
3 -1830 148748
v, 18863 L1811 3 -19.30 150.339
e 181 Hz
4H, 4260 5 -20.30 165.643
6 -21.30 172.509
15 -22.30 203.444
14 -23.30 202.844
50 -24.00 477.560
50 -25.00 481.475
50 -26.00 485.266
MIYAZAKI (MZ4)
4 4 4
2 e T 5 pu . R ik TR S
g, g g [
§3 3 § 3
3 B . = . i
¥ S € [ M A
Iz 2 oA & i
) \/ 3 d N s | VV\ A s
E A L fy L AA B t !\ A Forhy =215 Hz
1 1 A = 11\ Sty =2.13.
3 3 WAV 3 2w S
3 3 R - : e
2 S0 R o =
F 05 20 40 60 80 100 05 2.0 40 60 80 100 %05 2.0 40 60 80 100 =
82
ST 6 6 E \/V \""’\ bz
ral ; ;
E 3 ot 3 |2 FRE S ¥, N AN
£ \ ; § : S . . ,§- [N T R )
S 84 8 4 5 average 1 )
i) S ¥ : 85 20 40 60 80 10.0
2 / s 30 s s : | Frequency (Hz)
B2 = =
N YA A STV = 77T
Sl N 2 . . i : . 5 . :
= 0.5 2.0 4.0 6.0 8.0 10.0 = ?].5 2.0 4.0 6.0 8.0 10.0 é.gS 2.0 4.0 6.0 8.0 10.0

Frequency (H2) ) Frequency (H3) Frequency (H2)

Fig.2.3-10 Estimation of elastic characteristics of soil site by SPT at MZ4.
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MIYAZAKI (Z13)

N (SPT)
0 0 20 40 60 80 100120140
F | [ vi-oN DI FF -t

N : .
6 L : 3
A LA N,=SPT value , D, =depth in m. below th
f s, D, pth in m. below the surface
{ R 1 1 F 1 for alluvial deposits
-12 ! ‘{ 13 for dilluvial deposits
1 1.0 clay
@ 1.09 fine sand
- -18 c Fz' ={ 114 coarse sand (grain size index)
Ny
& HE b | 115 gravelly sand
8 145 gravel
-24
N(SPT) H(m) Vs (mis)
180 2 13 89.174
30 &) 2 23 99.953
4 -33 120.873
G 12 43 153.614
)S CTTTe 23 53 178.906
-36 H—- = 23 6.3 185.198
18 <13 182952
9 -8.3 153.068
[3 93 146.161
5 -103 144.624
3 -11.3 135.075
4 123 144271
3 133 139.550
3 -14.3 141.588
(13*89.17)+ (10*99.95) + (10*120.873) + (10153.614) + (10*178.91) + 3 153 143515
(10+185.20) + (10*18295) + (10*15307) + (10*146.16) + (10*144.62) + 3 -163 145344
T (10+135.08) +(10*14427) + (10%139.55) + (10*141.59) + (10%143.52) + 4 173 154457
V= 2;]— 0] (10*145.34) + (10*154.46) + (10156 20) + (10*150.34) + (20*159.48) + 4 183 156.203
o (10*153.33) + (10*162.50) + (10*170.27) + (10%16532) + (10*173.10) + 3 ‘193 150.339
(20*174.45) + (10*17575) + (10+182.60) + (10*206.86) + (10%190.02) + 4 203 e
(20*203216) +(1.0+196.80) + (10%551.12) + (10%599.37) g St ERERED
=182.39 m/s 4 -22.3 162.502
5 -23.3 170.273
4 243 165318
=:T'"T =% =133 Hz 5 253 173.100
s 263 174.448
5 273 175754
3 283 182.596
12 -29.3 206.863
7 303 190.022
10 -31.3 203.216
B 323 196.886
79 -333 551.120
125 343 599.360

8

2

s e

175 Hr

Spectral ratio (H/V-R)
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Fig.2.3-11 Estimation of elastic characteristics of soil site by SPT at Z13.
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Fig.2.3-12 Estimation of elastic characteristics of soil site by SPT at Z267.
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Chapter 3
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Irikura?, Joyner and Boore (1986)%, 287 - fh (1991)Y. f4jE - fth (1994)%. JFUH - {1 (1995)9 A3
RLTWDN, Rl L7z K9 ICHE R ORRERESITEEICEHMh SN2 L WO BRDBH D | F
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DRI B2,
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A EHT 5 EREOBBIN L > THAEINDEEE 7 ) — B e LTHW D ERR 7Y
—VBEIEIC KO ARROESR A FBL L, BB EA A TR ET O IR B R » B (K-Net) TH 5
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NL Ny
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NI (M) B LT S IEABIHLEICRIET SR ZEZ R DT, Lo T, 2o DOKH
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= —m o 3.2-2
mn VR mn CS ( )

T2, VRIIWIEOREEERE, Csid S WDIFEEEZ KDY, /o, @21k 5k
B Ton(o)iF, KRR L/NHFRO T D FEREE BB OENZ RO RERBRTH L5, KRIZ
DD BARRET VAT 5,

Observation

Fig.3.2-1 Schematic diagram of the Green’s function method and its notation.
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AHFGETIX, PEROWIZE & RIERIC, KHIE &/ PHEOMICIE, RO LD REFR T A —2 D
FAELRIAS RS2 3 % % o & 3 % (Kanamori and Anderson,1975)%,

1/3
Myl _L.W _D_7_\ N, =N (3.2-3)
m, AL AW D, 7,
ZOAEANT, KRHER & NHBRICBIT DISNETEN —ETHL I LE2ERLTVD Z LICE

ERRMETHDL, EATIH, KHEEL/NMEOHEE—A L M2 Mg & my, BiBORI%Z L &
L. WiE Dbz W & AW, BiED2EfI% D & Do, WiEDONLH BN D REffZ © & rok?‘é
AWFETIx, EXOMEAIZ W, AREREE Tm(0) & LTRATEZBND bOEZ [N D

) N
iw+— 1+7c(72-)2
T, (0) = T - (3.2-4)
iw+— | 1+(2)°
T 2

X(B.2-4)DIREE T /VIE, KH#E &/hHEICK L CHREBEFE O3~ 0 AR EZ A L, &
AT MO EEBEEEOEN cICL > Tary he— AL TELLICET/ELIEZL DT
oD, BIRWEOMEEIC X2 SIREEHEK O AEICET 2MEET VT4 FET 528, B
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BEMEEIRD ANT-FAx OMFEET ANEEIN TS (323 Hizl) . 2 Z CEHEZR AL,
DX D R BMIEO R E M ORBENRE LR S L THESHNBH S 572D, o
FERT 2D — AT, EIRBIEH B BT 2 2o O O REEMNE T 5 2 L ITARF
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MICERBRISD EEZ T, ZNOLOWBMEO RYEEEZEBETIRNTFE LT, kiZkoTE
AN MO EREE R DRI e e K (B.2-4) DAL 2 NFD X HIRETFTILEZRELT
Wb, k=1 0L XL, WEWREET LV CTREBEEO T REFBAKERA LT VIC—&K
T 5, ZORE k OYERERST OREEMIZE L T 323 HilZfEL <R~ 5
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R A MIEY) A/ NHIER O TN R WIEAIC L, KHEBOMER 2 &M 2 HikE R,
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MR 7 ) — BEE L THW A/ E O BB IEE IE at) 13EEH /T — 2~
RV Saalt, 0 ) 2 FHW TR T & W 359 % (Shinozuka et al.,1967) ”

a(t) = V2,25, (L., )Aw cos(at + ¢)) (3.2-5)

o
o; = jJAw; Ao = NU ;j=12,...,N_ (3.2-6)

[0

I ol EZBET HEBHO LRET, B EOREE TIEIEE T AT ML OIREN K
FHIETIHEAERH O 31/ E <, B AR ENLIBRHETH 5, K (3.2-5)I2HB\ T,

gilx 0, 2z)DRM T—HROATEZFFDEVNIIMNL 72 T X DA TH D, FEER /8T — A
MU, RO X IICHEZ RS,

Su(t0) = 5 W(t.0) A 627)
|A(w)| = CAs (@) Ay (@) A, (@) (3.2-8)

Z 2T WMt o) FEEEFHE AR BT B R A FR DT, IR E IR HE ORETIE,
KIFF(1994)) D LR A D L 5 IZHEE D B DB WAL, 0 )= W) % FAV 5,

t
=) 0<t<T
(Tb) :
W(t) = 1 T <t<T (3.2-9a)

exp[-c(t-T))] T <t<T

T, =[0.12-0.04(M - 7)[T,,T, =[0.50-0.04(m-7)T,  (3.2-9b)

c=-In0.2/(T, -T,) (3.2-9c)

T, constant T,

expl-c(tT )]

a(t)

3 10 13 20 3 30

Time (sec) Fig.3.2-2

Determination of envelope function(Ty, T¢, Tg)
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T =2 Yo cosy), T, = 2637, (3.2-10)
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Z 2T, L MFREASOWIERERE S (km). Vg Wi EBEEHE (km/sec), Cs : S I3 FE (km/sec),
To @ HEERIE 90 /N—1& o ML EOMFREH 2 &Ko7, I (3.2-10) DfkfERH & B~ 7 =F
= — R MOBGE /AR O (logT¢=0.31M—0.774) ¥ & & 112”7 (Fig.3.2-4) , &(3.2-10)T
I%. log L =0.5M—1.88, Vr/Cs=0.7 & JHU 7=, Wit & BLHIAS D BE 412 K o CHkfEREE I E
WAL 208, BEBRITHERNOIZEPHELZ 52 TWD Z Enbnd,
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§ 10‘5
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0%k
Vr ° E
L 1043 4 5 6 7 8 9
Source fault . M
Fig.3.2-3 Geometry of a rupturing fault Fig.3.2-4 Comprision of a theoretical ground motion
and the path to a observation station. duration (T ,)with the Hisada(1976) empirical

relation.

¥, BRI RALTE R O E Tk, IMERIZ L D 7Y — BB W THIE T D i)
LRkREREE (7 4 L7 T 4 BT 4 IR E T MR R Fig3.2-5) A EE L7z, /NHE O WrE 23
FN S THREBWR E A DN HHEITIE, IHUERISK LTI e R 2 B A2 23X
RN KHUEOWE 2 AR DO /NG EIT 5720, IMBEOWEIZIIRE SN D D,
AIROKE S OWE O REET IR Fig.3.2-5 O X 5 e HmEENAE T 0T, NEICE
WTHHFAMEEZE LT IUER b2 LT/ %, Tsurugi et al.(1996) Do ezt B i 1o
BT OHFTH/INEBICH L CHMMEABEINTEH Y, BIRERIEESH#EIC X 2 &R0
e TR, MMIERICENTH HFAMERRO LN DO T, RFIETIEL, /NMIERICLD 7 ) — 3
Bicb e BEET 52 Lic L,
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Fig.3.2-5  Geometry of a rupturing fault and the path to an observation station and

Schematic wave form due to the directivity effect.

K(3.2-8)D C, As (w) . Ap(w). Ax(w)iX. TNZEI., RIETE, BFEAXY L, B7FR
S L OV A MR R D TIRECTH %, Hanks and McGuire(1981)'21%, #Rig & %k & B A
~7 FZE LT, AKi(1967)P%° Brune(1970) YD B A =7 M A O R A B EIC LT, X
(3.212)x i\ T\ %,

R FV
= (3.2-11)
ArpC;
m,*
A -0 3.2-12
s (@) 1+ (0! w,)? ( )

::K\MQm IR © OHFRWE DS < 5 — ATk 2 A IEAR%2(0.63). F X H s

DB L IR OHEMIERE (2.0) . VX 2 HEOKFERDY DT R LF—45Bl &t ]+ 5
ﬁﬂ%ﬁ(am“aﬁéopiﬁg®%ggcsiﬁg@ﬁm%ﬁﬁgf%éowcm:%%%%
B ChHDH, a—F KB oL Boore(1983)Pic k% &, A THEZ b5,

A
w, =27 x49x10°C, (— af” (3.2-13)

0

Z 2T, we DEALIX (rad/sec), mo D EALIL (dyne-cm). A4 o X&) D HAL (bars) T HiEE 0 Bk
WEBT—ETHDL ERET D,
IREE AR SR Ap(@ )T, Boore(1983)Iz k% &, X THZ 5,
1

1
AD(CO)=WR exp(— ZQ—C) (3.2-14)

22T, Ap(0)DORUIZEBWTHEE 1R, HEREOSIEESH o nx 2ENT27 V2 —%
FKbT, T T =1 ZRET D, A0 2 W11, AW OKMERREREERDT,
F05 3 KT-1E, MR O = 10— 03 M0 MR A B O JEFME RO E I L 0 IHE S D RE
B Q DR ZRK DT,

ERBR OMERHREEIEIC B L ik, RIT - o Y2 W TUI T O &9 Z2fiE v,
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@, = 2 x10811M) (rad / sec) (3.2-15)

HuA O BB B R AR S Q 1L, Kiyono(1992)' DX L W LI F D Lk 5 1@ T,

Q _ :]_O(q1 log(w/27)+0,) (3.2-16)

2T, g qidikic ko TE DD,

I‘Zi@é@ 75 Ji. Q2
Q1:07 , Q2:22

HAL — A& oo B AR 0O s -
q;=10 , 0.=2.0

AL — A& o0 R SVEPER] 0 HiLs
q;=10 , 02=2.3

JUM — DU [E — Fr[E
Q1:064 , Q2:21

ES ek
Q1:062 , Q2:24

T I
Q1:05 , Q2:23

% D BAME R E Ap(w )1 S IR 3~4km/sec D HIFEIAZ S S P E 0.5~1km/sec D T.77 5L
HEE TOERBHBEOWEIE L | LY OMRE E ToORBEEORE LT, AL IZhE

2%,
Leanz( )
A, (w) = / \/ i (3.2-17)

w
(1- ( 2+hi(—)?
(4]
g

BT, MU S TR SR £ T oo MR o B4R 2 Boore(1983)1 K W R (3.2-17) 410
DFELNFDO X IITFHMIL, LHFEARNOMERE TEH 2K & LT, & - HigRAXT L
DG LTV D, o  I3REHEOSBRE, hy (ZHIERZHETE -7 A -2 Th 5, iF
WA TlE. o =15.6(rad/sec), hg=0.6 S\ B 5,
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323 BRBIREERELET LG -4k

EIRENEHE I OB O 0I1C, REEWEET VOMEN ik THIES DB CHRE LT

to_h%iMEM%Lﬁw%ﬁ THASB, B SN DB IL, FEx ORNEE DR,
RIELTEARERE LT END DO TH D720, BHIER OMRYTH &R 2 O REE M4 5y BT
LT LT LS, RYEWEBET VORGEICH AR H D L Bbivd, I 2 CIEMER O L¥H
TRNICESRZETIE, Bx OREWEET ANLELNDERARY FVEMEICER LR
BREET NV OLNBRTIIERNH D LB, AYEMEERITL2ET VAT A= ¢ ZRE
L7c, Z2Z2TIE, 321 OREETNOERE L VWREICT 7DIC, RYEWREE T VICET
LDZNETOMIERR L NT A —F « OFBREZHAMKEICL T, ZOTHEZEL D LT 5,

e SR 10km, BFIZIE 100km 22 5 X 9 Ae K& WIE i ETORVEVEIS /I T
BERGTICEGT ETHL ETHREITHREITZTANENEEZ LN, LFO XD 2R
BEWiE T VBT A AR I TN D

S 3 WiEE T OIS G T EASTIC ;ofﬁbé BRETNVERE L, ZOET
LTI IESIBE TR A o *OGFTH 72 A RE L, SERIE E[A o *] & 2 FERIEOFE TR

FADZIUC—BT 5, Loy URE BRI OS8R 13 E[A o *PIC el U, %08 SR o 5

EIFEMEETLOLD L0 b REL 2D, BIGEE O S, VE[A o *1* E[A 0 %]

DEE LT, 1.8~26 BN ELNTWD,

7. BRALY P OHRKEFFEHOETLE LTE, APD 0 ? EFANEL THDH, =
—F—REE o DL EORBMR S Tl BIREM A7 bt o P ICHBIT 5, Lzt THI
WAL MLV TERFRTDHE, 0 A ET—EERD, L, o2 EFATIEERE~ V =F
2— REERE~T=F2— NLOMOBRE I T<HHATEARNE LT, AT 0?71
DWBEHIT>TW5, ki E T /L(Revised Model BYTi, ok ¥ bEWd HIREIELL EOIES)
AL D AR Y }‘/Vw'z%"fﬂ/i D HEL ER- TS, 77, Gusev??= Koyama et al.?V 4 ]
HHEELZFHHATL-DITEEBEE DN 0 ? TEF LI L LR 2BIRARY ML EE
ZBMENDH L ER LTS, 20X ) ICHIRBEMER N 0 2 EFANLHHEERS LY
bRE LS ARBFNE LT, AKPIEM B EHEO REM P LERT b DL LT A,

lzutani®®iZ ., WEWEETF L OBIFE AT ML ETREFTLOBRIFEARY ML EEREE D
T, Fig.3.2-6 DL O RBRANRT bERNWD Z EEZBRELTND, ZORFREART MO
Pix. AkiZdRevised Model B, Gusev??<°Koyama et al. VD& A<= 7 h L & FEFIC L LTV

%o & 5lzutani®?NIFE OB S VE[A 0 *PIA 0 DIEE LT, 2~10 25TV 5,

PR D) SR - R IR EOWEE A M HEILF DK 2 OWIEESE ECOR KT
EELEEHNCTEZD Z LI TMEEREEOEKEZITV., BIR AT ML OTARD
Fig.3.2-6 O X 22720 | (KIREVEEHI(Fig.3.2-6 D w~ we)llB S D AT FVIRIE L~ id

E[A o *]. S IREN B (Fig.3.2-5 @ o LA )D 2227 FUIRIE L ~UL i3y E[A o *JAC B4 % =
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LHERLTWD, £, o FIWBER LML EEE & B 2 72356 02— —IREEICHEY
THZEHERLTWD,

Papageorgiou and AkiZ"?)o specific barrier model Ti%, i@ LDK 27 T v 7 OIS ST &
(local stress drop A o , )3 X OWifE RIKDOEE & FHN R BVEWVRE DN LEHEICL > TR H
#1% global stress drop A ¢ ¢ M3 BLDAIL D, W U 7 4 /L =7 OHIFEIZ-OWT, A o , =200 5> 5 400bars
%15 T\5, Z#% Purcaru and Berckhemer’iZ L 5 A o D& A~ L, Ao /A 041%5~40

bbb, ZOETANLHREINAIMEEEIR ALY ML H01T Y Fig.3.2-6 O L 9 2Rk %E
7R 2 L 7% Papageorgiou and AP K o THERREN TV 5, IRIREI A2 b VIRIE L~
Aoy lc, BIREEANS FAARBL~AEA o WCHBIL, orE&7 T v 7 mbiillahs
BB O AT bV Oa—F—IREFUIHEYLY T 5 Z il 5,

Hanks and McGuire®(3 77 ) 7 /b = 7 O SRR ER & AT LIS I TR O 1349 100 bars & L
TWD N, ZOMEIFMEIREBHERR O/ 5N TS A o DIEICERTREWVH DT
910 f5I2FH2 35, A o (LStatic stress drop. A o glZdynamic stress drop & FEIZN S, A o glT°F

BEF L B E[A ¢ *]*X°Papageorgiou and AP0 DA o (AN T HRFA—FThH D,

Boore™iZHanks and McGuire® D BRI 2 =22 L& W THHEE W G & QT 2 FIEARE L
BY. ZOBFALZ MUTEE -l 02 X o> THAMEREO RIS ER TV S,
?}73%03%%5%6"]79—‘/%%& £ 5 BB O A RE T BIRASZ MU o P BT VSRS &
LTHbND Z ENEN 2, WiEN/NES < BIBE THD EEZTH LVINEZ 9 BRI
FENTEVDE Ly, LaL, RICBR7E LI KH-EZHR S BRICIIWEII RS E &5
ZLDONEINTHA9, LER>T, 0 2EF AL TIEARL ., Fig32-9 DL 5 REFRARY L%
BOETF N EEZZLHNBESE LV ETICRBEL TS THS ., IrkuraIZEIE A 22 F AR
0 ZET DR VB ITONT, specmc barrier model ZJSH L7 G EZRE L TV D, F
7= Takemura and lkeura® | ZWif@ i L COEBVEWENWIBEZFICEZR > TVEEAIZONT
DRI 7 ) —  BIHIC £ 5 BB ARIEERZE L T 5, Dan et al.*¥®N3/ ik & Ko
Stress drop b & ZE Lo A RIEEZRE L TV 5,

Hirasawa's model

'

Deterministic source model

Fig.3.2-6  Schematic source acceleration spectra suggested
23),24)

log {Acceleration spectral density)

I | ' by Izutami
@sp wc*

log (Frequency)
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EHELNRBLTVDERANY M % Fig.d.2-7 ([RT %0, RKICIE, KHEOHIE
¥ 8 My TEMEL L7 RHUEOEIRENM AT MREZRT, XTI =1, AXITk=5 O5

BTG T %, FARICIZRHBEORIFE AR MARIEN 0 2EF A THIBEEERTRL T
5, MMEOBENDEDOE/NT A—4 N & BRI T H2RZEEBDNT A —F 2L T,
KB ORIEN AT NVIRIEORIBFHEDED DR D05, k=1 TIX, N=3 D & X
1FIE 0 2 BT /VACHE D A, N=10,N=50 & KZ < 251220, HRESHICE VN To?EFLE T
FY ., BES TR 2ET MK, ZOBMITc=5 THLRETH I, =1 DEA L,
INED a2 —F RS 0w (ENw, THDLDT, weld Fig.3.2-7 OREEHA N & 72 2 IR %t
JIET %) LD RERIBEETIE, A7 MREMEIZ c (25) FREV, LIRS T/RT A—
Xk lE, RMBEOEREM AT MAARIEO SRRk E =2 he— LT 57 A —=4Th
HERIRT HZ ENTE D,

BRI NDHEEOERIRAT i, BREMECINHE)O 2 —F— KRB 0 o UL EOERE)
BN 02 EF M LT PR S EAR Y | INEE 27 ML TERT S & Fig.3.2-6 &I[A
BRIRAN T MIVIBIRZ R T Z LI %,

TZTHEE LTE, RO RMEIZME S HEBOSMKIZEEL T, « 205X 200 TH

%o k1ZEBROVEA 0% E[A o*]. VE[Ao*P /Ao, Ao JAog AogdA ol T2

BEThY . WEDOHITIL, Papageorgiou and AKiPY?D A ) 7 L =T OHIFEIZ ST DG
BEAERS &L 1ZFE 1~10 EHEES N TWD, LIER-> T, w=1~10 M HEEME L F R L 9,

10"5

o 107%: o 10'2§

p= 2 |

= ~ E
- g w**.2 Model e E w**-2 Model N
B ----- us(w)/Mo,k=1,N=3 J R us(w)/Mo,k=5,N=3 N

— - - us(w)/Mo,k=1,N=10 - -us(w)/Mo,k=5,N=10

—
Q
-3
T T

10‘(’;% - us(w)/Mo,k=1,N=50 |1 N -----us(w)/Mo k=5,N=50
-8 -__L LI b ULl LV L 3 I |1|l||1§ L 08 i T AR ll“l"é 1 I11||n§ 1 Innné Lot Lot
10 10" 10° 10 10* 10° 10" 10 10" 100 100 10 10° 10°
wW/wce w/wc
In case of k=1 In case of k=5

Fig.3.2-7 Normalized spectra of the large earthquakes by a random summation of the small
earthquakes, compared to the « 2 spectrum (heavy line).
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33 BREMBIUREERMNIT)—VBEBCEICLDBERER
331 RBERMJ—BBUEOHET

1987 4E H [A1#EHIEE (M6.6) |2 K DMRAED 7= I W - BUIGLeR 1T, 7B ) T A gE Al O s Hh B
BRI 551 2 B - & MYZ2-007 & MYZ2-009 0 NS J5 [ DI EE L6k T b 5.,
BSALE (i) EHBSRFRIRO LS TH S -

MYZ2 (firi& N31° 51.42" [E131° 25.63 , Whi)
HimiEz BRIl e 35 RKELREOETITRO L) THD

AE (M6.6, {irf& N31° 51.42" ,E131° 25.63 é48km§%’<fﬁﬂ#1987/03/18/12:36:29.0);
4% (M5.0, {7{& N32° 04.00° ,E132° 03.60" /%X 48km,%&EM: 1987/03/18/14:00:28.4)

BESHOEE (B FESE) 2SN T, ABOBEOKE S&ED, £7-. CMT®
7 Table3.3-1 DX HICED T, IHEOHEET— 2 > MMIEHE (1989) Nz LAk K05
Table3.3-2 D L HIZE DT,

m0:10(1.5M+16.2) (33_1)

AELABEOMBEET—A L FONE, X(B.2-3)FH T, N=6 & WrjEg &2 ikE Lz,
7%, Table3.3-1,2 [IZ R T AEBDOEI/ AT A =2 DN, SiH LV R (Rise Time) | S &
(S-wave Velocity) . A FEHE (Rupture Velocity) (ZRB8 L Tld. ARIETE & BRI TE & ik
L7223 BRI TR DGR, Table 3.3-1 DEAFA LTS, ZOHIEIL, ZivE TORBRIENH K
T BRRDHOTIFAR,

Table3.3-1 Source parameters of the main shock

(MYZ2-7)
Parameters Name Value Unit
Fault Strike N182° E
Fault Dip 64 degree
Fault Length 21 km
Fault Width 14 km
Seismic Moment 1.2x10% dyne-cm
Magnitude 6.6
Rise Time 1.25 sec
S-wave Velocity 3.7 km/sec
Rupture Velocity 2.7 km/sec

Table3.3-2 Source parameters of the aftershock (MY Z2-9)
Parameters Name Value Unit

Seismic Moment 5.0 10% dyne-cm
Magnitude 5.0
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ZOWEETIE, HEFFORMENS | #EEE 0.5~20Hz OFIPHICHBW TG L7z, Fig.3.3-1 & Fig.3.3-2
ZiE, ZOREBELIINE S > b UTARE & REIZ X DI 27w, Fig 33-1 ORERRAE 7Y —
VB E LTV, AN (B2-1) ICR W ABROEIRZ G LTz, X 3.2-4) IZBIT 537 A—=F  ITHAL
TlE, BRI ORFRREN 2 D/RT A — 2 TR ST IRIBRAED 7278 Z D/ T A—Z [ ZIZITHAT
592 L X0, 0T A= B EETEARIY & B ORREIEAT 5 & 2 12RiE L,
k=13 ZBH L7, ZOX L TER LTCIB 2 AREONHERIE & & b1 Fig3.3-3 |27, iz,
Fig.3.3-4 1Z1E, ZNDDEBIZ L DISEANT MVEER LT, RECEROEE WG REEE & 2

@ﬂﬂﬁfﬁiﬁxmﬁ MU, AERERE A LSRR O TWD Z L 3bn D,
Fig.3.3-1 Recorded ground acceleration(NS component) of the
mainshock(MYZ2-7) in the frequency range of 0.5 to 20 Hz.

———MYZ29 NS
(0.5-20Hz) |1
1 ] I3 1 ] ook Wt Susasnel |

No 5 10 15 20 25 30 35 40
TIME(sec)

ACCELERATION(gal)
20-15-10 - 0 S 10 15 20

Fig.3.3-2 Recorded ground acceleration(NS component) of the
aftershock(MYZ2-9) in the frequency range of 0.5 to 20 Hz.
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x Obsex*{fed
3 —WMWMWMMWW*WM

20 30 40
TIME(sec)

& | Synthetic
§° VAP At A
8_|_

TIMT(sec)

Fig.3.3-3 Synthetic ground acceleration(below) using Green’s
function(MYZ2-9NS), and recorded ground acceleration (above)
of the mainshock(MYZ2-7NS) .

=
o
=N
—
.~ Main shock
] Synthetic
1 gﬂ ,”’/\\/’\\\
5% o |----- -7 s
<8 27 N
jo 5 '—{ =
3 After shock 7 -~
—
=
T ¥ T T
0.05 0.50

Period(sec)

Fig.3.3-4 Response acceleration spectrum for 0.05 damping
ratio of the synthetic ground acceleration using empirical Green’s
function(MYZ2-9NS), compared to the response acceleration
spectra of to the recorded ground acceleration of the mainshock
(MYZ2-7NS) and the aftershock(MYZ2-9NS) .
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3.3.2 FEFMAGT)— BEBEDIRET

RGBT T VN LEIR TRO -~ 7 =F 22— N M5.0 DHUE K E (LA SIM-5) % R ED
Wl & 7o LT, AEME.6)IZ LD IHEHRFEMYZ2- )2 HE T 52 L2 A b, sHEICHTZ
0. REOERNT A—4%, BLUOKIEET /VIX Table3.3-1 Db D& HW 5

MR EIRE 7T /I X DB OIERIZ Y 72> T %ﬁu%km%®77:%a~F
AR THWERELRIU LTS, LER->TSIM-5 OHERE TIZLLFTO L Y2k b,

~J =F a2— KM=50,
EVRIEEE R =77.94km,
(= I IEBE 61.41km).

HEE— A M, Tabled.3-2 D& AUz, Table3.3-1,2 IR L7=FDMDI/RT XA —H D
EEICH TR TR, BLFO XS5 LTk,
RIRA 7 BV OIRIGERL 3.2.2 TR LIZLLF O AW

Ry, =0.63,F =2.0,V =0.5

YT 7 b a—F—IREE 0 o IR DRI NT A —4% % A 6=300 &E L., X (3.2-13)
MHBLUTDO X HICkRDT=,

 0=9.60(rad/sec)

SIS XT A—H A 0=300 1%, MBI HLREVEIICHEHE 2 HILDHA, Papageorgiou
aMAmmﬁ\m0#54%mm9%%mLTwé
EREI OB REI R LT, RIL5 0B V2 MO TU T & 5 2EE2RkE L

o ma=2 7 X 104824 11M=g6 4(rad/sec)

HAR DR EAR L Q I, 0,=0.64,0,=2.1 Z VN, Z OfEIE Kiyono(1992) D :(3.2-17) &
VEDTz, BIROSBEIRFRIEE LT, 322 TRLIELIIC, 04156 h=06 % H\ 7,

NI A—=H [T LTIE, & c=1ZEL, SLEAELZ T2 HOY I EER L,
TG 20 DB LT & KD T, DG R TE 00 15 B KM FE 23 3 E BN T D e KANH
FEER U2 D &) kb s, RfEmIC £ =3.0 L ED T,

RO NRT A= 2 HWTEo T2 M5 OfERGREIRE T VIC X D8 v 7 VIR E R E %
Fig.3.3-5 (Z/R"9, ZOH 7 NEEEXB2-D)DOFETEKR L, TOWE & AEORLEIRIE %
Fig.3.3-6 |Ztb#Z L T/Rd, Fig.3.3-7 X2 O DB DIRE AT MZ K D ERT, 2 b
DEEK LY | MERREIRET VICE D 7 U — B E WG RS & 2 O NN & A
7 MVIE, REOBINEE & & OMEEIGE A7 ML E< —HLTWD Z &b
Do
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10

ACC(g)

-10

20
TIME(sec)

Fig.3.3-5 A simulated sample ground acceleration of the small earthquake(M5)

ACC.(gal)
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Fig.3.3-6 Synthetic ground acceleration(below) using stochastic Green’s function,
and recorded ground acceleration(above) of the mainshock(MYZ2-7NS).

ACC-
Response(gal)

(o]
=)
S
= S
/ Main shock
i Synthetic
<1 ..
2
— - \
Simulated /.
~ ]
[an)
T T T T
0.05 0.50

Period(sec)

Fig.3.3-7  Response acceleration spectrum for 0.05
damping ratio of the synthetic ground acceleration using
stochastic Green’s function, compared to the response
acceleration spectra of the recorded ground
accelerations of the recorded mainshock(MYZ2-7NS)
and the simulated ground acceleration.
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333 1987 FHMMMBICHTIRADFELHEER

1987 4R H [ H1 5% (M6.6) D R R RL Rk & Wik BRIN 7 ) — U BAEE B L Oe=RGmi 7Y — >
BIBUEN S G R LI ARBOIMEE R IL, T A—F DL LT 1.3~3.0 ZHWD &, T
BB ORMELZ LK HB L TWDLZ 2R LT, Lo T, HIMEiETIE, &L
TLI3~3REOMEMNEY Tho7o, L L, A S NI HUEB O GBIREF A7 ML L~
AW/ ED 2 —F— J’}J@M&wco(FlgszeSTi@c YT D)NMKFET D 2D w TN
INHIFR(ERHER) DR E SITERT 5720, 0l W THE Y REENLEL 0D, H it
EOMGETIE M5 2/ iFE & L THW TV D, K%’u)coo)1ﬁi WrJg D AN BVERFMEIZBEER L7
TA=FZTHY, HENHEAET HHIBOHBHO REENEZ XKML TNWDLTHA D, DD,
HERAMIBIZ L > TENODMEN RS> TWHAREMESLH D, 26 OEIZ OV TIEL, 574,
WFFE 2GR L T2 i i 7e & 7e 0,
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34 1997 FRER SR TEEHIE (M6.3) IZKLHIRELEHI
341 BERMJ—VBEBIRICKDERER —@EU/NMEERRORE -

ARIFEDORFED 72 DI W7 BLIGE SR B SR AR e s = Bl <~ b (K-Net) (Fig.3.4-1)
THIA S - RS RACE R HIEE  (M6.3,1997.3.26) L ZDORERLETH D, HWTZWE T X
— % % Fig.3.4-2 33 X 1% Table3.4-1 |ZR"F, T OMATICHWZWEET /L & LTk, M - fl
DSHIERZEEN > DR O T WIE T T A28 LTz, 7eds, B D OMEERIZ, AW - M X
% L bilateral IZJEA3 57~ SNTWAHD, 2 2 Tlk. Vg=2.5km/sec THEIRICHHEEGIET 5 H O
L L7, B, SIEEROMENIEEEICE L TiE, RI150RBRA (3.2-15) 2N T, 0 mac2
n X 10084 LIM=66 4(rad/sec) & L 7=, HUBER O EHEEMARE Q fiIE. qu=0.64,0,=2.4 % >,
Kiyono(1992)'"? " #{(3.2-16) & 0 i 7=, BRSO EARHIEAE L LT, 312 ISR L L 91T,
w ¢=15.6, hy=0.6 % FH\ 7=,

%Ik OMESRGRN) 7 ) — BIEE & O ERET O 72 K-Net T3 54172 Table3.4-2, Fig.3.4-3 O
PEEICEB T DB D 5 B BRI O .05 8km AN &2 H v PHTe 7 I 4347 L 7= 6 2 At (]
AR, K, KA, BE2u, AL IR CELINE L7z KGS002~007 O & i L 7=,

2E-mar-87 17:31

dagraa 1356 135.76 i3n.o 130.36 130.6 130.76 131.0 131.36 181.6 131.76
agg L 111 I A N T TN T T T T N T T N O

33.1

1.5

LATITUDE M)
2 2
£} m

| |

1.6

1.6

1.4+

1.3

1.3

M+

NI T T T T T T T T T T T T T T T T T T T T T T r T T T T T T T rrrrrrrrrrorororratd
135.6 13376 130.0 18096 130.6 180.76 181.0 131.36 181.6 131.76
dagraa
LENaITUDE [E)

MAXIMUM ACCELERATION (N-3 arE-W ar U-D)

Fig.3.4-1 Distribution map of maximum acceleration.

http://www.k-net.bosai.qo.jp/
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Hanging wall

Table3.4-1 The fault parameters.
SeismicMoment [Mdyne.cm]  L60x10°

/

Y

Fig.3.4-2

The fault model proposed by Tanaka,1997.

Magnitude [M] 63
Fault Length[I -km.] 12
Fault Width[Wkm.] 11
Disp. [Uem ] 30
Strikef6 (N°E)] 275
Dipfd (°)] 81
Rake[ A (°)] 19
Depth [d- k] 4
Rise Time [v-sec] 10
Rupture Velocity [Vr- kmysec] 25
S-wave Velodity [Vs-kmjed] 37
Densityft/n’] 27
Site N(°) 358
E(®) 13639
Hypocenter N(°) 3583
EC) 13639
surface
2184 —trike 4 km x [
[ > W
oips e
________ 10 km
FaulfWidth 19
W #£11 km Rake 7, Footwallv .
81°
Fault Plane
Fault Length L=12km
40)

58



CHAPTER3. FRBREVE L OWERGRH0 7 ) — o BT L A BEEhIE B 1 D& plls:

Table3.4-2 K-Net observation points for comparing wave form.

Site code Site Location Site name
(Ht = = ) (PZiE) (b 554 FR)
KGS002 32.0875 N° | 130. 3555 E° [(IZUMI - Hi/K)
KGS003 32.0525 N° | 130.5897 E° [(OHKUCHI - X H)
KGS004 % 32.0111 N° | 130.1950 E° [(AKUNE - [a[/AAR)
KGS005 31.8972 N° | 130.4536 E° [(MIYANOJOH — = Z3%)
KGS006 31.9025 N° | 130.7044 E° [(YOKOKAWA — #&)I])
KGS007 31.8108 N° | 130.3055 E° |(SENDAI — JIIPN)
Site code Recorded PGA [gall Simulation [gal]
(M =- ) (EW) (NS) (Stochastic)
KGS002 542 727 792
KGS003 193 306 206
KGS004 % 131 293 348
KGS005 493 434 301
KGS006 204 173 132
KGS007 224 221 189
32.5

32.0

R N

31.5

31.0
130.0 130.5 131.0 131.5

P B

Fig.3.4-3 Location of the fault and observation points
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FBA CTOEREE ORI, 3.4.3 SR T 2, ZOHCIERICRERN 7Y — Bk &
LCHWDEY 2/ NEOREROREICHEH LR 21T 9, 2 OFFCTld M3.7, M3.9, M4.1,
M4.1, M4.7(1997.3.26,28) D 5 S>DORE A AWV THAE LT (N31.71° [E130.26° ) OAERL#
DB ZR A= (Table3.4-3, 3.4-4,Fig. 3.4-4)

Table 3.4-3 TR T 5 ODREDA D= AL, IFLAERELRUEMTNL T, WEHIT
iR T%é(ﬁﬁk@ﬂh)1wm343kiUFm344®&%u MBONDH LI, M3.7,
M4.1 [TAE @ﬁ@f%ébt%%f%é@’ﬂbf|m9hM7i$ ORI THRAE LI-RE
Thod, 7B, BEMEIEERSRFICIOIRETH D,

$%®ﬁ%T%ELK%EMM@mnMW@EﬁTi ER R ) 1 28 BB S DTkt L
AREOFEMORTE M3, MAT OFLeRTIL, %@%Eﬂ%®ﬂ&%ﬂ$@bfwé®ﬁuﬁﬁﬂ
% (Fig.3.4-56) ., 7=72L. M3.7 & M4.1(3/26 18:05)i%. 1FIX[F UBIHALE CToH 525, &4k
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Table3.4-3 Comparison of the 5 after shocks at Kushikino site with main shock.
(M6.3,M3.7,M3.9,M4.1,M4.1,M4.7,1997.3.26,28)

M6.3 M3.7 M3.9
Origin Time 1997/03/26 17:31  1997/03/26 19:45  1997/03/28 02:51
Latitude 31° 58.1” N 31° 59.0 N 31° 586" N
Longitude 130" 22.7 E 130° 25.3" E 130" 21.8" E
Depth.(km) 7 7 0.9
Max. Acc.(gal) 727 6 5

M4.1 M4.1 M4.7
Origin Time 1997/03/26 18.05  1997/03/26 22:24  1997/03/26 17:39
Latitude 31° 58.1" N 31° 57.8" N 31° 57.8" N
Longitude 130° 25.3' E 130° 275" E 130" 22.3" E
Depth.(km) 7 7 9
Max. Acc.(gal) 8 20 20

Table3.4-4  Number of subfaults.

M3.7 M3.9 M4.1 M4.7

Number of subfaults 10 9 7 4
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3/26(M4.7)17:39

3/26(M3.7)19:45

Lower Hemisphere
U '

3 1)18.05
o 3/26(M4.1)1

Fig.3.4-4 Distribution of aftershocks(circle) during a period from March ,1997 to March, 1998 with 5
aftershocks focal mechanism solutions, which estimated from P-wave polarities observed by a local
network with short-period seismometers.
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Fig.3.4-5 Comparlson of the simulated wave forms by the empirical Green’s function methods by using the

5 aftershocks(M3.7,M3.9,M4.1,M4.1,M4.7,1997.3.26,28)

(M6.3, 1997.3.26) with the K-Net recorded ground motions.

at Kushikino site with main shock
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Fig.3.4-6 Distribution of the simulated Fourier spectra by the empirical Green’s function method by using
the 5 aftershocks(M3.7,M3.9,M4.1,M4.1,M4.7,1997.3.26,28)
(M6.3, 1997.3.26) on the figure of ground motions aftershocks(circle) during a period from March ,1997 to

March, 1998.

at Kushikino site with main shock
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Fig.3.4-7 Comparison of the simulated wave forms by the empirical Green’s function method by using the
“M4.7” aftershocks at Kushikino site with the K-Net recorded ground motions.
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3.4.2 FEXRB/MWI)—BBUEICLDIERER

EFERBEIRET VOY T 7 30 FOSEE N 1T, X(3.2-3) L 0 KHE &/ B O HUEE —
AV RO 3 FIBNOBRETE LN, T CHIBEERZOIINMEBORK THD, ZiicxtL
T ORI EI TR EREETH 5 73, _hif‘@ﬁ%’ﬁﬁ% N=5~10 FREN B L Th 5, HIfiT
a7z 1987 A H m) I EE T ld N=6, 1997 4F I 5 IR AL VE FE 1R Tld. N=4~10(Table3.4-4) T
S, BELIKEHTEDIALRELTIEINS~10 LWVWIER (ABLEORME) bHY, 22T
X N=9 & U CHERGRMN 7 U — U BIBUEIZ L - T, AE (M6.3) OIEHERE O FBLAZ R4S,

FHEICHTZV REOEFNT A —2BLXOWEET /LIiL Table3.4-1 O L D% 7=, HEEim
MIEIRE T /I X 2 B OIERIZ Y 7= - Tk, BIFEMEIIAZE LR CALE & LT,

BETFEFX 322 TRLEN, 22 THLERFHEXA KR L Table3.4-5 [ZFHET 5,

NUE O MEEIKIE a(t) ;
a(t) :ﬁz ZSaa(t,a)j)Aa) Cos(a)it+¢j) NORE JAw;Aw = IiI)u ;
j=1

FEEHINT — 227~

=12,..,N, (341

Su(t.w) =5 — IW(t o) |A@)]" . |A@)| = CA (@) Ag (@) Ay (o) (3.4-2)

B AR B DMK Te ;

Vv
T, =—@1-—L-cosy); T, = 2.63T 3.4-3
e v, ( C. w); Ty e ( )

Table3.4-5  Spectrum factors in Eq.(3.4-2)

Scaling factor = Ro, PV
47pCe
2
Source spectra A (o) = ﬁ
| @
Diminution factor A, ( ):;EEXp S
° 1+(w/w,,)" R 2QC,

Local soil amplification factor /
Ag(o) =

PoCso \/(1 2z+hg2(i)2
w

9

Cutoff frequency W =27 x10L824-L16M)

max

Corner Frequency o, =27x49%x10°C, (%)“3

0

Frequency-dependent attenuation factor Q = 10 '9(/27)+a)
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Fig.3.4-8 Comparison of stochastic simulation results with the recorded ground accelerations
at 6 observation sites.
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Fig.3.4-11 Comparison of the spatial distribution of peak ground
accelerations by the stochastic Green’s function method with the K-Net
data during the Kagoshimaken-hokuseibu earthquake (M6.3,1997)
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Fig.3.4-12 Comparison of the simulated wave forms and Fourier spectra by the empirical and
stochastic Green’s function methods with the K-Net recorded ground motions.
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® 2, Xs0s Yoy Zso)lTIRAD L HIZH-Z B 5,

an(Kx Ky yo ,Z, ;XSO|ySO1ZSO)

iV‘Z—Z ‘ iv‘Zfz ‘ _i(xso+ys)
. [Cane ol 4 el e 0

- 200
(4.2-1b)
ZZIT, o FEEOEEEZRDT, £lon,p=x,y,2 TH D,
By EO)IEPEICETLEET, KADLHIZHEZ B D,
K‘XZ KKy
®XX :_’ ®Xy = y
4 1%
K2
q:)XZ =Sgn(z_zso)Kx ' q)yy :_y'
1%
(4.2-2a)
@, =sgn(z - 2,)x, | D =v,
SHWITHT 2BRE Y,y EU)IFKRAD L ST D,
2
Ky 7V KK
lIIXX = ' \Ijxy = Y y
Y y
K +7°
Y, =-sgn(z — 2y, )k, , Y, = , (4.2-2b)
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CHAPTER4.
KI+K]
\Pyz = —Sgn(Z —Zg, )K'y ‘Pzz =,
Y
ZZic
Sgn(z - ZSO) = 1’ for z > Iy
sgn(z — 2, = -1, for z
(4.2-32)
e‘Z—Zso‘ :e(Z_ZSO), for z 2 o0,
e\z—zso\ — g (T7%0) for z < 2o ;
w 2 2 2
V:\/(C_p) —K, —Ky ) |m(V) 2 0
Im(

81

I3p

(4.2-3b)

\V4
o

Z 212, Cp, CslE P, ST DM A FT, 505 In(v )id. BWEEE v OB & BT 5,

E‘IJ'I

422 &

Z 2T kA TH R BB Weyl ORES (2 1Z. Aki and Richards,1980) 9% - T, 3 (4.2-1)

DIRFHRDS . & BTN S WIRHAED 7 ) — VRO RBA LR U Th D = L 27T,

.or

LJ’J‘lei[Kxc(x—xso)ﬂfy'(yfyso)+V\Z*ZSO‘]dk — le'?p
27y r

i .or
LJ‘J.lei[’(x.(x_XSO)JrKy.(y_yso)H‘Z_ZSOHdk — lelg
2wy r

(v
(v
5l

r= \/(X - Xso)2 + (y - yso)2 + (Z - 230)2

(4.2-4)

(4.2-5)



CHAPTER4. EBENVFHINTE €7 VI X 5 EEIIE DG Rk 82
K(@4.2-8) %, X@.2-)DEFE 217709 &, WABRBELND,

an (a)’ r) = [W5np - rp ] (4.2-6)

1
47C?

T2, 0npml(n=p),0(n#p). LT, nm=7rdx, TH D, £7z,

1 Coon 1
=(1+Q)-e” - ()Q,—-e ",
w = s)r (Cp) 0T
i c o
Z=(1+3QS)1eCs —(—5)2(1+3Qp)1e°p (4.2-7a)
r C, r
ZZiZ
: ! : L (4.2-7h)

S

= o e T ar . ar
@) Q) )

H(4.2-6)1F MR D 7 ) — L B¥E LT R < H TS Cruse et al.(1968) oo fig & % Ly,
F7- R(4.2-6)FIEEN T T — U =T 5 L Stokes(1849) ¥, Love(1904) W fE B b S, 73
BAEO 77—V 2L, N@2-D)DOXITERIN TS Z EIZER L TEMRTNIE 67
A
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yf

Fig.4.3-1 Four types of propagating shear fault and notations

83



CHAPTER4. EBENVFHINTE €7 VI X 5 EEIIE DG Rk 84

43 ERBEHOESFEMTBET ILOSKITINSHER
HERRHIR P D 5 (Xso » Vso Zso) \CAVER T 2B E (REIR) 12X 2205 0RBAUL, R —
WBFEIIC BV TR D L 51252 5415 (Aki et al., 1980) 0,

un(Kx'Ky'Z'a)):Mpq(a))an,q(Kx1Ky1a)1Z;XSO’ySO'ZSO)'

(4.3-1)
Z 21T, GupglE Gp D AEIRIEEE (Xso , Yoo 1Zso) P q (=XY,2) 7 MEFEIZ BT D iRk a2 £, £
72 Mg 1E, REROHEE— A M Ty LERbT, 0B BT, p & qicd2fmae L2
LOET D,

FRTHE2 N AEREAWER ECHEST 5L, UTICRT L) W@ L CT—8k 3~
D EPGET S, Wi D Haskell €5 L b it S5 MR O i@ Mg b5 b,

ARETIL, Figa3-1 IR T X2 RERWEEZE 2, WiEE I FMIC x il a2 o 72 EA AR R T
DB BN DT iR % 52 5 (N (4.3-3)), Wil BRI S & 6. WIETH ORI FF T~ O = £
(dip angle)% § &4 5, WilgfiEEF B L CiX, Fig.4.3-11Z Typel, Type2 & rd X 9 (2
JEE & AN —kE 7o V, CTRES 5 2 S ORI GIED ¥ A 7B L O Type3, Typed &
AT LD IR T AN — Rk BRI A T 5 2 A T OEE 4 DOBXEBEL T\ 5, BiEm
DI Y JimE, Fig.4.3-1 O FFiAl oo Wr g i 23 Wr kg & Sl & FEREEHE D (IZHR - 72 J5 W A (slip
directional angle)lZ D/2 9V | BAIOWIEE S A LM EXIZ DR $T5bD L5, 2212, D
IWTEE O TOT Y & (REfEENE) Thod, KT, Wi o3 0 R BEEux
NEH B3 Y IRefH] (rise time) © A FF OB A WD, 207, HIEE—A v F@?&%ﬁiﬂl%‘f
RDOEIICHEZLND,

M, (@) = uLWD(®), D(e) = Q)EZ)T( ot _1) 4+ DS (o) . (4.3-2)

ZZiz, § (w) IXDirac DF NV Z ¥ AEF DT,
Fal D X 9 72 Fig.4.3-2 OWIEET VD SN HMEHRICEBWT, 7 = 24 OFEIK TOENL
u, )(Kx,Ky,CO,Z (o)A T &L IRDE DT D,

U™ (e, k), @,2;25) = Mo (@)|RESTE, +RESSE | (4.3-3a)

(v
(v
[

E = e—iv(zo—zso) 1 E—y — e*i}/(zo*Zso) (4.3-3b)

4

F72. RO P IEOHIRIRICE D AT, WO LS IcH 2 b5,
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RF =ix,R",R” =ix,R",R = -iR",

i -
RP = To0? [Rsfrike cosA+ Ry, sinA[.
ZZic
P KxKy .
Rstrike =-2 v Smé‘_z’fx C0So,
2 — 12
R§, = 2K, 0825 +— sin26.
1%

F 72 SHOBFTERICET 2R R 1Z. RO LS5z bN5,
Ry =i(x,R; +R7),
RyS :_i(ﬂ’RlS +KxR3S)'

R® =i(x,R; - K, RY),

RS R° cosA+R? ,sinil,

K = 2pw? |~ stike < di
ZZiZ
RS =, sind - coss
L ke = Kx SINO — COS0,
N 4 .
R i = C0s20 — 2k, Sin 20,
ip 7/ y
2
: Ky =V
S _ X
R) e = K, SINS + C0so,
s KK, ]
Ry 4o =~ C0s20 + K, Sin20,
p }/
: K22
3 e = sind — k, C0SO,
strike ¥ y

KxKy .
R; iy = —Ky 0828 ————sin26.
v

85

(4.3-42)

(4.3-4b)

(4.3-4¢)

(4.3-5a)

(4.3-5b)

(4.3-5¢)
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128 Se” & Sl BB TR D& A F(Mm=1,2,3 ) EE DWET D OB LR DOTIRE T,
FRFIIP IR E STRICHT D BREABW®RT S, 2ok L rich5hz26n5,
m=1,2(% A 7 1. 2)lzxt LT :

sin{x +(—1)m20\’;-} e ey
SB = JSInY " 2 (4.3-63)

m Y B
X +(-nm 2k
N,

m=3,4(% 1 7 3, AITK LT :
sin|Y® +(=)" oW ”
B _ S|n X 2Vr —i(X+YB—W)

"=y e o (4.3-6b)
YP+(-D)" oW
2V,

S

ZZIiZ, B=P,STh%,

EN N

X =K, L,
2
P . W
Y" = (x, coso — vsin 5)?, (4.3-6¢)

W
Y® = (x, cos5—7sin5)?.

SEFOSE . ERicBnTL=w=0¢35%L, S,2=1 75,
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44 WBRZFETHERMBFOKERBHEBICHSTIHMERHBOREAR

4.4.1 HHRRR A O Hh R ZE fis

Z ZCIE, Figd.d-1 1T T &9 g 2 & T IR AR O MR AN 2RO D, ZOGAE, H
REIC LD NET D, T ORKFEIIW BRI E L B X Wb D EIRET S, Z
DIED S & T, (4.3-3) TH X LNDWIED OIS SR I~ AG T2 AHH & HiZm)
O O &N Z TGI8V T, MRmICBIT DI5/1=0 L WO BERFHEBET D & K
HOWRIEZRD D Z LN TE D, ZOMNTIE, WITRT X D ICEE un(kx, ky, 0 ,Z,Z0)=Un(Z)
Z P-SV R up(k , 2), Wo(k , 2)&, SH R vo(k , 2 )ICRIFTHZ2 LT, BAHERD
(Bouchon,1979)#,(Chouet,1987)%,

K K

u(z) = ?Xuo(’(vz) _?yvo(’(:z):
K K

v(z) =—Lu, (x,2) + 2 v,y (x, 2), (4.4-1)
K K

w(z) =w, (x, z).

TTIT, K= 4K +K‘y2 TH D,

PLED X 9 @t 2475 & NEERHIAZ O M 25T OFENTRR SR D K H IR B D,

2' 2 2
uOfree(Kl ZO):%O(@)(CK)Z[ZKRPSrEE—V _KTyRSVS:lE—yj|,

VOfree (K" Zo) = 2iM0(a)) RSH Sj E,yy

2i 2 2
WOfree(K’ ZO)=M( e )Z{K—yRPSrzE—V +2KRSVS;E_7}.
4

A C,
(4.4-2)
2 Layer 1 W]
4 Layer 2 WZ
2
Zm Layer m+l W, I1
Zp Il

Free Surface

Fig.4.4-1 Cross-section of half space Fig.4.4-2 Cross-section of multiple layered half space
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)—5—&7
— e e

2

A =4K2V]/+(K2 —}/2) ,

K
R = Sxgs TV s, (4.4-3)
K K
K K
RM = —| &RS +y(—=R; +—=R?) |
K K

2T RE, (k=1,23)13R(4.3-5b) TH 2 b D,

4.4.2 JKTRLFEH AR D KBNS
RKIFHAZDOEIT, Fig.4.4-2 O X 5 R AKEREHR 2 E L, TR EGFERIC L - T
%%+ % (Kausel et al., 1981) Y,

K(x, 0)u,(x,») =q(x, w) (4.4-4a)

2 DOGEM=2)Z oW THlE~ b Y v 7 22 BARMICEER T 5L, LFTO L9125,

Ky  Kg
K=(x,0)=|K}) K +K] K2 (4.4-4b)
K§1 K222 + KHalf

UO(K,a))=(UO(ZO),UO(21),UO(ZZ))T (4.4-4¢)

qO (K' a)) = (O!O’ K Half u0 free (Zz ))T (4-4'4d)

T T Uofree(z2=20) 1T Fig.4.4-1 (27”9 & 9 72 Wi)E 2 & o HE MR MR O MR AL 2 £ o3, £ 72,
Kparr 1 BRI ORIVE~ R U v 7 2% Ky ™ 3K ERUE A O % m+l B ot~ U » 27 %
KT, ZITUTOXIICHAWEY b Y v 7 ZDITIENR 52 bNZE D~ N v 7 2 G ETH
IRk BILD T2, R(4.4-4a)ORIMEF RO (Uo) 1%, FNTHIRBLE LTHEZ NS,

NS ORIME~ N Y v 7 AOfENTREZ SH & P-SVIEIZOWTORT ELLTO L 91T 5, 7ok
AL DT, FHm+lBOREE h, EAMRAIMEZ 1. SHEF R OWREZ v, v, P E S HHE
% Cs, CpDEITHKET D, DD, ORI RBRICRRDME R D NS Z LITTE
BLTBIRITE 6720,
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SH i IZ K DRI~ R Y v 7 203

« Ky (0037h
SH = < -1

(4.4-5)

SH IRIC X 2 FEERIMEEOHIE~ Y v 7 X

K;:ﬂf Ao = —|/J}/

F7-. P-SVIIZBIT ARIME~ N v 7 AT,

MHZFEL, KOLIICEHRTDHZ EIZT D,

P1(Zm) 7/2 Kll
. 1+7

iR, (z,) _ K? LK Ky
Pz(zm+1) A, Ka
iR2(2m+1) K41

(Y
(v
™

EEN LRI E T 1 KD HURENEIE OB B 89

_1j
cosyh

(4.4-6)

KPR LT D12 2 TR DA & AL R

Ky, Kg Ky u,(z,)
K K K iw, (z
2 23 24 (24) (4.472)
Ko Kgu Ky U,(Zpn,1)
K42 K43 K44 iW2(2m+1)

2

A, :2(1—cosmc037h)+(’(—+v—7;jsinmcosm
vV K

(4.4-7h)
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EJ NI E (Kij:Kji) [

V( K'2
K., = —| sinvhcosh + —coshsin )
11 K 7h V]/ ]'h

2
K., :(1—2A0)(1—cosvhcosm)+[80K——AOV—stinVnsin;)n
vy K
Vi . K'2 . )
K13_—K(S|nm+ V}/smyh
Ky :—(cosm—cos;)n)

K,, = %[sin vhcosyh +V—72/c03vhsin;hj
K

Ko ==Ky
K, = —E(sin vh +V—Zsin }/hj
v K

% K*
Ky = ;(sin vhcosyh +V—ycosmsin ;hj

K34 = _K12

K44 = K22
(4.4-7c)

(f
(f
[

A, = 2(Cs ﬁ)z' By =1-A,
[0
(4.4-7d)

F7-, P-SVIEIZ X B EBHBEOMIME~ NV v 7 AL, ZOHALXFRE T DD 2 51
DN EBNANTEEHENM D ZFE LT, RO X I ITHEZBN5,
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_ 147 i By AL Wz =120)
(ilszll((zzn =Zzoo))J: ’iy HE "y -7K2 .
" 1+ % Bo=A-7  —1o 0 liw(z, =2,)
(4.4-8)
FTo, HBEAMELOWRERET, P IOHE & SHHEZ RO L O ICHBRE L TEIET D,
C, =C,,0(1—ii),cS =CSO(1—ii (4.4-9)
2Q 2Q

T ZUT. Cpo,Coo 1 XHRIEIRD P AL & SR 2 HKT 5, £z, Q ITHURA B ORI R & 3
HF(Akietal., 1980) 10, 72t Lo E#ITW Y O K FE (causality) 2 il 72 S 220 A8, A TR
L7 Q>100 Tl L3 CRIGEIZA U7rdno 7o, RS 2 2053 5 72 01213, Aki et al.(1980) ' 182p,
X(5.88) % WD DM L& Bbh b,

X (4.4-4) DRNMES TR Z N TR D H AL D MEE AN U £,20) = Uo(z0) & R(4.4-D)IZRAT D
&L ERERE R (XY, IS F T D R E AN u(zo)=u(k x, k y, Zo, 0 )3 FFHILD,
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45 HREIZEHITHHBRIRF OMIESTH LHREE
13 (2o=0) DAL EHILE x=(x Y21 2 HUBEBNV N ORFZIEE u (x,y, 20, )IF, RADIEHT—Y
TEBIC L > TRAET LI LR TE D,

u(x,y, z,t) = 8_3-[3I.[IU(KX Ky Zg, a))ei[Kx xyy-otly xdx do (4.5-1)

0 3EHT— U ZEHRIT, RO & IIREE — BRI A B L7 BB Y — U = L &
W7 — U 2 ZEHFFTIC K W ZRNICFATT 2 Z L3 TE 5,

K
Aw:a)max Ak, _ K xmax ,Aky — _ymax (4.5-2a)
N, . N,
IR 22 [ C ORI R AU e - 72,
A= 2T ax= T LAy = 27 (4.5-2b)
2a)max 2meax KYmax

22T, 0 max K xmax Kymax (3 | © | = 0 max, | K x| = K xmax, Kyl = K ymax QTIN5 u(k
Ky, 20, o)DENHINELFE R IND LD InEWHEEE &Nk s£bd, £7- N,
&N, L R EEEER OB OB R R DT,
Z 2 TR R RS KOG R T e 7T A ORRGE

DIz, HERHE O RFTEWIE S x il 7 X z2W
IR EE T D A0 BTV B R iR
(Madariaga,1978) 2% & | WiJg i b s s D 2T %
WA LIcERE T 5, 205G, y s X z=-0.5W
I DENLIEZE 72 DT, x il & 2 Hih )7 17 O

/2%, Table 4.5-1ab IZEHE T A =4 HEHUE =0 /

INT A= R Ry, HERHUR OMIPEME & LTI, — -

P % FE=6.15(km/sec), S i =3.55(km/sec)., / }4————————4
y

B EE=2.8(tm%) % V7=,

% Fig.45-1 lITRT, LWL —ENHFLNTND, >"Z;o_1w «QV

Fig.4.5-1 Source model used for comprison.

\ J



Displacemer® / D

Fig.4.5-2a. Normalized x-axis displacement at center

on fault plane compared with Madariaga(1978).
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Table 4.5-1a _Source parameters used for comprison.
Seismic Moment Mo=2.0%X10®° N-m
(2.0 X 10°"dyne - cm)
Rise Time of the Ramp Function 7 =0.2 sec
Length of Fault L=52000 m
Width of Fault W=05Lm
Velocity of Rupture v,=0.9C; m/sec
Depth of Upper Edge of Fault Zso= 6000m
Strike Angle »=0°
Dip Angle 6=0°
Slip Angle A=0°
Slip Type Type 1
Table 4.5-1b  Discretization parameters used for comprison.
Cutoff frequency max(rad/sec) 6.0
Cutoff x-wavenumber & ymax(rad/m) +4,0%x10°
Cutoff y-wavenumber & ,max(rad/m) +4.0x10°
N, 256
N, 256
At (sec) 0.524
Ax(m) 785
Ay (m) 785
e ~Ta7D 7201 = Tw/D 720
i Madriaga (1978) . Madarlaga (1978)
0. { o this study 0.6 o this study E
a
0.4 ‘\E 0.4
% 7
0.2 g o2 ’
o 5 g 0 000999 N\/ \x‘)\uﬁ °°°°°°°°° LA aa s PR AL Ay
0% s 3 6 025 3 4 6
Coot /W Coot /W

Fig.4.5-2b. Normalized z-axis displacement at
center on fault plane compared with Madariaga(1978).
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46 EENFHMBETIVEERRMETILIZES 1966 £ Parkfield #1E (M6.0)[Z &2 M B i hEE
BROBER

1966 4 Parkfield Hi5=(M6.0) DERIC | Wik TATUT 7> 549 80m HiS D HiFK H (Station 2) T,
Wrig S AFIFERZT S HFHOMEETEB LI OZNNO RO T-EHE L EMEERELN TS
(Housner et al., 1967) 2V,

U.S. Geological Survey -

Crustal Deformation
Instruments
and Sites

in California

SAN FRANCISCO ', K (N
BAY REGION %5

Fig.4.6-1 This map shows an overview
of California; Crustal Deformation

Measurements in California, USGS.

METER TYPES

ALIGNMENT ARRAYS
. CAEEPMETERS

36

MAGNETOMETERS
STHAINMETERS
TILTMETERS

WATER WELLS

o O ¢ 4Pk P

TWO-COLOR & GPS

35°50° |

0 10 KM

Fig.4.6-2 U.S.Geological Survey —Crustal Deformation Instruments in the Parkfield Region.
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. 38°00°
N 9
S 2
t \.:':\‘}"(.' i 7]
[2aV
e
A\ e PARKFIELD
[ iy &
KILOMETERS 2 Station 2
%35'40‘
Fig.4.6-3 Map of the surface factories associated with the Parkfieid earthquake
and aftershock epicentral locations.
Table 4.6-1a Source parameters of Parkfield earthquake
Seismic Moment Mo=2.230< 10" N-m
= (2.230 X 10%dyne- cm)
Q
Lrng i < Rise Time of the Ramp Function t =0.3 sec
Layer 1 ~
e Length of Fault L=8500 m
5 Width of Fault W=8500m
S 3
Laver2 1 2200 m/s i Velocity of Rupture v;=2200m/sec
—:8500 — Depth of Upper Edge of Fault Zso= 0m
J, Strike Angle 6=0°
_ ‘ ‘ Dip Angle 6 =90°
Fig.4.6-4 Sourse model Slip Angle =0
Slip Type Type 1
Table 4.6-1b  Discretization parameters of Parkfield earthquake
Cutoff frequency  w max(rad/sec) 12.0
Cutoff x-wavenumber & ymax(rad/m) +4.0%x10°
Cutoff y-wavenumber « ,max(rad/m) +4.0x10°
N, 256
N, 256
At (sec) 0.262
Ax(m) 785
Ay (m) 785
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Fig.4.6-5 1ZZNODEEART, ZOMEICEL TiE, T TITHEET VICE 5% < O
THB D (EE,1991) P, £ Z T4, Bouchon(1979) YD WifE < T A — & L HilkkEYE A > T, [

UAERNGEOND Z & el LT,

Bouchon(1979) YD TIL, 38 P -0 M FE I TE O FHHLAE B3R SR TWRWLAY, ZEATIRTE
WL T, K<—% Ltﬁ%‘féiﬂméhfb\éo L L, HERECIEEREEZEET S L, 2
VDTN & 72 0 B D Z e bholc, TORHARFETIE, WiE/ T A —& L MG
NI A—=ZDPT, WBHRIESEEE V, & REMBEOES H 22 2 THE L, V, =2.75(km/sec),
H=1(km)Z M L7z, FOMoOWiE X5 4 — %%, Bouchon(1979) Yz S 7E L. Table.4.6-1a
WCHWWE W N T A — 2 & d, 7rBWiE T~V 26 D=50(cm)& H T\ 5,

Fio, HBMEEICEL L, REMBOEIDEVDOATHD, Thbh, WiEE ST EIR
MR EiZC1 oKz 58 Lo e LT, REOHME=1(km), £FD P KEE
=2.8(km/sec). S W FE=1.6(km/sec). % FE=2.3(t/m?). Q =150, - MEFRHIAE > P 23 FE=6.0(km/sec).

S Wz i# E=3.5(km/sec), % E=2.8(t/m%. Q [E=400 Z /& L 7=, Table.4.6-1b |, HEL/ T A —4 %
N

Fig.4.6-6 121X, DL EDART A—F 285 H Lo B8 FZHWEE T VI L - TR S V- IRE
1.25Hz LA N ONMEEE, B, BARIEA RS TVND

Fig.4.6-5 DOBLHANKIE & H~5D & | ﬁ%ﬁﬂ&@*ﬁbfwéi5mﬁiéoL#L\Mﬁﬁﬁ
B 6 X< bod Ko, FHREEICIE, BRS8NV, Zhix, 41 Fx08& T
@mtio_MEW%w%ﬁEIkiw%%%mﬂxﬁmﬁmf\ﬁ%@@ﬁ?%%@%?wf
1T, IRENK 125HZ LI T 23R L L2 Th b, 72T, FEAMoMERICRE L TiX, #EH)
FHIWEET VI K DIREROFIEC L O T, EERIET VT K DB ERIEEBRAT 52 &
LT 5,

Z 2T, A 0.1 B n 1.25 B E TR IHIEE A 5 3 T TR L7 BRI e SR T
AN BERR L, 2% Fig.4.6-6 DI &R LAY, ZOAMIENK % Fig.4.6-7 |27~k T, Fig.4.6-5
N Fig.d.6-7 42 & | HERRIITT VI L » CHAMMER 2 B84 25 2 L T, IEER
HEE T IIBNES L L<HBE L TWDH ISR A%,

Z DT, WEWEET ICIIT S Bouchon(1979) VDI E KT A — & D 5 b Wi L
KBHEE A Z/DIEE S5 2 LT, BRSO E, IFHEKRENLY I<HRINLZ L,
@:\&ﬁ@XA?FW%@%%TWMLﬁ%4 W ET W XD EIREEE A A 5 2 LI

DHEWEOBRBMEN S DICELS ool E &R LTe, L LITE TR OREEMEEZEZE L
t?xNU%4~%%w WEE . IR EERE I 7 £ O miRE SR & BB 2 0F9E0 . molt
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47 BfERGE DRSNS I OIS AR IR 1
471 MEEBEOEESRFYE

Wi 5 COMEEBRMEOEEEZ BN E LT, 46 OWiEE T L (Table 4.6-1ab) % f T
Fig.4.7-1 |2/~ 24 fHFT(A1-C8) D MiF I sz B 2B & 7t L=, Fig.4.7-2 I[Z 21
RICET D 3MmEEEIEZ R T, ZOMERBITT X TWEEME D THEELIhTWD,
Fig.4.7-2 DIREEITE O . ARG SAHT OB (Fig.d.7-1 @ A F) TIHITHDESTIZIB N T
HRE RIRIEIT R SRV as, AEEEIT A m oS (Figd.7-1 @ B,C 5l TIXREAKE <72
BOBFEREIN S, E - BEEEFT 7 R OBLALE COWRIEIL . BB AT 7 v (/D 23 b kX < |
I 7180 U()/D. AT JTTA) w(t)/D 1 EIESE L,

Fig.4.7-3 |3@1HI S C2,C4,C6 DWiJE B AL 7 M DB LWL &~ 9, Wilgn» 5K 2.5km E T OIS
C2OWK LD L, 2LV b OB C6 DIRIEITAMIT/NEL 2oTHEY, £
B O BB SN RR 5,

BN A C4 OB EIIE C2,C6 DITHENED TR B ED X 5 TH D, Z DML,
ZOMOBLRIAR, TOMOEERIFIZBNTHBHI S NS, DX 2R OB 2k 5
7212, Figa.7-3 127 LTI v (1)/D DR KIRIR AT E 2 B DRI L > TED L H1C
BT A0 E7a Y kLI, Figd7-4 1213, ZOMOS u@/Dw)/D OFEEEES 71 v kL
TW5, Figd7-4 X0 WrEKEHEENSK 2.5km & 522 i K E O A ER L > T D
XolcBbhs,

472 MEEEQBIRRIRERYE
WA W 05 O MR BN AR E 2 02 55 Z L 2 B, REiWEE7 v 2 AV TR B (R
LEkM)DMFIET D56 & AFE LR WA CHER AR R ) D 2 SO E 2 8E L, £556
I Fig.4.7-1 13 MR m LR O T 2 5HE U 7o, A0S i (O 3R 8 g & - BRI |2
B HMRMRNEEDOLZ &) TN a2 HBEIEIER L LTz, Fig.4.7-5 13 2 O AR HIE R & ke
O DOESEIREEORGRE SR SmIC 7T ey hLebOTH D, KB 2.5km £ TOHEERIT
0.3-5.6 DMICH Y HamyEICRKEEH>
TWb, UL, BEHEEAK 2.5km L0 &5 Propagation of Rupture
< OB T, B EICIFE—EOEIZIN

j 8500m ;
RLTWSHMEFARD Z LN TE D, L < 7065 > ;
35 CRATEMER) 2.5Km £ U IS BUR A1 Bl 40T O X;
CiE, HOARHIE S MRV D 70 75 0 T IR o
BEFS R BBI ATV b0 LR A3 R
T& %, TROLWIEN D DORMIEREK 2.5km
VINOBICIE, HBBRED T X > THIURHE 46 B6
RS BT 5 2 LN TE RN L& EK

LTW5, ‘Y

Fig.4.7-1 Plane view of source-receivers location.
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REETIE, WHEE 7T L 2 MR IR B D B 3 H L & 20 R E9124T 5 72912, Kausel et al. (1981) %
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¥, RETIE, WEITEERIRICAET 2580 E =~ Lz, o, Bigmo3 <Y
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AOVRRJE Hivs 2 R E U7, RS O REETEME & BIRFHE 2 BB o MEICx L TiE, KE TR
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Chapter 5

AR#MRICE THEREEDEE~NDIEH

51 FAMNE
4 T TR EB FRIWIE T T L0 b U S 4D HIERW O TR L ORIE~ B Y v 7 Rk
(2 K D /Ko i oD Hi R I S A AT i A I e e R L A L m%ﬁﬁﬁﬁ®@%%@g%

BEL, HEEESOBBEZRA D, BRI, 3 IROTEREERITKT 5 KBS OMHTIC &

> TRLNDHERIC X A2MEEMBEEEORMMELEZHWDLIHEE L, TOHNEEEZH

WBIBED 2 7 — A OV T BRI AT - T, IR OBEVER XD ZEZHNET 5,

B, ZOMATOEEIT. T HMERT OFXWBHEE R OB x5 OB

e BEOHPWEREZ KX B D) & OBEMITIZET 5852 1994 4FOiffFE T4

MR THEmINTZZ EThoT,
fEHr O F LI A EEEEE(M7.6,1662.9.20) 2 B E L TET MET 2 b0 L5, ZOHMET

X, 2 BOFIRHIKIC I T 2 MEIEE) TR~/ & 91, BT oML oK) Vo

V2 W m Sm R OHIE A, 20 4L EOEEEH LIZE Wb T W5, KN I

TELTEAFT (EAEZA) DL, ZOMEIT “LAEZAHE” L ER TV D,

ZOMER, BRTICRRKOWE L EEHEL G A TMELHESI N, fidkic kb &, TiERM,

Edh, e IR BOOREIRO AR EA AR D 185 3800, FEH 200 1B L5 EH D, (K

FE)N O O TFRIFF, & &R X O E) I A o4 F O -3 ET L, 7 ik oKENRA L

T. 8000 A DKMNAIE L= . [FET3~4R09~12mit Tl Yot dhs, 0.

LAEZAMBICET DWE T R

— X OFFEHIR T2V A, 52D K9

WCRRE LT-, MEHED X 5 IWE

INT A= NER I TR WEE

TOBREFIELELTEEBICRDEE

bihvd, 7ok, EERMROMETIZIX

Kashiyama et al. ¥ Galerkin %1

X D KB W RN O 2 38 L7z,
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B BB S S HRENTT I RES
S | SHEMNORE 4o FaEto

AFENRE>
BEEKREN
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HERE NN ARG | EHERNETEN T
SR m R N |

SRS IAARENENT FB> OB LSHE
TR | RO E 1 WE S A A Ko N e TRee
SERANESEEMN NN + 2 RN 2 ARF 1

Fig.5.1-1 Old map showing the damage of the Obi castle(9.19.1662)%
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52 BR#MEBEDWE/NFIA—FDERE
(1) FHRIIWTIE T A —H
WilgE7 VA BET DERME N7 A —% (L, W, D, d, 4, NW, ) ZLLFDO LI ITH
HHBLDET D,
OWi g DAL, Bim - A AR EERE Y785, 1662 4F (M3 2 4F) o HIE - KEBORE
HigE & LT, dbis No=31.7" | HURE Ep=132.0" . HIEEOHURIT M7.6 &7 5,
OWiEHE O & 413, HIFRHENERE 9K 0 B R EEE O & 23 NISE TH 505,
AT AWM (BrfEm iz EWTCGa oA F M) 24XV RKEIV I 7-AR 0 1%, 157 &7
%,
QW g OB = 4 6 1%, Wi JE I HVE F A R
EDEBEIC EWEE LT =200 L35, | _
@I O F 8 D I, e (1989) ¥ X v
MBI VWOHE L LT, M7.6 TIE,
logAD =0.5M,,,, —1.40 (KeoYsoZ s
=0.5x7.6-1.40 = 256(cm)

o, D=3(cm) &35,

Fig.5.2-1 Definition of dislocation parameters®

(2) WiJE OREEEE V., B AW EE V :
WT (57 18 T D AT BE V13, #EARE O25 5, 3.0(km/sec) & L. Wif@ OBk EE O {&HEHEE
Void, EEYNS 072V, 2 VW 5,

Vs =3.0(km/sec) , V,=2.2(km/sec)
(3) HEE—AL F My
HIRE— A2 b Mo(t)id, Wi E RURIRE AT-BRORIE2RKDT b, ZAID (X t)

IZ& D2 bt —2 0 ME,

Ma):LZJIXmes (5.2-1)

TEHRTDHIENTE, ZTD M(t)D t—olZF 1T SRR

M0=JioyDAXMS (5.2-2)

NHIEE— A~ (seismic moment) TH 5,
Wrigtm o3 <) ONYHE D BLOWRBHEHOHEBADR DLr>TWHETHE, HIEET—A
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R MolEs(5.22) L0,
M,=uD-A (5.2-3)

L7225 91,
n A ROHIEOS A, 1=33x10"(dyne/cm?) BEL LTIW I L b, MR T O

272 %,
1 =5x10" (dyne/cm?)
M, = uz-D-A=(5x10")(251)(3x10")
M, =5.88x10% (dyne-cm)
Lirb,
1 T i T T
29 (') ét‘:ll)gsglion ég/gé_
28 Tog M =1.5 M- ' i -
9 M, =15 M+16.2 0 Uo

R
23
T

8 C’" |
o %Dq...
/@ 7 Fig.5.2-2 Relationship between empirical formula and
o/ lmm <timiirn )
24 A “Takeaura et al. (1900) | observation from My and Mjya

Takemura et al.(1990)*%

11983 Nihonkai-chuby —
2)1964 Niipata
3)1940 shakotan-oki

1000 — T T T T

100

Fig.5.2-3 Relationship between fault
length and seismic moment M, with
intraplate earthquake in Japan.

There is an uncontinuation point from to
10%° dyne-cm and divided to a small s
earthquake and a large earthquake.

Shimazaki et al(1986)11) ' .001 .0'1 R .1 1.0 10.0 100.0
SEISMIC MOMENT,102¢%dyne-cm

FAULT LENGTH, km
5
T
.
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WiEOBEOTED & ORI TRICRTHD L2 5,
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1 D(1-e'%7)
S -
[
S
- I Ramp func.
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|
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Fig.5.2-4  Slip function

g 230 BIFSZS BRI L KRBT~V =F 22— F Myua O EIME(Fig.4.2-6)1Z. Myua=7.6
e RN
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= 3 (sec) 0! RS

LRBELND,

Fig.5.2-5  Relationship between rise time and observation from Mjua . Sato et al.(1989)
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PLEizX v, HiamEOWE XZ A — X % Fig 5.2-6, Table 5.2-1a,b (2779 & 5 IZE%E L 7=,

Vr

Fig.5.2-6  Fault model of Hiuganada earthquake.

Table 5.2-1 a__ Source parameters of Hiuganada earthquake.

Seismic Moment Mo=5.88 X 10° N-m
(5.88 X 10%’dyne - cm)

Rise Time of the Ramp Function T =3 sec

Length of Fault L=80,000 m

Width of Fault W=40,000 m

Velocity of Rupture v=2200 m/sec

Depth of Upper Edge of Fault Zso= 900m

Strike Angle ¢=0°

Dip Angle 6=20°

Slip Angle A =90°

Slip Type Type 2

Table 5.2-1b _ Discretization parameters

of Hiuganada earthquake.

Cutoff frequency  w max(rad/sec) 12.0

Cutoff x-wavenumber « ynax(rad/m) +4.0x10°

Cutoff y-wavenumber & ,max(rad/m) +4.0%x10°
N, 256
N, 256
At (sec) 0.262
Ax (m) 785
Ay (m) 785
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5.3 BFR#HERTETIV
(1) ¥ e A 28 Bl ek

H [ 3 1 DRI E OB H O A U YR AR A Btk A . LLF O X 9 ICEE LT,
Wi DRI BR 44 £ N0.22 DI B X 7 MIARIR(TYPE2) T2 ET v & LTz,

LW
N
o

Fig.5.3-1  Map of eustatic movement area with Hiuganada oceanic plate.
Summit Level and Submarine Topography in and around Kyushu
The Research Group for Active Tectonic in Kyushu
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(2) EHEET L
Wi g % & T - MERR MR D KRS £ 7 L & Fig.5.3-2 12”7,

[m/sec] [t/m3] [m]

Layer 1 Cp=700, Cs=1200, o =2.1,n=0.05 300

Layer 2 Cp=2000,Cs=3500, p =2.5,h=0.03 2000

Layer 3 Cp=2000,Cs=3500, p =2.5,h=0.03 2000
[

Half Space Cp=3000,Cs=5200, o =2.7,h=0.02 900
I

W=40000[m]

Vr=2200[m/sec]

L=80000[m]

Fig.5.3-2  Cross-section of multiple layered half space.
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Fig.5.4-1 Normalized velocities in near field ground surface.
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55 BEMBEHZERLLRKERRNOZRBIT~DERA
551 BH B

RO R S A R R A RR IR A OB A B & L L C, HEROBBRAZRL D, MTHIC
X, VEEHBR A A2 EETLICHID . FT, AKENEREE Y LT oRE 2 R LT
%, KEUBGHEE & U CH mE #2175,

552 fRiTFE

ERE AR L U TR R T E R E#) 2 Z 8 L2, FER OBRKER TRAE v
2o

WAL, EEMMERERE TH D LIRET D L. MEKOEZRITFIET - A h—2 X
(Navier-Stokes) DiEE) FFEA & A1 7 — (Euler) Of FfE X L I LV FliR S b, T7hbb,

_ oty
My O uy+ 2P L ¢ g (55-1)
ot 8Xj P 8Xi P axj
ou,
Zi_p 5.5-2
> (5.5-2)

2T, WIEHIZ K BKRLT- D X (i=1,2,3) F A OWH, p 1TET). o ITBE., i3k TH o,
fi=(0,0,,9) TH 2 LV D, 7o, g IFENIHE, « j ITHPEIC L DIENTT Y vaRbDT, WE,
ERIE A (X3 S TR DOJEEN I/ N CTH D EARET 25 & EhiE M OEE FREXITRO L 9127 5,

1P -0 (55-3)
P OXq
Z3
T2
\v ¢ E —» 1
Ug -
T4U2 h > Uy
Uy -
|

_

Fig.5.5-1  Shallow water long wave flow and coordinates. 13)
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AR RO A G EAL, X(5.5-1)~(5.5-3) & /KIEHHIZFES L, K& KETOER
FMB L UKL MO 285 AT 52 LIk viENrnb, BLTF Tk, Figh.5-1 #2&H L
TEAER RN O XA G FREROEHE1TH,

BANC, SRSk 208 R R A <, R(5.5-2) & SATE 718 (xs J7 1)1 AKJEE (xa=- h =h-b)
MBKEX=)ETHEDT DL, RAE/HD,

j{@hﬂ3=o (5.5-4)
-h OX;
¢ ou ¢ ou ¢ ou ¢ ou ¢ ou
J'_Ha—ld , jﬁ—d J',—3dx3 :I_,—ld 5 +J‘_,—2dx3 +Us)¢ —Ug| - =0
X, OX h OX, h OX, h OX,
(5.5-5)
ZZic, TAabb, hiZEAETHY, h=hb (b: BEEHE) Tho,
ZL T, ERXOFHEIZK LT, DT A 7= (Leibniz) D EFHZ#EH T 5,
f DFdx, = Df Fdx, - F.D¢ — F-Dh (5.5-6)
—h 3 _h 3 4 h .

- a
— N

F I B, D IIMOBE T 2%b L, T h 3 L0 CidkiEds X OvkiE <o

[
r

BFEERDT, X(556)2XG57)HEATHE, kXE2H5,

j,udx +(- u‘; +u\ )-(u |- h +Uy| ;) =0 (55-7)

ZZIZ, =12 ThH D,
—J7, KmEKETOERSFMHEIT, ®KATHEZLLNS,

0 0
a—f +U, a—i =U, at  xe=¢ (5.5-8)
mgg:—% at  xe=-h (5.5-9)

Fro, BEEEEL b T 5L, KA THZ LN D W R Z EAT 5,
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1 ¢
U. = —u.dx 5.5-10

" h +g”—bIh e (5510

22, Uil xi(i=1,2) 7 1m o W i il T d D, (5.5-8)~(5.5-10) & X (B.5-T)ITRAATH Z &
k0, WA TREND RIS B RN E N D,

-—
—

o 8

9 L O i —pU.]l=0 5.5-11

ot o [(h+¢-b)Uj] (5.5-11)

DX, I BT 5 EE R A2 E <, (5.5-1) Z ShiE DT A E KX EHD,
_ or.

f %Jri(uiuj)Jr Lo 1% g —0 (5.5-12)
-hf ot oOx, pOX; p OX;

Z 2T, =12 Th D, Fo. NGBS ERE SIS L, IR E LT, Kifi(xs=
E)YTp=0 2D RN ELND,

p=p9(—h) (5.5-13)
#.(5.5-12) 1256t L CWrif EH ik s s L O(5.5-13) A AT 5 L IRANE SN D,

auxm;g—b) 8[ﬂHUU(mg bﬂ+gm+g't»————4h v- by————%a.'ﬂo=0

(5.5-14)
ZZIT, TR HBERE L TOWANIS, o ZEE TORARISS, BjlikRTEZOND

EE M IERETH 5,

1 ¢
[ uujdx, =1 (5.5-15)

ﬂ“:m+g-mupi—

Fo. IR L DI T YA THY  RATRDEND,

U, U,
_ Bkl 5.5-16
Ah(&xj OX. ) ( )

T AT, A ESRET AN EEAE ST ACE T M OB R T H 5, —T7. AHER Lot
AWIIEIIFRATE BN D,
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75 = parl@le, (5.5-17)

T ZIT, 0 ITZEROEE, v T KEEBEEBERE., o TEHETHD, o, Em TOXEAWIIL
IR ThHEzZ N5,

, pg|U|Ui F 7o ) =

T3 = c? 3i —T (5.5-18)

(1
(1
™

U|=U,U, (5.5-19)

THY, ClEy =Y —(Chezy) D%, nid~=1>2 2 (Manning) DHERE TH %,
LU EDRBMR 2K GBS-1AIRAT D & ROFEHFRICE S 2 EE H AN GO D,

ou, 04 0 i i 75 75
Hy, S 38— 5.5-20
a ek ek {A“( ox )}mg—b h+e—b (5.5-20)

] 1

K(5.5-11). (5.5-20)% & /k % 7 2 = (shallow water long wave equation) & V™ 9, /K E I 5
DOFRFE L U TIAKFETG m oW EEiE U &KV EE®E L L7725,

feks, ZER0T M OBEBLIC I, Galerkin ¥ V& flV e, eds, BHRIZ AR - RER LV,
F7o. KFEDT R OBEBALICI iBEx[S SORTE & IV T,
A BRE SR A A (5.5-21~5.5-22) 127~ T,

MU 5 + KU U +H ,C, =0

(5.5-21)

MsC s =Bbg +B5 U, +&, -b)+Cpppy (h, +4, -b)=0

(5.5-22)

3 Be MR i i % X(5.5-23~5.5-25)IZ 7 T,

Ly n+l/3 Lon AL . ;
l\/laﬁUﬁi = MaﬁUﬁi —?(KaﬁﬁUﬁ] + Haﬂié'ﬁ) (5.5-23a)

M5E0 =M 3 en - t[Bam U (h, +£7)+C, U (h +7 —b7) — MbY, ]
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(5.5-23b)

U ;j+1/3U ;+1/3 + Haﬂ§n+1/3) (5_5_243)

B

At
L n+1/2 L n
MU " =MgU, _7(Kaﬁn‘

n+. n At n+. n+! n n+! n+! n n
M;ﬂgﬂ V2= Mjﬂé/ﬂ _7[Baﬁjyuﬁj 1/3(h}/ +é’}/ 1 —b, )+Caﬂ7juﬂj 1/3(hy +§7 1o -b/) - Mbﬂ,t]

(5.5-24b)

MLUZ =M UL —At(K,, U ZH 20 02 4 H o) (5.5-25a)

api B

M;{_ﬂé//r;ﬂ — Msﬁé/; _At[Baﬁij/r;jJrl/Z(hy +é/yn+l/2 _b:) +Caﬂ7jU;j+l/2(h7 +é/;+l/2 _brn) _ Mb;t]

(5.5-25h)

R 57 1) 2 BB E I AR < 7= . e b 2 D A T IR & U CEBITAIERRIRT T v Er 2
RT A=K e B LI IRABEETHIM %5,

<
I

eM +(1-e)M (5.5-26)

22T, M IEEEASEETY. M IZER T E TS, Sy Er I RTFA—Keld, 0<e<lD

BEFRETHY . TIN5 NIHMEORE S 2T 2iEL > TWnD,
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5.5.3 JKEREKEBE TOREE

F9, MR KENEREEICEH T 5, A IXES 10.0m, £ I L=360.0m OHL D& L
KL h=10.0m & L7z, KFEO—EIZIZE A P AIOBREERH Y, A b g W X 122.0m
THD,

]
a
\\\\ﬁ\\
H

4
’////// iz
Z, A

."1" )
|

W —

Fig.5.5-2 Sample model.

B, HONTEARERZEA v 23 x HiA 180 0El, y HIH 2 0EORFEA v 2 ThD,
Fig.5.5-3 {12, sl A OKMEBEORMZLEZ T, FMLY, o807 "F7 X =% e ZHWN
7= Galerkin tEIC X A5 HR1%, ERIELBVW—FHEZRL TWD I ENbhs,

0.1 : : ; [ : : : | :
I 66@%2 Hammack |
—~ 0.08- o Galerkin(e=0.95)]
S : & Galerkin(e=0.8)
& ~ 4
£ 0.06 )
E B -
>
< 0.04- .
g
cg ™ .
0&7 N
Sdsa, oo

o

|
10

non-dimensional time t(g/h)

0 50

12

Fig.5.5-3 Time history of water elevation at point A.
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55.4 BR##hEIZKkDEREN

A O RIFFEFHFE B & LT, B E(M7.6,1662.9.20)IC X A DY R 2 L—3 3 VAT
9o HWTZ Figb.4-1 (2K T DEMT A v 2o (HiAKEL - 15671, ZEFHEL : 30404, e KEF#
500mLL ) % Fig.5.5-4 [ZHES G & & bR T, E 7o MNTIC TR & 70 2 i 28 B &% | Fig.5.5-4
DT (28 RA v N EThHZX 5 (LLF, ShiHiisZ s &fir & Hd) . MR EshsEmmice
FHETOHROMEEBET, WEMEIICLY 5272, £io, BRI WE N o #k
BN EOREMOE(LZEEE T, —EMlE AN L& &0 (LU, §H 8 B &
FR9) bIEM L7z, SRR EE L LTV MEIE, B, SR A TOER R (60 %)
OB A EA PIWIE L LThH 2, FRMELIZBR LRCATMEE Uiz, 7ok, fir
I Galerkin iEIZ K D HERDFIETITV, TV BT NRIA—=H(FT09 & LT, &6, SFEIOME
rid, HEEOF 1ICHE B U CTHRIT & 940 L7,

Fig.5.5-5 (Z I oD B iR 22 Bl S i AT 36 K OVERI LR Z8 B BT O FHELRS R A2 kT, FRADHE
MR E BT T, W OERRABEN G2 6N TWDHO T, PN LMBREBNEE D
D, BRAICHEE L T\, —, SRy Bh AT ik, IEEINEIE L, Fig.5.5-6 (2T K
R FFEANLE TOWRABREZIEIL, 3m Of KR & MET 5, £, HR)INTAOAE (A
F) & RIE) IR AALE (k) C O A BRFZIE 2 Fig.5.5-7 (773, HFF CldA K & 50cm
VIR, B CIEERER Im LN E/hEWA, Yax AL, ITHRICEAT LU CWiIEBSFEEL, 1T
FRETITEE S HE L, T ETOREIT/NE < TROAILIZIER > TOZRWBIZEERIE R O -
TPl Z EMBERBND, £To, B, HR & b Y s 28 8 & AT (38 oY ik 22 8) &g
Hrichb o RETH o 7,

MBI 2T B TR I

Free B.C.3

Free ~c/g/ (h+c-b)

B~ W NI~ (0
|
i)
«
~
)
=l:
+
D
|
(o
N

—cyg/ (h+¢-b) Free Fig. 5.5-4 Finite element for Hiuganada.

B.C.4
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26.2sec

— 1.31min

2.18min

13.1min

21.8min

Dynamic Data Case Static Data Case

Fig. 5.5-5  Computed tsunami wave propagation.
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Fig. 5.5-6  Computed tsunami wave time history of water elevation at max high level point.
1 I I T I
—~~ - — Dymanic Data Case]
E o058 ----Static Data Case]
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>
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- [ | I
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— 1 T I T T I T
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[<5]
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©
=
- | | |
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Fig. 5.5-7  Computed tsunami wave time histories of water elevation at Nichinan and Miyazaki.
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HROWEEICEL T, BESCIIFICGHRICHV I BRESEET L EBEZLND,
ZC, BEOERICH L, 10 SEILL T OEBROREZWH- T2 RO TEEan TS 2
EMD L INEROWEED S ERIEOMREITH , RN AALE (AFE) & KIE)IN D AE (5
IBy) TP i AR B LR (Fig. 5.5-7) 7> 5, JEIH# T 14 800~2000 FVFRE T 5 o I OARGHEFE 1 X
AEDOERDIENR Y ZFFOKE—E LE L, WK THER a ONFXKEA—FRICEED L <X
Wk 2356, KE h, MEEROZEE) & Do %7 2 FEEMPET R O 722 UEs) RIS\ T
=Sl lin Y e Lfﬁ$< AT RRLEERT > 2 L Ol e 5 Laplace FEX E L, Z@hR
—BREEICE U A, WIEE OMEEAMT, R(G529)TEZbND, P

coswt
5(r,t) = Dya” Wai;])\lo(kr)\]l(ka)dk

(5.5-29)

2, riFEEEO TS OERE, o IXAREEE, kX, J X Bessel B CTH D, Tz,
w &k &EDRITIE, BEANMEE g 12k L, X(5.5-30)DBRNH 5,

-
—

gk tanh(kh)

(5.5-30)

2T, WEMSKBICHARATSICEWETRIE kh€1 TH Y, cosh(kh) ~1,tanh(kh) ~kh &7
%, £oT, X(5B5-30)1 5., HEOMEMEE L, K(5.5-31) &b,

c=4/gh
(5.5-31)
WELIX, BT %2800 ET 25 EX(5.5-32)7 5, 8000 (m)& b,
L=cT (5.5-32)

=+/9.8x10 x 800 ~8000(m)

. FEHRIFIL 120~300 (M) TH D05, 10 2FILL T O ERIEOKEE Z 72 L T\ 5,

5.5.5 F&H

ABFFETIE, EMRAE 2 Z 8 LR RERAIENT & LT, EFERmEZ Y L,
Hammack O SZBRIE & DI 24TV, KRBUEFREF & U T H A gt 217 - 72, £hic kv
FoONTHmmIILL TR LB TH D,
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1) AHE PN B T, Galerkin EIC K 2 FIEIXEBRME E O EEN—HERT LN TE T,

2) HIAEEOMAT T, MEEMRNEE 5 2 & TR EAD | INRICHEEMERE L T %
BARAD I LN TEL,

3) WikE|Z K HEBT — & & F\\ - Bh A U 28 B AT CId. §RiHR 2 B B g AT C I3 S e
VD 3m IRV E S DAL, B IR O & Sm IR/ Th o 72y, Bhry 28 8)
AT IR F A U 25 B BT D 2 F5RREE DI S 031G B LT,

4) HEFOWEICELTIE, FHEICHVA A v V2 ERNEETLILOLEZLNLD, R T
T, Ay aDRES, WE~OEEBIZONTIE 10 EILLF OEEEOREE 257~ LTV
B, 3mITWVESE I & OMEIC OV TIE, SRR ALETH D,

FRE O XD ITARBHIT TEONZEEICE L IS HRFTOMNENSH D5, Uik H miEix.
ITHUCTPAT L B AFAE L, TR ETIZE S EE L, TR ETOESIZNE L, BOAL
(172 > TV WA IC AR E O LRI 22 72, Ly U RIE) R I O T 13 52 5 4
DIFEL, WO TOMELE 2 bNL-H, HIEROEEEEN LW EEDb D,

B (1 73 MR 25 B ST O BT ML RHT - 11(1997)) & F54 L TV 2 A%, REDMENT O B FIT.
RO EB EZBE LT L0 b, B AEsiEIc K5MATic kv, MESIC K24
BN OBEENSWRHOERARND S I 2L —a v ETENFETAICEBWVWTEB LTINS
ZLThD,

72, WEE T, MERERTEOERBMHITICEVTY, HEZAICTD S WE %4~
DEDMNOIRE HVFEHMBEE &4 2 (SR LTV, 5%, BiRy R 8) BT o wE i
DFF ZFELEIRD 2 & T, ER AR B8 35 < HIEMRAT & Bty M 25 dh 8 S <
AT DI B EEARI 5 2R > T bR,
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Chapter 6

EHESEEVAT LA

6.1 EAME

1995 E DM « IRBERER LG, EARZEOHE 2 IEE D&KL Th, & HIBRogER
TERCTE R DHEEW MR R EHED RE LICRB W T, REHHA S HE B (S IE W o 2 % &
ET%:&ﬁﬁ%éh%bfnéomxiFm@ CE TR E O ESCHIEE) TR O 72D D%
FEWTE N7 A — & BB e 8%, TN L 0 BRI HOMBE 252 Z BT 5,
Fo, MBS KEHENIC LD R KRB OBEMBEIR BB L TS ZENRLEE LY, | &RLT
WHIHE D LEET D, Lid L, —BORERS HIRROB SR Y EN, EHEE EE L7
mgﬁ%%mﬁé;kil%ﬁ%$%§<\WW-&%ﬁ&&%&ﬂéﬂt%@@%<i%%
EEBLEHESZIRL TWD L0730, 22T, —ROBRHESCE BIBIERORSSHY
HS, EWEE SR LB ERET IO OXEY AT AL LT, BICARILOF 3 ED
FiEEZHWE, G RREFEMONR—Y F L a s Ba—R2 AT AR LI, Z2ICFDTRA
T LOWE L RT,

6.2 YATLHME
WL 27 A, Maplinfo @ GIS o> PC-eDRESS-Hazard® LICHESE 7= 25 LT, GIS TR
DIWHLRIZ BT D W 2 &R 20, EBICATIT 2 (Fig6.1-1,2) . BIEE T 5 KHEDEE

T 2 A 2 PN E S s R It
TEHAE, FIMEBOREE S :
Y BEBE LTRV DRI |

7y —pgEeEnT s, e | L1 v
LA AT, HERAIIC N St

BEOWEEZHEE L., HEEmN 7 i : BHOE A am]—[i%
o - EmEm
) *‘/E@ﬁﬁff THWS, FERRIZ BRGE 2 W[ [ [
y N T o D
W5 Ol R 2 FEBRET L, BRGEHT O E
RE 2 >0 [k
VBT L LR THSS, i
R
(o ] [ oom |

Fig.6.2-1 Fault parameters.
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KU AT LTI, AGHIEEB ORFEIC LS & et Ml O EAE 21T 5. RPN & i
RAEME L, UaxHiRIic s 2 ATHEBHOREICKSE | fAAEN TS SHAKE 76 HiE
IR « R - 200, WCRAEEE (PLAE) 24TV, BlidsR D 7 sk i i o [ A JE 5 0> O 1
WY OEMREZBET 5, Lo T, MiskNIcB I 2REMHBEYOREELEZE L, BEKEIC X
S TH LN MEBNFEIC BT 2WHELAHET 5, 2B, MESREIHAANLTEEARAT 7 7T
AlE, 3 FR LB 7 U — U BIEOER L OMeRGRN 7 ) — U BE R VT s, T a—

% Fig.6.1-4 (277,

anfanTangn
-

HE
]

o [’:‘W‘lﬂ na

Jeto LE (0
8- i
L ]
7= ]
*e- 7
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Fig.6.2-2 Wave forms and Fourier

Spectra.
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QOO FEMRSEIREE « A
QOO IEMfEIRE « B
BOOMIEMfEIRE « A

Fig.6.2-3  Risk analysis image.
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3- Deterministic-Deterministic

nsimtype=
2
v

O

== —_ 3 =
RIS RE S AT I
i = cmplx(0.0,10) , = = arccos(-10) , R(6,¢) , F ,
N, . ntotfault , nbl , ndata , nvrtype , lag , V,
pLt/m°], Oy , Q2 , @g[rad/sec] , hg
SUB. <myfault>
/22 N
1 1
i j strike |
1 1
E 2 slip ( n) Lj length VSj Zsj depth [km] E
N B d] , . km] , km / y
R 8 j dip 180 tradl s vy igen (KM Vrj . km/ sec] Z, j depth [km] !
u 3 5 9] azimuth |
IR ‘g . i |
Sy roido j , rokeid [N »EO] !
= :E ch stressdrop [bars] stJ- [km] Tj [sec] 1
1 . ' , , |tidoj , tkeid [N-EO] i
1 Uj finalslip  [cm] stj [km] K [] !
: aido; |, akeid; [n-£°] |
- y
(Source, site and fixed parameters)
J= 1
ntotfault
SUB. <interface>
// \\
1 1
i i
1 1
: (l.l7x{mJMA}+l7.72) inland (0) !
| M =10 MA o-1 Moment 23 ) |
| 0 " Mo, (mo;) =pVs;U WL (2-3) |
1 mo ; (l.Sx{mJMA}HB.Z] subduction (1) 1
: J _ 10 JMA :
1 1
i { J !
i H
\_ ________________________________________ A 7’
3
§ . o SUB. <quadrant> SUB. <spherics>
S uniran[O,l]l‘ .y xy AA,
\5_ :1: oo Epicentral dist.
§ (by Y. Oyanagi) Hypocentral dist.
Ny =2xN, , o, =21x50
do=0w,/N,,  dt=n/o,
<1>J[0,211];\‘t (phase angle)
erj = Vrj cos(% j)
VryJ = VrJ sin(2)
imtype= 1- Sochastic-Stochastic A
"S"”,y pes 2- Sochastic-Deterministic "5””; wes

Fig.6.2-4 Flow chart of this system.
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63 FEH
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®

© = jxdo, ®py =21 x7.31x10%° xm;%?, o, =21 x 4.9 x10° x (Aclmo)m, Q= 10(Q1X|0g(m/(2m))+q2)

{
v v v 1
_ROQFV || 4 meo? Anfo)e—t Loy [, ij < 14403 (w/o,)’
Ry st 1+ (/o) ol® 1+(0/om)" R PL72qvs) || Aalo)= = .
Voo \/(17(0)@ f) - an(ofo,)
9 9 9

]

j<N,, No»| |A(w)/=00
Yes
v
(by Y. Ohsaki&Ben-Menahem) ‘ ‘AMM:CAS(MAD(@)AA(U’) ‘

l }

1 2
Saa(w) = 20T, ‘A(w)‘
v
S(®) = /254, (@) do exp(i ;)
J=1N, 3
* 1 (inv. FFT,
2’ () R —S(0) | €
i g
(by Y. Ohsaki) 2
t = float (i—1) x dt
- i=LN, @ NoNONo W(t) =00
3
N "
5 a(t)=+2 Real[a (t)]xW(t) Yos o Yo
S * N y In(03)
~ _ 2 _ _ _ _ DI .
N SUB. <aver> ‘W(t) =(t/T,) ‘ W(t) =10 ‘ ‘W(t) exp[-c(t TC)]‘ c T, T,
baseline
correction
SUB. <infr>
Integration B
by FFT
SUB. <pmax>
a(t) , PGA [gal] o, ,
value velo(t), PGV [kine] - /le="reckGF. dat
SUB. <trigger> disp(t), PGD__[om] = read(99,*) z(t)
‘ R

\ —

¥
CFI(w) 2 7(t)

v

Cosine filter
(0.01-0.50, 20.0-30.0) Hz.

v

SUB. <spac>

SUB. <cosine>

AL AW

Fig.5.2-4b Flow chart of this system.
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SUB. <propose>

]

No+
1+x(wr/2)
l+(mr/2)2

]

fo- (1]
io—(N/x

CT;; x exp(—iot;)

w?+(N/7)?
o?+ (Y1)’
CF;

}<Yes

e, {

LN, /2+1

k

N'T=[

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

7/nejz03u’) =

Flow chart of this system.

Fig.5.2-4c
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=W ;

v

AL, AW
!
o=jxdo , t=float(j—1)xdt

©Omax = 27 x 7.31x10% x mg012
)1/3

0 =21 x49x10°% x(Ac/m,

L V
Tro :Vr[l—vg cos(e)) , 05 =2/Tg

Q= lo(qlxlog((u/(an))+q2} , o = 2/t

J= 1, ntotfault

|P(0)] =1~ 016605 Zyio +0.00761 w17y ¢ Yes—<0<o

ic<™2 >—No |P(0)| =1/ ® atio

v v ¥
R(0,9)FV C mg? 1 1 [ R e 14403 (0/o)’
et | e || 1+(m/mw)“Rexp[ = Aalo) = (i Jo ))( g)( y
l 1-(o/o, +4h5 /o,

Tla) :[N +i2 mcraﬁo)} {hK(me)z}

1”(2 (Dcratio) 1+(0°cratio)2

N
.

|As(0) =SUMy (o) [CT(0)| |Aso (o)

i
l

Ty =263Tg o Nobi |A(0) =00
Ty = (012004 x(m, —7.0) x Ty)

Yes
T, =(050-0.04 % (my —7.0) x Ty ) v
Te=Tc-Ty (by Y. Ohsaki&Ben-Menahem) ‘ ‘A(m)‘ = CAS(“’)AD(@)AA(@) ‘

l J
I

1 _
S(w) = 2ﬁ\A(m)\z do exp(io;)

Q)

Fig.5.2-4d Flow chart of this system.
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SUB. <propose>

1, ntotfault

J=

f = dfloat(i—1) x dw
Cu(i) = Cu(i) x CF(i)

i=1,N,/2+1

Cu(k) = dconjg(Cu(N, —k +2)) ‘

k=N, /2+2,N,

‘ Cu(j) = Cu(j)/ dfloat(N,)

j=1,N—

t

Zprop(t) +1 (inv. FFT)

(by Y. Ohsaki)

Cu(w)

SUB. <avet>

baseline
correction

SUB. <infr>

Integration
by FFT

SUB. <pmax>

Peak
value

Zprop(t) , PGA
Velos2(t), PGV

Disps2 (t), PGD

[gal]
[kine]
[em.]

SUB. <fast>

E 4

Fig.5.2-4e

Flow chart of this system.
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©

a* (t) +1 (inv. FFT) S(G))
(by Y. Ohsaki)

t =float (i—1) xdt

a(t) = v2 Real [ax(t)] xW(t) Yes No

A 2
w(t) = (t/T,)
SUB. <avet> ®=(t/T) Yesr W(t) = exp[-c(t-T,)]

SUB. <fast>

AN baseline

3 correction

by R No

S SUB.<infr> . In(01)
< Integration _ =TT T
~

SUB. <pmax>
Peak
value

Zprop(t) , PGA  [gal]
Velos2(t), PGV  [kine]

Disps2(t), PGD  [cm.]

|

Fig.5.2-4f Flow chart of this system.
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