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;WT%®i9ﬁ&F%E%®%Eﬁ&®~01§J%EﬁEKXA7%W&um%ﬁ(
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NMARZE D H- 207 & L GREOF L IR HEE ) O& O N2y 2 V=0, (il 2 —kk
70T U HNEREBWNTO LI A2 AR L, Jennings D& RS D X 5 7R R 2 U5 &
W T2 HERS D, L LliE O EIEE DG S D s L EIFEEE & o7 E BfRos
PRI, HURE O JE I BURE & W o ImHE R R 2+ ICBEICAINL TN D L ITE W

— TR - Ml (1978) D MAMLAHZESY DB X 7T A (LT, (CHZES 0 0) L HiEE oA
IOBEPMEZIER L2 2 Z ond & LT, MESONAEESEHEOM RN IEE 72 F L
TR ZE ST O SIE p 13T DT B W CTHRIE S B — ?_i?éﬁﬁiﬁﬁﬁ#aii%
BOMGERFH DO BRI D L W o T2 5fia2T, o &~ 7 =F 2 — FREREREOREGRE &
=B (B ZEEHE - R (1987) P, [UAR - £AB (2005) P) R0 o O A& FEIHEEE —%%ﬁ
B LZE DR E LB b % (2135 - 1 (1982) ) 08 -t (1983) V) . LanL7e
75>EQ$B# YDOERT—A L b, FRHCEE B3 & RE BB L TIEAJI (1980) O 2% i+

F LD TN DODEIED B4 5 HE L CHIBEBI ONARZES D B4 X IERDAA D B4 & F%E S
L<i%ﬂuiwﬁbxaﬁiMzu%w7wwum# DO BITIFEEAE 0SS LU TTH D Lk
RTNDLLIMTITE GEBEDOFN > TWAHIRY ) FRICEEm A2 SI TV, — RIS B 5 IR HR%
DEAIRFROEESNE, B I = F(HEDNS ERY O S 2R TIHEETH L. —H ThH
IR - fth (1988) 7 =° Papoulis (1977) ® 23E~_TV 5 X 5 |TALFEZESY (Papoulis |2 EE IR AR I
DWTiEgmm LTV DY) 1XBEY & 5 oD I L DI ORI O v — 7 (i x &
7

CDOZLEEEZAD L B3 & BuPBEBENTNMEREERT D Z LRI, FEEROK
TEAZRHER T o 2 0BRSS, RURIRSED BN Y & B — 7 ~DEIE, £ L TRIELNREE L W
o TR IR RFIE 2 5 o 7o ARLEE R ) 2 AR ISR 2 WIREMED N & 5

Z ZC Fig.1.1 12 2000 4F S EUR P I ZE O KiK-net H B4+ h (Hirf - NS pli5y) O %
Hyzwﬁglmﬁﬁmum%“&ﬂbu-o%ﬁﬁéﬁﬁﬂﬁ%umﬁ“&%ﬁLTAm
SN RS 2R3 2O Z OO ORI a) Fig.1.1 O T Fig.1.2 DEF O
J7 DIRTENER & B A aB ORIE 23 K & U, b) Fig.1.2 DI D J5 3 PGA 23/ E W, ¢) Fig.1.1 DT
A= ITE LR S NICEE L TV DA, Fig. 1.2 DT v — 7 & RIS AR R
W, EW S TEMERD S L.
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Fig.1.1: example of ground motion in 2000 Tottoriken seibu earthquake
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Fig.1.2: example of simulated ground motion assuming its phase differences as normal random variables and using the

same Fourier amplitude as in Fig.1.1
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B2HZLIZE>THEEAK L, TN5 D 1%EREIGE AT MVEHEICOWCiEm L. ©
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1983 4EIC 72 > TAS LI « 4 (1983) ' X ARMBEEBINIE OIEET AT b & T Z ML
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HEHEBN A VBT 5 HIERARE LD, LEX D559, L LI 9 W o B E OIS TlIhrazE
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b A N7 T AEEEOBKIEOREMEEREE T DL E, B A N AR E L0 EMEICHE
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W EREEIRICB W T BIEICRE SN D NETES 5. S BITHFEZES O o 1T S ISER D
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HiDFENT, = LT EOWERITEIT 2 K& ZeRIE ONKGER I 23 T ONAB 22535047 DR DS 0 A%t
LTS, R - (1988) 7 IZAEAIZESY 3 — D DFED & 9 JE BRI Ok E o v
— VB AR & ARERNC AR U 7. RIEE OB 72 3B 1T Papoulis (1977) ¥ 12 % R
Z DR D. Ko TR ZESY O EHMEII B DOIRIEN B — 7 (Z5ET 5 & S ORE A2 K L, 23
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Fig.1.4: examples of ground motion and its phase difference distribution
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1.518#RET, TEB, REB,DEH

LLTF O (1.2), (1.3), (142 L > TIARZES OFE RS o, B B4, RE B, 2 ZNENEHEL
7. 72 BHEEE O 43 85 THE A < STV D IEBDARITEY 1, FEHER 7= 0 DI A /NT A
—Z L LTHEY, EBE B, REBHIENEN0.0,3.0 ThHD.

ol= YL (Adi—A9) (1.2)

Bi= Y M) (1.3)
Mo, )

Ba= g Loiz09) Af)) (14)

(noM)

iDL A = (TARES O BE
o = NFZESy DR HE(RE

B3 = PAHESDE

e

B4= NIAREZEORPE
n=4% 7K

fikﬂ*ﬁ% X2 DM ZFO. BRI EOFEDOTZ DTN LEEN =T — 2 M o, B,
([ZH-2 DB AR D T2 D 37720, fat ORI ["""‘L“C ILFRZE DT — & BT
i’JJ—J DWErIlNED LS T—FEBELTZ.

A A=V hEONBRLTINE I Fing Fig 1.6 IZZ 3L EIL B35, B4 DB D041 OBE 27”7

ZDOTODRERD LMD XN, BIINMDELEENERL, BUISMDRY EENE
=T B3 DADKHTHAIIA RN RS, EORHIAMNZETe. 72 B372° 0 ORFCIIOAMITLEL
K THDH. Z L TRaMRINVDAILB 4D/ NS NV BE— 7 (IO AP ATH 5.

7236 Fig. 1.4 DB S 537032 K5 WA AT R TR O JERRh & SO T, 0205 R
THFRBATH D, DT, Pl IR ZES A OTCRDB A RN E A TV T, 185 O HEEE
AT NITEATEMNTHY BIFALRD.

Z O W o TR ERI RN B, (AHZESY O B3 1T TR OIRME SRR L& s & L7272 D%
PROEAY, B TEIEDIRIER R AfFIEDORY DEEVNORZEHEA L LEZBND.
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B3 <0.0 B3=0.0 B3> 0.0

Fig.1.5: several distributions with different B; values

—pd =6 D F

e 34 = 3 D I3AT

Fig.1.6: several distributions with different 4 values

1.6 R LF-EL ZTDRETICONT

HEICIZT L— FREHOWRE DT TRAET HE T (crustral) , K7 L— K &FET L
— FNOEERTHAT H 7 L— MES (interface) , © L THIE G, 7' L— FAEHTHRAET S
A7 7 W (intraplate) D =% A T 5. L7-E ML E 7 L— FEFITERER (normal) , 1=
i (reverse) , 3 AV (strike) D = DIZ KB 5.

AL CTIIHEO~ / =F 2 — REREA D =X LNERL D MELAH I3EEIRL, Th 2
ALOBREIE % AT UT-. = OHFEDFETT % Table 1.1 (23§ & HIEEIZ DWW TRE I HHEEAS
350km LAY (2003 4E-FREPHIEE IS SN TIE 450km LAN)  (SALE T 5 B SR B ZE A
KiK-net Hit HEIHI A CREER S VT2 KT 1A Rk sy (T720 B NS 53 & EW ilisr) I2 W T
Wra4T o 72 FHE TR E LB O$IE Table. 1.1 OFEAFIEIREN TN S,
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Table.1.1: earthquakes’ data analyzed in this thesis

No. Name Occurrence date | My, | Depth # of waves Mechanism Hypocenter location

1 Tottoriken seibu 2000/10/06 6.6 | 11 km 306 Crustral, strike Long. 133.35 Lat. 35.28
2 Niigataken chuetsu 2004/10/23 6.6 | 13 km 496 Crustral, reverse Long. 138.87 Lat. 37.29
3 Fukuokaken seihouoki 2005/03/20 6.6 9 km 274 Crustral, strike Long. 130.18 Lat. 33.74
4 Notohanto oki 2007/03/25 6.7 | 11 km 372 Crustral, reverse Long. 136.69 Lat. 37.22
5 Niigataken chuetsu oki 2007/07/16 6.6 | 17km 524 Crustral, reverse Long. 138.61 Lat. 37.56
6 Iwate - Miyagi nairiku 2008/06/14 6.9 8 km 286 Crustral, reverse Long. 140.88 Lat. 39.03
7 Tokachi oki 2003/09/26 7.9 | 42km 348 Interface, reverse Long. 144.07 Lat. 41.78
8 Miyagiken oki 2005/08/16 7.1 | 45km 290 Interface, reverse Long. 142.28 Lat. 38.15
9 Sanriku oki 2011/03/09 7.2 8 km 212 Interface, reverse Long. 143.28 Lat. 38.33
10 Geiyo 2001/03/24 6.7 | 51km 288 Intraplate Long. 132.71 Lat. 34.12
11 Iwateken nairikunanbu 2001/12/02 6.5 | 122km 272 Intraplate Long. 141.26 Lat. 39.40
12 Miyagiken oki 2003/05/26 7.0 | 70 km 300 Intraplate Long. 141.68 Lat. 38.81
13 Surugawan 2009/08/11 6.2 | 23 km 438 Intraplate Long. 138.50 Lat. 34.78

KiK-net O MBI T EARNIT Y 7Y o Z T8N 200 Hz T 5. 7272 LW DD it
=, Bl 2 0E 2011 AE =i B OFLERIE T, o 7Y o F R 100 Hz TH 5. T DFAEIC
IIBRIENRIC L > TV &9 T — 2 EME L C, o7 U 7R E ) 200Hz £ 725 X 91T
L7-.
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Fig.2.4: relations of 0 and B3, 0 and 8 4and S 3and B, in 2007 Notohanto oki earthquake in 0.1 — 10.0 Hz band
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Fig.2.8: relations of 0 and B3, 0 and 8 4and S 3and S, in 2005 Miagiken oki earthquake in 0.1 — 10.0 Hz band
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Fig.2.10: relations of ¢ and B3, 0 and 84and Bsand B, in 2001 Geiyo earthquake in 0.1 — 10.0 Hz band
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Fig.2.12: relations of o and S3, 0 and 4and Ssand B, in 2003 Miyagiken oki earthquake in 0.1 — 10.0 Hz band
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Fig.2.13: relations of ¢ and B3, 0 and $4and Bsand B4 in 2009 Surugawan earthquake in 0.1 — 10.0 Hz band
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Fig.2.18: relations of o and S, 0 and S 4and S sand B, in 2007 Niigataken chuetsuoki earthquake in the five
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Fig.2.19: relations of o and S 3, 0 and S 4and f;and B4 in 2008 Iwate — Miyagi nairiku earthquake in the five

frequency bands
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Fig.2.20: relations of o and S 3, 0 and S 4and ;and S84 in 2003 Tokachi oki earthquake in the five frequency bands
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Fig.2.22: relations of o and S, 0 and S 4and fsand 4 in 2011 Sanriku oki earthquake in the five frequency bands
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Fig.2.23: relations of o and S 3, 0 and S 4and f;and 4 in 2001 Geiyo earthquake in the five frequency bands
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Fig.2.24: relations of o and (3, 0 and 3 4and B3and B, in 2001 Iwateken nairikunanbu earthquake in the five

frequency bands
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Fig.2.25: relations of o and (33, 0 and 3 4and Bsand 8, in 2003 Miyagiken oki earthquake in the five frequency

bands
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Fig.2.27: two similar phase difference distributions having significantly different 3 ; and 8 4values
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Table.5.1: average Ry values for all frequency bands

0.1-1.0Hz 1.0-2.0Hz 20-3.0Hz 30-5.0Hz 5.0-10.0 Hz 0.1 -10.0Hz
Ry 1.86 % 1.67 % 1.59 % 1.55% 1.59 % 1.60 %
Riy 0.16 % 0.11 % 0.085 % 0.080 % 0.072 % 0.14 %
Rpje 0.15% 0.10 % 0.089 % 0.082 % 0.074 % 0.15 %
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Fig.3.5: relations of 0 and B3, 0 and B 4and B 3and B4 in 2000 Tottoriken seibu earthquake in the six frequency

bands (without outliers)



Table.3.2: regression coefficients for relations of o and 3, 0 and 8 4and S sand S 4 in 2000 Tottoriken seibu

earthquake in the six frequency bands (without outliers)
a) o3 rlation

Ls=al +a2*¥o+a3*o”™2 +a4* 0”3

al a2 a3 a4
0.1-1.0Hz 1.844 -10.86 14.04 -5.216
1.0-2.0Hz 1.129 -6.312 6.325 -1.299
20-3.0Hz 0.4696 -2.739 -0.08055 2.233
3.0-5.0Hz 0.8978 -5.413 4.205 0.2375
5.0-10.0 Hz 1.233 -8.331 10.14 -3.316
0.1-10.0Hz | 0.5143 -5.788 7.370 -2.307

b) o-B4 rlation

F4=a5 +ab6* o

as ab
0.1-1.0Hz 7.672 -3.265
1.0-2.0Hz 7.022 -1.872
2.0-3.0Hz 7.724 -2.886
3.0-5.0Hz 8.153 -3.456
5.0-10.0Hz | 8.124 -3.420
0.1-10.0Hz | 8.460 -4.078

c) B3-B4 rlation

L4=a7 +a8* F3+a9* F372

a’ a8 a9
0.1-1.0Hz 4.505 -0.006341 1.381
1.0-2.0Hz 5.185 -0.09372 1.204
2.0-3.0Hz 5.463 0.04744 1.142
3.0-5.0Hz 5.903 0.4752 1.444
50-10.0Hz | 5.871 -0.05694 0.7190
0.1-10.0Hz | 4.799 -2.525 -0.5138
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Fig.3.6: relations of 0 and B3, 0 and 8 4and f33and S ,in 2004 Niigataken chuetsu earthquake in the six frequency

bands (without outliers)
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Table.3.3: regression coefficients for relations of o and 3, 0 and 4and sand 3, in 2004 Niigataken chuetsu

earthquake in the six frequency bands (without outliers)
a) o3 rlation

Ls=al +a2*¥o+a3*o”™2 +a4* 0”3

al a2 a3 a4
0.1-1.0Hz 0.3266 -6.275 9.186 -3.534
1.0-2.0Hz 1.612 -8.043 6.527 -0.1773
20-3.0Hz 0.3093 -0.04368 -8.560 8.437
3.0-5.0Hz -0.1096 1.476 -10.16 8.691
5.0-10.0 Hz 1.555 -8.909 9.245 -2.327
0.1-10.0Hz | 0.1148 -5.890 7.383 -1.881

b) o-B4 rlation

F4=a5 +ab6* o

as ab
0.1-1.0Hz 8.209 -4.005
1.0-2.0Hz 7.037 -1.912
2.0-3.0Hz 7.020 -1.418
3.0-5.0Hz 7.570 -2.079
5.0-10.0Hz | 7.842 -2.655
0.1-10.0Hz | 9.461 -4.699

c) B3-B4 rlation

L4=a7 +a8* F3+a9* F372

a’ a8 a9
0.1-1.0Hz 3.845 0.03150 1.276
1.0-2.0Hz 5.003 -0.2240 0.9893
2.0-3.0Hz 5.356 -0.06312 1.053
3.0-5.0Hz 6.063 0.4280 1.042
5.0-10.0Hz | 6.338 0.5514 0.8041
0.1-10.0Hz | 4.558 -1.913 0.1183

3-12



B3

B4

30

25

20

15

10

® 01-10Hz
® 1.0-20Hz
B 20-3.0Hz
3.0-50Hz
X 50-10.0Hz
* 0.1-10.0 Hz

0.0 0.5 1.0 15 2.0
o (rad)
a) o-B3 rlation

" 0.1-10Hz
= 10-20Hz
" 20-3.0Hz

30-5.0Hz
X 50-10.0 Hz
* 0.1-10.0 Hz

o (rad)

b) o-B4 rlation

3-13

20




o _
[52]
= 01-1.0Hz
® 10-20Hz
© ® 20-30Hz
30-5.0Hz
X 50-10.0 Hz
o | % 0.1-10.0 Hz
N
[ ]
< n _|
Q -
n
‘9 -
o
o 4

B3
c) B3-B4 rlation
Fig.3.7: relations of 0 and 83, 0 and f$4and S sand B4 in 2005 Fukuokaken seihouoki earthquake in the six frequency
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Table.3.4: regression coefficients for relations of o and 3, 0 and 8 4and S sand S 4 in 2005 Fukuokaken seihouoki

earthquake in the six frequency bands (without outliers)
a) o3 rlation

Ls=al +a2*¥o+a3*o”™2 +a4* 0”3

al a2 a3 a4
0.1-1.0Hz 3.404 -17.58 22.54 -8.570
1.0-2.0Hz 2.101 -10.99 12.90 -4.153
20-3.0Hz 1.365 -6.295 4.243 0.5184
3.0-5.0Hz 1.724 -9.938 11.22 -3.190
5.0-10.0 Hz 1.774 -11.46 15.02 -5.542
0.1-10.0Hz 1.417 -10.92 15.19 -5.854

b) o-B4 rlation

F4=a5 +ab6* o

as ab
0.1-1.0Hz 7.064 -2.671
1.0-2.0Hz 7.897 -3.072
2.0-3.0Hz 7.114 -2.075
3.0-5.0Hz 8.096 -3.254
50-10.0Hz | 8225 -3.520
0.1-10.0Hz | 8.673 -4.238

c) B3-B4 rlation

L4=a7 +a8* F3+a9* F372

a’ a8 a9
0.1-1.0Hz 4.266 -0.2838 1.094
1.0-2.0Hz 5.367 0.1783 1.297
2.0-3.0Hz 5.128 -0.1235 1.239
3.0-5.0Hz 5.908 0.9310 1.653
5.0-10.0Hz | 5.786 0.3137 1.275
0.1-10.0Hz | 4.809 -1.940 -0.02288
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Fig.3.8: relations of 0 and 83, 0 and f$4and (3and B4 in 2007 Notohanto oki earthquake in the six frequency bands
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Table.3.5: regression coefficients for relations of o and 3, 0 and 4and sand 3, in 2007 Notohanto oki

earthquake in the six frequency bands (without outliers)
a) o3 rlation

Ls=al +a2*¥o+a3*o”™2 +a4* 0”3

al a2 a3 a4
0.1-1.0Hz 5.599 -24.86 30.58 -11.45
1.0-2.0Hz 1.743 -8.006 6.974 -0.9411
20-3.0Hz 1.725 -7.883 6.627 -0.7333
3.0-5.0Hz 1.139 -4.709 0.05160 3.556
5.0-10.0 Hz 1.619 -9.566 11.00 -3.435
0.1-10.0Hz 1.121 -9.255 11.97 -4.092

b) o-B4 rlation

F4=a5 +ab6* o

as ab
0.1-1.0Hz 8.538 -4.289
1.0-2.0Hz 7.225 -2.470
2.0-3.0Hz 7.803 -2.936
3.0-5.0Hz 7.906 -2.862
5.0-10.0Hz | 8.196 3411
0.1-10.0Hz | 9.125 -4.688

c) B3-B4 rlation

L4=a7 +a8* F3+a9* F372

a’ a8 a9
0.1-1.0Hz 3.978 -0.2522 1.356
1.0-2.0Hz 4964 0.04625 1.154
2.0-3.0Hz 5.495 0.3267 1.223
3.0-5.0Hz 5.909 0.5873 1.228
5.0-10.0Hz | 5.664 -0.1424 0.6809
0.1-10.0Hz | 4.686 -1.439 0.3071
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Table.3.6: regression coefficients for relations of o and B3, 0 and 8 4and sand S, in 2007 Niigataken chuetsuoki

earthquake in the six frequency bands (without outliers)
a) o3 rlation

Ls=al +a2*¥o+a3*o”™2 +a4* 0”3

al a2 a3 a4
0.1-1.0Hz 0.415 -6.679 9.718 -3.737
1.0-2.0Hz 2.545 -11.75 11.53 -2.506
20-3.0Hz 1.108 -4.132 -1.856 4.840
3.0-5.0Hz 1.366 -6.949 4.150 1.284
50-10.0Hz | 2.691 -14.68 17.81 -6.165
0.1-10.0Hz | 2.557 -16.60 22.08 -8.317
b) o-B4 rlation
F4=a5 +ab6* o

as ab
0.1-1.0Hz 8.236 -4.092
1.0-2.0Hz 7.607 -2.607
2.0-3.0Hz 7.640 -2.614
3.0-5.0Hz 7.542 -2.145
50-10.0Hz | 8.115 -3.250
0.1-10.0Hz | 9.467 -4.780

c) B3-B4 rlation

L4=a7 +a8* F3+a9* F372

a’ a8 a9
0.1-1.0Hz 3.672 0.01059 1.297
1.0-2.0Hz 5.440 0.5810 1.281
2.0-3.0Hz 5.458 0.3761 1.211
3.0-5.0Hz 6.004 0.6884 1.115
5.0-10.0Hz | 5.034 -1.725 -0.1802
0.1-10.0Hz | 3.848 -3.132 -0.5566
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Fig.3.10: relations of ¢ and B3, 0 and 8 4and Bsand B, in 2008 Iwate — Miyagi nairiku earthquake in the six

frequency bands (without outliers)

3-23



Table.3.7: regression coefficients for relations of ¢ and 3, 0 and 4and Bsand S, in 2008 Iwate — Miyagi nairiku

earthquake in the six frequency bands (without outliers)
a) o3 rlation

Ls=al +a2*¥o+a3*o”™2 +a4* 0”3

al a2 a3 a4
0.1-1.0Hz 1.220 -9.379 12.81 -4.907
1.0-2.0Hz 1.407 -6.947 7.499 -2.222
20-3.0Hz 0.4426 -1.704 -1.378 2.285
3.0-5.0Hz 0.3417 -1.077 -2.622 3.112
5.0-10.0Hz | 0.8077 -4.242 3.046 0.2465
0.1-10.0Hz | 0.6447 -6.700 8.593 -2.731

b) o-B4 rlation

F4=a5 +ab6* o

as ab
0.1-1.0Hz 7.759 -3.675
1.0-2.0Hz 7.533 -3.118
2.0-3.0Hz 7.998 -3.403
3.0-5.0Hz 8.438 -3.907
50-10.0Hz | 8.550 -4.097
0.1-10.0Hz | 9.140 -4.591

c) B3-B4 rlation

L4=a7 +a8* F3+a9* F372

a’ a8 a9
0.1-1.0Hz 3.703 0.09070 1.636
1.0-2.0Hz 4.821 -0.1175 1.229
2.0-3.0Hz 5.155 -0.07182 1.267
3.0-5.0Hz 5.843 0.7035 1.532
50-10.0Hz | 6.317 1.022 1.389
0.1-10.0Hz | 4.754 -2.877 -0.7639
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Fig.3.11: relations of o and S, 0 and B 4and S ;and 4 in 2003 Tokachi oki earthquake in the six frequency bands

(without outliers)

3-26



Table.3.8: regression coefficients for relations of o and B3, 0 and 4and Bsand S, in 2003 Tokachi oki

earthquake in the six frequency bands (without outliers)
a) o3 rlation

Fs=al +a2*¥o+a3*o”™2 +a4* 0”3

al a2 a3 a4
0.1-1.0Hz 2.452 -11.78 14.29 -5.129
1.0-2.0Hz 4.246 -17.12 19.58 -6.743
20-3.0Hz 5.298 -22.59 28.04 -10.71
3.0-5.0Hz 5.796 -23.99 28.44 -10.34
50-10.0Hz | 4.031 -18.38 22.29 -8.074
0.1-10.0Hz | 4.354 -19.68 23.88 -8.710

b) o-B4 rlation

F4=a5 +ab6* o

as ab
0.1-1.0Hz 8.483 -4.372
1.0-2.0Hz 8.757 -4.376
2.0-3.0Hz 8.854 -4.590
3.0-5.0Hz 9.356 -5.055
5.0-10.0Hz | 9.464 -5.088
0.1-10.0Hz | 9.676 -5.394

c) B3-B4 rlation

L4=a7 +a8* F3+a9* F372

a’ a8 a9
0.1-1.0Hz 3.356 -0.5622 1.937
1.0-2.0Hz 4.586 -0.5102 1.188
2.0-3.0Hz 4.669 0.02174 1.886
3.0-5.0Hz 4.851 0.5146 1.975
5.0-10.0Hz | 4994 1.365 2.587
0.1-10.0Hz | 4.019 -2.364 0.4527
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Table.3.9: regression coefficients for relations of o and 83, 0 and 8 4and S sand S, in 2005 Miyagiken oki

earthquake in the six frequency bands (without outliers)
a) o3 rlation

Ls=al +a2*¥o+a3*o”™2 +a4* 0”3

al a2 a3 a4
0.1-1.0Hz 4951 -20.90 24.49 -8.753
1.0-2.0Hz 2.541 -12.78 15.88 -5.776
20-3.0Hz 2.020 -8.233 7.179 -1.216
3.0-5.0Hz 2.462 -11.44 12.76 -3.970
5.0-10.0 Hz 1.518 -7.715 7.990 -2.010
0.1-10.0Hz | 4.081 -20.95 27.46 -10.70

b) o-B4 rlation

F4=a5 +ab6* o

as ab
0.1-1.0Hz 7.337 -3.265
1.0-2.0Hz 7.188 -2.488
2.0-3.0Hz 7.119 -2.174
3.0-5.0Hz 7.833 -3.051
5.0-10.0Hz | 7976 -3.201
0.1-10.0Hz | 8.640 -4.058

c) B3-B4 rlation

L4=a7 +a8* F3+a9* F372

a’ a8 a9
0.1-1.0Hz 3.675 -0.2144 1.477
1.0-2.0Hz 4.730 -0.2426 1.101
2.0-3.0Hz 5.044 -0.2097 1.171
3.0-5.0Hz 5.382 -0.7551 0.5861
50-10.0Hz | 5.539 -0.8524 0.2532
0.1 -10.0Hz | 4.241 -3.423 -1.165
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Table.3.10: regression coefficients for relations of o and 3, 0 and B and B ;and 4 in 2011 Sanriku oki

earthquake in the six frequency bands (without outliers)

a) o3 rlation

Ls=al +a2*¥o+a3*o”™2 +a4* 0”3

al a2 a3 a4
0.1-1.0Hz -15.49 39.10 -32.87 9.155
1.0-2.0Hz 5371 -22.18 26.92 -10.18
20-3.0Hz 1.057 -2.452 -1.915 3.269
3.0-5.0Hz -0.1660 3.688 -13.29 10.15
5.0-10.0 Hz 1.423 -4.622 -0.8576 4.383
0.1-10.0Hz | 5.380 -26.44 35.18 -14.23

b) o-B4 rlation

F4=a5 +ab6* o

as ab
0.1-1.0Hz 8.579 -4.392
1.0-2.0Hz 8.251 -3.671
2.0-3.0Hz 7.289 -2.178
3.0-5.0Hz 7.978 -3.024
50-10.0Hz | 7.708 -2.643
0.1-10.0Hz | 9.249 -4.920

c) B3-B4 rlation

L4=a7 +a8* F3+a9* F372

a’ a8 a9
0.1-1.0Hz 3.638 -0.05429 1.349
1.0-2.0Hz 5.100 0.1571 1.679
2.0-3.0Hz 5.435 0.03730 1.273
3.0-5.0Hz 5.920 -0.01644 0.8344
5.0-10.0Hz | 5987 0.7322 1.137
0.1-10.0Hz | 4.388 -1.963 0.1774
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Table.3.11: regression coefficients for relations of o and 3, 0 and S ,and B;and 84 in 2001 Geiyo

earthquake in the six frequency bands (without outliers)

a) o3 rlation

Ls=al +a2*¥o+a3*o”™2 +a4* 0”3

al a2 a3 a4
0.1-1.0Hz 2.677 -15.23 19.70 -7.358
1.0-2.0Hz 1.934 -10.95 13.73 -4.921
20-3.0Hz 1.106 -5.744 5.063 -0.7580
3.0-5.0Hz 1.029 -5.576 3.768 0.5754
50-10.0Hz | 0.5797 -2.370 -3.492 5.380
0.1-10.0Hz | 0.9574 -7.488 8.802 -2.508

b) o-B4 rlation

F4=a5 +ab6* o

as ab
0.1-1.0Hz 7.575 -3.155
1.0-2.0Hz 7.466 -2.707
2.0-3.0Hz 7.359 -2.494
3.0-5.0Hz 8.052 -3.137
50-10.0Hz | 8327 -3.767
0.1-10.0Hz | 8.777 -4.680

c) B3-B4 rlation

L4=a7 +a8* F3+a9* F372

a’ a8 a9
0.1-1.0Hz 4.320 -0.3796 1.084
1.0-2.0Hz 5.122 0.06790 1.233
2.0-3.0Hz 5.387 0.3120 1.464
3.0-5.0Hz 6.134 0.1954 1.117
5.0-10.0Hz | 6.699 1.067 1.080
0.1-10.0Hz | 6.578 2.334 2.327
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Fig.3.15: relations of o and (3, 0 and 8 4and Bsand B4 in 2001 Iwateken nairikunanbu earthquake in the six

frequency bands (without outliers)
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Table.3.12: regression coefficients for relations of o and 3, 0 and S and B;and 4 in 2001 Iwateken nairikunanbu

earthquake in the six frequency bands (without outliers)
a) o3 rlation

Ls=al +a2*¥o+a3*o”™2 +a4* 0”3

al a2 a3 a4
0.1-1.0Hz 2.289 -13.71 17.69 -6.528
1.0-2.0Hz 2.830 -15.23 19.45 -7.252
20-3.0Hz 2.510 -13.22 16.50 -6.026
3.0-5.0Hz 2.833 -14.93 18.66 -6.751
50-10.0Hz | 2.323 -12.91 16.16 -5.777
0.1-10.0Hz | 2.514 -15.12 19.76 -7.337

b) o-B4 rlation

F4=a5 +ab6* o

as ab
0.1-1.0Hz 7.787 -3.666
1.0-2.0Hz 8.222 -3.921
2.0-3.0Hz 7.974 -3.574
3.0-5.0Hz 8.396 -3.956
5.0-10.0Hz | 8.366 -3.847
0.1-10.0Hz | 9.122 -4.670

c) B3-B4 rlation

L4=a7 +a8* F3+a9* F372

a’ a8 a9
0.1-1.0Hz 3.576 -0.5750 1.273
1.0-2.0Hz 4.208 0.006282 1.715
2.0-3.0Hz 4.725 0.06840 1.352
3.0-5.0Hz 4939 0.2727 1.493
5.0-10.0Hz | 4.815 -1.919 -0.2037
0.1-10.0Hz | 3.967 -4.663 -2.035
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Fig.3.16: relations of o and 3, 0 and S 4and S sand S, in 2003 Miyagiken oki earthquake in the six frequency bands

(without outliers)
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Table.3.13: regression coefficients for relations of o and 3, 0 and ,and 8 ;and 84 in 2003 Miyagiken oki

earthquake in the six frequency bands (without outliers)
a) o3 rlation

Fs=al +a2*¥o+a3*o”™2 +a4* 0”3

al a2 a3 a4
0.1-1.0Hz 2.438 -14.29 18.71 -7.078
1.0-2.0Hz 1.988 -11.44 15.12 -5.806
2.0-3.0Hz 1.812 -9.909 12.23 -4.359
3.0-50Hz 1.648 -9.280 11.68 -4.222
5.0-10.0 Hz 1.346 -8.651 11.14 -4.001
0.1-10.0Hz | 2.395 -15.13 20.79 -8.170

b) o-B4 rlation

F4=a5 +ab6* o

as a6
0.1-1.0Hz 7.966 -3.781
1.0-2.0Hz 7.449 -3.044
20-3.0Hz 7.689 -3.108
3.0-5.0Hz 7.824 -3.329
50-10.0Hz | 8274 -3.789
0.1-10.0Hz | 8.728 -4.227

c) B3-B4 rlation

L4=a7 +a8* fF3+a9* G372

a7 ad a9
0.1-1.0Hz 3.674 -0.6960 1.275
1.0-2.0Hz 4.485 -0.4650 1.335
20-3.0Hz 4959 0.01516 1.468
3.0-5.0Hz 5.329 -0.1217 1.274
50-10.0Hz | 5.298 -1.522 -0.04246
0.1-10.0Hz | 4.399 -2.810 -0.5064
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Fig.3.17: relations of o and (83, 0 and 84and Bsand B, in 2009 Surugawan earthquake in the six frequency

bands (without outliers)
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Table.3.14: regression coefficients for relations of o and 3, 0 and ,and B ;and 4 in 2009 Surugawan

earthquake in the six frequency bands (without outliers)

a) o3 rlation

Fs=al +a2*¥o+a3*o”™2 +a4* 0”3

al a2 a3 a4
0.1-1.0Hz 2.918 -14.61 17.85 -6.388
1.0-2.0 Hz 1.768 -7.911 6.884 -0.9569
20-3.0Hz 0.7109 -0.7255 -7.503 7.619
3.0-5.0Hz 0.9881 -2.695 -5.187 7.259
5.0-10.0Hz | 0.6367 -1.064 -8.448 9.346
0.1-10.0Hz | -0.3328 0.2060 -5.234 5.350

b) o-B4 rlation

F4=a5+ a6* o

as ab
0.1-1.0Hz 7.901 -3.555
1.0-2.0Hz 7.637 -2.902
2.0-3.0Hz 7.431 -2.331
3.0-5.0Hz 8.808 -4.336
5.0-10.0Hz | 8.734 -4.242
0.1-10.0Hz | 9.317 -5.165

c) B3-B4 rlation

L4=a7 +a8* f3+a9* 372

a7 ad a9
0.1-1.0Hz 4.183 -0.4334 1.071
1.0-2.0Hz 5278 0.3235 1.364
2.0-3.0Hz 5.576 0.1956 1.174
3.0-5.0Hz 6.429 0.8418 1.167
50-10.0Hz | 6916 1.770 1.332
0.1-10.0Hz | 6.845 2.374 2.015
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Fig.3.18: average relations of o and f ; in all of the crustral earthquakes in each frequency band
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Fig.3.19: average relations of o and f 4 in all of the crustral earthquakes in each frequency band
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Fig.3.20: average relations of 3 ;3 and S8 4in all of the crustral earthquakes in each frequency band
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Fig.3.21: average relations of o and S ; in all of the interface earthquakes in each frequency band
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Fig.3.22: average relations of o and S 4 in all of the interface earthquakes in each frequency band
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Fig.3.24: average relations of o and f ;5 in all of the intraplate earthquakes in each frequency band
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Fig.3.25: average relations of o and f 4 in all of the intraplate earthquakes in each frequency band
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Fig.4.1: examples of o — D relation
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TIZROND XN —EEE HNTET L L Lz 594 NOBHIEEOFF>>= 3L ¥
—IIEBFENSZ DOV A MIED F TICHIER @ - TE RO R EEORELE LT
WHDT, 0 EOXEDR, BIZD DA ZERAND L VAKICAZ D EEXT-OTHD. IHIZH D
—HZOFEOREE LT NHAESEREZAVWTEIEEZY I 2 L—a T BT, o LIRE
DERNX—ZFRIFFICHEELRD Z DN T oL ).
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Z O NVF I (LT, Energy Attenuation, EA.) %R 5721213, FTHIEOEIRIZ
FHTRNX =R ERT DMENRD D, KinSCTIE Boore (1983) ¥ TH 2 b= k& {fﬁx«
7 b (0’ BFNV) BEFRANZ ML E LT L. TOMNBEEER A7 MUIROKXT
Sz T3

2 -0.5
Fsource(f) = R%:,STZ’;;I“N M, 1+(:)/ )2 [1 + (w/a)m)zs] (4-1)
Wc

Z 2T Foouree (f) VIR Boore (1983) ¥ OINHEEFEIL A7 bV (em/s), w3 JEH 5K (rad/sec) ,
0+ BITEFICET DHEE (gem’) & AWHEE (km/s), R, LT T 1 =—3 3 L4 — 4%
2, Fs 138 B & i O IRME R 0 R A KT EE, Promv 13K 2 iy ~D = L F— 5l 2
TEEL, My ITHIETE — A > b (dyne-cm), w. %= —F—JEE%K (rad/sec) T 5. Aam LTIk

(2007) QTR B, p 0 AIE T L— H*‘ﬁﬂﬁ;a& 2 F THHBEIZ OV TIZZENEN 3.0 gem’,
4.0 kn/s, B TR OV TIE 2.7 glem’, 34 km/s LB E, R, 13 0.63, Fs 13 2, Prymy i3 1 & L
7. E, 037 b— MERHE L X7 7HHIEIZ OV TIE 13.5%2 7 rad/sec, B FARHIE IS
T 6.0%2 7w rad/sec & L7=. s (122U Tl Boore (1983) V12722 H0N 4 & L.

0 ATV TIE Boore (1983) Y ORUT L - THD L H ICEH L=,

we =21 * 4.9 % 106 ﬁ(AU/MO)1/3 4.2)

ZZICA ol TS NET & (bar) TH D, AR TIE A o DI, 2007 FFLLRTIZHEA LIZ #IEIC S
WTIEHAR (2009) P 2B L 72, 2009 BRSO HIFEIZ U TIESCHR 8) 225 A o = 586 bars
& L7 LT 2011 A =R RIS 9) DK 4.3 12 & v Wi fifE & 1513 km® & #E
E L, Wilgm oMttt 2 2 EIETHZ 12Xk »TAo =30bars EHEE LT-.

HIFEE — A > b MylE Boore (1983) ¥ & 8] JH L 7=k DR HHEE L 7=
MO — 101.5(MW+10.7) (43)
CITMIHEDE—RA L Fv = F2— R Th 5.

FENWTHETA MZBITLT7 =Y AT MV (Fge () % EFRT H. K3 TlE KiK-net O Hfi
HF A MBI DB EBRETOX G L L TE. 2o oMIPERSA S L Vs> 2000 m/s OFf
B emiE BICALE LTz 72 B1E KiK-net OB 2 Z D EF Fy () & LTo. ZHLSL
D — AT ET, J-SHIS' DI HIAZ S H & A2 KiK-net OBLHIA S Vs>2000m/s & 725
HiE £ T OIS & BAAEE R AR5, KIZ Vs> 2000 m/s DJEH 6 KiK-net OELHIA E
TORERES A, —WOTEME R ERR 2 AW TR T 5. e f212 KiK-net O #iHH BRI E O 7 —
VAT M ZEDOIRZERBBTHRLUT, Fue () & LTz, (e BIaEREEFET DBEICHW
Matlab D 7' 1 77 1% Appendix. A O AS5IZHg# L7, FI-HBEE @R AHEE L7 A MToWnT
I, & O % KiK-net © 21— RJIEIZ Appendix.B (ZH5# L TV %)
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B D JHIREARIC BT D EATX @4 Ik > TER L.

EA — B BRI S51T SFG o DFHT
U BOAMBEAI I BFE e DT

(4.4)

SCUEDOFIETERENOEY A MIEDLETODEAZRDDZ ENRHFKD. Z 2 TEAIX
IR D R MR T HRRIEIC L o TR EREELZIT 5. BERANCIE, BIR» B0 LI
VNER 2 T o CTEULRICEETIUL EAIRE MBI 720, ICHE LT WA A2 s - T
W EA3/N S 724E1272 % . Boore (1983) Y TIHGERFEIC L 57— U = 227 bV OE T
K@A5IZE-THZLNTEY, BEOBREROKE 13X 4.5 T 0 0 (Q1H, Quality factor) T
EEEEN TIN5,

%exp (— ”;C;D) 4.5)

T, QEBE O QM £IEI K (Hz) TH 5. D 1/D OE /I X 8 IBEEIE, exp DY
IR CH 5.

K L TIEERN ST A MZEDLETOVEHN 2 QIEORZT IS UTYHAS &7 L—F
VLT, IN—TmDo & EAEDFKRE R TV,

ZOIFAEIED, I (4.5) T O f 2R E OB TIE 72  JHBEEART L RAUFERAD L 512
BERDHZEBHERD.

. —mxf D
VEA = Sexp(SL22) =< exp (ZL)ws (4.6)

Q+Vs D Q

ZITCQ IXERN LA N ETOYLHR QE, Vs IXEFRMN OV A N ETOFHI A
Wi sl T 5.

Vs I @47 oXHrick L.

FEIRBRE (4.7)
(WAMFHE D 6 L1150 L)~ (BTG IRERT 1554 ’

HABHE DN S BN KI5 BHRIC K o THEE L, i B AR IRF I 2007 4F LLART
DHIBIZ SN TIEHAS (2009) 7 Z51H L, TSN OHIEIC OV TR RTREDOT —4 %
B L. 20X SICLTTs &Rditk, X 4.6) 2 &ic ZL o Lz, = Lf%"f D

Q
WHIRD KD 758 % LTz,

Group 1: if %f < —0.09960

Group 2: if —0.09960 < %f < —0.07472
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Group 3: if —0.07472 < "gf < —0.04982

Group 4: if —0.04982 < "g‘f < —0.02491

Group 5: if — _%*f <0

Group 6:if 0 < %_*f

Vs =3.6km/s, D=100km Z XA L, & (4.6) 1 %f 12 -0.02491, -0.04982, -0.07472,..., %4

TIE® 5 EVE. A, DfEIE 0.005, (0.005)%0.5, (0.005)*0.25,... &S HH| & LT/hEL 2%, 742
DBHRIL DIZH LTS EAREWVOI Group 6 IZEFENDT—H, kb EAMEVLDIX
Group L IZEENDT —H, LD Z LI D, 72388, Bk 2 72/3T7 A — X % EFK LT D Boore 3
RLIEAXT M ERDDL IO T T ABIWNEAZRODL T 0T T Lk, ZNEh
Appendix. A D A4 & A6 \ZfaHEL7-.

4.2 BFTOME

ATEI T4 A MMZB T DEIEOMARZES DIEHERZE o &2, HEROEREN LD EATERBET S
THEZOWTE L7z, AFI TR ERRNTHE Lo b REAIIC S W TR~ 5.

FETMTOXNGEE LIV FOIBETH 52, JFHI & U CREIRIEAE 100 km F2EE LN OIS
BTSSR SOMNE L0 72O O 5@ EEhFEn CIlIWi g a0 EE Th 5 & S 1Ak

(2007) © DFE AT LTV D, 7272 LUBEE TR L7z 2003 4E-HBE1HIEE, 2005 47 il I it
HIFE, 2 L C 2011 4F = [ iR 1 DUV CTIIE R EREE 100km F2ELINOH A R 3720, & 50
ITEETH D, E D728 2005 FEHIRMIZ OV TIEE JEERE 150km F2EE LI, 2003 45 il

B 2011 A =R IR 2OV I E I REE 200km FRELIN DY A R 2MEd 5 Z L L.
F7-V A ML o TIEKiK-net & J-SHIS Ot L TV AR FRARE S B85 50H 5.
BARBTIE, B 21F J-SHIS TIEHi T 50 m LA AW FEAS 2000 m/s & 88 2 5 s & %
ELTWDHDIZx LT, KiK-net O —V > ZFHAEOHFER TITHI T 100 m D s CH A BHEGH £ A3
F7Z1000m/s FREDETH D, LW oA THD. ZO L D72 A MIMFTL TWRW.

KHECHEOXG & LB R4S KiK-net BLLA = — R, R - BEE®, © L CRREE
% Appendix.C |[Z7R7.

B EA QBT B EEICOWTER, 228 TER L S OO#E L F1 b
ZATET0.1-100Hz & L7~
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4.3 BE

FHEORER, 557 EREEED & = VX —JE EA., BXONAHZE S OEERZE o & EA.
EDOBREARE T/RL TV,

4.3.1 2000 FREVREERICE 1T SR

2000 E S BUREEHIEE NSO NT= D & EA, BXONFZES D o & EA & OBMREJEH K
HIBAEIC Z 4L Figd.2, Figd 3 IZR 7. £ 2 NZD Group (28 £ LBV A N OfLE
BfR% Fig4.4 2757, Figd2 & Figd3 nHRo K 5 iz R TR 5.

7) Group D D & EADERITFE L - TEY, £72 Group MDD LMK CTH 5
A) Group [HlD 0 & EADBMRDOZAETZNIZERE < 72

7) o & EADBMROAEINIE BRI D IE LRI D
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Fig.4.2: relations between D and E.4. for 2000 Tottoriken seibu earthquake
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Fig.4.3: relations between o and E.A. for 2000 Tottoriken seibu earthquake
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Fig.4.4: locations of sites in each Group for 2000 Tottoriken seibu earthquake
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4.3.2 2004 FHBRPEMRICE T HHBR

2004 FHIB LB LG ONTZ D & EA, BIONAMZES D o & EA L ORMRZ AT
WA Z I Z I Figd.s, Fig4.6 |ORT. £72 2D Group 128 FH DBV A~ ONLE
BIf%% Fig.d.7 12773 Figd.5 & Figd.6 MHIROD X 5 7effiim a2 i CHu .

7) Group D D & EADBRITE L F->TEY, 72 Group HIDZES AR TH 5

4) 0.1-1.0Hz(ZHF 2 Group MDD 0 & EADBROEITRKE W, —JF, @ BEEREH T

Group D ZEIT/NE W

V) o & EADBURO AR AR 51T LRI S,
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Fig.4.5: relations between D and E.A4. for 2004 Niigataken chuetsu earthquake
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Fig.4.6: relations between o and E.A4. for 2004 Niigataken chuetsu earthquake
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Fig.4.7: locations of sites in each Group for 2004 Niigataken Chuetsu earthquake
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4.3.3 2005 FERRBAPHRICE T HER

2005 A4 [ R P 5 RN DR SN D & EA, B L ONAZES D o & EA & OBIREJE B
Bk 2 2 N E A Figd.8, Figd.9 \RT. 122NN Group (ZH EN ALY A DAL
& A% % Fig.4.10 |Z7”7". Fig.4.8 & Figd.9 /DR X 95 7efdin 2 B CHUnLS.

7) GroupfED D & EADBRIZE L £-TEY, £72 Group D2 FLERIBIE CThH 5
A) EORPEEAFRE R TH Group B D 0 & EADOBEROZET/ NS W

7) o & EADOROAENIEERIIC R HIE AR D
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Fig.4.9: relations between o and E.A. for 2005 Fukuokaken seihouoki earthquake
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Fig.4.10: locations of sites in each Group for 2005 Fukuokaken seihouoki earthquake
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4.3.4 2007 FRESF EHHMBICH 1T HIER

2007 FEREB BN HIEMNOE SN D & EA, BXONARES D o & EA L OBMRE JEHREK
WA N Fig4d.11, Fig4.12 (R T, 7122020 Group 12 N DBV A DAL
& R9fR % Fig4.13 (2”7, Figd.11 & Figd. 12 »HRD X 5 Zefiia 2 A CHnS.

7) GroupfED D & EADBRIZE L £-TEY, £72 (Groupb LIFL D) Group [ D 7§ bhig
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Fig.4.40: locations of sites in each Group for Surugawan earthquake
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Fig.4.45: relation between o and E.4 in 0.1 — 1.0 Hz for 2008 Iwate-Miyagi nairiku earthquake

(red x marks are for sites where bedrock are located more than 450 m deep from the ground surface)
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Fig.4.53: relation of o and E.4. in crustral earthquakes in 0.1 — 1.0 Hz

(sites where bedrock are located more than 450 m from the ground surface are eliminated)
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Fig.4.54: relation of o and E.4. in crustral earthquakes in 0.1 — 1.0 Hz

(only sites where bedrock are located more than 450 m from the ground surface are included)
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Fig.4.60: relation of o and E.4. in interface earthquakes in 0.1 — 1.0 Hz (all data considered)
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Fig.4.63: relation of o and E.4. in interface earthquakes in 1.0 — 2.0 Hz
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Fig.4.65: relation of o and E.4. in interface earthquakes in 3.0 — 5.0 Hz
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Fig.4.68: relation of o and E.4. in intraplate earthquakes in 0.1 — 1.0 Hz (all data considered)
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Fig.4.69: relation of o and E.4. in intraplate earthquakes in 0.1 — 1.0 Hz

(sites where bedrock are located more than 450 m from the ground surface are eliminated)
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Fig.4.70: relation of o and E.4. in intraplate earthquakes in 0.1 — 1.0 Hz

(only sites where bedrock are located more than 450 m from the ground surface are included)
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Fig.5.1: nine ground motion examples considered in this section in 0.1 — 10.0 Hz band
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Fig.5.6: ground motion example in Fig.5.1.i without zero amplitude after 81.92 s

% LT Fig.5.6 DBV TIAAEZE S & 7— ) ZIRIEOBR 2 5 & Figs. 7D X H 127 %.
Fig5.7 & 7. % &, Fig52.all oL s L O RERAHIBICZ 2. 2O Z LG, Winde L itk
W T HHBEC 0 2002 TR & 3L Fig.5.6 O X 5 2 fikizEy & 7 — U —iRiE O B
DFHLND EHEEIND.
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Fig.5.7: relation between phase difference and Fourier amplitude for ground motion case in Fig.5.6
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D, IZONWTEBET L EZHIIRO LSBT LAY ZLEER LU YO 5RO 7
— ViR Z F, (AT EFERO & 2 BRI IS T 285 & L TRV BmEH L0y
B ORIER 1L 0 L BWTERTS) L9458

1.

7.

BIES D AR TNHZEDA ¢ ZTEFRT D, BET L7 AR Ak Ciir
FZEDAGIZT UL E L TRV Z20OAMHEA o R TT S

JE PG T 4 = F*cos(¢) & B=F*sin(¢) ZHIET 5.

B HAZENL~L MNEHLTRDS (b LEEIC F A ¢ BFESIT B A~UL NEHLO R
BCHHATELDTHIUL, ZOMRETB=B"Ths. ERITZEIRHRLVWTHAH.B
& B OB R 720, Bt AR IC B W CHBIRE A B L TR £7-B L B
DA Z BT 5)

A& B, Bz 77— ZiBE F,., 5 ED 5.

ErT 28N TO F & FlOTR/)LX—tR = L Fi R D

2
Zk Fnew,k

Frew = Fpew * VRIZk > T, TRLF— LAV DMR TV T By EEFRT D

Fpow & F LB, FIH2ITKD

ULEDOTNLTY X L% BE B OMBENTSICEWEHWHRS ETHITS. 6 LB & B R
SERMEROIEFE o 27— ML CTARINIBERITZERRIEE 2L T 5. 207
L3V XL FCFRIR L7z Matlab 7' v 75 A % Appendix. A (27”7,

EFFITIEOT VT ALEEEE ZTRO L9 G EIT - 72 E 39T 545k % 0.1 -10.0
Hz & LT, Boore (1983) DA ERIF ALY M EER LT /3T A —X XS T E&E2REE
TIEHE 0.=0.1*2 7 (rad/sec) & L, ZDOMIZBI L TILR,,=0.63, Fs=2, Prrriv=1,5=4, @, =
6.0*2 7t rad/sec, Myl% M,,=7.0 £ BV TR (4.3) #FITHEE L7, 7255 0.1 Hz LA R L 108 10.0 Hz
PLEDRGIE A > b LTz, AT MVOBE % Figs.8 IR T. £ 0FITIxXY 7Y 7
W HiA 200 Hz, 7— Z$L N % 32768 & LT\ 5.

IZ 2001 HEZETHIED KiK-net TH5eH 1 b (Hifh NS F%4y) @ 0.1 -10.0 Hz (21T HAiFEZE
BhZDIF—AALT 4 DIZDIZHND Z L L Uiz, 728 KiK-net 551 b OB 114
RS OIRMEDS E DR I 2 R CH/NE L, NEMEEZ MR- L T\,
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Fig.5.8: example of Boore (1983)’s source acceleration Fourier spectrum

5-25



B*

05

05

-1

05

x 10

Iteration 1

0.9848

Iteration 3

0.9954

Iteration 5

0.9953

x 10

Bx
o

Iteration 2

0.9946

05-

-1

Iteration 4

0.9954

05 1 15

B*

Iteration 10

0.9926

5-26

Fig.5.9: correlation of B and B” for different numbers of iterations
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MUK LEEE 3 &L FERO. o7 — U ZBEE o7 — U TiEiE% Fig.5.10 12
AT HESNT T — ) ZIREIZZR O ONRART MV ERIFEOTZRLF—ZFFoTNHNR, &
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Fig.5.10: simulated Fourier spectrum
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Fig.5.11: simulated ground motion
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5.3 ARMZR-THEHNLEZS THVMEROLLE
AEITIZRRNE 2 72 HURB) & £ 5 TRVHIBRBI ORI 2 ik 5.

IR SRl i 7= 9 M BB 2 R 3 5. T RERICBI S - ESh o b 5, 2.2 B Cifam L 7=
5 OO BRI E TITBWTHRREEZB - L TV D b0 2ES. F L CGERIEN - HES N
FZES L 52 i T L7 A2 RAITE - T Figs8 DRD NG T — I TiRF4A2 XXX
SEEL MR LHREREII3EE L2, £ L COMMAZES E S8 SEE7— ) iR
MO EART H. ZOWHEEZ Al LFESZ LI2T 5.

ZRUCHR LT, IR Z 72 L CO R W REEE Lz, 97 —FEE 7228 Al OE
IZDWT, 22 i Tk L7 S DDOFINENEIUCEB W TR ES Z T X DIE~EZ 5.
ZLTC ECHEE L ESEI L7 — Y ZiRIR & WOVE X T2 0 b A AT 5. 2
DOEMEE 10 [ T o 72, ZOFIERIC KL DHIEE Bl LIRS, Bl O IT T ONAFESY & 7 — D#
FrERAFFLRNG, REMITHE L T,

TR BIIR D X O ITHERL LTz, Al DIETBAIZHOWT, 22 Hi Cigim L 72 5 DO HH 4 AT 7E
DO, o #EHHTH. E L TENDS ZRERITIEHELEE BAE I EEFIMOMMEE S E L, DX
IXE L7 — ) = fRE LA bE THEEEAKRT 5. ZOEEE 10[EiT- 7. 2O HIEIC
K BWIEE Cl LRSS, Cl O ONAZEFITE DO IE ONARZE S D u & o DFHA L, [REMT
) PR GAYASAY

ZNENDOFIETER S NI OF % Fig.5.12 1ZRT.
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Fig.5.12: ground motion Al and examples of ground motions B1 and C1
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5.3.1 BEARY MILIZX HHEEK

TERR ST D S%IBERINE AT MV EEST 5. FTHE Al OIRE AT MV EE
L,PGA &L 228 T o712 5 DDOHIRZE N IUTEIT D A7 MVSEOEHEEZRD D [T
FHE A 10 F 0 Bl OFIEAE % 12OV TIT 9. £ L CEHIRICI T D Bl Offl # DD A~
MUIREE (PGA &1r) % Al DD AT MVIEEE THRT. 2 Ofi% Reg & FES. &I
1083 5 Reg D) EFEMERZAEZ LY, TN E rsr & 0 rsr & T 5. Cl DIFFIZONTHE
< [AARIC i rsr & 0 rsp Z BT 5. Table.5.2 ICFNENDOFEIEDITERECIIT D 1 rsr & 0 rsR
DIEZ T

Table.5.2: values of 1 rsgrand o rsg in each frequency band for B1 and C1

a) ground motion Bls

0.1-1.0Hz | 1.0-2.0Hz | 2.0-3.0Hz | 3.0-5.0Hz | 5.0-10.0Hz PGA
U RSR 1.087 1.083 1.302 1.183 1.313 1.082
0 RSR 0.049 0.109 0.061 0.089 0.121 0.080

b) ground motion Cls

0.1-1.0Hz | 1.0-2.0Hz | 2.0-3.0Hz | 3.0-5.0Hz | 5.0-10.0Hz PGA
U RSR 1.242 1.232 1.468 1.450 1.357 1.241
0 RSR 0.053 0.075 0.095 0.075 0.138 0.181

Table.5.2 D p per & LT 25 &, RAKHIIZ Bl OO 505 C1 DI LD A7 S VISR
INE L, AL DIETENS DFREND IR, BHIL S SO 2 TIZB W TR R A2 mZ L
TWAHTEE & HICZH0RIN U, [F Uit 2 U7z, (AR 25 OFEIZ S U T O 4 2 [A2,
B2, C2], [A3, B3, C3], [A4, B4, C4] L KFLT 5. &4 D5 % Table.5.3, Table.5.4, Table.5.5 (2%
NIRRT ZNENOFRERD OB urp ITHEETHLIFEAED T —RIZHBWT B2, B3,B4 D
W OINEMED 5D C2, C3, C4 DIEFEDISEEL D /S W, FFIZ 3.0-5.0Hz & 5.0-10.0 Hz (2
BT DMEDOZEIIRKEZ V. —F, o jep (1T ORI L 2 BfERME O Z X720,

ZOBRFSOFRERINHHELET HIZ B3 & B4 THEE L TAIES 2 & LI S 2RI,
n & o DAHEF L TIERELE & RUE S VA A0 Z2 R OBIE K0, FrIC @ B Ee T/ &
WIREZ R RN B 5.
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Table.5.3: values of 1 rsg and o rgg in each frequency band for A2, B2 and C2

a) ground motion B2s
0.1-1.0Hz | 1.0-2.0Hz | 2.0-3.0Hz | 3.0-5.0Hz | 5.0-10.0Hz PGA
U RSR 1.054 1.086 1.170 1.196 1.084 0.772
0 RSR 0.043 0.050 0.070 0.049 0.138 0.103
b) ground motion C2s
0.1-1.0Hz | 1.0-2.0Hz | 2.0-3.0Hz | 3.0-5.0Hz | 5.0-10.0Hz PGA
U RSR 1.099 1.112 1.267 1.239 1.289 0.831
0 RsR 0.036 0.047 0.060 0.055 0.127 0.118
Table.5.4: values of u gsgand o ggg in each frequency band for A3, B3 and C3
a) ground motion B3s
0.1-1.0Hz | 1.0-2.0Hz | 2.0-3.0Hz | 3.0-5.0Hz | 5.0-10.0Hz PGA
U RSR 1.137 1.197 1.207 1.225 1.289 1.188
0 RsR 0.030 0.064 0.074 0.077 0.082 0.124
b) ground motion C3s
0.1-1.0Hz | 1.0-2.0Hz | 2.0-3.0Hz | 3.0-5.0Hz | 5.0-10.0Hz PGA
U RSR 1.240 1.194 1.190 1.309 1.405 1.255
0 RsR 0.070 0.064 0.062 0.080 0.093 0.168
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Table.5.5: values of 1 rsg and o ggg in each frequency band for A4, B4 and C4

a) ground motion B4s
0.1-1.0Hz | 1.0-2.0Hz | 2.0-3.0Hz | 3.0-5.0Hz | 5.0-10.0Hz PGA
U RSR 0.833 1.166 1.119 1.126 1.009 0.860
0 RsR 0.049 0.058 0.058 0.080 0.089 0.107
b) ground motion C4s
0.1-1.0Hz | 1.0-2.0Hz | 2.0-3.0Hz | 3.0-5.0Hz | 5.0-10.0Hz PGA
U RSR 0.866 1.260 1.212 1.236 1.132 0.874
O RSR 0.037 0.060 0.117 0.092 0.138 0.100

5.3.2 MEBHDALMMICK HHLE

IR CAREI CIER S T2 IR T O @S T 2 el 2. B1 O 10 [ OEAETE 2 i &, 2 O %
%.ClD 10 I OWTHREERDALEEE T 5. = LT Al OFTEOEKEIE & 7o, R %
Fig.5.13 127~k 7. £7- [A2, B2, C2], [A3, B3, C3], [A4, B4, C4] IZ>W T {2 < [Al URRIZEREIE %2
Lo U7, f& 3% Fig.5.14, Fig.5.15, Fig.5.16 \ZE N E R

FTNEFNORE /D &, EBEOMARESS 72 T 2 DWW~ 2 7~ Bl, B2, B3,B4 O MUFESE & 1E
HELB AN RSy & LTz Cl, C2, C3, C4 OWFIEIXIZIERIEIR O EZH L TN 5.

PEDZ LMD, @RET—RA L NG MR EZ T TMHES TR L CHEBOIED
TERR & DEITKIRKREZ W EF 2 5.
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Fig.5.13: envelopes for Al, Bl and C1
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Fig.5.14: envelopes for A2, B2 and C2
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5.4 £&®

ARETIIARFESY & 7 — ) TIRIROBURIZHONTELE L2, 5.1 Hi TV DD TEAIZ DN T
fifRZEsy & 7 — ) TIRIEDOBIRZ R L, W& OMICBRIEN & 5 & e L7z, 5.2 #i CIRE R
a7 — ) BT RFO I & B O B v L N EHLO BRIEIZ DU Cilii, 5 e 61 & H
WTHARZE Y & 7 — ) TIRIEORREZ B 5 Uiz, E-EEEEIRD e L N B O BRI %
WETHT NI ALEREL, FETHEAT D700 0 0RANT MVENFEZES D% 5
LT AN —2HRTH LR LICERNICESESEES 2 L aildAr-. &%ZIC53HiT,
(RIS A4 72 3 R B & & 5 CTRWVHUBB) ORI A S E A7 ML & aigTE & MBI bl L7z,
JRBHRFEIZ DT, RIS RO I CAAARZE D 2 SIRE— A P ETERE L TER LY
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6. EEHNREERTFEADRR
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X85 B4DENHEERRETH D Z & Zon Lic. BHIUE TIIHHERO NS E M OR B E 5T

EA&wﬁﬁﬁ’iD o HMEDZ AT « FIRBAFREICHEE T2 FlEE R LT B HETIT

B RO L B LSS Z & Aaifklc, KR (7— U =B L7ZREO ISR & E
ﬂ@tW“W$£@@%%)%ﬁ%éﬁéi?ﬁ7w3J1A%T%LﬁQﬁETi_ﬂ6®
FERZ A U TR HUEB 2 (E T 2 HIEZIRET 5.

6.1 REBRBERFiE

AEIT

1.

IR R HUE B DR IR A B 5.
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S TWHIEEVERT 5. o B/ S < RREMEZR T 5 EHE S5 HiEEh 2 (ERk 7
LHEANE, BHEETRELLZT LAY XL E2ANT 77— iR s & SIS %I,
7 — ) i LTIl A ERT .

U EOTFINEIZ L » TGS TP SN =R A= LV ERE L, SIRE—A L FET
B S NIANARZEy 7 FR D, MEGERER 2N A IR S & Tl e L7 MBI e 2 fEk T &
%, Z OWFEFITE AWHEE 2000 m/s DL EOFRICBWTBRIEND EEZ LN LD THS.
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2. BJFAWEER T A = F*cos(d) & B=F*sin(¢) ZHHT 5.

3. BHZAZENL~YL MEHLTRD D (b LEEICF LA MB5ERITEL~UL MEHRDRS
BCHATEADTHIUL, ZOETB=BThs. EBIIELHI> R RN THA5. B
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1. Assume the type, magnitude,depth and hypocenter
location of earthquake for the construction site

Y

2. Determine % from the hypocenter to the construction site in each

frequency band |:> Determine which “Group” the site belongs to

5. Determine o of phase difference W ( 3. Find E.4. and determine the
from the E.A4. value in each < Fourier amplitude level in each
frequency band J L frequency band

A 4

v

6. Determine f3and f 4 of phase 4. Define the Fourier amplitude
difference from the ¢ value in each
frequency band

\ 4

7. Define phase differences in each }

frequency band

8. Take the inverse Fourier transform. If the strong motion’s duration
is considered to be short, use the algorithm in Chapter 5

A 4

[ Design artificial ground motion is complete ]

Fig.6.1: flowchart to generate the design ground motion based on this research
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6.2 REEERENERHI
AREITIE 6.1 fi TIRE ST ERBNER Tk & EBRITEA L, WA 1T 5.
FTHRMOFE LTRIEIOFNE 1 IZBW T, RO L D 7eiBEE 2 5.
B FHD M, = 6.6, FEIRZE S 13 10 km F2EE, FRIRHIT 2004 4500 W iR & A U

IR U TR 2 R S IR 0 5 B, HTR RIS B D ETRIEEE 100 km O S PTIA# S
WA ET D LEET S, FIE2 & LT, BIE, SRR E CoREI I BT 5 =L ‘”*f

FEHELEEZ 5,n}<u+i’£ﬁiif®'ﬁ?fﬁ’CGroup4 CBRTAHIEN ol T 5, 432§ﬁ0)
Fig.4.5 24 2 & K JERBARIIC BT 2 =R VX —B0R EADROEIC: D (FIE3) .

0.1 —1.0 Hz: 101
1.0-2.0 Hz: 107*%
2.0-3.0 Hz: 107
3.0-5.0 Hz: 10
5.0—10.0 Hz: 10**

FOFFIRIZBIT D EAOMENS Z OFGHHAIZEIT 57—V RO L)L 2RO S 2 &
DR S . 4.3 Hi CEFE D 2004 TR R HBHTE O NEE R A X7 hLET UTBN
T, FHICHEE ST EA DV FHREB|ITEDEDLZ LICLSTUTFOL I 72 AT F L%k
5% (Fig.6.2) .
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Fig.6.2: Fourier spectrum estimated from the value of E.A. in each frequency band
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0.1 - 1.0HzZHBT HNFHES D o ZHEET H L 0 =0.743 rad 215 5. [AIFEIC Figd.55 225
Fig.4.58 % AW CEJE BRI D EA DEZILIZ o ZHEET D EIRD L H 1272 5.

1.0-2.0 Hz: 0.365 rad
2.0-3.0 Hz: 0.315 rad
3.0-5.0Hz: 0.278 rad

5.0-10.0 Hz: 0.307 rad

f}LU\T$JIE6 <‘: Lffﬁ]ﬁjlﬂ*qj@ﬂﬁ @O <‘: B3j;0ctU‘O <‘: ,84@%5'1‘6?&" B3 <‘: B4®fﬁ

» 5. 3.58i0 Table.3.3 DEIFEE NSO 2 b DIEEHEET D &,
0.1-1.0Hz: B3;=-0.714, B,=5.23
1.0-2.0Hz: B;=-0.463, B,=6.34

2.0-3.0Hz B5=-0.290, B 4=6.57
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3.0-5.0Hz: $5=-0.298, 34=6.99
5.0-10.0Hz: 3;=-0.376, §4=7.03

T TEZES D p RO T IE R B AW IO o 75 L, 0.1 - 1.0HZ IZBT D o
IZFNUSNDEIRLD 0 ITHRTHR Y KREV. Lo TREHTH U u D% 5 25 O3]
Thd. TN TIFHERIZIZB O TEEY & O BREBAEHRM T o BN R 556, 1 OEITE DR
HEOTWDHDEAI N ZNEFET 5720, BEITETRO L S RifEtE42E®R L=

Au1= pi10-20H— L01-10Hz
Ao 1= 010-20H,~ 001-10Hz
Aur= U20-30H— H10-20Hz
A0 2= 020-30H— 010-20H
Aus= pi3o-s50H,— L20-30Hz
A03= 03050H,~ 020-30Hz

Apu4= Us0-100H— H3.0-50Hz

A0 4= 050-100H— 030-50Hz

AT 1o 0 gl TENTER, ZOHIRKNONARZEST D u & o THDH. FEFITHEOA H =X
LA E A0 A E Aoy Al Ao BEOAu, & Aoy OB Z1ERL LT=.
BN ORE R Fig.6.3, 7' L — MEFRHE O R % Fig64, £ L TA T THHEOR R %
Fig.6.5 IZZNZEIRT. &Kx O %E R D EHER O ROZEIS F 0 20, 728 Eerk o
pDEE o ODEIITRNAOHENRS S Z L& RTINS, ZOFNZEWTA 1= 010 208~
001-10H, 1% -0378rad THD. Ko TEHILAu, % 038rad &35 &I LT-.
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Fig.6.3: relation of Az s and A o s in all crustral earthquakes




Ao1 (rad)

Ao2 (rad)

1.0

0.5

0.0

-0.5

-1.0

1.0

0.5

0.0

-0.5

-1.0

A Tokachi
A 2005 Miyagi
Sanriku

>y

Au1 (rad)

a) Ap1-Aoc1 relation

1.0

4 Tokachi
A 2005 Miyagi
Sanriku

-1.0

T T T
-0.5 0.0 0.5

Ap2 (rad)

b) Ap2-Ac2 relation

6-10

1.0




Ac3 (rad)

Ac4 (rad)

1.0

0.5

0.0

-0.5

-1.0

1.0

0.5

0.0

-0.5

-1.0

4 Tokachi
A 2005 Miyagi
Sanriku

-1.0

T T T
-0.5 0.0 0.5

Au3 (rad)

c) Ap3-Aoc3 relation

1.0

4 Tokachi
A 2005 Miyagi
Sanriku

-1.0

Au4 (rad)

d) Ap4-Ao4 relation

6-11

1.0

Fig.6.4: relation of Az s and A o s in all interface earthquakes
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Fig.6.5: relation of Az s and A o s in all intraplate earthquakes




VL E DR D> O A AHIRONAFRZES ORI R (1, 0, B3, B ZKOLIITLI
0.1 - 1.0 Hz: [-1.66, 0.743, -0.714, 5.23]
1.0 — 2.0 Hz: [-1.28, 0.365, -0.463, 6.34]
2.0 -3.0 Hz: [-1.25, 0.315, -0.290, 6.57]
3.0—5.0 Hz: [-1.13, 0.278, -0.298, 6.99]

5.0-10.0 Hz: [-1.20, 0.307, -0.376, 7.03]

ZDOEDITHERE SNTMETEE R OMAES %, ZIEHALEELZ VT T CERT D
(FE7) . & L THREZICFIA 8 THEEEZIENKT 5. Z OFITIIEEOEGERORIEIT/ NS &
EZoN, NEEEZHRET 2TV ITY AL E2ZOEEH D, M0 LFHHEFEEE 3 & LT
EaER Lz Z 5, Fig6.6 DX 51272~ 72. Fig67iZ7 VTV ALzl TESSS S0
D7 — 1V TIEIEZ Fig.6.2 D72h Hn7e 7 — U TR & IR,

YLk, FIE 12RO TRE L7a BN RAE LA, S TR SN D B2 b b i
B AERR LTZ. L LRIR O X 912, 5 TlEE B EE OER AR MVRRET DI0E A
AT MLV BT TR 2B T DM ERH H. £ Z TROA| & LT, Appendix.A, A.8
O FurT AERW, FiER (MEEAK 2=09) THRICERET I HER (LU 1) &0
IR TOERANRT MV ERILASIVDIGEART M EFT DB EERT 5. W20
2O EOFIRT TERINTC O, HHIRET 57— U =iRKIE F X Fig62 LRILE T 5.
BAE L7 DR AT MV % Fig.6.8 [T T

@ [l o b e e e
g o ll ‘:‘uh‘m‘)‘mlﬂl“‘ e R L L L —
_5 L a
10 L a
_1s . , . . . . . .
o 20 40 60 80 100 120 140 160 180
time (s)

Fig.6.6: simulated ground motion in the first example
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Fig.6.7: updated Fourier amplitude in the first example
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Fig.6.8: the design response spectrum in the second example

Appendix. A, A8 D71 7T Lk 0K LA S E 3 & L CRIZAR L7z /R S 72
TE% Fig.6.9 |2, £ DWWTEDINEANT bVESERARY hL & i Fig6.10 IZ7~77. Fig.6.10 D
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Fig.6.9: simulated ground motion in the second example
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Fig.6.10: response spectrum of the ground motion case in Fig.6.9 and the design response spectrum in the second example

ZZET O ODWIBERS 2R Uiz, FFHIZE BICHOOB 2T L, B ER 21T - 7-. #8
T LT OB A e A D — > D & 21T Table.6.1 (12579, Table.6.1 & AT 05 & 5 I HE
DX A TR & O, EREHHUS A HEREE LICH 2008 5 b, HRART MO LY B
P BEEEHHIARICE D ETOMBEDO K/ N &, Kmsl D ZE TOma I E 272 E TR~
X EL ODFMEE Lz, 72 BEBIOEIR (Hypocenter) 13 1,2 7% 2004 4511k I Pk HiEE, 3 28
2000 - S HURPEEHIEE, 4 25 2003 =B HIEE, 5 203 2005 4= 1 R HIEE, 6 2% 2000 42 Tl
=, 703 2009 FEEEOHE LR U TH D.
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Table.6.1: examples for ground motion simulation in this thesis

Depth D Fitting to sed(i)rrrllentary
# Type M, (km) Hypocenter (km) Group the design spectrum? layer?
1 | crustral 6.6 10 Long. 138.87 Lat. 37.29 100 in a114bands No No
2 | crustral 6.6 10 Long. 138.87 Lat. 37.29 100 in all4bands (with Level lYaersld 7=0.9) No
3 | crustral 6.6 10 Long. 133.35 Lat. 35.28 30 in all3bands No No
4 | interface 7.9 45 Long. 144.07 Lat. 41.78 150 in alleands (with Levelzzsnd Z=1.0) Yes
5 | interface 7.1 45 Long. 142.28 Lat. 38.15 100 in all3bands No No
6 | intraplate 6.7 55 Long. 132.71 Lat. 34.12 80 in a114bands (with Levelzzsnd 2=0.9) No
7 | intraplate 6.2 25 Long. 138.50 Lat. 34.78 50 in allzbands No No

Table.6.1 DF 3 705 7 £ TORK —AZBWT, Bk S - HES) 2 DL T Fig.6.11 75
Fig.6.15 £ CITIEIZ T

Z 2T, Bl 4 2T IR R E A T S 2RO HEE) A RE LTV DL Fig6.12 DRG0 D KD
(2, W IER A O K & 72 IR06 2 e S ICf b, HEffE Lot M CRIIIS LD & 9 eRimk &
LWRRE A 2 TV 5. DDA R T\ < &, B RO HEEIREIZ TR O #RIE
KRR E V. LA L Fig6.13 & Fig.6.14 O IITAIRICE — 7 ICE LR L DICEET S &0 )
HIERE) O LI R EETE 2R > T\ 2.
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Fig.6.11: simulated ground motion in the third example
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Fig.6.12: simulated ground motion in the fourth example
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Fig.6.13: simulated ground motion in the fifth example
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Fig.6.15: simulated ground motion in the seventh example
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ZORER, 0 & EADORARUIHIED ¥ A THITEARNCE/2 5, 3.0 Hz L F ORI CIIHED~
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Appendix. A

2T, RSN TRTICH W BN T e 7 T AR E#ET 5. S5E1T Fortran 77 2> Matlab %
HFHLTWD. b HbAAMMOSEEZAVTHLRRAEETH . B & VW ) BID =0, EH
DEBEOBFHZBWTHEH LT\ e O &b a BRI HE T8 8 2 03, #6E - B
2L AL THD. LT, 77T AOMEL/RT. LUF, IERERIEOY > 77U > 7T #01E 200
Hz, 77— Z $003 32768 fH &L WO RED E L ahiztEd 5.

A.1:0.1-10.0 Hz \Z& N DA 2, T OFEMEE Y + 7 IZIE D KO ITHRIEL T b 1,
o, B3 BaEHMTD

A2: 228 TH -T2 S DOWIRIZE N DNARZE T 2, TN ILDOHIEN TEDOFEIEE Y + =
WCIED LD ICEIEL T B, o, B3, BaaHEIT 5

A3: 2281 T~ 72 5 OOFIRF LTV0.1 — 10.0 Hz (2 F N DNARZESY & 6502, SRl 2k &
RS D £ m IZE D K ITEEL T B, o, Bs, BaEHHT S

A.4: Boore DNIFHERIH ALY ML EERL, 228 TH -7 5 DOHIRICE T DH =RV F—
OIS E R T 5

A.5: iR DR ER R A 5T 5. Appendix. B (28 5 HUARTEH & & IV

A6: 2281 CH -T2 5 DOHIKF L TVN0.1 - 10.0 HZ IZENE UKW T EAZFHET 5. I
NS 5y & EW (532 ANJ13 208, 71 77 ADIEFTRY MG E LD

AT R 2 ERBOR N TRER SNTAES DD, RO BN T — Y AT bk, KR
PEMESEL-DICT IS5

A8 AT DT T T AOUE T, R AT MUPRRF O FF — LUV EREF LR G,

RYEZW =TI b7 —) AR ML EZISZTEEED
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Program to compute mean, standard deviation, skewness and kurtosis values of phase difference in
0.1 — 10.0 Hz band assuming the number of data is 32768 and the sampling frequency is 200 Hz
requires FAST.f defined by Ohsaki (1994) to be utilized

Coded by Ke. Nagao

REAL X(32768)

COMPLEX C(32768)

REAL A(32768),B(32768),P(32768),Q(32768)
REAL E(32768),Z(32768),F(32768)

DATA NN/32768/

open the input file (ground motion)
OPEN(1,FILE="INPUT.txt’)
READ(1,*)(X(L),L=1,NN)

CLOSE(1)

take Fourier transform

DO L=1,NN
C(Ly=COMPLEX(X(L),0.)

END DO

CALL FAST(NN,C,32768,-1)

compute phase angles
DO K=1,NN

C(K)=C(K)/REAL(NN)
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AK=REAL(C(K))
B(K)=IMAG(C(K))
P(K)=ATAN2(-B(K),A(K))
IF (P(K).GT.0) THEN
P(K)=6.2832-P(K)

ELSE

P(K)=-P(K)

END IF

END DO

compute phase differences

DO K=1,NN-1

IF(P(K).GT.P(K+1)) THEN
Q(K)=P(K+1)-P(K)

ELSE
Q(K)=(P(K+1)-P(K))-6.2832

END IF

END DO

compute the mean and standard deviation values
WX=0.0

DO I=16,1638

WX=WX+Q(I)

END DO

AV=WX/1623
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AVI=AV
DO K=16,1638

E(K)=Q(K)
END DO

DO M=1,5
DO K=16,1638
IF(E(K).LT.AV1-3.141593) THEN
E(K)=E(K)+6.2832
END IF
IF(E(K).GT.AV1+3.141593) THEN
E(K)=E(K)-6.2832
END IF

END DO

WX1=0.0
VX1=0.0
DO I=16,1638
WXI1=WXI1+E(I)
VX1=VXI+E(I)*E(I)
END DO
AVI=WX1/1623
SDI1=SQRT(VX1/1623-AVI*AV1)
V1=SD1#*2

END DO
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C compute the skewness and kurtosis values
B3=0.0
B4=0.0
DO K=16,1638
B3=B3+((E(K)-AV1)**3)/1623/(V1**1.5)
B4=B4+((E(K)-AV1)**4)/1623/V1/V1

END DO

C output results
OPEN(2,FILE="PD.csv’)
WRITE(2,400)(Q(K),K=1,NN-1)
CLOSE(2)
OPEN(3,FILE="ST.csv’)
WRITE(3,500) AV1,SD1,B3,B4
CLOSE(3)

400 FORMAT(3X,1F15.4)

500 FORMAT(3X,4F15.4)

END

A.1: Fortran 77 program to compute statistical values of phase difference in 0.1 — 10.0 Hz

Appendix-6



Program to compute mean, standard deviation, skewness and kurtosis values of phase difference in
the 5 frequency bands in chapter 2.2 assuming the number of data is 32768 and the sampling

frequency is 200 Hz

QO o a 0

requires FAST.f defined by Ohsaki (1994)

C Coded by Ke. Nagao

REAL X(32768)

COMPLEX C(32768)

REAL A(32768),B(32768),P(32768),Q(32768)
REAL E1(32768),E2(32768),E3(32768)

REAL E4(32768),E5(32768),Z(32768),F(32768)

DATA NN/32768/

C open the input file (ground motion)
OPEN(1,FILE="INPUT.txt")
READ(1,*)(X(L),L=1,NN)

CLOSE(1)

C take Fourier transform
DO L=1,NN
C(L)=COMPLEX(X(L),0.)
END DO

CALL FAST(NN,C,32768,-1)

C compute phase angles
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C

DO K=1,NN
C(K)=C(K)/REAL(NN)
A(K)=REAL(C(K))
B(K)=IMAG(C(K))
P(K)=ATAN2(-B(K),A(K))
IF (P(K).GT.0) THEN
P(K)=6.2832-P(K)

ELSE
P(K)=-P(K)
END IF

END DO

compute phase differences

DO K=1,NN-1
IF(P(K).GT.P(K+1)) THEN
Q(K)=P(K+1)-P(K)
ELSE
Q(K)=(P(K+1)-P(K))-6.2832
END IF

END DO

compute statistical values in 0.1 — 1.0 Hz band
W1=0.0
DO I=16,164

WI=W1+Q(l)
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END DO

AV=W1/149

AVI=AV

DO K=16,164
E1(K)=Q(K)

END DO

DO M=1,8
DO K=16,164
IF(E1(K).LT.AV1-3.141593) THEN

E1(K)=E1(K)+6.2832

END IF
IF(E1(K).GT.AV1+3.141593) THEN

E1(K)=E1(K)-6.2832

END IF

END DO

WX1=0.0

VX1=0.0

DO I=16,164
WXI=WXI+E1(I)
VXI=VXI+EI(I*E1(I)

END DO

AV1=WX1/149
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SD1=SQRT(VX1/149-AVI1*AV1)
V1=SD1#*2

END DO

B3 Irepresents skewness and B41 represents kurotsis
B31=0.0
B41=0.0
DO K=16,164
B31=B31 +((E1(K)-AV1)**3)/149/(V1**1.5)
B41=B41+((E1(K)-AV1)**4)/149/V1/V1

END DO

compute statistical values in 1.0 — 2.0 Hz band
W2=0.0
DO 1=165,328
W2=W2+Q(I)
END DO
AVV=W2/164
AV2=AVV
DO K=165,328
E2(K)=Q(K)

END DO

DO M=1,8

DO K=165,328
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IF(E2(K).LT.AV2-3.141593) THEN

E2(K)=E2(K)+6.2832

END IF
IF(E2(K).GT.AV2+3.141593) THEN

E2(K)=E2(K)-6.2832

END IF

END DO

WX2=0.0
VX2=0.0
DO 1=165,328
WX2=WX2+E2(I)
VX2=VX2+E2(I)*E2(I)
END DO
AV2=WX2/164
SD2=SQRT(VX2/164-AV2*AV2)
V2=SD2**2

END DO

B32represents skewness and B42 represents kurotsis
B32=0.0

B42=0.0

DO K=165,328

B32=B32 +((E2(K)-AV2)**3)/164/(V2**1.5)
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B42=B42+((E2(K)-AV2)**4)/164/V2/V2

END DO

compute statistical values in 2.0 — 3.0 Hz band
W3=0.0
DO 1=329,492
W3=W3+Q(I)
END DO
AVVV=W3/164
AV3=AVVV
DO K=329,492
E3(K)=Q(K)

END DO

DO M=1,8
DO K=329,492
IF(E3(K).LT.AV3-3.141593) THEN

E3(K)=E3(K)+6.2832

END IF
IF(E3(K).GT.AV3+3.141593) THEN

E3(K)=E3(K)-6.2832

END IF

END DO
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WX3=0.0
VX3=0.0
DO 1=329,492
WX3=WX3+E3(I)
VX3=VX3+E3(I)*E3(I)
END DO
AV3=WX3/164
SD3=SQRT(VX3/164-AV3*AV3)
V3=SD3**2

END DO

B33represents skewness and B43 represents kurotsis
B33=0.0
B43=0.0
DO K=329,492
B33= B33 +((E3(K)-AV3)**3)/164/(V3**1.5)
B43=B43+((E3(K)-AV3)**4)/164/V3/V3

END DO

compute statistical values in 3.0 — 5.0 Hz band
W4=0.0
DO 1=493,819
W4=W4+Q(I)
END DO

AVVVV=W4/327
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AV4=AVVVV
DO K=493,819
E4(K)=Q(K)

END DO

DO M=1,8
DO K=493,819
IF(E4(K).LT.AV4-3.141593) THEN

EA(K)=E4(K)+6.2832

END IF
IF(E4(K).GT.AV4+3.141593) THEN

BA(K)=E4(K)-6.2832

END IF

END DO

WX4=0.0
VX4=0.0
DO 1=493,819
WX4=WX4+E4(I)
VX4=VX4+E4(1)*E4(I)
END DO
AV4=WX4/327
SD4=SQRT(VX4/327-AV4*AV4)

V4=SD4**2
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END DO

B34represents skewness and B44 represents kurotsis
B34=0.0
B44=0.0
DO K=493,819
B34= B34 +((E4(K)-AV4)**3)/327/(V4**1.5)
B44= B44+((E4(K)-AV4)**4)/327/V4/V4

END DO

compute statistical values in 5.0 — 10.0 Hz band
W5=0.0
DO 1=820,1638
W5=W5+Q(I)
END DO
AVVVVV=W5/819
AV5=AVVVVV
DO K=820,1638
E5(K)=Q(K)

END DO

DO M=1,8
DO K=820,1638
IF(E5(K).LT.AV5-3.141593) THEN

E5(K)=E5(K)+6.2832
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END IF
IF(E5(K).GT.AV5+3.141593) THEN

E5(K)=E5(K)-6.2832

END IF

END DO

WX5=0.0

VX5=0.0

DO 1=820,1638
WX5=WX5+E5(I)
VX5=VXS5+E5(I)*E5(I)

END DO

AV5=WX5/819

SD5=SQRT(VX5/819-AV5*AVS5)

V5=SD5**2

END DO

C B35represents skewness and B45 represents kurotsis
B35=0.0
B45=0.0
DO K=820,1638
B35= B35 +((E5(K)-AV5)**3)/819/(V5**1.5)
B45= B45+((E5(K)-AV5)**4)/819/V5/V5
END DO
C

C output results
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OPEN(2,FILE="PD.csv’)
WRITE(2,400)(Q(K),K=1,NN-1)
CLOSE(2)
OPEN(3,FILE="ST.csv’)
WRITE(3,500) AV1,SD1,B31,B41,AV2,SD2,B32,B42,AV3,SD3,B33,B43,
1 AV4,SD4,B34,B44,AV5,8D5,B35,B45
CLOSE(3)
400 FORMAT(3X,1F15.4)
500 FORMAT(3X,4F15.4)

END

A.2: Fortran 77 program to compute statistical values of phase difference in the 5 frequency bands in

chapter 2.2
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a O G 0

Program to compute mean, standard deviation, skewness and kurtosis values of phase difference in
the 5 frequency bands WITHOUT outliers assuming the number of data is 32768 and the
sampling frequency is 200 Hz

requires FAST.f defined by Ohsaki (1994)

Coded by Ke. Nagao

REAL X(32768)

COMPLEX C(32768)

REAL A(32768),B(32768),P(32768),Q(32768)
REAL E(32768),Z(32768),F(32768)

DATA NN/32768/

open the input file (ground motion)
OPEN(1,FILE="INPUT.txt")
READ(1,*)(X(L),L=1,NN)

CLOSE(1)

take Fourier transform

DO L=1,.NN
C(Ly=COMPLEX(X(L),0.)

END DO

CALL FAST(NN,C,32768,-1)

compute phase angles

DO K=1,NN
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C(K)=C(K)/REAL(NN)
A(K)=REAL(C(K))
B(K)=IMAG(C(K))
P(K)=ATAN2(-B(K),A(K))
IF (P(K).GT.0) THEN
P(K)=6.2832-P(K)

ELSE

P(K)=-P(K)

END IF

END DO

C compute phase differences
DO K=1,NN-1
IF(P(K).GT.P(K+1)) THEN
QK)=P(K+1)-P(K)
ELSE
Q(K)=(P(K+1)-P(K))-6.2832
END IF

END DO

C compute statistical values in 0.1 — 1.0 Hz band
W1=0.0
DO I=16,164
WI1=W1+Q(I)

END DO
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AV=W1/149

AVI=AV

DO K=16,164
E1(K)=Q(K)

END DO

DO M=1,8
DO K=16,164
IF(E1(K).LT.AV1-3.141593) THEN

E1(K)=E1(K)+6.2832

END IF
IF(E1(K).GT.AV1+3.141593) THEN

E1(K)=E1(K)-6.2832

END IF

END DO

WX1=0.0

VX1=0.0

DO 1=16,164
WXI1=WXI+EI(I)
VXI=VXI+EI(D)*E1(])

END DO

AVI=WX1/149

SD1=SQRT(VX1/149-AV1*AV1)
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END DO
exclude outliers included in0.1 — 1.0 Hz band
IC1=0
DO M=16,164
IF(Q(M).GT.(AV1-4*SD1)) THEN
ICI=IC1+1
RI(IC1)=Q(M)
END IF

END DO

Wql1=0.0
DO I=1,IC1
Wql=Wql+R1(I)

END DO

AVg=Wql/IC1

AVql=AVq

compute mean and standard deviation in 0.1 — 1.0 Hz band
DO M=1,6
DO K=1,IC1

IF(R1(K).LT.AVql-3.141593) THEN

R1(K)=R1(K)+6.2832

END IF

IF(R1(K).GT.AVql1+3.141593) THEN

Appendix-21




R1(K)=R1(K)-6.2832

END IF

END DO

WXq1=0.0

VXq1=0.0

DO I=1,IC1
WXql=WXql+R1(I)
VXql=VXql+R1(D)*R1(])

END DO

AVql=WXql/ICI1
SDq1=SQRT(VXql/IC1-AVql*AVql)
Vql=SDql**2

END DO

B3 Irepresents skewness and B41 represents kurtosis

B31=0.0

B41=0.0

DO K=1,IC1
B31=B31+((R1(K)-AVql)**3)/IC1/(Vql**1.5)
B41=B41+((R1(K)-AVql)**4)/IC1/Vql/Vql

END DO

compute statistical values in 1.0 — 2.0 Hz band
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W2=0.0

DO 1=165,328
W2=W2+Q(I)

END DO

AVV=W2/164

AV2=AVV

DO K=165,328
E2(K)=Q(K)

END DO

DO M=1,8
DO K=165,328
IF(E2(K).LT.AV2-3.141593) THEN

E2(K)=E2(K)+6.2832

END IF
IF(E2(K).GT.AV2+3.141593) THEN

E2(K)=E2(K)-6.2832

END IF

END DO

WX2=0.0
VX2=0.0
DO I=165,328

WX2=WX2+E2(I)
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VX2=VX2+E2(I)*E2(])
END DO
AV2=WX2/164
SD2=SQRT(VX2/164-AV2*AV2)
END DO
exclude outliers included in 1.0 — 2.0 Hz band
1C2=0
DO M=165,328
IF(Q(M).GT.(AV2-4*SD2)) THEN
IC2=I1C2+1
R2(IC2)=Q(M)
END IF

END DO

Wq2=0.0
DO =1,IC2
Wq2=Wq2+R2(T)

END DO

AVq=Wq2/IC2

AVq2=AVq

compute mean and standard deviation in 1.0 — 2.0 Hz band
DO M=1,6

DO K=1,IC2

IF(R2(K).LT.AVq2-3.141593) THEN
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R2(K)=R2(K)+6.2832

END IF
IF(R2(K).GT.AVq2+3.141593) THEN

R2(K)=R2(K)-6.2832

END IF

END DO

WXq2=0.0

VXq2=0.0

DO I=1,IC2
WXq2=WXq2+R2(I)
VXq2=VXq2+R2(1)*R2(I)

END DO

AVq2=WXq2/IC2
SDq2=SQRT(VXq2/IC2-AVq2*AVq2)
Vq2=SDq2**2

END DO

B32represents skewness and B42 represents kurtosis
B32=0.0

B42=0.0

DO K=1,IC2

B32=B32+((R2(K)-AVq2)**3)/1C2/(Vq2**1.5)

Appendix-25




B42=B42+((R2(K)-AVq2)**4)/1C2/Vq2/Vq2

END DO

compute statistical values in 2.0 — 3.0 Hz band
W3=0.0
DO 1=329,492
W3=W3+Q(I)
END DO
AVVV=W3/164
AV3=AVVV
DO K=329,492
E3(K)=Q(K)

END DO

DO M=1,8
DO K=329,492
IF(E3(K).LT.AV3-3.141593) THEN

E3(K)=E3(K)+6.2832

END IF
IF(E3(K).GT.AV3+3.141593) THEN

E3(K)=E3(K)-6.2832

END IF

END DO
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C

WX3=0.0

VX3=0.0

DO 1=329,492
WX3=WX3+E3(I)
VX3=VX3+E3(I)*E3(I)

END DO

AV3=WX3/164

SD3=SQRT(VX3/164-AV3*AV3)

END DO

exclude outliers included in 2.0 — 3.0 Hz band
IC3=0
DO M=329,492
IF(Q(M).GT.(AV3-4*SD3)) THEN
IC3=IC3+1
R3(IC3)=Q(M)
END IF

END DO

Wq3=0.0
DO I=1,IC3
Wq3=Wq3+R3(I)

END DO

AVqg=Wq3/IC3
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AVq3=AVq

C compute mean and standard deviation in 2.0 — 3.0 Hz band
DO M=1,6
DO K=1,IC3
IF(R3(K).LT.AV(q3-3.141593) THEN

R3(K)=R3(K)+6.2832

END IF
IF(R3(K).GT.AVq3+3.141593) THEN

R3(K)=R3(K)-6.2832

END IF

END DO

WXq3=0.0

VXq3=0.0

DO I=1,IC3
WXq3=WXq3+R3(I)
VXq3=VXq3+R3()*R3(I)

END DO

AVq3=WXq3/IC3
SDq3=SQRT(VXq3/IC3-AVq3*AVq3)
Vq3=SDq3**2

END DO
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C B33 represents skewness and B43 represents kurtosis

B33=0.0

B43=0.0

DO K=1,IC3
B33=B33+((R3(K)-AVq3)**3)/IC3/(Vq3**1.5)
B43=B43+((R3(K)-AVq3)**4)/IC3/Vq3/Vq3

END DO

compute statistical values in 3.0 — 5.0 Hz band
W4=0.0
DO 1=493,819
W4=W4+Q(I)
END DO
AVVVV=W4/327
AV4=AVVVV
DO K=493,819
E4(K)=Q(K)

END DO

DO M=1,8
DO K=493,819
IF(E4(K).LT.AV4-3.141593) THEN

EA(K)=E4(K)+6.2832
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END IF
IF(E4(K).GT.AV4+3.141593) THEN

BA(K)=E4(K)-6.2832

END IF

END DO

WX4=0.0
VX4=0.0
DO 1=493,819
WX4=WX4+E4(I)
VX4=VX4+E4(1)*E4(])
END DO
AV4=WX4/327
SD4=SQRT(VX4/327-AV4*AV4)

END DO

exclude outliers included in 3.0 — 5.0 Hz band
IC4=0
DO M=493,819
IF(QM).GT.(AV4-4*SD4)) THEN
IC4=1C4+1
R4(IC4)=Q(M)
END IF

END DO
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Wq4=0.0
DO I=1,IC4
Wq4=Wq4+R4(I)

END DO

AVq=Wq4/IC4

AVqd=AVq

C compute mean and standard deviation in 3.0 — 5.0 Hz band
DO M=1,6
DO K=1,IC4
IF(R4(K).LT.AVq4-3.141593) THEN

R4(K)=R4(K)+6.2832

END IF
IF(R4(K).GT.AV@4+3.141593) THEN

R4(K)=R4(K)-6.2832

END IF

END DO

WXq4=0.0

VXq4=0.0

DO I=1,IC4
WXqd4=WXqd-+R4(I)

VXq4=VXqd+R4A()*R4(I)
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C

END DO

AVq4=WXq4/IC4
SDq4=SQRT(VXq4/IC4-AVq4*AVq4)
Vq4=SDq4**2

END DO

C B34 represents skewness and B44 represents kurtosis

B34=0.0

B44=0.0

DO K=1,IC4
B34=B34+((R4(K)-AVqd)**3)/IC4/(Vqd**1.5)
B44=B44+((R4(K)-AVqd)**4)/IC4/Vq4/Vq4

END DO

compute statistical values in 5.0 — 10.0 Hz band
W5=0.0
DO 1=820,1638
W5=W5+Q(I)
END DO
AVVVVV=W5/819
AV5=AVVVVV
DO K=820,1638
E5(K)=Q(K)

END DO
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DO M=1,8
DO K=820,1638
IF(E5(K).LT.AV5-3.141593) THEN

E5(K)=E5(K)+6.2832

END IF
IF(E5(K).GT.AV5+3.141593) THEN

E5(K)=E5(K)-6.2832

END IF

END DO

WX5=0.0

VX5=0.0

DO 1=820,1638
WX5=WX5+E5(I)
VX5=VX5+ES(I)*E5(I)

END DO

AV5=WX5/819

SD5=SQRT(VX5/819-AV5*AV5)

END DO

exclude outliers included in 5.0 — 10.0 Hz band
IC5=0

DO M=820,1638
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IF(Q(M).GT.(AV5-4*SD5)) THEN
IC5=IC5+1
R5(IC5)=Q(M)

END IF

END DO

Wq5=0.0
DO I=1,IC5
Wq5=Wq5+R5(I)

END DO

AVq=Wq5/IC5

AVq5=AVq

C compute mean and standard deviation in 5.0 — 10.0 Hz band
DO M=1,8
DO K=1,IC5
IF(R5(K).LT.AV@5-3.141593) THEN

R5(K)=R5(K)+6.2832

END IF
IF(R5(K).GT.AVq5+3.141593) THEN

R5(K)=R5(K)-6.2832

END IF

END DO
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C

WXq5=0.0

VXq5=0.0

DO I=1,IC5
WXq5=WXq5+R5(I)
VXq5=VXq5+R5(I)*R5(1)

END DO

AVq5=WXq5/IC5
SD@5=SQRT(VXq5/IC5-AVq5*AVq5)
Vq5=SDq5**2

END DO

C B35 represents skewness and B45 represents kurtosis

B35=0.0

B45=0.0

DO K=1,IC5
B35=B35+((R5(K)-AVq5)**3)/IC5/(Vq5**1.5)
B45=B45+((R5(K)-AVq5)**4)/1C5/Vq5/Vq5

END DO

compute statistical values in 0.1 — 10.0 Hz band
W6=0.0
DO 1=16,1638

W6=W6+Q(I)

END DO
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AVVVVVV=W6/1623

AV6=AVVVVVV

DO K=16,1638
E6(K)=Q(K)

END DO

DO M=1,8
DO K=16,1638
IF(E6(K).LT.AV6-3.141593) THEN

E6(K)=E6(K)+6.2832

END IF
IF(E6(K).GT.AV6+3.141593) THEN

E6(K)=E6(K)-6.2832

END IF

END DO

WX6=0.0

VX6=0.0

DO I=16,1638
WX6=WX6+E6(I)
VX6=VX6+E6(I)*E6(I)

END DO

AV6=WX6/1623

SD6=SQRT(VX6/1623-AV6*AV6)
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END DO

C exclude outliers included in 0.1 — 10.0 Hz band
IC6=0
DO M=16,1638
IF(QM).GT.(AV6-4*SD6)) THEN
IC6=IC6+1
R6(IC6)=Q(M)
END IF

END DO

Wq6=0.0
DO I=1,IC6
Wq6=Wq6+R6(I)

END DO

AVq=Wq6/IC6

AVq6=AVq

C compute mean and standard deviation in 0.1 — 10.0 Hz band
DO M=1,8
DO K=1,IC6
IF(R6(K).LT.AVq6-3.141593) THEN

R6(K)=R6(K)+6.2832

END IF
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IF(R6(K).GT.AVq6+3.141593) THEN

R6(K)=R6(K)-6.2832

END IF

END DO

WXq6=0.0

VXq6=0.0

DO I=1,IC6
WXq6=WXq6+R6(I)
VXq6=VXq6+R6(1)*R6(])

END DO

AVq6=WXq6/IC6
SDq6=SQRT(VXq6/IC6-AVq6*AVqo6)
Vq6=SDq6**2

END DO

B36 represents skewness and B46 represents kurtosis

B36=0.0
B46=0.0

DO K=L,IC6

B36=B36+((R6(K)-AVq6)**3)/IC6/(Vq6**1.5)

B46=B46+((R6(K)-AVq6)**4)/IC6/Vq6/Vq6

END DO
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C output results
OPEN(2,FILE="PD.csv’)
WRITE(2,400)(Q(K),K=1,NN-1)
CLOSE(2)
400 FORMAT(3X,1F15.4)
OPEN(3,FILE="ST.csv’)
WRITE(3,500) AVql,SDql,SS1,S1,AVq2,SDq2,SS2,S2,AVq3,SDq3,
1 SS3,S3,AVq4,SDq4,SS4,S4,AVq5,SDq5,SS5,S5,
1 AVq6,SDq6,SS6,S6
500 FORMAT(3X,24F14.4)
CLOSE(3)

END

A.3: Fortran 77 program to compute statistical values of phase difference in the 5 frequency bands in

chapter 2.2 without outliers

Appendix-39



aaa

Program to compute Boore’s sources spectrum
Coded by Ke. Nagao

DIMENSION F1(32768),F2(32768),W(32768)
DIMENSION T(32768),U(32768),SA(32768)
DATA NN/32768/

PARAMETER (PI=3.14159265)

These parameters can be changed according to the moment magnitude, rupture type, and so on
DATA FS/2.0/,RTF/0.63/,PR/1.0/

DATA Bz/3.0/,Pz/2.6/

DATA B/3.4/,P/2.7/,S/8/

DATA FM/6.0/,F0/0.1/

DATA SM/7./

compute seismic moment
note that for the later computation, its value is multiplied by 10"-20
SMO=10**((SM+10.7)*1.5-20)

compute the other coefficients
COEF=RTF*FS*PR/4/Pl/(B**3)/P
R=SQRT(B*P/Bz/Pz)

define circler freqency

W(1)=0.0

DO M=2,NN
W(M)=((M-1)/163.84)*2.0*PI

END DO

compute the source spectrum (0.1 —10.0Hz)
DO M=16,1639
T(M)=W(M)**2/(1+(W(M)/2.0/PI/F0)**2)
UM)=(1+(W(M)/2.0/PI/EM)**S)**(-0.5)
SA(M)=COEF*R*SMO*T(M)*U(M)
END DO

compute the average energy in 0.1 — 1.0 Hz
E1=0.0
DO M=16,164
E1=E1+SA(M)**2
END DO
ER1=E1/(164+1-16)

compute the average energy in 1.0 —2.0 Hz
E2=0.0
DO M=165,328
E2=E2+SA(M)**2
END DO
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ER2=E2/164

compute the average energy in 2.0 — 3.0 Hz
E3=0.0
DO M=329,492
E3=E3+SA(M)**2
END DO
ER3=E3/164

compute the average energy in 3.0 — 5.0 Hz
E4=0.0
DO M=493,819
E4=E4+SA(M)**2
END DO
ER4=E4/327

compute the average energy in 5.0 — 10.0 Hz
E5=0.0
DO M=820,1638
E5=E5+SA(M)**2
END DO
ER5=E5/819

compute the average energy in 0.1 — 10.0 Hz
E6=0.0
DO M=16,1638
E6=E6+SA(M)**2
END DO
ER=E6/1623

output

OPEN(1,FILE="ER.txt')
WRITE(1,8)ER1,ER2,ER3,ER4,ER5,ER6
FORMAT(F15.0)

END

A.4: Fortran 77 program to compute Boore’s acceleration source spectrum
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%Program to compute the transfer function
%Coded by Ke. Nagao

clear a,clear b,clear e,clear

clear R,clear c,clear g,clear L,clear Lref,clear UW,clear VS,clear TH

clear G,clear Ga,clear pc,clear alpha,clear thetal,clear theta2

clear All,clear Bll,clear all,clear al2,clear a21,clear a22,clear bl1,clear b12,clear b21,clear b22

%define number of layers (L) and the reference layer (Lref)
L=7;Lref=6;

%define the damping ratio
h1=0.0;

%define the unit weight, shear velocity and thicknesses of layers
UW=[2.152.152.152.152.15 2.15 2.35]

VS=[230 230 450 540 930 1100 2100]

TH=[4 14 12 56 14 355]

%compute the impedance ratios

for j=1:L
G()=UW()/9.8*VS()*VS();
Ga(j)=G(j)*(1+i*2*h1);
pc(G)=i*sqrt(UW(j)/9.8/Ga(j));

end

for j=1:L-1
alpha(j)=Ga(j)*pc(j)/Ga(G+1)/pc(+1);

end

alpha%impedance ratio

%define the circular frequency

w(1)=0.0;

for j=2:32768
w(j)=w(j-1)+200/32768%6.2832;

end

%transfer function from the bottom layer to the ground surface
for j=1:32768

for h=1:L-1

thetal (h,j)=-w(j)*TH(h)/VS(h);

theta2(h,j)=w(j)*TH(h)/VS(h);
al1(h,j)=0.5*(1+alpha(h))*(cos(thetal(h,j))+i*sin(thetal(h,j)));
al2(h,j)=0.5*(1-alpha(h))*(cos(theta2(h,j))+i*sin(theta2(h,j)));
a21(h,j)=0.5*(1-alpha(h))*(cos(thetal(h,j))+i*sin(thetal(h,j)));
a22(h,j)=0.5*(1+alpha(h))*(cos(theta2(h,j))+i*sin(theta2(h,j)));

All(2%j-1,2*h-1)=al 1(h,j);
All(2%j-1,2*h)=a12(h,j);
All(2%],2*h-1)=a21(h,j);
All(2%],2*h)=a22(h,j);
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end
end

for j=nl:n2
a=[All(2%j-1,1),A11(2%j-1,2); All(2%j,1),A11(2%},2)];
for h=1:L-2
b=[All(2%j-1,2*h+1),All(2*j-1,2*h+2);All(2*j,2*h+1),All(2%],2*h+2)];
a=b*a;

end
c(j)=2/abs(a(1,1)+a(1,2));
end

Y%transfer function from the top of the reference layer to the ground surface
for j=1:32768

for h=1:Lref-1

thetal(h,j)=-w(j)*TH(h)/VS(h);

theta2(h,j)=w(j)*TH(h)/VS(h);
b11(h,j)=0.5*(1+alpha(h))*(cos(thetal(h,j))+i*sin(thetal(h,j)));
b12(h,j)=0.5*(1-alpha(h))*(cos(theta2(h,j))+i*sin(theta2(h,j)));
b21(h,j)=0.5*(1-alpha(h))*(cos(thetal(h,j))+i*sin(thetal(h,j)));
b22(h,j)=0.5*(1+alpha(h))*(cos(theta2(h,j))+i*sin(theta2(h,j)));

BII(2%j-1,2*h-1)=b11(hj);
BII(2%j-1,2*h)=b12(h,j);
BII(2%],2*h-1)=b21(h,j);
BII(2%],2*h)=b22(h,j);

end
end

for j=nl:n2
e=[BII(2%;j-1,1),BI1(2*j-1,2);BI1(2*},1),B11(2*},2)];
for h=1:Lref-2
f=[BII(2%j-1,2*h+1),BII(2%j-1,2*h+2);BII(2*],2*h+1),BII(2*j,2*h+2)];
e=f*e;

end
g(j)=2/abs(e(1,1)+e(1,2));
end

%transfer function from the bottom layer to the top of the reference layer
for j=1:32768
R(j)=c(j)/g()s
end
Y%output
Fid=fopen('TRANSEF.txt','wt');
fprintf(Fid,'%-15.4f,R(1:32768));

A.5: Matlab program to compute transfer function
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OHONON®!

11

Program to compute the Energy Attenuation in each frequency band
requires FPAC.f defined by Ohsaki (1994)
Coded by Ke. Nagao

DIMENSION T(32768),U(32768),SA(32768)
DIMENSION X 1(60000),X2(60000),Y(60000)
DIMENSION W1(60000), W2(60000),Z(60000)
DIMENSION F(60000),G(60000),R(60000)
DIMENSION ER(6), TRANS(60000)

DATA NN/32768/

REAL MAX

read the energy of the Boore’s source spectrum in each frequency band
OPEN(3,FILE="ER.txt')

READ(3,*)(ER(M),M=1,6)

CLOSE(3)

input two horizontal records (NS and EW)
OPEN(1,FILE=NS.txt")
READ(1,*)(X1(M),M=1,NN)

CLOSE(1)

OPEN(2,FILE=EW.txt)
READ(2,*)(X2(M),M=1,NN)
CLOSE(2)

find the strongest axis for the two horizontal records and combine them (becomes Z)

DO M=1,NN
Y(M)=SQRT(X1(M)**2+X2(M)**2)
END DO

MAX=Y(1)

NUM=1

DO M=2,NN

IF(Y(M).GT.MAX) THEN
MAX=Y(M)
NUM=M

END IF

END DO

IF((X1(NUM).GT.0.0).AND.(X2(NUM).GT.0.0)) THEN GO TO 11
P=ATAN(X2(NUM)/X1(NUM))

DO I=1,NN

W1(1)=X1(I)*COS(P)

W2(1)=X2(I)*COS(3.141593/2-P)

END DO

END IF

IF((X1(NUM).LT.0.0).AND.(X2(NUM).GT.0.0)) THEN GO TO 12

12 P=3.141593+ATAN(X2(NUM)/X1(NUM))
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13

14

DO I=1,NN
W1(1)=X1(I)*COS(P)
W2(1)=X2(I)*COS(P-3.141593/2)
END DO

END IF

IF((X1(NUM).LT.0.0).AND.(X2(NUM).LT.0.0)) THEN GO TO 13
P=ATAN(X2(NUM)/X1(NUM))

DO I=1,NN

W1(1)=X1(I)*COS(P)

W2(1)=X2(I)*COS(3.141593/2-P)

END DO

END IF

IF((X1(NUM).GT.0.0).AND.(X2(NUM).LT.0.0)) THEN GO TO 14
P=-ATAN(X2(NUM)/X |(NUM))

DO I=1,NN

W1(1)=-X1(I)*COS(P)

W2(1)=X2(I)*COS(3.141593/2-P)

END DO

END IF

DO M=1,NN
Z(M)=W1(M)+W2(M)
END DO

compute the Fourier amplitude of Z
DT=0.005
CALL FPAC(NN,Z,32768,DT,111,F,G,R,32768 NFOLD,DF)

read the transfer function defined in 0.1 — 10.0 Hz
OPEN(5,FILE="TRANSF.txt")
READ(5,*)(TRANS(M),M=16,1639)

CLOSE(5)

the Fourier amplitude of Z is divided by the transfer function to eliminate the site amplification
DO M=16,1639

F(M)=F(M)/TRANS(M)
END DO

compute the energy in each frequency band
0.1-1.0Hz

E1=0.0

DO M=16,164
E1=E1+F(M)**2

END DO

ES1=E1/149

1.0-2.0Hz
E2=0.0
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DO M=165,328
E2=E2+F(M)**2

END DO

ES2=E2/164

2.0-3.0Hz

E3=0.0

DO M=329,492
E3=E3+F(M)**2

END DO

ES3=E3/164

3.0-5.0Hz
E4=0.0
DO M=493,819
E4=E4+F(M)**2
END DO
ES4=E4/327

5.0-10.0Hz
E5=0.0
DO M=820,1638
E5=E5+F(M)**2
END DO
ES5=E5/819

0.1-10.0Hz

E6=0.0

DO M=16,1638
E6=E6+F(M)**2

END DO

ES6=E6/1623

compute EA’s

EA1=ESI1/ER(1)
EA2=ES2/ER(2)
EA3=ES3/ER(3)
EA4=ES4/ER(4)
EAS=ES5/ER(5)
EA6=ES6/ER(6)

OPEN(4,FILE="EA .csv")
WRITE(4,23)EA1,EA2,EA3,EA4,EAS,EA6
FORMAT(6F25.15)

END

A.6: Fortran 77 program to compute E.A. n each frequency band
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%Program to update Fourier amplitude using the information of defined phase differences

%to satisfy the Hilbert transform’s relation between the real and imaginary parts of the Fourier
%complex series and to maintain the energy of the initial Fourier amplitude in the interested
%frequency band

% Coded by Ke. Nagao

%define the interested frequency band
k1=16;
k2=1638;%these k1 and k2 values indicate the interested frequency band
%is 0.1 - 10.0 Hz in this example for the sampling frequency = 200 Hz and N = 32768

%define frequency

freq(1)=0.0;

for i=2:16385
freq(i)=freq(i-1)+200/32768;

end

%input the initial Fourier amplitude
load('F.txt',"-ascii");

F1=F*200;% this 200 is the sampling frequeny

%define phase differences

Q(l:k1-1)=randn(k1-1,1);

load('PD.txt',-ascii'); %PD has 1623 phase difference data i.e. 0.1 — 10.0 Hz
Q(k1:k2)=PD;

Q(k2+1:16384)=randn(16384-k2,1);

%compute phase angles

P(1)=0.0;

for i=2:16385
P(i)=mod(P(i-1)+Q(i-1),6.2832);

end

Y%start iteration

for i=1:10

%define A (cosine function) and B (sine function)
for i=1:16385

A()=F1(i)*cos(P(1));

B(@i)=F1(1)*sin(P(i));

end

%compute B1 by taking the Hilbert transform of A
B1=-imag(hilbert(A));

%compute correlation of B and B1 in the interested frequency band
corrcoef(B(k1:k2),B1(k1:k2))

clear F2;
F2=F1,;
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for i=1:16385
Fn(i)=sqrt(A(1)"2+B1(i)"2);
end

Y%compute R
clear R
R=sum(F1(k1:k2).”2)/sum(Fn(k1:k2).72)

for i=1:16385
Fn(i)=Fn(i)*sqrt(R);

end

F1=Fn;

end

%terminate iteration

%F?2 is the estimated Fourier amplitude from the defined phase differences

A.7: Matlab program to update Fourier amplitude maintaining the energy of the initial Fourier amplitude

in each frequency band
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%Program to update Fourier amplitude using the information of defined phase differences

%to satisfy the Hilbert transform’s relation between the real and imaginary parts of the Fourier
%complex series and to ensure that the energy of the response spectrum for the simulated ground motion
%is comparable to that of the target response spectrum in the interested frequency band

% Coded by Ke. Nagao

%define the interested frequency band
k1=16;
k2=1638; ;%these k1 and k2 values indicate the interested frequency band
%is 0.1 - 10.0 Hz in this example for the sampling frequency = 200 Hz and N = 32768

%define frequency and period

freq(1)=0.0;

for i=2:16385
freq(i)=freq(i-1)+200/32768;
T()=freq(i)*-1;

end

%input the initial Fourier amplitude
load('F.txt',"-ascii");

F1=F*200;% this 200 is sampling frequeny

%define phase differences

Q(1:k1-1)=randn(k1-1,1);

load('PD.txt',"-ascii"); %PD has 1623 phase difference data i.e. 0.1 — 10.0 Hz
Q(k1:k2)=PD;

Q(k2+1:16384)=randn(16384-k2,1);

%compute phase angles

P(1)=0.0;

for i=2:16385
P(i)=mod(P(i-1)+Q(i-1),6.2832);

end

Ystart iteration

fori=1:3

%define A (cosine function) and B (sine function)
for i=1:16385

A@)=F1(@)*cos(P(1));

B(i)=F1(i)*sin(P(i));

end

%compute B1 by taking the Hilbert transform of A
B1=-imag(hilbert(A));

%compute correlation of B and B1 (denoted by B in this thesis) in the interested frequency band
corrcoef(B(k1:k2),B1(k1:k2))

clear F2;
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F2=F1;
for i=1:16385
Fn(i)=sqrt(A(i)"2+B1(i)"2);
End

%inverse Fourier transform to generate simulated ground motion DDY
for i=1:16385
C(@i))=complex(Fn(i)*cos(P(i)),Fn(i)*sin(P(i)));
end
clear DDY
for i=16386:32768
C(i)=conj(C(32770-1));
end
DDY=real(ifft(C));

%compute response spectrum (below is based on Ohsaki (1994)’s ERES.f)
clear RES;
D=0.05;%the damping ratio of 0.05

DT=0.005;%time step is 0.005 sec

IND=1;%IND=1:acceleration response spectrum, IND=2:velocity response spectrum,
%IND=3:displacement response spectrum

kk1=16;kk2=1639;%these kk1 and kk2 values indicate the interested frequency band
%is 0.1 - 10.0 Hz in the response spectrum

for K=kk1:kk2
W=6.2832/T(K);
W2=W*W;
DW=D*W;
WD=W#*sqrt(1. -D"2);
WDT=WD*DT;
E=exp(-DW*DT);
CWDT=cos(WDT);
SWDT=sin(WDT);
All=E*(CWDT+DW*SWDT/WD);
A12=E*SWDT/WD;
A21=-E¥*W2*SWDT/WD;
A22=E*(CWDT-DW*SWDT/WD);
SS=-DW*SWDT-WD*CWDT;
CC=-DW*CWDT+WD*SWDT;
S1=(E*SS+WD)/W2;
Cl1=(E*CC+DW)/W2;
S2=(E*DT*SS+DW*S1+WD*C1)/W2;
C2=(E*DT*CC+DW*C1-WD*S1)/W2;
S3=DT*S1-S2;
C3=DT*C1-C2;
B11=-S2/WDT;
B12=-S3/WDT,;
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B21=(DW*S2-WD*C2)/WDT;
B22=(DW*S3-WD*C3)/WDT;
RMAX(1)=2.*DW*abs(DDY(1))*DT;
RMAX(2)=abs(DDY(1))*DT;

RMAX(3)=0.;

DXF=-DDY(1)*DT;

XF=0.;

for M=2:length(DDY)

DDYM=DDY(M);

DDYF=DDY(M-1);
X=A12*DXF+A11*XF+B12*DDYM+B11*DDYF;
DX=A22*DXF+A21*XF+B22*DDYM+B21*DDYF;
DDX=-2.*DW*DX-W2*X;

if RMAX(1) >= abs(DDX)
RMAX(1)=RMAX(1);
else
RMAX(1)=abs(DDX);
end

if RMAX(2) >= abs(DX)
RMAX(2)=RMAX(2);
else
RMAX(2)=abs(DX);
end

if RMAX(3) >= abs(X)
RMAX(3)=RMAX(3);
else
RMAX(3)=abs(X);
end

DXF=DX;
XF=X;
RES(K)=RMAX(IND);
end

end

%compute R

clear R

R=27390992/ sum(RES(kk1:kk2).”2); %R: the energy of the design spectrum to the energy of response
%spectrum of simulated ground motion ratio in the interested
%frequency band. This 27390992 is energy included in 0.1 — 10.0
%Hz for the design response spectrum with Level 1 and Z= 0.9

for i=1:16385

Fn(i)=Fn(i)*sqrt(R);

end

F1=Fn,

End
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%terminate iteration

%F?2 is the estimated Fourier amplitude from the defined
Yphase differences

A.8: Matlab program to update Fourier amplitude so that the response spectrum of the simulated ground

motion has the same energy as the design response spectrum

Appendix-52




Appendix. B

Z 2 CIEARFHR SR VU E T, KiK-net O R ELHIFE 23 H AW E EE 2000 m/s OFE'E 7o i 12
TRV EIT, NE L 7= A Ak 2 P89~ 5 . FH 13 J-SHIS DAL 8 %4 £5 1 KiK-net O HiF
BN B 2 0> 68 AWEGEE A 2000 m/s 2 4]0 TH 2 5 MICE D £ TORME O 2

~Fz.

KT =X DRI THDHN, XO_EEBIZIT KiK-net DBLHI A 22— K (F 2 1£”AKTHO1”) &8
B4 (B2 AR R ENTWS. Z L TEOFEFIBICIFF-BOE Sm), —FHIC
VT AW R (m/s), =81 BICIX AL ARE B & (ton/m™3) DG S N TV D FRO—FLEICH
BHHRED FD7KiK-net” & W 9 FoRlE, KiK-net O MG Z ORI 51 250 TV BB IC R E:
SNTNDHZ EERLTND.

J& D%z, B DNE PN TV DS BOER S, £EOIE S (m), B AWHEEE (m/s), AL EE
(ton/m”3) % Appendix.A D A.5 W TEFRTIUE, K4 MBI D8 AW HEE 2 2000 m/s &
WD THZ 5 A5 KiK-net DHIHBLG A H 2 M E TOLERBEEZREHTE L. b0k
1% KiK-net OS2 — FOT7 L7 7 Xy MEICHEA TV S.

Appendix-53



KiK-net AKTHO1  7ERdE KiK-net AKTHO02 FEARR
unit unit
thickness | Vs weight thickness | Vs weight
(m) (m/s) (ton/m”3) (m) (m/s) (ton/m"3)
2 200 2 52 250 1.8
14 430 2.1 50.8 900 22
34 680 2.2 KiK-net 44 1080 2.2
36 850 2.2 52 1080 22
KiK-net 14 1200 22 152 1400 2.25
36 1200 2.2 242 1700 2.3
61 1400 2.25 2100 2.35
2100 2.35
KiK-net  AKTHO3 K KiK-net  AKTHO04  HUAi
unit unit
thickness | Vs weight thickness | Vs weight
(m) (m/s) (ton/m"3) (m) (m/s) (ton/m"3)
1 180 2 2 150 22
3 260 2 8 430 22
12 260 2 12 980 2.2
38 460 22 38 1150 22
KiK-net 50 640 22 KiK-net 30 1500 2.25
655 1400 2.25 112 1500 225
2100 2.35 181 1700 2.3
2100 2.35
KiK-net AKTHI14  JEf KiK-net AKTHI16  7EflLdE
unit unit
thickness | Vs weight thickness | Vs weight
(m) (m/s) (ton/m”3) (m) (m/s) (ton/m”"3)
10 100 1.9 4 180 1.95
80 690 22 40 450 2
KiK-net 18 1270 2.2 22 520 2
15 1400 2.2 72 610 2
2100 2.35 KiK-net 16 740 2
180 740 2
60 1100 22
606 1400 2.25
2100 2.35
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KiK-net AKTHI7 "Ml
unit

thickness | Vs weight
(m) (m/s) (ton/m”3)
4 200 1.9
310 1.9
22 310 1.9
26 550 1.9
20 460 1.95
76 670 1.95
KiK-net 25 920 1.95
183 920 1.95
273 1400 22
91 1700 2.25
2100 2.35

KiK-net  AKTHI19 %R
unit

thickness | Vs weight
(m) (m/s) (ton/m”3)
2 110 1.6
10 200 1.95
48 500 1.95
70 750 1.95
KiK-net 50 860 1.95
138 1100 2.2
76 1700 2.3
2100 2.35

KiK-net  AKTHI8 K#&
unit

thickness | Vs weight
(m) (n/s) (ton/m"3)
2 200 22
10 350 22
KiK-net 88 580 22
21 580 22
121 1100 2.25
152 1700 2.3
2100 2.35

KiK-net  FKSH03  #&¥§
unit

thickness | Vs weight
(m) (m/s) (ton/m”"3)
3 150 1.7
5 280 1.9
10 410 1.9
52 510 2
26 450 2.15
16 730 2.15
KiK-net 15 850 2.15
273 1100 22
76 1700 225
2100 235
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KiK-net FKSH04 =i KiK-net FKSHO5 TR
unit unit

thickness | Vs weight thickness | Vs weight
(m) (m/s) (ton/m”3) (m) (m/s) (ton/m"3)
4 120 2 240 2.05
8 210 2 240 2.05
13 300 2.1 450 2.05
59 690 2.1 42 1500 22
62 800 2.1 10 1100 22
62 1000 2.2 KiK-net 40 1400 22
KiK-net 60 1200 2.2 15 1400 22
230 1200 22 2100 2.35

2100 2.35
KiK-net FKSH20  iRiL KiK-net GNMHO08 k7%
unit unit

thickness | Vs weight thickness | Vs weight
(m) (m/s) (ton/m”3) (m) (m/s) (ton/m"3)
28 350 2.2 8 250 2.05
28 500 22 12 380 2.05
KiK-net 53 610 2.2 34 400 2.1
315 1100 2.25 20 500 2.1
75 1350 2.3 20 410 2.1
2100 2.35 24 460 2.1
14 710 2.1
KiK-net 18 1000 22
100 1000 22
576 1500 2.25
2700 2.5
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KiK-net HDKHO1 P
unit

thickness | Vs weight
(m) (m/s) (ton/m”3)
4 120 1.7
360 2
8 500 2.1
12 620 2.1
22 1200 22
KiK-net 50 1400 2.2
35 1400 2.25
455 1700 23
2100 2.35

KiK-net  HDKHO04 Pq4l74

unit

thickness | Vs weight
(m) (m/s) (ton/m"3)
4 140 1.6
22 240 1.9
14 540 1.9
30 750 1.9
50 690 1.9
KiK-net 100 860 1.9
20 860 2
1000 1100 2.25
1000 1400 23
2000 1700 2.35
2100 2.4

KiK-net  HDKHO03 P51
unit

thickness | Vs weight
(m) (n/s) (ton/m"3)
5 160 1.9
13 540 2.05
12 540 2.1
18 840 2.1
32 1200 2.15
KiK-net 25 1400 22
100 1400 22
2700 2.5

KiK-net  HDKHO06 &/
unit

thickness | Vs weight
(m) (n/s) (ton/m"3)
10 280 1.7
8 460 2
18 610 2
48 790 2
KiK-net 30 980 22
140 1100 22
1500 1400 225
1580 1700 2.3
2600 2.35
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KiK-net ~ HDKH07 £kf2,
unit

thickness | Vs weight
(m) (m/s) (ton/m”3)
2 190 1.6
16 440 1.9
16 650 2.2
14 650 2.2
KiK-net 56 900 22
35 1400 2.25
15 1700 23
2100 2.35

KiK-net  IBUH03 J&H
unit

thickness | Vs weight
(m) (m/s) (ton/m"3)
2 60 2
16 90 2
10 190 2.1
12 320 2.1
12 210 2.1
24 320 2.1
56 430 2.1
KiK-net 20 520 2.1
332 520 2.1
1212 1100 2.2
727 1400 2.25
1697 1700 23
2100 2.35

KiK-net IBUHO02 syl
unit

thickness | Vs weight
(m) (n/s) (ton/m"3)
2 130 1.9
3 280 2.1
15 810 2.1
20 930 2.1
24 1130 2.1
KiK-net 38 1360 2.25
20 1400 2.25
2100 2.35

KiK-net ISKHO1 R
unit

thickness | Vs weight
(m) (m/s) (ton/m”"3)
8 240 1.9
76 410 1.9
KiK-net 116 630 1.9
12 630 1.9
106 1100 22
30 1400 2.25
2100 2.35
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KiK-net  ISKH02 _ #IH
unit

thickness | Vs weight
(m) (m/s) (ton/m”3)
4 420 1.9
72 810 2.25
KiK-net 26 530 2.25
156 1400 2.25
2100 2.35

KiK-net ISKHO09 N
unit

thickness | Vs weight
(m) (m/s) (ton/m”3)
4 170 1.9
18 300 1.9
34 620 1.9
KiK-net 54 930 2.15
220 1000 2.15
170 1300 22
380 1600 2.25
1900 2.25

KiK-net ISKHO07 KN
unit

thickness | Vs weight
(m) (n/s) (ton/m"3)
15 440 1.9
35 440 1.9
40 630 1.9
70 1090 1.9
140 960 2
320 750 2.1
KiK-net 182 1080 2.1
107 1100 2.1
879 1700 2.25
2100 235

KiK-net  IWTHO1 3

unit

thickness | Vs weight
(m) (m/s) (ton/m"3)
4 170 2.1
6 280 22
110 850 22
36 760 22
KiK-net 44 1300 22
421 1300 2.2
2100 235
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KiK-net IWTHO6 774
unit
thickness | Vs weight
(m) (m/s) (ton/m”3)
2 80 2
320 22
26 750 2.2
24 1140 2.2
16 530 22
KiK-net 28 750 2.2
324 750 2.2
152 1100 2.2
61 1700 2.3
2100 2.35
KiK-net  IWTHI5 ‘Kifi
unit
thickness | Vs weight
(m) (m/s) (ton/m”3)
4 150 22
8 360 2.2
26 450 2.2
72 540 22
KiK-net 12 680 2.2
680 1400 2.25
2100 2.35

KiK-net IWTHIlL  —F
unit

thickness | Vs weight
(m) (n/s) (ton/m"3)
4 130 1.9
540 1.9
8 540 1.9
30 370 2
50 1290 22
88 930 22
KiK-net 112 1080 22
276 1100 22
45 1700 23
2100 235

KiK-net IWTHI6 A
unit

thickness | Vs weight
(m) (m/s) (ton/m"3)
2 260 1.9
20 560 1.9
58 630 2.15
40 740 2.15
KiK-net 30 1160 2.15
350 1160 2.15
30 1400 22
30 1700 2.3
2100 235
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KiK-net  IWTH19 {fE&d]E
unit
thickness | Vs weight

(m) (m/s) (ton/m”3)
4 170 1.8
550 22
24 700 2.2
32 770 2.2
20 990 22
KiK-net 16 1270 2.2
80 1270 2.2
258 1700 23
2100 2.35

KiK-net  TWTH24 <&l

unit
thickness | Vs weight

(m) (m/s) (ton/m"3)
2 180 1.8
8 480 1.8
38 590 1.8
8 300 1.95
34 550 1.75
28 600 2
KiK-net 32 540 2.05
32 540 2.05
273 1100 2.2
500 1700 2.3
2100 2.35

KiK-net  IWTH20 {E&
unit

thickness | Vs weight
(m) (n/s) (ton/m"3)
2 110 1.6
16 350 2
28 300 2
46 560 2.05
KiK-net 64 430 2
455 1700 2.3
2100 2.35

KiK-net  IWTH25  —PBiW

unit

thickness | Vs weight
(m) (n/s) (ton/m"3)
6 430 1.6
28 530 1.7
30 680 2
48 1120 2
64 1780 22
28 1380 2.1
KiK-net 56 1810 225
330 1810 2.25
2100 2.35
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KiK-net  IWTH26 —Bii
unit

thickness | Vs weight
(m) (m/s) (ton/m”3)
4 130 2
460 2.15
26 540 2.2
KiK-net 72 680 22
225 1100 22
212 1400 2.25
697 1700 2.3
2100 2.35

KiK-net  KSRHOl &4k

unit

thickness | Vs weight
(m) (m/s) (ton/m”3)
2 100 1.7
14 150 1.7
16 540 1.9
20 190 1.9
14 240 1.9
KiK-net 40 380 1.9
150 1100 22
250 1400 2.3
100 1700 2.3
2100 2.35

KiK-net KNGH20 #AH
unit
thickness | Vs weight
(m) (n/s) (ton/m"3)
9 120 1.95
53 600 2.1
20 890 22
KiK-net 24 1400 22
303 1400 22
2700 2.5
KiK-net  KSRH02 [/
unit
thickness | Vs weight
(m) (m/s) (ton/m”"3)
2 90 1.6
8 140 1.6
8 250 1.8
12 470 1.8
10 290 1.8
KiK-net 65 400 1.9
180 1100 22
390 1400 2.3
450 1700 235
2100 2.35
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KiK-net ~ KSRH03  f#/&dk
unit

thickness | Vs weight
(m) (m/s) (ton/m"3)
2 90 1.65
190 1.7
10 250 1.9
18 380 1.85
22 670 1.85
26 530 1.9
KiK-net 25 440 1.9
287 500 1.9
850 1100 22
500 1400 2.3
50 1700 2.35
2100 2.4

KiK-net  KSRH05 #54

unit

thickness | Vs weight
(m) (m/s) (ton/m"3)
4 100 1.9
24 700 1.9
26 700 1.9
32 490 1.9
58 580 1.9
136 670 1.9
KiK-net 50 800 1.9
65 800 1.9
820 1100 2.25
500 1400 23
360 1700 2.35
2100 24

KiK-net  KSRH04  I54%F
unit

thickness | Vs weight
(m) (n/s) (ton/m"3)
8 100 1.9
10 280 1.9
12 280 1.9
48 350 1.9
KiK-net 160 470 1.9
258 1100 22
2700 2.5

KiK-net  KSRHO06  #BJEHH

unit

thickness | Vs weight
(m) (m/s) (ton/m”"3)
2 90 1.9
14 340 1.9
14 490 1.9
40 370 1.9
100 540 1.9
KiK-net 70 660 1.9
1000 1100 22
330 1400 2.3
2100 24
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KiK-net  KSRH07 fJmr
unit

thickness | Vs weight
(m) (m/s) (ton/m"3)
4 100 1.9
140 1.9
8 140 1.9
68 450 1.9
KiK-net 140 510 1.9
580 1100 2.2
210 1400 2.25
2100 23

KiK-net  KSRH09 [k

unit

thickness | Vs weight
(m) (m/s) (ton/m"3)
6 90 1.9
4 220 1.9
30 440 1.9
32 460 1.9
KiK-net 28 530 1.9
80 530 1.9
150 1100 2.2
150 1400 2.25
150 1700 23
2100 23

KiK-net  KSRH08  FIfifElt
unit

thickness | Vs weight
(m) (n/s) (ton/m"3)
120 1.6
790 1.9
790 1.95
20 1070 1.95
6 410 1.95
16 1150 1.95
KiK-net 46 1250 2
20 1700 22
2100 2.35

KiK-net MYGHO05 /)EFH

unit

thickness | Vs weight
(m) (n/s) (ton/m"3)
120 2
4 560 2
14 300 22
16 360 22
50 470 2.15
84 780 2.15
90 960 22
34 1080 22
KiK-net 43 690 22
276 1100 22
758 1700 2.3
2100 2.35
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KiK-net MYGHO06 HJi KiK-net MYGHO08 &
unit unit
thickness | Vs weight thickness | Vs weight
(m) (m/s) (ton/m”3) (m) (m/s) (ton/m"3)
86 690 22 70 590 1.9
KiK-net 14 1480 2.25 14 760 22
763 1500 2.3 KiK-net 14 970 225
2100 2.35 142 1100 2.25
364 1700 2.3
2100 2.35
KiK-net MYGH09 HAf KiK-net MYGHI10 [l
unit unit
thickness | Vs weight thickness | Vs weight
(m) (m/s) (ton/m”3) (m) (m/s) (ton/m”"3)
2 150 2 1 110 1.8
4 360 2 2 250 1.8
14 360 22 31 390 2
18 490 2.2 80 590 22
42 770 2.2 KiK-net 91 770 22
KiK-net 20 840 2.2 280 1100 22
188 1100 2.2 182 1700 2.3
424 1700 23 2100 2.35
2100 2.35
KiK-net NGNH28  F& KiK-net NGNH29  HpiRiER
unit unit
thickness | Vs weight thickness | Vs weight
(m) (m/s) (ton/m”3) (m) (m/s) (ton/m”"3)
2 120 1.8 3 150 1.7
5 560 1.8 7 400 1.8
KiK-net 113 900 2.15 80 740 1.9
1090 1100 2.15 KiK-net 20 1040 2.1
2100 2.35 587 1100 2.1
1300 1500 2.25
242 1700 2.3
455 1900 2.3
2100 2.35
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KiK-net NGSH05 @ik KiK-net NIGHO1 Rl
unit unit
thickness | Vs weight thickness | Vs weight
(m) (m/s) (ton/m”3) (m) (m/s) (ton/m"3)
2 200 1.9 KiK-net 100 620 1.9
8 320 1.9 80 620 1.9
10 320 2.2 245 1000 2.1
122 800 2.2 425 1280 2.2
32 1400 2.2 1030 1588 2.25
KiK-net 26 880 2.2 2000 23
1209 1100 2.2
2100 2.35
KiK-net ~ NIGH02  #iH KiK-net  NIGH03 i)l
unit unit
thickness | Vs weight thickness | Vs weight
(m) (m/s) (ton/m”3) (m) (m/s) (ton/m”"3)
2 150 2.1 26 250 2
30 400 2 36 400 2
28 550 2 80 530 1.9
KiK-net 45 600 2.25 KiK-net 90 580 1.9
105 600 2.25 85 580 1.9
150 1000 2.25 200 1000 2.1
210 1300 2.25 350 1300 2.2
370 1600 2.25 1050 1550 2.3
300 1900 2.25 1900 235
2100 2.35
KiK-net  NIGH04  [H)I| KiK-net  NIGH05 2§
unit unit
thickness | Vs weight thickness | Vs weight
(m) (m/s) (ton/m”3) (m) (m/s) (ton/m”"3)
50 480 2.15 65 290 1.8
30 570 2.15 KiK-net 80 410 1.9
KiK-net 20 660 2.15 550 550 1.9
20 1800 2.25 500 1000 2.1
2200 2.3 700 1300 22
800 1600 225
2000 2.3
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KiK-net  NIGH06 /I
unit
thickness | Vs weight
(m) (m/s) (ton/m”3)
10 270 1.9
KiK-net 90 740 2.1
50 1100 2.2
580 1600 2.2
1900 2.3
KiK-net NIGH11 L
unit
thickness | Vs weight
(m) (m/s) (ton/m”3)
2 200 1.6
54 400 1.85
7 700 1.8
22 520 2
100 650 2.1
KiK-net 20 850 2.15
460 1000 2.15
910 1300 22
910 1600 2.25
1900 23
KiK-net NIGH14 &R
unit
thickness | Vs weight
(m) (m/s) (ton/m”3)
14 320 1.5
6 560 1.9
30 710 2.1
44 840 2.1
74 950 2.1
196 1200 2.25
KiK-net 25 1330 2.25
155 1330 2.25
2700 2.5

KiK-net  NIGHO7  ##a
unit
thickness | Vs weight
(m) (n/s) (ton/m"3)
4 200 1.9
350 1.9
8 730 2
42 1380 2
KiK-net 45 1600 2.15
75 1800 22
2200 2.25
KiK-net NIGH12 G DA
unit
thickness | Vs weight
(m) (m/s) (ton/m”"3)
14 500 1.95
36 730 1.95
KiK-net 60 780 2.1
70 1300 2.25
30 1600 2.25
1900 2.3
KiK-net NIGH15 N H
unit
thickness | Vs weight
(m) (/s) (ton/m"3)
16 560 1.8
12 1000 2.15
16 630 22
14 900 22
22 1250 2.25
KiK-net 20 1540 235
20 1540 235
2100 2.5
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KiK-net  NIGH17  #&ma
unit

thickness | Vs weight
(m) (m/s) (ton/m”3)
4 220 1.9
12 420 1.9
16 680 2.2
8 620 2.2
12 500 2.2
26 680 2.2
48 760 2.2
KiK-net 24 870 2.2
486 1100 22
200 1400 23
2100 2.4

KiK-net  NMRHO04 JIEsR

unit

thickness | Vs weight
(m) (m/s) (ton/m”3)
4 100 1.6
4 160 1.7
12 160 1.8
18 260 1.8
60 290 1.8
48 320 1.8
40 370 1.85
KiK-net 30 410 1.95
57 500 1.95
1000 1100 2.15
1090 1400 2.25
2100 2.35

KiK-net  NIGHI8 #rm
unit

thickness | Vs weight
(m) (n/s) (ton/m"3)
4 170 1.9
18 300 1.9
34 620 1.9
KiK-net 54 930 2.15
220 1000 2.15
170 1300 22
380 1600 2.25
1900 2.3

KiK-net  NMRHO05 7S

unit

thickness | Vs weight
(m) (m/s) (ton/m"3)
130 1.7
190 1.9
12 190 2
40 350 2
100 390 2
KiK-net 60 540 2
356 540 2
788 1100 22
409 1400 2.25
182 1700 2.3
2100 2.35
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KiK-net SRCH10 4k
unit

thickness | Vs weight
(m) (m/s) (ton/m”3)
4 480 2
12 1150 2.2
118 1340 2.2
KiK-net 66 1600 2.2
255 1600 2.25
2100 2.35

KiK-net  SZOH34  if/Kdk

unit

thickness | Vs weight
(m) (m/s) (ton/m"3)
2 150 1.8
6 290 1.8
18 600 2
10 700 2.05
50 960 2.1
KiK-net 32 1100 2.1
106 1450 2.2
1242 1700 2.3
2100 2.35

KiK-net  SZOH26  4%JF
unit

thickness | Vs weight
(m) (n/s) (ton/m"3)
7 210 1.95
18 320 1.95
56 520 2
112 590 2
96 670 2
30 780 2.1
KiK-net 130 1700 2.25
95 1700 2.25
2100 2.35

KiK-net  SZOH36  Ji#kL
unit

thickness | Vs weight
(m) (n/s) (ton/m"3)
2 200 1.95
5 500 1.95
17 900 2
42 1100 2.1
18 1400 2.15
KiK-net 16 1600 22
810 1700 2.25
2100 2.35
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KiK-net SZOH37 2
unit

thickness | Vs weight
(m) (m/s) (ton/m”3)
5 100 1.9
5 500 1.95
20 910 2
110 1250 2.1
80 1400 22
KiK-net 84 1400 2.2
200 1500 2.25
606 1700 23
2100 2.35

KiK-net  SZOH41 Fiff i

unit

thickness | Vs weight
(m) (m/s) (ton/m"3)
6 270 1.85
24 890 2
42 1100 2.2
KiK-net 37 1400 2.2
285 1500 2.25
2700 2.35

KiK-net SZOH39 Pt &g
unit

thickness | Vs weight
(m) (n/s) (ton/m"3)
10 180 1.9
12 690 2.1
12 1200 2.15
KiK-net 70 1500 22
335 1500 22
2100 2.35

KiK-net  SZOH42 {E#&5F
unit

thickness | Vs weight
(m) (n/s) (ton/m"3)
5 50 1.65
25 260 1.9
40 630 1.9
70 690 1.9
KiK-net 63 970 2
120 1500 22
2700 2.5
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KiK-net  SZOH43 /K
unit

thickness | Vs weight
(m) (m/s) (ton/m”3)
2 100 1.6
300 1.6
9 300 1.6
15 510 1.6
30 750 1.95
60 820 1.95
60 780 2
KiK-net 60 1080 22
170 1100 22
60 1400 2.25
394 1700 2.3
2100 2.35

KiK-net  TCGHIl AT
unit

thickness | Vs weight
(m) (m/s) (ton/m”3)
2 80 1.8
10 280 2
6 420 2.05
8 650 2.1
14 1030 2.15
110 1480 2.2
KiK-net 50 1600 2.3
148 1600 2.3
2700 2.5

KiK-net  TCGH09  Kii
unit

thickness | Vs weight
(m) (n/s) (ton/m"3)
6 180 2
18 720 2.15
KiK-net 80 1050 22
60 1050 22
394 1500 2.3
2700 2.5

KiK-net _ TKCHO1 ]
unit

thickness | Vs weight
(m) (m/s) (ton/m”"3)
4 170 1.9
440 1.9
48 700 1.9
KiK-net 60 860 1.9
30 860 1.9
180 1100 22
210 1400 225
120 1700 2.3
2100 2.35
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KiK-net  TKCH02 JEFR
unit

thickness | Vs weight
(m) (m/s) (ton/m”3)
4 140 1.9
20 590 1.9
KiK-net 80 1070 2.1
230 1100 2.1
150 1400 2.25
150 1700 2.3
2100 2.35

KiK-net  TCKHO04  #if3mi

unit

thickness | Vs weight
(m) (m/s) (ton/m”3)
4 380 2.05
16 380 2.05
18 680 2.05
46 890 2.05
KiK-net 85 1020 2.1
60 1400 2.25
60 1700 2.3
2100 2.35

KiK-net TKCHO3  &%W
unit

thickness | Vs weight
(m) (n/s) (ton/m"3)
4 120 2
10 450 2.1
30 640 2.1
58 750 2.1
12 520 2.1
KiK-net 85 970 2.1
180 1100 2.1
380 1400 22
240 1700 225
2100 2.3

KiK-net TCKHO5  Ajl
unit

thickness | Vs weight
(m) (m/s) (ton/m"3)
4 140 1.6
140 1.9
12 430 1.95
12 660 2
50 770 2
KiK-net 20 640 2
20 640 2
300 1100 22
515 1400 2.25
700 1700 2.3
2100 2.35
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KiK-net TCKHO06 3= KiK-net TCKHO7  HtH
unit unit
thickness | Vs weight thickness | Vs weight
(m) (m/s) (ton/m”3) (m) (m/s) (ton/m"3)
2 130 2 2 80 1.65
330 2 2 110 1.65
44 330 1.95 10 110 1.65
66 390 2 24 200 1.8
46 480 2 10 350 1.95
KiK-net 67 650 2 KiK-net 50 530 1.9
515 1100 2.2 180 1100 22
167 1400 2.25 400 1400 2.25
30 1700 2.3 330 1700 2.3
2100 2.35 2100 235
KiK-net  TYMH04 fait KiK-net  TYMHO05 Jfi¥
unit unit
thickness | Vs weight thickness | Vs weight
(m) (m/s) (ton/m”3) (m) (m/s) (ton/m"3)
14 600 1.9 2 200 1.9
46 730 1.9 14 620 1.9
KiK-net 40 530 1.9 14 920 2.15
6 530 1.9 30 920 2.15
364 1100 2.1 22 920 2.15
333 1700 2.25 KiK-net 62 1060 2.15
2700 2.5 98 1100 2.15
909 1700 2.25
2700 2.5
KiK-net TYMHO06 J/\J& KiK-net YMNHI11 KA
unit unit
thickness | Vs weight thickness | Vs weight
(m) (m/s) (ton/m”3) (m) (m/s) (ton/m"3)
90 570 1.9 12.5 230 1.9
110 780 1.9 19 370 1.9
27 780 1.9 36.5 1010 22
288 1100 2.1 132 1530 2.2
606 1700 2.25 72 1530 22
2700 2.5 2700 2.5
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KiK-net  YMNHI12 $#%
unit
thickness | Vs weight
(m) (m/s) (ton/m”3)
10 240 2.1
11 750 2.1
35 840 2.1
29 1130 2.2
KiK-net 63 1350 2.25
185 1350 2.25
106 1400 2.25
182 1500 2.25
803 1700 2.3
2100 2.35
KiK-net YMNHI5 Fii—f
unit
thickness | Vs weight
(m) (m/s) (ton/m”3)
6 200 22
38 1100 2.2
40 1300 2.2
KiK-net 32 1600 2.25
1545 1700 2.3
2700 2.35
KiK-net YMTH09 iR
unit
thickness | Vs weight
(m) (m/s) (ton/m”3)
4 120 2.1
6 260 2.1
22 430 2.1
12 720 2.1
KiK-net 156 1050 2.1
40 1050 2.1
881 1400 2.25
2100 2.35

KiK-net _YMNHI3 HJE
unit
thickness | Vs weight
(m) (n/s) (ton/m"3)
4 250 2
900 22
20 1300 2.25
30 1360 2.25
60 1320 2.25
KiK-net 84 1350 2.25
68 1400 2.25
182 1500 2.25
2121 1700 23
2100 235
KiK-net  YMTHO8 J\I
unit
thickness | Vs weight
(m) (m/s) (ton/m"3)
4 120 2.15
320 2.15
18 470 2.15
42 610 2.15
KiK-net 36 680 2.15
718 1100 2.15
2700 2.5
KiK-net YMTHI5  78)I3K
unit
thickness | Vs weight
(m) (n/s) (ton/m"3)
4 230 2.15
14 230 2.15
12 450 2.15
56 540 2.15
KiK-net 14 930 2.15
355 1100 2.15
2100 235
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Appendix. C

Z 2 CIHEARFR BN E T EA OFEICHWZBUL R O£ FR, KiK-net O 22— R4, #R2 - fEE
% L CEJRERE D (km) % Table.1.1 OHEMEICNEICE L T\ 5. KRNI T 594 Foill
NTEIRIERE D /NS WIETH 5. FARRNIIEHE IO CRER R GEIRIERETIZ2W)
100 km F&E (ZAL B 9~ 2 B A FRT BRI L7228, 2003 45 IR, 2005 45 5 bk I i 52,
2011 4 =R HiER 0 =212 B L CIEZ 2 U= S BEHE 200 km, 150 km, 200 km F2 5 OB S F
TEE L.

Appendix-75



Table.C.1: sites considered for E.4. calculations in 2000 Tottoriken seibu earthquake

Site code longitude | latitude D (km)

H & TTRHO02 133.39 35.23 13
{EEN SMNHO1 133.26 353 14
=% SMNH02 133.09 35.22 27
il OKYHO07 133.32 35.05 28
EIREE SMNH10 1333 35.56 33
B OKYHO09 133.68 35.18 34
TR TTRHO4 133.63 35.47 35
% OKYHO08 133.41 34.91 43
el OKYHI14 133.62 34.94 46
& M SMNHI12 132.86 35.16 48
- SMNHI11 132.8 35.43 54
EER OKYHI10 133.93 35.28 54
R0 HRSH06 132.91 34.91 58
= SMNHO03 132.72 35.22 59
beisti OKYHO05 133.85 34.87 65
Fe] LI OKYHO03 133.79 34.78 69
£ OKYHO06 133.53 34.68 69
G HRSH09 132.95 34.7 75
W sk OKYH11 134.12 35.07 75
B SMNHO04 132.53 35.09 78
FL OKYHO04 133.69 34.64 78
PIEE SMNHO5 132.64 34.87 80
T TTRHO1 134.22 35.26 30
D HRSHO05 133.42 34.56 81
A HRSHO03 133.14 34.52 87
iV OKYHO02 134.07 34.75 89
KFn HRSHO02 132.95 34.55 90
KIF OKYHI12 134.32 35.1 91
Ea) SMNHO08 132.42 34.88 96
AR HYGHO5 13433 34.9 99
E8F OKYHO1 133.89 34.51 99
PARE: SMNHI13 13231 35.01 100
b3 HRSHO4 13335 34.38 100
A HYGHO02 134.42 35.07 101
HZE OKYHI3 134.27 34.73 104
=R HRSHO1 133.02 34.37 106

Appendix-76



Table.C.2: sites considered for E.4. calculations in 2004 Niigataken chuetsu earthquake

Site code longitude | latitude D (km)

£ NIGHO1 138.89 37.43 20
I NIGH11 138.74 37.17 2
N H NIGH15 139 37.05 32
iy NIGH06 139.07 37.65 46
iR NIGH19 138.78 36.81 55
Fie NIGH07 139.26 37.67 56
BFRIRIR | NGNH29 138.44 36.91 58
e NIGH18 138.26 36.94 68
wEmE | NIGH17 138.1 36.86 84
EEL NIGHO05 139.28 37.98 86
SHE | FKSHO4 139.81 37.45 86
ST FKSHO03 139.75 37.61 87
4% FKSHO5 139.87 37.25 90
SN GNHMO8 138.52 36.49 95
P NGNH28 138.1 36.71 95
KA TCGH09 139.84 36.86 99
A NIGH16 137.85 36.94 99
A TCGHI11 139.77 36.71 104
el NIGH03 139.43 38.13 106
B NIGH04 139.54 38.13 111
A NIGH02 139.55 38.28 126
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Table.C.3: sites considered for E.4. calculations in 2005 Fukuokaken seihouoki earthquake

Site code longitude | latitude D (km)

=4 SAGH03 130.23 33.41 38
] SAGHO1 129.89 33.51 38
5 FKOHO3 130.55 33.56 41
AR SAGHO04 130.4 33.37 47
B FKOH04 130.75 33.55 58
N FKOHO08 130.83 33.47 68
21 FKOHO5 130.95 33.53 76
PEtIRF | NGSHO3 129.81 33.13 76
LI FKOHO1 130.98 33.88 76
B YMGHO08 130.93 34.13 82
JEEE KMMHO1 130.69 33.11 85
P NGSHO1 129.44 33.21 91
£4 KMMH17 130.56 32.99 91
ik NGSHO05 130.14 3291 93
28 NGSH04 129.8 32.96 94
LR YMGHO02 131.14 34.11 98
it KMMHO03 130.83 33 102
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Table.C.4: sites considered for E.4. calculations in 2007 Notohanto oki earthquake

Site code longitude | latitude D (km)

B ISKHO02 137.04 37.36 37
BRI ISKHO1 137.28 37.53 64
FHl TYMHO5 136.96 36.57 77
&R ISKH07 136.64 36.52 79
B TYMHO06 137.16 36.57 84
fan TYMHO04 137.47 36.79 85
Al TYMHO7 137.04 36.44 93
Rr ISKH09 136.72 36.27 107
I GIFHI3 136.9 36.27 108
Al NIGH16 137.85 36.94 109
o ] GIFH10 137.37 36.38 113
= GIFHO04 137.2 36.24 119
S):5 NGNH36 137.85 36.7 120

Appendix-79



Table.C.5: sites considered for E.4. calculations in 2007 Niigataken chuetsuoki earthquake

Site code longitude | latitude D (km)

£ [ NIGHO1 138.89 37.43 33
s NIGH06 139.07 37.65 45
JI 75 NIGHI1 138.74 37.17 48
B4 | NIGHI2 138.98 37.22 53
s NIGH07 139.26 37.67 61
HiR NIGH14 138.85 37.03 65
N H NIGH15 139 37.05 68
HA FKSH21 139.31 37.34 69
BFRIRSR | NGNH29 138.44 36.91 76
Wi NIGH18 138.26 36.94 77
£ NIGHO05 139.28 37.98 77
AN NIGH19 138.78 36.81 86
KLk GNMHI13 139.06 36.86 89
s | NIGH17 138.1 36.86 92
{Ea] FKSHO06 139.52 37.17 93
Mkl | FKSHO7 139.38 37.01 93
N NIGH03 139.43 38.13 97
vl NIGH16 137.85 36.94 08
pazsi | FKSHOL 139.72 37.76 102
B NIGH04 139.54 38.13 105
F NGNH28 138.1 36.71 106
AHEE | FKSHO4 139.81 37.45 108
A GNMHO09 13891 36.62 109
FItR GNMHO07 139.21 36.7 111
A NIGH02 139.55 38.28 116
I 2 TCGH17 139.69 36.99 116
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Table.C.6: sites considered for E.4. calculations in 2008 Iwate-Miyagi nairiku earthquake

Site code longitude | latitude D (km)

—PB978 | IWTH25 140.86 39.01 8
—PBds | INTH26 141 38.97 15
HRGHE | AKTHO4 140.71 39.17 23
4 | IWTH24 141.01 39.2 23
L MYGHO02 140.65 38.86 29
f6%m | IWTH20 141.05 39.34 38
BN AKTHI9 140.47 39.19 40
JHEIR IWTHO5 141.35 38.87 45
BN MYGHO04 141.33 38.79 48
{EH IWTHO4 141.39 39.18 48
1E&AL IWTH19 141 39.46 50
S5t AKTHO5 140.32 39.07 49
Hfn IWTH22 141.3 39.33 50
7, MYGH06 141.07 38.59 52
KAk AKTHI8 140.39 39.35 56
BERiEH | IWTH27 141.53 39.03 57
il AKTHI17 140.61 39.56 64
A MYGHI12 141.44 38.64 66
e MYGHO03 141.64 38.92 67
ENIt! IWTHI5 141.09 39.61 67
iR YMTHO09 140.18 38.75 69
KE AKTHO3 140.13 39.22 69
T IWTH16 140.95 39.64 68
GEls MYGHI11 141.34 38.52 70
Pfldk | AKTHI16 140.35 39.55 74
NS YMTHOS 140.03 38.97 74
PR | AKTHO2 140.57 39.66 75
W Fn AKTHI5 140.41 39.69 84
JUFERE | IWTHI8 141.68 39.46 34
g2 IWTH23 141.82 39.27 86
iz MYGHO1 141 38.24 89
FAIL | AKTHOL 140.58 39.81 91
JUFAE | IWTHL7 141.6 39.64 9
PE)IE | YMTHIS 140.12 38.43 94
Eil IWTH02 141.38 39.83 99
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Table.C.7: sites considered for E.4. calculations in 2003 Tokachi oki earthquake

Site code longitude | latitude D (km)

=30 HDKHO07 142.92 42.13 111
KAt TKCHO8 143.15 42.49 117
B TKCHO7 143.52 42.81 130
FIBER | KSRHO09 143.98 42.99 141
pT#ers | KSRHO2 144.12 43.11 154
e TKCHO06 143.06 42.89 155
#JFm | KSRHO7 144.33 43.14 158
AH] TKCHO5 143.62 43.12 159
i HDKHO06 142.36 42.35 161
e HDKHO5 142.54 42.6 161
THAK TKCHI11 142.88 42.87 161
#JEH | KSRHO6 144.43 4322 168
B KSRHO05 144.23 43.26 170
% | KSRHO4 144.68 4321 172
o] TKCHO3 143.43 43.27 179
R TKCHO2 143.9 43.38 183
i KSRH10 145.12 4321 186
#ri3m | TKCHO4 142.92 43.17 186
o5 58t KKWHO08 142.66 43.04 187
SEELTE HDKHO1 142.23 2.7 188
BAAE KSRH03 144.63 43.38 188
(T KSRHO1 144.08 43.44 189
R vG HDKHO04 142.04 4251 191
BIEFE | NMRHO3 144.8 43.39 193
(2] TKCHO1 143.68 43.47 195
#ri3dc | TKCHI10 142.94 43.33 200
BMEHR | NMRHO04 145.12 43.4 204
vl IBUH02 142.13 42.87 205
B IBUHO3 141.86 42.65 211
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Table.C.8: sites considered for E.4. calculations in 2005 Miyagiken oki earthquake

Site code longitude | latitude D (km)

gl MYGHI1 141.34 38.52 101
I MYGHI2 141.44 38.64 101
RS MYGHO03 141.64 38.92 110
R MYGH04 141.33 38.79 117
filie MYGHO1 141 38.24 120
RN IWTHO5 141.35 38.87 121
H R MYGHO06 141.07 38.59 124
BERiE o | IWTH27 141.53 39.03 125
ot MYGH10 140.89 37.94 131
Pt MYGHO08 140.84 38.11 133
E=h IWTH23 141.82 39.27 137
IRIL FKSH20 140.99 37.49 142
FH IWTHO04 141.39 39.18 144
/NEF MYGHO05 140.78 38.58 146
— B IWTH26 141 38.97 150
HA MYGHO09 140.6 38.01 154
JIHrd IWTH18 141.68 39.46 160
— B IWTH25 140.86 39.01 162
Fag7S FKSH19 140.72 37.47 162
WO IWTH22 141.3 39.33 162
JIH= FKSH17 140.6 37.66 163
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Table.C.9: sites considered for E.4. calculations in 2011 Sanriku oki earthquake

Site code longitude | latitude D (km)

Jig MYGHO03 141.64 38.92 157
aHE) MYGHI12 141.44 38.64 164
g ITWTH23 141.82 39.27 164
el MYGHI11 141.34 38.52 170
Ferim M | IWTH27 141.53 39.03 171
(L1 IWTH21 141.93 39.47 173
A MYGH04 141.33 38.79 178
JERIR IWTHO5 141.35 38.87 178
JIFHREE IWTHI18 141.68 39.46 187
= IWTHO04 141.39 39.18 189
FH 7 MYGHO06 141.07 38.59 195
mE IWTHI14 141.91 39.74 197
e MYGHO1 141 38.24 200
A IWTH22 1413 39.33 205
JIHAE IWTH17 141.6 39.64 206
— B ITWTH26 141 38.97 211
1 MYGH10 140.89 37.94 213
HiR MYGHO08 140.84 38.11 214
HE IWTHO3 141.65 39.8 216
&y | IWTH24 141.01 39.2 219
/N MYGHO5 140.78 38.58 220
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Table.C.10: sites considered for £.A4. calculations in 2001 Geiyo earthquake

Site code longitude | latitude D (km)

=V HRSHO1 133.02 34.37 65
i EHMHO05 132.8 3371 69
KFn HRSHO2 132.95 34.55 73
[EES EHMHO02 133.18 33.87 7
= [E YMGHO3 132.13 34.19 74
N HRSHI2 132.43 34.58 77
Pl HRSHO8 132.16 34.39 78
(il HRSH03 133.14 34.52 78
JEA R YMGHO04 132.06 34.03 79
THRE HRSHO04 133.35 34.38 83
1l KOCHO05 133.14 33.65 83
21| YMGHO05 131.99 342 84
A HRSH09 132.95 347 85
EY! EHMHO07 132.75 335 86
e EHMHO08 133 33.54 86
=4k HRSH10 132.38 34.75 9
=l KOCHO02 133.36 3371 91
JER, SMNH09 132.01 34.57 9
5 EHMH09 132.31 33.47 96
130 HRSHO5 133.42 34.56 9
REPES SMNHO05 132.64 34.87 98
H& EHMHO06 132.8 33.33 102
AR SMNHO08 132.42 34.88 102
EH SMNHO07 132.04 34.69 102
PR HRSHI11 133.17 34.82 102
Hn HRSHO06 132.91 34.91 103
e EHMHO03 133.65 33.92 103
= KGWHO02 133.71 342 106
T YMGHI11 131.69 34.21 107
Koo SMNHO06 1322 34.88 109
AR KOCHO07 133.29 33.39 110
EE OKYHO06 133.53 34.68 110
KiE KOCHO03 132.99 33.27 110
TAR=3 SMNH13 132.31 35.01 117
953,53 YMGHO1 131.56 34.05 118
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Table.C.11: sites considered for £.A4. calculations in 2001 Iwateken nairikunanbu earthquake

Site code longitude | latitude D (km)

BN IWTH22 1413 39.33 122
Piae-3c) IWTH20 141.05 39.34 124
1E&L IWTHI19 141 39.46 124
EM IWTHO4 141.39 39.18 125
NI IWTHIS 141.09 39.61 125
& o IR IWTH24 141.01 39.2 126
JIFERE IWTHI18 141.68 39.46 127
JIUFAE | IWTH17 141.6 39.64 128
FEL IWTHO2 141.38 39.83 131
&0 IWTH23 141.82 39.27 132
— B3 IWTH26 141 38.97 133
HH | AKTHO4 140.71 39.17 133
L] IWTH25 140.86 39.01 134
IR IWTHO3 141.65 39.8 134
(L1 FH IWTH21 141.93 39.47 135
il AKTH17 140.61 39.56 135
TR IWTHOS 141.35 38.87 136
e MYGHO03 141.64 38.92 137
BRECS IWTH13 141.55 39.94 138
[ NE] AKTHO02 140.57 39.66 139
SRS IWTH14 141.91 39.74 139
R MYGHO04 141.33 38.79 140
iR AKTH19 140.47 39.19 142
KA AKTHIS 140.39 39.35 143
PEAAL AKTHOI 140.58 39.81 143
—F IWTH11 141.19 40.08 144
Fn AKTHIS 140.41 39.69 146
FEflde AKTH16 140.35 39.55 146
JEE £ AKTHI14 140.81 40.06 147
A MYGHI12 141.44 38.64 149
I IWTHO09 141.71 40.09 149
il AKTHO5 140.32 39.07 151
M MYGHO06 141.07 38.59 152
TR IWTHO!1 141.34 40.24 154
ZFm IWTHO06 141.17 40.26 155
el MYGH11 141.34 38.52 156
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[ AKTHI13 140.41 39.98 156
RE AKTHO3 140.13 39.22 157
NEFE | MYGHOS 140.78 38.58 158
K IWTHO7 141.57 40.27 158
E AOMHIS | 14101 40.3 159
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Table.C.12: sites considered for £.4. calculations in 2003 Miyagiken oki earthquake

Site code longitude | latitude D (km)

FEZ MYGHO03 141.64 38.92 72
el MYGHI2 141.44 38.64 76
RERE A | IWTH27 141.53 39.03 76
R IWTHO5 141.35 38.87 77
i MYGH04 141.33 38.79 77
Gl MYGHI11 141.34 38.52 83
£ IWTHO04 141.39 39.18 36
g2l IWTH23 141.82 39.27 88
H MYGH06 141.07 38.59 92
—[® | IWTH26 141 38.97 94
BN IWTH22 1413 39.33 97
&l | IWTH24 141.01 39.2 101
JIFE | IWTHIS 141.68 39.46 101
—Rav IWTH25 140.86 39.01 103
L IWTH21 141.93 39.47 104
P37l IWTH20 141.05 39.34 107
/INEF MYGHO05 140.78 38.58 109
k= MYGHO1 141 38.24 112
6%t | IWTHI9 141 39.46 117
JUFEAE | IWTH17 141.6 39.64 117
&if IWTHI5 141.09 39.61 125
& IWTH14 141.91 39.74 127
=il MYGHO08 140.84 38.11 128
JE IR IWTHO03 141.65 39.8 131
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Table.C.13: sites considered for £.A4. calculations in 2009 Surugawan earthquake

Site code longitude | latitude D (km)

TH/KF SZOH43 138.49 34.97 3]
PSP | SZOH39 138.77 34.8 34
(i) P SZOH33 13835 35.01 37
353 SZOH36 138.2 34.91 39
rAOYEL SZOH41 138.83 34.67 40
THARAE SZOH34 138.42 35.13 46
JIAR SZOH31 138.08 34.94 48
T SZOH40 138.97 34.78 49
f&#E3F SZOH42 138.91 34.98 49
2 SZOH37 138.57 352 52
i SZOH26 137.9 34.79 60
2] SZOH38 138.98 35.09 60
G SZOH35 139.09 34.95 62
Kk YMNHI3 138.42 35.35 68
Ikl SZOH29 138.2 3531 69
ISR SZOH32 137.84 35.01 69
T AL SZOH28 137.74 34.67 74
KEAL SZOH30 137.92 35.22 76
B YMNH09 138.33 35.43 77
Gl SZOH24 137.66 34.83 80
FfE# | NGNH25 137.93 35.3 81
R AICH17 137.73 35.18 86
Bk AICHI0 137.62 35 87
EJL—f5 | YMNHIS 138.6 35.53 87
FJI4E | YMNHI0 13831 35.54 89
ik KNGH19 139.04 35.42 89
R NGNH54 138.01 35.45 90
Fa KNGH20 139.13 3537 90
AT YMNHI2 13845 35.56 90
e SZOH25 137.56 34.69 90
e | YMNHI14 138.97 35.51 94
Bk AICH20 137.49 34.9 9
Bl | AICH22 137.44 34.79 100
e AICH16 137.53 35.15 100
A NGNH14 137.63 3531 101
A NGNHI13 137.88 35.51 101
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el KNGH21 139.21 35.46 102
=== AICH19 137.41 34.95 104
EAG AICH09 137.39 34.66 105
U525 YMNHO08 138.73 35.69 106
KA YMNHI1 138.98 35.62 105
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HE
K L2 HET DD > TEHIIL O - EIZRET.

FURKZRZRE gl B A 7R A SUEBRBE I O HIE 2% 5 13, 5858
& LTI AE ORI BRkGE L CRT 4 < IZIED BT RS R TAW -, T A% TR
O MR D EFEEHE L L TRMmXon N 03 IR0A h—1 —DE DO 72
EREEE TR 2 THO 2. BULTR PR TP LR R B8 R om B L Fix &%
HEdk BT SITRENOREFICB N Ta A v hROEM 2 TEW 72, Rt A FZERT O —
BN GIIVHEESOEELEREL VD, ZHZ L DOFEOREICE N TRNERVEE %
AW JH KRR OAHE OB LM UIFEBTOMXOE L mD H ETHEEREE 2 K7L
mEEZLND.

FEHIIZ DOV - FEMIEE T2 T, FEND bk et 11 & 57 A AT CRIRE
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B S D5 DB DR WEREIC RS E T, < Daa=r—ra v ERo 2 L 0BT
THRUWPAEAEZB IS LS - THIRS TRV, MO OB AL SULERBE A H L O
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