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Abstract

A statistical prediction model is proposed for semi-long-period earthquake motions which
mostly consist of surface waves. A simplified separation technique of body and surface waves
in strong motion accelerograms is developed and the 68 components of surface waves are
separated from their original strong motion accelerograms. A factor analysis is performed
as for occurence of earthquake surface waves. On this basis a statistical prediction model is
developed for earthquake surface motions which are mainly generated by local site conditions.
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. Table 1 Velocity Model for Hachinohe Site”s® -
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M Hﬂ w T ) No. of | thickness v, v, density
g layer (m) (m/sec) | (m/sec) | (gr./cm?)
time (sec)
G0, 1000 2,00 0,00, W00 , 0,00 , 60,00 1 2.0 100.0 332.0 1.8
2 t 2 2.0 160.0 531.0 1.8
3 5.0 200.0 664.0 1.9
o 4 21,0 275.0 912.0 1.7
5 30.0 320.0 1061.0 1.7
. 6 15.0 340.0 | 1128.0 L8
T — 2 7 105.0 379.0 1257.0 1.9
= AN . § | 180.0 | 690.0 | 22840 | 2.0
o ;g 9 20.0 1100.0 3641.0 2.1
- T - g 10 — 2800.0 5240.0 2.5
pe N ———— gx
q ~—7 % Table 2 Maximum shear strain on top of
5 layers obtained from separated
H body wave and original time
N, - history (S-252 Hachinohe, 1968
) A ——— Tokachi-oki Earthq.)
o/A\ . . ~
w,___{\\: (unit X 10-4)
No. of original separated
o layer wave body wave
7 1 0. 0.
o 2 3,73 3.70
= 3 3.31 3.34
Fig, 3 Evolutionary power spectra with 4 3.21 2.98
acceleration time history (S-252 5 4.43 4.01
Hachinohe, direction to epicenter, 6 6.27 5.70
1968 Tokachi-oki Earthg.) 7 4.62 4.30
8 1,24 0.63
9 1.01 0,64
10 0.15 0.10
s original time history 2 original time history
ot <)
*q &3]
e surface wave é 8 surface wave
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Fig. 4 Separated body and surface waves with its original time histories (4,=10sec,
f4,=0.15 Hz, f,,=0.48 Hz, $-252 Hachinohe, direction to epicenter, 1968
Tokachi-oki Earthq.)
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Table 3 Surface-wave-containing eathquake motion data
Ref.* : | Ja Jo. | S 4 ar
No. No. site earthquake (sec) (H;) o | M (km) | ) comp.
1| 1 | Shimizukojyo-S Shizaoka, | 10,0 0.6 [0.85|0.72 | 6.11135.0 | 40.0 | N-S
2| 2 | Shimizukojys-S Shizuoka, | 130 0.6 |0.85|0.72 | 6.11135.0 | 40.0 | B-W
3| 4 | Kashima-S lparagl | 13.010.37 | 0.8 | 0.59 | 6.0[ 72.2 E-W
4| 11 | Aomori-S 1968 Tokachi-oki| 47.0 | 0.2 | 0.45 | 0.33 | 7.9/247.0 | 20.0 | N-S
51 12 | Aomori-S 1968 Tokcchi-oki| 57.0 | 0.2 | 0.45 | 0.33 | 7.9{247.0 | 20.0 | E-W
6 | 18 | Hachinohe-S 1968 Tokachi-oki| 39.5 | 0,29 | 0.48 | 0.39 | 7.9235,0 | 20,0 | N-S
7 | 19 | Hachinohe-S 1968 Tokachi-~oki| 32.0 | 0.29 | 0.48 | 0.39 | 7.9/235.0 | 20.0 | E-W
8| 21 | Aomori-S 1968 Tokachi-okil 68.0 | 0.33 | 0.6 | 0.47 | 7.4]193.0 | 20,0 | N-S
9| 22 | Aomori-S (Aftershock) 44,5 10.33 | 0.6 | 0.47 | 7.4193.0 | 20.0 | E-W
e Wakayama,
10 | 23 | Wakayama-ji-S off-shore 2.510.721.2 {0.96 5.0 6.0 I N-8
11 | 25 | Wakayama-ji-S 1.5]10.9 | 1.4 |1.15 N-S
12| 26 | Wakayama-ji-S 1.5|1.5 |25 |2.00 E-W
. . Miyazaki,
13 | 38 | Hososhima-S offoshore 12.010.85| 1.2 |1.03 6.7 53.2 10.0 | N-S
14 | 45 | Kinuura-S Aichi, off-shore; 10.0 | 0.41 | 0,6 | 0.51 | 6.1 54.2 | 40.0 | U-D
15| 64 | Ochiai(B) Matsushiro 4.5(0.35|0,630.49 |51 80| 43|LG
16 | 65 | Ochiai(B) Matsushiro 450,35/ 0.630.49 |51 80| 4.3|7TR
17 | 66 | Ochiai(a) Matsushiro 5.5]0.340.65|0.50 | 5.1 4.3 | LG
18 | 67 | Ochiai(a) Matsushiro 3.010.41 | 0.65|0.53 5.1 4.3 | U-D
19 | 68 | Ochiaila} Matsushiro 4.5[0.38 0,61 250 5.1 4,3 | TR
20 | 72 | Ochiailc) Matsushiro 5.85 1.4 12,5 | 1.95 4.7 5.6 | E-W
21 | 75 | Ochiai(B) Matsushiro . L.6]10.7311.2 |0.97 5.5 TR
22 | 88 | Ochiai(B) Matsushiro | 3.5[0.72/1.3 [1.01 4.6 5.0 | LG
23 | 90 | Ochiai(B) Matsushiro | 3.5 0.7211.3 | 1.01 4.6 5.0 | TR
24| 107 | Itajima Bridge | ooi@S 1 21611 2.1 |1.60 | 5.3 18.3 | 40.0 | TR
25 | 112 | Ochiai(B) Matsushiro 4.210.45/1.2 |0.83 4.5 24.1| 0.0 | U-D
26 | 114 | Ochiai(B) Matsushiro 1.8 1.6 | 2.3 |1.95 4.5 151 0.0 | E-W
27 | 131 | Toyohama Bridge| Aichi, off-shore| 8.19| 1.1 | 1,7 | 1.40 | 6.1/ 42.3 | 40,0 | U-D
28 | 161 | Omigawa Bridge | Chiba, off-shore| 11,0 | 1.3 | 2.5 |1.90 | 6.1/ 58.2 | 60.0 | U-D
29 | 172 | Tonegawa 9.5/10.6 | 1.8 |1.20 TR
. 1978
30 | 183 | Chiba-S Miyagiken-oki | 75-0 | 0-32 | 0.6 | 0.46 | 7.4340.9 | 40.0 | SOUTH
31 | 184 | Niigata-ji-S v 56,0 (0.32 | 0.6 |0.46 | 7.4272.7 | 40.0 | EAST
32 | 189 | Aomori-S ” 67.0 | 0.38 | 0.72 | 0.55 | 7.4]324.2 | 40.0 | EAST
33 | 200 | Koshima-zokan-S 4 87.0 0.2 |0.4110.31 | 7.4281.0 | 40.0 | DOWN
34 | 207 | Ofunado-bochi-S 4 32.0 0.5 |0.8 |0.65] 7.4]103.0 | 40.0 | DOWN
35 | 208 | Hachinohe-S 7 27.0 1 0.36 | 0.65 | 0.51 | 7.4273.0 | 40.0 [SOUTH
36 | 210 | Hachinohe-S 7 27.010.36|0.650.51 7. 4|273. 0| 40.0 | WEST
37 | 216 | Shimizu-miho-S 1978 26.010.21 | 0.53]0.37 7.0/ 71.4 | 0.0 | EAST
Izu-oshima-
38 | 218 | Shimizu-miho-S kinkai 17.010.15{ 0.3 |0.23 7.0/ 71.4| 0.0 |SOUTH
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#1 A *2
No. Rﬁf(‘). site earthquake (si:c) (ﬁ’g) ({ﬁ) ({f)z) M (k‘r'n ) (lf:n ) comp.
39 220 | Okitsu-S 1978 27.0 | 0.21 | 0.36 | 0.28 | 7.0/ 76.0| 0.0 | DOWN
Izu-oshima-
40| 228 | Shimisu-koiyo-S |  kinkai | 43.0|0.23 | 0.45 [0.34|7.0/76.0 | 0.0 | SO6E
41235 | Tagonoura-S | "(Aftershock) | 60.0 | 0.41 | 0.53 | 0.47 | 5.8 38.0 | 20.0 | WISN
42| 238 | Shimizu-miho-S | ”(Aftershock) | 26.0 | 0.26 | 0.53 | 0.39 | 5.8 41.0 | 20,0 | EAST
43| 239 | Shimizu-miho-S | "(Aftershock) | 36.0 | 0.26 | 0.53 | 0.39 | 5.8 41.0 | 20,0 | DOWN
44| 240 | Shimizu-miho-S | "(Aftershock) | 24.0 | 0.26 | 0.53 | 0.39 | 5.8 41.0 | 20,0 | SOUTH
45| 241 | Shimizu-kojyo-S | "(Aftershock) | 14.0 | 0.28 | 0.53 | 0.41 | 5.4 35.0 | 10.0 | SO6E
46 | 257 | Wakayama-S | Wakayama 2.7 14 2.2 |18 3.8 6.0 0.0|S12W
47| 265 | Onahama-ji-S | Kashimanada | 5.64| 0.15 | 0.38 | 0.27 | 5.5 57.0 | 60.0 | DOWN
48268 | Tomakomai-s | 1982, Urakawa, | 43 ¢ 10,23 | 0,44 | 0.34 | 7.11102.0 | 40.0 | E0SN
19289 | Kashima-zokan-S| MParagh 1450 o,21| 042 0-32 T.0M8.01 30.0 | DOWN
50 | 331 | Aomori-S 1983 41,0 | 0.21{0.38 | 0.30 | 7.7156.0 | 14.0 | EAST
Nihonkai
51| 332 | Aomori-S chubu | 60.0 | 0.21 | 0.38 | 0.30 | 7.71156.0 | 14.0 | SOUTH
52 | 336 | Akita-S "(Aftershock) | 22.5 | 0.33 | 0.72 | 0.53 | 6.1113.0 | 23.0 |NORTH
53 | 337 | Akita-S "(Aftershock) | 22.5 | 0.31 | 0.94 | 0.63 | 6.1113.0 | 23.0 | DOWN
54338 | Akita-S "(Aftershock) | 15,0 | 0,25 | 0.50 | 0.38 | 6.1113.0 | 23.0 | EAST
55339 | Akita-S "(Aftershock) | 23.0 | 0.41 | 0.72 | 0.57 | 6.0115.0 | 14.0 |[NORTH
56 | 340 | Akita-S »(Aftershock) | 17.0 | 0,38 | 0.65 | 0.52 | 6.0[115.0 | 14.0 | DOWN
57| 341 | Akita-S "(Aftershock) | 19.0 | 0.41 | 0.95 | 0.68 | 6.0115.0 | 14.0 | EAST
58 342 | Aomori-S "(Aftershock) | 56.0 | 0.20 | 0.33 | 0.27 | 7.1160.0 | 6.0 | EAST
59 | 344 | Aomori-S "(Aftershock) | 5.0 | 0.22 | 0.41 | 0.32 | 7.1160.0 | 6.0 |SOUTH
60 | 345 | Muroran-S "(Aftershock) | 35.0 | 0.22 | 0.41 | 0.32 | 7.1201.0 | 6.0 | WEST
61 | 354 | Hakodate-M | 1982.Utakawa, | pq o 10 99 | 0,31 | 0.26 | 7.1158.0 | 40.0 NORTH
62 | 364 | Tokachi-M rakawa, | 6,67 0.5 | 1.10 | 0.85 | 5.2/ 9.0 | 30.0 | EAST
63| 389 | Sendai-M Fukushima, | 13.0| 0.15 | 0.41 | 0.28 | 5.3 77.0 | 80.0 |[NORTH
64| 395 | Hakodate-M 1983 52.0 | 0.32 | 0.70 | 0.51 | 7.7]211.0 | 14.0 | NOSW
Nihonkai
65 397 | Hakodate-M chudu | 63.0 | 0.21 | 0.54 | 0.38 | 7.7211.0 | 14.0 | E08N
66 | 398 | Hakodate-M | "(Aftershock) |52.00.20|0.45 0.33 | 7.1155.0 | 6.0 | NO8W
67 399 | Hakodate-M | (Aftershock) | 75.0 | 0.33 | 0.54 | 0.44 | 7.1155.0 | 6.0 | UP
68| 400 | Hakodate-M | ”(Aftershock) |50.0 | 0.20 | 0.45 | 0.33 | 7.1155.0 | 6.0 | E08N

*] reference data number arranged in the SERM-II database system!®

*2 depth of fault
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Table 4 Occurennce ratio of surface wave motions for major japanese earthquakes

(a) earthquakes for remarkable occurence of surface wave motions

surface-wave-

earthquake contained total number | occurence ratio| M
1983 Nihonkaichubu (Aftershock) 3 3 1.0 6,1
1983 Nihonkaichubu (Aftershock) 3 3 1.0 6.0
1983 Nihonkaichubu (Aftershock) 6 8 0.750 7.1
Matsushiro 5 7 0.714 5.1
Matsushiro 2 3 0. 667 5.6
Shizuoka, off-shore 2 4 0. 500 6.1
Ibaragi, off-shore 1 2 0. 500 6.0
Wakayama, off-shore 1 2 0. 500 5.0
Ehime, west coast 1 2 0.500 5.3
Miyazaki, off-shore 1 2 0. 500 6.7
Izu-oshima-kinkai, (Aftershock) 4 8 0. 500 5.8
Izu-oshma-kinkai, (Aftershock) 1 2 0. 500 5.4
1983 Nihonkaichubu 6 17 0. 500 7.7
Matsushiro 1 3 0.333 4.7
Matsushiro 2 6 0.333 4.5
Wakayama, off-shore 1 3 0.333 3.8
Urakawa, off-shore 2 1 3 0.333 5.2
1968 Tokachi-oki 4 14 0. 286 7.9

(b) earthquakes for unremarkable occurence of surface wave motions

earthquake S"'z%rlcgiggge_ total number | occurence ratio| M
Miyagi, off-shore-2 0 18 0.0 6.1
Izu-oshima-kinkai-2 (1] 12 0.0 5.7
1968 Hyuganada 0 6 0.0 7.5
Matsushiro 0 6 0.0 4.3
Chiba, off-shore 0 6 0.0 6.1
Ibaragi, off-shore-2 1 19 0.053 7.0
1982 Urakawa, off-shore 2 15 0.133 7.1
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Table 5 Occurence ratio of surface wave motions for strong motion
observation stations
(a) sites for remarkable occurence of surface wave motions

site sugar::t(;;g:ge— total number occurence ratio

Ochiai(A) 3 3 1.0

Shimizu-miho-S 5 6 0.833
Aomori-S 9 13 0.692
Wakayama-ji-S 1 2 0.500
Akita-S [ 12 0. 500
Hakodate-M 6 12 0. 500
Shimizu-kojyo-S 4 9 0,444
Hachinohe-S 4 12 0.333
Kinuura-S 1 3 0.333
Niigata-ji-S 1 3 0.333
Okitsu-S 1 3 0.333
Tagonoura-S 1 3 0.333
Wakayama-S 1 3 0.333

(b) sites for unremarkable occurence of surface wave motions

site suz%lrﬁz-iggge— total number occurence ratio
Miyako-S 0 13 0.0
Horoman Bridgi 0 6 0.0
Keihin-ji-S 0 0.0
Yamashita-hen-S 0 9 0.0
Shiogama-kojyo-S 0 9 0.0
Kawasaki-doi5-ko-M 0 10 0.0
Onahama-ji-S 1 15 0.067
Muroran-S 1 12 0.089
Hososhima-S 1 9 0.111
QOchiailc) 2 12 0,167
Itajima Bridge 1 6 0.167
Omigawa Bridge 1 6 0.167
Chiba-S 1 6 0.167

Lo DORRMPSHOD B X S ICEEREEREEE (10.18) XDBASMIBENEATREL T ZHE,
HAEERL LA LTOREBE D, oA RNEAFETHRE LIcREREE (0. 15~10. 0Hz)
TREMEORLICH L THEBEFOXEL D bHABEORNGOEI B XENTHEENE b, —F
I DESPICEORERZRTHE HEAER2 LB RME & bRERS . & & LTRIERI
EEPORE LOT ORI T O SIERICRE LIt WIBRBEET 3. —HHARITRIFERELD
FTUOA, FFERELIZSOHARICHE LD TH S, RHBBEET S THITHERE BREX, B
BEOBHINIHBEDOR R PVBERLENRRNTHA 9. AkICHEOEEE U TRRBIIROE
M, 1 vEe—F Y AROREEBRAOERE, KEMELLN 5,
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PIEF—2 2HEE « HSRCEE Lz, UT, 8.2IKEVTREAREMEL LD -1 bDBEDTE
BRERREEEROREDELEP LN L. 3.3 TRENSOF—F 2O TERERORECHELEX
B RATH AR S DA O BRI DO TR,

3.2 RERRECHT ZEMEZOSH

BIE TR L768EDRRIC DN T IR/ 7 4 — & RO TRE L M bthc(DﬂhG)“ﬂﬁz SREPH

AThTV3ARER DTV S

BbLIICXDHME L CEEERECERMTICANS C &ic Uit HHEEEEITIGREN S,

A
B,

B

Ci

C,

D

T,

s REREHBLI2SD

: B « A—HAOMmORS 0 > REW LML TR ThBH bIEER Y7 —2 <7 PRI
EEBOTHEREDS 2HIMBR5N5 60D,

: FA—HR - A A OMORMCRETRESE LI b DRIV ATEER/ 7 — 2~y PRICR

EEDHENDEZHIMBRONS 5D,

ERTRDAREMSRN T 3 HEERS 5 0,

BEEREERT OSBRI TO B THESS 5 D,

P EEER S PAVRICEEREEDEZHSORSNTNHD,
DLEOSEIZ A DS D $TRENCEAEREETLAHEELERD LTV %,

3.3 ERSMHEREER

RFTHII AR R R T 2 DER & ETEREOHBOBRIC DV TR S, LT TIROEY

WAL NS Do £ TREREME LS - LBRICHLTHZOD

: F—HE « A—iAOMORI D >RTBEE SR LTE D THESRIEERA <7 P VRISSEKE

: A8 « A— A OhoRSCIREWR L L bORBONZNAZRIEEFA <7 PV

BRI, v/ =Fa—F M, BREE 4 BEES 4, BEUORLTOAMS ((tanf=d/40) TH

5o

Ve =Fa—FMOEE

HWEBEELEDT DL LT/ =F - — FERE Lice #5% Table 6 ICRL7co £, LOEFR
B, FOEMHNOMFERZD~/=F o — FOBRISD 28482807 KBHICET 2@ RIZL
FNREIEZOTHEIAOHEIC X » T2 DEROEERFE LRI NTE 5BV, BRB~/=Fa—FiC
WU TREDERE RS M=T7.5~8.0 OREATREMERELERZHE OB FERC D DERH

category,
\ A B) B: Ci Csz D
magnitude

~5.0 7 2 5 2 6 17
0.179) (0.051) 0.128) (0.051) 0 154) (0. 436)
5.0~5.5 11 1 6 1 0 26
(0.245) 0.022) (0.133) (0,022) 0 (0.579)
5.56~6.0 8 2 6 0 2 18
(0.222) (0.056) 0.167) 0.0) (0 056) (0. 500)
6.6~6.5 8 0 6 1 1 37
0.151) ©0.0) 0.113) (0 019) (0,019) (0.698)
6.5~7.0 6 4 12 2 5 20
0.122) (0.082) (0.245) (0.041) 0.102) (0.408)
7.0~7.5 18 7 7 5 20 38
(0. 190) (0. 074) 0.074) (0.053) 0 211 (0. 400)
7.5~ 10 1 3 2 12 3
0.323) (0.032) 0.097) (0. 065) 0.097) (0.097)

Table 6 Relation between earthquake magnitude and occurence ratio of
surface wave motions
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Table 7 Relation between epicentral distance and occurence ratio of
surface wave motions

category)
A B, B: Ci Cq D
distance 4(km)
~ 20 8 0 8 2 3 10
(0. 258) ©.0) (0.258) (0. 065) (0.097) (0.323)
20~ 50 7 3 3 0 0 31
0.159) (0.068) (0, 068) 0.0) 0.0) (0.706)
50~ 80 11 4 13 2 3 57
0.111) (0.044) (0.144) 0.022) 0.033) (0.633)
80~110 2 3 3 1 1 17
0.074) 0.111) 0.111) (0.037) 0.037) (0. 630)
110~150 7 0 6 2 1 14
0.234) 0.0) (0 200) 0.067) (0 033) (0 467)
150~200 10 1 4 4 10 9
(0.263) 0 (0. 105) (0.105) (0. 263) (0.237)
200~250 7 1 2 2 5 9
(0. 269) (0.038) 0.077) 0.077) (0.192) (0. 346)
250~ 6 4 3 3 16 9
(0,146) (0.098) 0.073) (0.073) 0.390) (0. 220)

PRDIEND M IZ LD BERESRELPTOL SR BERAENI ETIKRE->THO R 77 =F 2
— Fie LT EEROREIIEMSMHENERI BN L IFH OB S L icKERORENS T LAFZN
20, LORRIR—HTSDDENZ B,
QEREERE 4 ORE

BRIEMICET 3RE% Table 7 IORT . MELDBREESASOEAICREERREISGEIEE -
TVBDHb»E, L TRREHIBIICNSOES (A<20km) K BREEOFERC CTRILTH
B RERREAEI VO UAML OHBBBOBKICH EEINL LER NI ORTFOHR, S
BALTEET 5, 4=50~80km, 80~110km T_EEDMEMICK LN (18> T 345548130 By oMb
HChER->TVB. CCTRONZ XS KBREHESKEVEACKOREREZEPTOERIIRD LD
CHAIEN B ERBREARICHTHBREEZTIC Vo BICERIERE K & DRHC B EERHRE
R BdR > TERESBEONTETRIEINZ, 3V REATMBEOLEBESRSEL B3 &, oK

Table 8 Relation between depth of fault and occurence ratio of surface
wave motions

TT— category|
T A B B: of Ce D
fault depth d,(km)
0~10 21 5 11 3 1 12
R 0.397) | (0.094) | (0.208) | (0.057) | (0.019) | (0.226)
10~20 11 2 4 1 1 6
(0.815) | (0.057) | (0.114) | (0.029) | (0.314) | (0 171)
20~30 13 3 4 1 4 12
0.351) | (0.081) | (0.103) | (0.027) | (0.108) | (0.324)
30~40 2 0 7 2 5 21
0.054) | 0.0 0.189) | (0.054) | (0.135) | (0.568)
40~50 15 7 12 4 21 63
(0.123) (0.057) (0.098) (0.033) (0.172) (0.516)
50~ 3 0 6 2 0 32
0.070) | ©.0) (0.140) | (0.047) | (0.0) (0.749)
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i L CEERRS E ERERODHN S L LR MEINPTEELbELOND, T/ B OME
SEOMEREES 7L B ORBREERERZATO 3 THEEIDELSTHE LA B,
QBREX d O

AREOFEETREKGCH LTS BEEOREE & - LRERZOBoMS N LK 5
W, BEESHEEEREICYETZCERTICELI OIS, #R% Table 8 IRy, BREKEIMKE
BB > TEERREEABET T 2003-2pRoh 5, dr=30~40km OFIFETHBEIC A 12
ST DM NI E OREICRAREIENDIL N DEELEZ SNS, Kihc G, D OMERS &
WEEK L EMOERSE - XV B0 3, DRI d,=10~20, 40~50km O THEL T
202 DRETR C ORBEME MELRA L TEANIBFRES SRERREHAICREELTO 3
DIFALHTH 50
AR O RGO AS A DEE

4 & d; BRRICETROREICHET L ELOEICHBERIERE LTRDOLS HEE O R O AH
£ 0 RELB, 0 IBREENASHEARESBIKEREBTARET Z. [ROTO] &5 DRERK
B SR E EEEICAS LT 5 &Rk BT LAEFRICEL 220 TREBCANT 2AER S
SERENEEZIONEDOTH S, 0§ BRIRATEDINE,

tan gz%& e eeeeereeereseeseeeesesbesisbtetiabeeeeerteeearataeareeeaseneres i rte e s aae e e naneeabe e )

Table 9 ic, tan § & EERREOHA &L OBEBEERT. AMIC tan 0 AWNSOBHICKERSS (REL
T BAERIH S DD3Z Bo tan §=0.0 DB A OEIAHDIZNA B, By DEE DML D 2EAMEE
REZ B EDTIRIEV, HiC C, D ZRTHZDMEAERL TS —7 tan f 130, TEMA ZHEAYE
R~ LTS N EA TERRARE LTV S, TOBHRROL S ICHHEN S, tan §
230 TPLE & 75 2 DI — R B RO RIS WIBATH 3. COXIBELIR 4 DX BOTETEN
£S5, CCTRELTOA LS BERMREETHL b-» LENOEHIE EEBT5LEX 6N 5.
PLE, EEROREICEST 24 OERIC SV THE L. ChETORREENTSLUTOLIK
55,
OEFE TG E LIEINE 0.15~10.042) TOMBBRERREE LCRFNEHAESR O R
L D EINE LOTHY, BEAH =X LQRZBHBICH LT ORRORSEHHELET S

Table 9 Relation between geometric condition tan ¢ and occurence
ratio of surface wave motions

T category
T A B: B. Ci C2 D

tan # T
0.0 7 3 9 2 1 8
(0.233) (0.100) (0. 300) (0.067) (0.033) (0.267)
0.0~0.1 15 1 1 3 8 8
(0.417) (0.028) (0.028) (0.083) (0.222) 0.222)
0.1~0.2 14 4 13 3 21 13
0.203) (0. 058) (0.188) (0.043) 0.304) 0.203)
0.2~0.3 6 2 3 3 6 14
(0.176) (0.059) (0, 088) (0.088) (0.176) 0.412)
0.3~0.5 5 2 6 0 1 28
0.119) (0, 048) (0.143) 0.0 0.024) (0.669)
0.5~0.7 3 2 1 0 1 28
(0. 086) (0.057) (0.029) 0.0 (0. 029) (0. 300)
0.7~ 8 10 2 4 0 44
(0.118) 0.147) (0,029) 0.059) 0.0) 0.647)
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RERSRET2bDEEL N5,
OXREPORMAICE, WERBEORPIOASE 0 (tan 0=d,/4) BREFET 5. 0 DEINSVHE
i, ZOHLERORERSHES NS TS KED, LEL S,

4 HWBHREHOFAETLO

4.1 #% B

CNETORRERICLT, AETRBBHEAPE TR T 20 0EAN M€ FVEBERT 5. C
Z T3, Kameda, Sugito, Asamura'® |z & ZIEEHHEEBFH = F M BOTHO I EEEA R P LDE
FUREYEETERSCOBEAT A &ICk D, RROEEHA< " EBET IHBHFUEFALET B0
CZTHRONAHBEHRAKOFAE 71, ThERATENERRIASOYN, ISKRO LI LISHOH
B2 T3, T7bs5, XRID~14) TR, THEERE SHEEET 600~700m/s OFED L &E
#L, ERTOMBHF -2 ~—X2ER LT, Thick 3IEERBHOMKHN TR =7 (EMP-IB)
ZREL T Do THENERTOBBH 7 — 5 ~—ERICEO T, MR - ORI ) OF I
KO RERERE Uk, SHBTATEEZROTERTOMEZHEL T2, EMP-IB 2512 T
EHERE COMBHETRT 270 THY, ERALCETEELE T 5 hEEORERSKERIEAK
REERHER, SEREEFESEEROTHERTCORES L THTLC L5, ZOBAIE, #
AREFLBEERINTORD. ZZTARETEOLNIEEROFHEF ML > TH LN 2 EHETRE,
EMP-IB = 7L X DEHI N ARABIC L 2BORBEICMNA 22 Lick B A EHESHTFHU<F

NETBHTEEEE L

100 3BT, REEORAEET 5ERN
p(TIS) DT> 1208, ZORTEBERALVEBR
ZRTLUAE 0 (tan 0=d,/4; d,=B I
B, d=BARFE) TKRk&kETBCLE
MBREhic, 22T, HBHFHICENT
FFEL SN 4, dp X0 tan 6 AR D,
O tan 0 KB 2 EEBOREHR L H
HUTZOBIc LY EHBAEEZRT EH LI
WHDHMET BT EE LI, THbB, 5
Zbhic 4, d; LoRDONB tan § & x,
LF 3, CTT tan I<x, THIHSEE T,
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cumulative distribution (%)
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54 4TR, KEBERASOFRAFIRC DV THEAT 3,

4.2 REHMHSDOEFIVE

Fig.9 ic, RKEETFHEFVOBARNER L. AKIKSOTROERTE WIS BRERE S ©
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Fig. 9 Schematic description for modeled evolutionnary spectra of surface waves

and body waves
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(a) simulated earthquake motions
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(b) recorded earthquake motions

Fig. 14 Simulated and recorded earthquake motions (S-1202 Hachinohe, 1978 Miyagiken-oki
Earthq., M=7.4, 4=273km, #,=27sec, f,;,=0.36Hz, f;,=0.65Hz)
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