APPENDIX A

Table A-I List of Strong-Motion Records Used in This Study

357 strong motion records obtained at 33 observation sites

Observation site list

NO SITE NAME
1 KUSHIRO
2 CHIYODA
3 TOKACHI
4 HOROMAN
5 SHIN ISHIKARI
6 TOMAKOMAL
7 MURORAN
8 AOMORI
9 HACHINOHE
10 MAZAKI
11 MIYAKO
i2 OFUNATO (Reference site: hard slate )
13 SHIOGAMA
14 TAIRA
15 SHINTONE
16 KASHIMA JiMU
17 KASHIMA PWR
18 TONE ESD
19 OMIGAWA
20 CHIBA
21 YAMASHITA HEN
22 KANNONZAKI
23 OCHIAI
24 KINOKAWA
25 ITAJIMA
26 HOSOSHIMA
27 SOMA
28 SHINAGAWA
29 ONAHAMA Ji
30 AKITA
31 CHIBA S
32 HITACH! NAKA
33 KASHIMA ZOKAN
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Table A-I List of Strong-Motion Records Used in This Study (Cont’d)

NO SITE M D Re r Amax Vmax Dmax
(KM)  (KM) (KM} (cm/fsec?) (cm/sec)  (cm)

1 1 70 600 2090 2174 98.700 7.040 1770
2 1 70 600 2090 2174 79 900 7.210 1.790
3 1 58 600 61.0 856 155.100 5.860 2.800
4 1 58 600 610 85.6 87.100 5.890 0.720
5 1 71 260 191.0 1933 77.100 5.140 2.720
6 1 71 260 191.0 1933 56.800 5.620 1680
7 1 7.4 400 128.0 1341 224600 29.270 6 300
8 1 7.4 400 128.0 1341 125400 15.220 2 860
8 7 79 0.0 2858 2858 252300 22.090 8.580
10 7 79 0.0 2858 2858 240000 19.790 6.720
11 7 75 400 2160 219.7 191.600 6.950 1.280
12 7 75 400 216.0 219.7 123.700 5 550 3.050
13 7 89 800 170.0 1746 70.400 3 290 0 880
14 7 69 800 1700 1746 47 800 3 430 1.820
16 7 71 1300 103.0 1659 155400 15550 3.560
16 7 71 1300 1030 1659 237800 8.670 1.490
17 8 79 0.0 2440 2440 319.500 45980 18.690
18 8 79 0.0 2440 2440 200.000 39.710 13.790
19 8 75 400 2190 2226 82.600 9.060 2.620
20 8 75 400 2190 2226 106.000 9.670 2.520
21 8 64 800 1030 1304 70.600 3.780 1.090
22 8 64 800 1030 1304 86 900 3.310 0.670
23 8 72 00 283.0 2937 22.000 4.530 1.730
24 8 7.2 00 293.0 2937 29.400 4.580 1.670
25 8 69 800 2120 2157 32.400 5.480 2.170
26 8 69 800 2120 2157 35.700 5.630 2.900
27 g 72 0.0 150.0 1513 46.800 3.460 0.910
28 89 72 0.0 150.0 1513 41.600 3.020 1.920
29 9 69 800 1500 1552 42.100 4.080 1.510
30 9 69 800 1500 1552 30.600 3.270 2.000
31 9 66 400 750 85.0 71.200 5.960 2.010
32 9 66 400 750 85.0 62.800 4910 1.590
33 9 79 00 1850 1850 327.300 27.580 10.780
34 g 79 00 185.0 1850 209.500 32280 12.180
35 9 64 800 590 99.4 93.100 4.420 1.320
36 9 64 800 590 99.4 88.400 3.100 1.020
37 9 566 400 495 53.4 116.300 3.890 1.010
38 9 566 400 4985 53.4 107.600 3.300 0.910
39 9 74 400 2730 2759 75.300 8.160 1.780
40 9 74 400 273.0 2759 73.200 8.660 2.010
41 t1 7.9 0.0 1910 1910 179.000 7.440 3.120
42 11 79 0.0 191.0 191.0 196.100 5.910 1.610
43 11 75 400 2140 217.7 161.100 5.350 1.310
4 11 75 400 2140 2177 138.300 4.500 1.170
45 1 6.3 300 940 98.7 87.400 2.8930 0.620

M=Magnitude, D=Depth, Re=Epicentral distance, r=Hypocentral distance
Amax =Peak acceleration, Vmax =Peak velocity, Dmax =Peak displacement
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Table A-I List of Strong-Motion Records Used in This Study (Cont’d)

NO SITE M
46 1t 863
47 11 6.0
48 11 6.0
49 11 87
50 11 67
51 11 7.4
52 11 7.4
53 13 64
54 13 6.4
55 13 6.7
56 13 67
57 13 74
58 13 74
59 12 6.2
60 12 62
61 12 6.4
62 12 6.4
63 12 6.7
64 12 58
65 12 58
66 12 74
67 12 74
68 21 7.0
69 21 70
70 21 70
71 21 70
72 21 6.7
73 21 67
74 21 6.1
75 21 641
76 26 75
77 26 75
78 26 6.5
79 26 65
80 26 &7
81 26 6.7
82 26 6.1
83 28 6.1
84 26 6.2
85 26 6.2
86 5 79
87 5 79
88 5 75
88 5 75
20 5 &7
91 5 67
92 2 79
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Amax
(cm/sec?)
153 300
118.400
76.800
130.300
98.300
246.900
175.000
58.600
64.000
223.600
163.800
335.300
299.400
51.300
167.900
69.200
138.000
130.700
62.000
144.200
222.900
273.300
81.400
60.500
63.100
55.200
94 300
76.200
86.000
71.000
325.800
365.000
103.800
139.500
171.300
152.500
72.400
74 800
83.300
88.500
185.700
169 900
97.400
172.100
73.100
82.300
86.000

Vimax Drmax
(cm/sec)  (cm)
2.260 1.330
3.710 1.080
2.340 1280
3.280 0.770
4.360 1.500
8.870 1.930
7.070 1180
4.430 0.690
5.140 0.670
10.040 1.140
19.010 3.410
29.800 6.220
50.630 12.250
1.500 0.600
3.500 4.200
1.800 0.800
5.400 0.900
3.900 1.000
4.100 0.500
12.600 4700
12.200 2.700
16.800 3.800
4.500 1.400
3.800 1.300
4200  3.000
5.900 4.600
5.00C 1.500
5.500 1.600
7.100 1.000
6.800 1.500
18.600 7.800
25.800 6.100
5.900 1.200
5.700 1.000
8.700 1.800
14.500 2.400
2.900 1.100
3.000 1.300
7.000 1.100
8.100 1.500
25.600 7.200
29.500 14.500
13.300 3.600
19.600 4.300
7.800 2.000
8.800 2.700
15.800 5.600

M=Magnitude, D=Depth, Re=Epicentral distance, r=Hypocentral distance

Amax =Peak acceleration,

A3

Vmax =Peak velocity, Dmax =Peak displacement



Table A-I List of Strong-Motion Records Used in This Study (Cont’d)

(KM) (KM)  (KM) (cmisec?® (cmisec) (cm)
93 2 79 00 2430 2430 110.400 17.900  7.600
94 2 67 500 627 802 139.600 6500 2.300
95 2 67 500 627 802 120800 6200 2.300
96 2 7.4 400 2287 2322 108700 6700 2300
97 2 7.4 400 2287 2322 93400 8300 2400
98 4 79 00 1564 1564 133.100 7.100 3.200
99 4 79 00 1564 1564 107.900 6.600 2200
100 4 75 400 747 847 104600 4200 2300
101 4 75 400 747 847 97400 4800 2100
102 4 67 500 354 613 246500 8200 1.700
103 4 67 500 354 613 191.800 8200 2.100
104 14 54 500 851 987 60.600  3.100  1.300
105 14 54 500 851 987 57.600 3.700  1.300
106 14 51 500 597 77.9 65.300 3.300 0.800
107 14 51 500 597 77.9 74800  4.000 0.900
108 14 55 400 607 727 58900  3.100 0.800
109 14 55 400 607 727 48300  3.400 2.100
110 14 55 500 202 539 90.000 4700 1.100
111 14 55 500 202 539 85200 3.100 0.500
112 14 7.4 400 1656 170.4 97.700 12.000 2.400
113 14 7.4 400 1656 170.4 104300 9.800 2.100
114 17 52 400 94 411 67600 4800 0.800
115 17 52 400 94 411 257.300 13.800 1.000
116 17 59 50.0 268 567 105400 13.100 2.800
117 17 59 500 268 567 96.200 6.100  1.200
118 17 58 600 332 686 103.300 8600 1.400
119 17 58 600 332 686 92800 5100 0.900
120 17 61 60.0 414 729 90600 7.000 2.000
121 17 61 600 414 729 71700 5000 1.100
122 17 61 400 554 683 176000 12600 1.500
123 17 61 400 554 683 174200 12.300 1.800
124 20 51 500 110 512 83400 2700 1.200
125 20 51 500 11.0 512 92900 5200 3.100
126 20 61 500 744 896 94900 10.000 2.800
127 20 61 500 744 896 57.600  3.400 1.700
128 20 53 700 129 712 87500 3700 0.600
129 20 53 70. 129 712 71.300 4400 1.300
130 20 54 600 206 63.4 94100 6.600 1.500
131 15 61 500 294 580 84100 7.600  1.400
132 15 641 500 29.4 580 89.700 12500 3.100
133 15 56 100.0 713 1228 49600 5000 1.200
134 15 56 100.0 713 1228 81300 5400 0.900
135 15 58 500 236 553 130.800 8400 1500
136 15 58 50.0 236 553 B86.600 3.400 0.800
137 22 52 100.0 466 1103 57600 2200 0300
138 22 52 100.0 466 1103 60.300 3.600 0.500
139 22 71 70.0 2664 2754 85200 4400 1100

M=Magnitude, D=Depth, Re=Epicentral distance, r=Hypocentral distance
Amax =Peak acceleration, Vmax =Peak velocity, Dmax =Peak displacement
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Table A-I List of Strong-Motion Records Used in This Study (Cont’d)

NO SITE M D Re r Amax Vmax Dmax
(KM)  (KM)  (KM) (cm/secd (cmisec)  (om)
140 22 71 700 2664 2754 62.600 3.600 0.800
141 22 72 500 2567 2615 67.000 3 000 1.600
142 22 7.2 500 2567 2615 54.500 3.200 1.400
143 22 49 600 339 68.9 259.500 6.000 0 500
144 22 49 600 33.9 68.9 176.500 3.000 0.700
145 22 6.9 10.0 113.7 1141 62 100 4.300 1.400
146 22 6.9 100 1137 1141 46.200 3.300 0.900
147 22 7.0 0.0 69.8 69.8 140.900 4.400 1.100
148 22 7.0 0.0 698 69.8 88.200 3.300 1.100
149 23 45 0.0 11.4 11.4 97.900 2.800 0.500
160 23 45 0.0 11.4 11.4 102.300 5.200 0 800
151 23 45 0.0 10.3 10.3 76.400 3.300 0 300
152 23 45 0.0 10.3 10.3 76.400 3 400 0.700
153 23 43 100 7.7 12.6 115.800 4.200 0.500
154 23 43 100 7.7 12.6 197.000 3.300 0.300
155 24 50 0.0 55 5.5 96.200 6 100 1.100
156 24 50 0.0 55 55 138.300 6.600 2.000
167 24 59 600 46.3 75.8 63.000 4,300 0.700
158 24 58 60.0 46.3 75.8 59.500 4.000 0.800
189 24 58 600 416 73.0 81.300 3.600 0.700
160 24 58 600 416 73.0 45.700 3.300 0.600
161 24 4.1 0.0 8.9 54 80.900 1.100 0.200
162 24 41 0.0 8.9 54 73.700 1.600 0.700
163 10 586 40.0 459 60.9 107.300 4.960 3.300
164 10 56 400 45.9 60.9 92.400 2.960 1.350
166 10 6.7 50.0 11560 1254 25.900 2.910 2.020
166 10 7.4 400 1805 1849 102.100 4.890 5.1580
167 19 6.1 60.0 39.8 72.0 108.400 9.460 5.270
168 18 6.1 600 39.8 72.0 133.800 13.770 6.440
169 19 6.3 400 B81.2 90.5 35.100 3.800 1.940
170 19 6.3 40.0 81.2 90.5 36.700 3.860 2.250
171 19 58 500 65.1 82.1 49.100 7.060 2.840
172 19 58 50.0 65.1 82.1 29.000 5.220 2.220
173 19 6.1 400 57.6 70.t 112500 11120 7.160
174 19 6.1 40.0 57.6 70.1  111.600 10.300 6.690
175 19 54 600 449 749 134.200 7.210 2.350
176 19 54 60.0 449 74.9 85.800 6.030 1.500
177 18 52 400 12.8 42.0 103.800 10.800 4.040
178 18 52 40.0 12.8 42.0 109.700 7.710 5.540
179 18 6.1 600 353 69.6 101800 16.930 6.810
180 18 6.1 600 353 69.6 85800 11.110 5.260
181 18 6.3 40.0 80.3 88.7 42.700 3.760 1.890
182 18 6.3 400 80.3 83.7 49.100 4170 1.900
183 18 6.1 400 52.9 66.3 120.800 13.150 5.340
184 18 6.1 400 529 66.3 155.600 16.640 6.270
186 3 7.1 1300 950 161.0 92.800 6.300 2.500

186 3 71 1300 950 161.0 121.500 6.300 1.800

M=Magnitude, D=Depth, Re=Epicentral distance, r=Hypocentral distance
Amax =Peak acceleration, Vmax =Peak velocty, Dmax =Peak displacement
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Table A-1 List of Strong-Motion Records Used in This Study (Cont’d)

NO STE M D Re r Armax Vimax Drnax
(KM)  (KM)  (KM) (cm/sec?) (cmfsec) (cm)
187 3 55 700 17.0 720 84400 2600  0.800
188 3 55 700 170 720 63300 2200 1.100
189 3 71 400 640 755 164000 8500  3.300
190 3 7.1 40.0 640 755 259.600 13.400  1.400
191 7 71 400 137.0 1427 172600 11.100 2.100
192 7 7.1 400 137.0 1427 183.100 17.400 2.400
193 16 59 400 480 625 49900 4.900 1.300
194 16 59 400 480 625 82800 9500 2200
195 16 6.1 600 500 640 48900 4900 1.600
196 16 6.1 600 500 640 116300 11.200 1.800
197 16 6.3 400 900 985 75500  3.900 0.700
198 16 63 400 900 985 54300 4.000 1.100
199 16 6.1 400 550 2349 72500 7.200 1.100
200 16 6.1 400 550 2349 92100 5700 0.900
201 6 7.1 400 1020 109.6 89.800 7.700  3.200
202 6 7.1 400 1020 109.6 93200 8700 4.800
203 6 65 130.0 224 169.7 101.600 3.900 1.000
204 6 65 1300 224 1697 98500 3.700 1.600
205 15 48 500 202 539 67500 2600 0.600
206 15 48 500 202 539 51.600 2100 0.400
207 15 54 800 410 727 64900 3900 0.600
208 15 54 800 41.0 727 41900 3.000 0.800
209 156 6.1 800 837 1091 40.100 6.600 1.300
210 15 6.1 800 837 1091 24200 3500 0.700
211 14 59 700 451 833 54800 4100 0.700
212 14 59 700 451 833 76600 3800 0.600
213 14 54 900 417 992 49600 2700 0.600
214 14 54 900 417 992 83300 3.300 0.800
215 22 61 800 490 854 65500 3.800 0.800
216 22 61 800 490 854 109.500 5300 0.700
217 24 45 00 3.4 34 127.200 3100  0.400
218 24 45 00 34 34 148500 5700 0.500
219 25 75 300 103.0 107.3 201.300 14400 3.240
220 25 75 300 103.0 107.3 213.200 19560 3.990
221 25 66 400 187 442 693100 33.020 9.300
222 25 66 400 187 442 810600 24650 4.340
223 25. 53 400 183 440 213800 8250 1.930
224 25 53 400 183 440 298600 12930 2310
225 25 67 100 1354 1358 141.000 2890 0.310
226 25 67 100 1354 1358 126.800 2350 0.630
227 25 47 100 1375 1379 125500 3790 0.750
228 25 47 100 1375 1379 78100 2470 0500
229 28 6.1 70.0 410 812 140.000 12900 1.260
230 28 61 700 41.0 812 102.000 10500 1.480
231 28 49 780 280 829 29500 2470 0.640
232 28 49 780 280 829 33100 1330 0.420
233 28 6.1 780 460 906 73500 4610 0.840

M=Magnitude, D=Depth, Re=Epicentral distance, r=Hypocentral distance
Amax =Peak acceleration, Vmax =Peak velocity, Dmax =Peak displacement
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Table A-I List of Strong-Motion Records Used in This Study (Cont’d)

NO SITE

234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280

M=Magnitude,

28
28
28
28
28
27
27
27
27
27
27

D=Depth, Re=Epicentral distance,

Amax =Peak acceleration,

M D Re
(KM)  (KM)

6.1 780 46.0
6.7 580 73.0
6.7 58.0 73.0
60 96.0 11.0
60 96.0 11.0
64 520 84.0
64 520 84.0
67 350 1270
6.7 350 1270
66 440 99.0
66 440 99.0
65 47.0 1020
6.5 470 1020
54 900 29.0
54 90.0 29.0
49 60.0 25.0
49 600 25.0
58 540 25.0
58 540 25.0
52 490 31.0
52 49.0 31.0
57 53.0 30.0
57 53.0 30.0
6.7 350 168.0
6.7 35.0 168.0
66 440 134.0
66 440 1340
7.1 1300 50.0
7.1 130.0 50.0
70 119.0 108.0
7.0 119.0 108.0
7.4 40.0 249.0
7.4 400 2490
7.7 140 107.0
7.7 140 107.0
6.1 23.0 1130
6.1 23.0 113.0
60 140 1150
6.0 140 115.0
74 400 3450
7.4 400 3450
6.1 700 18.0
6.1 70.0 18.0
6.0 720 38.0
6.0 720 38.0
6.1 78.0 30.0
6.1 78.0 30.0

,
(KM)
90.6
93.2
93.2
96.6
96.6
98.8
98.8
131.7
131.7
108.3
108.3
112.3
112.3
94.6
94.6
65.0
65.0
59.5
59.5
58.0
58.0
60.9
60.9
171.6
171.6
141.0
141.0
139.3
139.3
160.7
160.7
2522
252.2
107.9
107.9
115.3
115.3
115.8
1158
347.3
347.3
72.3
72.3
81.4
81.4
83.6
83.6

Amax
(cm/sec?)
68.700
122.900
109.200
190.200
65 100
107.800
78.000
123.800
145.300
355.100
220.900
130.700
117 100
94.600
90.000
57.300
66.400
152.200
164.600
84.300
112.200
52.000
90.900
66.200
75.300
76.900
95.900
167.000
169.000
76.500
66.400
27.900
26.200
219.100
235.300
63.600
48,400
75.600
43.300
31.900
30.000
89.700
161.000
30.400
55.900
72.900
75.000

Vmax
(cm/sec)
6.160
14 940
10.530
7.480
3.410
2.910
2.430
3.610
5.370
8.120
11.810
3.280
3.720
3.460
2.270
1.910
1.360
5.250
7.030
2.080
2.980
1.810
3.250
4.090
8.440
5.010
9.460
15.200
10.400
5130
4790
3.650
4.030
27.940
24.480
5.200
3.910
2.060
2.530
4.150
3.570
11.800
12.400
4.640
8.520
4.880
8.010

Drmax
(cm)
0.870
2 160
1.660
0.840
0.650
0.720
0.460
0.590
1 000
2.520
1.390
0.530
0.990
1.020
0.630
0 500
0.310
0.950
1.320
0.860
0.510
0.710
0.430
0.970
0.870
0.830
1.110
3.150
2.870
1.950
0.910
2.410
1.500
11.550
10.720
1 500
1.150
0.430
0.540
1280
1.630
1.540
2.210
1.120
1.730
0.720
1.250

r=Hypocentral distance

Vmax =Peak velocity, Dmax =Peak displacement
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Table A-I List of Strong-Motion Records Used in This Study (Cont’d)

NO SITE M D Re r Amax Vimax Drmex
(KM)  (KM) (KM) (cmfsec?) (cmfsec)  (cm)

281 31 6.7 580 440 728 300.700 13.250 2.340
282 31 67 580 440 728 262.700 19.400 3.910
283 8 74 400 319.0 3215 22.100 6.120 2.650
284 8 7.4 400 318.0 3215 24.600 5820 2.600
285 8 7.7 140 1560 1566 121500 21.810 7.680
286 8 77 140 1560 1566 168000 28.770 11.680
287 8 71 6.0 160.0 160.1 65.500 7.540 2.790
288 8 71 6.0 160.0 1601 73.700 9.550  3.390
289 9 77 140 2040 2045 22.600 5480  3.590
290 9 77 140 2040 2045 24.000 5.260 3.970
291 32 50 560 100 56.9 84.700 1.460 0.050
292 32 50 56.0 10.0 56.9 94 500 1.500 0.100
293 32 50 430 280 51.3 181.100 3.280 0.130
294 32 50 430 280 51.3 170.500 3.590 0.070
295 32 58 420 510 66.1 104.100 2.580 0.290
296 32 58 420 510 66.1 113.300 2980 0.340
297 32 46 610 740 959 31.100 0.780 0.030
298 32 46 61.0 740 959 53.100 1.000 0.060
299 32 52 480 480 67.9 67 300 1.240 0.080
300 32 52 480 480 67.9 59.300 1.060 0.120
301 32 48 660 14.0 67.5 75.200 1.460  0.060
302 32 48 66.0 14.0 67.5 82.900 1.760 0.090
303 32 66 440 151.0 1573 52.600 1.610  0.460
304 32 66 440 1510 157 39.100 2.340 0.600
305 32 49 615 380 72.3 61.400 1.100 0.050
306 32 49 615 380 72.3 36.500 0.570 0.040
307 32 47 430 110 50.2 132.400 2740 0.150
308 32 47 490 11.0 50.2 107.800 2670 0.170
309 26 6.8 116.0 1250 170. 75.200 6.940 1.180
310 26 68 116.0 1250 1705 61.500 4830 0.970
311 26 71 33.0 470 57.4 248800 19.740 2.470
312 26 7.1 33.0 470 57.4 358.200 29.050 4.850
313 33 74 400 2810 2838 53.400 4.190 1.830
314 33 74 400 281.0 2838 39.100 4.500 1.370
315 33 70 300 1180 1218 87.600 5.000 2.000
316 33 70 300 1180 1218 106.500 4820 2.080
317 33 56 430 760 87.3 114.200 4.100 0.720
318 33 56 430 76.0 87.3 51.600 1.710 0.710
319 33 650 430 610 746 117.700 4.090 0.740
320 33 650 430 610 74.6 47.700 1.450 0.420
321 33 61 440 640 77.7 125.800 4.870 0.450
322 33 61 440 640 77.7 61.300 3.500 0740
323 33 58 420 680 79.9 105.700 3.790 0.530
324 33 58 420 680 79.9 66.700 3.740 0.700
325 33 6.7 580 650 871 133.100 8.600 3.180
326 33 67 58.0 65.0 87.1 134,600 7.010 1.960
327 33 56 540 7.0 89.2 69.200 3.870 0.370

M=Magnitude, D=Depth, Re=Epicentral distance, r=Hypocentral distance
Amax =Peak acceleration, Vmax =Peak velocity, Dmax =Peak displacement

A8



Table A-I List of Strong-Motion Records Used in This Study (Cent’d)

NO SITE M D Re r Amax Vimax Drmax

(KM) (KM) (KM)  (cmfsec?) (cmfsec) (cm)
398 33 56 540 71.0 892 58500 2230 0340
329 33 49 420 120 437 87.600 2530 0.410
330 33 49 420 120 437  34.900 1100  0.280
331 11 66 720 270 769 231600 9140 2210
332 11 66 720 270 769 230500 9510 1980
333 11 741 00 950 950 183.100 7.040 1.760
334 11 74 00 950 950 137.400 5560 1.710
335 7 7.7 140 2700 2704 39900 2550  1.240
336 7 7.7 140 270.0 2704 30000 2420 1.660
337 7 71 60 201.0 2011 70900 4300 0.830
338 7 7.0 1190 1644 2026 56200 3.080 0.880
339 7 7.0 119.0 1640 2026 127800 4590 0750
340 3 7.7 1000 4010 4133 47300 2280  1.090
341 3 7.7 1000 401.0 4133 64200 2390 1.280
342 3 61 600 850 1040 41800 2450 0.630
343 3 61 600 850 1040 62500 3170 0.580
344 3 57 840 420 939 61500 2960 1.370
345 3 57 840 420 939 96800 3610 1.930
346 3 70 1190 420 1262 150200 8250 3.120
347 3 7.0 1190 420 1262 197900 5910 1.680
348 3 64 928 480 1045 81700 2930 0660
349 3 64 928 480 1045 116900 3.370 0.870
350 3 60 780 1060 1316 54800 2570 0.770
35t 3 60 780 1060 1316 74200 3220 1.000
352 21 74 400 3740 37641 26000 3350 0.640
353 21 7.4 400 3740 3761 18300 1.930 0.740
354 21 60 220 600 639 110300 6.720 0.760
355 21 60 220 60.0 639 68300 3920 0.470
356 21 67 580 770 964 115100 8000 2.120
357 21 67 580 77.0 964 74900 8700  2.440

M=Magnitude, D=Depth, Re=Epicentral distance, r=Hypocentral distance
Amax =Peak acceleration, Vmax =Peak velocity, Dmax =Peak displacement



APPENDIX B

Based on Fig.9-3, we obtain the following values.

N(xH 1)
i Xi N(x;) TT_“"""
'—Jz_, /foJ)
1 1.5 24 0.456
2 2.5 5 0.627
3 3.7 5 0.784
4 5.0 o 0.830
5 7.0 6 1.402
6 8.0 16 1.469
7 9.0 20 1,192
8 10.0 15 1.344
9 12.0 20 1.357
10 13.0 22 1.186
11 14.0 18 1.347
12 15.5 24 1.362
13 17.5 26 1.246
14 18.5 23 1.574
15 20.0 38 1.650
16 21.0 45 1.671
17 23.0 50

For example for i=10

1/N(x )

—"r—"il__-z 1.186
LY N
lg J

Since the maximum value of the fourth column is for i=16, that is, M=16,



X\ =21.0
H

;—2 /N(xj) = 4.230
j=1

N{x 3

i+

Max(~—Y——] = 1.671

1
=1

and finally
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BT 53R
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“Proceedings from the Second U.S. - Fapan Workshop on Liguefaction, Large Ground Deformation and Ther
Effects on Lifelines, September 26-29, 1989," Edited by T.D. O’Rourke and M. Hamada, 12/1/89, (PB9O-
209388/A8)

"Deterministic Model for Seismic Damage Evaluation of Reinforced Concrete Structures,” by J.M. Bracci,
A M. Rewmhorn. ] B. Mander and § K Kunnath, 9/27/89.

"On the Relation Between Local and Global Damage Indices,” by E DiPasquale and A.S. Cakmak, 8/15/89,
(PB90-173865)

"Cyclic Undrained Behavior of Nonplastic and Low Plasticity Silts,” by A.J. Walker and H.E. Stewart,
7/26/89, (PBY0-183518/A85).

"Laquefaction Potential of Surficial Deposits in the City of Buffalo, New York,” by M. Budhu, R. Giese and
L. Baumgrass, 1/17/89, {(PB90-208455/A8).

"A Deterministic Assessment of Effects of Ground Motion Incoherence,” by A.S. Veletsos and Y. Tang,
7/15/89, (PB90-164294/AS5)

"Workshop on Ground Motion Parameters for Seisrme Hazard Mapping,” July 17-18, 1989, edited by R.V
Whitman, 12/1/89, (PB90-173923/AS).

"Seismic Effects on Elevated Transit Lines of the New York City Transit Authority,” by C.J. Costantino, C.A.
Miller and E. Heymsfield, 12/26/89, (PB90-207887/AS).

"Centrifugal Modeling of Dynamic Soil-Structure Interaction,” by K. Weissman, Supervised by J.H. Prevost,
5/10/89, (PB90-207879/AS).

“"Lineanzed Idenufication of Builldings With Cores for Sersmic Vulnerability Assessment,” by I-K. Ho and
A E Aktan, 11/1/89, (PB90-251943/AS)
"Geotechnical and Lifeline Aspects of the October 17, 1989 Loma Prieta Earthquake 1n San Francisco,” by

T.D. O'Rourke, H.E. Stewart, F.T Blackburn and T S. Dickerman, 1/90, (PB90-208596/AS).

“Nonnormal Secondary Response Due to Yielding in a Primary Structure, ' by D.C K. Chen and L.D. Lutes,
2/28/90, (PB90-251976/A8).

"Earthquake Education Materials for Grades K-12," by K.E K Ross, 4/16/90, (PB91-113415/AS)
"Catalog of Strong Motion Stations 1n Eastern North America,” by R W Busby, 4/3/90, (PB90-251984)/A8

"NCEER Stong-Motion Data Base. A User Manual for the GeoBase Release (Version 10 for the Sun3),”
by P. Friberg and K. Jacob, 3/31/90 (PB90-258062/AS).

"Seismic Hazard Along a Crude Onl Pipeline in the Event of an 1811-1812 Type New Madrid Earthquake,”
by H.HM. Hwang and C-H.5. Chen, 4/16/90(PB90-258054).

"Site-Specific Response Spectra for Memphis Sheahan Pumping Station,” by HH.M. Hwang and C.S. Lee,
5/15/90, (PB91-108811/AS).
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“Pilot Study on Seismic Vulnerabiity of Crude Onl Transmission Systems,” by T. Ariman, R. Dobry, M
Grigonw, F. Kozin, M. O'Rourke, T. O'Rourke and M Shinozuka, 5/25/90, (PB91-108837/A8).

"A Program to Generate Site Dependent Time Histories. EQGEN,” by G.W. Ellis, M. Snmuvasan and A.S.
Cakmak. 1/30/90. (PB91-108829%/AS)

"Active Isolaton for Seismic Protection of Operating Rooms,” by M.E. Talbott, Supervised by M. Shinozuka,
6/8/9, (PB91-110205/A8).

"Program LINEARID for Identificaion of Linear Structural Dynamic Systems," by C-B. Yun and M.
Shinezuka, 6/25/90, (PB91-110312/AS).

"Two-Dimensional Two-Phase Elasto-Plastic  Seismic  Response AN.
Yiagos, Supervised by J H. Prevost, 6/20/90, (PB91-110197/AS)

of Earth Dams,” by

"Secondary Systems in Base-Isolated Structures; Experimental Investigation, Stochastic Response and
Stochastic Sensitivity,” by G.D Manolis, G. Juhn, M.C Constantinou and A.M Reinhorn, 7/1/90, (PB91-
110320/A8).

"Seismic Behavior of Lightly-Reinforced Concrete Column and Beam-Column Joint Detauls,” by S.P. Pessiki,
C.H. Conley, P. Gergely and R N. Whate, 8/22/90, (PB91-108795/A8).

"Two Hybrid Control Systems for Building Structures Under Strong Earthquakes,” by J.N. Yang and A.
Dansehans, 6/25/90, (PB91-125393/AS).

"Instantaneous Optimal Control with Acceleration and Velocity Feedback,” by I.N. Yang and Z Li, 6/29/90,
(PB91-125401/A8).

"Reconnaissance Report on the Northern Iran Earthquake of June 21, 1990," by M Mehrain, 10/4/90, (PB91-
125377/AS).

"Evaluation of Liquefaction Potential in Memphis and Shelby County,” by T.S. Chang, P S. Tang, C.S. Lee
and H. Hwang, 8/10/90, (PB91-125427/AS).

'Expenimental and Analytical Study of a Combined Shding Disc Beanng and Helical Steel Spring Isolation
System,” by M.C. Constantinouy, A.$ Mokha and A M. Reinhorn, 10/4/90, (PB91-125385/A8).

"Experimental Study and Analytical Prediction of Earthquake Response of a Shding Isolation System with
a Sphencal Surface,” by A.S. Mokha, M.C. Constantinou and A.M. Reinhorn, 10/11/90, (PB91-125419/A8).

"Dynamic Interaction Factors for Floating Pile Groups,” by G. Gazetas, K. Fan, A. Kayma and E. Kause],
9/10/90, (PB91-170381/AS).

"Evaluation of Seismic Damage Indices for Reinforced Concrete Structures,” by S. Rodri guez-Gomez and
A.S. Cakmak, 9/30/90, PBS1-171322/AS)

"Study of Site Response at a Selected Memphis Site,” by H. Desai, S Ahmad, E.S. Gazetas and M R. Oh,
10/11/90, (PB91-196857/AS)

"A User's Guide to Strongmo: Version 1.0 of NCEER’s Strong-Mouon Data Access Tool for PCs and
Terminals,” by P A. Friberg and C.A.T. Susch, 11/15/90, (PB91-171272/AS).

"A Three-Dimensional Analytical Study of Spatial Vanability of Seismic Ground Motions," by L-L Hong
and AH -S Ang, 10/30/90, (PB91-170399/A8).
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"MUMOID User's Guide - A Program for the Identification of Modal Parameters,” by 3. Rodri guez-Gomez
and E DiPasquale, 9/30/90, (PB91-171298/A5).

"SARCF-II User’s Guide - Seismic Analysis of Remforced Concrete Frames,” by S. Rodriguez-Gomez, Y.5.
Chung and C Meyer, 9/30/90, (PB91-171280/AS)
"Viscous Dampers' Testing, Modeling and Application 1n Vibration and Seismuc Isolation,” by N Maknis and

M C. Constantinon, 12/20/90 (PB91-190561/AS).

"Soul Effects on Earthquake Ground Motions n the Memphis Area.” by H. Hwang, C.5. Lee, K W. Ng and
TS Chang, 8/2/90, (PB91-190751/AS).

"Proceedings from the Thard Japan-U.S. Workshop on Earthquake Resistant Design of Lifeline Facilities and
Countermeasures for Soil Liquefaction, December 17-19, 1990," edited by T D O’Rourke and M. Hamada,
2/1/91, (PB91-179259/A85).

"Physical Space Solutions of Non-Proportionally Damped Systems,” by M. Tong, Z. Liang and G.C. Lee,
1/15/91, (PBS1-179242/A8).

"Seismic Response of Single Piles and Pile Groups,” by K. Fan and G Gazetas, 1/10/91, (PR92-174994/A8)

"Damping of Structures: Part 1 - Theory of Complex Damping,” by Z. Liang and G. Lee, 10/10/91, (PR92-
197235/A8)

"3D-BASIS - Nonlinear Dynamic Analysis of Three Dimensional Base Isolated Structures: Part IL" by S.
Nagarajaiah, AM Remhom and M C Constantinou, 2/28/91, (PB91-190553/A8).

"A Multidimensional Hysteretic Model for Plasticity Deforming Metals i Energy Absorbing Devices,” by
E.J. Graesser and F A. Cozzarell, 4/9/91, (PB92-108364/A8).

"A Framework for Custormzable Knowledge-Based Expert Systems with an Application to a KBES for
Evaluating the Seistmc Resistance of Existing Bumldings," by E.G. Ibarra-Anaya and S.J. Fenves, 4/9/91,
{PB91-210930/AS)

"Nonlinear Analysis of Steel Frames with Semi-Rigid Connections Using the Capacity Spectrum Method,”
by G G. Deierlein, S-H. Hsieh, Y-J. Shen and J F. Abel, 7/2/91, (PB92-113828/AS).

"Earthquake Education Materials for Grades K-12," by K.E.K. Ross, 4/30/91, (PB91-212142/AS).

“Phase Wave Velocities and Dhsplacement Phase Differences in a Harmomcally Oscillating Pile,” by N
Makns and G. Gazetas, 7/8/91, (PB92-108356/AS).

"Dynamic Characteristics of a Full-Size Five-Story Steel Structure and a 2/5 Scale Model,” by K.C. Chang,
G C Yao, G.C Lee, DS. Hao and Y.C. Yeh," 7/2/91

"Seismic Response of a 2/5 Scale Steel Structure with Added Viscoelastic Dampers,"” by K.C. Chang, T.T.
Soong, 8-T. Oh and M.L. Lai, 5/17/91 (PB92-110816/AS)

"Earthquake Response of Retaining Walls, Full-Scale Testing and Computational Modelng,” by § Alampall
and A-W.M. Elganal, 6/20/91, to be published.

"30-BASIS-M. Nonlinear Dynamic Analysis of Multiple Building Base Isolated Swructures,” by P C Tsopelas,
S. Nagarajmah, M C. Constantinou and A.M. Reinhorn, 5/28/91, (PB92-113885/A5)
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“Evaluation of SEAOC Design Requirements for Sliding Isolated Structures,” by D. Theodossiou and M.C.
Constantinou, 6/10/91, (PB92-114602/A8).

"Closed-Loop Modal Tesung of a 27-Story Remforced Concrete Flat Plate-Core Building,” by H.R.
Somaprasad, T Toksoy, H Yoshiyuki and A.E. Aktan, 7/15/91, (PB92-129980/AS).

"Shake Table Test of a 1/6 Scale Two-Story Lightly Reimnforced Concrete Building,” by A G El-Attar. RN
White and P Gergely, 2/28/91, (PB92-222447/AS).

"Shake Table Test of a 1/8 Scale Three-Story Lightly Reinforced Concrete Building,” by A G El-Attar, R.N.
White and P. Gergely, 2/28/91

"Transfer Functions for Rigid Rectangular Foundations,” by A.S. Veleisos, AM Prasad and W.H. Wy,
7/31/91, to be published

"Hybrid Control of Seismic-Excited Nonlinear and Inelastic Structural Systems,” by JN Yang, Z. Liand A,
Danielians, 8/1/91, (PB92-143171/AS).

“The NCEER-91 Earthquake Catalog Improved Intensity-Based Magmiudes and Recurrence Relations for
U.S Earthquakes East of New Madnd,” by L. Seeber and J.G. Armbruster, 8/28/91, (PB92-176742/AS)

"Proceedings from the Implementation of Earthquake Planmng and Education in Schools: The Need for
Change - The Roles of the Changemakers,” by K.E.K. Ross and F. Winslow, 7/23/91, (PB92-129998/AS)

"A Study of Reliabiity-Based Criteria for Seismic Design of Reinforced Concrete Frame Buildings,” by
H H.M Hwang and H-M. Hsu, 8/10/91, (PB52-140235/AS)

"Expenimental Verification of a Number of Structural System Identificatton Algonthms.” by R.G. Ghanem,
H. Gavin and M. Shinozuka, 9/18/91, (PB92-176577/AS).

"Probabilistic Evaluation of Liquefaction Potential,” by HH M. Hwang and C.S. Lee," 11/25/91, (PB92-
143429/A8).

* Instantaneous Optimal Control for Linear, Nonlinear and Hysterenc Structures - Stable Controllers,” by I.N
Yang and 7 Li, 11/1591, (PB92-163807/AS).

"Experimental and Theoretical Study of a Sliding Isolation System for Bridges,” by M.C. Constantinou, A.
Kartoum, A.M Reinhorn and P. Bradford, 11/15/91, (PB92-176973/A8)
“Case Studies of Liquefaction and Lifeline Performance During Past Earthquakes, Volume 1. Japanese Case

Studies,” Edited by M Hamada and T. O'Rourke, 2/17/92, (PB92-197243/AS}

"Case Studies of Liquefacuon and Lifeline Performance During Past Earthquakes. Volume 2: United States
Case Studies,” Edited by T. O'Rourke and M, Hamada, 2/17/92, (PB92-197250/AS).

"Issues 1n Earthquake Education,” Eduited by K Ross, 2/3/92, (PB92-222389/AS)

“Preceedings from the First U S - Japan Workshop on Earthquake Protective Systems for Bridges," 2/4/92,
to be published.

"Seismic Ground Motion from a Haskell-Type Source in a Multiple-Layered Half-Space,” A.P. Thechans,
G. Deodatis and M. Shinozuka, 1/2/92, to be publshed.

"Proceedings from the Sue Effects Workshop,” Edued by R. Whitman, 2/29/92, (PB92-197201/AS)
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"Engineering Evaluation of Permanent Ground Deformations Due to Seismically-Induced Liquefaction,” by
M.H. Baziar, R. Dobry and A-W M. Elgamal, 3/24/92, (PB92-222421/AS)

"A Procedure for the Seismic Evaluation of Buildings in the Central and Eastern United States,” by C.D
Poland and I O. Malley, 4/2/92, (PB92-222439/AS).

"Expenimental and Analytical Study of a Hybnid Isolaton System Using Frichon Controllable Shding
Beanngs,” by M.Q. Feng, S Fuju and M. Shinozuka, 5/15/92.

“Seismic Resistance of §lab-Column Connections in Existing Non-Ductile Flat-Plate Buildings,” by A.J
Durraru and Y Du, 5/18/92

“The Hysteretic and Dynamic Behavior of Brick Masonry Walls Upgraded by Ferrocement Coatings Under
Cyclic Loading and Strong Simulated Ground Motion,” by H, Lee and S.P Prawel, 5/11/92, to be published.

"Study of Wire Rope Systems for Seismic Protection of Equipment in Bulldings,” by G.F. Demetnades, M.C.
Constantinou and A.M. Remhorn, 5/20/92.

"Shape Memory Structural Dampers. Malenal Properties, Design and Seisme Testing,” by P.R. Wittng and
F A. Cozzarelll, 5/26/92.

"Longitudinal Permanent Ground Deformation Effects on Buned Continuous Pipelines,” by M.J. O’Rourke,
and C. Nordberg, 6/15/92.

"A Simulation Method for Stationary Gaussian Random Functions Based on the Samphng Theorem,” by M.
Gnigonu and S. Balopoulow, 6/11/92.

"Gravity-Load-Designed Reinforced Concrete Buddings: Sessmic Evaluation of Existing Construction and
Detailing Strategies for Improved Seismic Resistance,” by G.W. Hoffmann, S.K. Kunnath, § B. Mander and
AM Remhorn, 7/15/92, to be published.

"Observations on Water System and Pipeline Performance in the Limén Area of Costa Rica Due to the Apnl
22, 1991 Earthquake,” by M. O'Rourke and > Ballantyne, 6/30/92.

"Fourth Edition of Earthquake Education Matenals for Grades K-12," Eduted by K.E.K Ross, 8/10/92.

"Proceedings from the Fourth Japan-U.S. Workshop on Earthquake Resistant Design of Lifeline Facilihes and
Countermeasures for Soil Liquefaction,” Edited by M, Hamada and T.D. O'Rourke, 8/12/92, to be published.

"Active Bracing System: A Full Scale Implementation of Active Control,” by A.M. Reinhor, T T. Soong,
R.C Lin, M.A. Riley, Y.P. Wang, S Ailzawa and M Higashmno, 8/14/92.

"Empurical Analysis of Horizontal Ground Displacement Generated by Liquefaction-Induced Lateral Spreads.”
by S.F. Bantlett and T.L. Youd, 8/17/92, to be published.

"IDARC Version 3.0: Inelastic Damage Analysis of Reinforced Concrete Structures,” by S K. Kunnath, A M
Reinhorn and R.F. Lobo, 8/31/92, to be published.

"A Semi-Emgpirical Analysis of Strong-Motion Peaks 1n Terms of Seismic Source, Propagation Path and Local
Site Condihons, by M. Kamiyama, M.J O’Rourke and R. Flores-Berrones, 9/9/92
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