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A Study on the Seismic Response Characteristics of Soil-Structure

System at Hualien Large Scale Seismic Test (LSST)
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ABSTRACT

This paper presents analysis results of earthquake response data recorded from the Hualien
large-scale seismic test (LSST). A soil-structure interaction (SSI) experiment was conducted
in a seismically active region in Hualien. To obtain earthquake data for quantifying SSI
effects and to improve SSI analysis method, a 1/4-th scale of a typical nuclear reactor
cylindrical concrete containment was constructed in the site where both the containment model
and its surrounding soil, surface and sub-surface, are extensively instrumented to record
earthquake data.

In between September 1993 and March 2002 more than seventy earthquakes with Richter
magnitudes ranging from 2.6 to 7.3 have been recorded at the site. The recorded data were
analyzed to provide information on the response characteristics of the Hualien soil-structure

system, the SSI effects and the ground motion characteristics.
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Fig 2.1 Hualien LSST Model
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Table 3.1 Earthquakes recorded by the LSST array in Hualien.

vent No Origin Time Epicenter Depth | Mag. | Azimuth | Delta | Max. Ground Acclerations{gal
EQ No. uT) Longitude | Latitute | (km) | (M) | (degree) | (km) LN-g) | TE-W) \Y
1 1993 09 16 12:18:45.36] 121 40.43 | 23 58316] 21.1 4.2 133.7 7.7 16.9 13.4 8.2
2 1994 01 20 05:50:15.57] 121 51.14 | 24 03.89 | 49.5 5.6 77.5 24.4 394 48.8 24.5
3 1994 05 30 07:50:51.89| 121 34.20 | 24 04.80| 17.0 4.5 328.4 9.6 28.5 21.4 17.6
4 1994 06 05 01:09:30.10| 121 50.26 {24 27.74| 5.3 6.2 24.5 54.0 41.4 27.8 28.3
5 1994 10 05 01:13:24.47( 121 43.22 123 09.38 | 31.3 5.8 173.8 95.8 274 38.8 12.0
6 1995 02 23 05:19:02.78] 12141.22 {2412.22| 21.7 5.8 18.8 21.8 514 45.8 23.9
7 1995 05 01 14:50:45.67] 121 31.99 | 24 02.66| 2.2 4.9 48.7 4.6 135.8 73.7 115.5
8 1995 05 02 06:17:21.60| 121 38.04 | 24 00.74| 8.9 4.6 107.7 1.7 87.5 64.9 118.2
9 1995 10 07 11:08:42.96] 121 40.57 | 2351.97| 0.6 4.7 160.7 17.6 9.6 10.1 4.8
10 ]199511 14 07:26:26.68] 121 31.52 [ 2403.12 [ 17.9 4.2 292.6 10.3 20.5 17.8 21.1
11 1995 1126 19:26:00.97{ 1213534 | 235946 | 6.4 4.2 223.0 3.8 352 214 37.3
12 1995 12 18 16:17:54.53] 12141.52 1 24 01.10| 22.1 5.8 88.2 7.6 36.6 27.7 20.6
13 1996 03 05 14:52:27.13] 12221.69 | 23 55.81] 6.0 6.4 97.0 78.0 8.1 11.3 5.5
14 1996 03 05 17:32:08.56] 122 18.18 | 235391 | 10.8 6.0 100.5 71.0 9.3 11.5 7.0
15 ]1996 05 28 21:53:22.35] 12134.97 |24 0321} 25.0 5.1 320.0 5.4 82.5 51.5 86.3
16 1996 11 26 08 :22:23.71| 12141.72 | 24 09.86 | 262 5.3 205.3 18.2 20.9 18.0 13.4
17 199702 19 09:49:21.23] 121 33.37 | 23 54.24 | 17.5 4.5 26.7 14.0 10.8 11.7 19.7
18 1997 02 27 15:44:43.28| 12142.38 | 23 53.61 | 16.9 4.7 326.6 16.3 15.4 13.5 10.2
19 1997 03 24 23:32:20.12| 12142.93 |1 24 09.55[ 29.1 4.8 211.6 18.7 16.4 12.6 7.0
20 1997 06 18 02:03:30.61| 121 49.80 | 23 57.56 | 31.7 5.2 286.1 22.4 20.3 19.2 11.5
21 1997 09 15 22:26:35.30] 12132.451240206]| 84 3.9 104.9 8.1 28.7 26.3 2G.9
22 1998 05 15 08:50:28.54| 12143.23 |1 23 57.65 | 46.0 4.9 300.3 12.0 11.6 9.5 5.0
23 1998 06 10 05:25:44.59] 121 39.99 | 24 05.17] 7.9 4.1 212.1 9.2 35.9 39.6 17.5
24 1998 07 17 04:51:14.96| 12039.75 [ 2330.16] 2.8 6.2 69.8 104.4 6.1 9.4 33
25 1998 07 17 18:44:39.93] 121 41.56 | 24 03.68} 1.8 4.8 56.5 9.1 96.3 68.8 37.6
26 1998 07 17 18:46:23.85] 121 39.08 | 24 62.73 [ 10.3 3.5 46.6 4.6 17.8 12.5 12.4
27 1998 07 17 23:01:48.92| 121 39.23 | 24 01.45] 8.3 3.5 74.6 3.7 17.3 11.3 9.4
28 1998 07 18 00:50:17.21( 121 38.88 | 24 03.59| 84 4.3 32.0 5.7 50.3 23.6 323
29 1998 07 18 00:51:27.05{ 121 38.03 | 24 03.67 [ 8.9 3.2 16.7 5.3 20.6 12.8 12.2
30 1998 07 18 16:14:04.81] 121 40.77 | 2402.79| 3.7 4.4 61.6 7.1 49.7 42.7 19.4
31 1998 07 18 18:43:02.61| 12137.73 | 24 03.59 | 8.5 35 11.6 5.0 23.4 144 13.3
32 1998 09 04 10:40:50.60] 121 34.59 | 23 54.84| 11.0 5.0 200.1 12.1 16.1 20.3 9.7
33 1998 11 25 20:22:06.85| 121 37.08 | 23 5826 | 6.6 3.5 97.1 29.4 19.5 153 17.0
34 1999 04 10 07:54:05.91] 121 39.04 | 24 06.17 | 9.2 3.4 349.8 10.1 304 19.6 14.6
35 1999 04 26 05:45:11.16] 121 34.14 | 24 01.48 | 209 4.3 279.9 4.9 19.5 10.9 28.6
36 1999 0920 17:47:15.85| 12048.93 [ 23 51.15]| 8.0 7.3 268.6 82.0 87.1 118.9 32.7
37 1999 11 01 17:53:02.25] 121 45.33 |23 21.71| 313 6.9 169.1 73.8 59.3 106.1 29.0
38 1999 11 05 05:50:32.34| 121 40.69 | 23 57.33 ] 4.6 4.1 136.5 8.8 63.5 50.2 89.2
39 20000501 18:06:02.87] 121 33.32 | 23 53.34| 28.9 4.3 204.9 15.6 17.5 10.7 12.5
40 20000506 13:41:52.84] 121 33.62 | 24 01.41| 27.0 5.1 27779 5.8 72.0 47.9 106.0
41 2000 06 10 18:23:29.45) 121 06.55 | 23 54.06] 16.2 6.7 256.0 53.4 51.8 46.9 21.0
42 200006 19 21:56:24.764 121 05.53 |1 23 55.22 [ 27.0 5.2 258.9 54.6 11.9 12.9 52
43 20000707 10:17:48.54| 121 43.54 124 02.67| 6.7 4.8 74.1 11.4 19.2 18.8 4.6
44 200007 11 12:30:06.97} 12144.44 1235931 | 8.5 4.2 103.8 12.8 8.8 14.8 9.1
45 2000 07 13 17:36:05.48] 121 44.45 | 23 5830 | 8.1 4.9 111.6 13.4 16.2 28.6 11.1
46 2000 07 13 22:01:10.32| 121 49.61 | 23 56.38| 5.3 5.1 111.7 22.9 24.7 43.1 14.3
47 _ [200007 14 00:07:32.64] 12143.7012402.90| 7.2 5.7 72.0 11.6 82.3 142.0 21.0
48 2000 07 14 07:18:20.54| 121 45.55 | 23 58.70| 2.9 4.8 106.3 14.9 13.1 244 8.9
49 2000 07 14 09:40:5042 121 45.56 | 23 57.15| 8.0 4.9 116.1 16.0 22.1 45.8 36.1
50 |2000 07 14 23:04:34.64] 121 48.19 | 23 56.82 [ 6.0 5.1 1122 20.3 19.5 29.8 6.0
51 2000 07 17 06:5039.38 | 12147.39 124 03.99| 10.3 5.1 72.2 18.3 239 18.7 5.8
52 200007 19 04:46:33.42] 12145.61 124 07.13 | 3.7 5.0 51.5 18.3 22.1 18.1 8.9
33 2000 07 28 08:03:14.53| 121 38.08 | 24 00.83 | 7.3 3.0 96.9 2.2 48.0 20.1 25.0
54 2000 08 23 00:49:16.58 | 121 38.08 | 23 38.16 | 27.5 5.6 177.1 42.2 21.7 17.6 6.6
55 2000 09 10 08:54:46.531 121 35.03 | 24 05.12 | 17.7 6.2 3339 8.5 114.5 61.8 99.8
56 200009 11 10:49:30.45] 121 40.18 124 09.11 [ 5.8 4.7 18.8 15.9 39.3 32.0 62.5
57 2000 09 25 17:28:03.73] 121 38.58 | 24 04.80 | 8.6 3.8 22.1 7.6 17.5 10.0 18.2
58 200009 25 17:30:36.12| 121 40.11 | 2404.33 ] 7.1 3.9 38.7 7.9 18.3 13.1 11.3
59 2000 09 30 16:0314.19 | 12137.25 [ 23 58.84| 10.2 4.2 180.0 3.8 28.1 39.8 27.2
60 2000 1002 19:45:48.16| 121 38.07 | 24 00.29{ 10.0 4.1 22.1 7.6 43.3 24.7 20.6
61 2000 10 03 04:05:58.84] 121 36.56 | 24 00.39| 8.9 3.0 125.0 2.2 25.6 9.3 5.9
62 2000 10 04 20:29:22.50| 121 33.88 | 24 07.35] 20.2 4.5 3347 13.0 332 28.8 27.8
63 200010 16 08:56:14.60] 121 36.95 | 24 00.85 | 12.7 3.1 33.9 22.8 22.3
64 2000 1024 07:11:57.66] 121 31.79 | 23 54.20| 184 4.8 215.8 154 57.9 49.9 35.6
65 200011 2911:00:33.001 12146.09 | 2351.44| 153 5.2 139.0 233 27.9 299 22.1
66 2001 07 09 15:20:47.63| 121 46.11 | 24 00.66 | 43.4 5.1 29.5 23.8 8.1
67 2001 1003 19:55:53.08] 1214390 | 23 58.03 | 12.9 3.6 12.0 18.0 10.0
68 2001 10 13 20:07:05:55] 121 33.66 | 23 57.11 | 12.7 4.4 20.6 12.5 14.9
69 2002 02 12 03:27:25.00| 12143.36 | 23 44.44| 29.9 6.2 26.0 30.8 17.4
70 2002 03 31 06:52:49.95] 121 11.49 | 24 0839 | 13.8 6.8 44.5 59.4 17.4
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Fig 4.8 Comparison of Structural Responses at various Location (1/2)
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