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In this study, the earthquake resistance capability of typical school buildings in
Taiwan is evaluated. It can be used to rapidly produce the seismic hazard maps of
school buildings based on the earthquake intensity map reported by the Central Weather
Bureau (CWB) with measurements from free-field seismograph stations and the
structural system identification techniques and damage assessment technique to obtain
the premises of the distribution of earthquake damage assessment in order to quickly
diagnose the damage to the building structure position and degree of damage. In this
year, this study presents an automatic damage localization technique to identify the
location of damage for buildings based on dominant frequencies shifts through
incomplete measurements. Finally, the CWB monitored buildings are considered to
examine the proposed damage localization technique, and hazard maps of school
buildings under possible earthquake hazard scenarios are created. The results are useful
to the early assessment of an earthquake event.
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System Modal Parameter — (undamaged)
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System Modal Parameter — (damaged)

Mode 1 2 3

Frequency (Hz) 1.03 3.16 5.08
Damping ratio (%) 0.97 0.32 0.20
1 N/A N/A N/A
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shapes
3 N/A N/A N/A
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Taiwan locates on the Pacific ring of fire with high seismicity. It definitely
becomes an important issue to design earthquake-resistant buildings and manage
disaster risk before earthquake occurrences and to quickly assess disaster range and
efficiently arrange rescue after earthquake occurrences. The damaged building data
and the free-field records during the Chi-Chi earthquake together with the housing tax
information are processed and analyzed in this study. Then, we construct the fragility
curves for reinforced concrete buildings of two and three stories by four statistics
methods: grouping estimate, cumulative estimate, maximum likelihood estimate and
Bayesian estimate. The damage maps of those buildings are finished finally.
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The damage indices of buildings based on the combinations of the ratio of ductility
demand over capacity and the ratio of hysteretic energy demand over capacity are
modified from the simplified single-degree-of-freedom (SDOF) elastic- perfectly-plastic
model into the proposed SDOF bi-linear model in this study. Some critical parameters
of the bi-linear model are calibrated from the experimental measurements of shaking
table tests of scaled-down two-story reinforced concrete school building models and the
strong motion records of a real building. Based on the proposed damage indices and the
calibrated results, the regional damage spectra can be established based on the strong
motion records of nearby free-field stations from the CWB's Geophysical Database
Management System. Finally, the regional damage forecast map can be illustrated based
on the damage spectra and the building information of the region. The KuangFu campus
of Nation Cheng Kung University is adopted in this study as the demonstration region
for establishing its regional damage forecast map.

Keywords * Bi-Linear Model Damage Index, System Identification, Nonlinear model,
Geophysical Database Management System, Damage Forecast Map
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A downtime of school buildings after an earthquake would be estimated in this
study. The relationship between PGA and downtime was analyzed by the concept of
fragility curve. This study offers the downtime probability curve of school buildings
which could be a reference to assess downtime of future earthquake in school buildings.
According to the probability curves, this study shows that the downtime prediction for

school buildings can be executed.
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T EF o SRR CER REAFRRER TR
&4
o PGA BAR | ET(x) | TS(x) | SF(=) | FU(x) | TU(%x) | EU(%)
1 149.7833 | 5+ 0 0 0 0 0 0
2 | 1516818 | 5+ 0 0 0 0 0 0
3| 153.0805 | 5+ 0 0 0 0 0 0
4 | 1542536 | 5+ 0 0 0 0 0 0
5 | 1725293 | 5+ 0 0 0 0 0 0
6 | 174.1246 | 5+ 0 0 0 0 0 0
7 | 1770172 | 5+ 0 0 0 0 0 0
8 | 1803956 | S5+ 0 0 11 4 0 21
9 | 1803956 | 5+ 0 0 11 4 0 21
10 | 1824263 | 5+ 0 0 0 0 0 0
11| 189.3246 | 5+ 0 0 0 0 0 0
12| 211.3403 | 5+ 0 0 0 0 0 0
13 | 2119547 | 5+ 0 0 0 0 0 0
14 | 2169112 | 5+ 0 0 3 1 0 67
15 | 2197961 | 5+ 0 0 0 0 0 0
16 | 2389987 | 5+ 0 0 0 0 0 0
17 | 2414629 | 5+ 73 9 25 1 33 105
18 | 2414629 | 5+ 73 9 25 1 33 105
19 | 2426199 | 5+ 1352 18 67 2 85 1436
20 | 244.6092 | 5+ 0 0 18 1 0 90
21 | 2658423 | 6- 0 0 0 0 0 0
22 | 2705356 | 6- 0 0 0 0 0 0
23 | 2786361 | 6- 0 0 0 0 0 0
24 | 141.0211 | 5+ 0 0 0 0 0 0
25 | 1434862 | 5+ 0 0 0 0 0 0
26 | 1435209 | 5+ 224 20 13 2 33 256
27 | 1444259 | 5+ 0 0 0 0 0 0
28 | 1458373 | 5+ 0 0 0 0 0 0
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29 147.099 5+ 0 0 0 0 0 0
30 147.099 5+ 0 0 22 1 0 172
31 150.6115 5+ 161 16 30 1 1 1
32 150.6115 5+ 161 16 30 1 1 1
33 150.6115 5+ 161 16 30 1 1 1
34 151.7352 5+ 0 0 0 0 0 0
35 151.9747 5+ 0 0 0 0 0 0
36 155.0231 5+ 0 0 0 0 0 0
37 155.4531 5+ 0 0 0 0 0 0
38 159.2096 5+ 0 0 0 0 0 0
39 159.9803 5+ 0 0 0 0 0 0
40 161.0317 5+ 0 0 0 0 0 0
41 161.9217 5+ 0 0 0 0 0 0
42 162.2092 5+ 259 12 42 15 67 325
43 162.2092 5+ 259 12 42 15 67 325
44 165.9969 5+ 0 0 0 0 0 0
45 169.1459 5+ 0 0 0 0 0 0
46 169.8761 5+ 0 0 0 0 0 0
47 170.5591 5+ 0 0 0 0 0 0
48 170.5992 5+ 0 0 0 0 0 0
49 171.1862 5+ 0 0 0 0 0 0
50 171.5827 5+ 0 0 0 0 0 0
51 171.6034 5+ 0 0 0 0 0 0
52 172.8552 5+ 0 0 0 0 0 0
53 173.0692 5+ 0 0 0 0 0 0
54 176.7409 5+ 0 0 0 0 0 0
55 177.662 5+ 182 18 117 19 152 333
56 177.662 5+ 354 39 90 27 154 507
57 178.6221 5+ 0 0 0 0 0 0
58 182.3571 5+ 0 0 0 0 0 0
59 182.3959 5+ 0 0 0 0 0 0
60 182.6519 5+ 0 0 0 0 0 0
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61 183.7275 5+ 0 0 0 0 0 0
62 183.746 5+ 0 0 0 0 0 0
63 185.2488 5+ 0 0 0 0 0 0
64 188.4344 5+ 0 0 0 0 0 0
65 193.1764 5+ 188 14 50 6 68 255
66 193.1764 5+ 188 14 50 6 68 255
67 197.7324 5+ 0 0 0 0 0 0
68 199.5556 5+ 0 0 0 0 0 0
69 204.9692 5+ 0 0 0 0 0 0
70 206.8235 5+ 217 13 21 9 41 257
71 206.9378 5+ 0 0 20 1 0 148
72 210.1115 5+ 0 0 31 7 0 165
73 210.4004 5+ 0 0 10 2 0 149
74 214.1612 5+ 0 0 0 0 0 0
75 215.9976 5+ 0 0 0 0 0 0
76 216.7 5+ 0 0 0 0 0 0
77 219.187 5+ 0 0 1 1 0 29
78 219.187 5+ 0 0 2 2 0 143
79 225.3869 5+ 0 0 1 1 0 4
80 226.0798 5+ 0 0 0 0 0 0
81 234.4815 5+ 0 0 0 0 0 0
82 234.9609 5+ 0 0 0 0 0 0
83 235.4283 5+ 0 0 0 0 0 0
84 238.3819 5+ 0 0 0 0 0 0
85 239.3374 5+ 0 0 0 0 0 0
86 251.9287 6- 0 0 0 0 0 0
87 252.7901 6- 0 0 0 0 0 0
88 296.3796 6- 0 0 0 0 0 0
89 307.9428 6- 0 0 0 0 0 0
90 310.6848 6- 184 11 29 5 43 226
91 391.1127 6+ 227 4 40 22 64 290
92 412.9856 7 174 8 29 1 1 1
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93 140.6169 5+ 0 0 0 0 0 0
94 145.6396 5+ 76 12 20 1 31 106
95 150.3097 5+ 0 0 20 12 0 92
96 163.2202 5+ 0 0 0 0 0 0
97 171.1597 5+ 0 0 0 0 0 0
98 172.3107 5+ 0 0 0 0 0 0
99 184.7558 5+ 0 0 0 0 0 0
100 187.4492 5+ 0 0 0 0 0 0
101 193.8743 5+ 0 0 0 0 0 0
102 199.5928 5+ 0 0 0 0 0 0
103 222.1896 5+ 56 7 30 1 36 91
104 224.4853 5+ 0 0 0 0 0 0
105 224.5138 5+ 0 0 0 0 0 0
106 224.7219 5+ 0 0 0 0 0 0
107 232.9364 5+ 101 19 30 5 52 152
108 237.6089 5+ 0 0 9 3 0 91
109 245.2845 5+ 0 0 0 0 0 0
110 245.6149 5+ 0 0 0 0 0 0
111 246.7342 5+ 0 0 0 0 0 0
112 247.2375 5+ 0 0 0 0 0 0
113 250.4813 6- 0 0 86 1 0 168
114 253.7379 6- 0 0 0 0 0 0
115 255.552 6- 70 26 25 2 51 120
116 269.4104 6- 0 0 14 1 0 115
117 269.4222 6- 0 0 0 0 0 0
118 275.417 6- 0 0 0 0 0 0
119 282.5172 6- 0 0 12 1 0 15
120 282.5172 6- 0 0 5 1 0 46
121 290.6228 6- 0 0 0 0 0 0
122 291.5953 6- 1584 13 99 1 111 1694
123 298.935 6- 0 0 17 2 0 41
124 298.935 6- 0 0 12 2 0 95

68




125 298.935 6- 0 0 17 2 0 41
126 298.935 6- 0 0 12 2 0 95
127 298.935 6- 0 0 17 2 0 41
128 298.935 6- 0 0 17 2 0 41
129 301.5993 6- 123 15 60 1 74 196
130 302.8896 6- 1547 26 45 21 90 1636
131 307.0799 6- 0 0 0 0 0 0
132 307.3836 6- 0 0 18 3 0 90
133 309.7675 6- 0 0 0 0 0 0
134 310.1971 6- 118 18 34 11 61 178
135 311.1514 6- 0 0 6 2 0 54
136 344.354 6+ 0 0 0 0 0 0
137 351.2038 6+ 0 0 0 0 0 0
138 390.0785 6+ 0 0 0 0 0 0
139 438.3373 7 0 0 0 0 0 0
140 143.7581 5+ 0 0 0 0 0 0
141 140.1004 5+ 0 0 0 0 0 0
142 171.8837 5+ 0 0 15 4 0 231
143 246.1559 5+ 0 0 0 0 0 0
144 196.9051 5+ 0 0 31 2 0 243
145 158.2339 5+ 0 0 0 0 0 0
146 242.4538 5+ 0 0 0 0 0 0
147 237.0958 5+ 153 15 22 1 36 188
148 237.0958 5+ 153 15 22 1 36 188
149 246.0383 5+ 0 0 11 1 0 187
150 184.2305 5+ 0 0 0 0 0 0
151 187.2354 5+ 177 7 1 1 7 183
152 249.3256 5+ 0 0 0 0 0 0
153 235.8407 5+ 153 6 62 19 85 237
154 248.2747 5+ 0 0 25 1 0 58
155 164.786 5+ 0 0 0 0 0 0
156 153.9322 5+ 0 0 0 0 0 0
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157 196.2924 5+ 0 0 0 0 0 0
158 152.3195 5+ 0 0 0 0 0 0
159 148.1676 5+ 27 1 1 1 1 27
160 226.055 5+ 0 0 0 0 0 0
161 235.6385 5+ 182 1 9 1 9 190
162 145.4848 5+ 114 35 40 3 76 189
163 145.4848 5+ 114 35 40 3 76 189
164 156.6762 5+ 0 0 0 0 0 0
165 171.0639 5+ 0 0 0 0 0 0
166 238.0339 5+ 0 0 0 0 0 0
167 149.1137 5+ 0 0 0 0 0 0
168 241.1918 5+ 0 0 0 0 0 0
169 168.068 5+ 0 0 0 0 0 0
170 191.8868 5+ 0 0 0 0 0 0
171 233.4981 5+ 153 11 25 10 44 196
172 147.4099 5+ 0 0 0 0 0 0
173 148.9101 5+ 120 10 27 2 37 156
174 148.5906 5+ 0 0 13 1 0 106
175 205.7169 5+ 0 0 0 0 0 0
176 181.5546 5+ 0 0 0 0 0 0
177 178.1 5+ 0 0 0 0 0 0
178 150.8976 5+ 0 0 0 0 0 0
179 142.4182 5+ 462 16 21 20 55 516
180 154.961 5+ 0 0 0 0 0 0
181 144.1946 5+ 0 0 0 0 0 0
182 188.1863 5+ 0 0 0 0 0 0
183 186.7644 5+ 0 0 0 0 0 0
184 173.2354 5+ 0 0 0 0 0 0
185 174.2491 5+ 0 0 0 0 0 0
186 210.8092 5+ 190 19 18 1 36 225
187 206.9076 5+ 0 0 0 0 0 0
188 186.8842 5+ 0 0 0 0 0 0
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189 200.6141 5+ 141 44 29 1 72 212
190 141.2039 5+ 0 0 0 0 0 0
191 142.195 5+ 0 0 0 0 0 0
192 166.8832 5+ 0 0 0 0 0 0
193 141.8134 5+ 0 0 0 0 0 0
194 152.4136 5+ 0 0 0 0 0 0
195 188.1052 5+ 162 20 28 15 61 222
196 190.5238 5+ 0 0 0 0 0 0
197 163.3057 5+ 0 0 0 0 0 0
198 148.5392 5+ 0 0 0 0 0 0
199 174.1523 5+ 0 0 0 0 0 0
200 165.8486 5+ 0 0 0 0 0 0
201 161.825 5+ 0 0 0 0 0 0
202 160.7499 5+ 0 0 0 0 0 0
203 188.0376 5+ 0 0 0 0 0 0
204 150.319 5+ 0 0 0 0 0 0
205 159.6088 5+ 0 0 0 0 0 0
206 182.5671 5+ 0 0 31 2 0 227
207 147.2143 5+ 0 0 11 1 0 134
208 140.2425 5+ 0 0 52 12 0 191
209 151.3376 5+ 0 0 0 0 0 0
210 172.4472 5+ 0 0 0 0 0 0
211 177.9846 5+ 0 0 0 0 0 0
212 160.2041 5+ 0 0 0 0 0 0
213 163.2003 5+ 0 0 0 0 0 0
214 164.1352 5+ 0 0 0 0 0 0
215 178.7139 5+ 0 0 0 0 0 0
216 151.5874 5+ 0 0 0 0 0 0
217 206.9076 5+ 0 0 0 0 0 0
218 211.7551 5+ 0 0 0 0 0 0
219 205.2106 5+ 0 0 0 0 0 0
220 224.1931 5+ 148 5 24 16 43 190
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221 210.4038 5+ 307 18 49 51 116 422
222 205.7169 5+ 272 11 32 15 56 327
223 205.7169 5+ 272 11 32 15 56 327
224 199.0142 5+ 139 29 28 9 64 202
225 207.6446 5+ 156 51 47 9 105 260
226 215.0613 5+ 0 0 0 0 0 0

227 223.484 5+ 161 49 30 21 98 258
228 223.484 5+ 161 49 30 21 98 258
229 204.4204 5+ 131 25 40 17 80 210
230 204.4204 5+ 131 25 40 17 80 210
231 204.4204 5+ 131 25 40 17 80 210
232 233.0705 5+ 154 17 30 1 46 199
233 192.8561 5+ 251 19 21 1 39 289
234 207.2794 5+ 0 0 0 0 0 0

235 193.6359 5+ 0 0 97 2 0 217
236 193.6359 5+ 0 0 32 2 0 120
237 192.4348 5+ 177 20 31 19 68 244
238 192.4348 5+ 177 20 31 19 68 244
239 192.4348 5+ 177 20 31 19 68 244
240 192.4348 5+ 177 20 31 19 68 244
241 192.4348 5+ 0 0 1 1 0 2

242 192.4348 5+ 177 20 31 19 68 244
243 228.7893 5+ 173 15 33 1 47 219
244 228.7893 5+ 173 15 33 1 47 219
245 203.3038 5+ 254 27 45 1 71 324
246 203.3038 5+ 254 27 45 1 71 324
247 203.3038 5+ 254 27 45 1 71 324
248 216.9559 5+ 0 0 68 1 0 158
249 145.8366 5+ 0 0 0 0 0 0

250 186.9732 5+ 0 0 0 0 0 0

251 182.3175 5+ 0 0 0 0 0 0

252 143.6162 5+ 0 0 0 0 0 0
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253 160.4869 5+ 0 0 0 0 0 0
254 164.5226 5+ 0 0 0 0 0 0
255 163.1985 5+ 0 0 0 0 0 0
256 195.4585 5+ 0 0 0 0 0 0
257 214.4827 5+ 181 16 28 8 50 230
258 194.6045 5+ 166 9 23 21 51 216
259 194.6045 5+ 166 9 23 21 51 216
260 194.6045 5+ 166 9 23 21 51 216
261 202.5768 5+ 0 0 0 0 0 0
262 205.8366 5+ 0 0 0 0 0 0
263 234.0417 5+ 0 0 0 0 0 0
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