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A dehl.l city

-*-*f/.., P

\- \\\ i Oy B

1900~1964 (slaJls o sloojime; p5> D9dee Jold ) #7A SB)5 b sloojlinge; bai oS oo
S oMo 0Y1964~20 5l (slaojiej 03Vl 9 23,5 0 Vb 42 0 (565 b gloojJines ol &S (52Mee

Date
858
1042
1485
1593
1608
1641
1678
1717
1721
1780
1808
1844
1851
1861
1862
1863
1868
1879
1880
1883
1896
1903/06/24

T(utc)

DS oo 33 |y boj e dons

o ool sloo i g Joo)) b (2803 (LIS 5 (F)b slooj)oe; T Jgia
adlate 53 5 go s A5 S

T(local) lat Lon Depth M Mw
38.10 46.30 6.0 6.039
38.10 46.30 7.6 7.54524
36.70 50.50 7.2 7.11396
37.80 47.50 6.1 6.11604
36.40 50.50 7.6 7.54524
37.90 46.10 6.8 6.71916
37.20 50.00 6.5 6.44700
38.10 46.30 5.9 5.96424
37.90 46.70 7.7 7.65876
38.20 46.00 7.7 7.65876
36.40 50.30 5.9 5.96424
37.40 48.00 6.9 6.81444
40.00 47.30 6.2 6.19536
39.40 47.50 6.0 6.03900
39.30 47.80 6.1 6.11604
38.20 48.60 6.1 6.11604
39.60 47.60 6.0 6.03900
37.80 47.90 6.7 6.62616
36.50 47.50 5.6 5.75364
37.90 47.20 6.2 6.19536
37.80 48.40 6.7 6.62616
39.00 49.00 Mb:5.5 5.70075

16:56:00 20:26:00
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1905/01/09 06:17:00 09:47:00 38.00 46.00 Mb:5.5 5.70075
1910/12/04 14:02:00 17:32:00 38.80 48.80 Mb:5.1 5.27339
1913/04/16 06:00:00 09:30:00 38.75 48.50 Mb:5.2 5.37516
1917/06/02 00:28:12 03:58:12 38.00 48.50 Mb:5.5 5.70075
1919/01/08 10:12:00 13:42:00 40.00 47.00 Mb:5.4 5.58884
1924/02/19 06:59:45 10:29:45 39.00 47.50 Mb:5.7 5.93471
1928/03/24 10:53:16 14:23:16  37.80 47.30 Mb:5.0 5.175
1931/07/05 17:57:22 21:27:22 39.00 47.50 Mb:4.7 4.90011
1932/05/24 23:29:26 02:59:26  37.80 48.20 Mb:4.7 4.90011
1932/05/24 23:31:51 03:01:51 37.80 48.20 Mb:4.7 4.90011
1932/06/16  12:09:31 15:39:31 38.70 46.10 Mb:4.7 4.90011
1934/10/29 16:15:48 19:45:48 39.80 47.50 Mb:5.5 5.70075
1948/06/17 14:08:22 17:38:22 36.50 49.00 Mb:5.2 5.37516
1948/06/30 19:31:39 23:01:39 36.50 49.00 Mb:5.2 5.37516
1951/01/16  17:53:50 21:23:50 39.20 49.50 Mb:5.0 5.175
1951/03/12 15:45:36 19:15:36  39.30 48.50 Mb:4.7 4.90011
1952/07/18 00:43:51 04:13:51 37.50 50.10 Mb:4.7 4.90011
1956/04/12 22:34:46 02:04:46  37.30 50.20 Mb:5.5 5.70075
1959/05/31 13:01:44 16:31:44  37.70 48.99 Mb:5,5 5.70075
1959/07/31 10:28:02 13:58:02 38.83 49.38 Mb:5.2 5.37516
1959/08/13 00:33:08 04:03:08 39.80 48.53 Mb:5.7 5.93471
1961/12/17 14:33:24 18:03:24  38.50 50.50 Mb:5.0 5.175
Date T(utc) T(local) lat Lon Depth M Mw
1964/11/09 08:05:47 11:35:47 39.90 48.52 50 Mb:5.0 5.175
1965/02/10 16:09:54 19:39:54 37.66 47.09 45 Mb:5.0 5.175
1968/06/09 00:56:32 04:26:32 39.09 46.10 31 Mb:5.0 5.175
1968/08/02 03:59:27 07:29:27 36.85 49.33 36 Mb:4.7 4.90011
1968/09/01 05:39:45 09:09:45 39.14 46.20 24 Mb:5.0 5.175
1970/04/16 01:26:52 04:56:52 38.70 48.60 78 Mb:4.9 5.07999
1968/06/09 00:56:32 04:26:32 39.09 46.10 31 Mb:5.0 5.175
1968/08/02 03:59:27 07:29:27 36.85 49.33 36 Mb:4.7 4.90011
1968/09/01 05:39:45 09:09:45 39.14 46.20 24 Mb:5.0 5.175
1970/04/16 01:26:52 04:56:52 38.70 48.60 78 Mb:4.9 5.07999
1970/07/11  22:41:15 02:11:15 3760 49.00 65 Mb:5.1 5.27339
1972/01/18 21:12:01 00:42:01 37.50 48.70 Mb:4.9 5.07999
1976/02/03 16:40:40 20:10:40 39.93 48.41 58 Mb:5.2 5.37516
1979/11/08 05:21:59 08:51:59 38.73 48.83 33 Mb:4.7 4.90011
1980/01/13 05:51:35 09:21:35 37.12 50.33 33 Mb:5.0 5.175
1980/05/04 18:35:20 22:05:20 38.05 48.98 46 Ms:6.2 6.19536
1980/07/22 05:17:10 08:47:10 37.19 50.20 62 Mb:5.4 5.58884
1980/01/13 05:51:35 09:21:35 37.12 50.33 33 Mb:5.0 5.175
1980/05/04 18:35:20 22:05:20 38.05 48.98 46 Ms:6.2 6.19536
1980/07/22 05:17:10 08:47:10 37.19 50.20 62 Mb:5.4 5.58884
1980/01/13 05:51:35 09:21:35 37.12 50.33 33 Mb:5.0 5.175
1980/05/04 18:35:20 22:05:20 38.05 48.98 46 Ms:6.2 6.19536
1980/07/22 05:17:10 08:47:10 37.19 50.20 62 Mb:5.4 5.58884
1980/01/13 05:51:35 09:21:35 37.12 50.33 33 Mb:5.0 5.175
1980/05/04 18:35:20 22:05:20 38.05 48.98 46 Ms:6.2 6.19536
1980/07/22 05:17:10 08:47:10 37.19 50.20 62 Mb:5.4 5.58884
1980/01/13 05:51:35 09:21:35 37.12 50.33 33 Mb:5.0 5.175
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1980/05/04 18:35:20 22:05:20 38.05 48.98 46 Ms:6.2 6.19536
1980/07/22 05:17:10 08:47:10 37.19 50.20 62 Mb:5.4 ,5.5888
4

1980/01/13 05:51:35 09:21:35 37.12 50.33 33 Mb:5.0 5.175
1980/05/04 18:35:20 22:05:20 38.05 48.98 46 Ms:6.2 6.19536
1980/07/22 05:17:10 08:47:10 37.19 50.20 62 Mb:5.4 5.58884
1980/01/13 05:51:35 09:21:35 37.12 50.33 33 Mb:5.0 5.175
1980/05/04 18:35:20 22:05:20 38.05 48.98 46 Ms:6.2 6.19536
1980/07/22 05:17:10 08:47:10 37.19 50.20 62 Mb:5.4 5.58884
1980/01/13 05:51:35 09:21:35 37.12 50.33 33 Mb:5.0 5.175
1980/05/04 18:35:20 22:05:20 38.05 48.98 46 Ms:6.2 6.19536
1980/07/22 05:17:10 08:47:10 37.19 50.20 62 Mb:5.4 5.58884
1980/01/13 05:51:35 09:21:35 37.12 50.33 33 Mb:5.0 5.175
1980/05/04 18:35:20 22:05:20 38.05 48.98 46 Ms:6.2 6.19536
1980/07/22 05:17:10 08:47:10 37.19 50.20 62 Mb:5.4 5.58884
1980/12/03 04:26:15 07:56:15 37.07 50.38 46 Mb:5.1 5.27339
1981/08/04 18:35:41 22:05:41 38.07 4934 27 Ms:5.6 5.75364
1983/07/22 02:41:00 06:11:00 36.94 49.18 41 Mb:5.6 5.81604
1985/04/03 01:44:26 05:14:26 38.09 48.42 26 Mb:4.7 4.90011
1986/01/27 16:35:52 20:05:52 38.88 48.62 71 Mb:5.3 5.48031
1986/04/29 22:07:55 01:37:55 38.05 49.03 33 Mb:4.7 4.90011
Date T(utc) T(local) lat Lon Depth M Mw
1990/06/20 21:00:09 00:30:09 36.95 4940 19 Ms:7.7 7.65876
1990/06/20 21:30:12 01:00:12 3749 48.79 10 Mb:4.7 4.90011
1990/06/20 22:58:51 02:28:51 36.82 4947 19 Mb:4.9 5.07999
1990/06/20 23:00:36 02:30:36 36.89 4959 15 Mb:4.9 5.07999
1990/06/20 23:27:43 02:57:43 36.99 50.31 10 Mb:4.7 4.90011
1990/06/20 23:48:44 03:18:44 36.64 49.83 16 Ms:5.1 5.44824
1990/06/21 00:52:35 04:22:35 36.80 4956 10 Mb:4.8 4.98836
1990/06/21 02:08:51 05:38:51 36.78 49.78 10 Mb:5.4 5.58884
1990/06/21 07:50:23 11:20:23  36.98 49.52 10 Mb:4.9 5.07999
1990/06/21 09:02:14 12:32:14  36.63 49.79 15 Mb:5.8 6.05676
1990/06/21 12:17:27 15:47:27 36.73 4940 10 Mb:5.3 5.48031
1990/06/21 21:27:39 00:57:39 36.51 49.66 10 Mb:4.9 5.07999
1990/06/21 21:31:07 01:01:07 36.79 49.33 10 Mb:4.8 4.98836
1990/06/22 03:32:48 07:02:48 37.07 49.73 10 Mb:4.7 4.90011
1990/06/22 06:21:51 09:51:51 36.82 4935 10 Mb:4.9 5.07999
1990/06/24 09:45:57 13:15:57 36.86 4940 10 Mb:5.1  5.27339
1990/06/24 19:05:21 22:35:21 37.22 4964 10 Mb:4.8 4.98836
1990/06/27 03:56:20 07:26:20 37.00 49.78 10 Mb:4.8 4.98836
1990/06/28 03:20:35 06:50:35 37.08 49.64 10 Mb:4.8 4.98836
1990/06/28 17:21:03 20:51:03 36.75 49.85 10 Mb:4.7 4.90011
1990/06/30 03:42:01 07:12:01 37.07 50.14 10 Mb:4.7 4.90011
1990/07/01 12:24:57 15:54:57 37.18 49.88 10 Mb:4.8 4.98836
1990/07/01 21:16:48 00:46:48 37.28 48.82 10 Mb:4.7 4.90011
1990/07/06 19:34:52 23:04:52 36.86 49.30 35 Mb:5.3 5.48031
1990/07/13 13:04:10 16:34:10 36.48 50.06 33 Mb:4.7 4.90011
1990/07/27 05:31:00 09:01:00 37.31 4958 10 Mb:4.8 4.98836
1990/08/20 12:20:11 15:50:11 36.95 49.72 33 Mb:4.8 4.98836
1990/08/21 03:47:26 07:17:26 37.30 49.68 10 Mb:4.8 4.98836
1990/09/25 12:12:15 15:42:15 36.79 4985 10 Mb:4.8 4.98836
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1990/10/22 03:50:20 07:20:20 36.93 4929 10 Mb:4.7 4.90011
1990/12/27 13:26:57 16:56:57 36.53 48.90 10 Mb:4.7 4.90011
1990/12/28 04:03:53 07:33:53 37.10 4922 10 Mb:5.0 5.175
1991/01/01 19:18:56 22:48:56  39.82 4843 61 Mb:4.9 5.07999
1991/11/28 17:19:55 20:49:55 36.92 49.60 16 Mb:5.6 5.81604
1992/10/06 08:57:17 12:27:17 38.42 50.51 10 Ms:4.8 5.29236
1993/04/08 09:48:03 14:18:03 37.90 4798 10 Mb:4.7 4.90011
1994/11/02 12:31:01 16:01:01 38.15 4831 10 Mb:5.0 5.175
1994/12/03 01:35:51 05:05:51 37.64 4935 33 Mb:4.8 4.98836
1995/04/26 11:46:12 16:16:12 37.05 4953 33 Mb:4.8 4.98836
1995/05/15 00:16:52 04:46:52 38.47 49.44 26 Mb:4.8 4.98836
1995/05/27 21:21:31 01:51:31 39.03 4894 33 Mb:4.8 4.98836
1995/10/15 06:56:34 10:26:34 37.06 49.48 33 Mb:4.9 5.07999
1996/01/03 08:42:25 12:12:25 38.99 48.72 56 Mb:5.4 5.58884
1996/04/22 14:42:32 19:12:32 39.17 47.37 29 Mb:5.0 5.175
1997/02/28 12:57:18 16:27:18 38.08 48.05 10 Ms:6.1 6.11604
1997/03/02 18:29:42 21:59:42 37.86 47.87 10 Mb:5.1 5.27339
1998/07/09 14:19:19 18:49:19 38,55 48.41 33 Mb:6.0 6.311
Date T(utc) T(local) lat Lon Depth M Mw
1999/08/19 04:33:15 09:03:15  38.27 46.51 33 Mb:4.7 4.90011
1999/10/12 15:41:12 19:11:12 38.90 48.25 33 Mb:4.7 4.90011
2000/03/21 14:07:40 18:37:40 39.87 48.19 57 Mb:5.0 5.175
2002/04/19 13:46:49 18:16:49 36.57 49.85 33 Mb:5.1 5.27339
2005/09/26 18:57:04 22:27:04 37.35 4780 16 ML:4.8 5.23600
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Assessment of physical vulnerability of Ardabil City against
earthquake risk (Based on Kermanshah Earthquake
Teachings)

Abstract

Predicting the impact of earthquakes on man-made buildings and structures
requires recognizing the dynamics of their behavior. The procedures
adopted for this purpose are quite complex and tedious in terms of cost,
time and execution, especially when the studies are concerned with spatial
domains rather than individual buildings. Assessing seismic vulnerability
using available resources is of great importance. In this study, the
vulnerability index and methods based on capacity spectrum-based used to
assess the expected physical damage in residential units have been
reviewed and their main advantages and disadvantages have been
investigated. Then a method based on vulnerability index is used to assess
the expected damage in Ardabil. The Vulnerability Index (VIM) method
considers five non-zero damage modes and defines the behavior in terms of
seismic intensity and seismic quality of the building by a vulnerability
index. The degree of damage estimated is measured by quasi-experimental
functions. Detailed information about the design of the building has been
obtained by collecting, arranging, improving and completing the municipal
database. Risk analysis for seismic scenarios defined by seismic intensities
V, V-VI, VI, VI-VIlI and VII has been performed to design seismic
emergency plans. According to the country's seismic regulations, the peak
of the initial acceleration of the earth for a 475-year return period is 0.04g,
which is related to the intensity of VII. Therefore, while quantifying
physical damage, its impact on the population and other quantities such as
debris, the number of homeless and the economic cost have been
investigated. Despite the moderate to high seismic hazard in Ardabil, the
results show that due to the exposure and vulnerability of the built
environment, the risk is very high. Residents of Ardabil, located in the low
to medium seismic hazard zone, are usually unaware of the seismic hazard.
The detailed risk maps obtained are a good opportunity to guide decision-
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making in the field of seismic prevention and reduction in Ardabil and
emergency planning in this city.

Keywords: Vulnerability Scenario, Vulnerability Index Method, Structural
Vulnerability, Ardabil City.
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