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107 120.6 121.8 123.8 124 184.6 185.4]

(3) GM 1,1 2.3.10
2.3.14

4.

(1) 1800~2006 20
M 6.0 M 6.5 M 7.0

2.3.15 2.3.17

(2) GM 1,1 2.3.18
2.3.20

5.

 = 0.3 M =6.5

])(exp[ 2MM 2.3.21 2.3.22

2.3.4
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1 1974~2024 M 6.0
2 1991~2051 M 6.4
3 1995~2014 3 M 6.0
4 1995~2014 1 M 6.5
5 1995~2014 M 7.0
6 2006~2010 6.0 M 7.0
7 2015~2034 3 M 6.0
8 2015~2034 1 M 6.5
9 2015~2034 M 7.0
10 2018~2084 M 6.6
11 2031 ~2035 5.0 M 6.0
12 2031~2101 M 6.8

2007~

2056(

50

)

13 2056~2060 M 6.25
14 2082~2124 M 6.5
15 2086~2090 M 6.5
16 2116~2120 M 6.25
17 2142~2182 M 7.0
18 2142~2183 M 7.0
19 2291 ~2295 M 7.0

2057~

2106(

100

)

20 2351~2355 M 6.5

2.3.5

1.

50 100

(1) 50 2007~2056
A. 2007~2014 6 M 7.0

B. 2015~2034 6 M 6.5 6.5 M 7.0

C. 2049~2057 6.4 M 6.6

(2) 50 100 2057~2106
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A. 2082~2124 6.5 M 7.0

(3) 100 2015~2034
20 2 M 6.0 1 M 6.5
M 7.0

100 -
2015~2034 20

2049~2057 2103 21 2082~2124
50

50 100 -

2.

100 6.5
6.9( 475 )

6km -
36km
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2.1.1 8 (M>5)
Station S_lon S_lat M Depth(km) PGA_NS(gal) PGA_EW(gal) PGA_UD(gal) Record_year

TCU048 120.671  23.980  5.08  10.88  58.98  57.54  24.64  1999 

TCU048 121.031  23.765  6.20  17.38  72.50  63.70  23.02  1999 

TCU048 121.002  23.854  6.80  12.06  72.74  36.66  28.00  1999 

TCU048 121.041  23.861  6.66  12.53  74.70  74.40  30.20  1999 

TCU048 121.109  23.901  6.70  16.21  138.54  120.34  63.34  2000 

TCU048 121.047  23.826  6.80  15.59  149.24  80.74  63.28  1999 

TCU048 121.067  23.865  6.70  12.49  168.98  123.16  66.58  1999 

TCU048 120.816  23.852  7.30  8.00  175.62  116.94  97.32  1999 

TCU059 120.861  23.797  6.60  9.75  53.84  50.72  14.06  1999 

TCU059 121.067  23.865  6.70  12.49  67.76  107.24  26.86  1999 

TCU059 121.044  23.912  6.44  7.68  72.02  72.80  23.14  1999 

TCU059 121.002  23.854  6.80  12.06  76.68  76.20  21.60  1999 

TCU059 120.766  23.951  5.24  13.04  82.36  122.38  24.22  1999 

TCU059 121.031  23.765  6.20  17.38  93.96  91.76  10.64  1999 

TCU059 121.109  23.901  6.70  16.21  132.78  90.56  26.68  2000 

TCU059 121.047  23.826  6.80  15.59  136.62  155.70  25.12  1999 

TCU059 121.041  23.861  6.66  12.53  140.38  126.62  44.26  1999 

TCU059 120.816  23.852  7.30  8.00  161.92  156.66  64.48  1999 

TCU064 121.067  23.865  6.70  12.49  34.94  55.02  36.06  1999 

TCU064 121.109  23.901  6.70  16.21  43.42  50.18  21.18  2000 

TCU064 120.816  23.852  7.30  8.00  113.52  109.10  82.36  1999 

TCU104 121.109  23.901  6.70  16.21  45.82  75.00  38.46  2000 

TCU104 121.041  23.861  6.66  12.53  56.16  112.22  36.30  1999 

TCU104 121.047  23.826  6.80  15.59  58.50  72.38  51.50  1999 

TCU104 120.816  23.852  7.30  8.00  86.92  101.38  90.32  1999 

TCU104 121.067  23.865  6.70  12.49  134.82  93.60  40.08  1999 

TCU105 121.047  23.826  6.80  15.59  58.62  89.06  34.70  1999 

TCU105 121.002  23.854  6.80  12.06  73.46  35.24  21.24  1999 

TCU105 121.109  23.901  6.70  16.21  74.52  82.72  34.34  2000 

TCU105 121.067  23.865  6.70  12.49  87.38  86.68  32.84  1999 

TCU105 120.816  23.852  7.30  8.00  124.30  111.26  61.14  1999 

TCU111 121.654  23.542  5.38  28.26  89.48  88.94  86.62  2003 

TCU111 120.816  23.852  7.30  8.00  93.96  124.60  76.92  1999 

TCU117 120.981  23.739  6.00  24.02  29.54  51.14  11.06  1999 

TCU117 120.861  23.797  6.60  9.75  29.72  56.64  15.98  1999 

TCU117 121.031  23.765  6.20  17.38  55.98  43.42  22.90  1999 

TCU117 120.422  23.517  6.40  16.59  73.22  58.98  21.66  1999 

TCU117 121.041  23.861  6.66  12.53  80.16  84.40  47.20  1999 

TCU117 121.047  23.826  6.80  15.59  88.94  103.48  60.66  1999 

TCU117 121.726  23.362  6.90  31.33  92.12  79.98  16.68  1999 

TCU117 121.109  23.901  6.70  16.21  111.62  113.28  61.08  2000 

TCU117 120.816  23.852  7.30  8.00  113.46  121.30  89.96  1999 

TCU117 121.067  23.865  6.70  12.49  207.26  163.72  70.34  1999 

TCU146 121.699  23.504  6.48  32.31  51.80  55.92  22.14  2003 
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2.1.2 38 SPT

ID Tag_key Project Hole_no Locat_desc H_depth Gw_level1

1 TC09-04 S5 40 -4.12

2 TC10-01 S10 40 -4.83

3 TC10-09 S15 40 -4.99

4 TC10-10 W-1 3 70 -3.36

5 TC13-01 SS-6A 15.1 -3.38

6 TC13-02 ( ) SS-1 33 -0.65

7 TC14-03 20 40 -3.48

8 TC14-04 19 25 -3.28

9 TC14-05 C-22 39.95 0

10 TC14-08 C-26 40.1 0

11 TC15-02 C-5 13 0

12 TC15-03 C-6 12.75 0

13 TC15-04 B-1  80 0

14 TC17-04 ( ) SS-6 40 0

15 TC18-01 ( ) SS-12 40 -3.4

16 TC18-03 ( ) SS-8 40 -3.35

17 TC19-01 SS-8A 15.2 -3.35

18 TC19-02 ( ) SS-3 40 -3.55

19 TC19-03 SS-3A 18 -3.55

20 TC19-04 ( ) SS-9 40 -3.66

21 TC19-05 SS-4A 15 -3.67

22 TC19-06 ( ) SS-4 40 -3.67

23 TC19-07 ( ) SS-10 40 -3.66

24 TC19-09 C--36 40 0

25 TC19-10 C--35 40 0

26 TC20-01 C--33 39.9 0

27 TC20-02 ( ) SS--5 40 0

28 TC20-04 C--28 40 0

29 TC20-06 C--31 40 0

30 TC22-03 ( ) SS--18 40 -3.44

31 TC22-04 SS--18A 15.2 -3.44

32 TC22-05 ( ) SS--13 40 -3.48

33 TC23-05 ( ) SS--20 55 -3.5

34 TC34-01 A--12 20 0

35 TCH1_03 1 4 H1-3 1 25 -0.85

36 TCH2_01 1 4 H2-1 2 11.5 -0.7

37 TCH3_04 1 4 H3-4 3 18.7 -0.9

38 TCH4_01 1 4 H4-1 4 10 -1.05
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2.2.1 50

(km) (km) 

SS 14 8.13 
1935 ML6.8

-

R 105 21.21 1999 ML7.1

R
32
20
6

15.82
4.08
4.64

-

2.2.2 G-R

Catalog (1900 ~2007 07 ) Zone B 

The parameters of the G-R magnitude Upper Magnitude 
recurrence relationship MLuSubZone

a b N(M=4.5) Mu,r Mu,c 
BD01 6.3067  1.2389 5.3885  7.20  7.31  
BD02 4.8030  0.9413 3.6922  7.10  7.23  
BD03 5.9205  1.1966 3.4342  6.90  7.06  
BD04 5.6471  1.1537 2.8534  6.50  6.72  
BD05 3.1230  0.7534 0.5402  6.99  7.20  
BS01 1.4050  0.4816 0.1729  7.10  7.20  
BS02 6.9846  1.3434 8.6938  7.00  7.20  
BS03 6.3952  1.1551 15.7488  7.30  7.42  
BS04 4.7243  1.0135 1.4578  6.58  6.65  
BS05 5.3289  1.0058 6.3541  6.80  7.22  
BS06 5.6611  1.0694 7.0619  6.70  7.02  
BS07 4.6049  0.9655 1.8210  6.70  6.91  
BS08 5.1854  1.0242 3.7728  6.80  7.08  
BS09 5.2264  1.0746 2.4588  7.00  7.01  
BS10 3.9639  0.8809 0.9995  6.90  7.02  
BS11 5.3087  1.1025 2.2257  6.30  6.66  
BS12 5.5454  1.1091 3.5837  6.80  7.05  
BS13 4.9456  0.9731 3.6859  7.10  7.33  
BS14 4.1194  1.0996 0.1484  5.40  5.68  
BS15 3.8730  0.9219 0.5304  6.70  6.70  
BS16 7.4075  1.6138 1.3983  6.50  6.58  
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2.2.2( ) G-R

Catalog (1900 ~2007 07 ) Zone D 

The parameters of the G-R magnitude Upper Magnitude 

recurrence relationship MLuSubZone

a b N(M=4.5) Mu,r Mu,c 

DD01 6.3076  1.2389 5.4003  7.20 7.31  
DD02 4.8023  0.9413 3.6868  7.10 7.23  
DD03 5.8083  1.1786 3.1975  6.90 7.06  
DD04 5.6798  1.1576 2.9554  6.50 6.72  
DD05 3.1230  0.7534 0.5402  6.99 7.20  
DS01 1.5021  0.4951 0.1880  7.10 7.20  
DS02 6.9846  1.3434 8.6938  7.00 7.20  
DS03 6.3952  1.1551 15.7488  7.30 7.42  
DS04 4.7243  1.0135 1.4578  6.58 6.65  
DS05 5.3289  1.0058 6.3541  6.80 7.22  
DS06 5.6611  1.0694 7.0619  6.70 7.02  
DS07 4.6049  0.9655 1.8210  6.70 6.91  
DS08 5.1929  1.0254 3.7888  6.80 7.08  
DS09 5.2078  1.0714 2.4350  7.00 7.01  
DS10 4.7027  0.9222 3.5707  7.10 7.32  
DS11 6.8708  1.3107 9.3931  6.80 7.05  
DS12 4.5781  1.0670 0.5980  6.90 6.90  
DS13 5.3486  1.1629 1.3049  6.70 6.82  
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2.2.3

(year) ML

( ) 1935 72.42 350 6.9 2%

1999 8.00 300 7.1 0%

1848 159.58 400 7.0 9% 1

1:

400

2.2.4

PGA (g)

UNC UNC+1S UNC+2S 
475 0.214 0.234 0.288 
2500 0.393 0.728 0.419 

2.2.5

Mc Rc(km) 

Type1 Active Fault 475 6.6  15.9  

(including ChangHua Fault) 2500 6.7  13.8  
475 6.6  17.0  

Type1 Active Fault 
2500 6.7  13.8  
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2.2.6

Tsai, 1987 Wells et al.,1994

(km) ML Mw ML (km) ML
PGA(g)

1 SS 14 7.1±0.42 7.07 6.78±0.14 8.13 6.9 0.435 

R 32 6.66±0.42 6.84 6.62±0.14 15.82 6.6 0.205 

2 R 65 7.36±0.42 7.21 6.86±0.14 4.08 7 0.620 

1:

2: (2002)

65
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2.3.1 1800 ~2006 5.5
(N23.78~24.78 E120.02~121.02) 

date_utc time_utc latitude longitude depth magnitude 
1815/10/13  24.30 120.90  7.10 
1845/03/04  23.90 120.50  6.50 
1845/03/04  24.06 120.42  6.00 
1845/03/04  24.10 120.70  6.00 
1848/02/12  24.06 120.30  7.10 
1881/02/18  24.36 120.42  6.20 
1881/02/18  24.40 121.00  6.00 
1881/02/18  24.60 120.70  6.20 
1882/12/09  23.80 120.50  6.25 
1906/08/07 14:50:50 24.00 121.00  5.80 
1909/05/23 06:44 24.00 120.54  5.90 
1916/11/15 06:31 24.20 120.48  6.00 
1916/08/28 07:27:42.00 24.00 120.03 45.0 6.80 
1916/11/14 22:31:58.00 24.10 120.89 3.0 6.20 
1917/01/04 16:50:00.00 24.00 120.98 5.0 6.20 
1919/07/17 17:49:05 24.00 121.00  6.00 
1919/08/07 14:50:50 24.00 121.00  5.80 
1920/12/05 07:08:28 24.18 120.12  6.30 
1921/08/29 23:09:00 24.24 120.48  6.30 
1927/02/20 10:00:30 24.00 120.30  5.50 
1928/08/27 06:11:00 24.00 121.00  5.50 
1935/04/20 22:01:54.00 24.18 120.48 5.0 7.10 
1935/04/21 06:01:54 24.18 120.48 5.0 7.10 
1935/04/21 06:26:26 24.42 120.54  6.20 
1935/05/05 07:02:24 24.30 120.48  6.20 
1935/05/30 03:43:00 24.06 120.48  5.90 
1935/06/07 10:51:00 24.12 120.30  6.00 
1935/07/17 00:19.00 24.36 120.42 30.0 6.40 
1936/07/20 23:54 24.24 120.48  6.00 
1936/09/12 17:59 24.18 120.48  6.10 
1938/09/14 08:50 24.24 120.36  5.80 
1938/10/13 16:26 24.00 121.60  6.40 
1943/07/02 07:48 24.24 120.42  5.80 
1943/08/29 11:20 24.42 120.30  5.70 
1947/03/08 00:02 24.12 120.48  5.60 
1951/10/22 11:19 24.00 121.60 40.0 5.90 
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date_utc time_utc latitude longitude depth magnitude 
1967/09/15 23:57 24.06 120.42 50.0 5.70 
1999/09/20 17:47:15.85 23.85 120.82 8.0 7.30 
1999/09/20 17:49:40.07 23.98 120.83 19.7 6.10 
1999/09/20 17:57:15.08 23.91 121.02 2.2 6.50 
1999/09/20 17:59:29.34 24.10 120.95 1.5 5.50 
1999/09/20 18:03:40.83 23.79 120.88 3.5 6.60 
1999/09/20 18:05:52.90 23.95 120.84 19.6 6.00 
1999/09/20 18:11:26.55 23.93 121.00 2.1 5.50 
1999/09/20 19:28:42.12 23.89 120.98 2.9 5.50 
1999/09/20 20:02:14.73 23.96 120.79 1.6 5.70 
1999/09/21 00:45:39.99 23.88 120.99 8.2 5.50 
1999/09/25 23:52:49.51 23.86 121.01 9.9 6.80 
2001/03/01 16:37:50.19 23.84 121.00 10.9 5.80 

(ML)
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2.3.2 5

1 2 3 4 5 
1815~1820 1821~1825 1826~1830 1831~1835 1836~1840

1 5 2 5 3 5 4 5 5 5
7.1 0 0 0 0 
6 7 8 9 10 

1841~1845 1846~1850 1851~1855 1856~1860 1861~1865
6 5 7 5 8 5 9 5 10 5

6.5 7.1 0 0 0 
11 12 13 14 15 

1866~1870 1871~1875 1876~1880 1881~1885 1886~1890
11 5 12 5 13 5 14 5 15 5

0 0 0 6.25 0 
16 17 18 19 20 

1891~1895 1896~1900 1901~1905 1906~1910 1911~1915
16 5 17 5 18 5 19 5 20 5

0 0 0 5.9 0 
21 22 23 24 25 

1916~1920 1921~1925 1926~1930 1931~1935 1936~1940
21 5 22 5 23 5 24 5 25 5

6.8 6.3 5.5 7.1 6.4 
26 27 28 29 30 

1941~1945 1946~1950 1951~1955 1956~1960 1961~1965
26 5 27 5 28 5 29 5 30 5

5.8 5.6 5.2 5.1 0 
31 32 33 34 35 

1966~1970 1971~1975 1976~1980 1981~1985 1986~1990
31 5 32 5 33 5 34 5 35 5

5.7 0 0 0 5.2 
36 37 38 39 

1991~1995 1996~2000 2001~2005 2006~2010 
36 5 37 5 38 5 39 5

5.1 7.3 5.8 0 
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2.3.3 5.0 M 6.0
 5.0 M 6.0

19 23 26-29 31 35-36 38  
20 23 26 30 34 39 44

% 9.27 2.68 7.36 1.41 3.43 4.07 — 
44 44 5 (2031~2035 ) 5.0 M 6.0

2.3.4 6.0 M 7.0
 6.0 M 7.0

6 14 21-22 25  
9 13 18 26 39

% 54.93 5.31 14.07 7.84 — 
39 39 5 (2006~2010 ) 6.0 M 7.0

2.3.5 M 7.0
 M 7.0

1 7 24 37 
5 11 23 47 96

% 490.72 69.51 0.69 29.4 — 
96 96 5 (2291~2295 ) M 7.0

2.3.6 M 6.0
date_utc time_utc latitude longitude depth magnitude

1 1815/10/13 24.30 120.90 7.1
31 1845/03/04 23.90 120.50 6.5
34 1848/02/12 24.06 120.30 7.1
67 1881/02/18 24.36 120.42 6.2
68 1882/12/09 23.80 120.50 6.25

102 1916/8/28 07:27:42 24.00 120.03 45.0 6.8
103 1917/1/4 16:50:00 24.00 120.98 5.0 6.2
105 1919/7/17 17:49:05 24.00 121.00 6
106 1920/12/5 07:08:28 24.18 120.12 6.3
107 1921/8/29 23:09:00 24.24 120.48 6.3
121 1935/4/20 22:01:54 24.18 120.48 5.0 7.1
122 1936/9/12 17:59:00 24.18 120.48 6.1
134 1938/10/13 16:26:00 24.00 121.60 6.4
185 1999/9/20 17:47:16 23.85 120.82 8.0 7.3
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2.3.7 M 6.0

 M 6.0

1 31 34 67 68 102 103 105 
1 52 57 63 70 77 85 93 

(%) 0 68.53 69.42 5.2 2.97 24.3 17.34 10.59
 M 6.0

106 107 121 122 134 185 
103 114 125 138 152 168 185

(%) 2.35 6.66 4 13.73 14.17 8.82 —
185 1999 ±25 M 6.0

2.3.8 M 6.5

 M 6.5
1 31 34 102 121 185 
1 34 53 81 124 189 288

(%) 0 12.8 56.87 20.24 2.56 2.31 — 
288 2103 ±21 M 6.5

2.3.9 M 7.0

 M 7.0
1 34 121 185 
1 53 100 187 348

(%) 0 58.7 16.94 1.18 — 
248 2162 ±21 M 7.0

2.3.10 M7.0

M7.0
1 34 121 185 
1 54 100.5 187.2 348

(%) 0 58.7 16.94 1.18 —
348 2162 ±20 M 7.0
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2.3.11 M6.8

M6.8
1 34 102 120.9 121.3 184.9 185.1 
1 69.7 86.3 107 132.5 164.2 203.4 252

(%) 0 104.98 15.35 11.52 9.25 11.21 9.89 —
252 2066 ±35 M 6.8

2.3.12 M6.6

M6.6
1 34 102 102.3 120.8 
1 67 80.3 96.2 115.2 

(%) 0 97.14 21.28 5.97 4.61 
M6.6

121.3 184.8 185.2 
138 165.4 198.1 237

(%) 13.8 10.52 6.96 —
237 2051 ±33 M 6.6

2.3.13 M6.4

M6.4
1 31 34 101.9 102.7 120.7 
1 55.7 65.4 76.7 90.1 105.7 

(%) 0 79.6 92.22 24.72 12.32 12.43 
M6.4

121.7 124 184.7 185.3 
124.1 145.6 170.9 200.7 235

(%) 1.95 17.45 7.45 8.29 —
235 2049 ±34 M 6.4
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2.3.14 M6.2

M6.2
1 31 33.8 34.3 67 68 101.8 103 106 
1 47.4 52.3 57.7 63.7 70.3 77.6 85.6 94.5 

(%) 0 52.92 54.78 68.32 4.9 3.4 23.77 16.86 10.84
M6.2

107 120.6 121.8 123.8 124 184.6 185.4 
104.3 115.1 127 140.2 154.7 170.7 188.4 207

(%) 2.52 4.56 4.29 13.23 24.76 7.51 1.63 —
207 2021 ±30 M 6.4

2.3.15 M 6.0

1 2 3 4 5 
1815~1834 1835~1854 1855~1874 1875~1894 1895~1914 

1 20 2 20 3 20 4 20 5 20
1 4 0 4 0 
6 7 8 9 

1915~1934 1935~1954 1955~1974 1975~1994 
6 20 7 20 8 20 9 20

7 9 0 0 

2.3.16 M 6.5

1 2 3 4 5 
1815~1834 1835~1854 1855~1874 1875~1894 1895~1914 

1 20 2 20 3 20 4 20 5 20
1 2 0 0 0 
6 7 8 9 

1915~1934 1935~1954 1955~1974 1975~1994 
6 20 7 20 8 20 9 20

1 3 0 0 
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2.3.17 M 7.0

M 7.0 20
1 2 3 4 5 

1815~1834 1835~1854 1855~1874 1875~1894 1895~1914 
1 20 2 20 3 20 4 20 5 20

1 1 0 0 0 
6 7 8 9 

1915~1934 1935~1954 1955~1974 1975~1994 
6 20 7 20 8 20 9 20

0 2 0 0 

2.3.18 20 M 6.0

1 4 0 4 0 7 
1 3 3 3 3 3 

% 0 20.66 — 23.17 — 57.49 
9 0 0 
3 3 3 3 3 

% 67.46 — — — — 
3 3 1995~2014 2015~2034 3 M 6.0

2.3.19 20 M 6.5

1 2 0 0 0 1 
1 1 1 1 1 1 

% 0 54.74 — — — 27.52 
3 0 0 
1 1 1 1 1 

% 77.15 — — — — 
1 1 1995~2014 2015~2034 1 M 6.5



2-40

2.3.20 20 M 7.0

1 1 0 0 0 0 
1 0 0 0 0 0 

% 0 58.72 — — — — 
2 0 0 
0 0 0 0 0 

% 82.05 — — — — 
0 0 1995 ~2014 2015 ~2034 M 7.0

2.3.21 k =0.5 M 6.25

1 6 7 14 21 22 
6 8 10 13 16 20 

(%) 592.42 43.58 53.11 4.76 21.01 6.19 
24 25 37 
25 31 39 49 61 

(%) 6.99 27.78 7.41 2056~2060 2116~2120 
49 49 5 (2056~2060 ) 61 61 5

(2116~2120 ) M 6.25

2.3.22 k =0.1 M 6.5

1 6 7 21 24 37 
4 7 11 18 28 44 69 108 

(%) 383.53 25.74 68.17 12.53 19.42 20.87 2086~2090 2351~2355
69 69 5 (2086~2090 ) 108 108

5 (2351~2355 ) M 6.5
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2.3.2 GM(1,1)

2.3.3
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3.1 TELES

3.1.1 TELES

86 HAZ-Taiwan

87 Risk Management Solutions, Inc. (RMS)
HAZ-Taiwan HAZ-Taiwan

HAZUS 97
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-TELES TELES Taiwan Earthquake Loss Estimation 
System HAZ-Taiwan

HAZ-Taiwan

TELES HAZUS

3.1.2

3.1.1
(1) (2) (3)

(4)

TELES

(PGA) (0.3
) (1.0 )
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3.1.2

3.1.2

3.1.2

3.1.3

Sd=D
ds (3.1.1)

]|[]|[]|[ 1 DSdDSPDSdDSPDSdDSP dsdsds ..... (3.1.1) 
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3.1.4

TELES 3.1.5

3.1.5
W1L

)(
52552515515443322 ||||||| dkdddkddddkddkddkdkilled PPPPPPPPPPPP .......... (3.1.2) 
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killedkilled NPNE ][  ........................................................................ (3.1.3) 

N

TELES

3.1.3 TELES

TELES

TELES

TELES
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TELES

TELES

3.2

TELES
3.1.1 (1) (2)

(3) (4)
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1.

2.

3.

HAZUS 99

HAZUSS 99 (waterfront
structures) (cranes and cargo handling equipment)
(warehouses)  (fuel facilities)

 (peak ground acceleration, PGA) 
 (permanent ground deformation, PGD) 

PGA
PGD
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3.3

PGA
PGV PGD Sa

3.3.1

TELES

TELES
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3.3.1

1.

2.

3.

3.

PGA
PGV PGD

5.

921

FEM FDM

Newmark
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3.3.1.1

1~4 4A
23~25 1

3.3.1

921 1~4 4A

1~3 4

Tible
1~3 4

23~24 1

1~3
+6.2m

15.7m 17.6m 19.2m 1m
1m

F T200
32m 0.8m 20m

100ton 2.1m
1~3 3.3.2
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4
+6.2m 13.7m

16.12m 17.2m 1.4m 0.6m
EL.0 1 8 EL.0

1 3.5
F T160 28m

0.6m 20m 82ton
1.915m 4 3.3.3

23~24
+6.2m 12.7m

15.6m 16.2m 1.2m
1.2m 23~24 EL.0

1 8 EL.0 1 3.5 23~24
3.3.4

1
+6.2m 15.7m

17.15m 19.2m 1.2m 1m
1 EL.0 1 8 EL.0

1 3.5 1
3.3.5

(M.L.W. EL.) (M.H.L. EL.) 1/3
( ,1997)

rst 2 t/m3
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=0.6 1.03 t/m3 =35
r 1.8 t/m3 r' 1.0 t/m3

0
0

3.3.6 3.3.9 1~3 4 23~24
1

3.3.1.2

921 1~3 0.5 1.7m 4
0 0.5m 4A

2000 2001 Ishibashi and Madi 1990

1.

11.1.3

1996 V

FL FL 1.0

L
RF
L

 ....................................................................................... (3.3.1) 

(3.3.1) L
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0
'
0

d
AL
g

............................................................................... (3.3.2a) 

1.0 0.015d x .......................................................................  (3.3.2b) 

0 1 2 /10t w t wh x h  ........................................................(3.3.2c) 

' '
0 1 2 /10t w t wh x h  ....................................................... (3.3.2d) 

d

A

0  (kgf/cm2)

'
0  (kgf/cm2)

x  (m)

1t  (tf/m3)

2t  (tf/m3)

'
2t  (tf/m3)

wh  (m)

(3.3.1) R
(3.3.3)

4.56

0.0882 /1.7 14
140.0882 /1.7 1.6 10 14

a a

aa a

N N
R

NN N
 ...........(3.3.3a) 

1 1 2aN C N C ............................................................................ (3.3.3b) 
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1 '
0

1.7
0.7

NN  ...................................................................(3.3.3c) 

1

1 0% 10%
40 / 50 10% 60%

/ 20 1 60%

FC
C FC FC

FC FC
 ................................... (3.3.3d) 

2

0 0% 10%
10 /18 10%

FC
C

FC FC
.................................... (3.3.3e) 

R

N N

1N 1kgf/cm2 N

1C 2C FC N

2.

1993

300m
20m

26 30m
3.3.10 26 300m
3.3.11

200m

PGA
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3.

30m 3.3.10
20m

1.8 t/m3

1.0 t/m3 SPT-N FC 921
PGA

(1)921

921 TCU059
NS PGA 162 gal

12.5m ~ 15.5m 17m ~ 18.5m
FL 1.0

921

Fs N

(2) PGA

(3.3.1) (3.3.2a) PGA PGA

PGA AL

3.3.6
1~3

h1 16.93m hL

L

1

L
L

h
h

 ........................................................................ (3.3.4) 
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L =0 L =1

L =0 0.25 0.5

0.75 1 PGA AL 3.3.12(a)
PGA=0.13g PGA

0.323g
4 23~24 1

3.3.12(b)~ (d)

3.3.1.3

1986 1999
75 11 15

25km 6.8
0.2g 20~50cm

88 9 21 7.3
0.163g 1~4 4A

50~170cm
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1.

3.3.13

hK W WLP WSP

WELP

WESP AEP
'( )VW K W

FS

'( )
( ) ( )

V
S

h AE WL WS WEL WES

W K WF
K W P P P P P

..................................... (3.3.5) 

'W

W

VK

hK

WLP 2
1

1
2WL wP h w 1.03 t/m3

1h (m)

WSP 2
2

1
2WS wP h 2h

(m)

WELP Matsuo & O’Hara

1960 2
1

70.7
12WEL h wP K h
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1997

WELP 1997

1997

Westergaard 1933 2
2

7
12WES h wP K h

AEP

Mononobe-
Okabe

(3.3.6) (3.3.7)

2 ' '
1 1

1 1 cos
2 2AE AE t t AE t tP K h K h h h ....................... (3.3.6) 

' 1t/m3

t 1.8t/m3

th (m)

AEK AEK
'
AEK

2

2

cos( )

sin( )sin( )cos cos cos( ) 1
cos( ) cos

AEK ............. (3.3.7) 
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1tan ( )
1

h

V

K
K

1tan ( )
1 1

sat h

sat V

K
K sat

1~4
3.3.6 3.3.7

FS

'( )
( ) ( )

V
S

h AE WL WS WEL WES

W K W T IF
K W P P P P P

..................................... (3.3.8) 

T (t)

I (m)

T I

2.

3.3.14

3.3.14

'( )VW K W

FS
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'

1 2

( )
( ) ( )

V
S

h AE WL WS WES LE LE

W K WF
K W P P P P P P

............................ (3.3.9) 

= +
= 1 2LE LEP P

1LEP

' 2
1 1 1

1
2LE t tP h h h

2LEP 2
2 1

7
12LE h satP K h

AEP

2 ' 2
1 2 1 1

1 1
2 2AE AE t t AE t tP K h K h h h 1AEK

2AEK

FS

'

1 2

( )
( ) ( )

V
S

h AE WL WS WES LE LE

W K W T IF
K W P P P P P P

.......................... (3.3.10) 

T (t)

I (m)

T I

3.
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3.3.15

PGA

Lh NLh

3.3.15
'( )VW K W

FS

'

1 2

( )
( ) ( ) ( )

V
S

h AE WL WS WES LE LE AENL WENL

W K WF
K W P P P P P P P P

.... (3.3.11) 

= +
= 1 2LE LEP P

= +
= AENL WENLP P

1LEP Lh ' '
1

1
2LE t t NL L LP h h h h

2LEP Lh 2 2
2 1

7
12LE h sat NLP K h h

1AEP 2
1 1

1
2AE AE t tP K h

AENLP NLh

'1
2AENL AENL t t NL NLP K h h h AENLK

AENLP NLh 270.7
12WENL h w NLP K h
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FS

'

1 2

( )
( ) ( ) ( )

V
S

h AE WL WS WES LE LE AENL WENL

W K W T IF
K W P P P P P P P P

.... (3.3.12) 

T (t)

I (m)

T I

4.

3.3.13 3.3.15 921
0.163g

0.06g

(1)23~24

921 23~24 3.3.2
Fs=0.819

Fs
2
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921
12.5m ~ 15.5m 23~24

h1=13.13m

L 0.25
Fs=0.668

(2)1~3

921 1~3 3.3.3
921

Fs=0.789
Fs

Fs 0.496

(3)4

921 4 3.3.4
921

Fs=0.806
Fs 0.510

(4) 1

921 1 3.3.5
Fs=0.789

Fs
0.496

921 23~24 1
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rst 2 t/m3

2.24 t/m3

921 1~4 4A

3.3.1.4

Newmark 1965

N

N

1. N

L

Kv Kh 0.33

L =0 L =0.25 L =0. 5 L =0.75

L =1

FS=1
N
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23~24 3.3.6

L =0 N 0.130g

L =1 N 0.009g

1 1~3 4 3.3.7
3.3.8 3.3.9

2. NT

921
1~3 4

NT

NT

1~3 4
NT 3.3.10

3.3.11

3. 921

23~24 N 0.13g

L=0.25 N
0.084g 921 EW 23~24

3.3.16(a) Newmark
23~24 921

3.3.17 3.3.18

3.3.17
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FS=0.819 < 1.0 0.25cm

L=0.25
FS=0.668 < 1.0

6cm 3.3.17 921
23~24

 921 1~4 4A
921

1~3 52cm~168cm 4
11cm~130cm 4A

15cm~44cm
Seed PGA=0.16g

3.3.12
N

Newmark D 3.3.12

4A 4cm
Newmark

Newmark

4. 921

PLAXIS 23~24

L=0.25
3.3.19 921

(1)
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(2) 3.3.20
III

I II -
23~24

(3) 23~24

(4) II 1/4 L=0.25

(5) I III
II

(6)

(7) (absorbent boundary)

(8)
921 EW 50

90 25 75 3.3.16(a)

3.3.21
3.3.20

(1) A B 3.3.22
0.3 3.3.14 I
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(2) B C 3.3.23
0.25m (6cm)

d/H=0.25/16.2=1.54% I~II

(3)G 0.23m G H 0.065m
I

(4) 3.3.24 D E F
D

50~60% E
20~30%

E F 50%

L=0.25

PLAXIS

23~24
921 I

5.

1~4 921
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T
DT T

DP T DS

S T PD D D  ............................................................................ (3.3.13) 

T T
S

TD L
AE

 .............................................................................. (3.3.14) 

32P
P P

TD
E I

............................................................................. (3.3.15) 

A 1~3 T200 A =
1.04 10-3 m2 4 T160 A = 9.71
10-4 m2

TL 1~3 T200 TL =

32 m 4 T160 TL = 28 m

SE 2.1 1011Pa

PE 1~4

PE 2.1 1011Pa

PI

1~3 PI = 2.07 10-3 m4 4

PI = 7.073 10-4 m4

1~3 =0.295 m-1 4
=0.362 m-1

1~3 T200
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100t DT=13.6cm
DP= 3.47cm DS=19.07cm 4

T160 82t
DT= 11.3cm DP= 5.82cm

DS=17.12cm

NT

3.3.25

(1) A
N t < t1

D

(2) A N NT

D

S
T

A ND D
N N

............................................................................ (3.3.16) 

(3) T t = t2

NT

N Newmark
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DN D=DS+DN

1~4

3.3.1.5

1.

Seismic Design 
Guidelines for Port Structures

3.3.13

3.3.14
d/H

d
3.3.14 d/H H =

16.2m d 0.243m
d 0.243m 0.81m

d 0.081m 1.62m
d 1.62m
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2.

TCU059
5 10

3.3.15 9 921
PGA 50.72gal 161.92gal

3.

AL

23~24 L N
3.3.26

PGA
0.2g 3.3.26 L

0.4 N 0.06g
Newmark 3.3.27 1

L N
Newmark 1

1~3 4

L N 3.3.28 3.3.29
N

NT
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3.3.30

(1) 10 20 ( EW NS
) PGA AL

20 PGA
AL

(2)

PGA
PGA

(3)

4.

(1)23~24

PGA
0.176g 0.19g 0.215g 0.23g 0.27g 0.323g 0.34g 0.37g

0.54g 9 180

3.3.16

PGA
PGA=0.176g~0.215g

0.23g~0.323g PGA
0.323g
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PGA PGA
PGA 0.176g
PGA 0.27g

PGA 0.37g
PGA 0.54g

PGA
3.3.31 23~24

PGA TELES

(2) 1

PGA
0.14g 0.18g 0.215g 0.23g 0.323g 0.4g 0.5g 7

140
3.3.17

PGA
3.3.32 1 PGA

TELES

(3)1~3

PGA 0.14g 0.18g
0.215g 0.23g 0.323g 0.4g 0.5g 7 140

3.3.18

PGA
3.3.33 1~3
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PGA TELES

(4)4

PGA
0.14g 0.215g 0.217g 0.23g 0.323g 0.4g 0.5g 7

140
3.3.19

PGA
3.3.34 4 PGA

TELES

3.3.2

(pile-supported wharf)

1-3
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3.3.2.1

-

PGA

1.

2.

3. 2.

3.
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3.3.35

1.
SAP

2000 3D ( 3.3.36 ) X
Y Z

(1)

(2)

(3)

(4) LINK

(5)
1-3

(6)

(7)

2.
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TCU059
5 10 3.3.5

9 921 PGA
50.72gal 161.92gal

3. ATC-40

4.
3.3.20

I
II~IV

5.

3.3.2.2

( )

5~8A
9~11 3~ 4

921 PGA
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II

( )

1. 5~8A

(1)

5~8A
-11.0 m

+6.20 m 200 m/ 30 m
40 m 23.5 m 6.0 m

3m 30 m
3.3.37

(2)

(X ) (Y )

( 3.3.20
3.3.21a 3.3.21b

Y X
B

IO I
IO

CP II
CP

C
C
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5-8A

(3)

PGA 0.06g 0.08g 0.11g 0.15g 0.20g 0.27g
0.37g 0.50g 8 160

0.05

(4)

ATC-40

3.3.22a 3.3.22b
PGA

3.3.38a 3.3.38b 5-8A
PGA X

3.3.38a PGA 0.11g
PGA 0.15g

I 15% II 5% PGA 0.27g
IV PGA 0.5g

15% Y 3.3.38b PGA
0.11g PGA 0.15g

I 15% PGA
0.37g III 15% PGA
0.5g

20%

2. 9~11

(1)
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9~11
-13.0 m

+6.20 m 260~320 m/ 40.6 m
27 m 3.3.39

(2)

(X ) (Y )

3.3.23a 3.3.23b Y
X

9-11

(3)

PGA 0.11g 0.20g 0.27g 0.37g 0.40g 0.50g
0.60g 0.70g 8 160

0.05

(4)

ATC-40

3.3.24a 3.3.24b
PGA

3.3.40a 3.3.40b 9-11
PGA

X 3.3.40a PGA 0.2g
PGA

0.27g 5%
PGA 0.37g II 5% PGA 0.4g
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III 5% PGA 0.7g

Y 3.3.40b PGA 0.2g
PGA

0.27g I 5%
PGA 0.37g II 10% PGA 0.4g

III 5% PGA 0.7g

3. 3~ 4

(1)

3~ 4

-13.0 m +6.20 m
250.2 m/ ( 37.8 m 6 23.4 m

1 27 m 3.0 m
37.8 m 3.3.41

(2)

(X ) (Y )

3.3.25a 3.3.25b Y
X

3- 4

(3)
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PGA 0.30 0.50 0.80 1.10 1.35 1.60
1.80 2.00g 8 160

0.05

(4)

ATC-40

3.3.26a 3.3.26b
PGA

3.3.42a 3.3.42b 3- 4
PGA

X 3.3.42a PGA 0.3g
PGA 0.5g
10%

PGA 1.6g II 15% 2.0g
II

Y 3.3.42b PGA 0.5g
PGA

0.95g I 5%
2.0g I

3.3.3

TELE
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(lognormal cumulative probability function) (3.3.15)

dxx
x

xXPxF
x

0

2ln
2
1exp

2
1 ..................... (3.3.15) 

X Xln Xln

3.3.27 3.3.28

(3.3.15)

3.3.38b 3.3.40b 3.3.42b

3.3.31 3.3.32 3.3.33
3.3.34
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3.4

TELES

TELES

3.4.1

TELES

(PGA)

(2002) Yeh, et al. (2002a, 2002b)

PGA PL

7.5 1.5 PL 15
PGA

PL 15 PGA
0-0.15g (6) 0.15g-0.2g (5) 0.2g-0.25g (4)

0.25g-0.35g (3) 0.35g-0.45g (2) 0.45g (1)

TELES PL PL=15
75 % PL 20 100 %

iwiiL PGAdgMfP ))(()()(  ............................................... (3.4.1) 

4069.01855.00353.0)( 2 MMMf ........................................... (3.4.2) 



3-47

3105.12758.00535.00051.00002.0)( 234
wwwww dddddg ........... (3.4.3) 

i f(M) g(dw)

i i

3.4.1

Yeh, et al. 
(2002b)

i

i
i

A
mx

i
i

mASdxe
x

SS i

i )/ln(
2

1
0

)]/[ln(
2

2

 ......................... (3.4.4) 

)()( wii dgMfm   ................................................................ (3.4.5) 

)( wii dh  ............................................................................ (3.4.6) 

5954.102052.21231.0)( 2 MMMf  ........................................ (3.4.7) 

7919.0145195.0007188.0)( 2
www dddg ................................... (3.4.8) 

0611.1042331.0003208.0)( 2
www dddh ...................................... (3.4.9) 

)(Mf )( wdg )( wdh

iS i i 3.4.2

2003

31
3.4.1

TELES
3.4.2

200 300 400 600 800
1000

" " " "
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" "

921
3.4.3

3.4.2

MapInfo
HAZUS 99

HAZUS 99 (waterfront
structures) (cranes and cargo handling equipment)
(warehouses) (fuel facilities HAZUS

3.4.4

HAZUS 99 PGD
3.4.5 HAZUS 99

PGA PGD
3.4.6 HAZUS

PGA PGD
3.4.7 3.4.8

HAZUS 3.4.9
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HAZUS

slight/minor moderate extensive complete
3.4.10

3.4.3

TELES
TELES

Visual C++ MapInfo MapBasic
TELES VC++

MapBasic

1. …
(class)

2.
MapInfo

TELES
( )

3. TELES

(member variable) (member function)
(class)
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4.

5.TELES MapInfo

MapInfo MapInfo

6.

TELES

3.4.4

TELES
HAZUS99

TELES 1.
2. 3.

1.

921
TELES Scenario

Define New TELES
1) 2)

3)
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TELES
3.4.3

3.4.4
921

TCU059 PGA 0.16g PGA

PGA 018-0.20g
PGA 0.16-0.18g

2.

PGA
PGA

PGA
3.4.5 PGA 0.15-0.16g

PGA

3.4.6

D4 D5 1-4 4A
10 11

10% 12 13
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3.

3.4.11
3.4.12

810 531
128

TELES

HAZUS99
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3.3.1

1 250m× 20m 13m 

2 250m× 20m 13m 

3 250m× 20m 13m 

4 200m× 20m 11m 

4A 185m× 20m 9m 

23 360m× 20m 10m 

24 360m× 20m 10m 

25 400m× 20m 11m 

W1 250m× 25m 13m 
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3.3.2 23~24
(921 )

L 0 0.25 0.5 0.75 1 

921  (g) 0.163

921  (g) 0.06

(W'-kvW) (t/m) 160.70

hL (m) 0.00 3.53 7.07 10.60 13.13

hNL (m) 13.13 10.60 7.07 3.53 0.00 

Kh*W (t/m) 82.39

PLE1 (t/m) 0.00 56.84 101.20 133.08 152.48

PLE2 (t/m) 0.00 28.90

PWL (t/m) 102.82

PWS (t/m) 85.70

PWES (t/m) 16.30

 KAE 0.38

 KAE
' 0.52

PAE1(t/m) 1.40

( )
PAE or PAENL (t/m) 

80.45 49.55 26.57 10.05 0.00 

FS 0.819 0.668 0.587 0.542 0.521
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3.3.3  1~3
(921 )

L 0 0.25 0.5 0.75 1 

921  (g) 0.163

921  (g) 0.06

(W'-kvW) (t/m) 160.70

hL (m) 0.00 3.23 8.465 12.70 16.93

hNL (m) 16.93 12.70 8.465 3.23 0.00 

Kh*W (t/m) 110.16

PLE1 (t/m) 0.00 79.99 142.07 186.24 212.49

PLE2 (t/m) 0 23.20 41.49 51.87 55.32

PWL (t/m) 147.61

PWS (t/m) 126.94

PWES (t/m) 23.14

 KAE 0.38

 KAE
' 0.52

PAE1(t/m) 1.54

( )
PAE or PAENL (t/m) 

111.83 68.64 36.48 13.60 0.00 

FS 0.789 0.639 0.559 0.515 0.496
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3.3.4  4
(921 )

L 0 0.25 0.5 0.75 1 

921  (g) 0.163

921  (g) 0.06

(W'-kvW) (t/m) 175.18

hL (m) 0.00 3.30 8.60 12.90 17.20

hNL (m) 17.20 12.90 8.60 3.30 0.00 

Kh*W (t/m) 89.83

PLE1 (t/m) 0.00 63.01 113.09 150.24 172.46

PLE2 (t/m) 0 18.82 32.27 40.34 43.02

PWL (t/m) 113.80 

PWS (t/m) 96.66

PWES (t/m) 18.83

 KAE 0.38

 KAE
' 0.52

PAE1(t/m) 1.54

( )
PAE or PAENL (t/m) 

91.09 56.18 30.24 11.51 0.00 

FS 0.806 0.656 0.575 0.531 0.510
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3.3.5 1
(921 )

L 0 0.25 0.5 0.75 1 

921  (g) 0.163

921  (g) 0.06

(W'-kvW) (t/m) 160.70

hL (m) 0.00 3.53 7.07 10.60 13.13

hNL (m) 13.13 10.60 7.07 3.53 0.00 

Kh*W (t/m) 110.74 

PLE1 (t/m) 0.00 80.76 143.60 188.52 215.54

PLE2 (t/m) 0.00 23.20 41.49 51.87 55.32

PWL (t/m) 147.61

PWS (t/m) 126.94

PWES (t/m) 23.14

 KAE 0.38

 KAE
' 0.52

PAE1(t/m) 1.61

( )
PAE or PAENL (t/m) 

80.45 49.55 26.57 10.05 0.00 

FS 0.789 0.640 0.560 0.516 0.496
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3.3.6 23~24

L 0 0.25 0.5 0.75 1 

Kh 0.130 0.084 0.048 0.024 0.009 

Kv 0.043 0.028 0.016 0.008 0.003 

(W'-kvW) (t/m) 165.76 170.41 173.01 176.52 177.99

hL (m) 0.00 3.53 7.07 10.60 13.13 

hNL (m) 13.13 10.60 7.07 3.53 0.00 

Kh*W (t/m) 65.71 42.46 23.46 11.88 3.55 

PLE1 (t/m) 0.00 56.84 101.20 133.08 152.48

PLE2 (t/m) 0.00 8.69 8.58 5.21 2.13 

PWL (t/m) 102.82 102.82 102.82 102.82 102.82

PWS (t/m) 85.70 85.70 85.70 85.70 85.70 

PWES (t/m) 13.00 8.40 3.84 2.35 0.90 

 KAE 0.35 0.32 0.30 0.28 0.28 

 KAE
' 0.45 0.37 0.33 0.30 0.28 

PAE1(t/m) 1.35 1.19 1.11 1.06 1.03 

(
) PAE or PAENL (t/m) 69.91 35.78 16.71 5.75 0.00 

FS 1.00 1.00 1.00 1.00 1.00 

(g) 0.130 0.084 0.048 0.024 0.009 
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3.3.7 1

L 0 0.25 0.5 0.75 1 

Kh 0.124 0.077 0.040 0.015 0.000 

Kv 0.041 0.026 0.013 0.005 0.000 

(W'-kvW) (t/m) 220.00 226.46 231.42 233.87 236.85

hL (m) 0.00 3.23 8.47 12.70 13.13

hNL (m) 13.13 12.70 8.47 3.23 0.00

Kh*W (t/m) 83.24 51.97 27.17 9.92 0.01

PLE1 (t/m) 0.00 80.76 143.60 188.52 215.54

PLE2 (t/m) 0.00 11.36 10.18 3.65 0.00

PWL (t/m) 147.61 147.61 147.61 147.61 147.61

PWS (t/m) 126.94 126.94 126.94 126.94 126.94

PWES (t/m) 13.95 11.33 5.92 2.16 0.00

 KAE 0.35 0.31 0.29 0.28 0.27

 KAE
' 0.44 0.36 0.32 0.29 0.27

PAE1(t/m) 1.16 1.34 1.25 1.19 1.16

( )
PAE or PAENL (t/m) 96.32 48.97 22.70 7.74 0.00

FS 1.00 1.00 1.00 1.00 1.00

(g) 1.216 0.750 0.392 0.143 0.000
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3.3.8  1~3

L 0 0.25 0.5 0.75 1 

Kh 0.130 0.077 0.040 0.015 0.009

Kv 0.043 0.026 0.013 0.005 0.003

(W'-kvW) (t/m) 217.94 223.40 229.33 232.71 233.68

hL (m) 0.00 3.23 8.47 12.70 16.93

hNL (m) 16.93 12.70 8.47 3.23 0.00

Kh*W (t/m) 83.01 51.70 27.03 10.14 0.27

PLE1 (t/m) 0.00 79.99 142.07 186.24 212.49

PLE2 (t/m) 0.00 11.36 10.18 3.77 0.14

PWL (t/m) 147.61 147.61 147.61 147.61 147.61

PWS (t/m) 126.94 126.94 126.94 126.94 126.94

PWES (t/m) 18.41 11.33 5.92 2.22 0.06

 KAE 0.35 0.31 0.29 0.28 0.27

 KAE
' 0.44 0.36 0.32 0.29 0.27

PAE1(t/m) 1.61 1.29 1.20 1.14 1.11

( )
PAE or PAENL (t/m) 93.95 48.14 22.22 7.53 0.00

FS 1.000 1.000 1.000 1.000 1.000 

(g) 1.275 0.750 0.392 0.147 0.088
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3.3.9  4

L 0 0.25 0.5 0.75 1 

Kh 0.127 0.084 0.048 0.024 0.009

Kv 0.042 0.028 0.016 0.008 0.003

(W'-kvW) (t/m) 180.98 186.15 190.15 192.97 193.67

hL (m) 0.00 3.30 8.60 12.90 17.20

hNL (m) 17.20 12.90 8.60 3.30 0.00

Kh*W (t/m) 70.21 43.36 23.36 10.25 1.76

PLE1 (t/m) 0.00 63.01 23.36 133.08 152.48

PLE2 (t/m) 0.00 9.30 8.58 5.21 2.13

PWL (t/m) 113.80 113.80 113.80 113.80 113.80

PWS (t/m) 96.66 96.66 96.66 96.66 96.66

PWES (t/m) 13.37 9.08 3.98 2.10 0.36

 KAE 0.35 0.32 0.30 0.28 0.27

 KAE
' 0.44 0.37 0.32 0.29 0.27

PAE1(t/m) 1.62 1.30 1.21 1.15 1.11

( )
PAE or PAENL (t/m) 69.91 40.02 18.72 6.46 0.00

FS 1.00 1.00 1.00 1.00 1.00

(g) 1.250 0.824 0.475 0.231 0.088
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3.3.10  1~3

L 0 0.25 0.5 0.75 1 

Kh 0.159 0.113 0.077 0.052 0.038 

Kv 0.053 0.038 0.026 0.017 0.013 

(W'-kvW) (t/m) 229.60 219.46 223.33 227.71 213.25

hL (m) 0.00 3.23 8.47 12.70 16.93 

hNL (m) 16.93 12.70 8.47 3.23 0.00 

Kh*W (t/m) 107.46 76.37 52.04 35.14 25.68 

PLE1 (t/m) 0.00 79.99 142.07 186.24 212.49

PLE2 (t/m) 0.00 16.78 19.60 16.55 12.90 

PWL (t/m) 147.61 147.61 147.61 147.61 147.61

PWS (t/m) 126.94 126.94 126.94 126.94 126.94

PWES (t/m) 13.00 16.74 11.40 7.70 5.63 

 KAE 0.35 0.34 0.32 0.30 0.29 

 KAE
' 0.45 0.42 0.36 0.33 0.31 

PAE1(t/m) 1.35 1.38 1.29 1.23 1.19 

(
) PAE or PAENL (t/m) 69.91 55.61 25.63 8.67 0.00 

100 100 100 100 100 

2.1 2.1 2.1 2.1 2.1 

FS 1.00 1.00 1.00 1.00 1.00 

(g) 1.560 1.109 0.755 0.510 0.373
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3.3.11  4

L 0 0.25 0.5 0.75 1 

Kh 0.165 0.121 0.085 0.059 0.042

Kv 0.055 0.040 0.028 0.020 0.014

(W'-kvW) (t/m) 181.59 186.53 190.57 193.48 195.39

hL (m) 0.00 3.73 7.47 11.20 13.93

hNL (m) 13.93 11.20 7.47 3.73 0.00

Kh*W (t/m) 92.56 67.88 47.68 33.10 23.56

PLE1 (t/m) 0.00 65.36 116.78 153.27 177.83

PLE2 (t/m) 0.00 13.97 16.83 13.60 11.09

PWL (t/m) 113.80 113.80 113.80 113.80 113.80

PWS (t/m) 96.66 96.66 96.66 96.66 96.66

PWES (t/m) 18.61 13.65 9.59 6.65 3.74

 KAE 0.38 0.34 0.32 0.30 0.29

 KAE
' 0.52 0.43 0.38 0.34 0.32

PAE1(t/m) 2.07 1.53 1.42 1.35 1.31

(
) PAE or PAENL (t/m) 93.63 48.75 22.93 8.00 0.00

82 82 82 82 82 

1.915 1.915 1.915 1.915 1.915 

FS 1.00 1.00 1.00 1.00 1.00 

(g) 1.619 1.187 0.834 0.579 0.412
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3.3.12  921

No
H (m) hL (m) N (g) 

D
(m) 

1 19.2 8 0.417 0.052 0.35 
2 19.2 6.5 0.339 0.064 0.21 

19.2 10 0.521 0.038 0.74 
19.2 7.5 0.391 0.056 0.29 
19.2 3 0.156 0.094 0.05 

3

19.2 12.5 0.651 0.025 1.54 
17.2 2.5 0.145 0.101 0.04 

4
17.2 11 0.640 0.030 1.08 

4A 15.4 3 0.195 0.1 0.04 

3.3.13 ( ) (PIANC, 2001) 

3.3.14 ( )(PIANC, 2001) 

d/H 1.5% 1.5~5% 5~10% 10%

3° 3~5° 5~8° 8°

0.03~0.1m

0.3~0.7m

2~3°
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3.3.15

PGA (gal) LOCATION 
No.

ORIGIN TIME 
(UT) V NS EW 

DEPTH
(km) 

LOCAL
MAG.(ML) Lon. (E) Lat. (N)

1 1999/09/20/18/03 13.06 53.84 50.72 9.75 6.6 120.861 23.797

2 1999/09/20/18/11 26.86 67.76 107.24 17.78 5.13 121.001 23.95

3 1999/09/20/17/57 23.14 72.02 72.8 7.68 6.44 121.044 23.912

4 1999/09/25/23/52 21.6 76.68 76.2 12.06 6.8 121.002 23.854

5 1999/09/20/18/05 23.22 82.36 122.38 13.04 5.24 120.766 23.951

6 1999/09/22/00/49 10.64 93.96 91.76 17.38 6.2 121.031 23.765

7 1999/09/22/00/14 25.12 136.62 155.7 15.59 6.8 121.047 23.826

8 1999/09/20/18/16 43.26 140.38 126.62 12.53 6.66 121.041 23.861

9 1999/09/20/17/47 63.48 161.92 156.66 8.00 7.3 120.816 23.852

10 2000/06/10/18/23 26.68 132.78 90.56 16.21 6.7 121.109 23.901
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3.3.20 (PIANC, 2001) 

( ) I

0.1~0.3m

2~3°

 3.3.21a 5~8A (X )

 (m) 

(B) 0.045 (minor)

(IO) 0.062 (moderate)

(CP) 0.110 (extensive) 

(C) 0.224 (complete) 

 3.3.21b 5~8A (Y )

 (m) 

(B) 0.032 (minor)

(IO) 0.044 (moderate)

(CP) 0.102 (extensive) 

(C) 0.198 (complete) 



3-
71

3.
3.

22
a 

 
5~

8A
(X

)

PG
A

 (g
)

0.
06

0.
08

0.
11

0.
15

0.
20

0.
27

0.
37

0.
50

< 
 m

in
or

20
 

20
20

16
10

6
2

0
m

in
or

 ~
 m

od
er

at
e

0 
0

0
3

7
5

5
3

m
od

er
at

e 
~ 

ex
te

ns
iv

e
0 

0
0

1
3

7
7

7
ex

te
ns

iv
e 

~ 
co

m
pl

et
e

0 
0

0
0

0
2

5
7

am
ou

nt
 

> 
co

m
pl

et
e 

0 
0

0
0

0
0

1
3

< 
 m

in
or

10
0%

10
0%

10
0%

80
%

50
%

30
%

10
%

0%
m

in
or

 ~
 m

od
er

at
e

0%
0%

0%
15

%
35

%
25

%
25

%
15

%
m

od
er

at
e 

~ 
ex

te
ns

iv
e

0%
0%

0%
5%

15
%

35
%

35
%

35
%

ex
te

ns
iv

e 
~ 

co
m

pl
et

e
0%

0%
0%

0%
0%

10
%

25
%

35
%

P 
(D

s =
 d

s |
 P

G
A

) 

> 
co

m
pl

et
e 

0%
0%

0%
0%

0%
0%

5%
15

%
m

in
or

0%
0%

0%
20

%
50

%
70

%
90

%
10

0%
m

od
er

at
e

0%
0%

0%
5%

15
%

45
%

65
%

85
%

ex
te

ns
iv

e
0%

0%
0%

0%
0%

10
%

30
%

50
%

P 
(D

s >
 d

s |
 P

G
A

) 

co
m

pl
et

e
0%

0%
0%

0%
0%

0%
5%

15
%

3-71



3-
72

3.
3.

22
b

5~
8A

(Y
)

PG
A

 (g
)

0.
06

0.
08

0.
11

0.
15

0.
20

0.
27

0.
37

0.
50

< 
 m

in
or

20
 

20
20

17
9

3
1

0
m

in
or

 ~
 m

od
er

at
e

0 
0

0
3

8
8

3
1

m
od

er
at

e 
~ 

ex
te

ns
iv

e
0 

0
0

0
3

9
12

8
ex

te
ns

iv
e 

~ 
co

m
pl

et
e

0 
0

0
0

0
0

3
7

am
ou

nt
 

> 
co

m
pl

et
e 

0 
0

0
0

0
0

1
4

< 
 m

in
or

10
0%

10
0%

10
0%

85
%

45
%

15
%

5%
0%

m
in

or
 ~

 m
od

er
at

e
0%

0%
0%

15
%

40
%

40
%

15
%

5%
m

od
er

at
e 

~ 
ex

te
ns

iv
e

0%
0%

0%
0%

15
%

45
%

60
%

40
%

ex
te

ns
iv

e 
~ 

co
m

pl
et

e
0%

0%
0%

0%
0%

0%
15

%
35

%

P 
(D

s =
 d

s |
 P

G
A

) 

> 
co

m
pl

et
e 

0%
0%

0%
0%

0%
0%

5%
20

%
m

in
or

0%
0%

0%
15

%
55

%
85

%
95

%
10

0%
m

od
er

at
e

0%
0%

0%
0%

15
%

45
%

80
%

95
%

ex
te

ns
iv

e
0%

0%
0%

0%
0%

0%
20

%
55

%
P 

(D
s >

 d
s |

 P
G

A
) 

co
m

pl
et

e
0%

0%
0%

0%
0%

0%
5%

20
%

3-72



3-73

 3.3.23a 9~11 (X )

 (m) 

(B) 0.053 (minor)

(IO) 0.070 (moderate)

(CP) 0.118 (extensive) 

(C) 0.165 (complete) 

 3.3.23b 9~11 (Y )

 (m) 

(B) 0.045 (minor)

(IO) 0.057 (moderate)

(CP) 0.103 (extensive) 

(C) 0.140 (complete) 



3-
74

3.
3.

24
a

9~
11

(X
)

20 0 0
~ 

co
m

pl
et

e
0

> 
co

m
pl

et
e 

0 

~ 
co

m
pl

et
e

P 
(

> 
co

m
pl

et
e 

P 
(

3-74



3-
75

3.
3.

24
b

9~
11

(Y
)

20 0 0
~ 

co
m

pl
et

e
0

> 
co

m
pl

et
e 

0 

~ 
co

m
pl

et
e

P 
(

> 
co

m
pl

et
e 

P 
(

3-75



3-76

 3.3.25a 3~ 4 (X )

 (m) 

(B) 0.020 (minor)

(IO) 0.124 (moderate)

(CP) 0.381 (extensive) 

(C) 0.500 (complete) 

 3.3.25b 3~ 4 (Y )

 (m) 

(B) 0.013 (minor)

(IO) 0.103 (moderate)

(CP) 0.395 (extensive) 

(C) 0.482 (complete) 
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3.3.27

5-8A  9-11 3- 4

Median(PGA) Deviation Median(PGA) Deviation Median(PGA) Deviation

Minor 0.202 0.202 0.373 0.199 1.405 0.249

Moderate 0.277 0.277 0.470 0.198 - -

Extensive 0.475 0.475 0.961 0.281 - -

Complete - - - - - - 

3.3.28

1-3  4 23-24

Median(PGA) Deviation Median(PGA) Deviation Median(PGA) Deviation

Minor 0.214 0.136 0.244 0.163 0.215 0.112 

Moderate 0.349 0.353 0.377 0.364 0.257 0.168 

Extensive/ 
Complete 0.521 0.510 0.542 0.481 0.308 0.243 
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3.4.1 i i

i i

227.52 -13.63 
188.3 -18.45 
157.35 -20.51 
103.02 -13.95 
66.95 -10.64 

3.4.2 iS i i

iS  (cm) i  (g) i

47.43 0.0872 0.4522 
50.22 0.1292 0.3657 
46.21 0.1613 0.3433 
35.89 0.1875 0.3430 
25.66 0.2104 0.3764 

\

3.4.3

1-4A 5

5-8 3

9-13 4

W3-W6 3

2
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3.4.4 HAZUS 99

Label Description 
 Waterfront Structures 

PWS1 Waterfront Structures 
 Cranes/Cargo Handling Equipment 

PEQ1 Stationary Port Handling Equipment 
PEQ2 Rail Mounted Port Handling Equipment 

 Warehouses 
PWH1L Port Warehouses, Reinforced Concrete Shear Walls (C2L) 
PWH2L Port Warehouses, Braced Steel Frame (S2L) 
PWH3L Port Warehouses, Moment Resisting Steel Frame (S1L) 
PWH4L Port Warehouses, Steel Frame & URM (S5L) 
PWH5L Port Warehouses, Precast Concrete Tilt-Up (PC1) 
PWH6L Port Warehouses, Reinforced Concrete Frame & URM (C3L) 
PWH7L Port Warehouses, Wood (W1) 
PWH1M Port Warehouses, Reinforced Concrete Shear Walls (C2L) 
PWH2M Port Warehouses, Braced Steel Frame (S2L) 
PWH3M Port Warehouses, Moment Resisting Steel Frame (S1L) 
PWH4M Port Warehouses, Steel Frame & URM (S5L) 
PWH5M Port Warehouses, Precast Concrete Tilt-Up (PC1) 
PWH6M Port Warehouses, Reinforced Concrete Frame & URM (C3L) 
PWH7M Port Warehouses, Wood (W1) 
PWH1H Port Warehouses, Reinforced Concrete Shear Walls (C2L) 
PWH2H Port Warehouses, Braced Steel Frame (S2L) 
PWH3H Port Warehouses, Moment Resisting Steel Frame (S1L) 
PWH4H Port Warehouses, Steel Frame & URM (S5L) 
PWH5H Port Warehouses, Precast Concrete Tilt-Up (PC1) 
PWH6H Port Warehouses, Reinforced Concrete Frame & URM (C3L) 
PWH7H Port Warehouses, Wood (W1) 

 Fuel Facility 
PFF1 Port Fuel Facility w/ Anchored Tanks, w/ Back-Up (BU) Power
PFF2 Port Fuel Facility w/ Anchored Tanks, w/o BU Power 
PFF3 Port Fuel Facility w/ Unanchored Tanks, w/ BU Power 
PFF4 Port Fuel Facility w/ Unanchored Tanks, w/o BU Power 
PFF5 Port Fuel Facility w/ Buried Tanks 
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3.4.5 PGD

Permanent Ground Deformation 
Components Damage State Median (cm) 

slight/minor 12.7 0.5 
moderate 30.5 0.5 
extensive 43.2 0.5 

Waterfront 
Structures (PWS1)

complete 109.2 0.5 

3.4.6 PGA PGD

Peak Ground Acceleration 
Classification Damage State Median (g) 

slight/minor 0.3 0.6 
moderate 0.5 0.6 

Anchored/Stationary 
(PEQ1)

extensive/complete 1.0 0.7 
slight/minor 0.15 0.6 

moderate 0.35 0.6 
Unanchored/Rail 
mounted (PEQ2) 

extensive/complete 0.8 0.7 
Permanent Ground Deformation 

Classification Damage State Median (cm) 
slight/minor 7.6 0.6 

moderate 15.2 0.6 
Anchored/Stationary 
(PEQ1)

extensive/complete 30.5 0.7 
slight/minor 5.1 0.6 

moderate 10.2 0.6 
Unanchored/Rail 
mounted (PEQ2) 

extensive/complete 25.4 0.7 
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3.4.7 PGA PGD

Peak Ground Acceleration 
 H M L  

Classification Damage State Median (g) Median (g) Median (g) 
slight/minor 0.26 0.19 0.14 0.65 

moderate 0.49 0.35 0.23 0.65 
extensive 0.95 0.69 0.41 0.65 

PWH1 

complete 1.54 1.12 0.64 0.65 
slight/minor 0.24 0.18 0.12 0.65 

moderate 0.48 0.33 0.22 0.65 
extensive 1.05 0.77 0.44 0.65 

PWH2 

complete 1.78 1.3 0.71 0.65 
slight/minor 0.13 0.1 0.08 0.65 

moderate 0.33 0.23 0.16 0.65 
extensive 0.77 0.55 0.36 0.65 

PWH3 

complete 1.9 1.36 0.76 0.65 
slight/minor 0.12 0.12 0.12 0.65 

moderate 0.16 0.16 0.16 0.65 
extensive 0.29 0.29 0.29 0.65 

PWH4 

complete 0.46 0.46 0.46 0.65 
slight/minor 0.11 0.08 0.07 0.65 

moderate 0.25 0.17 0.11 0.65 
extensive 0.63 0.45 0.31 0.65 

PWH5 

complete 1.07 0.78 0.47 0.65 
slight/minor 0.11 0.11 0.11 0.65 

moderate 0.14 0.14 0.14 0.65 
extensive 0.26 0.26 0.26 0.65 

PWH6 

complete 0.41 0.41 0.41 0.65 
slight/minor 0.38 0.3 0.23 0.65 

moderate 0.69 0.49 0.36 0.65 
extensive 1.23 0.9 0.69 0.65 

PWH7 

complete 1.79 1.31 0.98 0.65 
Permanent Ground Deformation 

Classification Damage State Median (cm) 
least extensive 25.4 1.2 

PWH1-7 
complete 20% of least extensive is assumed to be complete. 
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3.4.8 PGA PGD

Peak Ground Acceleration 
Classification Damage State Median (g) 

slight/minor 0.23 0.50 
moderate 0.43 0.45 
extensive 0.64 0.60 

PFF1

complete 1.10 0.60 
slight/minor 0.12 0.50 

moderate 0.27 0.45 
extensive 0.64 0.60 

PFF2

complete 1.0 0.60 
slight/minor 0.10 0.50 

moderate 0.23 0.45 
extensive 0.48 0.60 

PFF3

complete 0.80 0.60 
slight/minor 0.09 0.50 

moderate 0.20 0.45 
extensive 0.48 0.60 

PFF4

complete 0.80 0.60 
Permanent Ground Deformation 

Classification Damage State Median (cm) 
slight/minor 10.2 0.5 

moderate 20.3 0.5 PFF5
extensive/complete 61.0 0.5 
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3.4.9

Classification Damage State Best Estimate 
Damage Ratio 

Range of Damage 
Ratios

slight 0.10 0.01-0.15 
moderate 0.40 0.15-0.4 
extensive 0.80 0.4-0.8 

Waterfront 
Structures 

complete 1.00 0.8-1.0 
slight 0.05 0.01-0.15 

moderate 0.25 0.15-0.4 
Cranes/Cargo 

Handling
Equipment  extensive/complete 0.75 0.4-1.0 

slight/minor 0.1 0.01-0.15 
moderate 0.4 0.15-0.4 
extensive 0.8 0.4-0.8 

Warehouses 

complete 1.0 0.8-1.0 
slight/minor 0.16 0.01-0.15 

moderate 0.39 0.15-0.4 
extensive 0.8 0.4-0.8 

Fuel Facility 

complete 1.0 0.8-1.0 

3.4.10

Restoration Functions (All Normal Distributions) 
Classification Damage State Mean (Days) 

slight/minor 0.6 0.2 
moderate 3.5 3.5 
extensive 22 22 

Buildings,
Waterfront 
Structures  

complete 85 73 
slight/minor 0.4 0.35 

moderate 6 6 
extensive 30 30 

Cranes/Cargo 
Handling

Equipment 
complete 75 55 
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3.4.11

/
1,000

PC 600
800
100
50

3.4.12

TCU001 43.38 
TCU002 43.42 
TCU003 242.60 
TCU004 128.37 

TCU004A 71.03

530.80

TCU005 2.13 
TCU005A 2.14 
TCU006 2.11 
TCU007 2.09 
TCU008 2.06 

TCU008A 2.09 
TCU009 15.31 
TCU010 56.71 
TCU011 43.52

128.15

TCU012 15.99 
TCU013 16.09 
TCU014 0.15 
TCU015 0.15 

TCU019A 0.17 
TCU022 0.15 
TCU023 0.25 
TCU024 0.24 
TCU025 0.24 
TCU026 0.14 
TCU027 3.13 
TCU028 5.33 
TCU029 0.13 
TCU030 0.17 
TCU031 0.13 
TCU032 3.33 
TCU033 3.42 
TCU034 3.46 
TCU035 3.49

56.14
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3.4.12

TCU099 0.26  
TCU101 0.25  
TCU102 0.24  
TCU103 0.23  
TCU104 0.23

1.21

W1 28.62  
W2 47.95  
W3 5.55  
W4 5.58  
W5 2.77  
W6 2.88

93.35

 809.65   
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3.1.1 HAZ-Taiwan

3.1.2
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3.1.3

3.1.4
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3.1.5
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3.3.1
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3.3.2 1~3 921

3.3.3 4 921
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3.3.4 23~24

3.3.5 1
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3.3.6 1~3

3.3.7 4

H (m) 19.2
L (m) 17.6

h2(m) 15.7
(m) 1.23
h1(m) 16.93

rw (t/m3) 1.03
rst (t/m3) 2

0.6
 r (t/m3) 1.8

 r' (t/m3) 1
 (deg) 0

(deg) 35
100
2.1
32

H (m) 17.4
L (m) 16.12

h2(m) 13.7
(m) 1.23
h1(m) 13.93

rw (t/m3) 1.03
rst (t/m3) 2

0.6
 r (t/m3) 1.8

 r' (t/m3) 1
 (deg) 0

(deg) 35
82

1.915
28
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3.3.8 23~24

3.3.9 1

H (m) 16.2
L (m) 15.6

h2(m) 12.9
(m) 1.23
h1(m) 13.13

rw (t/m3) 1.03
rst (t/m3) 2

0.6
 r (t/m3) 1.8

 r' (t/m3) 1
 (deg) 0

(deg) 35

H (m) 17.8
L (m) 17.6

h2(m) 15.7
(m) 1.23
h1(m) 16.93

rw (t/m3) 1.03
rst (t/m3) 2

0.6
 r (t/m3) 1.8

 r' (t/m3) 1
 (deg) 0

(deg) 35
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26-27
90THP1

15 d % PL% LL% Gs

D60/D10

S-1-2 SM

S-2-2

S-3-2 75.00

S-4-2 35.00

S-5-2 32.00

S-6-2 34.17

S-7-2 36.67

S-8-2 33.33

S-9-2 26.00

S-10-2 3.60

S-11-2 36.00

S-12-2 4.10

S-13-2 18.00

S-14-2 16.92

S-15-2 41.54

S-16-0

S-17- 22.50

S-18- 24.00

S-19- 3.67

S-20- 21.11

GL

 30m 

SPT-

PWG-35G No:010288- --GL-29.5m
                 PWG-35G No:010287- --GL-19.75m

3.3.10 26 30m
( , 2002) 
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26-27
4/16-4/23

USCS
PL LL

GL <200# D60/D10

S1-45-164 6.67 CL
S2-164-177

CL
S3-177-224

S4-224-305 CL

S5-305-345 SP

345-350

S6-350-451 CL

S7-451-480 SP

S8-480-485 CL
S9-485-505

CL
S10-505-530 SP
S11-530-581

SM
S12-581-620

2.78 SP

S13-620-675 CL

S14-675-765 SM

765-810 GM

S15-810-815 CL

GM

 300m 

( (

(m/sec)

 m

P-S Logging 

3.3.11 26 300m
( , 2002) 
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2007
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C.1 Jean et al., 2006

C1 C2 C3 C4 C5 lnErr

PGA 0.0028 1.7331 2.0639 0.0999 0.7719 0.7815
Sas 0.0079 1.7253 2.0489 0.1199 0.7850 0.7201
Sa1 0.0027 1.7731 2.0419 0.1154 0.7714 0.7018

C.2 Boore et al.,1997

Period b1SS b1RV b1All b2 b3 b5 bV VA h
PGA -0.313 -0.117 -0.242 0.527 0.000 -0.778 -0.371 1396 5.57
0.3 0.598 0.803 0.700 0.769 -0.161 -0.893 -0.401 2133 5.94
1 -1.133 -1.009 -1.080 1.036 -0.032 -0.798 -0.698 1406 2.90
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C.3 Abrahamson and  
Silva’ 97 Form
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C.8 Boore, Joyner, and Fumal '97 Form
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Wells and Coppersmith
1

232.3006.1exp LML
5.00 1.22 ( )WM Log L

(Tsai et al., 1987)

(Wells and Coppersmith,1994)

4.533 ( ) 2.091 0.14L WM Ln M (Wu et al., 2000) 

0.620 7.07.0 224.086.45 0.146.596.19 0.4220R

0.4356.96.9 118.136.35 0.146.445.84 0.4214SS

MLMwML
PGA(g)ML(km)

Wells et al.,1994Tsai, 1987
(km)
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2: (2002)
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1 1974~2024 M 6.0
2 1991~2051 M 6.4
3 1995~2014 3 M 6.0
4 1995~2014 1 M 6.5
5 1995~2014 M 7.0
6 2006~2010 6.0 M 7.0
7 2015~2034 3 M 6.0
8 2015~2034 1 M 6.5
9 2015~2034 M 7.0
10 2018~2084 M 6.6
11 2031 ~2035 5.0 M 6.0
12 2031~2101 M 6.8

2007~

2056(

50

)

13 2056~2060 M 6.25
14 2082~2124 M 6.5
15 2086~2090 M 6.5
16 2116~2120 M 6.25
17 2142~2182 M 7.0
18 2142~2183 M 7.0
19 2291 ~2295 M 7.0

2057~

2106(

100

)

20 2351~2355 M 6.5
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50 2007~2056
2007~2014 6 M 7.0
2015~2034 6 M 6.5 6.5 M 7.0
2049~2057 6.4 M 6.6

50 100 2057~2106
2082~2124 6.5 M 7.0

100 2015~2034
20 2 M 6.0 1 M 6.5

M 7.0
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Monte Carlo  (MCS) 
(M,PGAR)
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Mu

PGAR  0.05g 
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Nagelkerke 
R2 (%) (%) (%)

Seed 10.097 -0.245 3.757 0.699 86 87 86 

T-Y 10.652 -0.287 3.833 0.651 83 83 83 

NJRA 8.100 -0.236 4.000 0.615 82 83 83 

Juang et al. 
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(Tr = 475 PGA 2 )
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(Tr = 475 PGA 2 )
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(Tr = 2500 PGA 2 )
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(Tr = 2500 PGA 2 )
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Tr = 475 /

Tr = 2500 2500 PW
475
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3-1

921 1~4A
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60~100 

cm 80 m (
) 20~50 cm
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1~4A 4

FLAC
FINN Model
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34 1~4A Y

1~4A

Y

30

66

1~4A (14/20)

0.18Mpa

0.08Mpa

0.1Mpa

Time (sec)

Po
re

  P
re

ss
ur

e 
(M

Pa
)



4-34

67

3-2

:

:

68

:



4-35

69

(Simplified nonlinear  
static analysis procedure) 

ATC-40 (Capacity spectrum method)

70

ATC-40

ADRS
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SAP2000
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9 ~ 11 

9 ~ 11 46.5m
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9 ~ 11 
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0.221sec
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475
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Sa=0.571 g
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Sa=0.725 g
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84

#1~4A
#23~25
W1

#1~3
#4
#23~24
W1

1 250m× 20m 13m
2 250m× 20m 13m
3 250m× 20m 13m
4 200m× 20m 11m

4A 185m× 20m 9m 
23 360m× 20m 10m
24 360m× 20m 10m
25 400m× 20m 11m
W1 250m× 25m 13m
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#1~3

H (m) 19.2 
L (m) 17.6 

h2(m) 15.7 
(m) 1.23 
h1(m) 16.93 

rw (t/m3) 1.03 
rst (t/m3) 2

0.6 
 r (t/m3) 1.8 

 r' (t/m3) 1
 (deg) 0

(deg) 35
100 
2.1 
32

86

#4

H (m) 17.4 
L (m) 16.12 

h2(m) 13.7 
(m) 1.23 
h1(m) 14.93 

rw (t/m3) 1.03 
rst (t/m3) 2

0.6 
 r (t/m3) 1.8 

 r' (t/m3) 1
 (deg) 0

(deg) 35
82

1.915 
28
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#23~24

H (m) 16.2 
L (m) 15.6 

h2(m) 12.9 
(m) 1.23 

h1(m) 14.13 
rw (t/m3) 1.03 

rst (t/m3) 2
0.6 

 r (t/m3) 1.8 
 r' (t/m3) 1

 (deg) 0
(deg) 35 

88

1

H (m) 17.8 
L (m) 17.6 

h2(m) 15.7 
(m) 1.23 
h1(m) 16.93 

rw (t/m3) 1.03 
rst (t/m3) 2

0.6 
 r (t/m3) 1.8 

 r' (t/m3) 1
 (deg) 0

(deg) 35 
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90

(Newmark,1965)
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TCU059
10 evens, 20 cases

PGA (gal) LOCATION 
No.

ORIGIN TIME 
(UT) V NS EW 

DEPTH
(km) 

LOCAL 
MAG.(ML) Lon. (E) Lat. (N)

1 1999/09/20/18/03 14.06 53.84 50.72 9.75 6.6 120.861 23.797

2 1999/09/20/18/11 26.86 67.76 107.24 17.78 5.13 121.001 23.95

3 1999/09/20/17/57 23.14 72.02 72.8 7.68 6.44 121.044 23.912

4 1999/09/25/23/52 21.6 76.68 76.2 12.06 6.8 121.002 23.854

5 1999/09/20/18/05 24.22 82.36 122.38 13.04 5.24 120.766 23.951

6 1999/09/22/00/49 10.64 93.96 91.76 17.38 6.2 121.031 23.765

7 1999/09/22/00/14 25.12 136.62 155.7 15.59 6.8 121.047 23.826

8 1999/09/20/18/16 44.26 140.38 126.62 12.53 6.66 121.041 23.861

9 1999/09/20/17/47 64.48 161.92 156.66 8.00 7.3 120.816 23.852

10 2000/06/10/18/23 26.68 132.78 90.56 16.21 6.7 121.109 23.901

92

PIANC, 2001

2~3

0.3~0.7m

0.03~0.1m

85~83~53

10%5~10%1.5~5%1.5%d/H
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PGA (G) 0.176 0.19 0.215 0.23 0.27 0.323 0.34 0.37 0.54 

< 0.243m 20 17 11 5 0 0 0 0 0 

0.243m ~ 0.81m 0 3 7 7 8 2 1 0 0 

0.81m ~ 1.62m 0 0 2 6 5 6 6 5 0 

> 1.62m 0 0 0 2 7 12 13 15 20 

< 0.243m 100% 85% 55% 25% 0% 0% 0% 0% 0% 

0.243m ~ 0.81m 0% 15% 35% 35% 40% 10% 5% 0% 0% 

0.81m ~ 1.62m 0% 0% 10% 30% 25% 30% 30% 25% 0% 

> 1.62m 0% 0% 0% 10% 35% 60% 65% 75% 100%

PGA (g) 0.14 0.18 0.215 0.23 0.323 0.4 0.5

< 0.29m 20 17 11 4 0 0 0

0.29m ~ 0.965m 0 3 7 8 4 1 0

0.965m ~ 1.93m 0 0 2 6 5 7 4

> 1.93m 0 0 0 2 11 12 16

< 0.29m 100% 85% 55% 25% 0% 0% 0%

0.29m ~ 0.965m 0% 15% 35% 35% 20% 5% 0%

0.965m ~ 1.93m 0% 0% 10% 30% 25% 35% 20%

> 1.93m 0% 0% 0% 10% 55% 60% 80%

PGA (g) 0.14 0.18 0.215 0.23 0.323 0.4 0.5

< 0.288m 20 17 13 5 0 0 0

0.288m ~ 0.96m 0 3 6 11 11 7 4

0.96m ~ 1.92m 0 0 1 3 5 6 7

> 1.92m 0 0 0 1 4 7 9

< 0.288m 100% 85% 65% 25% 0% 0% 0%

0.288m ~ 0.96m 0% 15% 30% 55% 55% 35% 20%

0.96m ~ 1.92m 0% 0% 5% 15% 25% 30% 35%

> 1.92m 0% 0% 0% 5% 20% 35% 45%

23~24 1

1-3 4
PGA (g) 0.14 0.215 0.217 0.23 0.323 0.4 0.5

< 0.288m 20 16 16 10 0 0 0

0.288m ~ 0.96m 0 4 3 7 11 7 4

0.96m ~ 1.92m 0 0 1 2 5 6 7

> 1.92m 0 0 0 1 4 7 9

< 0.288m 100% 80% 80% 50% 0% 0% 0%

0.288m ~ 0.96m 0% 20% 15% 35% 55% 35% 20%

0.96m ~ 1.92m 0% 0% 5% 10% 25% 30% 35%

> 1.92m 0% 0% 0% 5% 20% 35% 45%

94

23~24A 1

1~3 4
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ATC-40

96

( )
( )

( )

#5~8
#9-11

3- 4
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XYZ

Y

Se
a

+X

+Y

( )

98

(complete)0.198(C)

(extensive)0.102(CP)

(moderate)0.044(IO)

(minor)0.032(B)

(m)

(complete)0.140(C)

(extensive)0.103(CP)

(moderate)0.057(IO)
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PGA (g) 0.11 0.20 0.27 0.37 0.40 0.50 0.60 0.70 
<  minor 20 20 19 11 5 0 0 0 

minor ~ moderate 0 0 1 7 13 11 3 0 
moderate ~ extensive 0 0 0 2 1 8 16 18 
extensive ~ complete 0 0 0 0 1 1 1 2 

amount  

> complete 0 0 0 0 0 0 0 0 
<  minor 100% 100% 95% 55% 25% 0% 0% 0% 

minor ~ moderate 0% 0% 5% 35% 65% 55% 15% 0% 
moderate ~ extensive 0% 0% 0% 10% 5% 40% 80% 90% 
extensive ~ complete 0% 0% 0% 0% 5% 5% 5% 10% 

P (Ds = ds | PGA)

> complete 0% 0% 0% 0% 0% 0% 0% 0% 
minor 0% 0% 5% 45% 75% 100% 100% 100% 

moderate 0% 0% 0% 10% 10% 45% 85% 100% 
extensive 0% 0% 0% 0% 5% 5% 5% 10% 

P (Ds > ds | PGA)

complete 0% 0% 0% 0% 0% 0% 0% 0% 

5~8A ( ) 9~11 ( )

3~ 4 ( )
PGA (g) 0.50 0.95 1.10 1.20 1.40 1.60 1.80 2.00 

<  minor 20 19 16 14 8 5 4 1 
minor ~ moderate 0 1 4 6 12 15 16 19 

moderate ~ extensive 0 0 0 0 0 0 0 0 
extensive ~ complete 0 0 0 0 0 0 0 0 

amount  

> complete 0 0 0 0 0 0 0 0 
<  minor 100% 95% 80% 70% 40% 25% 20% 5% 

minor ~ moderate 0% 5% 20% 30% 60% 75% 80% 95% 
moderate ~ extensive 0% 0% 0% 0% 0% 0% 0% 0% 
extensive ~ complete 0% 0% 0% 0% 0% 0% 0% 0% 

P (Ds = ds | PGA) 

> complete 0% 0% 0% 0% 0% 0% 0% 0% 
minor 0% 5% 20% 30% 60% 75% 80% 95% 

moderate 0% 0% 0% 0% 0% 0% 0% 0% 
extensive 0% 0% 0% 0% 0% 0% 0% 0% 

P (Ds > ds | PGA) 

complete 0% 0% 0% 0% 0% 0% 0% 0% 

100

5~8A ( ) 9~11 ( )

3~ 4 ( )

0.00

0.20

0.40

0.60

0.80

1.00

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

IV

I

II

III

0.00

0.20

0.40

0.60

0.80

1.00

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70

IV

I

II

III

0.00

0.20

0.40

0.60

0.80

1.00

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

I

II



4-51

101
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--0.1980.4700.2770.277Moderate
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DeviationMedian (PGA)DeviationMedian (PGA)DeviationMedian (PGA)
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2ln
2
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2
1
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BhLscMap by Category
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