J. Comput. Struct. Eng. Inst. Korea, 36(6)
pp.371 ~380, December, 2023
https://doi.org/10.7734/COSEIK.2023.36.6.371

pISSN 1229-3059 eISSN 2287-2302
Computational Structural
Engineering Institute of Korea

2]

Seismic Fragility Analysis of Single—Degree—of—Freedom Model Based
on Input Earthquake Ground Motions in Strong and Low—to—Moderate
Seismic Regions

Sangki Park’, Jeong-Rae Cho?®, Chang-Beck Cho', Dong-Chan Kim® and Jinhyuk Lee* '

!Senior Researcher, Department of Structural Engineering, Korea Institute of Civil Engineering and Building Technology, Goyang, 10223, Korea
“Senior Research Fellow, Department of Structural Engineering, Korea Institute of Civil Engineering and Building Technology, Goyang, 10223, Korea
3Postdoctoral Researcher, Department of Geotechnical Engineering, Korea Institute of Civil Engineering and Building Technology, Goyang, 10223, Korea
*Postdoctoral Researcher, Department of Structural Engineering, Korea Institute of Civil Engineering and Building Technology, Goyang, 10223, Korea

Abstract

To calculate seismic fragility, it is important to select input earthquake ground motions that can properly express the characteristics of the
target site. This study analyzed the seismic fragility of a single-degree-of-freedom (SDOF) model based on input earthquake ground motions in
strong and low-to-moderate seismic regions. As a first step, a total of four sets of input earthquake ground motions were selected,: two sets
measured near or far from overseas strong earthquake records and two sets exhibiting the characteristics of low-to-moderate earthquake
regions in South Korea. A nonlinear SDOF model for three natural periods was applied to the target structure, and incremental dynamic
analysis was used for fragility analysis. In addition, four damage states were defined, and seismic fragility results for each natural period of the
nonlinear SDOF model for the four aforementioned input earthquake ground motion sets were obtained for each damage state.
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Fig. 1 Push-over curve for bi-linear SDOF in natural period 0.5s
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Table 1 List of domestic earthquake and overseas intra-plate earthquake record set (Kim et a/, 2016a, 2016b).
No. Station Name Nation Earthquake name Year | Magnitude Epicentral Distance| - PGA
(km) @
; II;I/II(J)I; Hong island EQ 2003 4.90 1865‘:‘145 gg(l)i
3 BUS 199.20 0.001
: [():EI(J} Offshore Uljin EQ 2004 5.20 }2‘1‘2 ggg;
6 DGY 168.22 0.002
7 DGY 7.52 0.156
8 BON 144.77 0.002
9 CEA 152.31 0.001
10 CHC 69.37 0.007
11 CHJ 105.43 0.002
12 CWO South 104.51 0.005
13 ICN Korea 112.72 0.002
1 MUS Odesan EQ 2007 4.80 162.69 0.008
15 PHA 180.14 0.001
16 SEO 149.48 0.002
17 SKC 68.39 0.003
18 SWO 149.31 0.003
19 TBA 70.07 0.008
20 WU 56.75 0.028
21 GBI Offshore Sinan EQ 2013 4.90 187.02 0.001
22 GBI 101.48 0.007
23 DEI Seogyeongnyeolbi Island EQ | 2014 5.10 147.00 0.008
24 BAR 116.29 0.005
25 ANL-768 Power Plant 108.10 0.056
26 PBF Borah Peak, ID-01 1983 6.88 94.34 0.052
27 TRA-642 ETR Reactor Bldg. 86.15 0.030
;z I(—:Ii% Borah Peak, ID-02 1983 5.10 i?)ig gg§§
30 Site 1 6.80 1.100
31 Site 2 Nahanni, Canada 1985 6.76 6.52 0.489
32 Site 3 America 22.36 0.148
33 Quebec 154.92 0.051
34 Chicoutimi-Nord 37.77 0.131
35 St-Andre-du-Lac-St-Jean Saguenay, Canada 1988 1 590 6231 0.156
36 Les Eboulements 93.99 0.125
i; g‘l‘rolg Denali, Alaska 2002 | 7.90 2?;2 gigg
39 CVVA Mineral, Virginia 2011 5.80 53.80 0.122
40 GSH 57.67 0.012
41 OLF Netherlands Roermond, Netherlands 1992 5.30 82.71 0.006
42 WBS 103.49 0.009
43 Karakyr Gazli, USSR 1976 6.80 12.82 0.718
44 Dayhook 20.63 0.406
s szas Tabas, Iran 1978 7.35 ey 055
46 Abbar Manjil, Iran 1990 7.37 40.43 0.515
47 BAM Bam, Iran 2003 6.50 1.00 0.885
48 Chatrood Iran 19.66 0.100
49 Bardsir 85.85 0.012
50 Sirch 94.24 0.013
51 Deh-Loulou Zarand, Iran 2005 6.40 53.28 0.052
52 Qadrooni Dam 23.62 0.219
53 Shirinrood Dam 22.98 0.510
54 Davaran 61.38 0.056
55 KNI India Koynanagar, India 1967 6.50 10.80 0.490
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Table 2 List of FEMA P-695, Far-Field record set (FEMA, 2009)

No. Station Name Nation Earthquake Name Year | Magnitude Epicentral Distance | - PGA
(km) (€3]
1 Capitola . 9.8 0.511
- Loma Prieta 1989 6.9
2 Gilroy Array #3 314 0.559
3 Yermo Fire Station 86 0.245
Landers 1992 7.3
4 Coolwater 82.1 0.417
5 Beverly Hills-Mulhol . 13.3 0.488
Northridge 1994 6.7
6 Canyon Country-WLC 26.5 0472
7 Hector America Hector Mine 1999 7.1 26.5 0.328
8 Delta 33.7 0.35
Imperial Valley 1979 6.5
9 El Centro Array #11 29.4 0.379
10 El Centro Imp. Co. . . 35.8 0.357
Superstition Hills 1987 6.5
11 Poe Road (temp) 11.2 0.475
12 Rio Dell IOverpass Cape Mendocino 1992 7.0 22.7 0.549
13 LA-Hollywood Stor San Fernando 1971 6.6 39.5 0.225
14 Bolu Duzce, Turkey 1999 7.1 413 0.806
15 Duzce Turkey . 98.2 0.364
Kocaeli, Turkey 1999 7.5
16 Arcelik 53.7 0.21
17 Nishi-Akashi 8.7 0.483
- Japan Kobe, Japan 1995 6.9
18 Shin-Osaka 46 0.233
19 Abbar Iran Manyjil, Iran 1990 7.4 40.4 0.515
20 CHY101 32 0.398
Taiwan Chi-Chi, Taiwan 1999 7.6
21 TCU045 77.5 0.507
22 Tolmezzo Italy Friuli, Ttaly 1976 6.5 20.2 0.357
Table 3 List of SAC steel project, Near-Fault record set (Somerville et al, 1997)
Epi 1 Di PGA
No. Station Name Nation Earthquake Name Year Magnitude picentral Distance G
(km) (€3]
1 Los Gatos Loma Prieta, Los Gatos 3.5 0.718
- 1989 7.0
2 Lex. Dam Loma Prieta, Lex. Dam 6.3 0.686
3 Petrolia . C. Mendocino,Petrolia 7.1 8.5 0.655
America 1992
4 Lucerne Landers 7.3 1.1 0.799
5 Rinaldi Northridge, Rinaldi 7.5 0.89
1994 6.7
6 Olive View Northridge, Olive View 6.4 0.732
7 Erzincan Turkey Erzincan 1992 6.7 2.0 0.457
8 Kobe IMA Kobe 3.4 1.088
Japan 1995 6.9
9 Takatori Kobe, Takatori 43 0.786
10 Tabas Iran Tabas 1978 7.4 1.2 0.978
11 Elysian Park 1 17.5 0.892
12 Elysian Park 2 10.7 1.803
13 Elysian Park 3 11.2 1.013
14 Elysian Park 4 13.2 0.922
15 . . Elysian Park 5 13.7 1.162
Simulated Simulated - 7.1
16 Palos Vendes 1 0.974
17 Palos Vendes 2 0.968
18 Palos Vendes 3 1.5 0.873
19 Palos Vendes 4 0.793
20 Palos Vendes 5 0.916
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Table 4 Nonlinear SDOF parameters for three natural periods
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Table 5 Definition of damage states (DS) level

Natl.lral Weight | Height | .. Yielding Ma}umum Stiffness
period N) (m) displacement | displacement (KN/m)
(sec) (m) (m)
0.15 50.1 1.17 0.0044 0.0235 8,940
0.5 169.6 3.66 0.0138 0.0736 2,853
1.0 354.9 7.32 0.0275 0.1472 1,426
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DS 1 Slight 0.7%d,
DS 2 Moderate 1.0%d,
DS 3 Severe d,+0.25(d, —d,)
DS 4 Complete 1.0%d,,

Table 6 Damage Threshold displacement of damage states for
three natural periods

Natural period Threshold displacement of damage states (m)
(sec) DS 1 DS2 DS 3 DS 4

0.15 0.0031 0.0044 0.0092 0.0235

0.5 0.0096 0.0138 0.0287 0.0736

1.0 0.0193 0.0275 0.0575 0.1473
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Table 7 Spectral Acceleration of four sets for three natural periods

Table 8 Seismic fragility parameters and results of damage state 1
(DS 1) in natural period 0.15s

Natural Spectral Acceleration (g)
period KDS17 KDS17 Earthquake Set ID Median (0) Standard deviation (o)
(sec) (Raw) (Design) FEMAG95 SAC KDS17 (Raw) 0.275 0.454
0.15 2.18 2.78 2.12 1.50 KDS17 (Design) 0.264 0.293
0.5 1.03 1.62 221 2.01 FEMAG695 0.270 0.290
1.0 0.44 0.80 1.09 1.59 SAC 0.374 0.294
40 ——— kD517 (Raw) Table 9 Seismic fragility parameters and results of damage state 1
I =+ = KDS17 (Design) (DS 1) in natural period 0.5s
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= KDS17 (Raw) 0215 0.972
T";;i o KDS17 (Design) 0.127 0.381
3 FEMAG95 0.075 0.445
00 SAC 0.082 0.435

0.01
Period (sec)

Fig.2 Average acceleration response spectrum for four sets of
input earthquake ground motions
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Fig. 3 Seismic Fragility curves at damage state level 1
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Table 10 Seismic fragility parameters and results of damage state
1 (DS 1) in natural period 1.0s

Earthquake Set ID Median (6) Standard deviation (o)
KDS17 (Raw) 0.278 1.104
KDS17 (Design) 0.128 0.381
FEMAG695 0.077 0.442
SAC 0.053 0.488
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Table 11 Seismic fragility parameters and results of damage state
2 (DS 2) in natural period 0.15s

Earthquake Set ID Median () Standard deviation (o)
KDS17 (Raw) 0.391 0.454
KDS17 (Design) 0.374 0.251
FEMAG695 0.383 0.285
SAC 0.533 0.291

Table 12 Seismic fragility parameters and results of damage state
2 (DS 2) in natural period 0.5s

Earthquake Set ID Median (6) Standard deviation (o)
KDS17 (Raw) 0.308 0.968
KDS17 (Design) 0.181 0.339
FEMAG695 0.107 0.402
SAC 0.116 0.393

Table 13 Seismic fragility parameters and results of damage state
2 (DS 2) in natural period 1.0s

Earthquake Set ID Median () Standard deviation (o)
KDS17 (Raw) 0.400 1.106
KDS17 (Design) 0.182 0.338
FEMAG695 0.110 0.399
SAC 0.074 0.446
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Fig.5 Seismic Fragility curves at damage state level 3

Table 14 Seismic fragility parameters and results of damage state
3 (DS 3) in natural period 0.15s

Earthquake Set ID Median () Standard deviation (o)
KDS17 (Raw) 0.831 0.424
KDS17 (Design) 0.710 0.174
FEMAG695 0.671 0.210
SAC 0.771 0.164

Table 15 Seismic fragility parameters and results of damage state
3 (DS 3) in natural period 0.5s

Earthquake Set ID Median () Standard deviation (o)
KDS17 (Raw) 0.683 0.917
KDS17 (Design) 0.396 0.244
FEMAG695 0.245 0.302
SAC 0.226 0.321

Table 16 Seismic fragility parameters and results of damage state
3 (DS 3) in natural period 1.0s

Earthquake Set ID Median () Standard deviation (o)
KDS17 (Raw) 0.913 1.054
KDS17 (Design) 0.407 0.294
FEMAG695 0.236 0.399
SAC 0.153 0.432
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Fig. 6 Seismic Fragility curves at damage state level 4



Table 17 Seismic fragility parameters and results of damage state
4 (DS 4) in natural period 0.15s

Earthquake Set ID Median (6) Standard deviation (o)
KDS17 (Raw) 1.653 0.468
KDS17 (Design) 1.349 0.139
FEMAG695 1.059 0.126
SAC 1.057 0.158

Table 18 Seismic fragility parameters and results of damage state
4 (DS 4) in natural period 0.5s

Earthquake Set ID Median (0) Standard deviation (o)
KDS17 (Raw) 1.612 0.869
KDS17 (Design) 0913 0.260
FEMAG695 0.563 0.303
SAC 0.407 0.379

Table 19 Seismic fragility parameters and results of damage state
4 (DS 4) in natural period 1.0s

Earthquake Set ID Median () Standard deviation (o)
KDS17 (Raw) 2.121 0.970
KDS17 (Design) 0.934 0.298
FEMAG695 0.566 0.433
SAC 0.346 0.511
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