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Dynamic Behavior and Seismic Fragility Analysis of Shallow Foundation

Bridge Considering Scour
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/] ABSTRACT /

If scour is occurred at shallow foundation of bridge, seismic performance of the bridge will be reduced. In order to evaluate accurate
seismic response of bridge according to scour depths, modeling of foundation reflecting scour effect is important. In this study, taking into
account the effect of the reduction in embedment depth of the shallow foundation by scouring, the soil around the foundation is modelled
as an equivalent soil spring with various stiffness. Seismic fragility analyses for 3 types of bridges subjected to 4 types of ground motions
classified into Site Class A, B, C, D are evaluated according to several scour depths. From the fragility analysis results, it can be observed
that the deeper the scour depth, the higher probability of exceeding damage states. Also, seismic failure probability of asymmetric bridge

is higher than that of symmetric bridge.
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(b) Cross Section of deck and piers

Fig. 1. Example bridge structures

Table 1. Static stiffness for arbitrary shaped foundations partially or fully embedded in a homogeneous halfspace[13]
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Table 2. USGS site classes corresponding to average shear-wave

velocity (V,,,) to a depth of 30 m

[14]0lA R 2& A ﬁ om, Z|5ke] Ffrol whE X]%19) 544 s} Site Classification V,50(m/s)
71 13 USGS A|Ht H= ol wk2 Site Class A, B, C, D2 L85 2| 1& Site Class A > 750m/s
ARg31AT) USGS R|HE E5 2 30 m7kx| Q] Ht At &= 2 2|4k Site Class B 360 ~ 750m/s
& 223} Aoln, EAJ-E Table 20| YRSt 7] Z0] tiat 2215 ok Site Class C 180 ~ 360m/s
AL af 280719 SRR AR 7k 7|28 AMsl o, V& Site Class D < 180m/s
Table 3. Vertical component of acceleration records used in this study
NO. I\ITiI\E/IE Earthquake P((;;A NO. I\ITZ\E/IRE Earthquake P((;;A NO. Sisi Earthquake P((;')A
Site A 7 | CPM-UP | Cape Mendocino 1992 | 0.754 | 14 | GO1-UP Morgan Hill 1984 0.092
1 | ABY-UP Landers 1992 0.09 | 8 | GBZ-UP | Kocaeli, Turkey 1999 |0.203 | 15 | MTW-UP Northridge 1994 0.087
2 | A-GRN-UP | Whittier Narrows 1987 | 0.227 | 9 | GRN-UP Northridge 1994 0.073 | 16 | PUL-UP Northridge 1994 1.229
3 |A-MTW-UP | Whittier Narrows 1987 | 0.119 | 10 | IZT-UP Kocaeli, Turkey 1999 | 0.146 | 17 | SIL-UP N. Palm Springs 1986 | 0.095
4 | ARM-UP | N.Palm Springs 1986 | 0.072 | 11 | GO01-UP Loma Prieta 1989 0.209 | 18 | TCUO46-V | Chi-Chi, Taiwan 1999 | 0.104
5 |B-MTW-UP | Whittier Narrows 1987 | 0.086 | 12 | L09-UP Northridge 1994 0.079 | 19 | WON-UP Northridge 1994 0.106
6 | GO1-UP Coyote Lake 1979 0.072 | 13 | LCN-UP Landers 1992 0.818 | 20 | WWT-UP | N. Palm Springs 1986 | 0.471
Site B 8 | JOS-UP Landers 1992 0.181 | 14 | STG-UP Loma Prieta 1989 0.389
1 | AND-UP Morgan Hill 1984 0204 | 9 | KIM-UP Kobe 1995 0.343 | 15 | TCUO45-V | Chi-Chi, Taiwan 1999 | 0.361
2 | CHY080-V | Chi-Chi, Taiwan 1999 | 0.724 | 10 | MVH-UP | N. Palm Springs 1986 | 0.395 | 16 | TCU047-V | Chi-Chi, Taiwan 1999 | 0.27
3 | CLS-UP Loma Prieta 1989 0.455| 11 | NPS-UP | N.Palm Springs 1986 |0.435 | 17 | TCU084-V | Chi-Chi, Taiwan 1999 | 0.34
4 | CLW-UP Landers 1992 0.174 | 12| RIO-UP | Cape Mendocino 1992 | 0.195 | 18 | TCU089-V | Chi-Chi, Taiwan 1999 | 0.191
5 | DSP-UP Landers 1992 0.167 | 13 | SKR-UP Kocaeli, Turkey 1999 | 0.259 | 19 | TCU095-V | Chi-Chi, Taiwan 1999 | 0.255
6 | G06-UP Morgan Hill 1984 0.405 | 13 | LCN-UP Landers 1992 0.818 | 20 | TCU120-V | Chi-Chi, Taiwan 1999 | 0.162
Site C 7 | TCU052-V | Chi-Chi, Taiwan 1999 | 0.241 | 14 | TCUO71-V | Chi-Chi, Taiwan 1999 | 0.449
1 | CHY006-V | Chi-Chi, Taiwan 1999 | 0.202 | 8 | TCU054-V | Chi-Chi, Taiwan 1999 | 0.13 | 15 | TCUO72-V | Chi-Chi, Taiwan 1999 | 0.279
2 | CHY024-V | Chi-Chi, Taiwan 1999 | 0.152 | 9 | TCU055-V | Chi-Chi, Taiwan 1999 | 0.167 | 16 | TCUO74-V | Chi-Chi, Taiwan 1999 | 0.286
3 | CHY028-V | Chi-Chi, Taiwan 1999 | 0.337 | 10 | TCU063-V | Chi-Chi, Taiwan 1999 | 0.132 | 17 | TCU075-V | Chi-Chi, Taiwan 1999 | 0.227
4 | CHY101-V | Chi-Chi, Taiwan 1999 | 0.165 | 11 | TCU0B5-V | Chi-Chi, Taiwan 1999 | 0.272 | 18 | TCUO76-V | Chi-Chi, Taiwan 1999 | 0.281
5 | PET-UP | Cape Mendocino 1992 | 0.163 | 12 | TCU067-V | Chi-Chi, Taiwan 1999 | 0.225 | 19 | TCU078-V | Chi-Chi, Taiwan 1999 | 0.176
6 | TCU049-V | Chi-Chi, Taiwan 1999 | 0.171 | 13 | TCU068-V | Chi-Chi, Taiwan 1999 | 0.486 | 20 | TCUO79-V | Chi-Chi, Taiwan 1999 | 0.388
Site D 7 | CHY104-V | Chi-Chi, Taiwan 1999 | 0.125 | 14 | TCU056-V | Chi-Chi, Taiwan 1999 | 0.115
1 A02-UP Loma Prieta 1989 0.083 | 8 | H-E03-UP | Imperial Valley 1979 |0.127 | 15 | TCU110-V | Chi-Chi, Taiwan 1999 | 0.122
2 | CHY002-V | Chi-Chi, Taiwan 1999 | 0.095| 9 | KAK-UP Kobe 1995 0.158 | 16 | TCU116-V | Chi-Chi, Taiwan 1999 | 0.115
3 | CHY025-V | Chi-Chi, Taiwan 1999 | 0.165 | 10 | NIS-UP Kobe 1995 0.371 | 17 | TCU117-V | Chi-Chi, Taiwan 1999 | 0.088
4 | CHY041-V | Chi-Chi, Taiwan 1999 |0.123 | 11 | TAK-UP Kobe 1995 0.272 | 18 | TCU118-V | Chi-Chi, Taiwan 1999 | 0.117
5 | CHY082-V | Chi-Chi, Taiwan 1999 |0.081 | 12 | TAZ-UP Kobe 1995 0.433 | 19 | TCU141-V | Chi-Chi, Taiwan 1999 | 0.104
6 | CHY092-V | Chi-Chi, Taiwan 1999 | 0.12 | 13 | TCU040-V | Chi-Chi, Taiwan 1999 | 0.081 | 20 | WLF-UP Westmorland 1981 0.214
Table 4. Horizontal component of acceleration records used in this study
NO. ISE:\TE Earthquake P((;;A NO. ISE:\TE Earthquake F:(;f‘ NO. I\ITE:\TE Earthquake F:S)A
Site A 18 GBZ000 Kocaeli, Turkey 1999 | 0.244 | 35 | PFT045 |Anza (Horse Cany)1980| 0.11
1 ABY000 Landers 1992 0.115| 19 GBz270 Kocaeli, Turkey 1999 | 0.137 | 36 | PFT135 |Anza (Horse Cany) 1980 0.131
2 | ABY090 Landers 1992 0.146 | 20 | GGP100 San Francisco 1957 | 0.112 | 37 | PUL104 Northridge 1994 1.585
3 | A-G01247 Hollister 1974 0.132 | 21 | GRN180 Northridge 1994 0.141 | 38 | PUL194 Northridge 1994 1.285
4 | A-GRN180| Whittier Narrows 1987 | 0.304 | 22 | GRN270 Northridge 1994 0.256 | 39 | SILO0O N. Palm Springs 1986 | 0.139
5 | A-GRN270| Whittier Narrows 1987 | 0.199 | 23 | HWAO056-N | Chi-Chi, Taiwan 1999 | 0.107 | 40 | SIL090 N. Palm Springs 1986 | 0.113
6 | AMTWO000| Whittier Narrows 1987 | 0.123 | 24 | HWAO056-W| Chi-Chi, Taiwan 1999 | 0.107 | 41 | TAPO51-W| Chi-Chi, Taiwan 1999 | 0.112
7 | AAMTWO090| Whittier Narrows 1987 | 0.186 | 25 1ZT090 Kocaeli, Turkey 1999 | 0.22 | 42 | TAP103-N | Chi-Chi, Taiwan 1999 | 0.177
8 | ARMS360 | N.Palm Springs 1986 | 0.129 | 26 1ZT180 Kocaeli, Turkey 1999 | 0.152 | 43 | TAP103-W| Chi-Chi, Taiwan 1999 | 0.122
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Table 4. Horizontal component of acceleration records used in this study (continued)
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NO. I\ITEI\E/ITE Earthquake P(Z")A NO. I\ITEI\E/ITE Earthquake P(Z")A NO. I\ITE:\E/ITE Earthquake P((;')A
9 | B-MTWO000| Whittier Narrows 1987 | 0.158 | 27 | L09000 Northridge 1994 0.165 | 44 | TCU046-N | Chi-Chi, Taiwan 1999 | 0.116
10 | B-MTWO090| Whittier Narrows 1987 | 0.142 | 28 | L09021 San Fernando 1971 0.157 | 45 | TCU046-W| Chi-Chi, Taiwan 1999 | 0.133
11| CPMO0O0 | Cape Mendocino 1992 | 1.497 | 29 L09090 Northridge 1994 0.217 | 46 | TVY045 |Anza (Horse Cany) 1980 0.131
12 | CPM090 | Cape Mendocino 1992 | 1.039 | 30 | L09291 San Fernando 1971 0.134 | 47 | WONO095 Northridge 1994 0.112
39 SIL000 N. Palm Springs 1986 | 0.139 | 43 | TAP103-W| Chi-Chi, Taiwan 1999 | 0.122 | 47 | WONO095 Northridge 1994 0.112
40 SIL090 N. Palm Springs 1986 | 0.113 | 44 | TCU046-N | Chi-Chi, Taiwan 1999 | 0.116 | 48 | WON185 Northridge 1994 0.172
41 | TAP051-W| Chi-Chi, Taiwan 1999 | 0.112 | 45 | TCU046-W| Chi-Chi, Taiwan 1999 | 0.133 | 49 | WWT180 | N. Palm Springs 1986 | 0.492
42 | TAP103-N | Chi-Chi, Taiwan 1999 | 0.177 | 46 | TVY045 |Anza (Horse Cany) 1980| 0.131 | 50 | WWT270 | N. Palm Springs 1986 | 0.612

Site B 17 | DSP090 N. Palm Springs 1986 | 0.271 | 34 | SKR090 Kocaeli, Turkey 1999 | 0.376
1 | AND250 Morgan Hill 1984 0423 | 18 | G06090 Morgan Hill 1984 0.292 | 35 | STGO00 Loma Prieta 1989 0.512
2 | AND270 Loma Prieta 1989 0.244 | 19 | G06230 Coyote Lake 1979 0.434 | 36 | STG090 Loma Prieta 1989 0.324
3 | AND340 Morgan Hill 1984 0.289 | 20 | G06320 Coyote Lake 1979 0.316 | 37 | TCUO34-W | Chi-Chi, Taiwan 1999 | 0.25
4 | AND360 Loma Prieta 1989 024 | 21 | GGB270 Loma Prieta 1989 0.233 | 38 | TCU045-N | Chi-Chi, Taiwan 1999 | 0.512
5 | B-FOC000 Friuli, Italy 1976 0.26 | 22 | GIL067 Loma Prieta 1989 0.357 | 39 | TCUO45-W | Chi-Chi, Taiwan 1999 | 0.474
6 | B-LMO355 Livermore 1980 0.252 | 23 | GIL337 Loma Prieta 1989 0.325 | 40 | TCUO47-N | Chi-Chi, Taiwan 1999 | 0.413
7 | CHY029-N | Chi-Chi, Taiwan 1999 | 0.238 | 24 | HCP045 | N. Palm Springs 1986 | 0.24 | 41 | TCU047-W | Chi-Chi, Taiwan 1999 | 0.301
8 | CHY029-W | Chi-Chi, Taiwan 1999 | 0.277 | 25 | JOS000 Landers 1992 0.274 | 42 | TCUO70-W | Chi-Chi, Taiwan 1999 | 0.255
9 | CHY074-W | Chi-Chi, Taiwan 1999 | 0.234 | 26 | JOS090 Landers 1992 0.284 | 43 | TCUOB4-N | Chi-Chi, Taiwan 1999 | 0.417
10 | CHY080-N | Chi-Chi, Taiwan 1999 | 0.902 | 27 | KJMO000 Kobe 1995 0.821 | 44 | TCUOB4-W | Chi-Chi, Taiwan 1999 | 1.157
11 | CHY080-W | Chi-Chi, Taiwan 1999 | 0.968 | 28 | KJMO090 Kobe 1995 0.599 | 45 | TCUOB9-N | Chi-Chi, Taiwan 1999 | 0.248
12 | CLS000 Loma Prieta 1989 0.644 | 29 | NPS210 N. Palm Springs 1986 | 0.594 | 46 | TCU089-W | Chi-Chi, Taiwan 1999 | 0.333
13 | CLS090 Loma Prieta 1989 0.479 | 30 | NPS300 N. Palm Springs 1986 | 0.694 | 47 | TCU095-N | Chi-Chi, Taiwan 1999 | 0.712
14 | CLW-LN Landers 1992 0.283 | 31 | RIO270 | Cape Mendocino 1992 | 0.385 | 48 | TCU095-W | Chi-Chi, Taiwan 1999 | 0.378
15| CLW-TR Landers 1992 0417 | 32 | RIO360 | Cape Mendocino 1992 | 0.549 | 49 | VWC000 Loma Prieta 1989 0.255
16 | DSP000 N. Palm Springs 1986 | 0.331 | 33 | SHLO00 | Cape Mendocino 1992 | 0.229 | 50 | VWC270 Loma Prieta 1989 0.332

Site C 17 | CHY101-W | Chi-Chi, Taifwan 1999 | 0.353 | 34 | TCU067-W | Chi-Chi, Taiwan 1999 | 0.503
1 | CHYO06-E | Chi-Chi, Taiwan 1999 |0.364 | 18 | NST-E Chi-Chi, Taiwan 1999 | 0.309 | 35 | TCU068-N | Chi-Chi, Taiwan 1999 | 0.462
2 | CHY006-N | Chi-Chi, Taiwan 1999 | 0.345| 19 | NST-N Chi-Chi, Taiwan 1999 | 0.388 | 36 | TCU068-W | Chi-Chi, Taiwan 1999 | 0.566
3 | CHYO10-E | Chi-Chi, Taiwan 1999 | 0.227 | 20 | PET000 | Cape Mendocino 1992 | 0.59 | 37 | TCUO71-N | Chi-Chi, Taiwan 1999 | 0.655
4 | CHY014-E | Chi-Chi, Taiwan 1999 |0.229 | 21 | PET090 | Cape Mendocino 1992 | 0.662 | 38 | TCUO71-W | Chi-Chi, Taiwan 1999 | 0.567
5 | CHY014-N | Chi-Chi, Taiwan 1999 | 0.263 | 22 | TCU042-W | Chi-Chi, Taiwan 1999 | 0.246 | 39 | TCUO72-N | Chi-Chi, Taiwan 1999 0.4
6 | CHY024-W | Chi-Chi, Taiwan 1999 | 0.278 | 23 | TCU049-N | Chi-Chi, Taiwan 1999 | 0.251 | 40 | TCUO72-W | Chi-Chi, Taiwan 1999 | 0.489
7 | CHY028-N | Chi-Chi, Taiwan 1999 | 0.821 | 24 | TCU049-W | Chi-Chi, Taiwan 1999 | 0.293 | 41 | TCUO74-N | Chi-Chi, Taiwan 1999 | 0.349
8 |CHY028-W | Chi-Chi, Taiwan 1999 | 0.653 | 25 | TCUO51-N | Chi-Chi, Taiwan 1999 | 0.225 | 42 | TCUO74-W | Chi-Chi, Taiwan 1999 | 0.597
9 | CHY034-E | Chi-Chi, Taiwan 1999 | 0.248 | 26 | TCU052-N | Chi-Chi, Taiwan 1999 | 0.419 | 43 | TCUO75-N | Chi-Chi, Taiwan 1999 | 0.264
10 | CHY034-N | Chi-Chi, Taiwan 1999 | 0.31 | 27 | TCU052-W | Chi-Chi, Taiwan 1999 | 0.348 | 44 | TCU075-W | Chi-Chi, Taiwan 1999 | 0.333
11 | CHY035-N | Chi-Chi, Taiwan 1999 | 0.246 | 28 | TCU053-W | Chi-Chi, Taiwan 1999 | 0.223 | 45 | TCUO76-N | Chi-Chi, Taiwan 1999 | 0.416
12 | CHY035-W | Chi-Chi, Taiwan 1999 | 0.252 | 29 | TCU055-N | Chi-Chi, Taiwan 1999 | 0.201 | 46 | TCU076-W | Chi-Chi, Taiwan 1999 | 0.303
13 | CHY036-N | Chi-Chi, Taiwan 1999 | 0.207 | 30 | TCU055-W | Chi-Chi, Taiwan 1999 | 0.237 | 47 | TCUO78-N | Chi-Chi, Taiwan 1999 | 0.292
14 | CHY036-W | Chi-Chi, Taiwan 1999 | 0.294 | 31 | TCU065-N | Chi-Chi, Taiwan 1999 | 0.603 | 48 | TCUO78-W | Chi-Chi, Taiwan 1999 | 0.444
15 | CHY088-N | Chi-Chi, Taiwan 1999 | 0.216 | 32 | TCU065-W | Chi-Chi, Taiwan 1999 | 0.814 | 49 | TCUO79-N | Chi-Chi, Taiwan 1999 | 0.393
16 | CHY101-N | Chi-Chi, Taiwan 1999 | 0.44 | 33 | TCU067-N | Chi-Chi, Taiwan 1999 | 0.325 | 50 | TCU0O79-W | Chi-Chi, Taiwan 1999 | 0.742

Site D 17 | CHY104-E | Chi-Chi, Taiwan 1999 | 0.162 | 34 | TAP095-E | Chi-Chi, Taiwan 1999 | 0.151
1 A02043 Loma Prieta 1989 0.274 | 18 | CHY104-N | Chi-Chi, Taiwan 1999 | 0.187 | 35 | TAZ000 Kobe 1995 0.693
2 | A02133 Loma Prieta 1989 0.22 | 19 | H-E03140 | Imperial Valley 1979 | 0.266 | 36 | TAZ090 Kobe 1995 0.694
3 | A-E03140 | Imperial Valley 1979 | 0.179 | 20 | H-E03230 | Imperial Valley 1979 | 0.221 | 37 | TCU040-N | Chi-Chi, Taiwan 1999 | 0.123
4 | ATS000 Kocaeli, Turkey 1999 | 0.249 | 21 | ILA030-W | Chi-Chi, Taiwan 1999 | 0.118 | 38 | TCU040-W | Chi-Chi, Taiwan 1999 | 0.149
5 | ATS090 Kocaeli, Turkey 1999 | 0.184 | 22 | KAKO000 Kobe 1995 0.251 | 39 | TCUO56-N | Chi-Chi, Taiwan 1999 | 0.134
6 BLF206 Northridge 1994 0.179 | 23 | KAKO090 Kobe 1995 0.345 | 40 | TCUO56-W | Chi-Chi, Taiwan 1999 | 0.134
7 BLF296 Northridge 1994 0.128 | 24 | NIS000 Kobe 1995 0.509 | 41 | TCU110-N | Chi-Chi, Taiwan 1999 | 0.18
8 | B-WLF225 | Superstitn Hills(B) 1987 | 0.119 | 25 | NIS090 Kobe 1995 0.503 | 42 | TCU110-W | Chi-Chi, Taiwan 1999 | 0.18
9 | B-WLF315 | Superstitn Hills(B) 1987 | 0.167 | 26 | SHI000 Kobe 1995 0.243 | 43 | TCU111-W | Chi-Chi, Taiwan 1999 | 0.136
10 | CHY002-N | Chi-Chi, Taiwan 1999 | 0.147 | 27 | SHI090 Kobe 1995 0.212 | 44 | TCU116-N | Chi-Chi, Taiwan 1999 | 0.148
11 | CHY008-E | Chi-Chi, Taiwan 1999 | 0.13 | 28 | TAKO000 Kobe 1995 0.611 | 45 | TCU116-W | Chi-Chi, Taiwan 1999 | 0.184
12 | CHY008-N | Chi-Chi, Taiwan 1999 | 0.12 | 29 | TAKO090 Kobe 1995 0.616 | 46 | TCU117-N | Chi-Chi, Taiwan 1999 | 0.12
13 | CHY025-N | Chi-Chi, Taiwan 1999 | 0.153 | 30 | TAPOO3-E | Chi-Chi, Taiwan 1999 | 0.126 | 47 | TCU117-W | Chi-Chi, Taiwan 1999 | 0.119
14 | CHY025-W | Chi-Chi, Taiwan 1999 | 0.159 | 31 | TAPOO5-E | Chi-Chi, Taiwan 1999 | 0.137 | 48 | TRI090 Loma Prieta 1989 0.159
15 | CHY041-N | Chi-Chi, Taiwan 1999 | 0.639 | 32 | TAP010-E | Chi-Chi, Taiwan 1999 | 0.121 | 49 | WLF225 Westmorland 1981 0.199
16 | CHY041-W | Chi-Chi, Taiwan 1999 | 0.302 | 33 | TAP090-E | Chi-Chi, Taiwan 1999 | 0.131 | 50 | WLF315 Westmorland 1981 0.176
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Fig. 2. Moment curvature relationship of pier section

Table 5. Force-displacement relationship of pier by pushover analysis
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&
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S 0.6Vyf——— .
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! L
Ay Amax

Displacement (A)

Fig. 3. Bilinear approximation used in ATC-40
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Fig. 4. Comparison of maximum relative displacement of pier in case of scour depth 0 m (scour has not occurred)
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Damage State 5d; Ductility(/t)
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Complete Damage (D, ;) D, 1
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Table 7. Ultimate bearing capacity according to scour depth

oo (m)| 2 (™ Tu a.5°
0 4 257.93 t/m? 91090.56 kN
2 2 172.58 t/m? 60948.35 kV
4 0 87.23 t/m? 30806.15 kV
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Table 8. Comparison of median and standard deviation values of fragility curves according to scour depths

median/

Site Bridge C123 Bridge C213 Bridge C232
Class Scour depth | standard Ds Ds Ds Ds Ds Ds Ds Ds Ds Ds Ds Ds
deviation 2 3 4 5 2 3 4 5 2 3 4 5
Fixed c 0.2786 | 0.3500 | 0.7153 | 1.7888 | 0.2163 | 0.2704 | 0.5204 | 1.0673 | 0.3704 | 0.4582 | 0.8571 | 2.0908
foundation ¢ 0.7450 0.7190 0.6880
Scour Om c 0.1796 [ 0.2122 [ 0.3551 | 1.1551 | 0.1398 | 0.1765 [ 0.2908 [ 0.6480 | 0.2612 | 0.2908 [ 0.6071 | 2.1153
Sie A ¢ 1.0250 0.8420 1.0610
Scour2m c 0.1561 [ 0.2020 [ 0.3276 | 1.0969 | 0.1051 | 0.1643 [ 0.2724 [ 0.5480 | 0.2378 | 0.2949 [ 0.5398 | 1.9133
¢ 1.0910 0.9290 1.0170
Scouram c 0.1449 [ 0.1929 [ 0.2980 | 1.1061 | 0.1102 | 0.1449 [ 0.2480 [ 0.5194 | 0.2316 | 0.2888 [ 0.6112 | 1.6316
¢ 1.1210 0.9520 1.0270
Fixed c 0.2337 | 0.2745 [ 0.4541 [ 1.0041 | 0.2265 | 0.2551 | 0.4173 [ 0.7337 [ 0.2480 | 0.3510 [ 0.6582 | 1.4643
Foundation ¢ 0.7250 0.6800 0.8380
ScourOm c 0.1122 [ 0.1429 [ 0.2235 | 0.6582 | 0.0102 | 0.1122 [ 0.1459 [ 0.4480 | 0.19459] 0.1694 [ 0.4765 | 1.1827
SiteB ¢ 0.9430 0.7570 1.0330
Scour2m c 0.1122 | 0.1429 [ 0.2041 [ 0.5602 | 0.0102 | 0.1122 | 0.1459 [ 0.4306 | 0.1184 [ 0.1745 [ 0.4347 | 1.1306
¢ 0.7880 0.6570 1.0740
Scouram c 0.1122 [ 0.1429 [ 0.1745 | 0.5367 | 0.0102 | 0.1122 [ 0.1459 [ 0.4122 | 0.1184 | 0.1745 [ 0.4133 | 1.0949
¢ 0.7720 0.7120 1.0540
Fixed c 0.1561 | 0.2459 [ 0.4735 [ 1.0786 | 0.0990 | 0.2082 | 0.3765 | 0.7949 [ 0.1908 | 0.3214 [ 0.6551 | 1.3633
foundation ¢ 0.9090 0.8110 0.9550
ScourOm c 0.0102 [ 0.0102 [ 0.1500 | 0.5714 | 0.0102 | 0.0102 [ 0.0102 [ 0.3847 | 0.0102 | 0.1643 [ 0.3480 | 1.0980
Site G ¢ 1.1730 0.8210 1.3960
Scour2m c 0.0102 [ 0.0102 [ 0.1418 | 0.4949 | 0.0102 | 0.0102 [ 0.0102 [ 0.3367 | 0.0102 | 0.0102 [ 0.3020 [ 1.0633
¢ 0.9520 0.6010 1.5030
Scour 4 m c 0.0102 | 0.0102 [ 0.0102 [ 0.3990 | 0.0102 | 0.0102 | 0.0102 [ 0.2949 [ 0.0102 [ 0.0102 [ 0.2816 | 0.8694
¢ 0.9430 0.5500 1.3060
Fixed c 0.2184 | 0.2939 [ 0.4602 [ 0.6990 | 0.1806 | 0.2367 | 0.4184 | 0.6755 | 0.2541 [ 0.3643 [ 0.5704 | 1.1735
foundation ¢ 0.5270 0.5670 0.5670
ScourOm c 0.1133 [ 0.1184 [ 0.2173 | 0.5908 | 0.0102 | 0.1133 [ 0.1653 [ 0.3857 | 0.1378 | 0.1827 [ 0.3684 | 1.0122
SiteD ¢ 1.0450 0.9030 0.8380
Scour21m c 0.0102 [ 0.1143 [ 0.2000 | 0.5337 | 0.0102 | 0.0704 [ 0.1510 [ 0.3500 | 0.1306 | 0.1663 [ 0.3582 | 1.0122
¢ 1.0340 0.8510 0.9260
Scour 4 m c 0.0102 [ 0.1133 [ 0.1827 | 0.4439 | 0.0102 | 0.0704 [ 0.1367 [ 0.3051 | 0.1000 | 0.1673 [ 0.3224 [ 1.0122
¢ 0.9350 0.7500 0.9910
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Fig. 9. Comparison of seismic fragility curves according to scour depths
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