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Earthquake Name Station Name Duglon Magnitude  Mechanism (E rf) ?kr#f)) Ra "(’9)” fan (r;//ssig)
"Northern Calif-04" "Ferndale City Hall" 82.3 5.7 SS 56.94 57.21 224/314 219.31
"San Fernando" "2516 Via Tejon PV" 70.2 6.61 R 55.2 55.2 065/155  280.56
"San Fernando" "Pasadena - Old Seismo Lab" 101.15 6.61 R 215 21.5 180/270 969.07
"Imperial Valley-01" "El Centro Array #9" 30.025 5 SS 32.44 34.98 000/090 213.44
"Northwest Calif-01" "Ferndale City Hall" 40 55 SS 52.73 53.58 045/135  219.31
"Northern Calif-01" "Ferndale City Hall" 40 6.4 SS 44.52 44.68 225/315 219.31
"Coyote Lake" "SJB Overpass Bent 3 g.1." 26.85 5.74 SS 20.44 20.67 067/337 367.43
"Borrego" "El Centro Array #9" 50 6.5 SS 56.88 56.88 000/090  213.44
"Imperial Valley-03" "El Centro Array #9" 40 5.6 SS 24.58 25.24 000/090 213.44
"Northwest Calif-03" "Ferndale City Hall" 40 5.8 SS 53.73 53.77 224/314 219.31
"Kern County" "Taft Lincoln School" 54.35 7.36 R 38.42 38.89 021/111  385.43
"Northern Calif-02" "Ferndale City Hall" 57.975 5.2 SS 42.69 43.28 044/134 219.31
"Parkfield" "San Luis Obispo" 29.95 6.19 SS 63.34 63.34 234/324 493.5
"Northern Calif-06" "Hollister City Hall" 61.3 5.2 SS 37.11 37.69 181/271  198.77
"Lytle Creek" "Colton - So Cal Edison" 40 5.33 RO 29.18 30.11 090/180 301.95
"Central Calif-01" "Hollister City Hall" 57.4 5.3 SS 25.11 25.81 181/271 198.77
"Northern Calif-03" "Ferndale City Hall" 40 6.5 SS 26.72 27.02 044/314  219.31
"Lytle Creek" "Cedar Springs Pumphouse" 10.225 5.33 RO 21.33 22.94 126/216  477.22
"Lytle Creek" "Puddingstone Dam (Abutment)" 13.25 5.33 RO 29.49 30.02 055/325 421.44
"San Fernando" "Fort Tejon" 10.4 6.61 R 59.52 61.64 000/090  394.18
"Lytle Creek" "Santa Anita Dam" 5.925 5.33 RO 42.14 42.52 003/273  667.13
"San Fernando" "Fairmont Dam" 61.15 6.61 R 25.58 30.19 056/326 634.33
"San Fernando" "Carbon Canyon Dam" 40 6.61 R 61.79 61.79 130/220 235
"San Fernando" "Gormon - Oso Pump Plant" 9.25 6.61 R 43.95 46.78 000/270  308.35
"San Fernando" "LA - Hollywood Stor FF" 79.45 6.61 R 22.77 22.77 090/180 316.46
"San Fernando" "Lake Hughes #1" 60.2 6.61 R 22.23 27.4 1021/111  425.34
"San Fernando" "Palmdale Fire Station" 57.7 6.61 R 24.16 28.99 120/210 452.86
"San Fernando" "Pasadena - CIT Athenaeum" 28.6 6.61 R 25.47 25.47 000/090  415.13
"San Fernando" "Pearblossom Pump" 27.35 6.61 R 35.54 38.97 000/0270  529.09
"San Fernando" "Puddingstone Dam (Abutment)" 32.85 6.61 R 52.64 52.64 055/325 421.44
"San Fernando" "Santa Anita Dam" 29.75 6.61 R 30.7 30.7 003/273  667.13
"San Fernando" "Santa Felita Dam (Outlet)" 40 6.61 R 24.69 24.87 172/262 389
"San Fernando" "Tehachapi Pump" 12.63 6.61 R 61.75 63.79 090/180  669.48
"San Fernando" "Upland - San Antonio Dam" 29.95 6.61 R 61.72 61.73 015/0285  487.23
"San Fernando" "Wheeler Ridge - Ground" 29.775 6.61 R 68.38 70.23 090/180  347.67
"San Fernando" "Whittier Narrows Dam" 40 6.61 R 39.45 39.45 143/233 298.68
"San Fernando" "Wrightwood - 6074 Park Dr" 19.975 6.61 R 61.64 62.23 025/295 486
"Northern Calif-07" "Cape Mendocino" 14.625 5.2 SS 28.73 34.73 030/120  567.78
"Northern Calif-07" "Petrolia General Store" 17.7 5.2 SS 28.48 34.67 075/345 368.72
"Northern Calif-07" "Shelter Cove Sta A" 115 5.2 SS 58.78 62.76 200/290  594.83
"Northern Calif-07" "Shelter Cove Sta B" 15.9 5.2 SS 59.7 63.64 070/160 518.98
"Friuli Italy-01" "Barcis" 16.6 6.5 R 49.13 49.38 000/270  496.46
"Friuli Italy-01" "Codroipo" 39.975 6.5 R 33.32 334 000/270  249.28
"Friuli Italy-02" "Codroipo" 33.575 5.91 R 41.37 41.39 000/270  249.28
"Santa Barbara" "Cachuma Dam Toe" 11.69 5.92 RO 23.75 27.42 250/340 465.51
"Tabas Iran" "Boshrooyeh" 35 7.35 R 24.07 28.79 LUT1 324,57
"Coyote Lake" "Halls Valley" 60.025 5.74 SS 33.69 33.83 150/240  281.61
"San Fernando" "Port Hueneme" 58.11 6.61 R 68.84 68.84 180/270 248.98
"Northern Calif-05" "Ferndale City Hall" 93 5.6 SS 27.36 28.73 224/314 219.31
"Borrego Mtn" "El Centro Array #9" 80 6.63 SS 45.12 45.66 180/270  213.44
"Coalinga-01" "Parkfield - Fault Zone 6" 64.99 6.36 R 31.64 32.87 000/090  266.65
"Coalinga-01" "Parkfield - Fault Zone 7" 59.99 6.36 R 29.91 3121 000/090  297.46
"Coalinga-01" "Parkfield - Fault Zone 8" 59.99 6.36 R 28.58 29.94 000/090  308.84
"Northern Calif-06" "Hollister City Hall" 61.28 5.2 SS 37.11 37.69 181/271 198.77
"Borrego Mtn" "El Centro Array #9" 79.99 6.63 SS 45.12 45.66 180/270 213.44
"Coyote Lake" "San Juan Bautista - Hwy 101/156 26.84 5.74 SS 20.44 20.67 067/337 362.98
Overpass"
"Imperial Valley-06" "Calipatria Fire Station" 39.635 6.53 SS 23.17 24.6 225/315  205.78
"Imperial VValley-06" "Coachella Canal #4" 28.57 6.53 SS 49.1 50.1 4045/413  336.49
"Imperial Valley-06" "El Centro Array #13" 39.625 6.53 SS 21.98 21.98 3140/323  249.92
"Imperial VValley-06" "Niland Fire Station" 40 6.53 SS 35.64 36.92 090/360 212
"Imperial Valley-06" "Plaster City" 18.785 6.53 SS 30.33 30.33 045/135 316.64
"Imperial VValley-06" "Superstition Mtn Camera" 28.32 6.53 SS 24.61 24.61 045/135  362.38
"Imperial VValley-06" "Victoria" 86.385 6.53 SS 31.92 31.92 075/345  242.05
"Imperial Valley-07" "Brawley Airport" 10.86 5.01 SS 24.26 25.32 225/315 208.71
"Imperial Valley-07" "Delta" 18.13 5.01 SS 49.4 49.93 262/352 242.05
"Imperial Valley-07" "El Centro Array #1" 10.88 5.01 SS 23.76 24.84 1140/123  237.33
"Livermore-01" "APEEL 3E Hayward CSUH" 39.995 5.8 SS 29.19 30.59 146/236  517.06
"Taiwan SMART1(5)" "SMART1 I12" 41.78 5.9 R 25.7 26.77 EWINS 275.82
"Taiwan SMART1(5)" "SMART1 M01" 34.42 5.9 R 26.31 27.36 EWINS 268.37
"Taiwan SMART1(5)" "SMART1 MO07" 33.68 5.9 R 24.68 25.79 EW/NS 327.61
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"Taiwan SMART1(5)" "SMART1 001" 39.5 5.9 R 27.3 28.31 EW/NS 267.67
"Taiwan SMART1(5)" "SMART1 007" 43.62 5.9 R 23.77 24.93 EW/NS 314.33
"Coalinga-01" "Cantua Creek School" 64.99 6.36 R 23.78 24.02 270/360  274.73
"Coalinga-01" "Parkfield - Cholame 12W" 59.99 6.36 R 55.05 55.77 270/360 359.03
"Coalinga-01" "Parkfield - Cholame 3E" 59.99 6.36 R 40.01 40.98 000/090  397.36
"Coalinga-01" "Parkfield - Cholame 3W" 59.99 6.36 R 44.82 457 000/090  230.57
"Coalinga-01" "Parkfield - Cholame 4W" 59.99 6.36 R 45.49 46.35 000/090 410.4
"Coalinga-01" "Parkfield - Cholame 5W" 59.99 6.36 R 47.88 48.7 270/360  236.59
"Coalinga-01" "Parkfield - Cholame 6W" 59.99 6.36 R 49.4 50.2 000/090  251.57
"Coalinga-01" "Parkfield - Cholame 8W" 59.99 6.36 R 50.98 51.75 000/270 256.82
"Coalinga-01" "Parkfield - Fault Zone 11" 59.99 6.36 R 27.1 28.52 000/090  541.73
"Coalinga-01" "Parkfield - Fault Zone 14" 64.99 6.36 R 28.11 29.48 000/090  246.07
"Coalinga-01" "Parkfield - Fault Zone 16" 64.99 6.36 R 26.2 27.67 000/090 384.26
"San Fernando" "Santa Anita Dam" 29.74 6.61 R 30.7 30.7 003/273  667.13
"Taiwan SMART1(5)" "SMART1 C00" 32.82 5.9 R 255 26.59 EW/NS 309.41
"Taiwan SMART1(5)" "SMART1 106" 37.66 5.9 R 25.31 26.4 EW/NS 309.41
"Trinidad offshore" "Rio Dell Overpass E Ground" 21.445 5.7 SS 68.02 68.58 000/270  311.75
"Trinidad offshore" "Rio Dell Overpass W Ground" 21.445 5.7 SS 68.02 68.58 000/270  311.75
"Morgan Hill" "APEEL 1E - Hayward" 59.985 6.19 SS 51.68 51.69 000/090 219.8
"Morgan Hill" "Capitola” 28.365 6.19 SS 39.08 39.08 042/132  288.62
"Morgan Hill" "Corralitos" 28.365 6.19 SS 23.23 23.24 220/310  462.24
"Morgan Hill" "Foster City - APEEL 1" 59.985 6.19 SS 53.89 53.89 040/310  116.35
"Morgan Hill" "Hollister City Hall" 28.365 6.19 SS 30.76 30.76 001/271 198.77
"Morgan Hill" "Hollister Differential Array #3" 40 6.19 SS 26.42 26.43 255/345 215.54
"Morgan Hill" "San Juan Bautista 24 Polk St" 59.985 6.19 SS 27.15 27.15 213/303 3355
"Morgan Hill" "San Justo Dam (L Abut)" 28.365 6.19 SS 31.88 31.88 270/360  543.63
"Morgan Hill" "San Justo Dam (R Abut)" 28.365 6.19 SS 31.88 31.88 270/360  543.63
"Morgan Hill" "UCSC Lick Observatory" 59.985 6.19 SS 45.47 45.47 050/320  713.59
"Bishop (Rnd Val)" "McGee Creek - Surface” 6.855 5.82 SS 21.79 22.75 270/360  359.23
"Chalfant Valley-01" "Benton" 39.97 5.77 SS 24.25 24.33 270/360  370.94
"Chalfant Valley-01" "Bishop - LADWP South St" 39.92 5.77 SS 23.38 23.47 180/270 303.47
"Chalfant Valley-01" "Lake Crowley - Shehorn Res." 39.995 5.77 SS 24.37 24.45 09/099 456.83
"Chalfant Valley-02" "Benton" 39.995 6.19 SS 21.55 21.92 270/360  370.94
"Chalfant Valley-02" "Convict Creek" 39.995 6.19 SS 29.35 31.19 000/090  382.12
"Chalfant Valley-02" "Lake Crowley - Shehorn Res." 39.995 6.19 SS 22.08 24.47 0.009/09  456.83
"Chalfant Valley-02" "Long Valley Dam (Downst)" 21.995 6.19 SS 18.3 21.12 000/090  537.16
"Chalfant Valley-02" "Long Valley Dam (L Abut)" 21.995 6.19 SS 18.3 21.12 000/090  537.16
"Chalfant Valley-02" "Mammoth Lakes Sheriff Subst." 39.995 6.19 SS 34.92 36.47 020/290  529.39
"Chalfant Valley-02" "McGee Creek - Surface" 20.16 6.19 SS 28.2 30.11 270/360  359.23
"Chalfant Valley-02" "Tinemaha Res. Free Field" 39.995 6.19 SS 50.92 51.98 000/090  467.62
"Chalfant Valley-03" "Bishop - LADWP South St* 39.905 5.65 SS 24.3 24.41 180/270  303.47
"Chalfant Valley-04" "Bishop - LADWP South St* 39.905 5.44 SS 23.99 24.75 180/270  303.47
"Superstition Hills-02" "Calipatria Fire Station" 22.25 6.54 SS 27 27 225/315 205.78
"Superstition Hills-02" "Plaster City" 22.14 6.54 SS 22.25 22.25 045/135 316.64
"Superstition Hills-02" "Salton Sea Wildlife Refuge" 21.89 6.54 SS 25.88 25.88 225/315 191.14
"Landers" "Amboy" 50 7.28 SS 69.21 69.21 000/090  382.93

"Landers" "Desert Hot Springs" 50 7.28 SS 21.78 21.78 000/090 359
"Landers" "Fort Irwin" 40 7.28 SS 62.98 62.98 000/090  367.43
"Landers" "Hemet Fire Station" 56 7.28 SS 68.66 68.66 000/090  328.09
"Landers" "Indio - Coachella Canal" 60 7.28 SS 54.25 54.25 000/090  339.02
"Landers" "Silent Valley - Poppet Flat" 55 7.28 SS 50.85 50.85 000/090  659.09
"Landers" "Twentynine Palms" 50 7.28 SS 41.43 41.43 000/090 635.01

"Big Bear-01" "Desert Hot Springs" 60 6.46 SS 39.52 40.54 090/360 359
"Big Bear-01" "Hemet Fire Station" 60 6.46 SS 47.6 48.39 090/360  328.09
"Big Bear-01" "Hesperia - 4th & Palm" 60.01 6.46 SS 44.48 44.65 090/180  358.36
"Big Bear-01" "Joshua Tree" 60 6.46 SS 40.99 41.87 090/360  379.32
"Big Bear-01" "Mt Baldy - Elementary Sch" 60.01 6.46 SS 67.74 67.85 090/180  444.74
"Big Bear-01" "Palm Springs Airport" 60 6.46 SS 51.51 52.48 090/360 312.47
"Big Bear-01" "Phelan - Wilson Ranch" 60.01 6.46 SS 64.04 64.16 090/180 333.41
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0.1g R=0.94 Y=0.86*Target+ 0.00098 R=0.95 Y=1*Target - 0.005 R=0.94 Y=0.91*Target + 0.0028
0.2g R=0.94 Y=0.87*Target+0.0026 R=0.96 Y=0.94*Target+0.01 R=0.92 Y=0.94*Target+ 0.0023
0.3y R=0.96 Y=0.94*Target+0.0031 R=0.83 Y=0.95*Target+0.013 R=0.91 Y=0.74*Target + 0.027
04g R=0.95 Y=0.91*Target+0.0009 R=0.94 Y=0.84*Target -0.035 R=0.94 Y=0.77*Target+0.0058
0.5 R=0.95 Y=0.98*Target - 0.028 R=0.91 Y=0.94*Target-0.074 R=0.89 Y=0.91*Target - 0.023
0.6g R=0.95 Y=0.84*Target + 0.016 R=0.9 Y=0.93*Target+0.021 R=0.95 Y=0.9*Target + 0.034
0.79 R=0.95 Y=0.84*Target+0.0098 R=0.90 Y=0.85*Target+0.032 R=0.93 Y=0.9*Target+ 0.0099
0.8g R=0.94 Y=0.93*Target - 0.21 R=0.93 Y=0.88*Target -0.098 R=0.92 Y=0.93*Target - 0.19
099 R=0.93 Y=0.83*Target+0.036 R=0.90 Y=0.96*Target+0.15 R=0.91 Y=0.89*Target + 0.18

19 R=0.92 Y= 0.84*Target - 0.013 R=0.95 Y=0.89*Target-0.041 R=0.92 Y=0.78*Target + 0.03
1.1g R=0.95 Y= 0.86*Target + 0.04 R=0.94 Y=0.86*Target+0.22 R=0.89 Y=0.89*Target+0.16
1.2g R=0.97 Y=0.94*Target+0.0046 R=0.95 Y=0.87*Target+0.13 R=0.95 Y=0.94*Target - 0.12
1.3g R=0.96 Y=0.83*Target - 0.17 R=0.91  Y=0.95*Target -0.1 R=0.91 Y=0.88*Target - 0.0081
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Y=0.97*Target +

Response-XP R=0.98 0.054 R=0.97
Response-XN R=0.98 Y=0.96*Target - 0.057 R=0.96
_ Y=0.95*Target + _
Response-YP R=0.98 0.064 R=0.95
Response-YN R=0.97 Y=0.95*Target - 0.073 R=0.95

el S o slzel o e

ol d> e

Equation R Equation

Y=0.96*Target + Y=0.98*Target +

0.064 R=0.95 0.058
Y=0.93*Target-0.11 R=0.97  Y=0.96*Target -0.078
Y=0.91*Target + 0.11  R=0.94  Y=0.91*Target + 0.13
Y=0.89*Target -0.14  R=0.95  Y=0.91*Target - 0.081
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Abstract

Development of Seismic Fragility of Concrete Bridge with Column Ductility

Measure and Neural Network Approach

K. Karimi-Moridani
Department of Structural Engineering, Science and Research Branch, Islamic Azad University, Tehran, Iran
P. zarfam*
Department of Structural Engineering, Science and Research Branch, Islamic Azad University, Tehran, Iran
M. Ghafory Ashtiany
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Abstract

The objective of the present research approach based on soft computing (neural network) in the
evaluation of seismic fragility of the highway bridge. In addition to the empirical methods and
expert’s judgmental, seismic fragility curves are often determined by using analytical method in
Structures, recently. The derivation of seismic fragility curves of the horizontal curved bridge
based on the neural network with a focus on concrete column ductility measure by using 129
seismic records is performed. Earthquake records have been chosen from the PEER strong motion
database and scaled on 0.1g to 1.3g. By using 1677 nonlinear dynamic analysis, incremental
dynamic analysis (IDA) curves was drawn. Characteristics of earthquake ground motion as input
and extraction of nonlinear dynamic analysis of columns ductility as output, are variables in
building the neural network. Feature Extraction different records in different seismic intensity
represents a seismic record neural network. Obviously, these characteristics are properly
associated with structural damage. By transforming collection features different seismic record
(matrix nxm) to the data with the same characteristics of seismic input (matrix pxm, p<m) through
factor analysis, Neural network prediction in order to determine the response of structures,
computational effort is much reduced with acceptable accuracy.

Keywords: Bridge, Curvature Ductility, Concrete Column, Neural Network, Fragility, Statistical
Distribution.
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