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/] ABSTRACT /

Damage potential has been investigated for a domestic metropolitan railway bridge subjected to 2016 Gyeongju earthquake which has
been reported as the strongest earthquake in Korea. For this purpose, nonlinear static pushover analyses for the bridge piers have been
carried out to evaluate ductility capacities. Then, the capacities have been compared with those suggested by Railway Design Standards
of Korea. This comparison shows that all piers possess enough safety margins. Nonlinear dynamic time-history analysis has also been
conducted to estimate both displacement and shear force demands for the bridge subjected to ground motions recorded at stations in near
of Gyeongju. Maximum demands reveal that response under the ground motions remains essentially in elastic. In addition, for a further
assessment of the bridge under the Gyeongju earthquake, fragility analyses have been performed using those ground motions. The
fragility results indicate that the recorded earthquakes do not significantly affect the damage exceedance probability of the bridge piers.
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Fig. 1. General layout of railway bridge under consideration
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Fig. 2. Cross-section details of superstructure
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Fig. 3. Dimensions and cross-section details of pier
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Table 1. Confinement factor for confined concrete
Longitudinal reinforcement For two layers For one layer
Spacing of transverse reinforcement 200 mm 300 mm 300 mm
Confinement factor 1.35 1.23 1.05
Table 2. Degree of freedom for movable and fixed bearings
Movement Axis Fixed bearing Movable bearing
Longitudinal direction to bridge axis Elastic Free
Translation Transverse direction to bridge axis Elastic Elastic
Vertical direction Elastic Elastic
Longitudinal direction to bridge axis Elastic Elastic
Rotation Transverse direction to bridge axis Free Free
Vertical direction Free Free
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Fig. 4. Analytical model of railway bridge under consideration
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Table 3. Effective height of piers

Pier No. 1 2 3 4 5 6
Height (mm) 10,603 10,553 10,890 11,464 11,797 12,104
Applied axial force (kN) 4081 4269 4300 4354 4385 4414
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Fig. 5. Analytical model for piers
Table 4. Maximum lateral force for piers
Pier No. 1 2 3 4 5 6
Maximum shear force (kN) 1878 1897 1840 1743 1692 1647
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Table 5. Displacement and curvature ductility for pier
- Displacement (mm) Displacement Curvature (/m) Curvature
ier S .
At yield At ultimate ductility, pi, At yield At ultimate ductility, p,
Pier 1 66 248 37 0.001368 0.031355 229
Pier 2 65 243 37 0.001353 0.030860 22.8
Pier 3 69 356 5.1 0.001368 0.048156 35.2
Pier 4 76 380 5.0 0.001354 0.048085 35.5
Pier 5 80 394 49 0.001374 0.048055 35.0
Pier 6 84 407 438 0.001370 0.047973 35.0
Table 6. Comparison of ductility for piers
Displacement ductility Curvature ductility
Pier | Nonlinear pushover| Railway Design Safety Nonlinear pushover| Railway Design Safety
analysis Standards [8] ratio analysis Standards [8] ratio
Pier 1 3.7 14 2.6 229 55 42
Pier 2 3.7 14 2.6 22.8 55 41
Pier 3 5.1 1.6 32 35.2 7.0 5.0
Pier 4 5.0 1.6 3.1 35.5 6.9 5.1
Pier 5 49 1.6 3.1 35.0 6.9 5.1
Pier 6 4.8 16 3.0 35.0 6.9 5.1
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Table 7. Peak ground acceleration recorded at stations
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Fig. 9. Comparison of response spectrum

Table 8. Schedule of dynamic analyses

Applied input ground motion analyses
Analytical model
Longitudinal direction Transverse direction Vertical direction
Case-1 DKJ-EW DKJ-NS
Case-2 DKJ-EW DKJ-NS DKJ-Vertical
Case-3 DKJ-NS DKJ-EW
Case-4 DKJ-NS DKJ-EW DKJ-Vertical
Case-5 MKL-EW MKL-NS
Case-6 MKL-EW MKL-NS MKL-Vertical
Case-7 MKL-NS MKL-EW
Case-8 MKL-NS MKL-EW MKL-Vertical
Case-9 USN-EW USN-NS
Case-10 USN-EW USN-NS USN-Vertical
Case-11 USN-NS USN-EW
Case-12 USN-NS USN-EW USN-Vertical
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Table 9. Maximum displacement and shear force for piers in longitudinal direction

EEL CIET UL ERE

Analytical Pier displacement (mm) Pier shear force (kN)
model 1 2 3 4 5 6 1 2 3 4 5 6
Case-1 1.1 1.9 24 25 1.9 1.3 96 146 156 154 107 7
Case-2 3.0 3.0 3.0 27 1.8 1.1 213 182 172 157 101 67
Case-3 3.5 6.9 8.6 8.9 7.3 4.1 237 373 388 366 302 208
Case-4 6.6 8.6 10.2 10.2 8.1 4.4 424 428 455 418 347 222
Case-5 5.8 9.3 124 13.4 9.6 5.8 359 443 471 463 354 293
Case-6 7.5 9.3 10.8 11.2 8.7 4.9 470 457 444 392 339 233
Case-7 71 13.4 17.2 17.5 14.2 79 401 560 636 551 476 319
Case-8 9.2 1.7 13.0 13.2 104 6.2 521 509 502 484 405 275
Case-9 16.1 24.0 30.2 311 253 15.6 873 975 1027 970 765 630
Case-10 17.5 221 235 26.0 19.3 13.0 851 884 879 848 681 559
Case-11 51 6.7 85 9.2 6.8 53 392 391 377 394 304 325
Case-12 8.3 10.3 9.3 9.0 76 6.0 525 467 492 430 355 371

Table 10. Maximum displacement and shear force for piers in transverse direction

Analytical Pier displacement (mm) Pier shear force (kN)
model 1 2 3 4 5 6 1 2 3 4 5 6
Case-1 1.8 10.7 11.8 18.1 12.7 41 196 431 425 510 381 264
Case-2 1.8 10.5 13.8 18.0 12.9 4.0 192 428 488 513 407 263
Case-3 1.7 35 4.2 7.3 52 22 186 188 215 281 233 146
Case-4 1.9 3.6 4.3 7.2 4.7 23 203 196 207 280 215 150
Case-5 4.5 17.7 29.2 404 31.0 9.6 409 571 759 865 688 494
Case-6 46 18.0 30.8 38.7 21.7 9.5 446 605 861 952 539 506
Case-7 28 10.6 15.8 28.6 244 7.7 306 420 481 684 583 409
Case-8 2.8 10.0 16.0 30.0 16.5 74 314 453 562 780 478 418
Case-9 31 4.4 6.9 8.1 8.8 3.3 313 254 299 304 333 231
Case-10 3.0 4.1 6.6 8.8 10.1 32 325 262 344 331 346 211
Case-11 9.1 12.6 8.6 10.6 10.0 8.2 743 534 377 385 395 445
Case-12 9.2 12.7 7.9 9.5 10.8 8.6 791 585 344 390 417 461
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