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/] ABSTRACT /

The Korean peninsula has known as a minor-to-moderate seismic region. However, some recent studies had shown that the maximum
possible earthquake magnitude in the region is approximately 6.3-6.5. Therefore, a seismic vulnerability assessment of the existing
infrastructures considering ground motions in Korea is necessary. In this study, we developed seismic fragility curves for a continuous
steel box girder bridge and two typical transmission towers, in which a set of seven artificial and natural ground motions recorded in South
Korea is used. A finite element simulation framework, OpenSees, is utilized to perform nonlinear time history analyses of the bridge and
a commercial software, SAP2000, is used to perform time history analyses of the transmission towers. The fragility curves based on
Korean ground motions were then compared with the fragility curves generated using worldwide ground motions to evaluate the effect of
the two ground motion groups on the seismic fragility curves of the structures. The results show that both non-isolated and base-isolated
bridges are less vulnerable to the Korean ground motions than to worldwide earthquakes. Similarly to the bridge case, the transmission
towers are safer during Korean motions than that under worldwide earthquakes in terms of fragility functions.
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Table 1. List of selected ground motion records in Korea

Earthquake| Time Station | Mag. (M) | PGA (g)
1 Gyeongju | 2016/09/12 DKJ 5.8 0.078
2 Gyeongju | 2016/09/12 MKL 5.8 0.284
3 Gyeongju | 2016/09/12 USN 5.8 0.404
4 KESB - Artificial 1 - 0.200
5 KESC - Avrtificial 2 - 0.200
6 KESD - Avrtificial 3 - 0.200
7 KESE - Artificial 4 - 0.200
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Fig. 3. Configuration of the studied bridge

Table 2. Concrete material properties

foc e focu 1
(MPa) “ 1 (MPa) (MPa)

Confined concrete 408 | 0004 | 342 | 002 | 400 | 0.55
Unconfined concrete | 27.2 | 0.002 | 6.8 | 0.002 | 4.00 1.22

Eis

Table 3. Steel material properties
F/(MPa) | E(GPa) b Ro Cr1 Cr2
steel 408 197 0.01 18 0.925 0.15
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Fig. 4. (a) LRB and (b) its force-deformation relationship
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Fig. 5. Modeling scheme of the isolated bridge in OpenSees (a)
pier-girder and (b) abutment-girder connection

Table 4. Natural periods of the studied bridges

. Non-isolated bridges Base-isolated beidge
Natural period
(sec) (sec)
1% mode 0.88 1.39
2" mode 0.70 1.24
3" mode 0.57 1.1
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Table 5. Proposed damage states of the studied bridges

Threshold value
Component Demand i i
P! Parameter slight | Moderate | Extensive | Collapse
(DS1) | (DS2) (DS3) (DS4)
Pier P1 1.0 1.2 1.9 4.7
Pier P3, P4, P5 | ductility ratio | 1.0 1.3 2.0 52
Pier P6 1.0 1.3 2.0 5.1
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Fig. 6. Comparison of fragility curves of the pier P3 for the non-isolated
bridge
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Fig. 7. Comparison of fragility curves of the pier P3 for the base-isolated
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Table 6. Fragility function parameters for bridges

EQ. | Isolation slight | moderate | extensive | collapse
non | median(g) | 0.058 | 0.106 0.256 0.861

orld -isolated |  SD(g) | 0.744 | 0.748 0.643 0.522
orl
, median (g) | 0.087 | 0.171 0.423 1.199
isolated
SD(g) | 1.025| 0.938 0.896 0.682
non | median(g) | 0.181 | 0.315 0.702 1.970
-isolated | SD(g) | 0.778 | 0.770 0.778 0.493
Korea

median (g) | 0410 | 0710 | 1.409 | 4.104
SD(g) |[1.015| 1193 | 1.024 | 0.862
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Table 7. Steel material properties of tower

E Fy(MPa)
(GPa) SS400 | SS540 | SPS400 | STKT590
765 kV 380 400
— 198 248 344
154 kV - -
155m
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Fig. 8. Finite element models of transmission towers: (a) angle-type
765 kV, (b) angle-type 154 kV

Model Mode2 Mode3 Model Mode2 Mode3
=1.874 =1.863 =0.843 =0.344 =0.342 =0.209
(a) 765 kV (b) 154 kV

Fig. 9. The first three mode shapes of the tower models (sec)
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Table 8. Fragility function parameters of transmission towers

Yield stress Buckling
EQ. Tower o o
Q limit state limit state
median (g) 0.613 2.465
154kV
SD (g) 0.389 0.214
World
median (g) 0.423 0.861
765kV
SD (9) 0.443 0.455
median (@) 0.778 3.101
154kV
SD (g) 0.403 0.232
Korea -
median (g) 1.172 2.166
765kV
SD (g) 0.718 0.510
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