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A Study on Seismic Fragility of PSC Bridge Considering Aging and Retrofit Effects

Hyojoon An', Jong-Han Lee”

Abstract : In recent years, magnitude and frequency of earthquakes have increased in Korea. Damage to a bridge, which is one of the main
infrastructures, can directly lead to considerable loss of human lives. Therefore, engineers need to evaluate the seismic fragility of the structure and
prepare for the possible seismic damage. In particular, the number of aging bridges over 30 years of service increases, and thus the seismic analysis
and fragility requires accounting for the aging and retrofit effects on the bridge. In this study, the nonlinear static and dynamic analyses were
performed to evaluate the effects of the aging and FRP retrofit on a PSC bridge. The aging and FRP retrofit were applied to piers that dominate the
response of the bridge during earthquakes. The maximum displacement of the bridge increased due to the aging of the pier but decreased when FRP
retrofit applied to the aged pier. In addition, seismic fragility analysis was performed to evaluate the seismic behavior of the bridge combined with
the seismic performance of the pier. Compared with the aged bridge, the FRP retrofit bridge showed a decrease in the seismic fragility in all levels of

damage. The reduction of the seismic fragility in the FRP bridge was prominent as the value of PGA and level of damage increased.
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Fig. 3 Analytical modelling of RB
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Table 1 Summary of the yield and ultimate displacements (units: mm)

Displacement

limit states Orignal Aged FRP
D, 27.0 22,0 3.0
D, 77.0 67.0 110.0
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Table 2 Summary of ground motions

SAC Record Magnitude PGA
Name M (9)
BO1 Simulation, hanging wall 6.5 0.12
BO2 Simulation, hanging wal 6.5 0.07
BO3 Simulation, foot wall 6.5 0.14
BO4 Simulation, foot wall 6.5 0.11
BO5 New Hampshire, 1982 43 0.58
BO6 New Hampshire, 1982 4.3 0.32
BO7 Nahanni, 1985 6.9 0.09
BOS8 Nahanni, 1985 6.9 0.08
BO9 Nahanni, 1985 6.9 0.06
BO10 Nahanni, 1985 6.9 0.07
BO11 Nahanni, 1985 6.9 0.13
BOI12 Nahanni, 1985 6.9 0.14
BO13 Saguenay, 1988 59 0.20
BO14 Saguenay, 1988 59 0.29
BO15 Saguenay, 1988 59 0.52
BO16 Saguenay, 1988 5.9 0.25
BO17 Saguenay, 1988 5.9 0.18
BO18 Saguenay, 1988 5.9 0.23
BO19 Saguenay, 1988 5.9 0.18
B0O20 Saguenay, 1988 5.9 0.27
BO21 simulation, foot wall 6.5 0.32
BO22 simulation, foot wall 6.5 0.36
BO23 simulation, foot wall 6.5 0.34
BO24 simulation, foot wall 6.5 0.24
BO25 simulation, foot wall 6.5 0.29
BO26 simulation, foot wall 6.5 0.31
BO27 Nahanni, 1985 Station 1 6.9 0.25
BO28 Nahanni, 1985 Station 1 6.9 0.24
BO29 Nahanni, 1985 Station 2 6.9 0.17
BO30 Nahanni, 1985 Station 2 6.9 0.21
BO31 Nahanni, 1985 Station 3 6.9 0.38
BO32 Nahanni, 1985 Station 3 6.9 0.39
BO33 Saguenay, 1988 5.9 0.57
BO34 Saguenay, 1988 59 0.78
BO35 Saguenay, 1988 5.9 1.50
BO36 Saguenay, 1988 5.9 0.71
BO37 Saguenay, 1988 5.9 0.52
BO38 Saguenay, 1988 5.9 0.65
BO39 Saguenay, 1988 5.9 0.51
BO40 Saguenay, 1988 5.9 0.78
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Table 3 Displacement limit states of the bridge for the original, aged,
and FRP-retrofitted piers (units: mm)

Limit
states
Original 0.019 0.027 0.040 0.077

Slight Moderate Severe Collapse
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FRP 0.023 0.033 0.052 0.110
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