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Seismic Fragility Analysis of RC Bridge Piers in Terms of Seismic Ductility

Young-Soo Chung"”*, Chang-Young Park’, and Ji-Ho Park”’
"Dept. of Civil Engineering, ChungAng University, Ansung 456-756, Korea

ABSTRACT Through lessons in recent earthquakes, the bridge engineering community recognizes the need for new seismic design
methodologies based on the inelastic structural performance of RC bridge structures. This study represents results of performance-based
fragility analysis of reinforced concrete (RC) bridge. Monte carlo simulation is performed to study nonlinear dynamic responses of RC
bridge. Two-parameter log-normal distribution function is used to represent the fragility curves. These two-parameters, referred to as fra-
gility parameters, are estimated by the traditional maximum likelihood procedure, which is treated each event of RC bridge pier damage
as a realization of Bemoulli experiment. In order to formulate the fragility curves, five different damage states are described by two prac-
tical factors: the displacement and curvature ductility, which are mostly influencing on the seismic behavior of RC bridge piers. Five
damage states are quantitatively assessed in terms of these seismic ductilities on the basis of numerous experimental results of RC bridge
piers. Thereby, the performance-based fragility curves of RC bridge pier are provided in this paper. This approach can be used in con-
structing the fragility curves of various bridge structures and be applied to construct the seismic hazard map.
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Table 1 Experimental data for RC columns
Reference Number Diameter Height longlst?li[ill(;:flsteel con\f/‘l?rig:rt;l csteel Ale;ﬁl(c)orce
paper of column (mm) (mmm) ratio (%) atio (%) Plfud,
Budek et al.” ] 457 2415 25 0.82 0.15
Dodd et al."? 9 200 800, 1400, 2000 1.62 0.46~1.06 0.04~0.06
Esmaeily et al.'” 1 406 1829 1.17 0.52 0.30
Ghee et al.'” 1 400 1000 3.20 1.02 0.20
Kim et al.” 7 1200 4800 1.01, 2.02 0.23, 047 0.07
Lee et al'"” 7 400 1700 126 0.79~1.32 0.1~0.3
Lee et al” 15 400 1700 126 0.79, 0.99 0.1~0.3
Lee et al™ 4 400, 1200 1400~3000 1.01, 126 0.23, 0.4 0.07~0.2
Kowalskyet al*" 9 610 1525 1.85 1.85 0.04
Lehman et al™ 2 610 2440 0.75 0.70 0.07
Naito et al.” 1 717 3188 2.13 1.00 0.05
Priestley et al.”” 1 610 1829 0.53 0.30 0.06
Wong et al” 1 400 800 320 145 0.19
Chung et al*® 4 500 2032 1.10 0.37, 0.73 0.09, 0.15
Chung et al”” 7 500 1882 1.16 0.23~0.96 0.1, 0.15
Chung et al™® 5 600 1500, 2100 1.55 0.23~1.06 0.10
Chung et al” 5 600 2400 1.13 0.19~0.78 0.1~0.2
Total 80 200~1200 800~3000 0.53~3.20 0.19~1.85 0.04~0.30
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Table 2 Description of damage state

Damage state

Damage description in RC bridge pier

1 Almost no damage Almost no damage

I Minor damage Minor cracking in the plastic hinge region

I Moderate damage Yielding of rebar and minor spalling of cover concrete due to inelastic response
v Major damage Major spalling of cover concrete and buckling of rebar

Vv Collapse Buckling or fracture of longitudinal bars and collapsing of piers

(a) Almost no damage

(d) Major damage

Fig. 1 Experimental damage states
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Table 4 Damage state coefficient, displ. and curvature ductility
in terms of damage state
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Table 5 Drift limits and curvature ductility in terms of damage state

D at Descrintion of d at Dutta & Mander™ HAZUS™
amage state escription of damage states (drift Timits) (curvature ductility)
Almost no. First yield 0.005 Hy<1

Slight cracking and spalling 0.007 L <py<5
Moderate Loss of anchorage 0.015 5 <py<10
Extensive Incipient column collapse 0.025 10 < p14<20
Complete Column collapse 0.050 20 < py
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