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ABSTRACT

Curved bridges exhibit complicated responses in the course of an earthquake,
due to their distinctive geometric status. Thereby in this study, the effect of
different curvature radii on the seismic damage probability of curved multi-
frame concrete box-girder bridges was investigated and compared to straight
bridge. Three-dimensional probabilistic seismic vulnerability of the curved
multi-frame concrete box-girder bridges was delved in the near-fault events
subjected to three-directional ground motion excitations (considering vertical
component of earthquake). Bridge models were analyzed in 5 different radii
subjected to 80 near-fault earthquake records and taking into account all
demand uncertainties (14 uncertainties inherent of bridge, along with the
earthquake uncertainty) as well as capacity uncertainties. Of all the bridges
of this class, a total of 10 completely random geometries, representing
geometric status of entire statistical population of curved box-girder bridges
in California, were selected for each of the six bridge radii using the Latin-
Hypercube Sampling technique. Having performed nonlinear dynamic
analyses, the fragility curve of each bridge component was plotted, and the
curvature effect on the vulnerability of various bridge components was
investigated. Thereby, comparing seismic demand with the capacity of
components through Monte Carlo simulation strategy, damage probability of
the bridge system was estimated.
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13 Scharge
14 zero Length
15 Caltrans: california transportation
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Bridge component or
material

Modeled element type and behavior

References

Deck

Column

Elastomeric bearings

Impact

Piles

Abutment

Shear key

Concrete

Reinforcing steel bars

Elastic beam-column element with calculated
section properties

Element Disp Beam Column with fiber section

Elastic-perfectly-plastic behavior with steel 01
material applied to zero length element

Bilinear behavior applied to zero length element

Uniaxial material hysteretic with trilinear
behavior

Hyperbolic gap material with parabolic soil
behavior which

applied to zero length element

Uniaxial hysteretic behavior applied to zero
length element

Concrete 07 material with monotonic stress-strain
characteristic

Steel 02 material with isotropic strain hardening
behavior

Nielson (2005) [1]

Nielson (2005) [1]

Nielson (2005) [1]

Muthukumar and DesRoches
(2006) [22]

Choi (2002) [19]

Shamsabadi et al. (2008) [18]
and Choi (2002) [19]

Megally et al. (2001) [21]

Chang and Mander (1994) [23]

Menegotto and Pinto (1973) [24]

Fo GO amio AFee Jlo ¥ 0 loi A 0598 (el g0 lu (qwiigo (i g 3 — (Soke &) yid



Jbleolo

Of 21 03w (quigo (oo
= i 2
FA
Moment f
fofemene
: © Reinforcing steel
< N :
Unconfined concrete
5 ' 3 » €
&'cu,uc Ecuc €y
(1) Foundation (2) Column
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(6) Shear key

-
Force
Pile ’ wee Fput
(Long& Trans) | %/ < »
(ke A,
K A A, A
max : : ::)::Kk' gap Oy=018n O, A
H i i 4 S N . .
Soil Pressure Y Astinm Elastomeric bea_nng pad
(Long& Trans) Passive soil A =254mm
(3) Abutment (4) Elastomeric bearing pad (5) Impact
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Probability Distribution

distribution ~ Parameter
Modeling parameter 1 2 Units References
Steel yield strength Lognormal A=29 =0.08 MPa Ellingwood and Hwang (1985)

[25]
Concrete unconfined Normal u=34.5 6=4.3 MPa Choi (2002) [19]
strength
Elastomeric bearing Uniform =551 u=1.723 MPa Ramanathan (2012) [3]
shear modulus
Coefficient of friction Lognormal A=0 =0.1 Mander et al. (1996) [26] and
MF|t2fnl Dutta (1999) [27]
Piles rotational stiffness ~ ------ 0 0 CALTRANS (2007) [28]
Piles translational Lognormal  A=7.06 =0.3 kN/mm/pile  CALTRANS (2007) [28]
stiffness
Abutment passive initial ~ Uniform =145 u=29 kN/mm/m Shamsabadi et al. (2008) [18]
stiffness?
Damping Normal p=0.045 0©=0.0125 ---- Fang et al. (1999) [29] and
Bavirisetty et al. (2000) [30]

Abutment gap Uniform 1=38.1 u=152 mm Based upon inventory review
Mass Uniform I=1.1 u=1.4 Ramanathan (2012) [3]
Loading direction Uniform 1=0 u=2n rad Ramanathan (2012) [3]
Percentage of Uniform 1% 3.7% Ramanathan (2012) [3]
longitudinal column bars
Gap between deck and Uniform 0 10 cm Ramanathan (2012) [3]
Abutment
Gap between deck and Uniform 0 4 cm Ramanathan (2012) [3]
shear key in transverse
direction

2 Variables are per unit width of the abutment backwall.
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16 Latin-Hypercube Sampling
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Bridge number  Number of spans Number of Span length (m) Deck width (m)  Column height (m)
columns
1 3 34.28 26.71 4.96
2 4 27.47 30.56 6.67
3 2 44.01 13.54 3.88
4 4 23.97 36.5 5.46
5 3 38.4 21.53 4.79
6 2 30.77 12.23 6.33
7 3 54.93 19.57 4.42
8 2 17.16 14.89 5.84
9 3 33.36 23.84 5.13
10 2 26.63 17.86 7.21
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19 capacity
20 demand
2l deck unseating
22 ShearKey

23 pearing
24 joint seal
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DGy DC, DCs DC,

Component Type Component name S. B Se B S. B S. p.  Refrence
Primar Column 1 035 2 035 35 035 5 (35 Ramanathan
g ' ' ' ' ' 2012 [3]
i i Fung et al.
Primary Deck unseating (mm) 25 0.35 75 0.35 150 0.35 225 035 ooy [41]
Secondary Abut-passive (mm) 75 035 250 035 N/A 035 N/A 035 Ch‘ﬂg]ooz
Secondary Abut-active (mm) 38 035 100 035 N/A 035 NA 035 Ch‘E'lg]OOZ
Secondary Abut-transverse (nm) 25 035 100 035 N/A 035 N/A 0.35 Ch‘E'lg]OOZ
Secondary ~ Bearings-longitudinal (mm) 25 035 100 035 N/A 035 N/A 035 R%‘i‘g‘g‘]&”
Secondary Bearings-transverse (mm) 25 035 100 0.35 N/A  0.35 N/A  0.35 Razgfga[?]an
i Caltrans

Secondary Deck displacement (mm) 100 0.35 300 0.35 N/A 0.35 N/A  0.35 2007 [28]
Secondary Joint seal (mm) 15 035 N/A 035 NA 035 NA 035 Razr(')‘i‘;‘a[%h]a”
Secondary  Foundation translation (mm) 25 035 100 035 N/A 035 N/A 035 R‘;rgi‘ga[%h]a”
Secondary Foundation rotation (rad) ~ 1.5 0.35 6 035 N/A 035 NA 035 Razrgfga[%h]a”
Megally

Secondary Shear key (mm) 40 035 125 035 N/A 035 N/A 035 2001

[21]
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26 Joint probabilistic seismic demand model
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a suite of near and far field Ground Motions

60 OpenSEES Stochastic Curved Bridge Models
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Radius 1= 66 m
Radius 2=132 m
Radius 3=200 m
Radius 4=265 m
Radius 5=400 m
Radius 6=infinity
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Fragility Comparison for Slight Damage State
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Sl S F 0 S Suop el 53 (S0 dilw polie i Jguer
Slight Moderate Extensive Complete
Radius med dis med dis med dis med dis
R1=66m 0.060 0.730 0.219 0.683 0.348 0.659 0.474 0.656
R2=132m 0.063  0.739 0.255 0.674 0.377 0.678 0.572  0.685
R3=200m 0.071 0.712 0.303 0.652 0.477 0.646 0.682 0.655
R4=265m 0.074  0.700 0.330 0.660 0.544  0.646 0.775 0.646
R5=1324m 0.119 0.850 0.662 0.798 1.258 0.805 1901 0.794
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Median Fragility - Extensive

Component 66m 132m 200m 265m 0 Average
Column 0.45 0.51 0.62 0.78 1.92
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Ratio Column/System 1.30 1.36 1.31 1.43 1.53 1.38
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System 0.47 0.57 0.68 0.78 1.90
Ratio Column/System 1.21 1.33 1.25 1.24 1.47 1.30
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