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Abstract

The purpose of this study is to identify efficient earthquake intensity measures (IMs) for evaluating the seismic vulnerability of integral
abutment bridges. A total of 90 ground motion records and 20 typical IMs were employed for the numerical analyses. A series of
nonlinear time-history analyses was performed on the bridges to observe the lateral displacement of the bridge piers. Statistical
parameters such as the coefficient of determination, standard deviation, and correlation coefficient were calculated to identify the
strongly correlated IMs with the seismic performance of the bridges. The numerical results show that the efficient IMs are spectral
acceleration, spectral velocity, spectral displacement at the fundamental period, acceleration spectrum intensity, effective peak acceleration,
peak ground acceleration, and A95. Moreover, a set of fragility curves of the bridges was developed with respect to the efficient IMs.
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(a) Elevation view

(b) Section A-A

Fig. 1. Elevation View of the Bridge and Girder Dimensions

(c) Section B-B
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Fig. 2. Cross Sections and Reinforcing Details
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Fig. 4. 3D FEM Model of the Bridge
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Table 1. Seismic Intensity Measures

No. Earthquake Parameter Definition Unit Reference

Peak ground acceleration PGA = max |[a(t)| g -

Peak ground velocity PGV = max |v(t)| m/s -

Peak ground displacement PGD = max |d(t)| m -
4 Root-mean-square of acceleration Arns = % f twta(t)zdt g Dobry et al. (1978)

otJo
5 Root-mean-square of velocity A le tmtu(t)zdt m/s Kramer (1996)
otJo
6 Root-mean-square of displacement Dyps = Tlot fo twtd(t)zdt m Kramer (1996)
. . . n [ttot .
7 Arias intensity I =29 fo a(t)?dt m/s Arias (1970)
8 Characteristic intensity L =i () 2 B m!d/s%’ Park et al. (1985)
9 Specific energy density SED= fott’"v(t)zdt m%/s -
10 | Cumulative absolute velocity CAV= fotmtla(t)ldt m/s Reed et al. (1988)
0.5
11 Acceleration spectrum intensity ASI= / S,(¢=0.05, )dT gs Von Thun et al. (1983)
0.1
12 Velocity spectrum intensity VSI= / 8,(¢=0.05,1)dT m Von Thun et al. (1988)
0.1
13 Housner spectrum intensity HI= / ” PS,(¢=0.05,T)dT m Housner (1952)
0.1
14 Sustained maximum acceleration SMA= the 3" of PGA g Nuttli (1979)
15 Sustained maximum velocity SMV= the 3" of PGV m/s Nuttli (1979)
] . SO1=05(¢F = 0.05
16 Effective peak acceleration EPA= mean(s, 5 L_(C 5) g Reed et al. (1988)
N}
17 Spectral acceleration at T, S(1) g Shome et al. (1998)
18 Spectral velocity at T, S.(13) m/s -
19 Spectral displacement at T, S(T) m -
20 A95 parameter Ags = 0.764704%% g Sarma and Yang (1987)
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Fig. 6. Scatter Plots of EDP of Pier P3 in X-direction for Various IMs
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Fig. 9. The Definition of Damage States for the Bridge Pier
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Table 2. Damage States of the Integral Abutment Bridge and Indices of Hwang et al. (2001)

Threshold value

Component Demand parameter
Slight (DS1) |Moderate (DS2)|Extensive (DS3) | Collapse (DS4)
This study Pier Displacement ductility ratio 1.0 1.2 1.8 3.7
Hwang et al. (2001) Pier Displacement ductility ratio 1.0 1.2 1.76 4.76
Table 3. Means and Standard Deviations for Fragility Functions
Sa (Ty) ASI EDP PGA
Damage state 1

Mean (g) SD Mean (g-s) SD Mean (g) SD Mean (g) SD
Minor 0.72 0.097 0.32 0.34 0.38 0.39 0.40 0.40
Moderate 2.07 0.097 0.83 0.34 1.11 0.39 1.16 0.40
Extensive 5.29 0.097 1.95 0.34 2.83 0.39 3.00 0.40
Collapse 13.8 0.097 4.68 0.34 7.40 0.39 8.01 0.40

' SD: Standard Deviation
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