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What is Directionality of EQ Motion…
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What is Directionality of EQ Motion…
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What is Directionality of EQ Motion…
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Analytical Procedure

1. Bridge is analyzed in Longitudinal direction

Longitudinal
direction GM1
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GM1 Demand R1x

Demand: e.g. Force, Moment, Deformations etc. 
(at ‘Any Location’ of Bridge)
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Analytical Procedure

2. Bridge is analyzed in Transverse direction

GM1 Demand R1y
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Demand: e.g. Force, Moment, 
Deformations etc. 

(at ‘Any Location’ of Bridge)
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Analytical Procedure

3. Bridge response in Inclined direction (at any location)
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For Ground Motion 1 (GM1),
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Ref: (Wilson et al., (1982) and (1995) suggested to use Response Spectrum Analysis)
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Variation of Transverse Response of Bridge with Abutment 
Stiffness
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Variation of Transverse Response of Bridge with 
Abutment Stiffness
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Fragility Curves

Two-parameter lognormal distribution functions of 
seismic ground motion intensity are used for fragility 
curves

Median cm and log-standard deviation ς are fragility 
parameters to be estimated by maximum likelihood 
method.
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Parameter Estimation

Probability of occurrence of each damage state
PE1 = P ai , E1( )= 1 − F1 ai ;c1,ς( )
PE2 = P ai , E2( )= F1 ai ;c1,ς( )− F2 ai ;c2,ς( )
PE3 = P ai , E3( )= F2 ai ;c2 ,ς( )− F3 ai ;c3,ς( )
PE4 = P ai ,E4( )= F3 ai ;c3,ς( )

Likelihood Function
L c1,c2 ,c3,ς( )= P ai ;Ek( )xik
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where  xik = 1 (if damage state Ek occurs for the i-th bridge subjected to a=ai) , 
xik = 0 (otherwise)

(Shinozuka et al., 2003a)



MULTIDISCIPLINARY CENTER FOR EARTHQUAKE ENGINEERING RESEARCH 13

Fragility Curves in Longitudinal Direction
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Comparative Study (Moderate Damage)

Lateral Stiffness at Abutments: 7287 kN/m
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