






Right Abutment 



LEFT ABUTMENT RIGHT ABUTMENT 

TR = 2475 years  
P(D >0.5 m) 30% 
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Residual Lateral Deformation, d (m) 
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Residual Lateral Deformation, d (m) 



Seismic Displacement(inches) Damage Level 
0 – 1” Negligible 

1” – 4” Small 
4” – 20” Moderate 
20” – 80” Large 

> 80” Collapse 

Median Downtime 

0 

0 

0 

1day 

60 days 



Left Abutment Right Abutment 

Prob. Of Exceedance in 50 yrs Prob. Of Exceedance in 50 yrs 

82% 50% 10% 2% 82% 50% 10% 2% 

Mean 
0.0 
0 

0.03 
0 

0.11 
1.5 hr 

0.21 
1 day 

0.0 
0 

0.08 
0.5 hr 

0.21 
1 day 

0.37 
6 days 

Standard 
Deviation 

0.0 
0 

0.05 
0 

0.10 
1 hr 

0.19 
.5 day 

0.01 
0 

0.07 
0.5 hr 

0.19 
.5 day 

0.22 
4 days 



Based on Mackie and Stojadinovic Model and Data File  







Most important factors: 
1.   Sa        
2.   e       
3.   Sur 

         0              1.25           2.50 
Lateral Displacement (m)    

          0              1.25           2.50 
Lateral Displacement (m)    



•   Probabilistic procedure for evaluating the 
seismic performance of bridges affected by 
lateral spreading has been developed 

•   Calibrated against available case histories and 
model studies 

•   Uncertainty in key parameters has been 
incorporated 

•   Can be used to estimate impact on seismic 
performance in terms of death, dollars, and 
downtime 

•   Simplified user guide provided (10 pp)  



•   Methodology can be used to identify likely 
damage state and repairs required 

•   Methodology can be used to evaluate the 
relative importance of key parameters: 

–   Intensity of the ground motion, Sa(1.5Ts) 

–   Error term in estimating lateral displacement, e 

–   Residual undrained shear strength of liquefied 
material, Sur 

•   Identify what matters most to impact on death, 
dollars, and downtime. 



•   Key limitation in PEER methodology is relating 
death and downtime to damage and then to 
seismic displacement. 

•   Opportunity to capitalize on this effort and 
develop a simplified deterministic procedure to 
use for standard designs. 


