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Motivation and Goal: 

To develop a Bayesian network methodology for pre- and post
 earthquake infrastructure seismic risk assessment and decision
 support with capabilities for: 
  Representation of seismic demand, 
  Models for components and systems, 
  Probabilistic updating upon evidence, 
  Computational efficiency, 
  Decision support models, 
  Prototype applications. 



Status: 

  Michelle Bensi has nearly completed her doctoral degree 
  A comprehensive report (250+ pages) will soon be submitted as

 a PEER report. The report includes: 
  Chap 2:  Introduction to BN 
  Chap 3:  BN Seismic demand models 
  Chap 4:  BN modeling of random fields 
  Chap 5:  BN modeling of component performance 
  Chap 6:  BN modeling of system performance 
  Chap 7:  Decision support 
  Chap 8:  Example applications 

  Publications: 6 conference papers; 1 journal submitted ; 2 journal in
 preparation. 

  All funds spent. 



Seismic demand model: 



Seismic demand model: 

Random field of intra-event errors: 
Computationally impractical to handle by BN 



Efficient BN modeling of random variables  
drawn from a Gaussian random field: 

Construct n×m 
matrix T with 
preselected number 
of non-zero 
elements by 
minimizing error in 
correlation matrix. 

Construct n×m 
matrix S to correct 
variances. 



Component performance model 



System performance model 



System performance model 

Efficient MLS formulation by use 
of Survival Path Sequences 



System performance model 

Efficient MCS formulation by use 
of Failure Path Sequences 



Influence diagrams 



Application to hypothetical model of  
California HSR system 



Application to hypothetical model of  
California HSR system 

Random field model System performance model 



Application to hypothetical model of  
California HSR system 

Evidence Cases: 

  EC#1:  M=6.8, Xe=30km 
from north end of Hayward 
fault    

  EC #2: EC #1 + spectral 
acceleration at GMPP 2 = 
0.45‐0.50g  

  EC #3: EC #2 + pulse‐like 
ground motion at GMPP 9 

  EC #4: EC #3 + extensive 
damage of  C17 



Component state probabilities for different evidence cases 



Component state probabilities for different evidence cases 



Component state probabilities for different evidence cases 



Component state probabilities for different evidence cases 



System state probabilities for different evidence cases 



Influence diagram for Link #1 



Inspection prioritization 

Value of inspection and prioritization rank for each link 

Value of inspection and prioritization 
rank for reach component of Link #1 


