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Context - Objectives 

Modelling of the Bridge System 

Full Finite Element Model (MSSSC bridge from Nielson, 2005) 

Reduced degrees of freedom for the pier (three-column bent) 

Reduced Bridge Model (connectors) 

Component fragility curves 

Non-linear 
Time-History 

Analyses 

System fragility curves 

System Reliability 
 Approach 

Correlation between the component responses: 

Fragility Curves: 

Statistical dependence between components: 

Component-Based Approach 
- Model the response of each component “one-by-one” while the rest of the system is assumed 

to be in a given damage state 
- Use of simplified assessment techniques (i.e. Direct Displacement-Based Assessment with 

Effective Modal Analysis, from Cardone, 2014) 

Failure Sequence of the 
components 

For each system damage state: 
- Effective modal shape 
- Equivalent stiffness distribution 
- Equivalent damping 

distribution 

“Conditional” component fragility curves  
= 

Probability of failure given the state of 
the other components 

Bayesian Network structure 

[1 1 0 0 0 0 0 0 0 0] 

[1 1 0 1 0 0 0 0 0 0] 

[1 1 0 1 1 1 1 1 1 0] 

[1 1 1 1 1 1 1 1 1 1] 

Support Vector Machine (SVM) Approach 

SVM = empirical model performing a classification (i.e. 
regression) by constructing N-dimensional hyperplane that 
optimally separates data into categories (Hearst et al., 1998) 

SYNER-G fragility 
functions database 

(Crowley et al., 2011) 

SYNER-G bridge 
taxonomy 

(Crowley et al., 2011) 

Model learning 

Descriptive variables 

SVM 
algorithm 

New bridge typology 
with a set of taxonomy 

variables 

Empirical fragility 
curves 

Empirical validation 

Future Work 

Input data 
Linearly separable data 

transformed into an 
appropriate space 

- Calibration / Verification of the “Component-based approach”: Direct Displacement-Based Assessment coupled with Effective Modal Analysis 
  Accuracy issues, Complexity of the components involved, What is the actual validity domain of this approach? 

- Explore the link between the failure sequence of the components and the proposed Bayesian Network structure: use of Bayesian Network 
learning techniques 

- Verification of the SVM approach for different bridge typologies (i.e. stability of the model with respect to the initial learning sample) 
- Application of the proposed method to more complex bridge systems (e.g. real-life applications such as the Rio Torto Viaduct in Italy) 
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- In the frame of the INFRARISK project, the derivation of fragility functions for infrastructure components is a key element of the stress-test strategy 
- The accuracy of simplified numerical models is tested in order to minimize computational costs 
- System reliability approach (Song and Kang, 2009) is applied as a promising way to assess the fragility of complex structural systems, while accounting for cross-correlation between 

the components 
- An alternative method (“Component-based approach”) is proposed: the aim is to account for the specific “system damage states” that are actually reached during the simulations and 

to derive damage-specific fragility curves for each component  these curves could then be fed into a Bayesian Network formulation 
- Parallel to these analytical developments, the use of empirical Support Vector Machine models is explored as a way to quickly obtain fragility estimations of unknown bridge 

typologies 
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