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Kalkan et al. 2010

Motivation



• 240+	damaged	bridges	
• $20	– $40	billion	in	
estimated	economic	
losses

1994 Northridge

• 100+	damaged	bridges	
• $6	– $10	billion	in	
estimated	economic	
losses

1989 Loma Prieta

Motivation

I5	/	Hwy	14	Interchange

I10	at	Venice	Blvd



Motivation

Post earthquake emergency response
• Where do we expect the most extensive damage?
• Where should we send emergency responders?
• Can we better guide the bridge inspection process? 

Resilience of transportation networks
• Improve the recovery effort
• Prioritize the retrofitting strategies



Post EQ Response :

ShakeCast

Strong	motion	data Caltrans	bridge	data

Shake	Map Bridge	Fragility

Faults Vulnerability	modeling

Geology Engineering	judgment

ShakeCast analyzes measured ground motions from Shake maps 
against bridge fragilities stored in the system



Fragility Curves

Conditional probability of a structure 
meeting or exceeding certain level of 
damage (LS) given a particular level of 
ground motion (IM)



Challenges

• More than 24,000 bridges
• Vary in age, location, number of spans, frame system, 

number  of columns & column cross-section
• Significant uncertainty

Caltrans 2017



Research tasks

Research
tasks

Grouping of 
bridge classes

Generation of 
fragility curves

Bridge-specific 
fragility curves

• Performance 
based grouping

• Most reliable 
grouping 
methodology

• Uncertainty 
quantification

• Fragility 
methodology

• Machine learning 
techniques

• Sensitivity 
analysis



Bridge Classes for Fragility Analysis

Each Bridge 
Performs 
Different
(24,000+ 
bridges)

1 10 100 1000 10,000 100,000

All Bridges 
Perform The 
Same (one 

bridge class)

HAZUS (Concrete)

• 2-5 Classes 
• ~3 Adjustments
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Parameterized Numerical Model



Suppose each possible combination of bridges

Analyze each bridge configuration in OpenSees for the
selected 30 ground motions

Collect output of interest including curvature ductility,
seat displacement abutment active/passive/transverse
displacement etc.

Conduct a separate analysis of variance 
(ANOVA) to evaluate the sensitivity of 
each component to the variation in 
bridge configurations.

Performed Fischer Method on
ANOVA output to group the bridge
configuration which have similar
effects on the response (e.g. column
ductility).

Using Latin Hypercube method, select 30 ground motions

http://en.wikipedia.org/wiki/M%26M%27s
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Sensitivity Study



Proposed Grouping

Each Bridge 
Performs 
Different
(24,000+ 
bridges)

1 10 100 1000 10,00
0

100,00
0

All Bridges 
Perform The 
Same (one 

bridge class)

HAZUS (Concrete)

• 2-5 Classes 
• ~3 Adjustments

Performance-based
grouping approach
(129 classes for 
box girder bridges)



Research tasks

Research
tasks

Grouping of 
bridge classes

Generation of 
fragility curves

Bridge-specific 
fragility curves

• Performance 
based grouping

• Most reliable 
grouping 
methodology

• Uncertainty 
quantification

• Fragility 
methodology

• Machine learning 
techniques

• Sensitivity 
analysis



Uncertainty quantification
• Uncertain input variables

Uncertainties

Ground 
Motion

Materials

GeometricStructural

Others
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Selection of ground 
motions

Estimation of PSDM 
(SD, bD|IM)

Capacity estimates 
(SD, bC)

Component fragility
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Estimation of system 
fragility

Fragility  Framework
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2-span Single column pre 1970 
bridge with circular column

2-span Single column post 1990 
bridge with circular column

Fragility Curves



Situational Awareness

Columns
Bearings
Shear	keys
Seat
Abutment

ShakeCast	
Thresholds

Trigger	for	bridge	
inclusion	on	list





Future Enhancements
UTC – INSPIRE Project

Citizen Sensor & Crowdsourcing

Artificial Neural Network  
Mangalathu, S., Jeon J-S., DesRoches, R., "Critical Uncertainty Parameters Influencing 
Seismic Performance of Bridges ", Earthquake Engineering and Structural Dynamics (under 
review)
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