
A Population Analysis Approach to Identify  

Significant Parameters of Highway Bridges

by

Prasad Chetti

Dr. Hesham Ali

Dr. Lotfollah Najjar

Dr. Robin Gandhi

Dr. Brian Ricks



Motivation

• Why some bridges’ condition 
ratings deteriorate faster than 
others? 

• Are there any significantly 
enriched input parameters that 
effect the bridges’ output 
parameters (condition ratings)?



Research Question

• What input parameters are significantly enriched on the outcome condition ratings, such as 
substructure ratings?



What is population analysis?

• It is to conduct assessment of an individual element as it 
compares to a groups of peers

• Individual elements could be individual bridges/group of bridges 
with similar behavior in a civil infrastructures network

• In a similarity network, bridges with similar behavior are 
grouped into a common community

• Compare the clusters/communities with their peers to provide 
new insights of understanding the bigdata associated with the 
NBI dataset

• Identify the significantly enriched input parameters while the 
network is created based on outcome parameter



NBI dataset’s parameters

• National Bridge Inventory(NBI) dataset has 
more than 100 parameters

• The parameters are categorized into input 
and output as shown in the table

• Interactions between parameters are 
indicated by ‘*’



Population analysis pipeline

• Three methodological steps, such as dataset preparation, 
population analysis, and validation

• Three major steps in population analysis, such as creating a 
similarity/correlation network, identifying candidate clusters, 
and applying enrichment analysis using hyper-geometric 
distribution



Input Matrix and 
Correlation Matrix

• Data of bridges that built between the years 1991 and 1993 

• Age of each bridge is 26 years

• No re-built bridges

• Each condition rating starts with a rating of 9

• A temporal data of condition ratings for the next 26 years is 
considered for creating the input matrix (only last 15 years 
data is used for this case study)

• 1,136 bridges



Correlation Network 

• Correlation network is created with the 
substructure ratings’ time-series data (15 
years)

• Applied Markov clustering (MCL)

• 1,136 bridges and 8 candidate 
communities/clusters

• The median size of each community is 55



Current results
• Five communities have at least one significant parameter

• Average condition rating (end average rating) after 26 years is 
6.96

• Communities are divided into two groups  based on end 
average rating 

• There are two clusters that perform below the average 

• Bridges in Southeast region are performing better compared to 
northeast bridges

• Northeast bridges that are constructed with wood or timber or 
prestressed concrete are performing lower
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What next..?

• Extrapolating the condition ratings to see when a cluster 
of bridges goes to a structurally deficient status 
(condition rating <=4)

• Generalize the results (since this case study is done only 
on 1,136 bridges)



Queries..?



Thank You !


