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Background

ü Increasing flood risk

üFlood affect a lot of transportation 
infrastructure particularly bridges

üBridges in the US are aging

üLimited budget for bridge repairs 
and retrofit 

Problem

Question

How do we prioritize bridges with the 
limited budget?
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Literature Review

ÅNtotsios et al. (2009) ς Damage detection using  vibration data and a Bayesian model class 
selection framework

ÅJiang & Rens (2010) ς Nonlinear BHI to improve sufficiency rating integrating deterioration rates 
and structural importance

Å Inkoom et al. (2017) ς Computation of BHI using linear/nonlinear condition state weights 

Bridge Structural Health

Gap: Mostly focusing on structural condition; limited focus on network-level impacts

ÅRinaldi et al. (2001) ς Interdependencies and cascading failures in critical infrastructure
ÅSharma et al. (2021)ς Classification and unified mathematical framework for modeling 

infrastructure interdependencies
ÅMostafavi (2017)ς Proposed framework that integrates multi-level infrastructure conditions, 

stakeholder decision-making, and resource allocation processes to assess and improve 
transportation resilience under disaster scenarios.

Impact of bridge on Network Accessibility

Gap: Mostly conceptual; less focus on integration with asset-level conditions
Å Ntotsios, E., Papadimitriou, C., Panetsos, P., Karaiskos, G., Perros, K., & Perdikaris, P. C. (2009). Bridge health monitoring system based on vibration measurements. Bulletin of Earthquake Engineering, 7(2), 469т483. 

https://doi.org/10.1007/s10518-008-9067-4
Å Jiang, X., & Rens, K. L. (2010). Bridge Health Index for the City and County of Denver, Colorado. I: Current Methodology. Journal of Performance of Constructed Facilities, 24(6), 580т587. https://doi.org/10.1061/(ASCE)CF.1943-5509.0000128
Å InkoomЯШÉЮЯШѼШċŰĬШÉŸĤċŰŢŸЯШsЮШыΞΜΝΥьЮШ ƻċŔũċĤŔũŔƣǃШŉƨŰĦƣŔŸŰШċƚШĤƖŔĬŊĲШĲũĲůĲŰƣќƚШŔůƓŸƖƣċŰĦĲШƽĲŔŊőƣШŔŰШĦŸůƓƨƣŔŰŊШŸƻĲƖċũũШĤƖŔĬŊĲШőĲċũƣh index. Structure and Infrastructure Engineering, 14(12), 1598т1610. 

https://doi.org/10.1080/15732479.2018.1476561
Å Rinaldi, S. M., Peerenboom, J. P., & Kelly, T. K. (2001). Identifying, understanding, and analyzing critical infrastructure interdependencies. IEEE Control Systems Magazine, 21(6), 11т25. https://doi.org/10.1109/37.969131
Å Sharma, N., Nocera ,Fabrizio, & and Gardoni, P. (2021). Classification and mathematical modeling of infrastructure interdependencies. Sustainable and Resilient Infrastructure, 6(1т2), 4т25. https://doi.org/10.1080/23789689.2020.1753401
Å Mostafavi, A. (2017). A System-of-Systems Approach for Integrated Resilience Assessment in Highway Transportation Infrastructure Investment. Infrastructures, 2(4). https://doi.org/10.3390/infrastructures2040022

https://doi.org/10.1007/s10518-008-9067-4
https://doi.org/10.1007/s10518-008-9067-4
https://doi.org/10.1007/s10518-008-9067-4
https://doi.org/10.1007/s10518-008-9067-4
https://doi.org/10.1007/s10518-008-9067-4
https://doi.org/10.1007/s10518-008-9067-4
https://doi.org/10.1007/s10518-008-9067-4
https://doi.org/10.1061/(ASCE)CF.1943-5509.0000128
https://doi.org/10.1061/(ASCE)CF.1943-5509.0000128
https://doi.org/10.1061/(ASCE)CF.1943-5509.0000128
https://doi.org/10.1080/15732479.2018.1476561
https://doi.org/10.1109/37.969131
https://doi.org/10.1080/23789689.2020.1753401
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Literature Review

ÅDonovan & Brooks (2020)ς Impact of bridges on rural economy
ÅGandy et al. (2023) ς Economically disadvantaged communities typically face more bridge 

deterioration.
Å Martens, K. (2016)ς Accessibility (not mobility) should be the central metric of transportation 

systems

Socio Economic Impact of bridges

Gap: Limited focus on how bridge conditions and disruptions impact the populations

ÅSobanjo & Thompson (2025)ςBridge prioritization should include risk, vulnerability, and system 
importance, especially under disasters.

ÅChen et al. (2024)тSystem reliabilityтbased optimization for network-level maintenance 
prioritization  

Å  Gokey et al.(2009)тFramework to integrate structural condition, economic importance and 
political constraints for maintenance decision transportation resilience under disaster 
scenarios.

Bridge Prioritization

Gap: Engineering performance focused, limited consideration of spatial accessibility and societal impacts.
Å Brooks, W., & Donovan, K. (2020). Eliminating Uncertainty in Market Access: The Impact of New Bridges in Rural Nicaragua. Econometrica, 88(5), 1965т1997. https://doi.org/10.3982/ECTA15828
Å Gandy, C. A., Armanios, D. E., & Samaras, C. (2023). Social Equity of Bridge Management. Journal of Management in Engineering, 39(5), 04023027. https://doi.org/10.1061/JMENEA.MEENG-5265
Å Martens, K. (2016). Transport justice: Designing fair transportation systems. Routledge.
Å ÉŸĤċŰŢŸЯШsЮШ§ЮЯШѼШÑőŸůƓƚŸŰЯШÂЮШ?ЮШыΞΜΞΡЯШsƨũǃШΞΥьЮШEŰőċŰĦĲůĲŰƣШŸŉШ ÉcÑ§ìċƖĲШ7ƖŔĬŊĲШ~ċŰċŊĲůĲŰƣШŉŸƖШ[ũŸƖŔĬċќƚШ7ƖŔĬŊĲШfŰƚƓĲĦƣŔŸn and Asset Management. https://rosap.ntl.bts.govChen, S., Chen, D., Li, L., Miramini, S., & Zhang, L. (2024). 

Optimized Bridge Maintenance Strategies: A System ReliabilityтBased Approach to Enhancing Road Network Performance. Journal of Construction Engineering and Management, 150(3), 04023167. https://doi.org/10.1061/JCEMD4.COENG-
14176

Å Gokey, J., Klein, N., Mackey, C., Santos, J., PillutlaЯШ ЮЯШѼШÑƨĦťĲƖЯШÉЮШыΞΜΜΦьЮШ?ĲƻĲũŸƓůĲŰƣШŸŉШċШƓƖŔŸƖŔƣŔǍċƣŔŸŰШůĲƣőŸĬŸũŸŊǃШŉŸƖШůċŔŰƣċŔŰŔŰŊШéŔƖŊŔŰŔċќƚШĤƖŔĬŊĲШŔŰŉƖċƚƣƖƨĦƣƨƖĲШƚǃƚƣĲms. 2009 Systems and Information Engineering Design Symposium, 252т
257. https://doi.org/10.1109/SIEDS.2009.5166190

https://doi.org/10.3982/ECTA15828
https://doi.org/10.1061/JMENEA.MEENG-5265
https://doi.org/10.1061/JMENEA.MEENG-5265
https://doi.org/10.1061/JMENEA.MEENG-5265
https://doi.org/10.1061/JCEMD4.COENG-14176
https://doi.org/10.1061/JCEMD4.COENG-14176
https://doi.org/10.1061/JCEMD4.COENG-14176
https://doi.org/10.1109/SIEDS.2009.5166190
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Research Aim

No unified , data-driven, and spatially explicit framework that 
prioritizes the bridges based on how the bridge conditions, 
accessibility and the economics translates into real-world 
accessibility impacts on communities.

Gap

To develop a comprehensive, data-driven bridge prioritization 
framework that supports optimal decision-making under 
constrained funding conditions.

Aim
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Study Area

Å Home to Jacksonville, the most populous city in 
Florida

Å Mix of urban, suburban and rural
Å Coastal region
Å Low lying terrain (0т40 feet elevation)
Å Vulnerable to flooding

Duval County, FL
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Methodology

[ƖċŊŔũŔƣǃШƣŸШ
cċǍċƖĬ

Economic 
Impact

ĦĦĲƚƚŔĤŔũŔƣǃШ
fůƓċĦƣ

ÉƣƖƨĦƣƨƖċũШ
cĲċũƣő

9ŸůƓŸƚŔƣĲШ
ÂƖŔŸƖŔƣŔǍċƣŔŸŰШ
~ŸĬĲũ

Framework
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Methodology Bridge Structural Health

Bridge component data
Conditional Ratings 
National Bridge 
Inventory (NBI)

DATA SOURCE

FID STATE_CODESTRUCTURE_DECK_COND_058SUPERSTRUCTURE_COND_059SUBSTRUCTURE_COND_060CULVERT_COND_062
0 12 720003 7 6 7 N
1 12 720005 6 6 6 N
2 12 720006 7 7 6 N
3 12 720007 6 7 5 N
4 12 720011 7 7 6 N
5 12 720012 7 7 4 N
6 12 720016 7 7 6 N
7 12 720017 7 7 6 N
8 12 720019 N N N 6
9 12 720021 N N N 7
10 12 720022 6 5 5 N
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Methodology

Federal Highway Administration. ÅĲĦŸƖĬŔŰŊЮċŰĬЮ9ŸĬŔŰŊЮ]ƨŔĬĲЮŉŸƖЮƣőĲЮÉƣƖƨĦƣƨƖĲЮfŰƻĲŰƣŸƖǃЮċŰĬЮ ƓƓƖċŔƚċũЮŸŉЮƣőĲЮ ċƣŔŸŰѢƚЮ7ƖŔĬŊĲƚ. U.S. Department of Transportation. Accessed [December 
1995]. https://www.fhwa.dot.gov/bridge/nbi/ascii.cfm .

Component of a bridge (FHWA, 1995) 
Deck
ÅWearing surface

ÅStructural deck slab

ÅGrid decks
ÅProtective coatings

Superstructure
ÅGirders

ÅBeams and stringers

ÅTrusses

ÅArches 

ÅFloor beams and 

diaphragms
ÅBracing systems 

Substructure
ÅAbutments

ÅPiers

ÅColumns

ÅFootings

ÅPiles and pile caps
ÅWingwalls

https://www.fhwa.dot.gov/bridge/nbi/ascii.cfm
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Methodology Condition Rating

Deck 
(Item 58) ӄШ7 5 - 6 ӅШ4

Superstructure 
(Item 59)

Substructure 
(Item 60)

Culvert 
(Item 62)

Good Fair Poor

Code Description

N NOT APPLICABLE

9 EXCELLENT CONDITION

8 VERY GOOD CONDITION - no problems noted

7 GOOD CONDITION - some minor problems.

6 SATISFACTORY CONDITION - structural elements show some 
minor deterioration.

5 FAIR CONDITION - all primary structural elements are sound but 
may have minor section loss, cracking, spalling or scour.

4 POOR CONDITION - advanced section loss, deterioration, 
spalling or scour. 

3 SERIOUS CONDITION - loss of section, deterioration, spalling or 
scour have seriously affected primary structural components. 

2 CRITICAL CONDITION - advanced deterioration of primary 
structural elements. 

1 "IMMINENT" FAILURE CONDITION - major deterioration or 
section loss present in critical structural components or obvious 
vertical or horizontal movement affecting structure stability. 
Bridge is closed to traffic  but corrective action may put back in 
light service

0 FAILED CONDITION - out of service - beyond corrective action.

ӄШΤ

ӄШ7

ӄШΤ

5 - 6

5 - 6

5 - 6

ӅШΠ

ӅШ4

ӅШΠ
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Methodology

üComponent condition 

score, ὅ ρππ

üNonlinearity constant, ‌ 
= 1.75

(Sobanjo et al. 2016; Inkoom et al. 2017)

Structural Health Index

Å Sobanjo, J.O., Thompson, P.D., Florida State University. Dept. of Civil and Environmental Engineering, 2016. Implementation of the 2013 AASHTO Manual for Bridge Element 
Inspection.

Å Inkoom, S., Sobanjo, J.O., Thompson, P.D., Kerr, R., Twumasi-Boakye, R., 2017. Bridge Health Index: Study of Element Condition States and Importance Weights. Transportation 
Research Record 2612, 67т75. https://doi.org/10.3141/2612-08

https://doi.org/10.3141/2612-08
https://doi.org/10.3141/2612-08
https://doi.org/10.3141/2612-08
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Methodology
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Methodology

Regional Scale Flood Fragility Modeling 

Bridge classification
NBI, HAZUS

Flood return period
FEMA

Bridge geometry
LiDAR, NBI

DATA SOURCES

Discharge Data

USGS
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Methodology
Fragility Framework

Bridge 
classification

Flood 
Modeling

Reliability 
Analysis

Probabilistic 
simulation
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Methodology

Class Code Span System Material Pier Type Support Condition

Class 1 Single Span Concrete Single Column Simply Supported with Restraints

Class 2 Single Span Concrete Single Column Simply Supported with No Restraints

Class 3 Single Span Steel Single Column Simply Supported with Restraints

Class 4 Single Span Steel Single Column Simply Supported with No Restraints

Class 5 Multi Span Concrete Single Column Simply Supported with Restraints

Class 6 Multi Span Concrete Single Column Simply Supported with No Restraints

Class 7 Multi Span Concrete Single Column Continuous

Class 8 Multi Span Concrete Multi Column Bent Simply Supported with Restraints

Class 9 Multi Span Concrete Multi Column Bent Simply Supported with No Restraints

Class 10 Multi Span Concrete Multi Column Bent Continuous

Class 11 Multi Span Steel Single Column Simply Supported with Restraints

Class 12 Multi Span Steel Single Column Simply Supported with No Restraints

Class 13 Multi Span Steel Multi Column Bent Simply Supported with Restraints

Class 14 Multi Span Steel Multi Column Bent Simply Supported with No Restraints

Class 15 Multi Span Steel Multi Column Bent Continuous

Å Bridges are grouped into 15 representative 

classes based on key structural attributes: 

 

Å Span system: Single span vs Multi 

span 

Å Material: Concrete vs Steel 

Å Pier type: Single column vs Multi-

column bent 

Å Support condition: Simply supported 

(with/without restraints) and 

Continuous 

Å This classification is informed by HAZUS 

methodology and adapted to available NBI 

data and HAZUS Inventory data 

Bridge Classification
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Methodology

Flood Modeling

ὗ  ὗ
ὃ

ὃ

Intensity Measures, IM= {H, V}

Flood depth, H ~ 100-year return flood period from FEMA

Flow velocity, V = 
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Methodology

Deck

Uplift failure event Transverse failure event

Ὁ Ὂȟ  ‘Ὓὡ Ὂȟ ᷊ Ὂȟ ὛὡὉ Ὂȟ Ὓὡ᷊ Ὂȟ π

ὖȟ Ὁ ᷾ Ὁ ]

Pier
ὖȟ ὖ

ὓ ȟ 

ὓ ȟ 

ὓ ȟ 

ὓ ȟ 
ρ

Axial load

Transverse  moment

Foundation

Arora, R.K., Banerjee, S.: Reliability-based approach for fragility assessment of bridges under floods. Structural Engineering and Mechanics 88(4), 311т322 (2023)

ὖȟ ὖ ὖ Ὑ ȟ ᷾ ὠ Ὑ ȟ ᷾
ὖ

ὖȟ 

ψ

ω

ὓ ȟ

ὓ ȟ

ὓ ȟ

ὓ ȟ
ρ  

Lateral load

Longitudinal  moment

Axial compressive 
resistance

Lateral load 
resistance

Reliability Analysis (Component-Level Limit States)

Ὂȟ , Ὂȟ  are drag 
and lift forces on the deck

‘ т coefficient of friction

SW -  Self weight 
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Methodology

ὖ ӄШρπ  

ρπ  Ӆ ὖ < ρπ

ὖ < ρπ

Bridge Fragility Surface

Å Nonlinear fragility surface variation: higher 

sensitivity to water depth

Å Low-clearance bridges: rapid rise in failure 

probability with inundation 
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Methodology

Demographics
Census tract level using 
population-weighted 
centroids

Service Coverage

Service locations 
(hospitals, fire stations, 
police stations, groceries)

Transport network

OpenStreetMap (OSM)

DATA SOURCES

Accessibility Impact of Bridges
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Methodology

Origin
Census tract level 
using population-
weighted 
centroids

Destination
Essential services such as 
Police, Fire stations, 
Groceries, Hospitals

Baseline
Multisource shortest path 
approach (Dijsktra)

Disruption
Modifying the network 
topology by taking out a 
bridge at a time and 
running simulation

Accessibility Framework

Accessibility loss = Disruption time - Baseline time
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Methodology

John T. Alsop 
Bridge
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Methodology

ü Access loss to 
Police (720022) 

ü Access loss to 
Hospital (720144) 
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Methodology Impact on population due to accessibility loss to services
Grocery store

Fire station

Hospital

Police station


