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Past Challenges

• Structure & Infrastructure Modeling

• Mainly focused on the physical response of the respective systems

• Detailed FE modeling vs. simplified approaches

• Large number of archetypical structures needed for community-level 

simulations

• Validation

• Multiple hazards + multiple structures/structural types → large 

computational demand & efforts



Past Challenges

• Interdependency Frontiers

• Physical interdependency vs. system interdependency (accounting for socio-

economic aspects)

• Validation of recovery over time



Current Strategies

• Computational methods/models accounting for:

• Damage

• Interdependencies

• Functionality & Recovery of systems (schools, healthcare, households, 

businesses, etc.)

• Socio-demographic characteristics



Current Strategies – Highlighted examples

Lin, P., & Wang, N. (2017). Stochastic post-disaster functionality 

recovery of community building portfolios I: Modeling. Structural 

Safety, 69, 96-105.



Wang, W. L., van De Lindt, J. W., Hartman, B., Cutler, H., Kruse, J. L., 

McAllister, T. P., & Hamideh, S. (2022). Determination of individual 

building performance targets to achieve community-level social and 

economic resilience metrics. Journal of Structural 

Engineering, 148(5), 04022045.
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Roohi, M., van de Lindt, J. W., Rosenheim, N., Hu, Y., & Cutler, H. 

(2020). Implication of building inventory accuracy on physical and 

socio-economic resilience metrics for informed decision-making in 

natural hazards. Structure and infrastructure engineering, 17(4), 534-

554.
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Current Strategies – A few highlighted examples
- Coordinates
- Type (transmission tower, etc.)

+ GetWindSpeed()
+ EstimateDamageState()
+ RequestRepair()
+ CheckConnectivityToSource()
+ FindPathToSource()
+ ComputeRepairTimeAndResource()

EPN agents

- Coordinates
- Type (pumping station, etc.)
- Corresponding EPN agent (for 
pumping stations)

+ CheckPowerAccessForPumps()
+ CalculateWaterPressure()

WSN agents

- Social vulnerability index
- Residential zone
- Coordinates
- Housing archetype
- Number of people in household
- Students information
- Corresponding school agents
- Income level
- Homeownership status
- Corresponding EPN agent
- Corresponding WSN agent

+ GetWindSpeed()
+ EstimateDamageState()
+ CheckPowerAccess()
+ CheckWaterPressure()
+ UpdateHousingStage()
+ UpdateHousingStatus()
+ CheckStudentsSchooling()
+ UpdateLocation()

Household agents

- Coordinates
- Building archetype
- School level and number of 
students
- Corresponding EPN agent
- Corresponding WSN agent

+ GetWindSpeed()
+ EstimateDamageState()
+ CheckPowerAccess()
+ CheckWaterPressure()
+ RepairRequest()
+ UpdateEnrollments()
+ UpdateSchoolStatus()

School agents

- Resources available
- Prioritization rules

+ CollectInfoFromNetwork()
+ DevelopRepairQueue()
+ RepairAndReleaseResources()

EPN company agent

- Tornado dimension and wind 
speed distributions

+ RandomTornadoGenerator()

Hazard agent

- Resources available

+ CalculateRepairTime()
+ DevelopRepairQueue()
+ RepairAndReleaseResources()

Construction companies agent

- Resources available

+ CollectInfoFromSchools()
+ DistributeStudents()

School district agent

- Attributes of agents

+ Operators/behavior of agents

- Coordinates
- Building archetype
- Corresponding EPN agent
- Corresponding WSN agent
- Number of LS employees
- Number of MS employees
- Number of HS employees
- Number of ER beds
- Number of inpatient beds

+ GetWindSpeed()
+ EstimateDamageState()
+ CheckPowerAccess()
+ CheckWaterPressure()
+ UpdateBuildingFunctionality()
+ UpdateListOfEmployees()
+ UpdateNumberOfBedsAvailable()

Hospital agent

- Pool of applicants
- Pool of job postings

+ DistributeEmployeesToEmployers()

ULP agent

- Coordinates
- Business category
- Building archetype
- Corresponding EPN agent
- Corresponding WSN agent
- Number of employees
- Business rating
- Number of LS employees
- Number of MS employees
- Number of HS employees
- Insurance coverage
- Disruption insurance coverage
- Manager ID
- Owner ID

+ GetWindSpeed()
+ EstimateDamageState()
+ CheckPowerAccess()
+ CheckWaterPressure()
+ UpdateBuildingFunctionality()
+ UpdateEmployeesStatus()
+ UpdateListOfEmployees()
+ SendRequestToULP()
+ UpdatePhysicalFunctionality()
+ EstimateBuildingRepairTime()

Business agents

- Person ID
- Household ID
- Occupation
- Rating
- Business category
- Skill level

+ EstimateInjuryLevel()
+ CheckAbilityToWork()
+ EstimateTreatmentTime()
+ SendApplicationToULP()
+ UpdateJobStatus()
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Aghababaei, M. and  Koliou, M. 2022 Community resilience 

assessment via agent-based modeling approach. Computer-Aided in 

Civil and Infrastructure Engineering, DOI:10.1111/mice.12916. 



Current Strategies – A few highlighted examples

Braik, A. M., & Koliou, M. (2023). A novel digital twin framework of 

electric power infrastructure systems subjected to 

hurricanes. International Journal of Disaster Risk Reduction, 104020.



Opportunities

• Long-lasting collaborations

• Keep working as a team (not siloed!)
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