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Items to be discussed 

Population at Risk and Potential Loss of Life

An Introduction to Risk Assessment 

• Hydraulic Characteristics (Depth and Velocity) overtime 
• Structure Inventory and Associated Properties (Including Structural Stability Curve) 
• Warning (and Protective Action Initiation Timeline) and Population Redistribution 

(Evacuation) 
• Roads and Destinations, 
• Fatality Rates and PLL
• Hec-LifeSIM (USACE)

• Identification and Assembly of all relevant data, 
• Hazard and Failure Mode Identification, 
• Failure Mode Development (Event Tree), 
• Failure Mode Analysis, 
• Introduce Risk Plots, 
• Total Risk (RMC-USACE)
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Hydraulic Characteristics (Depth and Velocity) overtime 
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Hydraulic Characteristics (Depth and Velocity) overtime 

• Do the hydraulics make sense?
• For instance, if a levee is overtopped, is the correct area inundated?
• Are there isolated inundation areas that are disconnected from main flow 

areas?
• Is the edge of the water surface getting cut off?(Cross sections don’t 

extend to high ground?)
• Are depths within reasonable ranges?
• Are velocities within reasonable ranges?
• Watch the animation, check the max depths and velocities

We need to “Check Sensibility”



• Hydraulic Characteristics (Depth and Velocity) overtime 
• Structure Inventory and Associated Properties (Including Structural Stability Curve) 
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Definition of attributes required for structure (shape file) 
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Default Stability Criteria for engineered construction, uniform 
distribution 



Default Stability Criteria for wood-anchored construction, 
triangular distribution 



Default Stability Criteria for manufactured construction, uniform 
distribution 



Default Stability Criteria for masonry construction, triangular 
distribution 



Default Stability Criteria for wood-buoyant construction 
(unknown weight), uniform distribution 



Default Stability Criteria for wood-buoyant construction (known 
weight/light), triangular distribution 



Default Stability Criteria for wood-buoyant construction (known 
weight/heavy), triangular distribution 



Proposed hazard regimes compard to available experimental 
data (Shand et al., 2014) 
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Threat Detected

Communication 
and Warning Delay Time

Warning Issued

Warning Diffusion Time

Warning Received

Protective Action 
Initiation Time

Protective Action 
Initiated

Evacuation Time

Safety Reached

[ Time ]

Warning and Protective Action Initiation Timeline



Warning and Evacuation Timeline
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Warning and Evacuation Timeline
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Warning and Evacuation Timeline



Warning and Evacuation Timeline
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• Roads and Destinations, 
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• Hec-LifeSIM (USACE)

Population at Risk and Potential Loss of Life



Population Redistribution (Evacuation)



Population Redistribution (Evacuation)



Population Redistribution (Evacuation)



Population Redistribution (Evacuation)







• Hydraulic Characteristics (Depth and Velocity) overtime 
• Structure Inventory and Associated Properties (Including Structural Stability Curve) 
• Warning (and Protective Action Initiation Timeline) and Population Redistribution 

(Evacuation) 
• Roads and Destinations, 
• Fatality Rates and PLL
• Hec-LifeSIM (USACE)

Population at Risk and Potential Loss of Life



High and Low Hazard zones fatality function 
(based on Flood Fatality Data base) 

Low hazard:
• Exposed to relatively calm floodwaters, 

where their stability or the stability of their 
shelter is not at risk. A hazard exists because 
people are coming in contact with water in 
locations not meant for such an interaction 

High hazard:
• Stability criteria or submergence criteria of 

the person (if out in the open), the vehicle 
(if caught while evacuating) or the structure 
(if not mobilized) has been exceeded. In that 
situation, the victims are typically swept 
downstream, trapped underwater or buried 
in a collapsed building



High and Low Hazard zones fatality function 
(based on Flood Fatality Data base) 



Low Hazard zones fatality function 
(based on Flood Fatality Data base) 



• Hydraulic Characteristics (Depth and Velocity) overtime 
• Structure Inventory and Associated Properties (Including Structural Stability Curve) 
• Warning (and Protective Action Initiation Timeline) and Population Redistribution 

(Evacuation) 
• Roads and Destinations, 
• Fatality Rates and PLL
• Hec-LifeSIM (USACE)

Population at Risk and Potential Loss of Life



Hec-LifeSIM



An Introduction to Risk Assessment 

• Identification and Assembly of all relevant data, 
• Hazard and Failure Mode Identification, 
• Failure Mode Development (Event Tree), 
• Failure Mode Analysis, 
• Introduce Risk Plots, 
• Total Risk (RMC-USACE)



Identification and Assembly of all relevant data, 
• Data mining, 
• Gap analysis, 
• Understand visual data and during construction information,
• Do not underestimate usefulness of Photos at different stages of project construction!  
• Monitoring and observations, 
• Surveillance, 
• Dam Upgrades, 
• Understanding of FMs. 
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An Introduction to Risk Assessment 

• Identification and Assembly of all relevant data, 
• Hazard and Failure Mode Identification, 

• Failure Mode Development (Event Tree), 
• Failure Mode Analysis, 

• Introduce Risk Plots, 
• Total Risk (RMC-USACE)



Consequence Category, Societal Losses, Financial Losses, Likelihood of Failure and Risk  05.1

Likelihood

Event

Consequences

SDF
FD
EQ

Probability of Failure due to the event

Societal
Economical



Event x Probability of Failure x  ConsequencesRisk = 



Different Modes of Failure (Emb. Dams)  



Surveillance procedures, frequency determination based on hazard category05



























Relationship between Factor of Safety and Annual 
Probability of Failure (Silva et. al.)



Barneich Verbal Mapping Table 



Consequence Category, Societal Losses, Financial Losses, Likelihood of Failure and Risk  05.1



An Introduction to Risk Assessment 

• Identification and Assembly of all relevant data, 
• Hazard and Failure Mode Identification, 

• Failure Mode Development (Event Tree), 
• Failure Mode Analysis, 

• Introduce Risk Plots, 
• Total Risk (RMC-USACE)



Risk Plots
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An Introduction to Risk Assessment 
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• Hazard and Failure Mode Identification, 
• Failure Mode Development (Event Tree), 
• Failure Mode Analysis, 
• Introduce Risk Plots, 
• Total Risk (RMC-USACE)



Total Risk (RMC-USACE)
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Total Risk (RMC-USACE)

Interpretation is the key! 



Total Risk (RMC-USACE)

Interpretation is the key! 



Summary 

Conclusion

&



Thank You! 


