
Design Fire Scenario-Physics and Policy

Kenneth J. Harris, PE

WSP, Technical Fellow

San Jose, CA



• Physics

– Tests

– Vehicle Construction

– Fire physics

• Policy

– Flashover

– Nonflashover

Design Fire Scenario-Physics and 
Policy Background



Physics-Dynamics of Fire



Fuel-Controlled Fires

Design Curves



NFPA 130 Annex H Full scale tests 
(H.3)

• Eureka Intercity 

– 12 MW @ 25 min

• Eureka Metro

– 35 MW @ 5 min

• Baku Metro

– 100 MW @30-40 min

• Frankfurt Metro

– 5.6 MW @30 min

• Sweden

– 76.7 MW @12.7 minutes

– 77.4 MW @117.9 minutes 
(aluminum)

• Canada

– 52.5 MW @ 2.3 minutes 
(subway)

– 32 MW @18 minutes (railway)

• Australia

– 13 MW @2.3 minutes 
(passenger rail)



Fire Growth Rates (α) of All 

Referenced Tests
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Fire Growth Rates (α) of Most Tests
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Accelerant Results

0.7 kg Self-extinguishing 20 min.  

6.2 kg Partial window failure 1 min.  Observations end 14 min.  

Physics-Tests
Eureka Fire Test F41/F42



Physics-Tests 
Swedish Metro Vehicles



Physics –Vehicle Construction
NFPA 130 Requirements



Physics-Fire Physics
Vehicle Fire With Accelerant 



Physics-Fire Physics
Vehicle Fire Without Accelerant 



• Large amounts of accelerant are necessary 
to vaporize sufficient fuel to cause a big 
fire.

• Materials used in transit vehicles are 
extremely fire resistant.

• An ultrafast growth rate is a reasonable 
design fire basis.

Physics Summary and Conclusion



• Small amounts of accelerant will not create 
sufficient fuel vaporization for flashover.

• Either

– Flashover fire with ultrafast growth rate OR

– Nonflashover fire that will self-extinguish

• Policy and Risk Assessment vs. Engineering

• Owner risk acceptance.

Physics Summary and Conclusion



• Flashover Scenario

– Highest levels of mitigation

– Most systems designed to this criteria

• Nonflashover scenario

– Lowest levels of mitigation

– Security and/or on-board suppression

– Significant facility requirements

Fire Risk Acceptance-Policy



• Arson fire risk acceptance

– Mitigations exceed benefit

– Mitigations to be implemented

• Arson fire mitigations

– Security

– On-board suppression

Policy Summary and Conclusion



• Physics

– Tests

– Vehicle Construction

– Fire physics

• Policy

– Flashover scenario 

– Nonflashover scenario.

Design Fire Scenario-Physics and 
Policy Summary and Conclusion



Questions?


