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Are fire scenarios a design input or output?

A. Franchini - UCL
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Fire Intensity Measure?

𝑡𝑖𝑚𝑒,

𝑿

𝐷𝑒𝑠𝑖𝑔𝑛	𝑣𝑎𝑟. 𝑿,

𝒑𝟐

𝒑𝟏
= 𝑓(𝒑,	

𝑿𝒔𝒕𝒓𝒂𝒕

𝒒̇99

𝑞̇!!(…	 )

𝑇"#$%	
, 𝑿'()$( , 𝑓𝑢𝑒𝑙)

Performance 
objectives

Fire scenario
(IM)

Consequence
metric

Decision 
making

A. Franchini - UCL



4

D
E

-R
IS

C
 L

ab

The structure defines fire intensity

Fire scenarios can be design variables!

Fire intensity → 0?

A. Franchini - UCL
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Consequence
metric

Decision 
making

OUTPUTSINPUTS

Consequence-oriented Fire intensity Optimisation
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PERFORMANCE OBJECTIVES AND INITIAL DESIGN

𝐱
𝒚

𝐿!"# = 21𝑚
𝜶𝒃𝒆𝒅×𝐿!"#

UDL
𝜶𝒕𝒔×𝐿!"#

𝑿𝑯×5𝑚

𝑿𝑯𝒈𝒊𝒓×0.9𝑚

𝑿𝒘𝒇×0.4𝑚

Design variables
𝑿𝑯	 Bridge clearance
𝑿𝑯𝒈𝒊𝒓 Girder height
𝑿𝒘𝒇 Flange width

Objective
Time to collapse:
𝑡' 𝑿, 𝜶 ≥ 20	𝑚𝑖𝑛

Mohod Tohir and Sperarpoint, 2013Time [min]

H
R

R
 [M

W
] 𝜶𝒉𝒓𝒓𝒎𝒂𝒙×5𝑀𝑊

𝜶𝒕𝒎𝒂𝒙×10	𝑚𝑖𝑛

Energy 
released

𝑡()

design variables       fire scenario variables

step #1 step #2 step #3 - #4 step #5
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𝐱
𝒚

𝐱
𝒚

No flame impingement          Flame impingement          

Point source      Heskestad’s correlation      
Convective heat flux 𝑞̇33 = 85𝑘𝑊/𝑚4 

Illustrative example

𝑡4 𝑿, 𝜶

design variables     fire scenario variables

Time [min]

H
R

R
 [M

W
] 𝜶𝒉𝒓𝒓𝒎𝒂𝒙×5𝑀𝑊

𝜶𝒕𝒎𝒂𝒙×10	𝑚𝑖𝑛
𝑡()

Fire modelling Thermal response Structural response
fla
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CONSEQUENCE POTENTIAL MODEL
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Fire modelling Thermal response Structural response

𝐱
𝒚

∆𝑇*=
+,

-.!/'"(1
× 𝑄̇2*34,* − 𝑄̇)6,,* + 𝑄̇*78,* + 𝑄̇*,*98  

𝑄̇2*34,*

𝑄̇)6,,*

𝑄̇*78,* 𝑄̇*,*98
T(t)

𝑡4 𝑿, 𝜶

design variables     fire scenario variables
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CONSEQUENCE POTENTIAL MODEL
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Illustrative example

Fire modelling Thermal response Structural response

𝐱
𝒚

Thermal fiber section
Material: Steel01Thermal
Elements size: 0.50 m tc

𝑡4 𝑿, 𝜶

design variables     fire scenario variables

step #1 step #2 step #3 - #4 step #5

CONSEQUENCE POTENTIAL MODEL
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CALCULATE MAX CONSEQUENCE AND FIRE SCENARIO

Illustrative example

Design #1 #2 #3

X5 [-] 1.00 1.00 1.05

X5678 [-] 1.00 1.10 1.20

X9: [-] 1.00 1.20 1.15

t;[min] 11.47 19.33 20.23 x/L [-] Time [min]

y 
[m

]

H
ea

t 
re

le
as

e 
ra

te
 [M

W
]

Fire scenarios maximising consequences are structure-specific.

𝐱
𝒚 𝑿𝑯

𝑿𝑯𝒈𝒊𝒓

𝑿𝒘𝒇

step #1 step #2 step #3 - #4 step #5
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𝒚

𝒙

𝒙	[𝑚]

𝒚

𝒙

𝑇𝑖
𝑚
𝑒	
[𝑚
𝑖𝑛
]

𝒙	[𝑚]

Design #1                                                            Design #3

𝒙	[𝑚]𝒙	[𝑚]
𝑇𝑖
𝑚
𝑒	
[𝑚
𝑖𝑛
]

CFO: design both the fire and the structure!

11.47

20.23

CALCULATE MAX CONSEQUENCE AND FIRE SCENARIO

step #1 step #2 step #3 - #4 step #5

A. Franchini - UCL



15

D
E

-R
IS

C
 L

abIllustrative example

Performance 
objectives

Consequence 
potential 

model
Fire scenario Decision 

making

Max conseq. 
distribution

Max 
consequence

step #1 step #2 step #3 - #4 step #5

A. Franchini - UCL



16

D
E

-R
IS

C
 L

ab

Monte Carlo 
Simulation

Illustrative example

Design #1 #2 #3

X5 [-] 1.00 1.00 1.05

X5678 [-] 1.00 1.10 1.20

X9: [-] 1.00 1.20 1.15

t;[min] 11.47 19.33 20.23

𝑃𝑟( ̅𝑡# < 20) 1.000 0.216 0.026

𝐱
𝒚 𝑿𝑯

𝑿𝑯𝒈𝒊𝒓

𝑿𝒘𝒇

Probabilistic Deterministic
Design #1
Design #2
Design #3

20-minute threshold

Fr
eq

u
en

cy
 [-

]
Time to collapse tc  [min]

step #1 step #2 step #3 - #4 step #5

INPUT UNCERTAINTY EFFECT (STEEL MATERIAL)
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Design #1 #2 #3

X5 [-] 1.00 1.00 1.05

X5678 [-] 1.00 1.10 1.20

X9: [-] 1.00 1.20 1.15

t;[min] 11.47 19.33 20.23

𝑃𝑟( ̅𝑡# < 20) 1.000 0.216 0.026

𝐱
𝒚 𝑿𝑯

𝑿𝑯𝒈𝒊𝒓

𝑿𝒘𝒇

#1               #2               #3   

To
ta

l c
os

t [
-]

2.00

step #1 step #2 step #3 - #4 step #5

DECISION MAKING

A. Franchini - UCL
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Ø Optimising the inherent fire capacity of structures

What’s next

High 
Protected 
Capacity

High Inherent 
Capacity≈ ≈

𝐱
𝒚

𝐱
𝒚

≈ ≈
≈

A. Franchini - UCL

high 

intensit
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Ø Optimising the inherent fire capacity of structures

What’s next

𝐱
𝒚 𝑿𝑯

𝒙𝒊𝟏 𝒙𝒊𝟐

𝒅𝒊𝑿𝑯𝒈𝒊𝒓

𝑿𝒘𝒇

𝑚𝑖𝑛
𝜹: 𝑑𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛	@	1	ℎ𝑟
𝑰𝑛ℎ𝑒𝑟𝑒𝑛𝑡	𝑪𝑎𝑝𝑎𝑐𝑖𝑡𝑦
𝑷𝑟𝑜𝑡𝑒𝑐𝑡𝑒𝑑	𝑪𝑎𝑝𝑎𝑐𝑖𝑡𝑦

𝑰𝑪, 𝑷𝑪

𝜹

P
ro

te
ct

ed
 C

ap
ac

it
y 

[-
]

Inherent Capacity [-] di[mm]

Xwf[-]

XHgir[-]

XH[-]

Xxi2[-]

Xxi1[-]

A. Franchini - UCL
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Ø Consequence-oriented Fire intensity Optimisation for buildings

Worst ignition location?
Flashover criterion

𝑄EF = 7.8𝐴G + 378𝐴H 𝐻𝑣
          𝐴>: total internal surface area

             𝐴?: area of the window opening

             𝐻?: area of window opening 

Optimise compartment

What’s next

A. Franchini - UCL
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• Are fire scenarios a design input or output?
• The structure defines the fire
• Consequence-oriented Fire intensity Optimisation (CFO):

Ø The fire scenario is a design variable (output)
Ø More optimised design

• Optimising the inherent fire capacity of structures

Conclusions

Andrea Franchini
PhD Student, UCL
andrea.franchini.19@ucl.ac.uk

ndrfranchini.github.io/

Thank you!
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Appendix - Bridge Fires
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Ø Improving the model(s)

Appendix – what’s next

A. Franchini - UCL

Kahn et al., 2021.

Alos-Moya et al., 2021.
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