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Probabilistic performance-based design

Performance I:>
objectives

DE-RISC Lab
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Fire scenario |:> Decision
(IM) metric making
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Fire Intensity Measure?

&Tbeam= f(p, time, Design var. X,
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DE-RISC Lab

The structure defines fire intensity
Fire scenarios can be design variables!

Fire intensity - 0?
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Consequence-oriented Fire intensity Optimisation
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lllustrative example

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

DE-RISC Lab
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lllustrative example
step #1 step #2 step #3 - #4 step #5

DE-RISC Lab

PERFORMANCE OBIJECTIVES AND INITIAL DESIGN

a; XL
SaiLia Objective
e Xy girX0.9Mm o k3 o Time to collapse:
| B -t(Xa)>20mm
‘o X, X0.4m

design variables fire scenario variables
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Design variables
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HRR [MW]
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lllustrative example
step #1 step #2 step #3 - #4 step #5

DE-RISC Lab
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lllustrative example
step #1 step #2 step #3 - #4 step #5

DE-RISC Lab

CONSEQUENCE POTENTIAL MODEL
Q D t.(X, a)

T

design variables fire scenario variables

[ Fire modelling ] [> [ Thermal response ] [> [ Structural response

No flame impingement Flame impingement
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lllustrative example
step #1 step #2 step #3 - #4 step #5
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CONSEQUENCE POTENTIAL MODEL

[ Fire modelling ] |:> [ Thermal response ] I:> [ Structural response

Qi—1,

S~ ' )ii+1
‘ )
Qflres‘

.dat 11.dat dat 3.dat 1'.dal 'f. at 11 at 1 at AT. _
u:] a;l 5:] ”] o;‘] a;l 0'-] u:] c:] i Vipcy (T) (Qfl‘l‘el Qoutt"'Qz 1L+Qll+1)

A. Franchini - UCL



ol JOlel

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

DE-RISC Lab

CONSEQUENCE POTENTIAL MODEL
Q oY (x a)

design varlables ﬂre scenario variables

Fire modelling ] [> [ Thermal response ] [> [ Structural response ]
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lllustrative example
step #1 step #2 step #3 - #4 step #5
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lllustrative example

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

w

(a)

CALCULATE MAX CONSEQUENCE AND|FIRE SCENARIO
. : 12 . .
=3¢+ Design #1 — === Design #1
-R g Design #2| | % 10+ mm Design #2 |
'.- ® =< )= Design #3 =, === Design #3
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Fire scenarios maximising consequences are structure-specific.
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lllustrative example
step #1 step #2 step #3 - #4 step #5
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CALCULATE MAX CONSEQUENCE AND|FIRE SCENARIO

CFO: design both the fire and the structure!

Design #1 Design #3
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lllustrative example

step #1 step #2 step #3 - #4 step #5
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lllustrative example
step #1 step #2 step #3 - #4 step #5
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INPUT UNCERTAINTY EFFECT (STEEL MATERIAL)
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lllustrative example
step #1 step #2 step #3 - #4 step #5
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lllustrative example

step #1 step #2 step #3 - #4 step #5
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What's next -
?
o
» Optimising the inherent flre capacity of structures i
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What's next

» Consequence-oriented Fire intensity Optimisation for buildings

DE-RISC Lab

Flashover criterion
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Worst ignition location? .
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A,: area of the window opening
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Conclusions

« Are fire scenarios a design input or output?

 The structure defines the fire

« Consequence-oriented Eire intensity Optimisation (CFO):
> The fire scenario is a design variable (output)
» More optimised design

« Optimising the inherent fire capacity of structures

DE-RISC Lab
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Thank you!
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Appendix - Bridge Fires

CAUSES OF
BRIDGE COLLAPSE
1980-2012

Earthquake, 2.13%
Wind, 1.81%

Fire, 3.20%
Degrad., ‘/.

7.58%

Overload,
14.41%
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Spence Overpass Bridge Road bridge Bridge Viaduct viaduct '
(2020) (2017) (2014) (2014) (2011) (2011) (2010)
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Appendix - what's next
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» Improving the model(s) s
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 consequence
Consequence A e
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4 Max conseq. |
/ ] distribution
EED e Y v (o) AosHoya et 201

CFD-FEM Coupling

[

) T et | studies, more models
may be added

Kawagoe's and
Thomas curves

| Active area of research,
| requires more validation
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Appendix - Optimising IC
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