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How does fire behave in large compartments?
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NOT as in a furnace
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What do we need?
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An applied methodology for the inclusion of travelling fires
in the fire safety design process of a building
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Design example

{ Open sides }

Office fire Unprotected steel
load column
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Opening
factor
>
limit?

Stage 1: Evaluate

occurrence of a travelling
fire
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Stage 1: Evaluate

occurrence of a travelling
fire

Opening
factor
>
limit?

Yes

Stage 2: Sensitivity analysis

to determine worst-case

travelling fire
WCTF

Design for a fully-
developed fire
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Stage 2: Sensitivity analysis
to determine worst-case

travelling fire
WCTF

Heat release rate per unit area

RHR;

Burnt out
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Fuel load density

Spread rate
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Unprotected
column -
HE200A

EC1 and EC3 equations
Section factor of 21 1mm!
Steel properties EN 1993-1-2
T @ 2.5m height
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Stage 2: Sensitivity analysis
to determine worst-case

travelling fire
WCTF

Structural response

TRAFIR model

[MJ/m?] [kW/m2]
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Opening
factor Design for a fully-

Stage 1: Evaluate
occurrence of a travelling

Fire > developed fire

limit?

Yes

Stage 2: Sensitivity analysis
to determine worst-case

travelling fire
WCTF

Structural response against Necessary
WCTF with analytical to do
models CFD?

Stage 3: CFD model of Structural response against

worst-case travelling fire WCTF with CFD model
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CFD models
for more data
availability

« Simplified fuel load:
timber cubes 32cm

e Prescribed HRRPUA for
office

* Fire spread: timer-
controlled

e 16cm mesh — 170k cells

e D*/dx + turbulence
resolution

HRRPUA [kW/m?2]
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heat transfer and fire
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Stage 3: CFD model
of Worst-Case
Travelling Fire

Fire spread
model

Igniti
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Stage 3: CFD model
of Worst-Case
Travelling Fire
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Outcome of the design process

800

 Test results shown for comparison - 700
« Stage 1: TF more likely than fully-developed fire g ggg
 Stage 2: WCTF characterised rapidly by analytical % ;122
models % o0

+ Stage 3: more data availability about fire exposure “ 100

eee Test1
e Stage 2

Stage 3

40

60
Time [min]

80

100

120




- STIFF 2026

JORGE CISNEROS

Publications about this research
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Application in industry

Orange Tree Reception ! J Teapsnt
g 110 " e
TRAFIR model
1000 1400
—2:q=420; RHR =250;s=4 1400 TC31-2-R 0.5
900 —3:q=420; RHR =250; 5= 6 TC31-2-R 1.1
o= S11- RHR = 250+ < = 1200 —— TC31-2-R_17
800 —5:q=511; RHR =250; 5 =2 - 12001 12823
—6:q=511; RHR = 250; 5= 4 . Ter — — TC312R29
——10: g = 420: RHR = 400: s = 1000 S @) —— TC31-2-R 35
700 10: q = 420; RHR = 400; s = 4 5 D o, 10001 — rc31-2R41
—11: 9= 420; RHR = 400; s = 6 2 o @ — 2R 47
o 600 —12:q=420; RHR = 400; 5 = 8 S good s £ 5 = IE312R. 53
g @ «fu < 8001 — m312R59
= 500 —14: q=511; RHR = 400; s = 4 g : 2
[ = .
3 —15:q=511; RHR = 400; s = 6 5 . [0}
3 800+ A Q !
& 400 g ; g 600 i
= n (9] ‘é’?‘ﬁl
300 4001 i+ b !
a ) w400 \
200 O
200 &
100 }, 200
0 0 T 0
o 20 40 60 80 100
0 2000 4000 6000 8000 10000 12000 ime (mins) 0 20 40 60 80 100 120 140 160
Time (s) Time [min]




- STIFF 2026

JORGE CISNEROS

Areas of refinement

Stage 1: Evaluate

occurrence of a travelling
fire

Decision
point 1

Design for a fully-
developed fire

Yes

Stage 2: Sensitivity
analysis to determine
worst-case travelling fire
WCTF

Structural response
against WCTF with
analytical models

Decision
point 2

Stage 3. CFD model of
worst-case travelling fire

Structural response
against WCTF with CFD
model




Questions?

Thank you
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