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Presentation of Setec tpi

KMP — Fire modeling of the winterized roads




Presentation of setec tpi and Equipments & Safety Hub C;

Setec group:

» French engineering firm (~ 2400 employees)

* More than 40 companies in France and abroad,
specialised in different professions

Setec tpi:
« Specialised in civil engineering

» Various tecnical departments : transport
infrastructure, underground structures, complex
buildings, industrial facilities...

Equipments & Safety Hub

« Engineers and experts in electromechanical, electrical and electronical
equipments and in Security and safety of road or railroad infrastructures

» Use of Specific softwares (emergency evacuation in large structures,

aerodynamic and thermodynamic phenomena in underground structures)
KMP — Fire modeling of the winterized roads
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Context and objectives

KMP — Fire modeling of the winterized roads




Context and objectives

Context

« Aluminium production plant building in British Columbia with fully enclosed winterized
roads

- Road tunnels
» Fire loss experience: Mainly diesel-powered vehicles for potrooms operations involved

» No fire risk assessment with fire modeling

Objectives
« Use CFD modeling to determine survival conditions within the winterized roads

« Estimate the behavior of the structure during a fire involving diesel-powered vehicles

« Make recommandations for the possible modification to the design of the winterized
roads

r => Fire safety engineering

KMP — Fire modeling of the winterized roads
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1st part: Analysis of survival
conditions for workers

KMP — Fire modeling of the winterized roads




18t part: Analysis of survival conditions for workers

Determination of HRR

» Analysis of vehicles heat load (inventory of vehicle components given by the client)

« Determination of a realistic scenario for a fire on the vehicle with the higher HRR
(Setec experience on industrial vehicles fires studies and Client Society experience on
its own vehicles fires)
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KMP — Fire modeling of the winterized roads
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18t part: Analysis of survival conditions for workers ‘;

Fire modeling within the winterized roads
« Software: Fire Dynamics Simulator (FDS) version 5.5.3

» Determination of modeling parameters:
* Global HRR :

* 1 vehicle in fire > 30 MW peak after 10 mn of fire development

« 2 vehicles successively in fire > 56 MW peak after 15 mn of fire development (spread of fire
1st > 2nd yehicle after 5 mn)

« Combustion model : polyurethane fire with soot and CO production

« Material characteristics: floor and road in concrete, wall in concrete on 1m height and
cladding aluminium above, roof in aluminium and steelwork.

« External temperature: summer conditions (~ 31°C) and mild winter conditions (~ 0°C)

« 1st case of scenarios : no evolution of geometry with thermal modifications within the
winterized roads

NUMBER OF VEHICLES
SCENARIO METEOROLOGICAL CONDITIONS INVOLVED IN FIRE

Soft winter (0°C)

4 scenarios

N =N =

4 Summer (31°C)
KMP — Fire modeling o G- a—
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18t part: Analysis of survival conditions for workers ‘;

Fire modeling within the winterized roads

Aluminium roof

Metal Transport
Vehicles in fire

Cladding
aluminium wall
Concrete floor
(no slope)

East access to the anode
storage building
OPEN boundary (35.9 °C)

East closed

Air in opening Concrete wall =

West access to the anode
storage building

Access to potrooms operating
OPEN boundary (33 °C)

North-East passageway

OPEN boundary (32.8 °C)
167 m

Access io potrooms north

‘ OPEN boundary {32 8°C)
West closed ‘
door

Access to potrooms operating
North-West

passageway
/ OPEN boundary (32.8 °C)

KMP — Fire modeling of the winterized roads
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18t part: Analysis of survival conditions for workers ‘;

Fire modeling within the winterized roads

» Output data and performance criteria from French standards (for information) :
* smoke evolution,
« Visibility (m) : V>20m - speed walk =1 m/s
5<V<20m - speed walk = 0.5 m/s
V <5m - speed walk = 0.3 m/s
» Temperature (°C) : acceptable exposure time at 80°C : ~ 15 mn
» CO toxicity (ppm): acceptable exposure time : 60 mn at 500 ppm - 10 mn at 3000 ppm
* Thermal radiation (kW/m?2): non-equipped people: 10 mn at 2 kW/m? and equipped
firefighter : 10 mn at 5 kW/m?

» Graphics sections: horizontal (1.75m high) and longitudinal (place of fire)

» Scales: survival criteria
- e

" Longitudinal =7
section

Horizontal
section
KMP — Fire modeling of the winterized roads
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18t part: Analysis of survival conditions for workers ‘;

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)

« 1stcase : No evolution of geometry during the fire development

« 2ndcase : Evolution of geometry with disappearance of aluminium panels in the roof when
the melting point is reached (607 °C)

KMP — Fire modeling of the winterized roads
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18t part: Analysis of survival conditions for workers C;

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)

Smoke evolution

1st case : no evolution of geometry 2nd case: Evolution of geometry with fire development
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KMP — Fire modeling of the winterized roads
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18t part: Analysis of survival conditions for workers C;

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)

Smoke evolution

1st case : no evolution of geometry | 2nd case: Evolution of geometry with fire development

PMO 30 60 90 120 150 1§ M0 3 60 90 120 150 167
§ 2> < >

KMP — Fire modeling of the winterized roads
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18t part: Analysis of survival conditions for workers ‘;

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)

Visibility (m) — Longitudinal sections

French standards French standarc.is French standards< -
V<5m = speed walk : 0.3 m/s V<20m —> speed walk : 0.5 m/s V=20m = speed walk 1im/s
00 3.0 50 60 90 12.0 150 18.0 200210 240 270 30.0
1st case : no evolution of geometry | 2nd case: Evolution of geometry with fire development

PO % ) 9 120 150 g Pmo

30 60 80 120 150 167

T=+3mn

T-t+4mn

T=D+5mn

T=D+6mn

T=t+7mn

3 .

r

12/01/2015

setec tpi 15>



18t part: Analysis of survival conditions for workers "

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)

Visibility (m) — Longitudinal sections

French standards F;E"Ch Sta"d?:.’s French standards<
V<5m = speed walk : 0.3 m/s V<20m = speed walk: 0.5 m/s V=20m = speed walk: 1 m/s

0.0 3.0 50 60 8.0 12.0 15.0 18.0 200210 240 27.0 30.0

1st case : no evolution of geometry | 2nd case: Evolution of geometry with fire development

PMO 30 60 90 120 150 1&7 F’MIJ ¢l 60 Ll 120 150 15?

r g

KMP — Fire modeling of the winterized roads
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18t part: Analysis of survival conditions for workers ‘;

Results of survival conditions

—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)
Visibility (m) — Horizontal sections (1.75m high)

French standards French standards French standards<
V<5m = speed walk : 0.3 m/s V<20m > speed walk : 0.5 m/s Vv220m > speed walk: 1 m/s
00 30 50 60 9.0 12.0 15.0 18.0 200210 240 270 300

1st case : no evolution of geometry ‘ 2nd case: Evolution of geometry with fire development

T=t0+1mn

T=t0+2mn

T=t0+3mn

T=t0+4mn
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T=t0+5mn

T=t0+6mn

T=t0+7mn

T=t0+8mn

T=10+9mn

18t part: Analysis of survival conditions for workers ‘;

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)

Visibility (m) — Horizontal sections (1.75m high)

French standards French standarc.is French standards<
v<5m = speed walk : 0.3 m/s V<20m > speed walk : 0.5 m/s V220m = speed walk: 1 m/s
00 3.0 50 60 90 12.0 15.0 18.0 200210 240 270 30.0
1st case : no evolution of geometry | 2nd case: Evolution of geometry with fire development
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18t part: Analysis of survival conditions for workers ‘;

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)

Visibility (m) — Horizontal sections (1.75m high)

French standards F;anch standarc.is French standards<
V<5m = speed walk : 0.3 m/s V<20m = speed walk: 0.5 m/s V=20m = speed walk: 1 m/s
- - B
00 3.0 50 60 90 12.0 15.0 18.0 200210 240 270 30.0
1st case : no evolution of geometry | 2nd case: Evolution of geometry with fire development

PO Kl 60 ] 120 150 1§ PMO 30 60 80 120 150 187

T=0+10mn

T=t+15mn

T=tH+25mn

KMP — Fire modeling of the winterized roads
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18t part: Analysis of survival conditions for workers "

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)

Temperature (°C) — Longitudinal sections

French standards
Acceptable exposure time at

80°C: 15 mn
0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0 180.0 200.0

1st case : no evolution of geometry 2nd case: Evolution of geometry with fire development
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18t part: Analysis of survival conditions for workers "

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)

Temperature (°C) — Longitudinal sections

French standards
Acceptable exposure time at
80°C: 15 mn

— B

20.0 100.0 120.0 140.0 160.0 180.0 200.0

1st case : no evolution of geometry 2nd case: Evolution of geometry with fire development

mo 1@ L

T=10+10mn

T=0+15mn

T=0+20mn

T=t0+25mn

KMP — Fire modeling of the winterized roads
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18t part: Analysis of survival conditions for workers "

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)

Temperature (°C) — Horizontal sections (1.75m high)

French standards
Acceptable exposure time at
80°C: 15 mn

— B

100.0 120.0 140.0 160.0 180.0 200.0

1st case : no evolution of geometry 2nd case: Evolution of geometry with fire development
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18t part: Analysis of survival conditions for workers "

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)

Temperature (°C) — Horizontal sections (1.75m high)

French standards
Acceptable exposure time at
80°C: 15 mn

0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0 180.0 200.0

1st case : no evolution of geometry 2nd case: Evolution of geometry with fire development
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18t part: Analysis of survival conditions for workers "

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)

Temperature (°C) — Horizontal sections (1.75m high)

French standards
Acceptable exposure time at
80°C: 15 mn

0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0 180.0 200.0

1st case : no evolution of geometry 2nd case: Evolution of geometry with fire development

FMD El 0 Ll 10 150 1@ MO 30 60 90 120 150 167
< ? € >

T=0+10mn

T=0+15mn

T=0420mn

T=0+25mn

r

KMP — Fire modeling of the winterized roads
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1st part: Analysis of survival conditions for workers ‘;

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)
CO toxicity (ppm)- Longitudinal sections

French standards
Acceptable exposure time
From 500 ppm Iastlng 60 mn to 3000 ppm lasting 10 mn

2000 4000 5000 800 O 800.0 1000.0 1200.0 1400.0 1600.0 1800.0 2000.0
1st case : no evolution of geometry | 2nd case: Evolution of geometry with fire development
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1st part: Analysis of survival conditions for workers ‘;

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)
CO toxicity (ppm)- Longitudinal sections

French standards
Acceptable exposure time
From 500 ppm lasting 60 mn to 3000 ppm lasting 10 mn

0.0 2000 4000 500.0 6000 8000 1000.0 1200.0 1400.0 1600.0 1800.0 2000.0

1st case : no evolution of geometry 2nd case: Evolution of geometry with fire development

KMP — Fire modeling of the winterized roads
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18t part: Analysis of survival conditions for workers ‘;

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)
CO toxicity (ppm)- Horizontal sections (1.75m high)

French standards
Acceptable exposure time
From 500 ppm lasting 60 mn to 3000 ppm lasting 10 mn

d_ o

2000 4000 500.0 6000 8000 1000.0 1200.0 1400.0 1600.0 1800.0 2000.0

1st case : no evolution of geometry 2nd case: Evolution of geometry with fire development

PMO 30 60 90 120 150 167
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18t part: Analysis of survival conditions for workers ‘;

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)
CO toxicity (ppm)- Horizontal sections (1.75m high)

French standards
Acceptable exposure time
From 500 ppm lasting 60 mn to 3000 ppm lasting 10 mn

T A —

0.0 2000 4000 500.0 6000 8000 1000.0 1200.0 1400.0 1600.0 1800.0 2000.0

1st case : no evolution of geometry

2nd case: Evolution of geometry with fire development
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18t part: Analysis of survival conditions for workers ‘;

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)

CO toxicity (ppm)- Horizontal sections (1.75m high)

French standards
Acceptable exposure time

| From 500 ppm lasting 60 mn to 3000 ppm lasting 10 mn
0.0 2000 4000 5000 6000 800.0 1000.0 1200.0 1400.0 1600.0 1800.0 2000.0
1st case : no evolution of geometry | 2nd case: Evolution of geometry with fire development

T=t0+10mn

T=t0+15mn

T=t0+20mn

T=t0+25mn

KMP — Fire modeling of the winterized roads
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1st part: Analysis of survival conditions for workers ‘;

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)
Thermal radiation (KW/m?2)- Longitudinal sections

French standards
Acceptable exposure time at 2 kW/m?
for non-equipped people: 10 mn

French standards
Acceptable exposure time at 5 kw/m?
for equipped firefighter : 10 mn

0.0 0.7 1.4 2.0 2.8 3.5 4.2 5.0 56 6.3 7.0

1st case : no evolution of geometry

2nd case: Evolution of geometry with fire development

FMO Kl &0 Ll 120 150 167
< Y
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18t part: Analysis of survival conditions for workers ‘;

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)

Thermal radiation (KW/m?2)- Longitudinal sections

French standards French standards
Acceptable exposure time at 2 kW/m? Acceptable exposure time at 5 kw/m?
for non-equipped people: 10 mn for equipped firefighter : 10 mn
0.0 0.7 1.4 20 28 3.5 4.2 5.0 5.6 6.3 7.0

1st case : no evolution of geometry 2nd case: Evolution of geometry with fire development

PO 30 ) 90 120 150 1 FMﬂ a0 &0 a0 120 150 187
< Cd

.- ~a—— —we—
.
m_ )
e —a Gy | 0 Ty

r

KMP — Fire modeling of the winterized roads
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18t part: Analysis of survival conditions for workers ‘;

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)

Thermal radiation (KW/m?2)— Horizontal sections (1.75m high)

French standards French standards
Acceptable exposure time at 2 kW/m? Acceptable exposure time at 5 kw/m?
for non-equipped people: 10 mn for equipped firefighter : 10 mn

0.0 0.7 1.4 2.0 2.8 3.5 4.2 5.0 56 6.3 7.0

1st case : no evolution of geometry

2nd case: Evolution of geometry with fire development
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18t part: Analysis of survival conditions for workers ‘;

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)

Thermal radiation (KW/m?2)— Horizontal sections (1.75m high)

French standards French standards

Acceptable exposure time at 2 kW/m? Acceptable exposure time at 5 kw/m?
for non-equipped people: 10 mn for equipped firefighter : 10 mn
B
0.0 0.7 1.4 20 28 3.5 4.2 5.0 5.6 6.3 7.0
1st case : no evolution of geometry ‘ 2nd case: Evolution of geometry with fire development

PMO £ 60 9 120 150 167
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T-0+15mn

T=+25mn

1st part: Analysis of survival conditions for workers ‘;

Results of survival conditions
—> worst case: scenario 4 (summer external conditions with 2 vehicles in fire)

Thermal radiation (KW/m?2)— Horizontal sections (1.75m high)

French standards French standards
Acceptable exposure time at 2 kW/m? Acceptable exposure time at 5 kw/m?
for non-equipped people: 10 mn for equipped firefighter : 10 mn

0.0 0.7 1.4 2.0 2.8 3.5 4.2 5.0 56 6.3 7.0

1st case : no evolution of geometry 2nd case: Evolution of geometry with fire development

o 0 il 0 10 150 g & 2 L = 2 a0 0y

L
l
‘ | AT

KMP — Fire modeling of the winterized roads
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18t part: Analysis of survival conditions for workers C’
Results of survival conditions

« Conclusion:

- Good stratification of smoke with fresh air layer at workers height
- Roof openings with aluminium melt enlarge the fresh air layer at workers height
- Good visibility, temperature and no very few CO particles at workers height

- Important thermal radiation emitted by fire (global heat load : 56 MW peak)
—> Workers quickly go away from the dangerous area (center of fire), no impact on
their health
- Low impact of thermal radiation emitted by smoke on workers thanks to roof openings

—> Firefighter attack after 20 mn of fire development:
- Thermal radiation emitted by fire and aluminium roof elements which melt can
restrain firefighter approach
—> Careful approach with a first general refreshment action from outside

r

KMP — Fire modeling of the winterized roads
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2"d part: Thermal solicitations and
behavior of the structure

KMP — Fire modeling of the winterized roads




2"d part: Thermal solicitations and behavior of the structure

Temperature within steelworks

Point 5

Point 4

« Measuring points:

Point 3

Point 2
Point 10

Point 9 Point 1

- ~ m < wn -] ™~ 00 <))
w w w w w w w w w
<E: = = = 2 2 = = =
= 3 3 3 S 2 g 3 2
w w w w w w w w w
North-West North-East
winterized road I !\ I winterized road

AN Position of MTV N\ /
@ in fire u
. Access to potrooms

Access to potrooms operating
operating North passageway

KMP — Fire modeling of the winterized roads

North-East passageway
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2"d part: Thermal solicitations and behavior of the structure C;

Temperature within steelworks
 Results on the frame situated at the center of the fire (most elevated temperatures)
- Temperatures within the structure < 500°C on a short time

Frame n°5
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2"d part: Thermal solicitations and behavior of the structure C’

Behavior of steel structure

» Use of Pythagore software (structural modeling) - Assessment of the duration of the
mechanical stability of steel structure

* Model presentation

Fire position
North

__ Portal frame n°6
Portal frame n°5

ﬁk Portal frame n°1

KMP — Fire modeling of the winterized roads
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2"d part: Thermal solicitations and behavior of the structure C;

Behavior of steel structure

 Behavior at t= 5 mn

—> Distorted shape (cm) on entire framework & portal frame n°5

|1

[

|

Il 1
) 0.0 0.224 0448 0672 0896 1.120 1.344 1568 1792 2.016 2.240 00 003 0076 0114 0152 0190 0229 0267 0305 0343  0.381
T/ e e - .

Displacement of nodes Displacement of nodes

r

KMP — Fire modeling of the winterized roads

12/01/2015 setec tpi 40>



2"d part: Thermal solicitations and behavior of the structure K’

Behavior of steel structure

 Behavior at t= 5 mn

- Stresses (MPa) on portal frames n° & 6

Max : 27.589
Frame n°5 Min :-11.709

Frame n°5 Frame n

Max : 27.290
Min : -16.488

purlin

pole

-25.917  -20.560 -15.204  -9.848 -4.491  0.864 6.221 11.577 16.934 22290  27.647

L/ ¢ Stresses in beams (all fibres)
-20.754 -15.949 -11.145 -6.340 -1.536 3.268 8.072 12.877 17.681 22.486 27.290

Stresses in beams (all fibres)

r

KMP — Fire modeling of the winterized roads
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2"d part: Thermal solicitations and behavior of the structure K’

Behavior of steel structure

« Behavior att= 12 mn

- Tie beam doesn’t verify the buckling under bending and axial compression (local
instability) =» Not consider anymore as a structural element in the modeling since this time

Max : 55.467
Min : -55.054

Tie beam

buckling

p " -58.214 -46.764 -35.314 -23.864 -12.413 -0.963 10.486 21.936 33.386 44.837 56.287

| D e .

. ) Stresses in beams (all fibres)
KMP — Fire modeling v: uic winciicou 1vaus
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2"d part: Thermal solicitations and behavior of the structure

Behavior of steel structure

« Behavior at t= 17 mn (maximum temperature)

—> Distorted shape (cm)

T% 00 0590 1179 1.769 2.358 2.948 3.538 4.127

Displacement of nodes

r

KMP — Fire modeling of the winterized roads
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2"d part: Thermal solicitations and behavior of the structure C’

Behavior of steel structure

« Behavior at t= 17 mn (maximum temperature)

- Stresses (MPa) Max : 46.754

Min : -25.380
Portal frame n°5

Max : 22.534 -~

Min :-19.128 / \ ourlin
> pole

Frame Frame
n°5 n°6

‘ -66.991 -54.234 -41.477 -28.720 -15.96¢ -3.207 9.549 22.306 35.063 47.820 60.577

-26.780 -21.378  -15975 -10.572 -5170 0.232 5.635 11.037 16.440  21.843 27.245 Stresses in beams (a" flbrES)

Stresses in beams (all fibres)

r

KMP — Fire modeling of the winterized roads
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2"d part: Thermal solicitations and behavior of the structure

Behavior of steel structure

 (Conclusions:

- Structure is stable until the 12t minute of fire development
- At t=12 mn : buckling on the tie beam next to the fire center (local instability)

=» No consequences on the general stability

r

KMP — Fire modeling of the winterized roads
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Conclusion

KMP — Fire modeling of the winterized roads
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Conclusion (;

* Fire safety enqgineering:

« Evolution of the structural geometry of the winterized roads with fire
development
» Use of temperature data from the fire modeling to assess the structural

behavior

 Impacts of the study:

» Results guarantee the good design of the winterized roads
« Beginning of building work after these favorable results - Respect of

.— schedule and cost

KMP — Fire modeling of the winterized roads
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