Research Fund
for Coal & Steel

LOCAFI+

Evaluacion de la temperatura de un elemento vertical sometido a un fuego
localizado
Difusion
Grant Agreement n° 754072

5. Software



5. Software
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Design Software

General Conditions of use

Steel solutions To optimise calculations and satisfy regulatory requirements
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Gas temperature in the event of fire according to EN 1991-1-2 and corresponding steel

Bridges temperature according to EN 1993-1-2

Fire Calculations
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B
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5.1. OZone Fuego de sector S

File Tools Wiew Help
Form of Compartment )
@ Rectangular Floor Height: m
@ Flat Roof _ ,
o Depth: m Geometria del
() Single Pitch Roof -
Ceiling - ) Length: Ll
) Double Pitch Roof sector
() Ary Compartment
Height
Define Layers and Openings =
Floor
Select Wall: Defined Walls: M)
[Floor v] [ Define Wall Type Openings  Length .
e T Foor Propiedades del
a Select Walls to Copy to: Ceiling
Ceing Vi | — suelo, paredes 'y
a Wall 2
Wal 2 2 h
Wiall 4 wall 2 Length Wall 2 Wal 3 | techo
Wall 4 Copy Openings Wall 4
|
Wall 1 Forced Vertilation I-—
T ) =
I Depth I Smoke Extractors: L
Height Diameter Volume In/Out . ./
n n mifsec Ventilacion
Extractor 1 —
Exractor 2 forzada
Bxtractor 3 . .
(si existe)
p—
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File Tools Wiew Help

Wall Length: 13 m

Material
Layer 1 Steel [EN15994-1-2]
Layer 2 Glass wool _Rock woal
Layer 3 Steel [EN1554-1-2]
Layer 4

Inside

Layer 1

Layer 2

Layer 3

Layer 4

Outside

Thickness
cm

0.1

&

0.1

Unit mass

leg/m?
7850
&0
7850

Conductivity Specific Heat Rel Emissivity Rel Emissivity
WimK JkgK Hot Surface Cold Surface
45 600 0.8 0.8
0.037 1030 0.8 0.8
45 600 0.8 0.3

Enter each layer on a single row in the table above {up to four layers). Just click in a cell and edit it's value. i not found in the list
of materials you can define your own material, by filing in the apropriate cells. Define your layers starting from Layer 1 {Inside).

Define your openings if any (up to three openings in a single wall). Click in the desired cell and input your values. Start from

Opening 1.

To delete orinsert a row, right click on a row header and select the appropriate command from the popup menu.

Sill Height Hi

m
Opening1 0
Opening2 0

Opening 3

Soffit Height Hs

m
4
2

Width Wariation Adiabatic

m

42 Stepwise no
Stepwise no

ok | [ Cance

Propiedades de
— las capas de

cada
B cerramiento Paramsters
Temperature Dependent Openings
Temperature Dependent:
Stepwise Variation
Temperature
i
20
400
_— 500
Linear Variation
Temperature
i
— 20
400
- 500

— Huecos

Time Dependent Openings

400 T

% of Total Openings
10

50

100

% of Total Openings
10

50
100

% of Total Openings

5
100
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rf) Fire l = ﬂh1

File Tools View Help

Compartment Fire: I @ Annex E (EN 1991-1-2}' (7) User Defined Fire

=== s jrec [paa____ |

Qccupancy Fire Growth Rate RHRf Fire Load gf k Danger of Fire Activation
W /m3 % Fractile MJ/m?
i5chool i w Medium 250 47 1
Active Fire Fighting Measures Fire: Info
b
|| Automatic Water Exinguishing System dn.1 =1 Maxx Fire Area: m#
[ Independent Water Supplies @1 2 5n.2'1 T Esmn 0 m
Fuel Height: 0 m
|| Automatic Fire Detection by Heat 5o o<1
n3"
Design Fire Load
[ Automatic Fire Detection by Smoke g
Fire Risk Area: m* 8q .|='I
|| Automatic Alam Transmission to Fire Brigade 5nl5=1
Danger of Fire Activation: aq 2=1
[T Work Fire Brigade an.6=1 Active Measures: Han,i=1
|| Cff Site Fire Brigade af g = Bq.1 8q.2 TIn; mag . = 2776 MI/m?
Safe Access Routes —
On,8” Combustion
[ Staircases Under Overpressure in Fire Alam
Fire Fighting Devices 5n.9=1 Combustion Efficiency Factor: 0.8
[] Smoke Bxhaust System 8n 1ﬂ=1 Combustion Model: Extended fire duratio =
Stoichiometric Coefficient: 127
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Antes del incendio Ignicion
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Fuego localizado Fuego totalmente desarrollado
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File Tools VYiew Help
Mew @Open kel Save

Program Flow Chart

W_lh Charts ~ =g Report ‘ﬂame:

Matural Fire Themal Analysis
.
[ "“’/? Compartment... \
. =
=
‘ e
Thermal Action ‘ |::¢r": Heating...
T Steel Profi
o ile...

Steel Temperature

p_&' Strateqy

o Parameters

Compartment Fire

Heating

Steel
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5.1. OZone Fuego de sector M

¥ Strategy

BE %

File  Tools

Wigw Help

Lowser Layer

4

Tranzition [2 Zones to 1 Zone] Criteria

Upper Layer Temperature = |500 A=

Combustible in Upper Layer + L. Temperature > Combuszstible [gnition Temperature

Combustible Ignition Temperature; 1300 C
Interface Height < |02 % Compartment Height
Fire Area = 0,25 % Floor &rea
Select Analysiz Strategy

* Combination [default)

( 2Zohes

1 Zone

ak | Cancel

L

o
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5. Software

!

14.0

12.0

10.0

g.0

6.0

4.0

2.0

0.0 -

Rate of Heat Release

L

10

20

30

Time: [min]

-# RHR given

-& RHR calculated

g00

a0

GO0

a00

o400

300

200

100

Gas temperature

% Cold zone

# Hot zone

._.;::i.r"'.r'. plalalt ] ST .T. PR
T
1] 10 20 30 40 a0 =]
Time [min]

Tras 13 minutos, la temperatura de la zona caliente alcanza 500°C - Cambio de 2 zonas a 1 zona
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*3 Fire El_lﬁ

File Teools View Help

Compartment Fire: () Annex E (EN 1591-1-2) I To delete orinsert a row, right click on a row header and select the appropriate
| command from the popup menu.

Localised Fire: ) Localised Fire
Data Points

Paint Time RHR mf Fire Area -

sec MW ka/s m* Save... Load...
| Frelnfo

Max: Fire Area: m?
Fire Bevation: ] m
Fuel Height: 0 m

User Defined Fire Columns

pary ey pary gy pary pary pary gy pary =

@ Only RHR

() Only mf

) RHR and mf

[T] Fire Area

Combustion

Combustion Efficiency Factor: 0.8
Stoichiometric Coefficient: 127
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File Tools View Help

Compartment Fire:  (7) Annex E (EN 1991-1-2) () User Defined Fire

Localised Fire:
Mumber of fires: 1 :
Fire Diametre Pos X Pos Y
[m] [m] [m]
Fire 1 3 25 125
Fire 2 Y Y
- - Didmetroy posicién de los
Fire 4 fuegos localizados
Fire 5
Geometrical Data
i Ceiling Height: 15

Fire Distance on Ads &:

. Height on Auis (z): 34

El objetivo (columna,..

y = 0. Se recomienda
X posicionarlo en x = 0

)

siempre esta ubicado en

Select fire:

Paint 1
Poirt 2
Poirt 3
Point 4
Paint 5
Point &
Poirt 7
Poirt 8
Point 9
Point 10
Point 11
Point 12
Point 13
Point 14
Point 15
Point 16
Point 17
Point 18
Point 15
Point 20

5.2. OZone Fuego localizado

Time
[min]

10
15
20
25

RHR
W]

25
15

»

m

0K

Cancel

Evoluciéon del
RHR
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-

#3 OZone v3.0 - test

{mm B P

File Tools

7 New (% Open | Save ‘ lly, Charts ~ =¢ Report | Name:

View Help

Program Flow Chart
Matural Fire

{?? Compartment...
5

& Fire...

) Themal Action

1. Ejecutar el calculo de
la accion térmica

‘ ﬂ' Strateqy ‘

‘ .~ Parameters ‘
]

test.ozn

Themal Analysis

NOTA EI

incendio.

Cc—>

2. Seleccionar el tipo de
calentamiento (Sector,
Localizado o max. de

|HQ": Heating...

EN 1991-1-2 §3.3.2 (4)

(@ Hot Zone Temperature

() Localised Fire Temperature

campo de temperatura en el

Profile Heated By

71150 253 Fire Curve
=) ASTM E119 Fire Curve

Para calcular de forma mas precisa la distribucién de temperatura
a lo largo del elemento, en caso de un fuego localizado, se puede
considerar una combinacion de resultados obtenida mediante un

modelo de dos zonas y un fuego localizado.
elemento se puede obtener
considerando el maximo efecto en cada posicién dado por los dos modelos de

‘ IOS dOS) | Maimum Between Both | () Hydrocarbon Fire Curve
e Steel Profile... . i n
3. Seleccionar el perfil Localizado
Steel Temperature
i 4. Ejecutar el calculo de A
la temperatura del / ™\
P 7 N~
acero
Zona Zona Zona
Localizado Localizado

Compartment Fire Heating Steel
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~
3 OZone v3.0 - test

[ESEE )

5 Heat Flux - test

File Tools | View | Help

New[%

Pyrolysis Rate Data
RHR Data

Pyrolysis Rate Computed

RHR Computed

Hot Zone Temperature

Cold Zone Temperature

Heat Flux

Steel Temperature

Zones Interface Elevation
Fire Area
Floor Pressure

Oxygen Mass

Report

test.ozn

‘ ,!&,* Strategy

‘ o Parameters

port Name:

Thermal Analysis

‘ |‘»Q(' Heating...

T Steel Profi
'/ e...

‘ ) Steel Temperature

Compartrment Fire

Heating

Steel

File Tools View Help

35

a0

25

20

(kW]

15

10

Heat Flux

Maoc:32 27 kWim?

At:15.00 min

10

Time [min]

15

20

25

Prirt

Close
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-
5 OZone v3.0 - test

=)

#5 Steel Temperature - test

File Tools | View | Help

Pyrolysis Rate Data
RHR Data

New[%

Pyrolysis Rate Computed

RHR Computed

Hot Zone Temperature
Cold Zone Temperature

Heat Flux

Steel Temperature

Zones Interface Elevation
Fire Area
Floor Pressure

Oxygen Mass

Report

‘ p_ﬁ* Strateay

‘ o~ Pammeters

port

Mame:

Thermal Analysis

‘ |‘»¢f{ Heating...

T Steel Profi
_'/ ...

‘ ) Steel Temperature

test.ozn

Compartment Fire

Openings
Radiation Through Closed Cpenings:

Bemouli Coefficient:

Physical Characteristics of Compartment
Initial Temperature

Initial Pressure:

Parameters of Wal Material
Convection Coefficient at the Hot Suface:

Convection Coefficient at the Cold Surface:

Calcultion Parameters

End of Calcuiation:

Time Step for Prnting Results
Medmum Time Step for Calculation

[] Btended Resuits

Fire Design Partial Safety Factor

T

08 @-1)
07

253 K

100000 Pa

35 WK
g WintK

7200 sec

B0 sec

File Tools Wiew Help

240

180

Temperature [*C]

60

Steel Temperature

Max:227 *C At 23min

10 15 20 25

Time [min]

Prirt: ] [ Close
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5.3. SAFIR Fuego localizado

Se ha implementado en SAFIR un método geométrico (intercambio de

~ Llama cilindrica calor directo entre superficies finitas).
(impacta contra el techo)

- Esto genera una distribucion no uniforme de temperatura en las
secciones analizadas.

- Cada foco del incendio viene definido por su posiciéon (x, y, z), forma
(cilindro o cono), posicion del techo en altura, evolucion del didmetro
% con el tiempo, evolucion del RHR con el tiempo.

- En caso de varios focos de incedio, se suman sus contribuciones y se
limita a 100 kW /m?

Franssen, ].-M., & Gernay, T. (2017). Modeling structures in fire with SAFIR®: Theoretical background and capabilities. Journal of
Structural Fire Engineering, 8(3), 300-323.
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- Se lleva a cabo un analisis térmico 2D en cada punto de Gauss para cada elemento finito barra (or lamina).

Esta viga posee 4 elementos finitos => 8 puntos de Gauss

j;,d»a-:-ﬂ——m-aﬁt——m—-’w
A i ’;r

Esta columna no se calienta

4t

4t

Esta columna posee 4
elementos finitos => 8 puntos
de Gauss

S
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5.3. SAFIR Fuego localizado

- En una seccion céncava, el ‘efecto sombra’ se considera automéaticamente si ésta se encuentra fuera del fuego.

Forma convexa Forma concava

View angle

20



