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1 INTRODUCTION

OZone is a user-friendly software developed toudate the thermal actions generated by a fire haevolution of
temperature in a steel structural element, usingimal fire curves or natural fire models based agsical and
chemical parameters. OZone deals with two typesatiiral fire models: localised fires and comparthiges. It
also allows the possibility to compute the fireisence using the simple model.

For compartment fires, OZone enables the use ofZ0ne or Two-zone fire models as defined in AnnewfD
EN1991-1-2. Zone models are numerical tools usedvaluate the evolution of the gas temperature imvigh
compartment during a fire. Based on a limited nundfeassumptions, they are easy to use and pravigeod

assessment of the evolution of the temperaturéaéncompartment. Since the first numerical One-zooeels

developed by Petersson [SPFE, 1995], major impremtsof the numerical fire model have been achieAetbng

them, multi-zones, multi-compartment and computetidluid dynamics models have been developed.ohigh

zone models are less sophisticated, they havedweifield of application and thus are an essetdialin fire safety
engineering applications.

The main assumption in zone models is that the estments are divided into zones in which the teripee

distribution is uniform at any time. In One-zoneduats, the temperature is considered as uniforminvitte whole

compartment. This type of model is thus valid isecaf fully developed fires. Two-zone models areerappropriate
when the fire remains confined. In this case, thve-Eone model better represents the distributicemiperature in
the compartment: a hot layer close to the ce#ind a cold layer below.

Zone models implemented in OZone have been dewtliopde scope of the ECCS researches “NaturalJFafety
Concept” and "Natural Fire Safety Concept - FulilBcTests, Implementation in the Eurocodes and Dpueent
of a User-Friendly design tool. The probabilistipeoach developed in the scope of “Natural Fire§aConcept”
has been included in EN 1991-1-2.

OZone includes both Two-zone and One-zone modetsaypossible switch between them if some critergamet.
Several combustion models have also been devetopsaler different situations.

In large compartments where the flashover doesoatr, the behaviour of the structure must be aealyunder
localised fire conditions. The localised fire prdage implemented into OZone is based on the worétema the
research project RFSR-CT-2012-00023 LOCAFI - Terajpee assessment of a vertical steel member sebjéxt
localised fire. In the procedure, the configuragiamhere the thermal exchanges are drawn by comeefitixes
(member engulfed into the fire or situated inside fire plume at ceiling level) are treated by &agtion of the
existing equations available in the EN 1991-1-2r f#ertical members situated outside the fire, ragkaheat
exchanges are calculated by representing the gige\artual solid flame that radiates in all theedtions. OZone
considers a conical shape for this virtual solairfe. The flux is calculated separately for the ce$aof the box
perimeter of the profile and an average value isfflox is applied to the whole box perimeter of steel section.
This means that the shadow effect is implicitlyetaknto account.

In OZone is possible to define a localised firadesa compartment. In this case, for the thermalyais, the user
can obtain the temperature in the steel profilenftbe compartment hot zone, from localised firether maximum
between both.

The software has been validated against numersudisef tests and CFD analyses.

RFCS-2016"LOCAFI+"-Grant Agreement 754072
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2 MENU BAR

The menu bar has the following menus: “File”, “Tgpl'View” and “Help” (see Fig. 1).

r B
#3 OZone v3.0 | = s

File | Toals View Help
Mew Analysis CtisN || Name:

Open Analysis... Ctrl+0

Save Analysis Ctrl+5 Themal Analysis
Save Analysis As...

Page Setup

1) ..\Projects\OZone(official)\iso.ozn

It

LAUser\Documents\ Temp'itestl.ozn

wADocuments\Dizertatii\focnat.ozn

=

AUser\Downloads'atelier2.ozn

=

|i Heating.., ‘

T Steel Proi
_/ el he...

‘ ;-'i‘.‘ Strategy ‘

‘ - Parameters ‘

Compartment Fire Heating Steel

Fig. 1 Main window — Menu bar

* To save the current analysis in a file, select'8ave analysis” command, from the “File” menu.
To save the current loaded analysis, saved prdyiaus file, select the “Save Analysis As...” commndan
from the File Menu.
Both commands will open the “Save As” common dialagdow, in which the user can select the folder
and type in the File Name of the file. The analy&swill be saved with the *.0zn extension, anddde
will associate itself with these files (i.e. by ddeiclicking on the file name in Windows explorer selecting
the Open command from the context menu, the operatistem will launch OZone and open the file).
To start a new analysis, select the “New Analyst@hmand from the “File” menu.
The “Page Setup” command from the “File” menu wpken the common dialog page setup window in which
the user can select the paper size, orientatiorfilhondt the margins of the printed chart.

« Inthe “Tools” menu, the user can add or changertaterials and their thermal properties for thdanoe,
by selecting the “Add Wall Material” command.
To add or change the steel fire protection matridlect the “Add Steel Insulating Materials” coam.
It is not possible to change a wall material oekiiesulating material unless there is no changeinof the
windows. If OZone warns: “There is a loaded file,.sélect the “New Analysis” command from the “File”
menu, and change the values in any of the two wisd@he changes to the wall materials or steelatisg
materials will take place when restarting OZone.
The last command in the Tools menu is the Langeagemand. At this moment only two languages are
available: English and French.
To change the user interface language in OZonectséie “Language” command from the “Tools” menu,
and in the opened dialog box, select the desimguiage from the dropdown list “Select Language”.

e The “View” menu contains the commands for displgyéither the analysis data (RHR Data, Pyrolysi®Rat

Data), or results (RHR Computed, Pyrolysis Rate @ated, Hot Zone Temperature, etc) in charts. Not al
RFCS-2016"LOCAFI+"-Grant Agreement 754072
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the commands from the View menu are enabled, dépgiod the status of the analysis. For examphiagf
steel temperature is computed, the “Steel Temperatemmand is enabled.

The last command in the “View” menu will createeport of the current analysis. The report will beexd
as a Microsoft Word document, in the same foldehasanalysis file name, under the name of theyaisal
file name. The chart data can be exported to Bxsiag the context menu. Right click anywhere inghart
and from the context menu select the “Copy Chavthimand. Switch to Excel and select Paste (seeFig.

% Pyrolysis Rate Computed - ex3 - - Il

File Tools View Help

Pyrolysis Rate Computed

o
LiE]
el 2
=]
=
; ||7| Pyrolysis Rate Computed
Copy Chart
Save Chart
0 \
0 20 40 60 80 100 120
Time [min]
Ma:3 55 kg/sec At: 36.00min

Close

Fig. 2 Chart window

Depending on the plotted data in the chart windbe,user can show up to three series in the diyagelecting the
name of the series from the context menu (rightsadautton) in the chart window (see Fig. 3).
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= Hot Zone Temperature - test - o M|
" I - ik !
File Tools View Help
Temperatures
800
600
[ + | HotZone Ternperature

g + | Cold Zone Termperature
it Steel Temperature
= 400 — Hot Zone
o Copy Chart — Cold Zone
(=8
= Save Chart
)
'_

200

0
0 20 40 60 80 100 120
Time [min]
Max: 727 °C At: 45min
Closs

Fig. 3 Chart window

The folder where the analysis file is saved wilhtzon the following files, besides the analysis fiith the *.0zn
extension):

¢ Filename.pri - is the data output file, containing the hot zone temperature, cold zone temperature, etc);

¢ Filename.out - is the output file, containg data about the lining of the compartment as well as the criteria
of switching from the two zone model to the one zone model;

¢ Filename.nat - is the output file that contains the gas temperature when either localised fire or the
maximum between both is selected in the “Heating” window;

¢ Filename.flx - is the output file that contains the net heat flux evolution for the localised fires;

e  Filename.stt - is the output file that contains the steel temperature evolution, either protected or
unprotected.

Not all these files will be present in the foldehave the analysis file is saved, depending on ype of fire
(compartment or localised) and heating scenario.

RFCS-2016"LOCAFI+"-Grant Agreement 754072



LOCAFI+ — Temperature assessment of a vertical steel member subjected to LOCAlised Fire — Dissemination Page 13

3  MAIN WINDOW

OZone allows the user either to apply the preseapapproach (nominal fires) to generate thermalbas or
performance-based approaches, in which the thexotimins are determined using the Zone Model approac

The main window is structured in two columns (s&g &).

r B |
= OZone v30 [
Ei

le Tools View Help
Mew @ Open [ Save | flu, Charts = == Report | Name:
Program Fow Chart
Matural Fire Themal Analysis
> | ; Compartment...
"\ Fire..,
e
|*?’ Heating.., ‘
" Steel Proi
_ - Steel Profile...
‘ ﬁi‘ Strategy ‘
‘ - Parameters ‘
Compartment Fire Heating Steel

Fig. 4 Main window

The “ Natural Fire” column refers to the thermal acti@ssessed by either zone fire models for compartorent
localised fires.

In case of a compartment fire, the user must diegine the geometry of the compartment, the contiposof walls,
ceiling and floor, as well as the dimension anditpos of the openings, within the “Compartment” \dow,
explained in Chapter 4. In the “Fire” window, expkd in Chapter 5, the user further defines the, firased on
Annex E/ EN 1991-1-2 procedure or by direct inpugef defined).

In case of localised fire, the user may skip therffpartment” window. The fire can be defined dingetithin the
“Fire” window, in order to represent a localisetefin an open space. The localised fire may alsodosidered
inside a compartment. In this case, the enclosurg bre defined within the “Compartment” window.

The analysis is performed by selecting the “TherAwion” button.

The “Thermal Analysis” column of the general windallows to calculate the evolution of the tempemiuo a steel
profile, based on the thermal action calculatedri®ans of a natural fire (first column), or basednominal fire
curves. The selection of the thermal action (noinfina curve, compartment fire, localised fire) dene in the
“Heating” window.

RFCS-2016"LOCAFI+"-Grant Agreement 754072
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In case of a thermal action previously determinsthgl natural fire models, the steel profile may Hemated
considering in the “Heating” window either the lzohe temperature (from a compartment fire) or tioalised fire
temperature.

If the characteristics of the enclosure are defiwglin the “Compartment” window, and a localiséckfis defined
in the “Fire” window, the user may also considartfee heating of the steel profile the maximum lileat between
the hot zone (compartment fire) and the localigesl fn this case, there is no need to define apastment fire
(Annex E — EN 1991-1-2/ User defined fire) withiet‘Fire” window.

In case of a nominal fire curve, there is no neqabsss through the first column “Natural Fire”loé general window.
The user directly selects the nominal curve in‘Heating” window.

The protected/ unprotected steel profile is defiiredhe “Steel profile” window. The analysis is fiemed by
selecting the “Steel Temperature” button.

The “Strategy” and “Parameters” windows are exm@dim Chapters 6 and 7.

RFCS-2016"LOCAFI+"-Grant Agreement 754072
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4  COMPARTMENT WINDOW

When a compartment fire is modelled in OZone, tist tep is to select the compartment shape (ge&F either
a rectangular floor (with Flat Roof, Single Pitcltod® or Double Pitch Roof), or a non-rectangularofl¢Any

Compartment) with a flat roof.

For rectangular floor compartments the dimensiamsLiength, Height and Depth must be inputted, étems. For
non-rectangular floor compartments, the maximummemof walls is four, and the surface area of tragartment

must be provided, in fn

-
#5 Compartment - test for 3.0
Fi

=)

le Tools View Help

Ceiling

Floar

Wall 3

Wall 4 Wall 2

Wall 1

—— Depth ———

Height

Length

Compartment Geometry

@ Rectangular Floor
@ Flat Roof

71 Single Pitch Roof
(" Double Pitch Roof

() Any Compartment

Define Walls and Openings
Select Wall:

Floor e | | Define

Select Walls to Copy to:

Ceiling
Wall 1
Wall 2
Wall 3
Wall 4 Copy Openings

Forced Ventilation

Smoke Exdractors: 0

Height Ciiameter
m m
Bxractor 1
Extractor 2
BExtractor 3

Defined Walls:

Wall

Foor

Ceiling
Wall 1
Wall 2
Wall 3
Wall 4

:
:
:
S
:
:

Volume
m/sec

Height: 35
Depth: 60

Length: &0

COpenings  Le

yes 60
B0
B0

In/Out

ngth

m

m

m

oK

Cancel ﬂ

Fig. 5 Compartment window

To define a compartment lining (Floor/ Ceiling/ Walselect the corresponding item from the “Selééll”
dropdown list and click the “Define” button. Thislvopen the compartment lining definition windoggee Fig. 5).

For each compartment lining (walls, ceiling andbflp up to four layers may be defined across thiektiess. If
multiple layers are considered, they must be ddfiftlem inside to outside, starting with Layer 1s{ae). For
predefined materials from the dropdown list, oty thickness of the layer must be introduced. Udee may define

any material by introducing all its characteristiosthe table (Unit Mass, Conductivity, Specific ddeRelative
Emissivity on the Hot and Cold Surfaces) (see &)g.
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-
5 Wall 1 - test for 3.0

o] o |

Outside

File Tools Miew Help
Wall Length: 60 m
Material Thickness Unit mass Conductivity Specific Heat Rel Emissivity Rel Emissivity
cm kg/m? Wimk Jkgk Hot Surface Cold Surface
Layer 1 MNormal weight Concrete [EN1934-1-2] 15 2300 16 1000 08 0.8
Layer 2
Layer 3
Layer 4
Enter each layer on a single row in the table above {up to four layers). Just click in a cell and edt it's value. f not found in the list
of matenals you can define your own matenal, by filing in the apropriate cells. Define your layers starting from Layer 1 {Inside).
Diefine your openings if any {up to three openings in a single wall). Click in the desired cell and input your values. Start from
Opering 1.
To delete or insert @ row, right click on a row header and select the appropriate command from the popup menu.
Inside

Sill Height Hi Sofft Height Hz Width Wariation Adiabatic
m m m
Opening1 0 2 5 Constant no
Opening 2
Opening 3
[ ok | £ Cancel |

Fig. 6 Compartment lining definition window

-
5 Wall 1 - test for 3.0

—E g..w

File Tools View Help
Wall Length: 60 m
Material Thickness Uit mass: Conductivity Specific Heat Rel Emissivity Rel Emissivity
cm kg/m? W/mK JikgK Het Surface Cold Surface
Layer 1 MNormal weight Concrete [EN1534-1-2] 15 2300 16 1000 08 0.8
Layer 2
Layer 3
Layer 4
Enter each layer on a single row in the table abowve {up to four layers). Just click in a cell and edit it's value. if not found in the list
of materialz you can define your own materal, by filing in the apropriate cells. Define your layers stating from Layer 1 {Inside).
Diefine 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.
Ceiling

Sill Height Hi Soffit Height He Width Variation Adiabatic
m m m
Opening1 0 2 5 Constant > no
Opening 2 Constart
Opening 3 Temp Dependent
Stepwise
Linear
T![n_e Dependent J lm]
—_—— e — ———— 2

Fig. 7 Definition of the vertical openings

RFCS-2016"LOCAFI+"-Grant Agreement 754072



LOCAFI+ — Temperature assessment of a vertical steel member subjected to LOCAlised Fire — Dissemination Page 17

Horizontal and/or vertical openings may be defindtiin ceiling and walls, inside the compartmentiig definition
window.

For a wall, up to three openings may be definec $hl Height, Soffit Height and Width must be ingar each
opening, in meters (see Fig. 7). By default, a tawtsopening is proposed, but a variation of thenopy may be
selected from the “Variation” dropdown list. Thetiops (Temperature Dependent/ Stepwise/ Linear/€Tim
Dependent) are explained in Chapter 7 “ParametErs’the “Adiabatic” option and detailed explanatabout the
heat exchanges through openings, see Annex A.

When the ceiling is defined, horizontal openingsyrha defined in the lower table, see Fig. 8. Uphiee equal
diameter groups may be defined. The diameter iera@ind the number of openings of each group saatovided.
By default, a constant opening is proposed, buaréation of the opening may be selected from theiatian

dropdown list. The options (Temperature Dependstepwise/ Linear/ Time Dependent) are explaine@hapter
7 “Parameters”.

r B
5 Ceiling - test for 3.0 =
File Toaols View Help
Material Thickness Unit mass Conductivity Specific Heat Rel Emissivity Rel Emissivity
cm lkg/m? WimkK JkgK Het Suface Cold Surface

Layer 1 MNormal weight Concrete [EN15594-1-2] 15 2300 16 1000 oe 0.2

Layer 2

Layer 3

Layer 4
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. f not found in the list
of materials you can define your own matenal, by filing in the apropriate cells. Define your layers starting from Layer 1 {Inside).
Define your openings i any {up to three openings in a single wall). Click in the desired cell and input your values. Start from
Opening 1.

3 o To delete orinsert a row, right click on a row header and select the appropriate command from the popup menu.
Horizontal Openings
Group 2
Group 1
-
Diameter
S
Group 2 Group 2
Equal Diameter Groups: i
Diameter MNumber of Openings Variation
m

Group 1 1 2 Temp Dependant X
Group 2 Constant
Group 3 |

Linear

=mp Dependen

Stepwise |

Time Dependent n
LAk I

Fig. 8 Definition of the horizontal openings

Forced ventilation may also be defined in the lotabte of the Compartment definition window (seg. ). Up to
three devices can be entered, by defining the Diamaad Height in meters above the floor level,Woé of intake
(In) or exhaust (Out) air in ffsec. For an explanation about the smoke extrase@s\nnex B
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5 FIRE WINDOW

The “Fire” window allows the definition of a comprent fire (using Annex E of EN 1991-1-2 and theresponding
National Annexes or a User defined Fire) or a Lised Fire, see Fig. 9.

r N
#5 Fire - test for 3.0 | =1 ﬁ.l
Fi

le Tools View Help

Compartmert Firs: @ Annex E{EN 1991-1-2) ("1 User Defined Fire —_—
i - ) Mational Annex: |Defau|t hd
Localised Fire: (71 Localised Fire
Qccupancy Fire Growth Rate RHRF Fire Load of k Danger of Fire Activation
kW/m3 80% Fractile [MJ/m3

Office (standard) . ....i 7 Medum 250 51 1

Active Fire Fighting Measures Fire Info

[ Automatic Water Extinguishing System 5n.1=1 Mz Fire Area: 3141583 m?

["] Independert Water Supplies @1 2 5.-1.2=1 Pie Heveba: 0 =

Fuel Height: 0 m

|| Automatic Fire Detection by Heat 5 1

37

e g Design Fire Load

|| Automatic Fire Detection by Smoke

- Fire: Rigk Arza: 1141553 m? aq.fl}.??

|| Automatic Alamm Transmission to Fire Bigade f:'-|-|.5=‘I o

Danger of Fire Activation: aq 2:1

i e

(S Waate Fire-Hgme 5n.5=1 Active Measures: Han,i=1

[IOff Ste Fire Bigade a5 4= 8.1 8q.2 TI8nj mas ), = 314.8MU/m?

[] 5afe Access Routes o s

ong” Combustion

[] Staircases Under Overpressure in Fire Alam

|¥] Fire Fighting Devices 5n.‘3=1 Combustion Efficiency Factor; 0.8

[ Srioke Exhiaust Systern 5n.11}=1 Combustion Model: |Extended fire: duratio *

Stoichiometric Coefficient: 127
OK ] | Cancel |

Fig. 9 Fire window
5.1 Compartment Fire — Annex E (EN1991-1-2)

By default, the EN 1991-1-2 Annex E values are psgl, but the user may select a National Annex fifoen
dropdown list “National Annexes” or user-definedlues. Annex C presents the national parameterghier
application of the Natural Fire in the differentrBpean countries, for which the National Annexesarailable in
OZone.

Within this window, according to Annex E of EN 1994 (Default), the design fire load density isagivby:

Qig = m[éql [6q2 (no, [d;

Firstly, the parameters related to the Occupanoylshbe introduced (Fire Growth Rate/ Maximum Raitéleat
Release/ Characteristic Fire Load Density/ Danddfi@ Activation). OZone contains tabulated valdesthese
parameters, according to Annex E of EN 1991-1-Acwimay be chosen from the “Occupancy” dropdown Ifs
other values are needed, the user may select ther ‘Defined” in the same dropdown list.

The characteristic fire load densify is the 80% fractile of the fire load distributiabtained by survey in real
compartments. Data are available for different $ypé occupancies of compartments. In order to obthe
characteristic fire load density, the mass of costible present in compartments has been measurkdhan
multiplied by the combustion heat of the fuel anddikd by the floor area of the compartment. Thenplete
combustion heat has been considered in these ¢oaisia
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The growing phase of the fire is characterisedhgyRire Growth Raté, representing the time at which the fire
area/s has grown to a value leading to a rate of heatisd of IMW.

The Maximum Rate of Heat Release per Unit Areaief f(RHR) is the maximum quantity of energy which can be
released by unit area of fire in a steady statefagldcontrolled situation. RHRs given in Annex E of EN1991-1-2
for different types of compartment occupancies. Vakeies of RHRrepresent real fires and take into account the
incomplete combustion.

The Fire Growth Rate, the Maximum Rate of Heat Bseper unit area of fire and the Characteristie Eoad
Density are given in Annex E of EN1991-1-2 functadrthe Occupancy.

The influence of the danger of fire activationaken into account by thiaz factors given in Annex E EN1991-1-
2.

The influence of active measure is taken into aotby thed,; factors given in Annex E EN1991-1-2. The user
shall check/ uncheck the options within the Actifiee Fighting Measures group, function of theirikallity.

The influence of the compartment area is takenactmunt by thé7ql factor, automatically calculated function of

the area of the compartment. The vaIuesS(gfare approximated by equation (This law has been obtained by a
fit on tabulated values from table E1 of EN 1992:1-

3, =0.1688In(A, )+ 05752 (1)

The maximum fire area #vax IS the maximum burning area of fuel, i.e. the maxn area of floor on which
combustible is present. In most cases, the maxifiterarea may be considered as equal to the flosa. By
default, OZone considers this value, computed filmendata provided in the Compartment window. Ther usay
consider different values for the maximum fire anghich may be lower than the area of the compartme

Fire elevation is considered by default at therflewel. The user may enter another elevationtierdource of the
fire (see Fig. 10). This may affect the Flash-axréeria, explained in Annex F.

Fuel Height is considered by default at the floewel. The user may define another maximum heighthef
combustible material within the compartment (seg ED). This may affect the Flash-over criterigplained in
Annex F.
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Combustible
Fuel Height

Material

Fire Elevation

FLOOR

Fig. 10 Fire elevation and Fuel height

The combustion efficiency factor is considered withdbault value given in EN 1991-1-2, i.e. m = 0.8eTser
may enter another value, function of the occupancydd the type of fire load.

Users of OZone have to choose between the threeatifitombustion model&Vith "No combustion model”, the
presence of oxygen in the compartment does not influbeaate of heat release. When no more oxygeraitable
inside the compartment, the "External flaming" combustimdel limits the amount of energy release inside the
compartment and the "Extended fire duration” combustiodetbmit the amount energy release inside the
compartment and extend the initial fire duration. Matads are given in Annex B.

The Stoichiometric Coefficient is considered in the OZalgerithm as 1.27. The user may define another cosftic
within the “User Defined Fire” option.

5.2 Compartment Fire - User Defined Fire

Itis possible to define any compartment fire curve liygihe “User Defined Fire” option within the “Fire” window.
As shown in Fig. 11, the table on the left has fourmwls, Time (in seconds) RHR (rate of heat release in MW
mf (the pyrolysis rate in kg/s) and Fire Area iA m
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r B
#3 Fire - test for 3.0 = | =
File Toaols View Help
Compartment Fire: 71 Annex E(EN 1991-1-2) @ To delete orinsart a row, right click on a row header and select the appropriate
i command from the popup menu.

Localised Fire: (71 Localised Fire

Data Points
Paint Time RHR mf Fire Area -

e MW ka/s = Save... | | Load...

1 ] ] 0 o |
2 60 0.2 0014 0628 i |

Fire: Info
3 120 0.4 0.029 1.257
4 180 06 0,043 1.885 - Mz Fire Area: 3141593 m?
5 240 0.8 0.057 2513 Fie Eleiation: 0 by
& 300 1 0amn 3142
7 360 1 0.071 3.142 Fuel Height: o m
8 420 1 0.071 3142
g 280 1 007 3142 User Defined Fire Columns
10 540 1 0om 3142 @ Only RHR
11 600 1 0.071 3142 & Oyt
12 660 1 0.071 3142
13 720 1 007 3142 (Z) RHR and mf
14 780 0.6667 0.048 25
15 84D 03333 0.024 1047 I e fee
16 500 ] ] ]
17 Combustion
18
13
20 Combustion Efficiency Factor; 0.8
21 Combustion Model: | Mo combustion mode =
22
7 L Stoichiometric Coefficient: 1.27

[ ok ][ Ganced |
k.

Fig. 11 User Defined fire window
Within the “Fire Info” group the Maximum Fire area (i), the Fire Elevation (in m) and the Fuel Height (in m)
may be introduced (see Fig. 9). The significance optdrameters within the “Combustion” group is also thmesa
as defined within the previous paragraph (see Fig. 9).

The “User Defined Fire Columns” group will lock onlock some of the columns of the table. If “Only RHR”
selected (default), only the first two columns (Time R#tR) are editable.

If “Only mf” is selected, theTimeand mf columns are editable. If “RHR and mf” is selected, lRHR and mf
columns are editable alongside the time column.

The relationship between the parameters is:
RHR(t) = m - Heper - My () (2)
where:
m is the Combustion Efficiency Factor
H_ et is the Combustion Heat of Fuel

If the fire area is known at each time step, the caercheck the “Fire Area” checkbox and the Fire Av@damn in
the left table becomes editable. Thus, the values dirtharea about time can be entered in the table.

If the fire area about time is not known, Ozone will cotepl;(t) according to:

RHR(t)
Afi(t) = Afimax RH Ry

3
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where:

Afi.max IS the maximum fire area defined within the “Fire Infwbup.
Four scenarios are possible.

Case 1. RHR, mf and Fire Area are given by the user within thetable

When the complete range of data is available, theasseenter all four columns. This case correspondsste te
where the mass lost and the rate of heat release ihgidmmpartment have been measured. The fireigisso
known at each time. For example, this situation coulgpp&apvhen modelling a full-scale pool fire test with two
zones with mass loss measurement and RHR measuremaxydsn depletion in the upper layer gases extraction
device. In this situation, it is not possible to use @mbustion model.

Case 2. RHR and mf are given by the user within the table

This case corresponds to tests where the mass loshamdte of heat release inside the compartment hare be
measured. The fire area is not known and is assuonled proportional to the heat release rate. In thiatsitu, it
is not possible to use any combustion model.

Case 3. RHR or mf and also Fire Area are given by the user within the table

This case corresponds to tests where the mass lost oatth of heat release inside the compartment have been
measured. The unknown quantity is deduced based dtgth@) and Eq. (3). The fire area is known at eaunk.t
In this situation, it is not possible to use any combustiodel.

Case 4. RHR or mf are given by the user within the table

This case corresponds to tests where the mass lost oatth of heat release inside the compartment have been
measured. The fire area is not known and is assumée proportional to the heat release rate. The unknow
guantities are computed based on Eg. (2) and EqTt{8)combustion models can be used or not.

The user can import or export the data from the t&adeimporting the data, a txt file must be filled in with theada

in two, three or four columns in the same order ahértable. The first column must contain the time in sgson
At least two columns must be defined (eg. time and RHRg. separator for the data must be space not tabs o
comma.

5.3 Localised fire

Up to five localised fires can be defined, see Fig. 1 Upper table on the left will contain their diameters (in m)
and position on the floor by means of x and y cootdmén m).
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r B
#3 Fire - test for 3.0 | = =S
File Toaols View Help
Compartment Fre: (7 Annex E{EN 1991-1-2) (71 User Defined Fire
Localised Firs: & :
Number of fires: 1 Select fire: | 1 x |
Fire Diametre Pos X Pos Y Time RHR -
[m} [m] [m] [min] [MW]
Fire 1 2 1 1 Paint 1 o ] =
Fire 2 Paint 2 B 1
Fire 3 Point 3 12 1
Fire 4 Point 4 15 o
Fire 5 Poirt 5
Geometical Data Fairt &
¥ N — Pairt 7
eiling Height: 35 LR
Fire Distance on Ads f); 1 Paint 9
Height on fds {z): i} Lot )
Paint 11
Paint 12
Paint 13
Point 14
Point 15
— = Point 16
Paint 17
Paint 18
Paint 19
Point 20 =
0K J | Cancel
k

Fig. 12 Localised fire window

The group “Geometrical Data” defines the Ceiling Heightntlhand the point where the localised temperature is
calculated, by means of the Distance on the x axis (iana)of the elevation from the floor - Height on the z axis

(in m). By definition, the y-axis coordinate of the coluiai®.

The localised fire can be defined directly within thigndow, without defining the compartment, within the
“Compartment” window. If a compartment was already defimvithin the “Compartment” window, the Ceiling
height will be automatically taken as the previously defideight of the compartment.

The table on the right will contain the RHR about timeviw. The user will select the fire number from the
dropdown list at the top of the table and fill out tiaéuses in the table. Data from other tabulated sourcesHjikel)
can be used to paste the values into the table hy tis¢ paste shortcut key (Ctrl+V).

Details about the procedure for calculating temperatuoas focalised fires are given in Annex D.
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6  STRATEGY WINDOW

The “Strategy” window shown in Fig. 13 is related to cortrpant fires only.

r | B |
5 Strategy M
Ei

le Tools View Help

[ ]

I Lower Layer | Transition {2 Zones to 1 Zone) Criteria
Upper Layer Temperature = 500 3 1]
¢ Combustible in Upper Layer + U.L. Temperature >Combustible Ignition Temperature
Combustible lanition Temperature: 300 2 i o
Interface Height = 02 x Compartmert Height
Fire Area = 025 % Floor Area
Select Analysis Strategy
@) Combination (default)
12 Zones
1 Zone
| 0K | [ Cancel |

Fig. 13 Strategy for compartment fires

Two-zone and One-zone models are based on diffeypotiieses. Indeed, they correspond to different typgeof
or different stages of the same fire. They simply hdifeerent application domains and, in fact, they are
complementary. When modelling a fire in a given compantmeis important to know whether a Two-zone model
or a One-zone model is appropriate.

The fire load can be considered as uniformly distrithufiéhe real combustible material is present more & des

the whole floor surface of the fire compartment and wtherreal fire load density (quantity of fuel perdit@area)

is more or less uniform. By opposition, the combustibléeni can be concentrated on a quite small surface area
compared to the total floor area, the rest of the fiwea being free of fuel.

Fires ignitions are in most cases localised and theraftire remains confined within a certain area for @ogeif
temperatures are sufficiently high to provoke spontasé@mition of all the combustible present in the compeantm
a flashover occurs. Generally, Two-zone models did wénen the fire remains localised or for pre-flashdiress,
while One-zone models are valid in case of fully eregliifires or post-flashover fires. Similarly, the Two-2on
assumption is not appropriate anymore when the hefghe cold zone is too small. Finally, if the firears large
compared to the floor area, the One-zone model ggtamis more realistic than the Two-zone one.

An automatic combination strategy is implemented in OZ@¥ith this strategy, the simulation always begins with
the Two-zone model assumption and, if one of the @ifer flash-over is satisfied (see Annex F), the simufatio
will switch to One-zone model.

Within ‘Select Analysis Strategy’ group, the user can isgothe use of One-zone or Two-zone model, or let the
default strategy combination of the two models.
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Within “Transition (2 Zones to 1 Zone) Criteria” groupe tiser may change the values of the four parametdrs th
control the switching from the Two-zone model to Oneezmodel. It is strongly recommended to keep thelsesa
unchanged, unless relevant data is available. The critérihe transition from Two- to One-zone and the
consequences on the fire source model are discusgathex F. The modifications of the main variables ahd
the basic equations when the one zone model switchioapel presented in detail in the same Annex F.
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7

PARAMETERS WINDOW

Most of the parameters used in the calculations are ginthin this window, see Fig. 14.

r B
#3 Parameters - test for 3.0 | = =S
Eile Toaols View Help
COpenings Air Entrained Model: Heskestad - |

BRadiation Through Closed Openings:

Bemoulii Coefficient:

Physical Characteristics of Compatment
Initial Temperature:

Initial Pressure:

Parameters of Wall Material

Convection Coefficient at the Hot Surface;

Convection Coefficient at the Cold Suface:

Calculation Parameters

End of Calculation:
Time Step for Printing Results:
Maximum Time Step for Calculation:

|| Extended Results

Fire Design Partial Safety Factor

'IIMIH =

D2

253
100000

7200
60

0-1)

Pa

Wim2K
WimzK

BEC

sec

Temperature Dependent Openings

Temperature Dependent:

Stepwise Varation
Temperatures
T
20
400
S 500
Linear Varigtion
Temperatures
T
20
400
i 500

Time Dependert Openings

% of Total Openings

10
50
100

% of Total Openings

10
50
100

Time: % of Total Openings
sec
0 5
1200 100
Diefault | [ Restore :I
OK | | Cancel |

7.1 General parameters

Fig. 14 Parameters window

On the left side of the window, the following parametersgaren with default values:

e Radiation through closed openings: default expert value from literature is 0.8

e Bernoulli coefficient: default expert value is 0.7

¢ Physical characteristic of the compartment: assuming normal initial temperature of 20°C and air pressure

of 100000 Pa

* Parameters of wall material: the convection coefficients for hot/ cold surfaces according to EN1991-1-2;

these parameters refer only to natural fire models, for the nominal fires defined in the ‘Heating’ window,

the corresponding values given by EN1991-1-2 are implemented

e Calculation parameters: by default, the analysis time is considered two hours; it is recommended to keep

the maximum time step for calculation at 10 seconds

e Fire design partial safety factor: considered with the default value of EN1991-1-2
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7.2 Air entrained model

When a mass of hot gases is surrounded by coldes,ghasehotter and less dense, mass will rise upwartbdhe
density difference or, depending on gas velocity, dusibyancy. This phenomenon happens above a buréhg
source. The buoyant flow is referred to as a fire plu@wdd air is entrained by the rising hot gases, cgusilayer

of hot gases to be formed below the ceiling. Differeatitical expressions of the properties of fire plume have
been proposed by several authors. Four of them e implemented into OZone.

It should be mentioned that some of these empirical flasriuave been obtained by fit on the total energy release
rateQ and others on the convective part dit In OZone, it is assumed th@t is equal to 0. Q.

7.2.1 Heskestad

The model of Heskestad is the model with the less agtamspwhich best fit to CFD plume, and therefore is
considered as the default option in Ozone.

The virtual origin of the plume is at the altiture
z, = 0083Q?° - 102D 4)
The flame heighLy is given by:
L, = 02350 - 102D (5)
The plume mass flow rate above the flame heightl(;,) is given by:
m, = 00710 (z-z,)*° + 192, (6)

The plume mass flow rate below or at the flame heigkti{,) is given by:

m, = 1.005600), Li )
fl
7.2.2 Zukoski
peg
m, = OZ{LJQMZ“ (8)
c, I,
7.2.3 Mac Caffrey
2 0566
m, = oouQ[QOAJ for 0< % <008 9)
0909
m, = oozaQ[QZOAJ for 008< on_4 < 020 (10)
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z

1895
m, = 0124Q[Q0.4J for 020< —=

04

(11)

7.2.4 Thomas

The Thomas plume model is intended for entrainmetitémear field or flame region, when the mean flame height
is considerably smaller than the fire diameter. In thiforeghe entrained air is less influenced by the heatselea
rate then by the fire perimeter, and therefore the famndier.

m, = 059Dz (12)

7.3 Temperature and Time Dependent Openings

During a fire, the number of openings and their sizeveay. This can be the result of glazing breakagemaatic
opening or firemen arrival. In OZone, the opening siZn be defined as a function of temperature ozdhe in
contact with the glasg¥) or to be a function of time.

Criteria function of zone temperature can represegalarge due to thermal action. Criteria function of tire c
represent the firemen arrival. Four variation types existieastep variation with temperature, a stepwise variation
with zone temperature, a linear variation with zone teatpee and a variation with time (see Fig. 15). A broken
glazing cannot be closed afterward. So, the percentdgelen glass is either increasing, either constantéver
decreasing.

% of broken glass
%o af broken glass A
&
100%s 100% after Tyeat.2.oivnii
qﬁtrr .................... ——
Treake X:% after Tyeakt —
X% until T !
0% tntil Thpen m £ >
> 20°C T, Ticiaks T
0 Tos T, RS R RS 2
a) Temperature dependent b) Temperature dependent - Stepwise
variation
a, y
Y of broken glass o) 'BJTE” glass
A& 100%
100% at Tm: . qﬁer ......................
[ —
J--_"'% arl Thrmk!
X% at 20°C
- 0% tntil Hyes
» [ - time

20°C Tissr Tuiwaz T

c¢) Temperature dependent - Linear variation d) Time dependent

Fig. 15 Temperature and time dependent openings
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The EN 1991-1-2 does not mention any recommendatwriké openings, although the influence in the results may
be significant. ITM SST — 1551.1 (from Luxembourg auitiEs) is the unique document at the knowledge of the
developers that have made recommendations without agifispnformation. The developers recommend using the
above presented scenarios.
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8 THERMAL ACTION BUTTON

Atfter the definition of the Compartment and Fire, the analysisiiformed by clicking the “Thermal Action” button.
The results can be extracted from the “View” menu, $gellé. A full report of the results is obtained by sther
the “Report” command, which creates a *.doc file in slaee folder as the analysis file (saved with the *.ozn
extension).

rf? OZone v3.0 - focnat - - - - - | = | ﬂlj
File Tools [View] Help
MNew % Pyrolysis Rate Data I port | Name:
RHR Data
Pyrolysis Rate Computed Themal Analysis
RHR Computed

Hot Zone Temperature
Cold Zone Temperature
Heat Flux

Steel Temperature

Zones Interface Elevation |‘,*3/ Heating. .,
Fire Area
o
Floor Pressure ‘ i Steel Profils...
Oxygen Mass
Report 3 is greater than 25% of the floor area { 180.00m3. The fire load is uniformly distibuted.

TS O O 2O A O i 2Tt floor area at time [s]  10710.00

Press Esc to close this window.

‘ ﬁ.‘_‘ Strategy ‘
4

‘ - Parameters ‘

focnat.ozn Compartment Fire Heating Steel

Fig. 16 General window after clicking the “Thermal Actidnitton

All charts contained in the Report file can be independegned in the “View” menu. From these windows, the
data can be imported in other programs (Excel, Word, FRwit, etc.), by selecting the “Copy Chart” command
from the context menu, which appears by clicking tgbtrmouse button (see Fig. 2).
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9 HEATING WINDOW

In the “Heating” window (see Fig. 17), the user catest the thermal action used for heating the crosssect
defined in the “Steel Profile” window. Either natural firesneminal fires can be used.

If a nominal fire curve (ISO 853/ ASTM E119/ Hydrocand is considered for the profile heating, the definition of
the compartment and of the fire within the “Natural Firelumn in the general window are not needed.

r'-_‘_) Heating - o - - | = ﬁj
File Tools View Help
Profile Heated By
@ Hot Zone Temperaturs {71150 853 Fire Curve
") Localised Fire Temperaturs (73 ASTM E115 Fire Curve
*) Maximum Between Both 1 Hydrocarben Firs Curve
- t
L
|
|
|
|
OK | | Cancel
~ - -

Fig. 17 Heating window
For natural fire models, several scenarios can be used.

For compartment fires, it is necessary to define Hwhcompartment and the fire characteristics. When “Aftie
or “Used defined Fire” is selected in the “Fire” window)yothe “Hot Zone Temperature” option is active in the
“Heating” window.

For localised fires, if no compartment is defined, it isias=d that the localised fire develops in open space dnd on
the “Localised Fire Temperature” option is active.

If a compartment is defined together with a localiseel {DZone calculates the hot/ cold zones temperaiutes
compartment (depending on the selected strategy3idmnng automatically the “Maximum Fire Area” within the
“Fire” window as the sum of the localised fires define the “Localised Fire” window. In this case, the usety
select one of the three options (Hot Zone Temperatuilised Fire Temperature/ Maximum Between Both).

The Maximum Between Both option determines the maximabézature based on the following algorithm (see Fig.
18):
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if the point where the temperature is computed (Heightxie (z) in the interface) is in the upper layer
defined as the difference between the compartment heighiha interface height (Zs) then the maximum
temperature between the hot zone compartment firéogatised fire is applied on the steel profile;

- if the point is below this layer the localised fire temgtere is applied to the steel profile.

Compartment Height

Point where the temperature is sought
® (Height on axis (z))

Interface Height (Zs)

A

Fig. 18 Algorithm for maximum between both explained
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10 STEEL PROFILE WINDOW

Atfter the definition of the Heating scenario, the Steefilerbutton allows for the definition of the profile typad
exposure. Both protected and unprotected steel crotisrgecan be considered, exposed on four or thdes.df a
localised fire is defined, only the Unprotected Cross @ediption is active.

Both contour and hollow encasement protections canldiimed, considering both constant and temperature
dependent thermal properties (introduced by the user)predefined protection materials, only constanteshre
given.

F = ——— — = = ~
#5 Steel Profile - focnat - | =1 ﬂl
File Tools View Help
Cross Section Steel Profile
(%) Unprotected Cross Section Profie Type: | IPE -
: i Profile: [iPEAAED -
BExposure
@) Exposed on Four Sides () Exposed on Three Sides
Encasement
@ Contour Encasement ) Hollow Encasement

Protection Material
1@ From Catalog

(7 Constant Values Thickness: 0 L

) Temperature Dependent Material Name: Spray Mineral Fiber -

Temperaturs Lnit mass Conductivity

kg

| Cancel

Fig. 19 Steel profile window
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11 STEEL TEMPERATURE BUTTON

The heating of unprotected or protected steel profilesis tlalculated by considering the EN 1993-1-2 methods. Th
gas temperature is either the upper zone temperaturkctilessed fire temperature or the maximum of these two
temperatures.

The evolution of steel temperature is computed using EN19®&quations for protected/ unprotected steel cross-
sections.

The temperature — time evolution on the cross-sectioht&@ned by clicking on the Steel Temperature button. As
for Zone temperature analysis, the results can bectstidrom the View menu and a full report of the resislts
obtained by selecting the Report command, which eatloc file in the same folder as the analysis file. iEgert

will contain also the temperature evolution of the steelilprahd its characteristics.

The Steel temperature chart contained in the Reportdilde independently opened in the View menu. From this
window, the data can be imported to other programs (EXéerd, PowerPoint, etc), by selecting the copy Chart
command from the context menu (see Fig. 20).

" Steel Temperature - exemplu o ] 5

File Tools View Help

Temperatures

300

750

600
o
. v Steel Temperature
g v Hot Zone Temperature — Steal
w450 Cold Zone Temperature
- — HotZone
g' Copy Chart
& Save Chart

300

150

]
] 20 40 60 a0 100 120
Time [min]

Ma:828°C At:4Bmin

Print

Fig. 20 The Chart window
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ANNEX A - ZONE MODEL FORMULATION

The Annex presents the fundamentals of the two aedzone models. Figures Al1-2 show schematic viewheof t
two models.

Z
A
My out My,
- H Upper wall
(X) FORCED
VENTS
Z
P an, out
1T my .
— Zg L.in
e I
Lower layer :
my my . TL* VL,
—= E., PL
Lower wall
- 0

Floor

Fig. A1 Schematic view of two zone model and assatisit®models

RFCS-2016“LOCAFI+"-Grant Agreement 754072



LOCAFI+ — Temperature assessment of a vertical steel member subjected to LOCAlised Fire — Dissemination Page 36

&
ulour nl,-_
Ceiling
T H * * Upper wall
FORCED
VENTS
Zp Q'\.V — I
m,, T,, V,
3 N - my
Eq. pe. P
m,
— RHR & mg Lower wall
Fuel
1, [ [ ]
Floor

Fig. A2 Schematic view of one zone model and assocsatiechodels

A.1 Two-zone model

Two-zone models are normally based on eleven palysariables. These variables are linked by seven
constraints and four differential equations desaglthe mass and the energy balances in each zone.

The time integration of these differential equasialows to calculate the evolution of the variable
describing the gas in each zone. The mass balanaien expresses the fact that, at any moment, the
variation of the mass of the gas of a zone is efguidle mass of combustion gases created by #eplins

the mass coming into the compartment through tmesveninus the mass going out of the compartment
through the vents. The energy balance equatioressps the fact that, at any moment, there is admla
between, on one hand, the energy which is produtéie compartment by the combustion and, on the
other hand, the way in which this energy is conslirhg the heating of the gases in the compartnisnt,
the mass loss of hot air through the openings ding a negative term accounting for the energy of
incoming air), by the radiation loss through thempgs and, finally, by the heating of the partisolt has

to be mentioned that the term "partition” is usedehto represent all the solid surfaces of theasuice of

the compartment, namely the vertical walls, therfland the ceiling.

The eleven variables which are considered to desthie gas in the compartment anreandm, the mass
of the gas of respectively the upper and lowerraVieandT., the temperatures of the ga&;andV., the

volumes;E,andE, the internal energiegy andg, the gas densities of respectively the upp@and lower
(L) layer and finallyp, the absolute pressure in the compartment coresidces a whole.

The seven constraints are:

-m
P v
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E =c,(T)mT

p=pRT (A.1)
V=V, +V,
i=U,L
with: c(T), the specific heat of the gas in the compartment;
R, the universal gas constant

i, equalU for upper layer & for lower layer

The specific heat of the gas at constant volumeaamdnstant pressure, the universal gas constandR
the ratio of specific heat are related by:

(A.2)

The variation of the specific heat of the gas wiith temperature is taken into account by the fahgw
relation:

c,(T)= 0287T +952[J/(kgK)] (A.3)

This law is obtained by a linear regression onpi&t by point law given in the NFPE Handbook afeFi
Protection Engineering.

The mass balance equations have the general foaguaitions (A.4) and (A.5) in which a doted varabl
x& means the derivative of with respect to time. Equations (A.4) et (A.5) etathat the variation of

gaseous mass in each zones is made of the masmgrshof one zone with the fire, with the otherezon
and with the external world through the differeaht/types (see Annex B)

th = rhJWout + r‘nJHVin + rhJHVout + rhJFVin + rhJFVout + rne + rhfi (A4)
mL = rnJVVin + rhI_Win + rhl_Wout + mI_HVin + rhLHVout + m|_FVin + mLFVout - me (A-5)

The energy balance equations have the generaldbeqguations (A6) and (A7) stating that the vadati
of energy in each zones is made of the energy exglsaof one zone with the fire, with the other zone
with the surrounding partitions and with the exg&mwvorld trough vents.

b = Gurac * et + Sowwour + Gorvin + Gorvour + Dorvin + Grvour + (T )MnT + 07RHR - (A.6)

qL = quad + quaII + qJVVin + qLVVin + qLVVout + qLHVin + qLHVout + qLFVin + qLFVout - qent (A7)
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In these balances, mass or energy rate corresgptwliz decrease of mass or energy in the compatrtmen
are negatives.

Four basic variables have to be chosen to desttrébgystem. Provided that the zones temperaiuraad
Ti, the altitude of separation of zorésand the difference of pressure from the initialgidp are chosen,
equations (A.4) to (A.7) can be transformed ingystem of ordinary differential equations (ODE)nied
by equationgA.8) to (A.11). [FORNEY 1994]:

_(y-2)g
Ap=— (A.8)
T =;(Cb —c,(T,)mT, +V, Ap) (A.9)
CooWay T T |
T =— (4 —c,(T)mT, +V,ap) (A.10)
: Cp(TL)pLVL ) P - - .
((AT.)-Da-v.ap) (A.11)

V(T)

A.2 One-zone model

In case of a one zone model, the number of vagaeich is reduce to six, describing the gas in the
compartment as a whole. ireg, the mass of the ga$y, the temperature of the gas;the volume of the
compartment (constant}y, the internal energyg, the pressure in the compartmemi; the gas density.

The number of constraints is reduced to 4:

p=p,RT, (A.12)
V =const
The mass balance is expressed now by equation)A.13
My = MY, + My + M, (A.13)
And the energy balance is expressed by equéfiot4):
& = Grag * G + €, (T iy + €, (Toue )M, T + RHR (A.14)

In these balances, mass or energy rate corresgptwliz decrease of mass or energy in the compattmen
are negatives.
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Four basic variables have to be chosen to desttribsystem. Provided that the zone temperatared the
difference of pressure from the initial tirdp are chosen, equations (A.13) dAd14) can be transformed
in the system of ordinary differential equationsiied by equations (A.15) and (A.16).

Ap= (r-1)g \—/1)q (A.15)
T, =—(—)—1 (@-c,(r, Im,T, +vap) (A.16)
C, Tg ,ogV

A.3 Time integration

As mentioned, the systems of equatiGAsB) to (A.11) (2ZM) and of equations (A.15) and (A.16XM)
are to be solved to know the gas characteristiaooés at each time. These systems of ODE are Atiff
physical, although not rigorous from a mathematp@ht of view, interpretation of stiffness is thae
time constant relative to the pressure variatiomigh shorter than the time constant of the tentpera
variation. It is therefore usual to rely on a spésed library solver specifically written for thisnd of
problem. In the code OZone, the solver DEBDF igluse

A.4 Partition model

Usually the partition models of zone model are Hase finite difference. This method does not alkowv
solve the equation implicitly and therefor to futtpuple the zone and the partition models. Thiblera
can be solved model by using the finite elementhogtand by modifying the usual finite element
formulation. To fully respect the energy balancease of one zone model, partitions have to be Heoble
by one dimensional finite elements and in casevofzone model have to be modelled by two dimensiona
finite elements because vertical fluxes exist inigal partitions.

Even if OZone includes a two zone and a one zom&eadimension partition model has been included.
Some preliminary work on two zone model with a tlumensional partition model has been made and has
shown that the partition model based on one dinoerfanite elements is a good approximation of the o
based on two dimension. In most cases, the two+tineal phenomena are negligible. The increases of
the computing time and of the difficulties to defithe compartment are quite big and are uselas®at
cases.

Partitions can be divided in three types: the upmeizontal partition, the ceiling; the lower harizal
partition, the floor; and, finally, the walls. Thasic finite element formulation is the same fa three
types of partitions but the boundary conditionsdifierent.

A.4.1 Partition model formulation
A patrtition is discretised by a single dimensiamté element model as depicted in Figure A3. Wi t

discretisation, the temperature is computed atritezface between the different layers, or elemeantsl
the hypothesis is made of a linear temperaturetran on the thickness of each layer.
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Tw1 Tw2 Tw3 Tw4 T“‘l 23|
T Tout
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Fig. A3 one dimensional finite elements discretisatiopasfitions

With this discretisation and this hypothesis on tieédd of temperature, the equilibrium of each tini
element is described by the following equation:

[Kel,i ][Tel i ] + [Cel J ][Tel,i ] = [gel,i ] (A.17)
h _ Tw,i
with: Ta; = {Tw,iﬂ} (A.18)
_ki1 -
Kei = L [_1 1} (A.19)
c = 05 O .90
—qp.l{ 0 05} (A20)
_ qwall . — 0 . — O
and gel 1 _{ 0 }’ geI,Z to gel,n—l - {0}’ gel,n - {qom} (A21)

Equations A.18 and A.19 are in fact simplified eegqmions because the material properties have been
considered as constant in each element, allowitgkinthem as constant multipliers out of the mairhe
temperature dependency in the element could alstaken into account, owing to the well-known
numerical integration techniques of Gauss. EquatfR0) is furthermore the diagonal version of the
complete matrix, having a value of 1/3 for the diagl terms and 1/6 for the off-diagonal terms. The
advantage of the diagonal form is first that it sthes the spatial oscillations which could arise¢hi@
solution if too thick elements are used in the dissation. Another advantage is related to themaing
strategy.

The assembly of the N equations of type (A.17) whian be written for each of the N finite element
making the partition produces the system of eqnat{@.22) in which the size of the vectors is N+itla
(N+1) x (N+1) for the matrices.

[K[T]+[clT.]=9 (A.22)
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qwall
0

g=1{ : (A.23)
0
qOUt

The energy transmitted at the partition interfagsults from heat transfer by convection and raafiati
between zones and the partition and between theafid the partition. The energy transmitted at the
interface between the outside world and the pantits due to heat transfer by convection and rewtiat

We noteTwithe inside partition surface temperature &nd+1the outside partition surface temperatie.
is the gas temperature of the zone in contact thighpartition inside surface, i.€z= Tu or TLin case of
2ZM or Tz= Tgin case of 1ZM.

From the system of equations (A.22), it is veryye@sobtain the system of equations (A.24), effitig
computed due to the diagonal natureCof

[r.]=[cl*(o-[K].]) (A.24)

This system of equations is a set of N differengigiations for the N temperatures of the partititime

temperature of the compartment is only presertiérfitst term of the load vector. It has a simftaim as

the system of equatiorfé\.8) to (A.11) (2ZM) and of equations (A.15) and (A.1&¥YM) established for
the variables of the gas zones and could be wiitt¢ime following way.

= gl(T Twl’T ) w,2 = gZ(Twl’TWZ’T ) wN+l gN( WN’ WN+1’Tout) (A25)

A.4.2 Connection of the zone and the partition mods
Two zone model

In 2ZM, the ceiling is always connected to the udpger and the floor to the fire and to the lowayer.
Vertical partitions are divided in two parts, arpap one, connected to the upper layer and a lower o
connected to the fire and to the lower layer (Feghd). The area of each part is calculated by ipiyltig

the length of the wall by its height which is vargiwith time and is function of the altitude of aegtion

of the zonesZs. The area of openings included in each partitrerofcourse subtracted. The finite element
discretisations of the two parts are identicalydahé boundary conditions are different.

AZ -
Ceiling

+H

Upper layer Upper wall
1 Z

Lower laver Lower wall
1%

Floor

Fig. A4 Two zone model
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The system of equations (A.24) has to be built docéhe ceiling and once for the floor. If the &sure
hasM different types of walls, it has to be builil2imes. I1fNeq,candNeq,ithe number of node of the ceiling
and of the floor, antleq,ithe number of node of the wall n°i, the total siepartition equations contains
Neg,wdifferential equations, given by equation (A.26).

M
Neq,w = Neq,f + Neqc +22N

i=1

(A.26)

eq,i

Equationg(A.8) to (A.11) and equations (A.24) form a setN\ef,w+4 differential equations which can be
passed on to the numerical solver. This one wi#gnate the equations taking into account the é¢ogpl
between the compartment and the partition and rsgl#ne Neqwt4 variables which are the pressure
variation, the temperature in the upper zone, ¢hgperature in the upper zone and the altitudeeoktine
interface, plus the temperatures at each nodeegbdititions.

Using one dimension partition model in two zone eidead to artificially create or suppress somagye

in the wall. Considering an increasing upper layékness (Figure A5), if the height separationatsstn
the zones iZsat timet andZst AZsat timet+4t, a wall of heightdZsis transformed from lower wall to
upper wall. As the temperature of lower wall araayally lower than the ones of upper wall, somegne

is created. On the contrary if the upper layerkihéss is decreasing, some energy is lost. Thevaayto

be rigorous when modelling walls in 2ZM, is to makesingle two-dimensional partition model which
would take into account vertical fluxes. The vaadatof Zshas to be taken into account in the boundary
condition of the two-dimensional elements.

AZ : AZ .
Ceiling Ceiling
~+H ~-H

Upper layer Upper wall

Upper layer
4 '

Lower layer +Z+AZ; Lower wall
Lower layer
4% 17
Floor Floor
time t time t+At

Fig. A5 Upper, lower wall in the two zone model
Boundary conditions

For all type of partitions, the energy transmitidhe interface between the outside world angbérgtion
is due to heat transfer by convection and radiadimeh is given by equation (A.27).

qpout = h(T ut _TWN+1) + ‘SU(T4 _Tw4N+1) (A.27)

o] out
The upper layer is composed of a mixture of combnogiroducts and fresh air entrained by the pluromf
the lower layer. It is considered to be opaqueraddation between partitions connected to it agdetted.

The energy transmitted between the inside surfatcepper partition and the upper layer results fieat
transfer by convection and radiation.
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qwaII,U = h(Tu _Tm) + 5J(TU4 _Tvé) (A.28)

The lower layer is composed essentially of fregshwaih only few combustion products, so its relativ
emissivity is considered to be nil. The energy $raitted between the inside surfaces of lower pantst
and the lower layer results only from heat tranbfeconvection. The radiation from the fire is reggnted
by thegfi,wterm.

O L = h(TL _Tm)"' Usi,w (A.29)

gfi,.w [W/m?2] is obtained by dividing 30% of the rate addt release by the total area of the lower pantitio
including the opening area.

One zone model

When considering a one zone model during a whatailgition, a vertical partition is divided two parts
connected to the single zone (Figure A6). The didtement mesh of the two parts and the boundary
conditions are identical. Therefore, the tempeesutistribution in the partitions and the flux déas on

the bounders are the same in the two parts. Inde@done zone model a vertical wall would normaidt

be divided into two. The results obtained with fpastition models for a single wall are identicadithose
which would be obtained with only one partition nabtbr the same single wall. The consequence sf thi
procedure is only to increase the number of egnatidve solved and therefor the computing time.viany,

this have been done in order to enable the combmat 2ZM and 1ZM.

VA
A Ceiling
+H
Upper wall
ONE ZONE
Lower wall
12
Floor

Fig. A6 One zone model

In one zone model, the system of equations (A.24)th be build one time for the ceiling and oneetfior
the floor. If the enclosure hag different types of walls, it has to be builMZimes If Neq,cand Neg,fthe
number of node of the ceiling and of the floor, &kd,ithe number of node of the wall n°i, the total det o
partition equations contaimdeqwdifferential equations, also given by equation2@.

Equations (A.15), (A.16) and equations (A.24) bdiidwtimes form a set dfleqwt 2 differential equations
which can be passed on to the numerical solves ®he will integrate the equations taking into agto
the coupling between the compartment and the jarsitand will solve thélegwt 2 variables which are the
pressure variation and the temperature in the campat, plus the temperatures at every node of the
partitions.

For 1ZM, if one considers that the usual procedets the limits of the compartment on the insidéase
of the wall and adds a wall sub-model on top ofhi¢, proposed procedure amounts in fact to sdirthe
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of the compartment on the outside surface of thé ®acause all the equations are solved simultasigo
with an implicit procedure, the energy balance leetwthe gas and the wall is totally respected.

Boundary conditions

For the three types of partitions, the energy tratied at the interface between the outside wonldl the
partition is due to heat transfer by convection eadiation and is given by equation (A.30).

c'1pout = h(Tout _TWN+1) + EJ(T4 _T\AAIlN+l) (ABO)

out

The energy transmitted at the inside partition riatges results from heat transfer by convection and
radiation between the zone and the partitions.

G = W{T, ~T0) + £0(T - T2) (A.31)
A.5 Switch from two zones to one zone model
If some criteria are encountered during a two zmaulation, the code will automatically switch t@ae
zone simulation, which suits better to the situaiitside the compartment at this moment. The sitimula
will continue to the end of the fire consideringrae zone model. The criteria of switch will be epkd
in Annex F. The aim of this paragraph is to set HO#one deals with the basic variables of the zone
models, how it sets the one zone initial conditiand how it deals with partitions models.

Zone models formulation

The time at which the switch from the 2ZM to theM happens ids. The values of the eleven basic
variables describing the gas in the two zones aosvk untiltsthanks to the time integration of equations
(A.8) to (A.11) and considering the constrai(®s1). To continue the simulation with a one zone model,
it is possible to begin to solve the equations ) dnd (A.16) associated to initial conditions e=anting
the situation at that time. The point is to setI@&/ initial values (at times).

In one zone model, there are six variables desgithie gas in the compartment as a whole, linkefb by
constraints. Two new constraints are needed tthé&xnew initial conditions.

One obtains these two additional condition by sgtthat during the transition from 2 zones to 1edhe
total mass of gas and the total energy in the coimmest are conserved.

m,(t,) = my (t,) + m, (t,) (A.32)
E(t)=E,(t)+E(t) (A.33)

The initial (at timets) one zone temperatufg(ts) and one zone pressypés) can be deduce from equations
(A.32), (A.33) and (A.12).

Afterward, the one zone model runs with its asdedigaub-models for calculating exchanges of enangly
mass through the vents. The partition models foath and their initial values are explained in ARt

Wall model formulation

The partition temperatures at tirs@re obtained by integrating the set of equation24Acoupled to the
2 zone basic equatiorf&\.8) to (A.11). At this time, the height of the lowerdcanpper walls (vertical
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partitions) are respectivels(ts) andH-Zs(ts). From the time of transitiotsto the end of the calculation
the one zone model is linked to the lower and upgdls which keep the dimension they had at tisniee.
Zs(k) andH-Zs(ts). During the transition, no modification of pamiti temperatures of wall dimension is
made, only the boundary conditions are modifiedisTway to proceed enables to fully respect the
conservation of energy during the transition fréva two zones to the one zone model.

If a one zone model simulation is set from the beigig of the calculation, the dimension of the lowand
upper walls are the initial dimensions, deducedftbe initial altitude of separation of zones, Lt end
of the calculations.

It means that during a one zone simulation (one zmwell as combination strategy) a wall is regméesd
by two identical partitions which see the same lolauy conditions at each time.

AZ - z
Ceiling " Ceiling

+H —H

Upper layer Upper wall
5% ) | ONE ZONE

Lower layer Lower wall
2 —+Zy

Floor Floor

time t; time t, until end

Figure A7 Switch from two zone model to one zone model

With a two zone model, lower walls are heated dlydny radiation from the fire, and they give baatergy
to the lower layer by convection. If the switch euantered, they exchange energy by radiation and
convection with the single zone.
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ANNEX B - EXCHANGE THROUGH VENTS

Three types of vent models have been introduced in OZemigcal vents, horizontal vents and forced vents.
B.1 Vertical vents (in walls)

B.1.1 Convective exchanges

The mass flow through vents is calculated by integrating émadilli's law on each openings.

tp=> ¥ (B.1)
o P.2) _R(2)
My 5 = Kb(T or t) Zj RT \/ZRTA(l PA(Z)sz (B.2)

with: subscriptA: variable at origin of the flux;
subscripB: variable at destination of the flux;
Z' andZ": bounds of integration on altitude
b: width of vertical vent;

a: U if the integration is made in the upper layeif the integration is made in the lower layer apith
case of one zone model;

£ inif gas goes into the compartmeotyt if gas goes out of the compartment

If the altitude where the pressure inside the compartimegual to the pressure outside of the compartraénta
vertical vent, the vertical vents is divided in two paotse where the mass flow goes inside the compartment and
another one where the mass flow goes outside. Thisd@titucalled the neutral plane altitude. Moreover in a two
zone model, if the altitude of separation between the isireghe opening, another subdivision in two encountered
In 1ZM (One Zone Model), three possibilities exist follogithe neutral level position. In 2ZM (Two Zones Model),
10 possibilities exist following the neutral level and the zoparsgion altitude positions. For each vertical vent,
equation Al is the solved 1 or 3 times with the appat@bounds of integration on the altitu@ #éndZ" can be

the sill of the vent, the soffit of the vent, the neluplane altitude or the separation between the zoneds)it
Figure B1 shows in case of 2ZM and 1ZM one possiblation of relative position dsii, Ze, Zs andZsfi
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Fig. B1 Exchanges through vertical vents in (a) 2ZM @) 1ZM

B.1.2 Radiative exchanges

The radiation through the windows is taken into actdynthe Stefan-Boltzmann law. One consider that the
radiation exists only bellow the altitude where the presssgide the compartment is equal to the pressure outside
the compartment. Above this level the gases goes out obthpartment and the temperature outside (in the plume
is assumed to be equal to the temperature in the congrdrémd thus it is considered that the net radiationiglux

equal to zero (Figure B2).

If the windows is closed no mass exchange exists thritLgihe glazing can be assumed adiabatic and noi@adiat
through it is considered. If radiation is consideradulgh the glazing, it is evaluated by the Stephan-Boltzmann

law:

C‘1gl,rad = E;IJ(T; _Tott) (BZ)

in which E;, is a parameter which include the relative emissivitieth@fgazes and include also the part of energy

which is reflected on the interfaces between gas and ataksabsorbed by the glazing material; this parameter is
highly dependent on the nature of the glazing material.
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Fig. B2 Radiative exchanges through closed verticasvien(a) 2ZM and (b) 1ZM
B.2 Horizontal vents (in the ceiling)

Gas flow through a horizontal ceiling vent is not alwaygah by the single pressure difference, buoyancyatsm
have a significant effect. These forces may lead taduitional exchange flow through the vent. Therefore ibts n
appropriate to unconditionally use Bernoulli's equatiomealel flow through horizontal vent.

Cooper has established a model for calculating flonauth circular, shallow (i.e. small depth to diametgio)
horizontal vents. This model calculated the flow congidethe pressure driven forces and when appropriated the
combined pressure and buoyancy effects. The Coopeéelns described in [COOPER 96], [COOPER 97].

B.3 Forced vents (smoke extractors)

Forced vent model is built to represent the effect of meichl ventilation. The forced vents are defined by the
volume rate flow that they inducedsv, their heighZry and their diametddgy

When the zone interface is above the forced vent édeva 1.5Dey, the exhausted gas is lower-layer air only.
When the zone interface is below the forced vent elavatldbDey, the exhausted gas is upper-layer air only. When
the zone interface is betwegg+ 1.5Dry andZs - 1.5Dry, the mass of extracted air from each layer is propaatio

to the distance betweels andZry and3Dgy (Figure B3),

If the forced vent is in the ceiling (Figure B4) aremuolation is made. When the zone interface is abovietbed
vent elevation Dry, the exhausted gas is lower-layer air only. Wherzthme interface is below the forced vent
elevation - Dgy, the exhausted gas is upper-layer air only. When the inberface is betweéfy-Dry andZs-2Dry,
the mass of extracted air from each layer is propoftiorihe distance betweels andZg-Dry and2Dgy.
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Lower layer

Fig.B3 Forced vent in the wall Fig. B4 Forcediverthe ceiling
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ANNEX C - COMBUSTION MODELS
C.1 No combustion model

The pyrolysis rate and the rate of heat release seeiddta are considered in the mass and energy bal&tres
control by the ventilation will be used. At each time, tHefing equations will be satisfied:

m; (t) = mf,data(t) (C.1)

RHR{t)= RHR.(t)

This case corresponds to the simulation of tests whenmmass loss and the rate of heat release have basores:
It suits also to situations where the pyrolysis rate aknand where the fire is assumed to be fuel controlled

No Combustion Model No Combustion Model
03 g4
) ) ] = J
T 025 1 M (1) =00y e (1) =, RHR(1) =RHR ), (1)
(72}
i 02 1 % ‘
£ 0.15 1 s 2
8 I
2 01 4 2 ‘
& 005 o ] ‘
o M, g, I ¥
6 10 20 30 40 S0 60 0 10 20 30 40 50 60
Time [min] Time [min]
Fig. C1 Rate of Heat Release Curve Fig. C2 PyrolyssCarve

C.2 External flaming Combustion model

In this model the external combustion is assumedadirile fire load is transformed into gases in the cantmpent,
but only a part of it delivers energy in the compartmehe ate of heat released by the fire may be limitethb
guantity of oxygen available in the compartment, whike pyrolysis rate remains unchanged.

When the mass of oxygen in the compartment is higlaer @kg, the fire is fuel controlled and all the mass tdss
fuel delivers energy into the compartment:

m; (t) = mf,data(t) (C.2)
RHdt) = RH%ata(t) = mf (t)H f,eff

If all the oxygen in the compartment is consumed, the irventilation controlled and the combustion is not
complete. The energy released is governed by the afasygen coming in the compartment through vents:

m; (t) = mf,data(t) (C.3)

When oxygen is again available in the compartment,itbésfcoming back to fuel controlled regime and equation
C4 governs the pyrolysis and the heat release rates.
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Fig. C4 Rate of Heat Release Curve

C.3 Extended fire duration combustion model

Fig. C5 Pyrolysis Ratee

This model supposes that the release of mass mayibed by the quantity of oxygen available in the compartm
The total mass of fuel is burnt inside the compartn(gafe procedure) then the fire duration is increasapared

to the input one.

When the mass of oxygen in the compartment is higherGkgyuthe fire is fuel controlled and all the mass Idss o

fuel delivers energy into the compartment:

m; (t) = mf,data(t)

(C.5)

RHR(t) = RHRJata(t) = my (t)H £ eff

If the mass of oxygen in the compartment is Okg, theeidirventilation controlled. In this case, the masstgghe

fire is governed by the mass of oxygen coming in thepartment and all the pyrolised mass is transformed into

energy:

)= ()
my (t)_miT

(C.6)
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: i X,in t
RHF(I) =m; (t)H feff — %H f eff

The linear decreasing phase begins when 70% abtakfire load is consumed.

In this model no external combustion is assumédhalfire load delivers its energy into the contpent. If the

fire is ventilation controlled, the pyrolysis rasgproportional to the oxygen coming in the commentt. This model
is not a physical model because pyrolysis is natotly dependant on oxygen concentration. It has lestablished
for design procedures, in order to avoid uncerigsérin the maximum pyrolysis rate per unit floa&eaand therefor
to be on the safe side concerning the fire duration

Extended Fire Duration
> 16
=
& 12 1
[=dd
>
X
O g
L
o
2 i
e 4
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Fig. C6 Oxygen mass curve
Extended Fire Duration Extended Fire Duration

RIR a0 M ot (1)

Pyrolisis rate [kg/s]
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Fig. C7 Rate of heat release curve Fig. C8 Pyiohate curve
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ANNEX D - NATIONAL ANNEXES AND NATIONAL PARAMETERS FOR THE APPLICATION OF THE
NATURAL FIRE IN DIFFERENT EUROPEAN COUNTRIES IN THE OZONE SOFTWARE

Several National Annexes of EN 1991-1-2 are intoeduin OZone. By comparing the calculation method i
application in a country to the original one ddsed in the Eurocodes, three different options heeen observed:

- the values of the factors involved in the compotabtf the design fire load density as well as tdewdation
procedure were changed,

- only the values involved in the computation of tfesign fire load density were changed,;

- no changes in the calculation procedure or forviilaes of the factors involved in the computatidithe
design fire load density.

It should also be noted that Denmark do not allsimgiAnnex E of EN1991-1-2 but no other calculatioethod is
proposed in the Danish National Annex. This couiggn exception.

OZone interface is available in English and Freaod the occupancies have been translated into #tierdl
language(s) of the country.

The German National Annex presents a specific nuetiitere two separate partial safety factors autaked. The
first one is applied to the fire load density (danito EN) and the second one is applied to the BaHeat Release
(not considered in the EN). These factors are fanaif the probability of occurrence of a damagiing and the
permitted probability of failure. A probabilisticjeation is used to evaluate these two factors.

In the Netherlands, the method is quite similathi® German one. However, it should be noted treatwlo partial
safety factors applied to the fire load density HrelRate of Heat Release are identical.

In UK, some formulae slightly differ but the methisdthe same as the Eurocode one.

A large number of countries follow the same caltatamethod as the one described in the EN 1991bitzhe
values of several parameters are different. Fompie

- Germany and France are using a 90% fractile (idst€80%), fire load densities are consequentliedst;

- Some countries have chosen to consider differemtdad densities for several occupancies (indegetaf
the choice of fractile);

- France and Portugal have chosen to put all tha tstors accounting for active measures as equial t

- Belgium, Spain and lItaly are using other valuegifdta factors accounting for active measures.

A large number of countries have chosen to follbevEurocode method without any modification of vhkies of
factors influencing the fire load density, like €aeRepublic, Estonia, Hungary, Luxembourg, PoldRoinania,
Slovakia and Slovenia.

In the following the national parameters for thelagation of the Natural Fire in different Europeeountries are
given.

Belgium
No changes in the calculation procedure were pealid the Belgium National Annex of EN1991-1-2.

For Table D1, the values for the factors taking itcount the fire activation risk due to the sikthe compartment
are replaced by a formula for areas between 25+#8200The descriptions of the occupancies are alemdrd.

In Table D2, some factors taking into account tifieigbnt active firefighting measures are modified.

In Table D3, the hotel and hospital rooms are d®red with the same fire load density and somelsopmtary
provisions are considered in case of localised fire
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The values to be implemented for the Belgium NatioAnnex in Ozone software are presented below. The
modifications to the provisions of EN1991-1-2 aighighted.

Table D1 : Factors taking into account the fireivation risk due to the size of the compartment &k of
occupancy (Belgium)
Compartment Danger of fire activation { Danger of fire activation .
floor area Af Examples of occupancies
[m?] Factor 1 Factor 2
25 0.78 Galerie d’art, musée, piscine
Bureaux, résidence, hotel,
industries traitant des matiéres p
inflammables (produits en béton
250 1 en acier, industrie papetiéere),
5q1=1,1+0,4logl0 hopitaux, écoles, commerces,
salles de restaurant, espaces
(Af/ 25) : .
publics, parkings
Fabrique de machines et de
moteurs, industries traitant des
2500 1.22 matiéres inflammables(scierie,
menuiserie, textile) , cuisines
collective:
5000 > 144 Laboratoire d_e chimie, atelier de
peinture
10000 213 166 Fabrique d artifices ou de
peinture

Table D2 : Factors taking into account the diffémtive measures (Belgium)

Factor 1 Automatic Water Extinguishing System 0.61 or 0.78(industrial)

Factor 2 Independent Water Supplies 0/1/2 1.0/0.95/0.91
Factor3/4 Automatic Fire Detection & Alarm (byét/ by Smoke) 0.87 or 0.73

Factor 5 Automatic Alarm Transmission to Fire Bdga 0.87
Factor6/7 Work Fire Brigade / Off Site Fire Badp 0.78 or 1

Factor 8 Safe Access Routes lorl5

Factor 9 Fire Fighting Devices lorlb5

Factor 10 Smoke Exhaust System lorlb5

Table D3 : Fire load densities, fire growth ratel &HRf for different occupancies (Belgium)

Occupancy 8';1;? flr';)gﬂ( Fire Growth Rate RHRf*
Logement 948 Medium 250
Chambre d’hétel ou d’hopital 377 Medium 250
Bibliothéque 1824 Fast 500
Bureau 511 Medium 250
Classe d’école 347 Medium 250
Centre commercial 730 Fast 250
Thééatre (cinéma) 365 Fast 500
Transport de personnes (espace public) 122 Slow 250

* “pour les feux localisés, on considére RHRf = BOOBmM2 au minimum pour tous les types d'occupation”
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Czech Republic

No changes in the calculation procedure or fovtiaes of the factors involved in the computatibthe design fire
load density were provided in the Czech Republitdwal Annex of EN1991-1-2. The values to be impbated
for the Czech National Annex in Ozone softwaretheeones from EN1991-1-2.

Croatia

No changes in the calculation procedure or fovtiaes of the factors involved in the computatibthe design fire
load density were provided in the Croatian NatioAahex of EN1991-1-2. The values to be implemerftad
Croatian National Annex in Ozone software are thesdrom EN1991-1-2.

Estonia

No changes in the calculation procedure or fovtlaes of the factors involved in the computatibthe design fire
load density were provided in the Estonian Natigkahex of EN1991-1-2. The values to be implemeritedhe
Estonian National Annex in Ozone software are tiesdrom EN1991-1-2.

France

No changes in the calculation procedure were pealid the French National Annex of EN1991-1-2, thetvalues
of the factors involved in the computation of tlesign fire load density are changed.

In fact, all the values for the factors taking iatmount the fire activation risk due to the sikethe compartment and
the fire activation risk due to the type of occupgnas well as the values for the factors takirtg eccount the
different active firefighting measures, are consdeunitary. This means that, no reduction or iaseeof the
characteristic fire load density is considered.

However, the French National Annex of EN1991-1&tex that the fire load density may be correctedke into
account the particular measures of prevention aatbgtion against fire, for the specific case cdeed. In such
case, it must be demonstrated that the final vedmsidered does not increase the probability dapsee, compared
to the normal situation.

The values to be implemented for the French Natidtrmex in Ozone software are presented below. The
modifications to the provisions of EN1991-1-2 aighighted.

Table D4 : Factors taking into account the fireivation risk due to the size of the compartment &k of
occupancy (France)

' o Danger of fire
Compartment floor area Danger of fire activation - o .
activation - Examples of occupancies
Af [m?] Factor 1 .
Factor :
o5 1 1 artgallery, museum, swimming
pool
250 1 1 offices, res_ldences, hotel, paper
industry
2500 1 1 manufactory for machinerys and
engine
5000 1 1 chemical laboratory, painting
workshop
10000 1 1 manufactury Qf fireworks and
paints

Table D5 : Factors taking into account the diffé@etive measures (France)
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Factor : Automatic Water Extinguishing Syst 1
Factor . Independent Water Supplies 0/ 1
Factor 3 /. Automatic Fire Detection & Alarm (by Heat/ by Sm¢ 1
Factor ! Automatic Alarm Transmission to Fire Brige 1
Factor 6/ Work Fire Brigade / Off Site Fire Briga 1
Factor ¢ Safe Access Rout 1
Factor ¢ Fire Fighting Device 1
Factor 1! Smoke Exhaust Syste 1
Table D6 : Fire load densities, fire growth ratd &HRf for different occupancies (France)
Occupancy Flref Loa_d Sl Fire Growth Rate RHRf
ractile

Logement 930 Medium 250

Hopital 630 Medium 250

Hotel (chambre) 460 Medium 250

Bureau 740 Fast 250

Bibliotheque de bureau - Archives de buread 2300 Rapide 500
(stockage 3m)

Salle de reunion 410 Medium 250

Classe d'ecole 530 Moyen 250

Centre commercial 840 Fast 500

Theatre 420 Rapide 500

Transport (espace public) 140 Slow 250

Germany

The calculation procedure provided in the Germatiddal Annex of EN1991-1-2 is different from the BNproach.
EC and DIN EN have the same probabilistic approhahthe parameters resulting from their researotksvare
different.

The risk of fire activation in DIN EN is given by:
Pfi = P1 x P2 x P3 x Afi
in which:
P1 : probability of severe fire not stopped by guamnts according to the building category
P2 : reduction factor depending on the fire briggge and on the time between alarm and firemermehtion

P3 : reduction factor if automatic fire detectidwy 6moke or heat), automatic transmission of taea| sprinkler
systems are present

The safety factor in EN (applied to the fire loaehsity) is calculated as product of the delta fagtevhile in the
German Annex the safety factors (two differentdestapplied to RHR and fire load density) haveeaekplicitly
calculated from the probabilistic formula:

1=V 6/ 70,5772+ In(~In(®(a - B,)))]
T [0.5772 +1n(~1n(0.9)) ]
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Also, Table D7, containing the values of the fwad densities for different occupancies is modifige values to
be implemented for the German National Annex in@@zeoftware are presented below. The modificatiortee
provisions of EN1991-1-2 are highlighted.

Table D7 : Fire load densities, fire growth ratel &HRf for different occupancies (Germany)

Occupancy Flref Loa_d elilo Fire Growth Rate RHRf
ractile
Wohngebaude 1085 mittel 250
Burogebéude 584 mittel 250
Krankenhauss (Zimmer) 320 mittel 250
Hotel (Zimmer) 431 mittel 250
Bibliothek 2087 mittel 250 to 500
Schule 397 mittel 150

Verkaufsstatte 835 schnell 250
Theater, Kino 417 schnell 500
Transport (public space) 139 langsam 250

The practical procedure in the Ozone software we®lfirst the definition of the geometry of the qmartment
(dimensions, nature of partitions, openings, smakacuator systems ...) in the common module of OZ®he.
difference from the other procedures is that, ugedacting “Germany” from the list of National Anresx in the open
window the appropriate input values must be defined

B = - oI
File Tools Wiew Help
Fire Curve
@ENT1991-1-2 (O UserDefined Firs O Localised Fire National Annex: | Gemnany v
Occupancy Fire Growth Rate RHRf Fire Load gf k Danger of Fire Activation
kW/m3 B0% Fractie MJ/m?
User Defined 300 1926451 7548238 1
Active Fire Fighting Measures Fire Info
S Max Fire Avrea 20 m
o1 2 Bn 2:1 Fire Blevation [} m
Fuel Height: 1] m
8n37!
" Design Fire Load
Fire Risk Area: 20 m Sa17!
8n 57! )
& Danger of Fire Activation: 5:: 2:1
B! Active Measures T8,
Gd= bq,18g2T10n;m Qf jc = 794.8 Md/m*
Bng”! Combustion
Combustion Heat of Fusl. 17.5 MJAg
8ng”! Combustion Efficiency Factor: 1
Bn ‘H]:W Combustion Model: Bdended fire duratio v
Stoichiometric Coefficient: 127
[ ok ][ cancel

Fig. D1 : General parameters for application of@sman National Annex

In the main “Fire Definition” window, the Fire Gralwvrate, the RHRf and the gfk are automatically potad. Also,
by selecting the DIN EN, all three factors that tiply gfk from EN are automatically set to 1.0 iz@e.
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Fig. D2 : Specific parameters of the German Natidmeaex

Afterwards, the calculation with Ozone performsisigal in order to obtain the temperature curvelésign purpose.
Hungary

No changes in the calculation procedure or fowvdiges of the factors involved in the computatibthe design fire
load density were provided in the Hungarian Natidxrmex of EN1991-1-2. The values to be implemeritedhe
Hungarian National Annex in Ozone software arecthes from EN1991-1-2.

Italy

Some changes in the calculation procedure, asagdbr the values of different factors involvedhe computation
of the design fire load density were provided ie tkalian National Annex of EN1991-1-2. The valuesbe
implemented for theltalian National Annex in Ozosaftware are presented below. The modificationght
provisions of EN1991-1-2 are highlighted.

Table D8 : Factors taking into account the fireivation risk due to the size of the compartment &k of
occupancy (Italy)
Compartment floorrea Af [m? Danger of fire activatior- Factor :

25 1

250 1

500 1.2

1000 14

2500 1.6

5000 1.8

10000 2

The second factor for danger activation is compatsbrding to the following:

0.8 Areas that have a low fire risk in terms ofifigm probability, flame propagation speed and pokty of
fire control from the fire brigades
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1.0 Areas that have a medium fire risk in termigoition probability, flame propagation speed awndsibility
of fire control from the fire brigades

1.2 Areas that have a high fire risk in terms aiitign probability, flame propagation speed andsjmfity of
fire control from the fire brigades

Table D9 : Factors taking into account the diffémtive measures (Italy)

Factor 1 Automatic Water Extinguishing System 1/0.6

Factor 2 Independent Water Supplies 0/1/2 1/1/1
Factor 3/4 Automatic Fire Detection & Alarm (by&t/ by Smoke) 1/0.85/0.85

Factor 5 Automatic Alarm Transmission to Fire Bdga 1/1
Factor6/7 Work Fire Brigade / Off Site Fire Badg 1/0.9/1

Factor 8 Safe Access Routes 1/0.9/0.9

Factor 9 Fire Fighting Devices 1/0.9/0.8
Factor 10 Smoke Exhaust System 1/1

Luxembourg

No changes in the calculation procedure or fowtdiges of the factors involved in the computatibthe design fire
load density were provided in the Luxembourg Natlohnnex of EN1991-1-2. The values to be implemerite
the Luxembourgish National Annex in Ozone softwanethe ones from EN1991-1-2.

The Netherlands

Changes in the calculation procedure were proviididae Dutch National Annex of EN1991-1-2. Inste&dpplying

directly the delta coefficients to the charactéifite load density, in the Dutch NA a global risictor is calculated.
The risk factor, which should be calculated byuker, is dependent on the compartment size, odoaptd active
measures considered. This factor is applied tdr#HR curve, not to the characteristic fire load dgn®epending

on the fire resistance requirement, the fire I@addditionally multiplied with a supplementary dogént, which is

0,5 for 30 minutes; 1,0 for 60; 1,5 for 90; 2,0 1&0.

Table D10, containing the values of the fire loatgities for different occupancies, is modifiede Malues to be
implemented for the Dutch National Annex in Ozomdtveare are presented below. The modificationshie t
provisions of EN1991-1-2 are highlighted.

Table D10 : Fire load densities, fire growth ratel &HRf for different occupancies (The Netherlands)

Occupanc Fire Load 80% fractil Fire Growth Rat RHRf
Dwelling 870 Medium 250
Hospital 350 Medium 250

Hotel (room) 400 Medium 250

Library 1824 Fast 500

Office (standard) 570 Medium 250

School 360 Medium 250
Shopping Centre 730 Fast 250
Theatre (movie/cinema) 365 Fast 500
Transport (public space) 122 Slow 250

Portugal
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No changes in the calculation procedure were pealid the Portuguese National Annex of EN1991-fit2, as in
the case of the French National Annex, the valtdi¢seofactors involved in the computation of theide fire load
density are considered unitary.

The values to be implemented for the Portugueséh&tAnnex in Ozone software are presented belbve
modifications to the provisions of EN1991-1-2 aighlighted.

Table D11 : Factors taking into account the firévation risk due to the size of the compartmerd &pe of
occupancy (Portugal)

. o Danger of fire
Compartment floor| Danger of fire activation - o .
activation - Examples of occupancies
area Af [m?] Factor 1 .
Factor .
25 1 1 artgallery, museum, swimming pool
250 1 1 offices, res_ldences, hotel, paper
industry
2500 1 1 manufactory fo_r machinerys and
engine
5000 1 1 chemical laboratory, painting
workshoy
10000 1 1 manufactury of fireworks and paints

Table D12 : Factors taking into account the différ@ctive measures (Portugal)

Factor 1 Automatic Water Extinguishing System 1
Factor 2 Independent Water Supplies 0/1/2 1
Factor3/4 Automatic Fire Detection & Alarm (by#&t/ by Smoke) 1
Factor 5 Automatic Alarm Transmission to Fire Bdga 1
Factor6/7 Work Fire Brigade / Off Site Fire Bate 1
Factor 8 Safe Access Routes 1
Factor 9 Fire Fighting Devices 1
Factor 10 Smoke Exhaust System 1
Romania

No changes in the calculation procedure or fowtdiges of the factors involved in the computatibthe design fire
load density were provided in the Romanian Natidxralex of EN1991-1-2. The values to be implemerfibedhe
Romanian National Annex in Ozone software are tiesdrom EN1991-1-2.

Spain
No changes in the calculation procedure were peavid the Spanish National Annex of EN1991-1-2.

For Table D13, the descriptions of the occupanaiesextended and different values are providethi®danger of
fire activation coefficient.

In Table D14, only the factors accounting for Auadim Water Extinguishing System, Automatic Fire &ion &
Alarm (by Heat/ by Smoke) and for Automatic Alarmaiismission to Fire Brigade are considered.

In Table D15, some fire load densities are modified

The values to be implemented for the Spanish Natidmnex in Ozone software are presented below. The
modifications to the provisions of EN1991-1-2 aighlighted.
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Table D13 : Factors taking into account the firtivation risk due to the size of the compartmend &rpe of

occupancy (Spain)

Compartment floor Danger of fire Danger of fire Examples of occupancies
area Af [mz2 activation- Factor : activation- Factor . P P
25 1.1 0.78 Galeria de arte, museo, piscin
250 15 1.95 V|V|en_da, a_dmlnlstratlvo,
residencial, docen
2500 1.9 1.25 Sectores de riesgo especial bajc
5000 2 1.4 Sectores de riesgo especial med
10000 2.13 1.6 Sectores de riesgo especial altg

Table D14 : Factors taking into account the diffé@ctive measures (Spain)

Factor 1 Automatic Water Extinguishing System 0.61
Factor 2 Independent Water Supplies 0/1/2 1
Factor3/4 Automatic Fire Detection & Alarm (be&t/ by Smoke) 0.87
Factor 5 Automatic Alarm Transmission to Fire Bdga 0.87
Factor6/7 Work Fire Brigade / Off Site Fire Bade 1
Factor 8 Safe Access Routes 1
Factor 9 Fire Fighting Devices 1
Factor 10 Smoke Exhaust System 1
Table D15 : Fire load densities, fire growth ratd & HRf for different occupancies (Spain)
Occupancy Fire Loa_d 80% Fire Growth Rate RHRf
fractile
Vivienda 650 Medio 250
Hospital (habitacidn) 280 Medio 250
Hotel (habitacién) 280 Medio 250
Biblioteca 1824 Rapido 500
Oficina 520 Medio 250
Aula de escuela 350 Medio 250
Centro comercial 730 Rapido 250
Teatro (cine) 365 Rapido 500
Transporte (espacio publico) 122 Lento 250

Slovenia

No changes in the calculation procedure or fowtdiges of the factors involved in the computatibthe design fire
load density were provided in Slovenian Nationahé&x of EN1991-1-2. The values to be implementedttier
Slovenian National Annex in Ozone software areothes from EN1991-1-2.

Sweden

No changes in the calculation procedure were pealid the Swedish National Annex of EN1991-1-2.tA# values
for the factors taking into account the fire adiiva risk due to the size of the compartment ardfitfe activation
risk due to the type of occupancy, as well as thkias for the factors taking into account the d#fé active
firefighting measures, are considered unitary. Tiesns that, no reduction or increase of the ctersiic fire load
density is considered.
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The values to be implemented for the Swedish Natignnex in Ozone software are presented below. The
modifications to the provisions of EN1991-1-2 aighighted.

Table D16 : Factors taking into account the firtivation risk due to the size of the compartmend &pe of
occupancy (Sweden)

i I Danger of fire
Compartment floor area Danger of fire activation - activation - Examples of occupancies
Af [m?] Factor 1 . P P
Factor :
o5 1 1 artgallery, museum, swimming
poo!
250 1 1 offices, res_ldences, hotel, paper
industry
2500 1 1 manufactory fo_r machinerys and
engine
5000 1 1 chemical laboratory, painting
workshoy
10000 1 1 manufactury gf fireworks and
paints

Table D17 : Factors taking into account the différ@ctive measures (Sweden)

Factor : Automatic Water Extinguishing Systi 1
Factor . Independent Water Supplies 0/ 1
Factor 3/. Automatic Fire Detection & Alarm (by Heat/ ISmoke 1
Factor ! Automatic Alarm Transmission to Fire Brige 1
Factor 6/ Work Fire Brigade / Off Site Fire Briga 1
Factor ¢ Safe Access Rout 1
Factor ! Fire Fighting Device 1
Factor 1 Smoke Exhaust Syste 1
Table D18 : Fire load densities, fire growth rated &HRf for different occupancies (Sweden)

Occupanc Fire Load 80% fractil Fire Growth Rat RHRf

Dwelling 750 Medium 250

Hospital 360 Medium 250

Hotel (room) 400 Medium 250

Library 1800 Fast 500

Office (standard) 520 Medium 250

School 450 Medium 250

Shopping Centre 400 Fast 250

Theatre (movie/cinema) 370 Fast 500

Transport (public space) 122 Slow 250

United Kingdom

The calculation procedure provided in the PD 668B4i% the same as the one of the EN1991-1-2. Aeifit

parameter “fire growth rate parameter” is introdlibeit this leads to results very close to thosaiobt by use of
the EN1991-1-2. All the values for the factors t@kinto account the fire activation risk due to Hiee of the
compartment and the fire activation risk due totyfpe of occupancy, as well as the values for dotofs taking into
account the different active firefighting measusies considered unitary, except for the presencpmfklers.

The values to be implemented for the UK Nationahéx (PD 6688-1-2) in Ozone software are presentdalb
The modifications to the provisions of EN1991-1¢2 highlighted.
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Table D19 : Factors taking into account the firtvation risk due to the size of the compartmend &rpe of
occupancy (UK)
Compartment floor area Danger of fire activation - Danger .Of fire .
activation - Examples of occupancies
Af [m2] Factor 1 .
Factor :
o5 1 1 artgallery, museum, swimming
pool
250 1 1 offices, res_ldences, hotel, paper
industn
2500 1 1 manufactory fo_r machinerys and
engine
5000 1 1 chemical laboratory, painting
workshoy
manufactury of fireworks and
10000 1 1 paint:
Table D20 : Factors taking into account the diff¢r&ctive measures (UK)
Factor 1 Automatic Water Extinguishing System 0.61
Factor 2 Independent Water Supplies 0/1/2 1
Factor 3/4 Automatic Fire Detection & Alarm (by#&t/ by Smoke) 1
Factor 5 Automatic Alarm Transmission to Fire Bdga 1
Factor6/7 Work Fire Brigade / Off Site Fire Badg 1
Factor 8 Safe Access Routes 1
Factor 9 Fire Fighting Devices 1
Factor 10 Smoke Exhaust System 1
Table D21 : Fire load densities, fire growth rated &HRf for different occupancies (UK)
Occupanc Fire Load 80% fractil Fire Growth Rat RHRf
Dwelling 870 Medium 250
Hospital 350 Medium 250
Hotel (room) 400 Medium 250
Library 2250 Fast 500
Office (standard) 570 Medium 250
School 360 Medium 250
Shopping Centre 900 Fast 250
Theatre (movie/cinema) - - -
Transport (public space) - - -
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ANNEX E - LOCALISED FIRE PROCEDURE

The localised fire procedure implemented in OZanbased on the work made in the research projeSRRET-
2012-00023 LOCAFI - Temperature assessment of ticakisteel member subjected to LOCAlised Fire. The
analytical model for localised fires has been dewyetl within the project with two levels of refineme

- A model based on numerical integration for impletagaon into advanced models like SAFIR and Ansys -
“geometric model”;

- A model based on analytical formulae for handmagiear implementation into basic engineering ta@ks |
Excel spreadsheets - “simplified model”.

In both geometric and simplified models, the comfedions where the thermal exchanges are drawmibyective
fluxes (member engulfed into the fire or situateside the smoke layer) are treated by applicatfahe existing
equations available in the EN 1991-1-2. The magat lexchanges, by radiation, are calculated byesepting the
fire as a virtual solid flame that radiates intb# directions. The first step of this calculatismgain common to the
geometric and simplified models and consists innidef the geometry of the virtual solid flame reggating the
localised fire and the distribution of temperatasea function of time.

The shape of the virtual solid flame representirgthermal action of the localised fire may berajttical or conical.
The cylindrical shape flame is simpler to deal Wittt usually represents less accurately the theatteatk induced
by the fire and leads to overestimated radiativeg flaxes. In case the flame length is higher tthenceiling level,
the cylinder or the cone must be truncated andiaméring, representing the spreading of the flamder the ceiling,
should be considered outside the truncated cyliodeone.

The difference between the geometric and simplifidels is the calculation method used for thessssent of the
radiative heat fluxes exchanged between the vidolid flame and the elements.

In order to propose a calculation method withoufeme integral (that generally requires the impletagon into a
solver), the simplified model implemented in OZama&s defined on the basis of configuration factbrs. simple
shapes like cylinder or ring, direct formulae avaikble under several conditions. By means ohslagaptations
of the virtual solid flame, these conditions arési@d and the calculation of radiative heat flsix@an be calculated
using the concept of configuration factor.

The implementation of the simplified model in OZ®wdtware considers a conical shape for the vidold flame

as it has been demonstrated that this shape istetthe best flux predictions. The flux is cdited separately for
the 4 faces of the box perimeter of the profile andaverage value of this flux is applied to thelelperimeter of
the steel section. This means that the shadowteffewt taken into account. The coupling betwemralised fire

and compartment fire allows combining the influenoéthe radiative heat fluxes through the coldezand of the
convective fluxes in the hot zone. The input dditthe “Localised fire” part requires defining thegition, diameter
and evolution of HRR with time for a maximum numbéi5 fires. The calculation of steel temperatweder the

calculated heat fluxes was already available pteshoand assumes that the temperature is uniforaugin the

cross-section.

More detailed information about the simplified mbfie localised fire implemented in OZone is giviarthe Final
Report of the research project RFSR-CT-2012-00028AFI - Temperature assessment of a vertical steehber
subjected to LOCAlised Fire.
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ANNEX F - ANALYSIS STRATEGY AND TRANSITION CRITERIA

If a fire is modelled by the plain curve of the g F1 the growing phase, represented here byuav2, is reaching
a maximum at the time at which all the fuel hashbigaited. If the fuel ignition happens only byrfia spread, the
maximum is reached without modification of theiadit? curve. If the temperatures of hot gasesefupper layer
of a fire reach a sufficiently high temperatureq@a500°C to 600°C), the radiative flux between lilo¢ gas and
the non-burning combustible materials can be ab hiyto ignite the fuel. At this moment there igeay fast
increased of the energy release rate. This phemamisrcalled flashover. This modification is magentodifying
the initial heat release rate curve as indicatethbydotted line in Figure F1. At the flashoverdinthe RHR curve
is left and goes to its maximum value equal tortfeximum fire area multiplied by the heat release censity
RHR..

If the gases in contact with the fuel reach a teaipee of about 300°C, the fuel also ignites arelrdte of heat
release increases as stated for the flashover ptera

RHRdata(t) & RHRdata,mod(t)
Steady state
4 - phase :
3.5 1 fimas RER ¢ _
. IRHR(t) =0.7q,, 4,
2.5 1 >
S 5 :
= H . .
= : ., Decreasing phase
1.5 : Fully developed <&
1 4 fire ..
0.5 1 Rising phase “"..
0 T T T 2 T
0 t 2 1000 2000 3000 4000
time [s]

Fig. F1 Modification of RHR(t) in case of flashover

The criteria of the transition from two to one zamel/or of modification of the fire source modes given in the
following.

Criterion 1 (C1): Tu >TrL

High temperature of the upper layer gases, compafseaimbustion products and entrained air, leadsftashover.
All the fuel in the compartment is ignited by radia flux from the upper layer. The flashover temgtere Tr.) is
set to 500°C.

Criterion 2 (C2): Zs<Zqand Tz > Tignition

If the gases in contact with the fuel have a higkenperature than the ignition temperature of {Uighiion), the
propagation of fire to all the combustible of tleenpartment will occur by convective ignition. Thesgs in contact
(at temperatur@z) can either belong to the lower layer of a twoegdhe upper layer (if the decrease of the interfac
height Zs) leads to put combustible in the smoke layg§ is the maximum height of the combustible mateigal)
the unique zone of one zone mod&lgiion IS assumed to be 300°C.

Criterion 3 (C3): Zs< 0.2H
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The interface height goes down and leads to a small lower layer thickness, which is not repreatw of two
zone phenomenon.

Criterion 4 (C4): Asi > 0.25A¢

The fire area is too high compared to the floofaze of the compartment to consider that the &reains confined.
Criteria 1 or 2 lead necessarily to a modificatibrthe rate of heat release. If the fire load remméncalised (C4 is
not fulfilled), the simulation will continue usireg2ZM and if the fire load is uniformly distributeal 1ZM will be
considered. If one of the criteria C3 or C4 isifidfl, the code will switch to a one zone model tha RHR wiill
not be modified, except if criterion C1 or C2 happeimultaneously. The Table F1 and Figures F2 Eghd

summarize the four criteria.

Table F1 Transition criteria

CRITERIA EFFECT
LOCALISED q ¢ DISTRIBUTED q+

Cl: Tu > 500°C Afi = Afi,max 1ZM + Afi = Afi,max
Cc2: Z < Hy and T > Tigition (2ZM) or,

Zs > Hy and T > Tigniton (2ZM) or, Afi = Afi,max 1ZM + Afi = Afi,max

T > Tignition (lZM)
C3: Z<H 1ZM 1ZM
C4: Ai > 0.25% A - 1ZM

If the fire load is confined, five different pathse possible:

e PATH 1 - None criterion are encountered then théehwill remain with two zones and the RHR curvd wi
not be modified until the end of the fire.

e PATH 2 - Criterion C1 or C2 is first encounteredading to a RHR modification. Criterion C3 is not
encountered, the model remains a two zones one.

* PATH 3 - Criterion C1 or C2 is first encountereghding to a RHR modification. Criterion C3 is entiauned,
the model switch from a two zones to a one zone.

e PATH 4 - Criterion C3 is first encountered, the mloswitch from a two zones to a one zone. Thera@itg1
and C2 are not encountered, leading to no RHR rncatidn.

e PATH 5 - Criterion C3 is first encountered, the mloslvitch from a two zones to a one zone. TheraiteC1
or C2 is then encountered, leading to a RHR maitibo.

If the fire load is uniformly distributed, threeffdirent paths are possible:

* PATH 6 - Criterion C1 or C2 is encountered, leading RHR modification and a simultaneous switamfra
two zones to a one zone model.

e PATH 7 - Criterion C3 or C4 is first encounterdtk model switch from a two zones to a one zone clitexion
C1 and C2 are not encountered, leading to no RHékfioation.

e PATH 8 - Criterion C3 or C4 is first encounterdte model switch from a two zones to a one zondefn
C1 or C2 is then encountered, leading to a RHR fizadion.
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FIRE LOAD DISTRIBUTION =?

!

v

A < 25% A,

LOCALISED FIRE LOAD

A max > 2% A
DISTRIBUTED FIRE LOAD

PATH N°

2ZM 2ZM
v \ 4 v
ClorC2 C3 ClorC2 C3orC4
A = A max 1ZM A = Afimax 1ZM
+
¢ e I
C3 ClorC2 ClorcC2
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TEMPERATURE-TIME CURVE

Fig F2 Flow chart of the combination strategy
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Criterion : Ty >Ts °C

Flash Over

a|'m'hmfm

S_lnteﬂ.qn_ Zq >Z Tu >Tignition

Qr_iterion : A >0.2%\

Fig. F3 Four criteria to switch from two zone tcearone model and/or modify the heat release rate
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