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Fire thermal models
Nominal Standard temperature — time
temperature — curve
time curves External fire curve
Prescriptive
( ruIesF; Hydrocarbon curve
Compartment
Simplified fire fires
N s models |y sealised fires
(Performance

based rules) Advanced fire | £one models

models Field models
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ZWOVIKOIOVIENG=OZONE

Software sheet — general description

Name OZone

Version 2.2.2 Year 2002

Country Luxembourg Lanquage |English

System Windows Size 5 MB

Authors J. F. Cadorin, J. M. Franssen (Uni. Liege)
L.G. Cajot, M. Haller, J.B. Schleich

Organisation Arcelor LCS Research Centre

Application field Fire Thermal model - Zone

Availability Free — www.ulg.ac.be
Free — www.sections.arcelor.com

Contact Arcelor ASC: asc.tecom@arcelor.com

Formulation Based on mass and enerqgy balance equations

Short description | Model to predict the thermal action of a
defined fire. Heat transfer to simple steel
elements and time to collapse (ENV 1993-1-2)
incorporated
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*Dzone v2_2 - Restaurante_casol
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2.EVAPIO TTUPKAYIAG: TTUPKAYIA O€ £0TIATOPIO 3°Y 0pOPOU
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2KOTTOC: [MupavTioTaon Twv JETAAAIKWY dOKWYV

(Atraitnon yia R90)

KaBopioudg diauepiopatoc:

J4
Emipaveia

* Compartement - Restauranie_casol
-ITUpKavlag o Tk e TRR i Form of Compartment

t I//u W X " Rectangular Floor MNurnber of |4— :I
l@! REUNIONES \” & et P Wialle
E Vv S, T a Floor Area; |150 m
= T % Heinht 1 Gl Pitel Basf £74
i i
Q 3  Waukle Pitch Foe Height m
Floor l = Any Compartment
lgé) RECEPCION lﬂiss
1,67
—Define Layers and Openings
— i i A7)
[] :u =] DESE. Selectall: Defined YWalls:
B S o IDIILH{;EI lﬁ Difine el Type Openings
3 ? - 8 |
[ gg ™y Flaor 1
@ ?E |§ - f— SelectWalls to Copy to Ceiling 1
—_F COMEDOR 7 + i el R Ceiling Copy | wall 1 2
' Wall 1
i [@‘ - Wall 2 wellz |3
i = ! e Wall 3 walls |4 yes
] : ARQ‘?;"SVO \%Slgg iR’ Wall 4 I=| Copy Bpenitis wWall 4 4
W, BT !
I ‘I | | J4 — Forced Ventilation
DESPACHO ACHD Height m
H4 I G%FﬁNﬁCIA gﬁ&% ggAT{) Smoke Extractors: [Olismsien -
— l+ . 45 ] ﬂ “olume m¥sec
IndCit
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® Fire - difisek_restaurant

File Tools Wiew Help

—Fire Curve M ax Fire Area: IW m2
. " User Defined Fire
: a Fire Elewvation: I 1 m FuelHeight I 1 m

Occupancy Fire Growth EHREf Fire Load gtk Danger of Fire
Rate (ks mE] 80% Fractile [MJ/m®]  |Actvation
Uszer Defined 150 250 300 1
Description Fast Medium
—Design Fire Load
F Y
[ Automaticvwater Extinguishing System il 1 Fire Risk Area: 150 e Yq 1= 142
[T IndependentyWater Supplies (@8 1 2) ¥ n.2 =1 Danger of Fire Activation: qu i
|7 Automatic Fire Detection by Heat 5 Active Measures: I i 0.8541
Ynda o 5 2
[v Automatic Fire Detection by Srmoke o qt f = Tq,‘l }qu o Hb’rn’ il qu e 81,1 .l m
AUTOMATC AIEMT | FENSMISSIon 10 Fire i 1
BHiae L — Combustion
[ wWork Fire Brigade i Combustion Heat of Fuel: I 105 Mikg
Ynr o
[ [¥' Oft Site Fire Brigade Cornbustion Efficiency Factar: I 0.8
v Safe Access Routes -1 Combustion Maodel; IE)dended fire duratiDLI
LR |Z|
— PR s e g

Ok, Cancel | -,
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*® Strategy - Restaurante_casol
File Tools Yiew Help

— Transition (2 Zones to 1 Zone) Criteria:

Upper Layer Temperature = IEEIEI '
Lower Layer Combustible in Upper Layer + LLL = Combustible Ignition Temperature
Combustible Ignition Temperature: |300 '

l

1

Interface Height = 0.2 Comparment Height

Fire Area = |0.25 Floor Area

—aelect Analysis Strategy

& Combination (defaulf)

2 Zaones

1 Zane
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MovTENo TTUp.
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CFD kwdikag

‘ MovTéAo TTEdiou
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[Mepiypagry QUOIKWY PETABANTWV.

2 uykekp.CFD
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VIOVIEAUHTEOIOU = HIUent

Software sheet — general description
Name Fluent
Version 6.3 Year 2008
Country USA Language | English
System Windows/UNIX
Organisation Fluent Inc.
Application field Fire Thermal model - Field.
Availability Commercial software
Contact www.fluent.com
Formulation Based on mass and energy balance
equations.
Short description | General purpose CFD
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Viscous Model

#N|| Materials
dodel — flodelleonsiants Name Material Type Order Materials By
[ iscld C2-Epsilon [co [fuid ~|| & Name
1.9 A
" Spalart-Allmaras (1 eqn) I Chemical Formula Fluid Materials " Chemical Formula
" k-omega (2 eqgn) |1 -
" Reynolds Stress (7 eqn) TDR Prandtl Number Mixture
" Large Eddy Simulation I1 2 Ipdf—mixture j
k-epsilon Model Energy Prandtl Number Fraperies
" Standard o.85 Cp (itkak =
~ RNG lo. - P (ikg ]Ipiecewise—polynomial j Edit... |
® Realizable User-Defined Functions I
Near-wall Treatment Turbulent Viscosity
Molecular Weight (kgikgmol : |
C Standarc.j.Wfflll Functions ) Inone j ey ]Iconstant j Edit
® Non-Equilibrium Wall Functions | prandtl Numbers I28 01055
" Enhanced Wall Treatment ~ '
TKE Prandtl Number —|//| standard State Enthalpy (jikgmol)
Options |none j Py (ikg Iconstant j Edit... |
i Tossseeras
none - )
I J Standard State Entropy (jlkgmol-k) I constant j Edit... |
Energy Prandtl Number F
197535.7
none -
| = | -
ok | cancel| Help | Change.‘Createl Delete Close | Help |

Model

4 KaBopioudg UAIKWYV, pUOIKA HOVTEAQ “ of

" Rosseland
KOl OUVOPIAKEG OUVBNKEC ATTAITOUVTAL. o rete Transter (OTRM
" Surface to Surface (523)

Mﬁled (paiVOVTGI Tl'apaTrdV(.U. " Discrete Ordinates

oK | Cancell Helpl f'":
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Performance | Analysis of part
based rules of the structure
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Software sheet — general description

Name Elefir

Version 2.1 Year 1998
Country Belgium Language |English
System Windows |Size 8 MB
Authors D. Pintea, L. Mievis, G. Gustin, J. M.

Franssen

Organisation

University of Liege

Application field

Fire resistance model (simplified)

Availability Free — www.ulg.ac.be
Contact University of Liege - www.ulg.ac.be
Formulation Based on ENV 1993-1-2 (eurocode 3)

Short description

Software for the calculation of the fire
resistance of simple steel elements
made of open sections.
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Analysis Options

Standard

f+ EMY 1993-1-2 [Euracode 3]

" MEM EWY 1333-1-2 [Belgian HAD]

Bnalpziz

i Element Submitted to T enzion

(" Element Submitted to Compreszion

O iglement Subritted ta Bending and Compressior

" Temperature Function of Time

" Time Function of Temperature

Aot E xit

Mest
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Select Load:

r In-plane lateral loads + end moments

In-plane lateral loads + End Moments j

M'I L_———‘—’ng +

i+ Diztributed Load
FiEE

g
M1[canbe>ol<D] =
M;[canbe> o) =

i""u

 Concentrated Load
500 kM.
100 fehd .
100 kM.m

—&ial Compression

M= I‘IDD kM

Eicaywyn ¢6pT1iong

elzct Fire Exposure

¢~ Fire on Four Sides

f+ Fire on Thiee Sides

[ ——

Cancel

Eicaywyn
TTPOOTACIOC
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Select Section Protection
= Mo Protection
f+ Contour Encasement

" Hallow Encazement

“Cortinue

E it | Cancel |
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E1ETIIE=TATT OTENEG POT O

Results Elefir

Fesults

Time/Temperature evolution in the steel section calculated

by ELEFIE using relation 4.22 of ENV 1993-1-2
Time [win.] ; Temperature [“C]

Date : 05/08/2004

'\_‘Tlme o 13:30:06 o ozo Temperature C
- 5 ; 43 _ Mod
Calculation following ENV 1993-1-2 .
a : 7 i IFE 200
Time function of temperature 15 : 112 _ Poe | o s TR
20 : 147 Configuration | exposed on 3 sides. contour encasement
TEFI:I g of Cross-Section @ IFE z5 ; 181 Pratection | rock/glags wool, thickness: 10 mm
Profile : IFE 300 30 = 215
Area of the crogs-section @0 53,81 comw® 35 : 247 - Temperature-time cLr
Critical Temperature : 486 *C an ; 295 & 150 Curve  Hydracarbon Curve
. 45 : 308 ™ Extemal Fire Curve = ASTM Curve
Expo=sed to Fl?E on 3 faces 50 : 337  Other Eile
Temperature-Time Curwve : IZ0 Curwve 55 : 365
. a0 ; 391 The prafile reaches 468 °C after 75.66 minutes
Type of Protection : Contour Encasetment .
__ . _ 65 " 116 Section factor: 187.7 m-!
| ==» Section factor A/V = 187.7063 m-1 20 : 441
Tyye of material : rockiglass wool 75 : 484
Thickness » 10 rorn 79 . 9 : 436 I~ File Graph tain menu Lalcul
Specific Heat 1 B50 Jfkg. fE
Thermal Conductiwvity 1 0,04 Wim. K
1 - a
Unit Mass 2 150 kg/m The temperature of 486 °C is obtained after 75.36 min.

o’
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ATTAGTTOINEVORERIVI = EOTITE

Software sheet — general description
Name Potfire
Version 1.11 Year 2001
Country France Language |English
System Windows |Size 15 MB
Authors G. Fouquet, G. Tabet, B. Zhao, J.
Kruppa
Organisation CTICM, CIDECT, TNO
Application field Fire resistance model (simplified)
Availability Free — www.cidect.org
Contact CIDECT - www.cidect.org
Formulation Based on ENV 1994-1-2 Annex G
Short description | Fire resistance duration of
unprotected filled hollow section
columns
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Software sheet — general description
Name AFCC
Version 3.06 Year 2004
Country Luxembourg | Language | English
System Windows Size 2.5 MB
Authors H. Colbach
Organisation Arcelor LCS Research Centre
Application field Fire resistance model (simplified)
Availability Free — www.sections.arcelor.com
Contact Arcelor ASC: asc.tecom@arcelor.com
Formulation Based on ENV 1994-1-2
Short description | Composite columns fire design
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AECE - ETTIQOVEIX

. "AFCC - Column - =] B3
File  Options  Help
MEGCIEE ik

Em@aveia
eAéyxou

Results:

Froject ‘ Results

Section Details

Graphic = B3
b aterials diameter of rebars
12 + 20 LA
Safety factars uct 14 2% mm

o oA 1B 28
Buckl lengths

LUF1 number nl of rebars in first laper
. 4 * g 12 " 16
Eccentricities
number n2 of rebars in second layer
| s+ 4
T 0 uet i
n UF1 e

n2

O1rAIocu6Gg
gvioxuong

o OK X Carcel ‘ ? Help
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ARCC=TATTOTENEC PO

Det 1 [=1 E3

Project |

ATroTeAéouarta

Project-Hame: DIFISEE
24 Projecr-Humber: Example
aXVIKn Fositicn-Hame: AFCC - Example
Fosition-Haber: oL

Ozer: DIFISER
/4 Comment : Exauple of use
£€kOeon vy
modified lastc: 576704
Results |

Ulimate loads [kM]

Warnings

axial axial eccertiically  |eccentrically  |eccentically ':‘;m:z izi:if:’:z:zn:f:zi;e;ha“ weo high for design et room temperature. Persemtage
- - - - — 0.2 % < allowed percentage < 4 % (ENV 1994-1-1,4.38.3.1 and 4.8.2.5)
weak axis stong axis weak axis stong asis biavial 44 assumed for the caleulation at room cemperature
Reduced diameter of re-bars for calculation at room-temperature = 13,62 mm
eccent. [mm) 0.00 0.00
Ny Iz B403 7256 E403 7255 E403 Trpu valuest
| R 30 h352 a708 5352 5708 5352 steel-Profile: HE 360 &
h: 3E0 mm LI
R &0 4005 4311 4005 431 4005
oK Hel

R 30 303 3277 3m3 3277 3m3 4e"|
R 120 1872 1872 2059 1872 Graphic =] B3

W arhing

Mumber or diameter of the re-bars too high for design at room temperature. Percentage ;l
of the reinforcement = 4.16 %

3500
0.3 % < allowed percentage < 4 % (ENW 1394-1-1,4.8.3.1 and 4.5.2.5)
4 % assumed for the calculation at room temperature
Peduced diameter of re-bars for calculation at room-temperature = 13,62 mm
600
. e LR .
L] ]
450
3000 0
0y
- »
e = *e .0

& OK Help |

Steel-Pro

2XEQIOOTIKEG AETTTOUEPEIEG

(=]

e HE 3
nd= 2
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Software sheet — general description
Name AFCB
Version 3.07 Year 2004
Country Luxembourg | Language | English
System Windows Size 3 MB
Authors H. Colbach
Organisation Arcelor LCS Research Centre
Application field Fire resistance model (simplified)
Availability Free — www.sections.arcelor.com
Contact Arcelor ASC: asc.tecom@arcelor.com
Formulation Based on ENV 1994-1-2
Short description | Composite beams fire design
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AFCB - Beam -
File Options Help

=jeo|al 8l a7

)

Emgadveia
eEAEYXOU

_ |
e

Froject Results:

Sechion

Rebars
=l

a [ eoc] mm 2 [ so] mm
2 [ iomo] m o [ o] mn

Diameter of stirup:

6 (O]

e |

M atenials

c10 ©12 14 18

Febarg in row 1 [top]
412

Febars in row 2 [middle]

Rebars in row 3 [bottom]

. . . Example: 'd200 40 3xd12 d16" would mean: Start at the outside with
[~ Congsider rebars in prafile a rebar of 20 mm. let 40 mm of zpace, place a triple rebar of 12 mm,
for cale. of negative moments let rminimurn space and place a rebar of 16 mm.

O I IAIO-“ég Upper rebar zection in slab cr2/m udo a5 = i
Lower rebar section in slab cmdm udu a5 o

gvioxuong
o OK | X Cancel | F Help |
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Details

ATtToTeAéopaTa

4 4 roject-] CH DIFIZEE
TexVvikn €kBeoc e
os. CH ool
- er: ool
,—,—,— DIFIZEE

: Example of use

: E/8/04

H E/8/04

IPE 500

1221.19
1211.41

Steel-Profile: IPE 600
Cast in Iplace
Orientation of joints ar ribs tp
Of - £ ™
A aments: - ) o
[

dy

L
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P ONYHEVAUTTONOYICTTKOIOVIENG

O1 TTpoNYMEVEG UTTOAOYIOTIKEG MEBODOI £XOUV 3 KUPIEC PATEIC:

KKGGOpIG}Jég TNG KATAOKEUNG
(TTETTEPOAOUEVA OTOIXEIQ)

[po-eTTeCepyaaia KaBopiopdc UAIKoU (Ypaupiké/un-
YPQHHIKO)

\_ETTIAOYr} TWV pNXavikwyv Kal BEpUIKWYV
1 OPACEWYV KAl TWV CUVOPWV..

Etre€epyacia — @adon utroAoyiouou

4

MeTd-eTTECEPYQTIQ — TEXVIKN €KOEON

-

a%*i&
Wi

EK Part 4: Software for fire design 34/ 47



IPONYHEVAtERIVI=RSaril;

Software sheet — general description

Name Safir
Version 9.8 Year 2007
Country Belgium Language | English
System Fortran/Visual Basic |Size
Authors J. M. Franssen
Organisation University of Liege
Application field Fire resistance model (advanced)
Availability Commercial software
Contact JM.Franssen@.ulg.ac.be
Formulation Finite element code
Short description | Finite element model for the behaviour of

the structures in fire.
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IPONYHEVAEERIVIESANSYS

nSoftware sheet — general description
Name Ansys
Version 10 Year 2008
Country U.S.A Language |English
System |----- Size
Authors |-
Organisation ANSYS Inc.
Application field Fire resistance model (advanced)
Availability Commercial software
Contact Ansys — www.ansys.com
Formulation Finite element code
Short description | General purpose software
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IPORYMEVOSEHRIVIESARAGUS

Software sheet — general description
Name Abaqus
Version 6.7 Year 2008
Country U.S.A Language |English
System MS-DOS Size
Authors Hibbitt, Krlsson and Sorensen
Organisation ABAQUS Inc.
Application field Fire resistance model (advanced)
Availability Commercial software
Contact Abaqgqus — www.abaqus.com
Formulation Finite element code
Short description | General purpose software
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SAEIR/ANSYS/ABAQ@USEEQUPOY

2. EVAPIO TTUPKAYIAC: TTUPKAYIG O€ BIoPNXavIKO KTiplo
2 XeO0100MOC TTUPKAYIAS: ISO KapTTUuAn

2KOTTOC: KABoPIoPOC TNG TTUpavTioTaons OANC TNG KATAOKEUNG
Kal €TTIpPOr] TNS Bepunc dwvng oTnV UTTOAOITTN KATAOKEUN.
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SAEIR/ANSYS/ABAQ@USEEQUPOY

EAaocTikh ypaupun (oTaTIKA avaAuon)

45000 ﬂ EAaocTikh ypauun (duvauiki avaAuon)
$0000 f .&\ To apioTepo TTAQICI0 KATAPPEEI TIPOG

Force [N]

35000 7 K TO EOCWTEPIKO TOU KTIPiou.
30000
24000 “f

=

20000

1] 360 EDID QDIEI 12IDI:I 15IEII:I 1800 A§OVIKI’] al’,vqpn vl 'OXI psYquTapn

Time [sec] a1To TNV EMTIdPAOCN TOU AVEHOU OTN
—4—Saflr —#—AhagusLabein —B—Ansys —k—Abagus Corus (pdo-n Kqqu-Ksur']g
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VIOVIENGCEKKEVID OG- EXOUUS

Software sheet — general description
Name Exodus
Version 4.0 Year 2004
Country England Language |English
System Windows Size |-
Authors E. Galea, St. Gwyne, S. Blake,
L. Filippidis
Organisation University of Greenwich
Application field Egress model
Availability Commercial — www.fseqg.gre.ac.uk
Contact E.R.Galea@greenwich.ac.uk
Formulation | -----
Short description | Egress model based on human
behaivour
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VIOVIENGIEKKEVO O G = EAODUS

k‘ ATTroTeAéopaTa:
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VIOVIENGOVIXVEUOT]G = JET

Software sheet — general description

Name Jet

Version 1.0 Year 1999

Country U.S.A Lanquage | English

System Windows Size 4 MB

Authors W. D. Davids

Organisation NIST (National Institute of Standards and
Technology)

Application field Detector response models

Availability Free — www.fire.nist.gov

Contact NIST - www.fire.nist.gov

Formulation Zone model based on code LAVENT
Algorithm for plume centerline temperature
Algorithm for ceiling jet depending on
smoke layer depth

Short description | Sprinkler response — Time to activation
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: {m) .
Ceiling Height (m) ! 1.
o 1.00
1.00

INSULATED METAL DECK

Th. Cond. pW(m “C1) .

Ht Cap. (Jkg "C)) . l
Density (ko/cu m)

Ceiling Thickness (m

oo feno0  fenon

Arnbient Temp ('C)
Fire Height (m)
Fire Diameter (m

Output Tirne 25,00
End Time 300.00
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