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Presentation Notes
The objective of the fire design of the structures is to obtain safe structures.

In order to reach this objective it is necessary to demonstrate that the structure maintains its load bearing function during a period of time longer than required to be safe.
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Presentation Notes
During the the last 15 years a lot of projects has been made to develop calculation methodologies to determinate the resistance of the structures submitted to fire. All these methods has been reflected in the Eurocodes and are related to the different events that occurs during a fire. 




R

required*

: “R” O0sszegzett érteke, hogy
kielégitse a teherbirasi funkciot tiz esetén
az adott id6tartamig.

¢

El6ird kozelités:
nemzeti tlzbiztonsagi
el6irasok

Teljesitmeny alapu
kozelites:
Tlzvedelem

Part 4: Software for fire design

3147


Presenter
Presentation Notes
To determinate the safety of a structure is very important to have clearly the requirements that has to fulfil. In the different countries, codes and regulations have been developed specifying these requirements (prescriptive requirements).



Through the fire safety engineering methodologies have been developed to determinate these requirements in a more realistic way (performance based requirements). These requirements are related to the needed time for evacuation.


A legaltalanosabb osztalyozast ot kategoriaba sorolhatjuk:

* TUz termikus mdellei
 TUzallésag modellek

» Kiaramlasi modellek

 Detektor reagalasi
modellek

 Osszetett modellek

R

req

(teljesitmény alapu)
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A lot of softwares has been developed to allow designers to calculate the structural response and the requirements that have to fulfil a building in an easy and accurately way. 



During this project we have detected more than 150 softwares (more than 20 of them are free available).



Classification (Slide)



The firsts are closely related to the actions and the response of a structure during a fire (see chain of events), while the three last ones are focused to determinate the performance based requirements that a building has to fulfil for being safe in case of fire.




Taz termikus modelljei
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uZermmikusimodelljen
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This is the classification of the thermal actions for temperature analysis defined in the Eurocode 1 (EN 1991-1-2:2002). We follow the same classification for the Fire thermal models, dividing them in:



 Simplified fire models: Compartment fires and Localised fires, based in simplified calculation methods (these are included within the EN 1991-1-2:2002). Normally these software are datasheets. 

 Advanced calculation models: divided in Zone models and Field models.



In this presentation we only show the advanced ones.




Zona modellek
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zona mogdellek

A zonamodellek két tipikus teruletének tipusa:

» Kétzénas modellek: A tlzkamra két részre osztott,

V4

(forro-hideg) homogeén jellemzdokkel
» Egyzénas modellek: A tlzkamrat egy tlztérnek tekintjuk

my, TU, VUJ
Eu, pu

Capa superior

—P Mouru

)g Q Xﬁ —= MourL
In.p

Capa inferior

Léteznek egykamras
modellek (csak egy
kamraval) és multi-kamras
modellek (szamos
szomszédos kamraval)

Meghatarozo egyenletek:
- Tomeg egyensuly
- Energia egyensuly
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Zone models description:



A zone model is a model that divides the room(s) under study into different control volumes, or zones. The most common zone models split a room into two zones, an upper hot zone and a lower cold zone. These models assume that each layer is uniform and the plume acts like a pump of mass (smoke particles) and heat to the upper zone. These type of models also assume that the plume volume is small compared with the upper and lower layers (this volume is neglected).



The principal objective of this type of softwares is to determinate the upper and lower layer temperature, smoke layer height, and species yield. (Thermal actions and smoke produced for a fire in a compartment).




zZona modelleke=@zone

Szoftver adatlap — alapvetd jellemzés

Név OZone

Verzid 2.2.2 Ev 2002

Orszag Luxembourg Nyelv Angol

Rendszer Windows Méret 5 MB

Szerz6k J. F. Cadorin, J. M. Franssen (Uni. Liege)
L.G. Cajot, M. Haller, J.B. Schleich

Szervezet Arcelor LCS Research Centre

Alkalmazasi Termikus tizmodell - Zone

tertlet

Elérhetoség

Ingyenes — www.ulg.ac.be
Ingyenes — www.sections.arcelor.com

Kapcsolat

Arcelor ASC: asc.tecom@arcelor.com

Egyenletek

Tomeg és energia egyensulyi egyenleten
alapszik

Rovid magyarazé |Ez a modell a meghatarozott tlz termikus

DIF

Wy K

leiras hatasat szamitja ki. Egyszer( acélelemek
hdéatadasat és 0sszeomlasanak idejét
( koOzelitve meghatarozza (ENV 1993-1-2).
EK
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Capabilities of Ozone:



 One compartment

 Switch from 2 zone model to 1 zone model

 User friendly: definition of compartment size/ wall properties/ openings/ forced ventilation/ fire source

 Plume models included 

 Use of finite elements to calculate heat transfer through walls

 Modification of heat release curve in case of under ventilation conditions (combustion models)

 Model to calculate heat transfer to steel elements and time to collapse (ENV 1993-1-2) incorporated

 Free download: www.ulg.ac.be




@zone = kEomenu

* Ozone v2.? - Restaurante_casol M= 3
File Tools Wiew Help
O = lﬂ A j Mame: Restaurante_casol. Solo abiera la escalera. Widrio, resistente
Fragrarm Flow Chart
Compartment... Fire...
Zone Temperature ———— Steel Profile...
Heating...
oteel Temperature —— Element...

> Fire Besistance

C otrategy

N Farameters
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Main menu:



- It guides the user through different steps:

1. Definition of compartment in terms of size/ boundary properties/ openings/ forced ventilation (key  COMPARTMENT)

2. Definition of Design fire (key FIRE)

3. Key (Zone Temperature) leads to the calculation procedure of zone parameters

4. Key (Steel profile ) allows to define the profile and protection if it exists. 

5. Key (Heating) allows two possibilities, the user chooses:

	- Calculation of steel temperature with hot layer temperature

	- Calculation of steel temperature considering the higher form  	hot layer temperature and Hasemi’s method

6. Key (Steel Temperature) leads to calculation of steel temperature

7. Key Element allows to define mechanical loads

8. Key Fire Resistance leads to calculation of time to failure according to ENC 1993-1-2






gzone = Esetanuimany,

T0z leirasa: éttermi tlz a harmadik emeleten
Tlztervezeés: teljesen kiterjedt tiz - ta. nOvekedési fazis
Cél: az acélgerendak tlzellenallasanak mérése
(R90 -es elbiras szerint)

Tlzkamra definialasa:

* Compartement - Restaurante_casol

TUzfészek

File Tools Y¥iew Help
—Form of Comparment
¢ Bectangular Floor BNumber of (4 :
W " 0 — =  Flat Roof \Aa‘nlle: |1507:I 2
, FEUNIONES ] % _ _ Floor Area: I
\ 31156 Heiah B =i = i i I—
| eight Height: [5.74
_  Deukle Pitch Paof 1= m
Floor & Any Compariment
55 —Define Layers and Openings
g fé ) Y pening
B W i % SelectWall: Defined Walls
] -
| S oon IFIoor 'l ﬂl el Type Openings
714 Floor 1
] Y SelectWalls to Copy to: Ceiling 1
HS DESA. —
L " cva |+ Ceiling Co | el 1 z
i CERT W3 s [ U2 Wwall1 — wallz |3
- Floor Area a2
v el 3 Wh'all 3 4 WS
n vess [ BESP. Wl 4 I=| Gapy Gneninss \walld |4
H5 18.65 [ £
— T I Jid —Forced Yentilation
! Height m
DESPACHO ACHO . -
Rz Tzt CERENGA b e Smake Extractors: Diameter m
£t . 3.33
HE +— i 45 ID ﬂ Yolume mfsec
InfCit
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Definition of the case:

- Some fire scenarios studied for this case, considering events having influence in fire severity:

1. Opened doors

2. Glazed windows breakage

- The presented case is the one that resulted in the highest temperatures (opened door/ no breakage of glaze  near the entry)

- As composite beams, it was no verified the structural stability with the resistance model of Ozone, it was used a FEM program (Safir) to calculate temperature evolution inside the sections using gas temperature as input and compared with standard fire evolution to define protection.

Objectives of simulation with Ozone:

1º Determinate the time to flashover

2º Gas temperature 

OZONE - Window of compartment definition

Rectangular area or any other up to 4 different walls

Introduction of wall properties separately, possibility of copying one wall from another one 

1. Thermal properties ,  Cp 

2. Thickness/ Length 

3. Openings 

Introduction of forced vents up to 3 different ones

 


C)4e)p)

*x

SR

I‘)'

= Do

® Fire - difisek_restaurant

File  Tools
—Fire Curve

View  Help

dtoKEdituZimeghatarc

" User Defined Fire

Max Fire ﬂrea:l 150 m &

Fireﬁlevatiu:un:l 1 m FueIHeight:I 1 m

Occupancy Fire Growth RHREf Fire Load gtk Danger of Fire
Fate [k ] 80% Fractile [MJ{m?*]  [Actvation
ser Defined 150 250 300 1
Description Fast kedium
—Design Fire Load
I_ AutomaticWater Extinguishing System Tni =1 Fire Rigk Area: (150 m2 Tq 1° 1.42
[T IndependentWater Supplies (@ 1 (C 2) 7 n.2 =1 Danger of Fire Activation: Tq 2=
|7 Automatic Fire Detection by Heat 173 Active Measures: II¥ i 0.8541
Tnda = SV B} 2
[v Automatic Fire Detection by Smoke - g = Tq’ ] ?q, o HTnJ R P 2811 MJ/m
AUTDMENC AISMT | FEnSmISSIon 10 Fire e 1
IRimer= - — Combustion
[ work Fire Brigade 073 Combustion Heat of Fuel: I 175 Mdikg
¥n? T
[ Off Site Fire Brigade Combustion Efficiency Factar: I 0.4
V' Safe Access Routes - Combustion Modsl: |Extended fire duratio v |
¥n. g
— A T —~ B a -
(0] Cancel

’ 4

LddS>d

SEK
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Window to define Design Fire



Fire properties (Heat release and fire maximum size) can be introduced as a curve defined by the user (read from a txt file or typed in the boxes) or defined according to the NFSC project (in that case the user defines the occupancy and active measures). 



Some ways to introduce heat release: only rate of heat release and constant heat of combustion, heat release + mass loss rate (in that case no heat of combustion defined), and in all cases also fire area at every time can be given by the user. 



Possibility to choose a combustion model in case of under ventilation conditions (accounting for external flaming/ or considering all the fuel burnt out inside the compartment but in extended time)

In the case study: a NFSC curve has been used with properties defined by the user due to the fact that there is not any occupancy given for restaurants.



- Growth phase: Q = (t/ 150)2    [MW] Fast

- H = 300 Mjul/ m2 (based on data from bibliography)

- Danger of activation: medium by comparison with occupancies having similar risk of fire ignition 

- q = 250 kW/ m2 by comparison with similar occupancies


Ozone — Bemenetiradatoks
2 es 1 zonas allapot valtasanakeksteruma

* Strategy - Restaurante_caso]
File Tools Yiew Help

Lower Layer

ITI

Transition (2 Zones to 1 Zone) Criteria;
Upper Layer Temperature

Combustible in Upper Layer + LLL

Combustible Ignition Temperature:

Interface Height

Fire Area

=elect Analysis Strategy

= Combination (default)

" 2 Zones

1 Zone
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Window - Strategy



Here you have to define the criteria for the switch from two zones  to one zone model

If one makes a simulation using the default strategy the software will start with a 2 zones model and a localised fire. 

If one or some of the criteria, defined in this window, are reached the model will switch to a fully engulfed fire and/or a one zone model by mixing the temp of both layers.

For instance at 500°C gas temp of the hot layer, flash-over happens and the model will switch to a one zone model and a fully engulfed compartment. 



It is also enabled the possibility of performing only a two zone or one zone calculation


Rate of Heat Release

|

— Hot Zone — RHR Data

== RHR Computed

200 == Cold Zone 150

. s

N \ T
0 00 b ®

150 , 1!
100 ’ 10,0
! s

o 20 40 &0 B0 100 120 14D ED 0 200 40 B0 B0 100 120 140 1BD
Tirne [min] Time [min]
nalysis Mame: Restaurante_casol. Solo abierta |a escalera. Yidrio, resistent nalysis Name: Restaurante_casol. Solo ahieta la escalera. Vidria, resistant

Steel Temperature

500
=l ey

] P O D ™ 2 zOnasbol 1 zonaba valtas:
B N 120"

g \\ — Hot Zone

S 44 s 14 1 L4 1 4
~s« | (tOznovekedés szellbztetéssel)
150 =
100
a0 1
DD 20 40 60 g0 100 120 140 160
Time [min]
shalysis Mame: Restaurante_casol. Solo abierta la escalera Vidrio, resistent i
AR )
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Results:



OZONE has a menu that shows on the screen the graphs of the required output by the user:

 -Pyrolysis and mass loss rate defined by the user 

 -Pyrolysis and mass loss rate modified in case of under ventilation conditions (depending on the combustion model)

- Hot/ cold zone temperature and interface elevation

- Evolution of fire area 

- Oxygen mass

- Floor pressure

- Steel temperature

OZONE also writes a report with all the graphs as well as more information in rtf format (for example time of switch from 2 to 1 zone condition, time to flashover if it occurs)

Txt files are recorded  with all the results 

In the case study, flash - over arise at 430” but no change is done in the RHR curve because at that moment there is no oxygen in the room and it is impossible to release the highest amount of heat. 

It results in a extended duration of the fire and a modification in the RHR curve as seen in the figure of RHR.



The highest temperature corresponds to a 7,5 minutes of exposure to the ISO curve. So, it is recommended to protect with a passive protection for 30 minutes of ISO curve.




Terulet modellek
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lenuietmogdeliex

Tdzmodell

N ‘ Tz tertletmodell

CFD Kod Alapvetd tlizjelenség leirasa.

Fizikai valtozokkal torténd leiras.

Specifikus CFD

Fizikai modellekkel szabalyozott tGzmodellek

SOFIE, FDS...

CFD kodtipusok

Egyetemes CFD

Tobb fizikai modell és anyagi jellemzd kerul
felhasznal¢ altali kivalasztasra és

szabalyozasra, a tizmodellezéshez:

Fluent, CFX,PHOENIX..

Part 4: Software for fire design 16 | 47



Presenter
Presentation Notes
Field models description:



Fire field models are the result of the use of CFD codes for the description of the fire phenomenon.



Two CFD types: Specific or general purpose CFD? 

Using a specific CFD is “easier” as you do not have to select all models describing fire problem (less parameters to define). On the other hand some pre-selected models could be out of range for some type of problems (for instance, some combustion models are not appropriate to solve some types of fire problems) . Both requires a deep knowledge of the code and the physics involved in the case. 

CFD requires a previous geometry and mesh modelling in order to create volume controls where equations describing the study case are solved. 



It is possible a more general study of a building by means of CFD: Fire scenarios, indoor air quality, heating… So, CFD can be used as a powerful design tool.


leruietmogelieke=Eiuent

Szoftver adatlapja — alapveté jellemzés
Név Fluent
Verzié 6.3 Ev 2008
Orszag USA Nyelv Angol
Rendszer Windows/UNIX
Vallalat Fluent Inc.
Felhasznalasi Termikus tGzmodell- Terulet.
terulet
Elérhetéség Kereskedelmi szoftver
Kapcsolat www.fluent.com
Egyenletek Tomeg és energia egyensulyi torveny
egyenletei.
Rovid leiras Alapcél CFD
PO S
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Fluent description:



General CFD code. Physical models and properties adjusted to a specific (fire) problem by user.

User friendly pre and post processing, but a deep knowledge on fire engineering and CFD is required.








Viscous Model

Model

Model Constants

 Inviscid

" Laminar

" Spalart-Allmaras (1 eqn]
® k-epsilon (2eqn)

" k-omega (2 eqn)

" Reynolds Stress (7 eqn)
" Large Eddy Simulation

k-epsilon Model

" Standard
" RNG
® Realizable

Near-Wall Treatment

C2-Epsilon

|1 .9

TKE Prandtl Number
|1
TCR Prandtl Number
|1 .2

Energy Prandtl Number
o.85

L I

User-Defined Functions

|X‘ Materials

" Standard Wall Functions
@ Non-Equilibrium Wall Functions
" Enhanced Wall Treatment

Options

[~ Viscous Heating
[+ Full Buoyancy Effects

Turbulent Viscosity

Inone

Prandtl Numbers

L

TKE Prandtl Number

|n0ne

TER Prandtl Number

Ll

Inone

Energy Prandtl Number

Le |

Inone

L |
1

0K | Cancell

Help |

Name Material Type

Order Materials By

[co |f|uid
Chemical Formula

|CO

Fluid Materials

Mixture

® Name
" Chemical Formula

5

|pdf—mixture
Properties

Cp (ikg-K) |piecewi59*p0|yn0mia|

Molecular Weight (kg/kgmol) |constant

|2s .010855

Standard State Enthalpy (jlkgmol) |constant

|—1 .105396e+08

Standard State Entropy (jlkgmol-k)

|constant j Edit... ’»
[197535.7
Il
Changei{Create | Delete Close | Help

Anyagok meghatarozasa, fizikai
modellek és kondiciok elbirasai.
Néhanyat kozuluk lathatunk ezen az

oldalon.

EARA |
_@%@%EK
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Model

 Off

" Rosseland

® P1

" Discrete Transfer (DTRM)
" Surface to Surface (523)
" Discrete Ordinates
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Input data:



For the use of CFD is very important to have a good knowledge of fire phenomenon. In case of a general CFD code physical models and properties are adjusted to a specific fire problem by user.



It is complex to correctly describe all phenomena: difficult to select more appropriate models. Sometimes really difficult to know material properties and boundary conditions to impose: be careful in assuming simplifications..



Examples in modelling requirements complexity:

- Constant or variable properties and laws. For instance, specific heat as a function of temperature.

- Turbulence modelling: laminar, turbulent (k-eps, LES,…)

- Chemical species reactions: Reactants, reaction mechanisms...

-Radiation modelling.



Example case:



Localised 10 MW fire under steel cross beam








Fluent="Kimenetifadatok

Sugarzasi ertékek

Felhasznalobarat, el6- és uto-
feldolgozas, de széleskor(
tzvédelmi és CFD ismeretek

szuksegesek.
Peéldak:

Fustkontroll: CO koncentracio
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Output data:



Case resolution gives us:

- Steel temperatures in beams (structural study - Maximum temperature 219 ºC) 

- Smoke or toxic gases concentrations (evacuation)

- Other interesting variables: Radiation, path lines.



 Versatile post processing: Contours, vectors, animations, text files, graphics...



When inputs are correct  realistic solution is obtained  ( validation of the software).



Limitations:



- Not easy to use. Deep knowledge of fire + CFD. 

- Time and computational cost. 

- Great effort required: Geometry and mesh definition + case definition + solving + solution verification + pre-post processing.




Tuzellenallasi modellek

S
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Y 4

dSTNMEU e eRe(FEiIV])

Szerkezeti tervezési eljaras

Tablazati
adatok

Egyszeri
szamitasi
modszerek

Fejlett
modszerek

S\/Z;Srk;z:tt' Mechanikai IGEN
9 hatasok és
Eléirasokon Szerkezet egy hatarértékek
alapulé részének szamitasa NEM
| szabalyok vizsgalata
, . Mechanikai
Teljes szerkezeti )
) . hatasok NEM
vizsgalat b
szelekcidja
szlgkilz:tt' Mechanikai NEM
9 hatasok és
Teljesitményen Szerkezet egy hatarértékek
alapulé részének szamitasa NEM
szabalyok vizsgalata
Teljes szerkezet S eIl
) ; hatasok NEM
vizsgalata i
szelekcioja

SN S .
EK
,M**§
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This is the classification of the design procedure of the structures according to the EN 1991-1-2 to obtain the mechanical response of a structure.



There are three methods:

1º Using tabulated data - only for member analysis (composite elements)

2º Simple calculation methods - some softwares cover these methods

3º Advanced calculation methods - Only available using softwares based on finite element codes






EgyszerusitettERV = ElIefir:

Szoftver adatlapja — alapvet6 leiras

Név Elefir
Verzi6 2.1 Ev 1998
Orszag Belgium Nyelv English
Rendszer Windows | Meret 8 MB
Szerz6k D. Pintea, L. Mievis, G. Gustin, J. M.
Franssen
Szervezet University of Liege
Alkalmazasi Thzallésagi modell (egyszerUsitett)
tertlet
Elérhetbség Ingyenes — www.ulg.ac.be
Kapcsolat University of Liege - www.ulg.ac.be
Egyenletek Az ENV 1993-1-2 (Eurocode 3)
szabvany alapjan
Rovid leiras Nyitott keresztmetszerl elemekbdl
készult egyszerl szerkezetek
thzallosagi ertekének
meghatarozasara szolgal.
Part 4: Software for fire design
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Elefir capabilities:



 User friendly

 Fire resistance of steel elements made of open section loaded around the strong axis.

 Algorithm based in the Eurocode 3 ENV 1993-1-2 

 Extensive validation provided

 Free download from: www.ulg.ac.be 



The calculation is divided in two steps:



1º Determinate the critical temperature of the element submitted to standard fire for the design loads.

2º Determinate the time to reach this temperature in function of the protection of the element.


Elefir=Eomenu

Analysis Options

Standard

{« EMY 1993-1-2 [Eurocode 3)

" MBM EMY 1333-1-2 [Belgian HAD]

Analyziz

" Element Submitted to T enzion

" Element Submitted to Comprezzion

0 iglement Submitted to Bending and Compressior

{— Temperature Function of Time

{* Time Funchion of Temperature

About,., E uit

Mewt

X s

pAY
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Main menu:

Definition  of the analysis type: 

	critical temperature calculation for tension members

	critical temperature calculation for compression members

	critical temperature calculation for bending members

	temperature function of time

	time function of temperature



Example case:

Fire scenario: fire in an industrial building

Design fire: ISO curve 

Objective: definition of fire resistance of a steel beam (IPE 300)

(Requirement of R30)

Industrial building.

Span= 20 m

Height= 9 m

Structural calculation completed (actions in each elements required)




Elefin—Bemenetifadatok:

’ .
Select Load: In-plane lateral loads + End Moments ﬂ Te rh e I eS I a d ato k
In-plane lateral loads + end moments a b I a ka

M_I L_~——~"J M2 + i MQ
(# Distributed Load (" Concentrated Load

M_= A00 kM.m
[}

M1[canbe>0r<ﬂ]= 100 kM.m

M;[c:an berar<0] = |00 kM.m

Awial Compression

W= [100 kM elect Fire Exposure
i Fire on Four Sides
= Fi a
Cancel | ’TI Fire on Three Sides

Select Section Protection

™ Mo Protection
f* Contour Encasement
" Hollow Encazement

Védelem adatainak
ablaka
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Input data (steps in the use of Elefir):



1º STEP: CRITICAL TEMPERATURE CALCULATION (to calculate the critical temperature of an element submitted to bending).



1º Definition  of the profile (type: IPE 300, length: 20, material)

2º Definition of loads: axial forces and bending moments (see slide).

3º Boundary definition (Lateral torsional load) 

Result: Critical temperature. (In the example case 468 ºC)



2º STEP: TIME FUNCTION OF TEMPERATURE (to calculate the time needed to reach the critical temperature)



1º Definition of the profile: type

2º Definition of the protection:   

 sides exposed to fire

 type of protection

 protection material (properties and thickness)

 fire curve

Result: Time to reach the critical temperature (in the example case 75.86 minutes)


Sl =nImene

Result=s Elefir

Fesults

Time/ Temperature evolution in the steel section calculated

by ELEFIE u=sing relation 4.22 of ENV 1993-1-2
Time [min.] : Temperature [*C]

Date : 0O5/05/2004

 Time : 13:30:06 0. 20
- . . 3 7 43  Mod
Caleulation following ENV 1993-1-2 10 = 77
. . ; Froiie IPE 300
Timwe function of temperature 15 : 112 e | Chtioal time for 488 °C
20 ': 147 Configuration | expozed on 3 sides, contouwr encasement
TETI:I e of Cross-Section : IPE 25 H 151 E | rock/glass wool, thickness: 10 mm
Profile : IPE 300 0 : 215 -
Lrea of the cross-—-section @ 53,81 cm*® 35 : 247 - Temperature-time curve
Critical Temperature : 456 *C 40 - z78 ¥ 150 Curve " Hydrocarbon Curve
45 : 308 i~ Ewstenal Fire Curve " ASTHM Curve
Exposed to Fire on 3 faces 50 = 337 r@m,__jk__J
Temperature-Time Curve : I30 Curve 55 - 365
) 60 » 391 The profile reaches 468 °C after 75,86 minutes
Type of Frotection : Contour Encasement 65 : 416
. - Section factor : 187.7 m-!
W ==» Jection factor A/WV = 187.7063 m-1 20 = 441
Type of material : rock/glass wool 75 : 464
Thickness H 10 tn -II, 9 9 . _q 8 E I” File Graph R T Main menu Calcul
Specific Heat : 850 J/kg.°E ’
Thermal Conductivity : 0,04 Wim. K
Tnit Mass : 180 kgim?

The temperature of 456 °C is obtained after 75.36 min.

*x

A
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Presentation Notes
Output data:

 

A .txt file can be saved, with the temperature evolution and the time required to reach the critical temperature previously obtained. 


EgyszerusitettERVI=Potfire

Szoftver adatlapja — alapvet6 leiras

Név Potfire

Verzio 1.11 Ev 2001

Orszag France Nyelv English

Rendszer Windows |Meéret 15 MB

Szerz6k G. Fouquet, G. Tabet, B. Zhao, J.
Kruppa

Szervezet CTICM, CIDECT, TNO

Alkalmazasi Thzallésagi modell (egyszerisitett)

tertlet

Elérhet6seg Ingyenes — www.cidect.org

Kapcsolat CIDECT - www.cidect.org

Egyenletek Az ENV 1994-1-2 Annex G szabvany
alapjan.

Rovid leiras Burkolatlan, zartszelvényl oszlopok

thzallosagi idotartamat hatarozza
meg.

SEK
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Potfire description:



Potfire has two ways to determinate the fire resistance of a hollow filled section columns:



1º For a required time (submitted to fire) calculates the ultimate load that support the element

2º For a defined axial load calculates the time to collapse of the element submitted to fire(Standard fire) 


Potiire’ = Eomenu/semenetickimenetiradatok

'® PotFire

el 3

r Section Material characteristics -

Type of section  |cjrelar j Yield strength of stesl section | 355 Mfmm2
Dimensions of steel section Yield strength of re-bars | gy Mfmme

20

Ciameter I 9739 Mmm Compressive strength of concrete | g0 Mfmm?2

{cylinder at 28 days)

Wall thickness I mm Eccentricity of the load
1 (o) Reinforcement bars Eccentricity | to buckling axis | o
&« By nr of bars By % calculation of

Re-bars ; # = 0 i i i i
| a ZI | 12| mir & ltmate load " Fire resistance duration

30

Concrete covering from Fire duration = i
_ g 2o mn [ e

rebars axis

Equal to IllEl4 191 %

Result
Buckling length ] .
Non-dimensional slenderness 41400000 4 o)
\ Bucking length | 20 ™1 Ultimate load 1582 KN

h A
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Presentation Notes
Input - Output data



1º Definition of the element

 Type and size of the steel hollow section

 Reinforced steel

 Buckling length

2º Material properties: Concrete and steel

3º Type of analysis: required time/ultimate load

4º Result: Ultimate load/Maximum time to collapse



Example case:



Hollow filled section column definition: Steel profile diameter (323.9 mm); wall thickness (6 mm); number of rebars (8 with a diameter of 12 mm); buckling length (3 m); Material properties (steel S355 for the profile, B500-S for the rebars); Required fire duration (60 minutes).



Result: Ultimate load 1582 kN. 






Egyszerusitett ERN =AEGCE

Szoftver adatlapja — alapveté leitas
Név AFCC
Verzio 3.06 Ev 2004
Orszag Luxembourg | Nyelv Angol
Rendszer Windows Meéret 2.5 MB
SzerzOk H. Colbach
Szervezet Arcelor LCS Research Centre
Felhasznalasi Tlzvédelmi model (egyszerisitett)
terulet
ElérhetGseg Ingyen — www.sections.arcelor.com
Kapcsolat Arcelor ASC: asc.tecom@arcelor.com
Egyenletetek Az ENV 1994-1-2 szabvany alapjan
Rovid leiras Kompozit oszlopok tlizvedelmi
tervezése
%E K Part 4: Software for fire design
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AFCC Description:



AFCC calculates the ultimate load for composite columns submitted to a standard fire (it gives the values of the ultimate load for different time requirements: R30, R60, R90, R120)



Only for composite columns.



Based on ENV 1994-1-2 



Very user friendly


AECE = Fomenu/bemenetifadatok

. "AFCC - Column - M=l &3
File  Options  Help
M=

IR

?

Iewpicit Da_t'.jc'x: Results:

Froject Results

Section

Febars Graphic

Rebars

b aterials

S afety factars

Buckl lengths UF1

Eccentricities

uct

T Trﬂ LF1

[

Megerdsitett acél

o OK ¥ Cancsl ‘

pAY
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c 14 {25

186

4

Vezérl6 panel

diameter of rebars

12 f+ 20 S

28

number nl of rebarz in first laper
* B 12 16

number n2 af rebarz in second laver

(| (* 4

T

.

=] E3

| onp| ™™

? Help
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Main menu/Input data:



Steps: 

1º To name the project (name author, etc…)

2º Define the section (profile used)

3º Reinforced steel definition (nº of rebars, diameter, etc..)

4º Definition of material properties (steel and concrete)

5º Definition of safety factors

6ª Definition of the buckling length

7º Definition of the eccentricities






Eredmények

Results

Jelentés

Ultimate loads [kM]

Detal =] E3

Project |

Project-Nane: DIFISER
Project-Humber: Exanple
Position-Name: AFCC - Example

Position-Number: 0oL

User: DIFISER
Comment: Exsmple of use
created: 5/8/04

modified last:

5/8/04

Warnings

Humber or dismeter of the re-bars too high for design at room temperature. Percentage
of the reinforcement = 4.16 %

0.3 % < allowed percentags < 4 3 (ENV 1994-1-1,4.8.3.1 and 4.8.2_5)

4 % assumed for the calculation at room temperature

Peduced dismeter of re-bars for calculation at room-tenperature = 19.67 mm

Input values:

steel-Profile: HE 360 &

avial avial eccentrically eccentrically eccentrically
weak axiz strong axis weak axiz ztrong axis biaxial

eccent. [mm) 0.00 0.oo

Service 6403 7256 6403 7206 6403

R 30 5352 5708 5352 5708 5352

R B0 4005 4311 4005 4311 4005

R 80 3039 3277 3019 3277 3019

R 120 1872 1872 2059 1872

[~warning

of the reinforcement

(ENV 1394-1-1,4.8.3.1 and 4.5.2.5)

Mumber or diameter of the re-bars too high for design at room temperature. Percentage ;l
416 %
0.3 % < allowed percentage < 4 %
4 % assumed for the caloculation at room temperature
Beduced diameter of re-bars for calculation at room-temperature = 19 62 mm

Rajzmelléklet

Part 4: Software for fire design

3500
600
*e *e -

L L)
450
3000 e 0.0

& L

L L

174 A
500 574

Steel-Profile: HE 380
Rebars: 12 % d = 20 mm
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Output data: (Screens of results)



- Ultimate load in function of resistant time

- Report

- Drawing detail


EgyszerusitettERNM=AEGCB

Szoftver adatlapja — alapvetd leiras
Név AFCB
Verzio 3.07 Ev 2004
Orszag Luxembourg | Nyelv Angol
Rendszer Windows Meret 3 MB
Szerz6k H. Colbach
Szervezet Arcelor LCS Research Centre
Felhasznalasi Tlzvédelmi model (egyszerisitett)
tertlet
Elérhetdség Ingyenes — www.sections.arcelor.com
Kapcsolat Arcelor ASC: asc.tecom@arcelor.com
Egyenletek Az ENV 1994-1-2 szabvany alapjan
Rovid leiras Kompozit gerenda tlzvédelmi
tervezése
%E K Part 4: Software for fire design
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AFCB description:



Only for the calculation of composite beams.



AFCB has three types of calculation:

1º In function of the class resistance (R30, R60, R90, R120)

2º In function of the support conditions and minimal hogging moments.

3º In function of the design moments



Based on the ENV 1994-1-2.



Very user friendly


AECB - Fomenu/ bemenetiradatok

~"AFCB - Beam -
Eile  Options  Help

|| a] 8|5 1

7|

Input D ata: Results:

Project ‘ Resultz

Details

Section

Graphic

Vezérld panel

Il B3
2 mm 23 rm

[~ Consider rebars in profile
for cale. of negative moments

M e g e r6s I’tett aCé I Upper rebar section in slab

Lower rebar section in slab

o 0K

2 [ _onm] mm e [ _anm] mm

Diameter of stirups
(] 8 o0 12 14 16

Febars in row 1 [top]
B

Febars in rowe 2 [middle]
Rebars in rove 3 [bottom)

E=ample: 'd20 40 3xd12 d18" would mean: Start at the outside with
a rebar of 20 mm, let 40 mm of space, place a biple rebar of 12 mm,
let minimum space and place a rebar of 16 mm.

cmasm uda K =l mm
cmasm udu K =l mm

X Cancel ‘ 7 Help
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Main menu/Input data:



Steps: 

1º To name the project (name author, etc…)

2º Define the section (profile used)

3º Slab definition

4º Reinforced steel definition (nº of rebars, diameter, etc..)

5º Definition of material properties (steel and concrete)

6º Definition of safety factors

7ª Selection of the type of calculation (class resistance, support conditions or design moments).


Details

Project

Eredmények

Project-Name: DIFIZER
~ Droject—Number: Exauple
elentés Pl Toaber
Position-Number: ool
User: DIFIZSER
R I
esults Coument: Exemple of use
—Ultimate plastic moments and shear force: created: £/8/04
modified last: E/8/04
Ultimate pogitive Ultimate negative | Ultimate Shear
I it 1 H
Moments M+ [kMm] | Moments M- [kWNm] |Forces T.ult [kN] npuE valuss
Stesl-Profile: IPE 600
h: E00 mw
cald 85847 122119 b: 220 mm
tow: 1Z mm
t.f: 19 mm
RE0D 1376.58 518.56 1211.41 .- 24 mw
b* ZE0 mm
~Calculation of fire resistance class under given load conezeve slab
g d Type of slab : Cast in place slab
Calculation type: Calculation of section resistance Orientation of joints or ribs : perpendicular to beau-axis =
Graphic J[=] E3
9600
—Warning c
Al 200 J%
&
LI GO0 5620

Steel-Profile; IPE 600
Castin place

Rajzsegédlet Qrientation nf?na\ﬁts ar ribs cperpendicular to beam-axis

i Section (" Hoggingcold € Saggingoold
~ ? Help

A ¢ wbments " Hoggingfire € Saggingire
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Output data: (Screens of results)



- Report

- Drawing detail


A fejlett kalkulacios modszereknek harom 6 fazisa van:

A szerkezet definialasa (vegeselemek)

Anyagi definicidk (linearis/nem-linearis)

El6-folyamat

Mechanikai és termikus hatasok és
hatarok szelekcioja.

o

F6folyamat — kalkulacios fazis

4

Uto-folyamat - eredmeényjelentés

\
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Advanced fire resistance models description:



Advanced calculation methods are based in the use of finite element codes.



Pre-processing phase - Definition of the case (model data):

- Geometry

- Element type: Beam, Shell, Continuum, Rigid, Membrane, Spring, Truss, etc.. For structural analysis the normal type of element used is the Beam element.

- Material properties: Linear or non- linear definition.

- Restrain conditions

- Initial deformations

- Boundary conditions

- Loads

- Type of analysis: Mechanical, Thermal, Electrical, etc…

- Output data required

- Etc…



For the definition of the case a good knowledge of the model and the phenomenon to simulate is necessary .


EejlettERVI=Satir;

Szoftver adatlapja — alapveté leiras

Neév Safir

Verzio 9.8 Ev 2007

Orszag Belgium Nyelv Angol

Rendszer Fortran/Visual Basic | Meéret S

Szerzok J. M. Franssen

Szervezet University of Liege

Felhasznalasi Tlhzvédelmi modell (fejlett)

terulet

Elérhet6seg Kereskedelmi szoftver

Kapcsolat JM.Franssen@.ulg.ac.be

Egyenletek Végeselemes kodok alapjan

Rovid leiras Végeselemes model, a szerkezet

viselkedésének meghatarozasa tlzben

%E K Part 4: Software for fire design
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Safir description:



Finite element software for the behaviour of structures submitted to fire. 


F

EEJIEHIERIVIE=IANSYS

Szoftver adatlapja — alapvet6 leiras
Név Ansys
Verzio 10 Ev 2008
Orszag U.S.A Nyelv Angol
Rendszer |--—--- Meéret -—--
Szerz6k | --—--
Szervezet ANSYS Inc.
Felhasznalasi Tlzvédelmi model (fejlett)
tertlet
Elérhetéség Kereskedelmi szoftver
Kapcsolat Ansys — www.ansys.com
Egyenletek Végeselemes kodok alapjan
Rovid leiras Alapvet6 tlizvédelmi szoftver

ﬁ E%E K Part 4: Software for fire design
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Ansys description:



General purpose finite element software


Eejleti RV EelaaiAvagqus

Szoftver adatlapja — alapveto leiras
Név Abaqus
Verzd 6.7 Ev 2008
Orszag U.S.A Nyelv Angol
Rendszer MS-DOS Méret -——-
Szerzdk Hibbitt, Krlsson and Sorensen
Szervezet ABAQUS Inc.
Felhasznalasi Tlhzvédelmi model (fejlett)
terulet
Elérhetbseg Kereskedelmi szoftver
Kapcsolat Abaqus — www.abaqus.com
Egyenletek Végeselemes kddok alapjan
Rovid leiras Alapvetd tlzveédelmi szoftver
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Abaqus description:



General purpose finite element software


SAEIR/ANSYSTABAQUSI=IESettanuimany,

TOzleiras: tlz ipari épuletben
Tervezett tiz: ISO gorbe szerint
Cél: a teljes szerkezet tlzellenallasanak, valamint a szerkezet érintett

zonainak a szerkezetre tortén6 befolyasanak meghatarozasa
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Example case:



This case has been carry out in the scope of the ECSC project “Fire safety of industrial halls and low-rise buildings: Realistic fire design, active safety measures, post-local failure simulation and performance based requirements”.



This case has been solved using three different finite element codes (SAFIR, ANSYS and ABAQUS).



The use of advanced models allows us to simulate not only a part of the structure wherever the whole structure.



Four cases have been simulated:



- 2D case

- 3D case

- 3D case with more than one frame (purlins not submitted to fire)

- 3D case with more than one frame (purlins submitted to fire)



In addition two dynamics simulations has been made: one for the 2D case and the other for the last case (the more realistic).


SAEIRIANSYSTABAQUS = Esettanulmany,

Deformalt alak erésités nélkul (statikus méd)

45000 ;ﬁ\ Deformalt alak erdsités nélkul
40000 7 (dinamikus moéd)

Force [N]

35000 f \X_‘ Baloldali vazszerkezet 6sszeomlasa
30000 A U U

T[ az épuleten belil.
25000

20000 —————————— Axialis er6 — Nem nagyobb, mint

1] 300 600 900 1200 1500 1200

Time [sec] szélterhelés esetén.

—— Safir —#—Ahagus Labein ——Ansys —k—Abagus Corus

ARAS . |
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These figures show that until the end of the simulation, the hot part of the structure pushes on the cold part (which remains stable) and the value of this force is not bigger than the effect of the wind in service condition.



In the static simulation is expected that the left frame collapses towards the inside of the building, throughout the dynamic simulation we can confirm that it occurs.   




*a
~

=)

3D — Egynél tobb keret forré gyamgerendak nélkul

AEIR/ANSYSTABAQUST=IESEtanuimany:

Beamn Axial Force

20000

o000
G0000

Z 50000 1
¥ 40000

/
/
/

=
o

S aoooo —~——

20000

10000

i
|+Safir ——PAhagus Labein —B—Ansys —k—Abagus Corus| 0 2000 4000 5000 S000

Time [sec]

Deformalt alak (x10) — A gerendak a keretre tamaszkodnak tlizben

10000

3D — Egynél tobb keret forré6 gyamgerendakkal

70000 |
G000

a0000

30000
o

[
40000 \
\
]

2 zo0m
o
10000

il

-10000

—&— Safir —#—Abagus Labein —8—Ansys —k—Abagus Corus|

-20000

Time [sec]

Deformalt alak megerdsités nélkiil
Axialis terhelés
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For all of the 3D simulations an initial deformation has been applied (out of frame plane - L/1000=0.1 m)



3D - One frame



The collapse of the structure occurs some minutes before the 2D analysis due to the lateral buckling of the beam under fire. The axial forces applied on the cold part of the structure are on the same order of magnitude than the 2D analysis.



3D - without hot purlins:



The collapse of the structure is not really visible. Progressively, the loads applied to the central frame are transferred to the neighbouring frames, and finally the two neighbouring frames through the purlins withstand the central frame. That explains why the reached time is greater in this case than in the 3D case with only one frame. This phenomenon is due to the fact that in this case, the purlins remain cold.



3D - with hot purlins



At the final time, the hot part of the building pulls on all the cold parts but the value of this force remains acceptable to not endanger this part.


SAEIRIANSYS/ABAQUS=IESettanuimany.

3D — Egynél tobb keret forr6 gyamgerendakkal (dinamikus eset)

Viewport: 1  ODB: C:/users/VRC-AceraliavVRC.../portico_hp2_dinamics.odb

Scale Factor: +0.00

................

ThmFrmead TFae- - T1 ThmFvrmat i Oaals Tamtees 1l NOM-~aannm

A dinamikus vizsgalat lehetdévé teszi szamunkra az
osszeomlas fazisanak szimulaciojat

pAg
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3D - Dynamics simulation - collapse phase



This is an animated slide (the movie file and the presentation will be in the same directory) 



Please check the animation before to make the presentation.




.
-

Kiuritési es detektor reagalasu modell

S
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Presentation Notes
The broad technical objective of DIFISEK it is related to Structural Fire Safety and for that the closest software to that topic are those regarding structural response (mechanical and thermal  actions and response: ZONE, FIELD and FIRE RESISTANCE MODELS).

In addition, the information produced in DIFISEK should also help in making performance based fire design. 

The prescriptive approach uses nominal fires to generate thermal actions. The performance based approach, using fire safety engineering, refers to thermal actions based on physical and chemical parameters. That has been introduced throughout zone models and field models. 

Now, we are introducing several softwares that help in the definition of the required time that load bearing function must be satisfied by the structure. This definition will be based on active safety measures, egress analysis and human behaviour.


Kiuntesiimodelleke=Exodus

Szoftver adatlapja — alapveté leiras

Név Exodus

Verzié 4.0 Ev 2004

Orszag Anglia Nyelv Angol

Rendzer Windows Méret  |--—---

Szerz6k E. Galea, St. Gwyne, S. Blake,
L. Filippidis

Szervezet University of Greenwich

Alkalmazasi Kiuritési modell

tertlet

Elérhetdség

Kereskedelmi jellegl —
www.fseqg.gre.ac.uk

Kapocsolat E.R.Galea@greenwich.ac.uk
Egyenletek  |--—---
Rovid leiras Kiuritési modell az emberi viselkedés

alapjan

SEK
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Egress models description:



There are two principal types of egress models:

 Models to simulate travel time: only include people movement based on hydraulic flow (occupants movement modelled as a flow of a variable density fluid).   

 Models based on human behaviour: most complex, include movement and behaviour. People reacts to received stimuli.



Exodus capabilities: 



Suitable for application to shopping centres, stadiums, airport terminals, high-rise buildings, etc.

 Capable of handling 1000s of people.

 Incorporates algorithm to simulate human behaviour.

 Evaluates evacuation capabilities.

 Includes many factors affecting evacuation:

- occupant behaviour and occupant activities

- configuration of the building

- interaction of the active fire and life safety systems

 Abundant references and validation documents.

 For more information visit: www.fseg.gre.ac.uk


*A szimulacio lehetbvé teszi szamunkra, hogy felmérhessuk egy
adott evakuacio biztonsagi szintjét.

] I |

ﬂjb Ldi:  Sinul=ton ¥ew [ul=baze ll=lp 2 ndose s i
@] <> (cl=ls )L L1 1| 2 |®J=] sim. cleck 0:0:30.1 Total 0w :2

=
] | ;l;l
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NIUHTESTIMOUEIEKFEAODUS
'
Eredmények:

A szimulacié megtekinthet6 az utéfolyamat
eszkozeinek koszonhetden

VR-EXODUS
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Detektorreagalasutmodelif=Jet

Szoftver adatlapja — alapvet6 leiras

Név Jet

Verzio 1.0 Ev 1999

Orszag U.S.A Nyelv Angol

Rendzer Windows Méret 4 MB

Szerzbk W. D. Davids

Szervezet NIST (National Institute of Standards and
Technology)

Alkalmazasi Detektoros reagalasu modellek

terulet

Elérhetbség Ingyen — www.fire.nist.gov

Kapcsolat NIST - www.fire.nist.gov

Egyenletek A zénamodell a LAVENT kod alapjan,

Algoritmus a kbzépvonalban kibocsajtott
gazokra

Algoritmus a fustréteg vastagsagatol fuggd
mennyezeti gazsugarra

Rovid leiras

T0zolté berendezés beindulasa a reagalas
idejétdl fugg

SEK
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Detector response models description:



These models calculate temperature of detection devices mounted under ceilings based on empirical expressions of ceiling jets. In some cases, those empirical expressions are added to zone models to have a complete program giving information of layer depth. 



There are three principal active fire safety devices:

Thermal detectors

 Sprinklers

 Smoke detectors



Capabilities of JET:



 User friendly

 Zone model based on code LAVENT 

 Algorithm for plume centreline temperature 

 Algorithm for ceiling jet depending on smoke layer depth

 Extensive validation provided

 Free download www.//fire.nist.gov


fire links

Unit Sawve
Conwvert File
Sprinkler Links “ent Froperies
R G f “ant Al
- Link#  PRod.Dist RTI  Fuse  Below Vert# oot Link#
Foom Length (m) . fre ortimesl Temp (1 Ceiling H
Foom Width {m) 9.35 |
= Ceiling Height (m) 512 I 1.75 350,00 79.00 0.62
Curtain Length () 1.50 4 1,75 350,00 78,00 0,52 .
Curtain Heingu) ~ 2.00 § 3.20 J.iﬂ.w} ?Bﬁ s |0.B2 1.00
amra i = 1TUZOonO b= e Szell6zések
Ceiling Froperties
r
INSULATED METAL DECK b A
Th. Cand. (W(m C)) 1.50E-01 E' ren eze S
Ht Cap. (kg "C)) 1.16E+03 . o
Density (kofcu m) 1.05E+03 J I Ie ZOI
Ceiling Thickness {m) 010 Forced Wentillation
Ajr Fl 3 T ‘COTi
Fire Praperties Fire Input irFlow (m3/fe) = e s
0,00 20,00 20,00
Amhient Temp ('C) 20,00 Seg #  Time (s HRR  Rad Frac Io l2o. [20.
Fire Height (m) 1.00 g {kiv) (<1.0)
Fire Diameter iim) 255,00 = 1 T 000 0.33 Pragram Times (s
E 40.00 033
HRER/Area for selected fuels TUZt(%N(meS 160,00 0.33 Output Tirme |25,DD
4 120,00 540,00 0.33 End Tirme 300.00
2 180,00 1.440.00 0.33
G 300,00 4.000.00 033 Solver Inputs
G y
-Parameterek
DORME Tol.
SOLVER Type
Flux Update Int. (s)
Smallestvalue
I# Ceiling Seq.

IET
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Input:

- Compartment definition

- Sprinklers properties

- Vents

- Design fire

- Parameters

One menu with all the needed data on sight. 

A default input file must be read and later it can be modified and saved. 

It allows to include smoke vents linked with a temperature detector and to compute the effect of vent opening on smoke layer depth. 

Data base provided for wall material thermal  properties as well as heat release per square meter for different burning items 

Output - Time to activation

- Hot layer temperature

- Height of interface between hot and cold layer

- Jet temperature/velocity of sprinkler location

- Sprinkler activation

- Activation time of sprinklers

Jet records a txt file with tabulated information as well as a rtf format report giving a easy to use information of results.

Note: The effect of sprinklers on fire is not accounted for.
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