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Basic design methods of EN1991-1-2

Fire part of Eurocode 1
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Fire parts of Eurocodes 2 to 6 and 9

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012

Following common layout to provide design rules for fire
resistance of various types of structures:

- General
> Scope, application field, definitions, symbols and units

- Basic principles
» Performances requirements, design values of material properties
and assessment approaches

- Material properties
» Mechanical and thermal properties at elevated temperatures

- Assessment methods for fire resistance
- Constructional details

- Annexes
> Additional information: common case - more detailed design rules



Fire resistance - European classes
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Fire resistance iIs defined in terms of time as follows:

 Relevant time of fire exposure during which the corresponding fire
resistance function of a structure is maintained despite fire actions

According to European standard, 3 criteria to define the fire

resistance:
R —load bearing function
E  —integrity separating function

I — thermal insulating separation function

Above criteria may be required individually or in combination:

eseparating only: integrity (criterion E) and, when requested, insulation
(criterion 1)

*load bearing only: mechanical resistance (criterion R)
eseparating and load bearing: criteria R, E and, when requested |



Fire resistance - European classes
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R — load bearing function

Capacity of a structure to maintain its required mechanical resistance in

case of fire
l Mechanical loading
—%
_’.
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Fire resistance - European classes
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E — integrity separating function
Capacity of a structure to maintain its required integrity separating
function to hot gases in case of fire

With or without additional
mechanical loading

\’4 not gas

200, 300,
400°C, ...
(no limitation)

neat




Fire resistance - European classes
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| — thermal insulation separating function

Capacity of a structure to maintain its required thermal insulation

separating function in case of fire With or without
additional
#>7|mechanical
«72 |loading
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Average temperature rise

<140 K (under standard fire)
Maximum temperature rise |
< 180 K (under standard fire) =

»ﬁ hot gas
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Loads

Steel ”
columns

1: Ignition 2: Thermal action 3: Mechanical actions

VS, =7

\

time
4: Thermal 5:Mechanical 6: Possible
response response collapse



Structural Fire Safety Engineering
vs. Classification
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Prescriptive Performance based
standard fire natural fire

classification fire safety eng.

fire safety eng. fire safety eng.




Structural Fire Safety Engineering
vs. Classification
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dODbjective of the classification

»Describe the Thermal and mechanical
behaviour of structures subjected to fire

P
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P
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T = e

Normalised fire

Displacement

A

Time

IS SSS LSS LSS S SIS IS SIS SIS
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Structural Fire Safety Engineering
vs. Classification
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Prescriptive Performance based
standard fire natural fire

classification fire safety eng.

fire safety eng. fire safety eng.
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Actions on Structures Exposed to Fire
EN 1991-1- 2 Prescrlptlve Rules
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Design Procedures

Prescriptive Rules Performance-Based Code

(Thermal Actions given
by Nominal Fire)

1 i

(Physically based Thermal Actions)
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Nominal Temperature-Time Curve
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*) Nominal temperature-time curve

Standard temperature-, External fire - &
Hydrocarbon fire curve

*) Simplified Fire Models
Localised Fire Fully Enqulfed Compartment

No data needed

- HESKESTADT - Parametric Fire Rate of heat release
- HASEMI 0 (t) uniform Fire surface
0(x,y,z1) in the compartment Boundary properties
Opening area
Ceiling height
&
*) Advanced Fire Models +

- Two-Zone Model | - One-Zone Model
- Combined Two-Zones and One-Zone fire
- CFD

Exact geometry




Prescriptive Fire Regulations Defining
ISO Curve Requirements
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1SO-834 Curve (EN1364 -1)

ne T=20+345log (81t + 1)
1200 - -
1110
1006t
10007.................éa.l_-’........ v The ISOCurVe
842 * Has to be considered in the WHOLE compartment, even if
800 - the compartment is huge
600 -
400 - - :
: * Never goes DOWN Time [min]
200 - * does not consider the PRE-FLASHOVER PHASE
* Does not depend on FIRE LOAD and
. VENTILATION CONDITIONS
0 . >
0 30 60 90 120 180
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Stages of a Natural Fire and the
Standard Fire Curve
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Temperature Post- Flashover
4 Pre- Flashover 1000-1200°C

Flashover |

1 1SO834 st;%mdard fire curvel

> Time
Cooling ....

|
|
|
Ilgnition - Smouldering Heating I
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Actions on Structures Exposed to Fire
EN 1991-1-2 - Performance Based Code
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Design Procedures

Prescriptive Rules Performance-Based Code

(Thermal Actions given (Physically based Thermal Actions)
by Nominal Fire)
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Natural Fire Safety Concept

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012

European
Commission

urve
6 1SO ¢

1200/ \

1000

800

o o ol
CHUEE T T3

0 30 60 90 120 180
Time [m i n] EUROPEAN STANDARD EN 1991-1-2 -
NORME EUROPEENNE
. . EUROPA'SCHE NORM ovember 200,
Implemented in: Norenber 202 ‘
1G5 13.220.50; 91.010.30
e EN 1991-1-2
« Some National Fire Regulations
. . . Eurocode 1: Actions on structures - Part 1-2: General actions -
include now alternative requirements Actions on structures exposed to fire
based on Natural Fire e s ek g, i 4
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NFSC Valorisation Project
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Natural Fire Model
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*) Nominal temperature-time curve

Standard temperature-, External fire - &
Hydrocarbon fire curve

*) Simplified Fire Models
Localised Fire Fully Enqulfed Compartment

No data needed

- HASEMI 0 (t) uniform Fire surface
B(x,y z1) in the compartment Boundary properties
Opening area
Ceiling height
&
*) Advanced Fire Models +
- Two-Zone Model | - One-Zone Model Exact geometry
- Combined Two-Zones and One-Zone fire
- CFD

19



List of needed Physical Parameters
for Natural Flre Model
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Boundary properties

Ceiling height > Geometry
Opening Area )
Fire surface ) _

- Fire

Rate of heat release

20



Characteristics of the Fire
Compartment
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Characteristic of the Fire
for Different Bundlngs

Workshop ‘Structural Fire Design of Buildings according to the Eur sels, 27-28 November 2012
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Fire Growth RHR; |FireLoad q.,
Occupancy Rate [kW/m':] 80%fractlle
[MJ/m?]
Dwelling Medium 250 948
Hospital (room) Medium 250 280
Hotel (room) Medium 250 377
Library Fast 500 1824
Office Medium 250 511
School Medium 250 347
Shopping Centre Fast 250 730
heatre (movie/cinema) Fast 500 365
ransport (public space) Slow 250 122
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Fire Load Density

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012

Examples
Compartment _ Danger of _ Danger of P
floor area A, [m?] Fire Activation Fire Activation of
! 041 g2 Occupancies
Art gallery, museum,
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 23 1,10 0,78 swimming pool
250 1.50 1,00 Residence, hotel, office
........................................................................................................................... ViR TaGtoy Tor machinery
2500 190 e 122 ..} sengines .
.......................................................... Chemical iaboratory.
5000 2,00 1,44 Painting workshop_ |
.......................................................... Manufactory of firoworks
Automatic
Automatic Independent Automat@ fire Au;\cl)manc Work Off Site Safe Fire Smoke
Water Water Detection - ar.m ) Fire Fire Access | Fighting | Exhaust
Extinguishing | Supplies & Alarm ransmission || grigade |Brigade || Routes | Devices | System
to
System by by _ .
0| 1| 2| Heat | smoke |Fire Brigade
%n1 %12 8h3 84 %5 8n6 87 8n8 8n9 8nlO
09o0r1l 1,0 1,0
0,61 1,0[0,87|0,7 || 0,87 0r 0,73 0,87 061 or 078
1,5 1,5 1,5




Rate of Heat Release Curve
Stationary State and Decay Phase
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| Growing phase |

=
Q

/ Fast (FGR)

Fire Growth Rate = FGR

Slow (FGR)

O P, N W & 01 O N 00 ©

Time [min]
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Natural Simplified Fire Model
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*) Nominal temperature-time curve

Standard temperature-, External fire - &
Hydrocarbon fire curve

*) Simplified Fire Models
Localised Fire Fully Enqulfed Compartment

No data needed

- HESKESTADT - Parametric Fire Rate of heat release
- HASEMI 0 (t) uniform Fire surface
0(x,y, z,t) in the compartment Boundary properties
Opening area
Ceiling height
&
*) Advanced Fire Models +
- Two-Zone Model | - One-Zone Model Exact geometry
- Combined Two-Zones and One-Zone fire
- CFD
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Simplified Fire Models Localised Fire
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LOCALISED FIRE FULLY ENGULFED
COMPARTMENT
0 (X, Y, Z, t) e(t) uniform in the compartment

26



Real Localised Fire Test European
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Localised Fire: HESKESTAD Method
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Annex C of EN 1991-1-2:
* Flame is not impacting the ceiling of a compartment (L; < H)
 Fires in open air

®,=20+0,25 (0,8 Q%3 (z-2,)°2 < 900°C

|
Flame axi$

/{//////////////////.L////////////////////

The flame length L; of a
localised fire is given by :

L,=-1,02 D + 0,0148 Q25

y Y

|
V224 d 444

28



Localised Fire: HASEMI Method
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Annex C of EN 1991-1-2:

* Flame is impacting the ceiling (L; > H)

concrete slab : —
beam ——

Y = Height of the
free zone

4 O = Air Temperature

at Beam Ly\%“?ulated by CaPaFi

/&\

v
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Simplified Fire Models
Fully Engulfed Compartment
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LOCALISED FIRE FULLY ENGULFED
COMPARTMENT

9(x,y, z 1) e(t) uniform in the compartment
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Real Fire Test Simulating
an Office Building
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Fully engulfed fire
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Real Fire Test Simulating
an Office Building
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Demonstration test : set-up

Openings with normal
glazed windows

Fire load with real
office furniture




Real Fire Test Simulating
an Office Building
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Fully developed fire

Early stage of fire



Real Fire Test Simulating
an Office Building
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700 1200
‘=600 11000 __
E500 | &

S 5400 e
= _ . t =
O D300 . Maximum vertical — **. 600 'z
> O . Yo, o
®© displacement ) la00 =
Q200 -
= Steel &

100 | i 1200

emperature

O 10 20 30 40 50 60 70 80 90 100
Time (min)
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Fully Engulfed Compartment
Annex A: Parametric Fire
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Temperature [°C]
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Annex A of EN 1991-1-2

1100
N Iso-Curve
1000 ",.o \ A — 0=004m%
900, S 2 ' — 0=006mY
8007 .‘o' ""’ ' ‘.‘. """ O = 010 m 1/2
'] ’

iy y \.\ cme= 0=014M¥
700:,- f A -\ c==:0=020m¥%
600 : A N

'\ “ For a given b, g;q, A; & A;
500 :4 A AN
400’ : '\.‘ \

.‘ . ‘\

300 v N\

, '| \ Y
200 Y \

. \ N
\ \ N
100 "\_._:\. .............. ‘:'-- ................................. time [mln]
0 I T

0 10 20 30 40 50 60 70

80 90 100 110 120
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Natural Advanced Fire Model
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*) Nominal temperature-time curve
Standard temperature-, External fire - &

Hydrocarbon fire curve
*) Simplified Fire Models
Localised Fire Fully Enqulfed Compartment
- HASEMI 0 (t) uniform Fire surface

No data needed

0(x,y,z1) in the compartment Boundary properties
Opening area
Ceiling height

&

*) Advanced Fire Models +

- Two-Zone Model | - One-Zone Model
- Combined Two-Zones and One-Zone fire
- CFD

Exact geometry
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Advanced fire Models
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/

LOCALISED FIRE

AN

The Fire stays localised The Fire switch to a
j fully engulfed fire

LOCALISED FIRE FULLY ENGULFED
COMPARTMENT
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Advanced fire Models
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Ignition
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Localised Fire
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H
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Growing of Localised Fire
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Theory of two zones models
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%
Localised Fire Ozone Software Model

— H
Upper layer
——= Moutu
L Zs
- 2
|E| <— mpnL
Min,L
—
Lower layer
—— 0
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Theory of two zones models
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2 =» 1 zone: if one of the following criteria is reached
Thot gases> o500 °C
Combustible material in the smoke and T,,,,.> 300 °C
Localised fire> 25 % of the compartment’s surface
Smoke height > 80 % of the total height of the compartment

43



Theory of two zones models
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Generalised Fire Ozone Software Model

- m
I ZP ouT
—
Min,L
Fire: RHR,
combustion products
— 0
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Large Compartment Test
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Large Compartment Test

European

External Flamlng Durlng the Test L Commission
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Large Compartment Test

After the Test ; il

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012 47




Two Zone Calculation
Software “OZone V2.2"
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* Dzone ¥2.2 - teskt -0 =]
File Tools ‘iew Help
== | lﬂ - | £ | Mame: |Matural Fire Example
— Program Flaw Chart
Compartment. .. | Fire. ..
Zohe Temperature ——  Steel Prafile.
Heating...
= éﬁteel Temperatureé Element...

> Fire Besiztance

C Strateqgy

N Farameters

| test.ozn | Compartment | Fire | Steel | Elements
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Software “OZone V2.2"
Definition of the Compartment

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012
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F

) Compartement o @
File Toals  Wiew Help
- Form of Compartment -
Ceiling f» Bectangular Floor Height: |10 ]
'y
T Elat Foof Depth: |*iﬂ— "
Haicht ™ Single Pitch Foof e
4 (" Double Pitch Roof Length m
Floor J_ { Any Compartment
Define Layers and Openings
_ Select Wall Defined \Walls:
| Flocr ~|  Define Wal  [Type  |Openings
_ Do | fwd
Select Wallz to Copy to: Ceiling
Ceiling - | Wall 1
Wil 4 “Wall 2 Length wall 1 e
Wall 2 wal3
Wall 3 ;
il 4 [ Copy Dpenings Wwall 4
o Forced Yentilation: -
| Depth ! Height m
Smoke Extractaors; Diameter m
ID ﬁ olume m/sec
IndOut

| il; I Cancel
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Software “OZone V2.2"
Definition of the boundaries

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012
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#3 Lavers Floor = || =] /_/J
b aterial Thickness |Unit mass |Conductmty |Speciic Heat |Rel Emissraty |Rel Emizsivity
[zmn) [kafme] [ mk] [ gk] Hot Surface  |Cold Surface
Layer 1 [Steel [EM1934-1-2] ni 7aa0 45 600 0.8 ns
Laver 2 |Glazz wool & Rock wool 15 B0 0037 1030 na na
Layer 3 [Steel [EM1334-1-2] 01 7m0 45 600 0.s ns
Layer 4

Enter each laper on a single row in the table above [up to four layers] Just chick in a cell
and edit it's value. |f not found in the list of matenals pou can define your own material, by

filling in the apropnate cellz. Define pour lapers staring from Layer 1 [Inside].

Inside Define your openings if any [up to three openings in a single walll. Click in the desired cell
Layer 1 and input your values. Start from Opening 1.
Layiar 2 To delete or insert a rowe, night click on a row header and select the appropnate command
i fram the popup mernu.
Ll Warhing: no check iz made regarding the dimensions of the openings |
La_l,le,:r 4 [ M Erne I— :II
Cutzide

DK

Cancel
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Software “OZone V2.2"
Definition of the fire
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e —
#5 Fire = S
File Tools WYiew Help

Fire Curve | MaxFiedea| 2400 me

i MFSC Design Fire i User Defined Fire Fire Elevation: [—l13 m FuelHeight ]—5 o
Decupancy Fire Growth RHRf Fire Load gf k Danger of Fire

Fate [k Are] 802 Fractile [MJ/vf]  |Activation
Office (standard) + [ Mediumn 250 511 1
-~ Design Fire Load

[~ Autamatic ‘Water Extinguishing System L i 1 Fita Risk Arear |24m me Tq.1 =189

r |mdependernt Wiater Supplies [F _'| i | ¥ h,E =1 Dm of Fie Activation: Tq,. 2 =1

[ Autamatic Fire Detection by Heat . Active Measures: n’-".-.,i = 0.6786

¥oag s

™ Automatic Fire Detection by Smoke = Uda="q917 E'HTm ™= 5243 Miim®

[~ Automatic Alarm Transmission to Fire Brigade ¥, 5 1 )

[~ ok Fire Brigade e Combustion Heat of Fuet 175 Mg

e

Iv Off Site Fire Brigade i Combustion E ficiency Factor: 08

|w Safe Access Routes -1 Combustion Modet |Extended fire duratio ;l

L il o S [ = | L L | ! - E F

Ok, | Cancel |
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Software “OZone V2.2"
Criteria 2 zones — 1 zone
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3 Strategy g m|

File Tools Wiew Help

Lower Laper I — Transition [2 Zones to 1 Zone] Criteria
I Upper Layer Temperature = |500 C ! ]
¢ Cornbustible in Upper Layer + U.L. Temperature > Combustible [gnition Temperature
Cormbustible [gnition Temperature: IW °C (1]
Interface Height £ |D2— % Compartment Height
Fire &rea = 025 « Floor &rea

— Select Analyziz Strategy

f* Combination [default]

i~ 2Z0nes

i 1Zone

ok I Cancel
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OZone results :
Input and Computed RHR

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012
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0]

File Tools “Wiew Help

Rate of Heat Release
E0.0

k! -

H -« RHRE Computed

200 1

i
| sh]ﬁ

MIN
)
=
o

oo -
] 20 40 O a0 100 120
Time [min]
Analysiz Mame: Matural Fire Example
Peak: BOE3  hw At 386 min

Erirt LClose
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OZone results :
Gas Temperatures

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012
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_ o] ]

* Hot 2one Temperature - test

File Tools Wiew Help

Gas Temperature
900

o0

oo

G600 1[

S00
= r* = Hot Zone
400

= Cold Zone

300

200

100

l:l 1 1 I 1
o 20 40 &0 g0 100 120

Time [min]

Analyziz Mame: Matural Fire Example

Peak: 809 C Ak 41 mir

Erint Cloze
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OZone results :
Smoke Layer Thickness

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012
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* Zones Interface Elevation - Eesk

o x|

File Tools Wiew Help

Zones Interface Elevation

4.0

32

2.4

-= Elenvation
16

0.5

0.0
0.0 2.0 100 150 20,0 25.0
Time [mir]
Analysis Mame: Matural Fire Example

Feal: 1.04 m Ak 2500 min

Erint LCloze
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Calibration of Software OZone:
Gas Temp

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012
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1400 \ I ‘
MAXIMUM AIR TEMPERATURE
OZone
o)
1200 o o958 o
0 6!
1000
& o
4 0]

%) &
£ 800 /e
2 * 7 o
S 7° o
o) ”_ 8

600 o

/6
7
400 7 !
(575}
/
200 <
/ MAXIMUM AIR TEMPERATURE
’, / IN THE COMPARTMENT
0-r— : ; ;
6 200 400 600 800 1000 1200 1400

TEST [°C]
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Calibration of Software OZone:
Steel Temp

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012
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1400
UNPROTECTED STEEL TEMPERATURE
1200 O
o055 °
1000
)
. Q
%
E’ 800 o 5
S s
@) (@)
600
© )
I ./00 (@)
400 &
o
./o
200 ( o
0
0 200 400 600 800 1000 1200 1400
TEST [°C]
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Calibration of Software OZone:

OZone Vs Test
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Comparison BRE Test 4 - OZone Design fire

izgg S —— OZone Office Fast |

1200 1 ¥ —=— OZone Office Medium|_

1100 i \\% — Test Average i

\ 7T - - - - Test Max

2 g0 AN
GE) \ \ — 2
L 700 \ N Ot g =511MJI/m -
@ 600 \ \ RHR;= 250kW/m? |
O 500 - \ & %

400 R

300 T

200 7

100

0 600

1200

1800

2400

T

3000 3600 4200 4800

Time [sec]

5400 6000 6600

7200

62



Calibration of Software OZone:

OZone Vs Ulster Test - o

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012 63




Calibration of Software OZone:
OZone Vs Ulster Test

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012
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Fire load energy density was700MJ/m?
The fire load can be achieved using 45 standard wooden cribs(1m x 1m X
0.5 m high), positioned evenly around the compartment(9.0m x 15.0m).

WOODEN CRIBS LOCATION
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Calibration of Software OZone:
OZone Vs Ulster Test
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Computer Fluid Dynamics:
Software Sofie
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Sofie Results: Gas Temperatures
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Computer Fluid Dynamics:
Free Software FDS
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Computer Fluid Dynamics:
Free Software FDS
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Computer Fluid Dynamics:
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Basis of Design and
Actions on Structures

Workshop ‘Structural Fire

Design of Buildings according to the Eur s’ sels, 27-28 November 2012
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Actions for temperature analysis
Thermal Action
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Actions for structural analysis
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Combination Rules for Mechanical Actions
EN 1990: BaS|s of Structural Design
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Room temperature

Eq = Y6 G+ Y1 Q1 t 2V, Y0.iQ |

i >1
f.i. : Offices area with the imposed load Q,

the leading variable action

Eq =135G+15Q+0,615W+0,5°15S
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Combination Rules for Mechanical Actions
EN 1990: BaS|s of Structural Design

Workshop ‘Structural Fire Design of Buildings according to the Eur sels, 27-28 November 2012
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Fire conditions = Accidental situation

Efld G+\|’10r21Q1+2

1 >1

Wlorz,i Qi

f.i. : Offices area with the imposed load Q,
the leading variable action

Eia =G +0,3Q

Offices area with the wind W, the leading variable action

Eig =G+0,0W+0,3Q
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Values of y factors for buildings
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Action Y, v, ¥
Imposed loads in buildings, category (see EN 1991-1.1)
Category A domestic, residential areas 0,7 0,5 0,3
Category B :office areas 0,7 0,5 0,3
Category C congregation areas 0,7 0,7 0,6
Category D :shopping areas 0,7 0,7 0,6
Category E :storage areas 1,0 0,9 0,8
Category F :traffic area
vehicle weight 30kN 0,7 0,7 0,6
Category G :traffic area,
3N < vehicle weight < 160kN 0,7 0,5 0,3
Category H :roofs 0 0 0
Snow loads on buildings (see EN1991-1.3)
Finland, Iceland, Norway, Sweden 0,70 0,50 0,20
Remainder of CEN Member States, for sites located at altitude 0,70 0,50 0,20
H> 1000 m a.s.l.
Remainder of CEN Member States, for sites located at altitude 0,50 0,20 0
H<1000 m a.s.l.
Wind loads on buildings (see EN1991-1.4) 0,6 0,2 0
Temperature (non-fire) in buildings (see EN1991-1.5) 0,6 0,5 0

( Reference : EN1990 - February 2002)
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Worked examples of EN1991-1-2

Fire part of Eurocode 1
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The Building (R+5)
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What do we need for the calculation ?

Size of the compartment
Boundary properties

N _ > Geometry
Ceiling height

Opening Area

J \

Fire surface .
> Fire

Rate of heat release

79



7 4

— European ‘
— Commission

|

Size of the compartment
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1? - 6?

14 m
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OZone Software
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The Software Package that will be used to perform this
calculation is OZone.

This Software package has been developed by the University
of Liege (Cadorin-Franssen) and is available for free
download on:

http://www.argenco.ulg.ac.be/logiciel.php
http://www.arcelormittal.com/sections

ArcelorMittal

Global Research and Development Esch

University of Liege

OZone V2.2

Version 2.2.6
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OZone Software
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3 Ozone v2.2 4|

Il File' Toals Wiew Help

Dﬁn|ﬂv|@|ﬂame:|

— Program Flow Chart
Ferformance bazed code Frescriptive rulez
[MFSC approach] [Standard Fire Curve]
Compartment...
Fire...
Zone | emperatiure Heating...
Steel Prafile...
Steel Temperature Element...
Fire Hesistance

Strategy

Farameters
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OZone Software
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r’*'_") Compartement g i “

File Tools Wiew Help

— Form of Compartment

] : Height: |3,|:|5 i
o~
Elat Roof Depth: IM— o
" Single Pitch Foof
Lergth: |3|:| m

Laling " Double Pitch Roof
Ay Compartment
Height
— Define Layers and Openings
Flaor
Select \wWall Defined W alls:
Flaor ;I Define | Wt all Type Openings |Length
—_ Floor
Select \Wallz ta Copy ta: Ceiling
Ceiling Copy | Wall 1 14
ﬁau 12 wall 2 an
a
Wwall 4 [~ Copy Openings ~ [Ww/all 4 30
— Forced Yentilation

o Smoke Extractors: IU ::II

Height Diarneter Wolumne InA0ut
] T nedsec

Extractaor 1

Extractor 2

Extractor 3

] I Cancel 84




Boundaries
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Typical floor will be chosen:
- Exterior walls : 20 cm of normal concrete
- Slab : 15 cm of Normal concrete

- Celling : 15 cm of normal concrete
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Boundaries
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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.

b aterial Thicknesz | Unit mazs Conductivity |Specific Heat |Fel Emizsivity |Rel Emizzivity
[zm] [k.are] [ A [JAkak] Haot Surface | Cold Surface
Layer 1 Mormal weight Concrete [EM1334-1-2] 15 2300 1.6 1000 na na
Layer 2
Layer 3
Layer 4

[f ot faund in the lizt of materals vou can defing your own maternial, by filling in the apropriate cellz. Define
wour lavers gtarting from Layer 1 [Inzide).

Drefine your openings if any [up to three openings in a single wall). Click in the dezsired cell and input pour
walugs. Start from Opening 1.

To delete or inzert a raw, right click on a row header and zelect the appropriate cormmand from the popup

|hzide e,

Layer 1

Laper 2

Layer 3

Laper 4
Outzide

Ok,

Cancel
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fath
Wiall Length: 1]
b aterial Thicknesz | Unit mazs Conductivity |Specific Heat | el Emizsivity | B el Emizsivitg
[zm] [k [%af k] [JAkak] Hat Surface | Cold Surface
Layer 1 Mormal weight Concrete [EMN1394-1-2] 20 2300 16 1000 na na
Layer 2
Layer 3
Layer 4

Enter each laver on a single row in the table abowve [up to four layers]. Just click in a cell and edit it's value.

[f ot found in the lizt of materials you can define your awn maternial, by filling in the apropriate cellz. Define
wour lavers ztarting from Laver 1 [Inzide).

Drefine pour openings if any [up to three openings in a single wall]. Click in the deszired cell and input your
walugs. Start from Opening 1.

To delete or ingert a raw, right click on a row header and zelect the appropriate cormmand from the popup

Inside MMEMNU.
Layer 1
Layer 2
Layer 3
Layer 4
Outzide
Sill Height Hi Soffit Height Hz  [*fidth W ariation Adiabatic
[m] [m] [m]
Opening 1
Opening 2
Opening 3
] Cancel
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Opening Factors
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This point is one critical point.
The Eurocode is not providing the scenario that must be
chosen to take into account the openings.

Openings can be doors, windows and general « porosity » of
the building.

If no opening Is taken into account from the beginning of the

fire, the amount of oxygen in the compartment will be too
small and the fire will not develop.
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Opening Factors
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Here are some information to help for definition of the
scenario for the breaking of the windows:

In the literature, it can be found that:

-Normal glazing will start to break with a AT of 40°C on the
glass

-Tempered glazing will start to break with a AT of 120°C on
the glass

-Tempered glazing with reinforcement will start to break with a
AT of 120°C on the glass (The reinforcement will melt at

300°C)
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Opening Factors
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Luxembourgish authorities have realized a guide that needs
to be followed when FSE is used. This guide will become
official soon. But here is some extract for the non fire resistant

glazing:

-Scenario 1 : 90% of the glazing is open since the beginning

-Scenario 2:
-Simple glazing : 100°C : 50% and 250°C: 90%
-Double glazing: 200°C : 50% and 400°C: 90%
-Triple glazing: 300°C : 50% and 500°C: 90%
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Opening Factors
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Assumptions for the facade:
-EX. 1: 0.8m open all around the building
-EX. 2: 1.5m open all around the building

-Ex. 3: full glazing Facade

91



Opening Factors Ex.1
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5 | | ¢
Wiall Length: 14 m
b aterial Thicknesz | Unit mazs Conductivity |Specific Heat | Rel Emizsivity | Bel Ermizsivity
[cm] [l.gdrF] [t k] [ kgk] Hot Surface  [Cold Surface
Layer 1 M armal weight Concrete [EM1334-1-2] 20 2ana 1.6 1000 0.a 0.a
Layer 2
Layer 3
Layer 4
Enter each layer on a zingle row in the table above [up to four layerz). Just click in a cell and edit it's value.
[f niot found in the lizt of materials you can define vour own material, by filling in the apropriate cellz. Define
waur lavers starting from Laver 1 [Inzide).
Define pour openings if any [up to three openings in a single wall]. Click in the deszired cell and input your
walues. Start from Opening 1.
To delete or inzert a row, right click on a row header and select the appropriate command from the popup
Ceiling TREmL,
T Hs
i
Floor
Sill Height Hi Soffit Height Hs  |%/idth W ariation Adiabatic
[m] [m] [m]
Opening 1 1.2 2 14|5tepwize hio
Opening 2
Opening 3
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Opening Factors
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5 | | ¢
Wiall Length: 14 m
b aterial Thicknesz | Unit mazs Conductivity |Specific Heat | Rel Emizsivity | Bel Ermizsivity
[cm] [l.gdrF] [t k] [ kgk] Hot Surface  [Cold Surface
Layer 1 M armal weight Concrete [EM1334-1-2] 20 2ana 1.6 1000 0.a 0.a
Layer 2
Layer 3
Layer 4
Enter each layer on a zingle row in the table above [up to four layerz). Just click in a cell and edit it's value.
[f niot found in the lizt of materials you can define vour own material, by filling in the apropriate cellz. Define
waur lavers starting from Laver 1 [Inzide).
Define pour openings if any [up to three openings in a single wall]. Click in the deszired cell and input your
walues. Start from Opening 1.
To delete or inzert a row, right click on a row header and select the appropriate command from the popup
Ceiling TREmL,
T Hs
i
Floor
Sill Height Hi Soffit Height Hs  |%/idth W ariation Adiabatic
[m] [m] [m]
Opening 1 1.2 2 14|5tepwize hio
Opening 2
Opening 3
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Opening Factors
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Upenings &ir Ertrained Model |Heskestad j
Badiation Through Clozed Openings: 0g [m-1) Temperature Dependent Openings
Bemoulli Coefficient; 07y Temperature Dependent; 400 °C
bepwise W ariation | Temperature % of Total Openings
Physical Characteristics of Compartment T
Initial T emperature: 293 K 20 5
200 50
[mitial Pressuns: 100000 Pa 400 90
Farameters of “wall M aterial
Convection Coefficient at the Haot Suface: 23 "-.-'-.-".-"I'I'Iz K Linear Yariation | Temperature % of Total Dperings
T
Convection Coefficient at the Cold Surface: 3 wimeK =0 10
00 i)
Calculation Parameters &00 100
End of Caleulation: 7200 zec
Time Step for Printing Resulks: B0 szec
M awimum Time Step for Calculation: 10 zec Time Dependent Openings
[ Extended Results Time % of Total Openings
SEC
Fire Dezign Partial 5afety Factor 0 5
1200 100

.

Y hi

Default | Bestare | 0k, | Cancel 94




Definition of the fire
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Fire Growth RHR, |Fire Load ¢
Occupancy Rate [kW/m':] 80%fractile
[MJ/m?]
Dwelling Medium 250 948
Hospital (room) Medium 250 280
Hotel (room) Medium 250 377
Library Fast 500 1824
Office Medium 250 511
School Medium 250 347
Shopping Centre Fast 250 730
heatre (movie/cinema) Fast 500 365
ransport (public space) Slow 250 122
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Fire Growth RHR, |Fire Load ¢
Occupancy Rate [kW/m':] 80%fractile
[MJ/m?]
Dwelling Medium 250 948
Hospital (room) Medium 250 280
Hotel (room) Medium 250 377
Library Fast 500 1824
Office Medium 250 511
School Medium 250 347
Shopping Centre Fast 250 730
heatre (movie/cinema) Fast 500 365
ransport (public space) Slow 250 122
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Definition of the fire
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Examples
Compartment _ Danger of _ Danger of P
floor area A, [m?] Fire Activation Fire Activation of
! 041 g2 Occupancies
Art gallery, museum,
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 23 1,10 0,78 swimming pool
250 1.50 1,00 Residence, hotel, office
........................................................................................................................... ViR TaGtoy Tor machinery
2500 190 e 122 ..} sengines .
.......................................................... Chemical iaboratory.
5000 2,00 1,44 Painting workshop_ |
.......................................................... Manufactory of firoworks
Automatic
Automatic Independent Automat@ fire Au;\cl)manc Work Off Site Safe Fire Smoke
Water Water Detection - ar.m ) Fire Fire Access | Fighting | Exhaust
Extinguishing | Supplies & Alarm ransmission || grigade |Brigade || Routes | Devices | System
to
System by by _ .
0| 1| 2| Heat | smoke |Fire Brigade
%n1 %12 8h3 84 %5 8n6 87 8n8 8n9 8nlO
09o0r1l 1,0 1,0
0,61 1,0[0,87|0,7 || 0,87 0r 0,73 0,87 061 or 078
1,5 1,5 1,5




Definition of the fire

European
Commission

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012

#5 Fire - ECW_Ex1 M=
File Tools Wiew Help
Fire Curve
¢ ENTSST T2 " User Defined Fire
Oeooupancy Fire Growth B ate RHREF Fire Load af k Dranaer af Fire Activation
[k ] B0% Fractile [MJ./n]
Office [standard] b edivim 2a0 a11 1
Active Fire Fighting M easures Fire Infa
[v Autornatic W ater E stinguishing System i nl- 0.6 Man Fire Area: 420 m?
[ Independent Water Supplies [ 1 ¢ 2] 8 o= 1 Fire: Elesation: 0 m Fuel Height: 0 m
[ Automatic Fire Detection by Heat 5 e 073 Design Fire Load
‘ . 2
[v Automatic Fire Detection by Smoke Fire Risk Area: 420 'T' qu 1= 1.59
[ Automatic Alarmn Trarsmission to Fire Brigade ¢, 5~ 1 Danger of Fire Activation: aI:|, 271
Active Meazures: ITs aR S 0.4453
[ whark Fire Brigade 1 ’ 5
Y- U g =B q0q 2 I8, M 9p =284 Mim
[ Off Site Fire Brigade
Combustion
lv Safe Access Routes
f.87 1 Caombustion Heat of Fuel 175 Mg
| Staircases Under Overpressure in Fire Alarm
P Combustion Efficiency Factar: 0s
A . 5 =1
JvFire: Fighting Dervices n.d Combusztion Model: |E:-ctenu:|eu:| fire duratiuj
v Smoke Exhaust Spstem : 10 ! Stoichiometric Coefficient: 1.27
] 4 | Cancel 98




Results for 0.8m windows
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Gas Temperature
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Analysis Name:



Results for 0.8m windows
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Oxygen Mass
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\ / ~— Oxygen Mass
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Steel Temperature

. S

—=— Hot Zone

N A LN
7 N\

Temperature [°C]
g 8
-\\

100

0 2 40 60 80 100 120
Time [min]
Analysis Name:



Opening Factors EXx. 2
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5 =[O

Whall Length: 14 m

b aterial Thicknegz | Unit mazs Conductivity | Specific Heat | Rel Emizsivity | Rel Emizsivity

[cm] [kgdrF] [t k] [J #kgk] Hot Surface  [Cold Surface

Layer 1 Mormal weight Concrete [EN1994-1-2] 20 2300 1.6 1000 0.a 0.g
Layer 2
Layer 3
Layer 4

Enter each layer on a zingle row in the table above [up to four layers). Just click ina cell and edit it's value.
IF nat Found in the lizt of matenals you can define vour own matenal, by filling in the apropriate cellz. Define
wour lavers starting from Laver 1 [Inzide).

Define pour openings if any [up to three openings in a single wall]. Click in the desired cell and input your
walues. Start from Opening 1.

To delete or inzert a row, right click on a row header and select the appropriate command from the popup

Ceiling TRERL,

T

T Hs

I

Floor

Sill Height Hi Soffit Height He  |%width "W ariation Adiabatic
[m] [m] [m]
Opening 1 1 25 14|5tepwize hio
Opening 2
Dpening 3

| 102
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Results for 1.5m windows

European
Commission

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012

Gas Temperature

700 7\

[

—— Hot Zone

Temperature [°C]

Time [min]
Analysis Name:



Results for 1.5m windows
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Oxygen Mass

2 2000
\ =— Oxygen Mass

100.0 N
N

|

00

Time [min]
Analysis Name:
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Steel Temperature

800
- 7
600

Temperature [°C]
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Analysis Name:
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Opening Factors Ex. 3
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Wl Length: 14 m

b aterial Thicknesz  |Unit mazs Conductivity | Specific Heat |Fel Emizsivity [Fel Emizzivity

[2m] [k [ Ak [ kak] Haot Surface  |Cold Surface

Layer 1 MHormal weight Concrete [EN1334-1-2] 20 2300 1.6 1000 na na
Layer 2
Laper 3
Laper 4

Enter each laver on a single row in the table above [up to four lavers). Just click in a cell and edit it's value.
If not faund in the list of materialz pou can define paur awn matenial, by filing in the apropriate cellz. Define
your lavers ztarting from Laver 1 [Inside].

Define vour openings if any [up ko three openings in a single wall]. Chck in the desired cell and input wour
values. Start fram Opening 1.

To delete ar ingert a row, right click on a row header and zelect the appropriate command from the popup

Ceiling eI,
T Hs
4
Floar

Sill Height Hi Soffit Height Hz  |*fidth Y ariation Adiabatic
[m] [m] [rn]

Opening 1 .65 285 14| 5tepwize ho

Opening 2

Opening 3

Qk Cancel | 106




Results for full windows
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Gas Temperature
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Oxygen Mass
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Fire resistance assessment of
steel structures
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Worked examples of EN1991-1-2

Fire part of Eurocode 1 : Localised Fire
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Hasemi method for localised fires
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Non-dimensional parameters:
Flame axis ! O&ZO!(‘U 1'106'H2’5)
h

-~ Q5=Q/(111-10°-D%%)
y= r+H+z
Ly +H+Z

—_— —
/ Horizontal length on the ceiling:
L, =(29 H (@)°%®)- H

H
9
,/. Virtual vertical coordinate:
N . 2/5 .2/3

D *
th- Z=24D(Q""" -Q5""") when Q) <10
I Il AN S /S 7S

Y

[

—

-

Z-24D(10-Q,""") when @, =10

EN 1991-1-2 : 2002; Annex C Heat flux:
h =100 000 if y< 0,30
h =136 300 to 121 000 y if0,30 < y<1,0
h =15 000 y°* it y=1,0

Net Heat flux:

Roet= N - g (O -20)- @ £ - £5- G- [ (O + 273)" - (293)"]
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L ocalised fire
Parameters

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012

i

| «Most severe il Building:
il fire scenario
Type:
Height:

Horizontal distance from flame axis to beam:

Diameter of flame:

Steel Beam:

European
Commission

Car park Auchan,
Luxembourg
Underground

car park
H=2.7m
r=0.0m
D=20m

IPE 550



Localised fire
Static system and sectlon of the beam

Workshop ‘Structural Fire Design of Buildings ording to the Eurocodes sels, 27-28 November 2012
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E— ) j;!:! IPE 350
v 1/
)




Localised fire

European

HypOtheS|S | Commission
Diameter of the fire: D = 2.0m
Vertical distance between fire source and celiling:

H = 2.7m
Horizontal distance between beam and flame axis:
r = 0.0 m
Emissivity of the fire: & - 1.0
Configuration factor: D = 1.0
Stephan Boltzmann constant: c = 5.67 - 10-8
W/m2K4
Coefficient of the heat transfer: . - 25.0 W/m?
Steel profile: IPE 550
Section factor: Am/V = 140.1/m
Unit mass: P, = 7850 kg/ms3
Surface emissivity: €m - 0.7
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Localised fire

European ‘
Commission
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Curve of the rate of heat release of one car

9 |
5 I
:
6
S 5 /
=z, /
o /
’ /
2 /
1
0
0 30 60 10)

time t (min)

From ECSC project:Development of design rules
for steel structures subjected to natural fires in
closed car parks.



Localised fire
Flame Length
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L =-1.02-D +0.0148-Q%® = -2.04+0.0148-Q*°

@ :Flame axis

AL L 2 2l sl s
1

fL,.>H = Model A has to be used

if L.<H = Model B has to be used H "T »e

il

ST 77777777

}—4D
/\ L
\ ceiling (H) Flame axis_

///////.////!//////

flame length (L) 1~ \ fﬁ—
0 30 60 90 H /

| s

height (m)
A N O N N O
——

VAP VAV AV AV A A AV G A A A A e e

time t (min) HD



1st case:
The flame 1S not |mact|n the ceilino

European ‘
Commission

The net heat flux is calculated according to Section 3.1 of EN
1991-1-2.

h., =a, -(9(2)

=0, )+ @2, -2, '“'((% +213) (6, +273)4)

- 25.0-(9

)~ O ) +3.969-10°° -((e

)+ 273)4 (6, + 273)4)
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15t case:
The flame is not impacting
Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28
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Commission

the cellino

The gas temperature is calculated to:

2/3 ~5/3 °
«9(2) =20+O.25-(O.8-Q) -(z—zo) <900 °C
-20+0.25-(0.8-Q)"* - (4.74-0.0052-Q%*) <900 °C
where:
Z IS the height along the flame axis (2.7 m)
Z, IS the virtual origin of the axis [m]

z, =-1.02-D +0.0052-Q*° =-2.04+0.0052-Q*"
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2"d case:
The flame 1S |m actln the ceilino
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Net heat flux, if the flame is impacting the ceiling, is given by:

he =h-a,(6,-20)-@ &, &, 'G-((Hm +273)4 —(293)4]

\
. s \
=h-25.0-(6, ~20)-3.969-10°-((4, + 273)" —(293)4)
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2nd case:
The flame is impacting the ceilinc

European ‘
Commission

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012

The heat flux depends on the parameter y. For different
dimensions of y, different equations for determination of the
heat flux have to be used.

if y < 0.30: h =100,000

If0.30<y <1.0: h=136,300-121,000-y

if y>1.0: h=15,000-y>

where: y = r+H+z" 27+7

_Lh+H+z'_Lh+2.7+z'
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2"d case:
The flame 1S |m actln the cellln

y= T+H+z' B L
L +H+z' Lh +27+2 LU LT "
" . H,""/—Ngf—w—-‘
The horizontal flame length is calculated by:  H ()
«10.33 +10.33 };_ {
Lh=(2-9-H-(QH ) )—H:(7.83-(QH) )—2.7 I
where: ++D

) =Q/(1.11-1o6 -H?*) =Q/(1.11-1o6 2.7°)

The vertical position of the virtual heat source is
determined by:

if QD* < 1.0; 2'=24-D-((Qy)" (")) =48-((Q)" (@)
if Qp*>1.0: 2'=24-D. (1.0 - (QD*)2/5) =48 (1-0 - (QD*)%)

where: Q" =Q/(111-10°- D**) = Q/(1.11-10° - 2.0



Localised fire
teel temperature
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Temperature-time curve for the unprotected steel beam:
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Localised fire
teel temperature
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Temperature-time curve for the unprotected steel beam:
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Excel Spreadsheet
Capafi
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Position of the CAR1 CAR 2 CAR 3 CAR 4 CAR S
calculated point(s)
X [m] ¥ [m] Position of the car(s) Timelminl | EHRIM] | Timejminl [ RHEIW] | Timelminl | RHEIA] | Timelmisl | BHRIMW) | Timelmiol | RHEIA)
0 { Fosz.1 - X [m] " [m] 0 0
q 0 Pos. 2 CAR1 0 ] 4 1.4
7 0 Fos. 3 CAR 2 16 .
3 0 Puos. 4 CAR 3 24 5.5
4 ] Foz & CAR 4 25 8.3
Fos. & CARS 27 45
Poz. 7 38 1
Fos. 8 file= 3.000 m 70 0
Fasz.4 Hy = 0.009 I
Fos. 10 H; = 0.300 m
Pos. 1 Coeff beam = 1.000
Pos. 12 Fire diam D = 2.000 m
Fos. 3 A= 1404 !
Pas. 14 AV (box)=| 130 w0
Foz. 16 b = 7850  kgim®
Fosz. 16 i = 25 WimeK
Paz 17 £= 0.7




Excel Spreadsheet
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Worked examples of EN1991-1-2

Example of Application of buildings
calculated with
Natural Fire Safety Concept



Switzerland
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Braun Building in Crissier INGENIEURS
Production of Medical Material /VIP CONSEILS SA
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BOBST Building in Lausanne INGENIEURS
Offices + Production CONSEILS SA




Switzerland
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Congress centre of EPFL in Lausanne
Crédit Suisse / HRS / Richter-Dahl&Rocha
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© EADS Airbus
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Car park of Toulouse Blagnac Airport
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Greich Office Building in Liege

greisch
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United Kingdom
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' Step: Fires
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Heron Tower — Arup Fire London
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Luxembourg
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Fonds du Logement, 17 rue de Hollerich a Luxembourg Ville
Shopping centre
Residential
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Dexia-Bil in Esch sur Alzette
Office Building

Simon-Christiansen & Associés

" ingénieurs-Conseils SA.
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ArcelorMittal Office Building in Esch sur Alzette
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