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Bachground

This project is funded by the European Commission in the frame
of the “Research Fund for Coal and Steel”

The aim of DIFISEK+ is to promote different projects of the last
decades that dealt with fire engineering and, which results have
R been implemented in the EN 1991-1-2.

)]

This objective will be reached trough seminars held in different
European countries.
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Part 1: Thermal & Mechanical Actions
Part 2: Thermal Response

Part 3: Mechanical Response of Structures in Fire
Part 4: Software for Fire Design

~ Part 5a: Worked Examples

Part 5b: lllustration of Completed Projects
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! columns
time
2: Thermal action  3: Mechanical actions

e

time ----------------------------------------------------------
4: Thermal 5: Mechanical 6: Possible
response response collapse
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nermaliactonron structure

Composite Slab
1 side exposed

Column
4 sides exposed
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PUINAINGSIEMENLS
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Net Radiative Heat Flux

Net Convective Heat Flux

Total net Heat Flux

» Exposed side
» Non-exposed side
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Structural Eirersartety Engineering
vs. Classification

Prescriptive

Performance based

standard fire

classification

fire safety eng.

natural fire

fire safety eng.

fire safety eng.
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Aclions on SerJr*rl
IEINSIYYHEIEZ =T ETES

Design Procedures

Prescriptive Rules

(Thermal Actions given
by Nominal Fire)

Performance-Based Code

(Physically based Thermal Actions)
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INOmIRAINEmMpPErdiuresimercune

*) 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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ISO-834 Curve (EN1364 -1)

1200 -

6[°C]

T=20+345log (8t+ 1)

104

1000 -

800 |

600 -

400 -

200 |

842

-

The ISO curve

* Has to be considered in the WHOLE
compartment, even if the compartment

is huge

* Never goes DOWN Time [min]

* does not consider the PRE-FLASHOVER PHASE

* Does not depend on FIRE LOAD and
VENTILATION CONDITIONS

0 30

60

120 180

©
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StdgesioiramNaturalisires anarn

StandararsirerGuryve:

Tempfrature Post- Flashover
Pre- Flashover 1000-1200°C

Flashover

|
|
|
| Natural fire curve

ISO834 standard fire curve |
|

- e

Ignition - Smouldering Heating Cooling ....

SRBADH -
E K Part 1: Thermal & Mechanical Actions
Wi

Time

i

10/50



Part 1: Thermal & Mechanical Actions




-

EartiallyfEncased s COIUMNAS
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ACHIONS ONISIUCTUIESIEXPD)
EINSI DY i EZ = eTToRTance

Design Procedures

Prescriptive Rules Performance-Based Code

(Thermal Actions given (Physically based Thermal Actions)
by Nominal Fire)
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ISO curve

L

o N ol

L = o8 4 ¢ e EUROPEAN STANDARD
e [min] NORME EUROPEENNE R C
- EUROPAISCHE NORM Novemter 202 ‘
Implemented in:
ICS 13.220.50; 91.010.30

« EN 1991-1-2
« Some National Fire Regulations

i’ . . Eurocode 1: Actions on structures - Part 1-2: General actions -

include now alternative requirements Actons on stuctures exposed o fre

based on Natural Fire Sk o a2
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Naturalreireniviodel

*) 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 6 (t) uniform Fire surface
0(x,y,zt) 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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LISt oifneededEnysical Eardmetersior;

NaturalfEirenviodel

» Boundary properties

» Ceiling height > Geometry
» Opening Area .

» Fire surface o -

> Rate of heat release  _
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Fire Growth| RHR |Fire Load g

Rate kW/m? | 80% fractile”™
[MJ/m?]

Dwelling Medium 250 948
- |Hospital  (room) Medium 250 280

Occupancy

Hotel (room) Medium 250 377
Library Fast 500 1824
Office Medium 250 511
School Medium 250 347
Shopping Centre Fast 250 730
Theatre (movie/cinema) Fast 500 365
Transport (public space) Slow 250 122
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Examples
Compartment _ Danger of _ Danger of P
floor area A, [m?] Fire Activation Fire Activation of
A o g2 Occupancies
Art gallery, museum,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 25 100 0,78 swimming pool
250 1.50 1,00 Residence, hotel, office
3
e | ORI 127 aciory oF achInei
2500 190 |l @ 122 | &eongines TN
............................................................................................................................................................... Chemicalliabolin
5000 200 . tae Painting workshop "
............................................................................................................................................................... Manufactory.of 1 R
Automatic
Automatic  |Independent Automatufc e Au;)matic Work Off Site || Safe Fire Smoke
Water Water Detection T al:m . Fire Fire Access | Fighting | Exhaust
Extinguishing | Supplies & Alarm ransn;ussnon Brigade |Brigade || Routes | Devices | System
System by by . ©
0| 1| 2| Heat | Smoke | Fire Brigade
%1 B2 Sh3 Sha 315 6n6 8n?’ 8nS 6n9 8n10
0,61 0,87 V073 0,87 del of 0 e | S o
3 H 3 3 3 r 3 3 3 r 3
1,0/0,87|0,7 0 - - .
VARADAS "

20/50



I--’ = '_)' o\, -
Raterorhieat n:‘]:—):l

Stationanyssiatean

"% uttra- / [Fast (FGR) /,

91{/Fast
_ R /V / ® (FGR)
S 7
= / /
o © ] / / Fire Growth Rate = FGR
T5 /
* 4 / / Slow (FGR)

75" 150/ 300" 600"
{-
0-

Time [min]

tdecay
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INAtUralsSImplinied S Eresviode)

Lo *) 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 6 (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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SIMpledrEreiviodels

Localisea Eire:

LOCALISED FIRE FULLY ENGULFED
COMPARTMENT

0(x,y, 2z 1) O (t) uniform in the compartment
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Reallltocalised Eirenlest
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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)2 (z-2,)%® < 900°C

|
. Flame axis
N /{//////////////////.*////////////////////

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

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

i
V2 dlidis o
n :

a%*i&
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HIresRASENINVIETIOM

Annex C of EN 1991-1-2:
 Flame is impacting the ceiling (L; > H)

concrete slab
beam

Ny
-~ NIE

Y = Height of the
free zone

4 O = Air Temperature
at Beam Level

— &

Calculated by CaPaFi

i

-

"~
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SIMplediEreniviodels

Uy ERgUied Compantment

FULLY ENGULFED
COMPARTMENT

O (t) uniform in the compartment

LOCALISED FIRE

9(x,y,z1)
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Beal Eireslest'Simulating antOfficersuilding

Fully engulfed fire
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EUlyAERgUed Compantment

Temperature [°C]
1100

Annex A of EN 1991-1-2

1000
900

800 L

2 < U
700 : /4’ 1\ Y
] ‘ \. \

Iso-Curve

= 0=004m'
= 0=0.06m "%
""" 0=0.10m"%
sme= 0=0.14m"
c==-0=020m"

For a given b, q,,, A, & A,

_

time [min]

600 : [ i\ \

: '\ *\
500 i3 S A\

4 S
400 : 4 ‘.\ Ay
300 e

/ " \ AN
200 |. \.\ \\\
100 ‘| “. \"\

0 .\-.--\l-.-.---.-.---.-‘“\ -----------
0 10 20 30 40 50 60 70
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80 90 100 110 120
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NaturalifAavanced sirenvioae)

&

*) 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,zt) 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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Advanceatireriviodels

/T

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

W oW

LOCALISED FIRE FULLY ENGULFED
COMPARTMENT
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Largercompamenisest
~ Fire Loaa

-

Part 1: Thermal & Mechanical Actions




LargerCompartmentilest
ExternallElaming Durng thelest
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LargerCompartmentilest
Afterrtherlest

e
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IWworZzone Galcuiationrsoitware sOzZzone: Va:2:-

* Dzone v2.2 - test

Filz Tools Wiew Help

O | 4l - | 3 | Mame: [Natural Fire Example
— Program Flow Chart

Compartment. .. | Fire...

Zone Temperature ————  Steel Prafile.

Heating. ..

Eﬁteel Temperatureé Element. .

Fire Bezsiztance

Strateqgy

Farameterz

Ozone v2.2

| ket ozh | | Compartrent | Fire | Steel Elements
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JzoneresulisHnpuianuicompuiec il b

e ol

File Tools Wiew Help

Rate of Heat Release

40.0 !I

| %

M

"

200 1

1
| !Lﬁ

-= RHF Data
-+ RHRE Computed

oo S
0 20 40 0 a0 100 120
Time [min]
Analysis Mame: Matural Fire Example
Fealk: BO0E3 kW Ak 356 min
Brint LCloze
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g E K. Part 1: Thermal & Mechanical Actions
Wi

36 /50



DzoneresulisiGasnemperatures

* Hot Zone Temperature - kest
File Tools “iew Help

Gas Temperature

= Hot fone

= Cold Zone

100

D T T T 1
] 20 40 G0 a0 100 120

Titme [rmin]

Analysis Mame: Matural Fire Example

Peak: 8093 C Ak 41 i

Print LCloze l .
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DZONeresullSsSmMoReEayerlniCKNESS

* Zones Interface Elevation - test | 0] =]

File Tools Wiew Help

Zones Interface Elevation

-= Elewvation

o.o
0.0 5.0 100 15.0 200 250
Time [min]
Analysis Mame: Matural Fire Example
Fealk: 1.04 m Ak 2500 min

Erirt Cloze b

¢
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[WarerOZones Gasalemp.

MAXIMUM AIR T EMPERATURE
OZone

OZone [°C]

(o))
o
o

(@)

/ MAXIMUM AIR T EMPERATURE
X IN THE COMPARTMENT
0 ¥~ : 1 1
6 200 400 600 800 1000 1200 1400
TEST [C] o
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oIiarervzonessieeiniemp

UNPROTECTED STEEL TE

OZone [°C]

0 200 400 600 800 1000 1200 1400
TEST [°C] ‘ .
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1000

900
800
700
600
500
400
300
200

Gas temperature [°C]

100

SEK

Influence of the Actives Fire Safety Measures

——] Office : A; =291,2 m?

O.F. =0,04 m'2 ; Fire Load gk =511 MJ/m?

No Fire Active Measures

Off Site Fire Brigade
Automatic Fire Detection
& Alarm by Smoke

\ Automatic Alarm Transmission
to Fire Brigade

Automatic Water Extinguishing
System

_—T

310|189

N

N

\Design Fire Load q 4 [ MJ/m?]

\\\

(%]

Opi qfl(

70 80 90 100 110 120 130 140 150

Time [min]
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SOMmpu yNAMICSE

definition
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A

columns

time |
1: Ignition 2: Thermal action  3: Mechanical actions

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

Part 1: Thermal & Mechanical Actions 44 / 50
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Actions for temperature analysis
Thermal Action

FIRE

BEEEERRE
"G
Ny v v v v v b} v v v v vy
™ a
™y v v v v v b vy v
ly v v v v v b v v v v vy
»&.ﬁ
EK

Actions for structural analysis
Mechanical Action

Dead Load G
Imposed Load Q
Snow S
Wind W
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SOMpINauoNIRUIESHOIRIVIECHANICAINACHIONS

ENSIOYVHBAasISI oI StUcIUraifibesign

Room temperature

S 5, C T O SRl

i >1

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

E =135G+15Q+06+15W+05+15S
d

VARADAL »
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sompinauontRuiesiToriviechanicallACLIONS:

ENSIOYVHBasIS oIS UUcIUraifibesign

Fire conditions = Accidental situation

E =G+vVy Q+2 v Q.

: i
fi,d 102,11 o1 1or2,i

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

E =G+0,5Q

fi,d
Offices area with the wind W, the leading variable action

E =G+02W+0,3Q

fi,d
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Action Yo Vi 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 weighk 30kN 0,7 0,4 0,6
Category G : traffic area,
30kN < 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

PARARR ( Reference : EN1990 - February 2002)
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Maximal Load level after R30

O rr. ... .| o~~~ o1~~~ r...pr.&.vr r . rr—. v T T 1 T T T T T T T

0 50 100 150 200 250 300 350 40C
Massivity A_/V [1/m] o
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Thank you for your attention,
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