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Cost-effective fire performance A
ArcelorMittal

> High potential of steel in multi-storey buildings

. v ae Steel v Concrete in Multi-Storey Buildings
Market share / Multi-storey buildings
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> One of the reasons explaining the differences: Fire Safety Approach.
> The present low market share in continental Europe is more particularly due to :

- Weak knowledge from engineers and architects of the actual performances of the steel in case of fire,
still mainly assessed through knowledge from fire test on single element.
- Fire Safety Engineering not yet fully considered
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Classical approach amongst “structural fire safety engineering” A
methods - Eurocodes 1, 3 and 4 ArcelorMittal

Prescriptive Performance based
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Classical approach based on 1SO-834 heating curve /R

ArcelorMittal
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Classical approach - Quick use of the Eurocodes /R

=» Unprotected steel structures for fire resistance < 30minutes ArcelorMittal

®» R30 unprotected steel structures (Overdesign [S355,5460] ;
benefit of the connections)
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Classical approach based on 1SO-834 heating curve /R

=» Steel protection for fire resistance > 30minutes Azl

P

ISO-curve
HE180B
HD400x382

temperature [°C]

HE320A 15mm Isolant projeté

Advanced Searc
Preference

Access Steel has found 29 Resources that match: structural fire safety engineering — protected

Additionnal cost of the protection > 40% of the finished steel cost
16-01-2008 b The protection must be optimized and applied where it is really needed. 5




The performance based “structural fire safety engineering” approach /R
according to Eurocodes 1, 3 et 4 ArcelorMittal

Prescriptive Performance based

Fire Safety Engineering = Global Structural Behavior + Fire Development
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Fire Engineering approach /f\\
ArcelorMittal

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

Flashover |

/ ISO834 standard fire curve

/ I
> Time

Ignition - Smouldering Heating Cooling ....

Standard curve Scientific analysis based on :

» Fire scenario
- Physical parameters influencing the fire development (fire
load, ventilation, active fire fighting measures, ...)

More controlled safety and more efficient solutions because better targeted
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Fire Engineering approach /R
ArcelorMittal

European research in the field of the fire engineering achieved between 1994 - 2006 allows to
finalize the following technical developments :

» Fire safety concept evaluation based on natural fire.

» Required data for the fire development calculation methods (fire load [MJ/m?], fire spread, rate of
heat release [kW/m?2]).

» Definition of model scenario for usual buildings (offices, schools, shops,...).

» Take into account of the active fire fighting measures (sprinkler, smoke exhaust system,...).

» Air temperature field calculation method in case of fire.

» Steel temperature calculation method.

» Simulation of the behaviour of the structure submitted to the different fire scenarii and to the static

loads. Influence of the Actives Fire Safety Measures
e . . 10007 [ Office A -m1Zme
» Building systems and technical solutions ¥00 ~ OF-= Dk i Lot gt i
) m Py \ o |.re A.C(IV'E !\I‘Ieasures
to guarantee that the structure survive 5™ //ﬂ \.i\ O ite e Bigete
the considered scenarii. T \ L[S T
500 / \ S‘vs‘tem‘ Wairr Fxtinguishing
4001 Dosign Fire Load i ry [ MJ/m?] |625| 25| 210|188
E e ol :
/ . \ﬁh
100 _/} Qra™M 04y Oy l_Ioni Uk
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Fire Engineering approach /R
ArcelorMittal

The implementation of the research results met

the following difficulties :

» EXisting regulations and standards based on standard fire.

» Habits and a priori in the minds of the professionals of construction.

» Different regulations depending on the countries and even on the regions.
» Low expertise of engineers, architects and authorities in that domain.

» Lack of training in that domain.

» No userfriendly calculation tools.

solved by :

» The natural fire was introduced in the Eurocodes, particularly Eurocode 1 - Fire Part.

» The fire engineering has been dealt with in decree and regulations in different european
countries .

» Userfriendly calculation tools were developed (Ozone), and put on the site
www.arcelor.com/sections

» Trainings were, and are organized (DIFISEK).

» A network of competent and qualified engineering offices in the field of fire engineering was
developed (SECURE with STEEL).
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Ozone

Natural Fire calculation according to EC1 Fire Part

AN

ArcelorMittal
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Ozone A

Natural Fire calculation according to EC1 Fire Part ArcelorMittal
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Dissemination of Flre Safety Engineering Knowledge /R

et DIFISEK+(2008) ArcelorMittal
-
R
SEMINARS
Treated topics
DIFISEK+ . .
s Part 1: Thermal & Mechanical Actions
sz;{ﬁ?n Part 2: Thermal Response
Czech-Republic .
Estonia Part 3: Mechanical Response of
France . .
” gt:;:::aeny Structures in Fire
® Hungary Part 4. Software for Fire Design
5 % Italy (Rome)
(o Lithuania Part 5-1: Worked Examples
‘ ,.ﬂ Poland

Portugal Part 5-2: lllustration of Completed Projects

Romania
Slovenia
Spain

oY
Sweden

’ >
 ®° ' ‘ N United-Kingdom

N'-.'. i
Sy W

Available tools for further dissemination
http://www.arcelormittal.com/sections/DIFISEK/DIFISEK _welcome.html

» All Presentations and Syllabus in PDF - WP1 to WP5 (17 languages)
« Database for Fire Design Software (UK)
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e '.“ SECURE with STEEL in Europe A
"..::ﬁ: s 25 European engineering offices specialized in

Fire Engineering assisted by 9 universities and/or ArcelorMittal
research centers

ARUP, Fire University of Edinburgh (United Kingdom)

=8 i DGMR, Hamerlinck Advies bureau, Cauberg-Huygens (The Netherlands)
Swedish National Testing & Research Institute (Sweden)

Schmitt Schtumpf Fruhauf & Partner, Universitat of Hannover (Germany)
Greisch, Technum, Steel Information Centre, University of Liege (Belgium)
Bernard Ingenieure (Austria)

Keonn (Poland)

Studio di Ingegneria delle Strutture (Italy)

CTU Prague (Czech Republic)

MP Ingénieurs ETH Zirich (Switzerland)

NB35, LABEIN (Spain)

Tal Projecto, Lda GIPAC, Lda University of Aveiro (Portugal)

Schroeder & Associés (Luxembourg)

Arches-Etudes, E2C Atlantique, Terrell International (France)

SECURE
WITHSTEEL v
NETWORK
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AN

ArcelorMittal

ACCESS STEEL
CHOICE OF FIRE ENGINEERING STRATEGY

Scheme gevelopment: Selection of appropriate fire englneering sirategy for muli-storey commercial and apariment bulidings

steel

Scheme|development: Selection of appropriate fire engmeering strategy for mula-
storey commercial and apartment buildings

; tﬂDCESS . 550402-EN-EU
steel
ELeocodts macks oasy RI Table 2.1 Guidance on choice af design approach for a specific multi-storey building af

conventional praportiens, witheut an atrium

16-01-2008
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All Results ' Keywords [ Client Guides H Schem Standard fire methods Performance
based methods
Access Steel has found 14 Resources that match: Getru E = % £ i - i | 34
2 |885| 25 | 52 | 25 | 2
: 2 |3E:| E5 | 25 | B3 | 2%
1 - 10 » » Sortresults by: Belevance | Title | Date Ee | WOE| @3 <7 | 85 | 23
B =8 . m . m . m . m
g = O oS o ) o 0 o W o w o
Scheme Development: Overview of firesafetyst Sullcing size- foor area Thslerelatedt
@ = which will be greater in
. . . Small, = 200 m A relation to the
53020 Describes the main concepts of firesafety. Su eci — additional design work
0 R o edirm F
regulatory requirements. Introduces firesafetyenging : for larger buildings.
and the use of the section factor to calculate fire prod Large, >2 000 m” o o
A A 2. Building Height Taller buildings have
Scheme development: Selection of appropriate greater potential for
m Up o § storays e o sconemy and longer fir
] ) ] B+ storevs - - resistance periods
55041 This document presents guidance on the firet !
appropriate for single-occupancy houses. E Taking benefit from active S S E
B fire fighting measures regulations and'or local
. = B authorities allow the
Scheme Development: Firesafetystrategy for mi 2 Detection, alarm and 1 v |presence ofthese
@ d smoke exhaust measures to reduce
8 P, _ fire loads
55008 Outlines the principal and practical requireme - Sprinklers 1 v | v
Intrqduces fireengineering and covers passive fire pr 7 Benafit fram structura Implicit resarves of
partially protected steelwork g reserve strength, for axample
i Economically sized for from sermi-rigid
- i i 5 0 cti , and
Scheme development: Selection of appropriate - strength in cold design ¥ ¥ ?E;:;GIZZZDZ:W .
EB # - -
] ) ) :_ Significantly oversized for - ;z;;ﬁ:?;:;if —
55040 This document presents guidance on the firee ¢ strangth in cold design, e °
. o - . d advanced approaches
appropriate far specific conditions far multi-starey off - # Additional resanie
£ available from behaviour I o
8 not used for cold design,
£ e.g. slab as membrans




The “structural fire safety engineering” approach /R
Eurocodes 1, 3 et 4 ArcelorMittal

Prescriptive Performance based
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Test in Cardington (UK)
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Test in Cardington (UK)

« Maximum steel temperature about
1150°C

* Fire calculation by element provides
a failure at 680°C

 Why did the structure survive ?




Test on single elements AN
ArcelorMittal

e

S

>
Column Beam Floor J&

\ > 4

Existing design methods assume isolated members
will perform in a similar way in actual buildings

N%s A

——Fire compartment

Protected beams

7/ zy y D
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Real b

ehaviour in a building

RS S |

I:_[\/\%

Membrane effect

* In a building, catenary behaviour of the steel beam
acting compositely with the concrete slab.

« Higher is the deflection, higher is the membrane

effect.

16-01-2008
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Flexural
behaviour

v

Membrane
effect
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Membrane effect highlighted by the ISO fire test of today /R
ArcelorMittal

Fléche en fonction du temps

Unprotected secondary

composite beams (IPE300) 0 ‘ ‘ ‘ ‘ . .65h
20 40 60 80 100 120

-0.2

IPE360 6:)),)7 Composite

slab Uy

-0.6

Déplacement (m)

-0.8

-1 = | ® Pasde bridage horizontal |
m Bridage horizontal aux appuis

-1.2
Protected main composite

beams

Temps (min)

Yo N

Fire resistance of secondary beams calculated as single elements

ECA4 Fire part SAFIR Simulation

Critical temperature = 608 °C Fire resistance = 20’
Fire resistance = 16’
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Fire Safety Concept:
Protected main beams, unprotected secondary beams ” E .

ArcelorMittal
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The “structural fire safety engineering” approach /R
Eurocodes 1, 3 et 4 ArcelorMittal

Prescriptive Performance based
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AN

S ArcelorMittal
FRACOF Design

v b

Unprotected Element Protected Element
R(single element) < 30
T T~ -

Test on the whole floor
Including connections
R =30

P R = ?
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Example of Design Table Sa AN

aiance  ArcelorMittal

Standard A-series mesh reinforcement _}Dc
Reinforcement strength 500 N/mm? SRR =

R90R 120

Mesh size, beam design factar and additional beam load (kM) ,
for fira resistance, concrete typgambgpan 1

DEEign Table 2 90 minutes fire resistance ( 120 Qinutss fire resistance

Mormal weight concreta| Lightweight concrete |Normal weight Concrete| Lightweight concrate
80 mm concrete depth [ 80 mm concrete depth | 90 mm concrete depth | 90 mm concrete depth

Span 2| Imposed | Span 1
tmd |Load tkn/m?l|  tmi 6.0 7.5 8.0 6.0 7.5 9.0 6.0 7.5 A 6.0 7.5 9.0

6.0 25 + 1.7 Mesh | A142 | A193 | A183 | A142 | A142 | A193 | Al4 4@ Ala3 | AT42 | A193 | A183
Beam OK QK OK 0K 0.7% OK 4 DK 0.p2 OK oK QK
o

Load 1 8 1B 1 5] 2 g 1 1 8 15
3.5 + 1.7 | Mesh | A142 | A133 | A193 M A193 [ A193 | A142 | A193 | AXS52 | A142 | A193 | A2E2
Beam OK Ok /EIIDQ/ (8].4 0K 0K oK oK 8 0K OK O

Load 1 )/‘ 17 1 7 15 2 a 1 1 g8 16

5.0 + 1.7 | Mesh M#HQS A2582 | A193 | A193 | A252 | A193 | A193 | AZB2 | A193 | A193 | AZED

_ : _ m|083| ok | ok | ok | ok | ok | ok | oao K | ok | 0.84 | oK

Fire and Steel Construction / Lead 0 g 18 1 a 17 o 10 9 2 a 18
Span 1 @ 2.5 + 1.7 | Mesh | A193 | A142 | A193 | A142 | A193 | A193 | A193 | A193 | A1j93 | A193 | A193 | A193

< > Beamm | OK | D80 | OK | .79 | OK 0K oK oK I oK, 0K | 0,98
$ A Load 6 14 26 a 13 23 7 17 2 & 15 25
_______________ o~ 3.5+ 1.7 | Mesh | 4193 | A193 | a193 | A193 | A192 | A193 | A193 | A193 | aZds2 | A193 | A193 | A252
J~ % Baam | OK oK oK (8]8 0K, .86 0K oK oK oK oK
_______________ (% Load B 16 28 5 14 24 7 18 6 16 27
$ RO + 1.7 7= ST ST A T T T T T T T e el QA5 A193 | AZ52 | AZB2

v Beam | OK | ok | ok | ok | ok | ok |os8s |oos J ok | 0.8a | ok | ok

Load 7 18 31 8 16 28 7 20 34 6 18 31

Span1=9m; Span2=7m ; R120
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FRACOF - Fire Resistance Assessment P

of partially Composite Floor S (’amw ArcelorMittal
Economic fire design of steel beams in composite floor

Objective

That project will be a milestone in the strategy to develop the fire engineering. It will enable any engineers
to use partially unprotected steel structure by using design tables/software approved by the Authorities.

Deliverables

There are three main deliverables for this project :
- Background Technical Report

- Design Guide

- Design Software

1. Background Technical Report
To provide in-depth information on the development and verification of the design method.

2. Design Guide
The design guide will consist of approximately 50 pages and will be based on the existing publication
‘Fire Safe Design: A new approach to multi-storey steel-framed buildings’. The design guide will present
the principles of the design process using this method.

3. Design Software
The design software will be made available free of charge and will be distributed via the Steel Alliance
website.

Dissemination

Through Steel Alliance + IPO’s in Spain, Germany, Belgium, Italy, Luxembourg and the Netherlands,
+ DIFISEK, + ‘Secure with Steel’
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AN
TEST SET'UP S(aiu‘?:nce ArcelorMittal

Within the framework of project FRACOF, a composite floor of about 60
m?2, supported by four protected boundary beams and two unprotected

internal beams, subjected to standard fire exposure for 2 hours.

16-01-2008 FRACOF - Jan 2008 26




P
LOADING CONDITIONS S5 ArcelorMittal

« Self weights of slab, steel beams, etc
 Dead load: 170 kg/m?
* Imposed load: 500 kg/m?
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MESH REINFORCEMENT
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)
TEST MONITORING S s ArcelorMittal
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AFTER 120 MINUTES....

Sc

AN

Steel

Alliance AI’CG|0I’MITTO|
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|
AFTER 120 MINUTES... S Arcelormitta

Cracks i

..........

PR S \'“t.

e
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AN

Sz ArcelorMittal
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A
AFTER 120 MINUTES... S Arcelormitta

SR w\—=
~ Ih-L'E*=‘\"

Deflected shape
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Fire safety engineering Is
aimed at adopting a
rational scientific approach
which ensures that fire
resistance/protection is
provided where it is

needed rather than
accepting universal
provisions which may over
or under estimate the level
of risk.

Institution of Structural Engineers
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