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Scope

O Introduction
Thermal Actions
Mechanical Actions
Thermal Analysis
Mechanical Analysis

Design procedures

U O 0O 0O 0O O

Examples using different design procedures: prescriptive and
performance-based
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Introduction
Question

O Prescriptive or performance-based approach?
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Introduction
Two type of reqgulations or standards

universiaagae ae aveiro

O Each country has its own regulations for fire safety of buildings
where the requirements for fire resistance are given

O Standards for checking the structural fire resistance of the
buildings - in Europe the structural EUROCODES
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Introduction
Fire Resistance

] Classification criteria

R — Load bearing criterion; E — Integrity criterion; | — Insulation criterion

E:
u“

|||||||||I||||||||||||||x1

Load bearing only: mechanical resistance (criterion R)
Load bearing and separating: criteria R, E and when requested, |



: - =] -

_ N universidade de aveiro

Introduction -Fire Resistance
Criteria R, E and | - UK Approved document B

Fire resistance

B3.ii The fire resistance of an element of
construction is a measure of its ability to
withstand the effects of fire in one or more ways,
as follows:

a. resistance to collapse, i.e. the ability to
maintain loadbearing capacity (which applies R
to loadbearing elements only);

b. resistance to fire penetration, i.e. an ability to
maintain the integrity of the element; E

c. resistance to the transfer of excessive heat,
i.e. an ability to provide insulation from high |
temperatures.
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Introduction
Fire Resistance — Criteria R, E and |

O Standard fire curve

Fire resistance is the time since the begining of the standard fire curve 1SO 834
until the moment that the element doesn’t fulfill the functions for that it has been
designed (Load bearing and/or separating functions)

T =345l0g,, (8t +1)+ 20

ISO 834 curve
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Introduction
Regulations for fire safety of buildings

universigaagae de aveliro

O Normally the risk factors are:

m Height of the last occupied storey in the building (h) over the reference
plane

m Number of storeys below the reference plane (n)
m Total gross floor area

m Number of occupants (effective)

R30, R60, R90, ...

% j>\ or
5 REI30, REI60. REI9O, ...

Reference plane

A LIS,

n
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Introduction. Example
Regulations for fire safety — UK Approved document B
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PERFORMANCE OF MATERIALS AND STRUCTURES

Ot of The
Drepiiy Priemg Plnesmer

® % i - b ¥

Table A2 Minimum periods of fire resistance

Purpose group of building Minimum periods [minutes) for elements of structure in a:
The Buildng Aeguiations 2000 Basement Storey () w.ew i we | Ground or upper storey
Fire safety Depth (m) Height (m) of top floor above ground, in a
of a lowest basement building or separated part of a building
More Not more Not more Not more Not more
than 10 than 10 than 5 than 18 than 30
. Residential (domeastic):
a. Flats and maisonettes a0 &0 30" a60* 1 a0
T p————— b. and c. Dwellinghouses Mot relevant | 30° 30- GO Mot relevant
internal fire spread (linings) . Residential:
RTINSt a. Institutional ce 90 60 30° 60 90
S A S BAS e b. Other residential 90 60 307 60 90
. Office:
- Mot sprinklenad a0 60 aos &0 g0
- Sprinklered (2) &0 &0 30° ag B0
. Shop and commercial:
- Mot gprinklered a0 &0 60 &0 90
- Sprinklered (2) B0 &0 300 B0 B0
. Assembly and recreation:
- Mot sprinklered 90 &0 60 60 80
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Introduction. Example

Regulations for fire safety — UK Approved document B

universidade de aveiro

INTERNAL FIRE SPREAD (STRUCTURE)

B3

The Requirement

This Approved Document deals with the following
Requirement from Part B of Schedule 1 to the
Building Regulations 2000.

Reguirement

Limits on application

Internal fire spread (structure)

B3.(1) The building shall be designed and constructed so that, in the
event of fire, its stability will be maintained for a reasonable period.

(2) A wall common to two or more buildings shall be designed
and constructed so that it adequately resists the spread of fire between
those buildings. For the purposes of this sub-paragraph a house in a terrace
and a semi-detached house are each to be treated as a separate building,

{3} To inhibit the spread of fire within the building, it shall be
sub-divided with fire-resisting construction to an extent appropriate
to the size and intended use of the building,

{4) The building shall be designed and constructed so that the
unseen spread of fire and smoke within concealed spaces in its
structure and fabric is inhibited.

Requirement B3(3 ) does notapply to material alterations
to any prison provided under Section 33 of the Prisons
Act 1952

10



o coskE

Introduction. Example
Portuguese reqgulation for fire safety of buildings

O Required fire resistance

- The load-bearing or/and separating function should be maintained
during the complete duration of the fire including the decay phase (this
means that natural fires can be used), or alternatively during the required
time of standard fire exposure given in the table below:

Standard fire resistance of tural members in buildings
Risk categories
@cation according to the oc@

Function of the structural member
1.° XX 4.0
LI IV, V. VI VI VITIX X R30 R60 R90 R120 Only Ioad_bearlng _
REI30 REI60 REI90 REI120 Load bearing and separating
I X1 and XII R60 R90 R120 R180 Only load bearing
’ REI60 REI90 REI120 REI180 Load bearing and separating

Type | «<Dwelling»: Type Il «Car parks»; Type lll <KAdministrative»; Type IV «Schools»; Type V «Hospitals»;
Type VI «Theatres/cinemas and public meetings»; Type VIl «Hotels and restaurants»;

Type VIl «<Shopping and transport centres»; Type IX «Sports and leisure»;

Type X «Museums and art galleries»; Type Xl «Libraries and archives»;

Type Xll «Industrial, workshops and storage»
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Introduction
Prescriptive or performance-based

universidade de aveiro

- The load-bearing function is ensured when collapse is prevented during
the complete duration of the fire including the decay phase or
alternatively during the required period of time under standard fire

exposure.
Natural fire Sandard fire ISO 834
0 0

or

= —

> >

t ot
Performance-based approach Prescriptive approach
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Introduction

Codes for fire design in Europe: Structural Eurocodes

Eurocodes

EN 1990
EN 1991
EN 1992
EN 1993
EN 1994
EN 1995
EN 1996
EN 1997
EN 1998
EN 1999

Fire design
Parts 1-2

Eurocode:

Eurocode 1:
Eurocode 2:
Eurocode 3:
Eurocode 4:
Eurocode 5:
Eurocode 6:
Eurocode 7:
Eurocode 8:

Eurocode 9:

Basis of Structural Design

Actions on structures

Design of concrete structures

Design of steel structures

Design of composite steel and concrete structures
Design of timber structures

Design of masonry structures

Geotechnical design

Design of structures for earthquake resistance

Design of aluminium structures

Except EN 1990, EN 1997 and EN 1998, all the Eurocodes have

Part 1-2 for fire design
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Fire Design of Structures
Four steps
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2. Definition of the mechanical loading - ECO +EC1

3. Calculation of temperature evolution within the structural
members — All the Eurocodes

4. Calculation of the mechanical behaviour of the structure
exposed to fire — All the Eurocodes
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Eurocode 1:

Actions on Structures
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S

y_ VvV VvV VvV YV

v

Actions for temperature analysis
Thermal Action

FIRE

Actions for structural analysis
Mechanical Action

Dead Load G
Imposed Load Q
Snow S

Wind wW

15
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Eurocode 1:

Actions on Structures
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S

y VvV VvV VvV VY

v

16
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Thermal actions

& universidade de aveiro

Heat transfer at surface of building elements

Total net heat flux

hnet,d — hnet,c: + hnet,r
—
~ hnet,d
net,d hnet,d
- - g
i
- hnet,d

17
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Thermal actions

Heat transfer at surface of building elements

~h_. +h

h

Total net heat flux

net,d net,c net,r

hnet’C = occ Om) Convective heat flux
1

Netr =P & &, 0 {@ 273)* — (8 +273)"*]| radiative heat flux

L.Gg ~ 0, 0 0
: or
Temperature of the fire r M\
compartment - -

Nominal Natural
fire fire

18
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Actions on Structures Exposed to Fire
EN 1991-1-2 - Prescriptive rules or performance-based approach

! universidade de aveiro

Design Procedures

Prescriptive Rules

(Thermal Actions given
by Nominal Fire)

Performance-Based Code

(Physically based Thermal Actions)

e |

v

0

v

19
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Actions on Structures Exposed to Fire
EN 1991-1-2 - Prescriptive rules or performance-based approach

§ universidade de aveiro

Nominal temperature-time curves
Standard temperature-time curve

External fire curve
Hydrocarbon curve

Natural fire models
Simplified fire models

Compartment fires - Parametric fire

Localised fires — Heskestad or Hasemi
Advanced fire models

Two-Zones or One-Zone fire or a combination
CFD — Computational Fluid Dynamics

20
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From DIFISEK+

Actions on Structures Exposed to Fire

|

J- "} universidade de aveiro

*) Nominal temperature-time curve

Standard temperature-, External fire - &
Hydrocarbon fire curve

*) Simplified Fire Models
Localised Fire Fully Engulfed Compartment

- HESKESTADT - Parametric Fire
- HASEMI 0 (t) uniform
0(x,Yy,21) in the compartment

&

*) Advanced Fire Models

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

EN 1991-1-2 - Prescriptive rules or performance-based approach

No data needed

Rate of heat release
Fire surface
Boundary properties
Opening area
Ceiling height

+

Exact geometry

21
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Simplified fire models
Nominal Temperature-Time Curve
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Gas temperature (°C)
1200 - Hydrocarbon Fire

oo | 7

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

L T EC3 and EC9 do not use
S———————————[) thisextemalfire curve.
fffff f—————— —External Fire .
SR A special Annex B on
both Eurocodes gives

800

600

400 i i i i i i i i ] i i a methOd for
200 I S evaluating the heat
e transfer to external
_ steelwork
0 1200 2400 3600
Time (S)

22
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List of Physical Parameters needed for
Natural Fire Models

& universidade de aveiro

Boundary properties
Ceiling height > Geometry
Opening Area

J\

Fire area

Rate of heat release > Fire

Fire load density

23
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Characteristics of the Fire Compartment
Natural Fire Model
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| I . o | | 51: I,
3
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Natural Fire Model
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Characteristics of the Fire Load from EN 1991-1-2

Fire Growth| RHR Fire Load g
Occupancy Rate f 80% fractilfe’k
[KW/m2] [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
Theatre (movie/cinema) Fast 500 365
Transport (public space) Slow 250 122

25
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Design value of the fire load density
Natural Fire Model

§ universidade de aveiro

Qi g = Uik "M 0g1 - Og2 - Opy [MJ/m2]

m — Combustion factor. Its value is between 0 and 1. For mainly cellulosic
materials a value of 0.8 may be taken. Conservatively a value of 1 can be
used

o4, — factor taking into account the fire activation risk due to the size of the
compartment

O, — factor taking into account the fire activation risk due to the type of

OCCupancy

q

o, — factor taking into account the different fire fighting measures

10
8n — Hsni — 8n1'8n2 "'6n9 '8n10
=1

26
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Characteristics of the Fire Load from EN 1991-1-2
Natural Fire Model

From DIFISEK+

universidade de aveiro

Compartment
floor area A [m?]

Danger of
Fire Activation

gl

Danger of
Fire Activation

qf,d :8q1' 8q2 " HSni .M. qf,k

e Qccupancies... |

Examples
of

Art gallery, museum,

SWiMimiing poo

Residence, hotel, office

Manufactory for machinery
& engines

Chemical laboratory,
Painting workshop

nufactorv of fireworks

Automatic Fire Suppression

Automatic Fire Detection

Manual Fire Suppression

Automatic
Water
Extinguishing

System

8nl

Independent
Water
Supplies

o] 1]2

8n2

Automatic fire
Detection
& Alarm

by by
Heat | Smoke

8n3 8n4

Automatic
Alarm
Transmission

to
Fire Brigade

6n5

Work
Fire
Brigade

né

Off Site
Fire
Brigade

n7

Safe Fire Smoke
Access | Fighting | Exhaust
Routes | Devices | System

8n8 8n9 8nlO

27
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Rate of Heat Release Curve from EN 1991-1-2
Natural Fire Model

Qmax = A X RHR; _

Decay phase

>
Time [min]

28

tdeca.y

From DIFISEK+



CcoskE

Rate of Heat Release of a class 3 car. Experimental evaluation
Natural Fire Model

—— Rate of h=at reimase (Sarine) Car Of CIaSS 3
10 — Rate of neat reimaze Laguna or
8
: . 1 ‘
g 26
- I ®
. I W4
? I I i
1 i
g ' n# T . $ 3
f || - g
2] b ata | ) 1
ﬁ, ool SN
| - [Femr . 0 1 t t t t T t 1
o Lo Q&q“%::—-—- S 0 10 2 n 40 50 &0 70 50
8 1t = @l 4 @ & m & w time (min)

time {rnin)

Demonstration of real fire tests in car parks and high buildings — Contract no. 7215 PP 025, Projecto Europeu
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An idealized Rate of Heat Release Curve for a car burning

Natural Fire Model

viviarciriarda Ao suairm
Liniversiaade ae avelrt

©

8 | : Class 3
7 A L\ Time (min) |Rate of heat
" release (MW)
6
g 5 Il 0 0
2 4 [\ (=7 5 14
o, /2 A ==, 16 14
5 / \ 24 5.5
!_‘ 25 8.3
g) ’/ ‘ﬁ-....______-_!‘— 27 4.5
0 30 60 o0 |28 1
70 0

time t (min)

From ECSC Project: Demonstration of real fire tests in car parks and

high buildings.

30
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Localised Fire: HESKESTAD Method
Natural Fire Model

Annex C of EN 1991-1-2:
» Flame is not impacting the ceiling of a compartment (L; < H)
* Fires in open air
O, =20 +0,25 (0,8 Q)3 (z-z,)>"* < 900°C

|
Flame axis

/{//////////////////l.’////////////////////

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

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

V244

31
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Localised Fire:HASEMI Method
Natural Fire Model

universidade ae aveilro

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

Flame axis
Ly

- >

-d—rh-l

V1P TSI IIIITIIIIIIIIIIIIIIII V4 III SIS III TIPS II 11144

_,_._..-,-ﬁ-\\ o~

7

32
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Localised fires in a car park
Five fire scenarios

)

] ]_: I 1 :_E' |]_: '
Z TN\
P | Fire Scenario 2| < | Fire Scenario 4] P
— | Fire Scenario 3| | Fire Scenario 5|
A~ )
R . N N
| Fire Scenario 1] > <
START il =4 sTART
| | i e
1T« 1T e Iy = 1T 1T

20x2.40m

Height: H=2.7m

Diameter of flame: D=3.9m

Steel Beams: IPE 500

7

16.00 m

33
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Localised fire
Rate of heat release of four burning cars

Curve of the rate of heat release of each car. A delay of 12 minutes
between each burning car.

—— 1st car
— — 2nd car
----3rd car
— - - 4th car

Q(MW)

0O 10 20 30 40 50 60 70 80 90 100

Time (min)

From ECSC Project: Demonstration of real fire tests in car parks and
high buildings.

34
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Two Localised fire models
Flame length

Heskestad Method
IfL.>H = Hasemi method has to be used Flame axis

AL L L Ll L L s

IfL,<H = Heskestad method has to be used !
=101 %] H

I K

ST 7 7777777

s /\ +—+D

— P Lergin 09 Hasemi Method
24 — Ceding (H)

164 I—h .,
P Flame axi§

= R —— .

Height [m]
b
o

///////////////////

1] . . ' - - - |
1] 10 0 i 40 50 B0 i i /-\_—'\-— -

T irmies [ |

H i

|

Maximum flame length 4 85 m
The temperature of 540.0 *C m reached after 16.9 mnutes

[ oeck | manwen | .. /‘y/////////////////
Program Elefir-EN +—+D

l
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Hasemi method
Horizontal distances

r
n-mbnmhﬂﬂhh-dnpmmuhh
- edd

Program Elefir-EN

I 9, [ = \/d12 + d22

36
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Temperature development
Gas and steel temperture

6 universidade de aveiro

Scenario 1: unprotected steel

(0, 0 = 710.9 °C)

2
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Scenario 1: protected steel

(0, max = 927 °C)
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Parametric fire. Needed parameters
Natural Fire Model

universiaade de aveliro

Fire load density - Q4 )
Opening factor-  O=A,vh/A  } Temperature 6 = 0(t)

Wall factor - b=/ pcA )

A, - area of vertical openings; A, - total area of enclosure

Limitations :

* Afoor < 500 m?

* No horizontal openings

eH<4m

« Wall factor from 1000to 2200

* Fire load density, g, 4 from 50 to 1000 MJ/m? %8
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Parametric Fire
Natural Fire Model

universidade de aveiro

Annex A of EN 1991-1-2
1000

0=006mY2 | .
: '0=0.05m"?  0=002m
800 - K
600 - ‘ 3 3 3
[°C]
400 - | ‘ ‘
0=0.14m"?
200 1 ‘
&— 0=01m"?
0\ I I I I i i I I I I
0 10 20 30 40 50 60 70 80 90 100 110
[min]
—— Ventilation controlled fires —— Fuel controlled fires

Parametric fire curves function of - O
For a given g4, b, A;and A;

39
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Parametric Fire - Influence of the Actives Fire Safety Measures

Natural Fire Model

No Fire Active Measures

Off Site Fire Brigade

Safe access routes

Automatic Fire Detection & Alarm by Smoke

Fire fighting devices

Automatic water extinguishing system - Sprinklers

Automatic akarm transmission to fire brigade

1567 = 511x0,8x1,14x1x
IxIxIx1x1x1x1x1,5x1,5x1,5

511

397 =511x0,8x1,14x1x
1x1x1x0,73x1x1x0,78x1x1x1,5

210 =511x0,8x1,14x1x
0,61x1x1x0,73x0,87x1x0,78x1x1,5x1,5

Office

A, = 45,0 m?
O =0,08 m12
0 = 511 MJ/m? N
m =0,8

1000 -

800 -/

600 +

Temperatura (°C)

40

20

Tempo (min)

60 70 80
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Fire Design of Steel Structures
Four steps

universidade de aveiro

1. Definition of the thermal loading - EC1

3. Calculation of temperature evolution within the structural
members - EC3

4. Calculation of the mechanical behaviour of the structure
exposed to fire - EC3
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Actions on Structures

universiaagae ae aveiro

Actions for temperature analysis
Thermal Action

FIRE

Actions for structural analysis
Mechanical Action

Dead Load G
Imposed Load Q
Snow S

Wind wW

42
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Actions on Structures

universidade de aveiro

v

43
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Combination Rules for Mechanical Actions
EN 1990: Basis of Structural Design

universigaagae de aveliro

« At room temperature (20 °C)

2V O Vo Quut 27,0, Q.

ji>1

e |n fire situation
1. Fire is an accidental action.

2. The simultaneous occurrence of other independent
accidental actions need not be considered

ZGk,l u '7”2,1) . Qk,l + ;wzi ) Qk,i _I_ Ad

ji>1

v, , Qg1 — Frequent value of the representative value of the variable action Q,
v, , Q¢ — Quasi-permanent value of the representative value of the variable action Q,

A, — Indirect thermal action due to fire induced by the restrained thermal expansion
may be neglected for member analysis
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Combination Rules for Mechanical Actions
EN 1990: Basis of Structural Design

26, +(w,0uy,.)Q,+2y,, -Q, +A

ji>1

Action V1 L&
Imposed loads in buildings, category | 0.5 0.3
(see EN 1991-1-1)
Imposed loads in congregation | 0.7 0.6

areas and shopping areas

Imposed loads in storage areas 0.9 0.8 v
vehicle weight <30 kN 0.7 0.6 In some countries the
_ _ National Annex
30 kN < vehicle weight < 160 kN 0.5 0.3
recommends ¥,,Q,, so
Imposed loads in roofs 0.0 0.0 that wind is always
Snow (Norway, Sweden ...) 0.2 0.0 considered and so

Wind loads on buildi a horizontal actions are
e oot on pHTAIne® T 0.0 always taken into

account 45
t 7]
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Fire Design of Steel Structures
Four steps

1. Definition of the thermal loading - EC1

2. Definition of the mechanical loading - EC0O +EC1

4. Calculation of the mechanical behaviour of the structure
exposed to fire - EC3
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Thermal response

Heat conduction equation

a(kae%a kae +Q=pcp@
ox\_ ox) oy\ oy ot

Boundary conditions

dc. =h.(0—06,) convection

dr =Be(6 —63) = Pe (6% +62)(0+6,)(6-6,) =h, (6-6,) radiation
h,

r

47



o coskE

Thermal response

universiaade de avelro

Temperature field by Finite Element Method — After 30 min. ISO

8(K89)+8 Kae +Q:pcp89
ox\_ ox) oy\ oy ot

Concrete (30x30 cm2)

819.805088

T63.1225

786 .3958

649,667

592.94008

536.2125

479 . 48508

422 .7575

366.083008

3@89.30825

292.3708

195.8475

139.12008

82.392508

25.66500

Note: this equation can be
simplified for the case of
current steel profiles

48
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Temperature increase of unprotected steel

Simplified equation of EC3

Temperature increase in time step At:

Am/v'
sh

Ae — hnet,dAt

at —

CaPa

Heat flux hnet’d has 2 parts:

Radiation:

Fire Steel
temperature ee

Q temperature
&a ﬁ \ / __Steel

Nnetr = 5,67x10 8 Dge, ((er +273)* - (6,, + 273)4)

Convection:

hnet,c = U¢ (99 — em)

49
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Section factor A.,/V
Unprotected steel members

| universidade de aveiro

|

perimeter
c/s area

exposed perimeter

c/s area

2(b+h)

c/s area 50
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Correction factor for the
Shadow effect k.,

For I-sections under nominal fire: kg, = 0.9 [A,/V],/[A,/V]
In all other cases: kg, = [A,/V],/[A/V]

For cross-sections convex shape: kg, =1 O

[A/V], - Section factor as the profile has a hollow encasement fire protection
-y - —

2(b+h) 2h+b
c/s area c/s area

51
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Nomogram for temperature
Unprotected steel profiles
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Nomogram for unprotected steel members subjected to the ISO 834 fire
curve, for different values of kg, - Am/V [m-1]

o0 e ! : LOeT- r A/AE/A/‘( l‘/\/lifj\/{{
” i i e A
S 5 =il X
700 N BT P P
V'
~E
Ay Yl
Vel W
pad o5
600 )2 N >
yid . N
< /<VV
//
e A
500 Y 4 o
) v P
g yd
2 4 Wﬁ’v —e—400m-1 |-
& 400 ¥l —o—300m-1 [
s o
£ l ——200m-1 ]
@ ' Nl L
F 200 = o —O—100m-1 [}
—+—60m-1 [_|
—A—40m-1 [7]
200 ——30m-1 ]
—2%m1
; ——20m-1
100 +—/m -
N —o—15m-1
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o R 50
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Structural fire protection
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Passive Protection

Insulating Board
Gypsum, Mineral fibre, Vermiculite.
Easy to apply, aesthetically acceptable.
Difficulties with complex details.

Cementitious Sprays
Mineral fibre or vermiculite in cement binder.
Cheap to apply, but messy; clean-up may be expensive.
Poor aesthetics; normally used behind suspended ceilings.

Intumescent Paints
Decorative finish under normal conditions.
Expands on heating to produce insulating layer.
Can be done off-site.
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Structural fire protection

Columns:

---: Air gap
| owver
| flanges

m

Profile Hollow Hollow

Beams:

|1 Air gap
over

; bottom
| flange

(a) {b) {c)

{a) - Spray or intumescent
(b) - Board
(c) - Board
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Structural fire protection
Intumescent paint
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Structural fire protection
Cementitious Sprays

universidade de aveiro
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Structural fire protection
Insulating Board

& universidade de aveiro
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Temperature increase of protected steel
Simplified equation of EC3

Fire
temperature

e Some heat stored in
protection layer.

_ _ Steel
» Heat stored in protection layer temperature
relative to heat stored in steel
o =20 g Be ﬁ Steel
P ee
CaPa =V
Protection
« Temperature rise of steel in time d
increment At P

58
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Section factor Ap/V
Protected steel members

universiaade de aveliro

A ldf A
Aea.t: P i
CaPa\ Vv

_ iInner perimeter T
Steel perimeter of board 2(b+h)

steel c/s area steel c/s area c/s area
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Nomogram for temperature
Protected steel profiles

Nomogram for unprotected steel members subjected to the ISO 834 fire
curve, for different values of [A /V][A/d,] [W/Km3]

800 ¥ | o

» P 2N R NN e S e :/A, ______________ -
e
700 g e — .
600
500 | .
G —— 2000 W/Km3 [0
g —0— 1500 W/Km3
& 400 —a— 1000 W/Km3
g —2— 800 W/Km3
F 300 —=— 600 W/Km3
—0— 400 W/Km3
200 —e— 300 W/Km3
—0— 200 W/Km3
w00 BT ek 100 W/Km3
0 4
0 60 120 180 240

Time [min.]
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Fire Design of Steel Structures
Four Steps

ﬁ universidade de aveiro

1. Definition of the thermal loading - EC1

2. Definition of the mechanical loading - ECO +EC1

3. Calculation of temperature evolution within the structural
members - EC3
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Degree of simplification of the structure

Wy
— @ \W\W/é
W] 4 G S

Analysis of: a) Global structure; b) Parts of the structure; ¢c) Members
62
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Mechanical properties of carbon steel
Stress-strain relationship at elevated temperatures

L

Stress o

.
10 €u6  Strain €

=15% = 20% .
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Mechanical properties of carbon steel

Stress-strain relationship at elevated temperatures
Stress (N/mm?)

¢ Strength/stiffness reduction 300
factors for elastic modulus I
. 250
and yield strength (2% total
strain). 200}
¢ Elastic modulus at 600°C 150 }

reduced by about 70%.

100 [¥:
¢ Yield strength at 600°C
reduced by over 50%. 50

0 0.5 1.0 1.5 2.0
Strain (%) 64
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Reduction factors for stress-strain relationship of carbon steel

at elevated temperatures

Reduction factors at temperature 6, relative to the value of f, or E,

at 20°C
Steel Reduction factor Reduction factor Reduction factor
Temperature (relative to fy) (relative to f,) (relative to E,)
for effective yield | for proportional limit | for the slope of the
o strength linear elastic range
k 0 = fye/f kpe = fpe/fy kEB = EaelEa
20°C 1,000 1,000 1,000
100°C 1,000 1,000 1,000
200°C 1,000 0,807 0,900
300°C 1,000 0,613 0,800
400°C 1,000 0,420 0,700
500°C 0,780 0,360 0,600
600°C 0,470 0,180 0,310
700°C 0,230 0,075 0,130
800°C 0,110 0,050 0,090
900°C 0,060 0,0375 0,0675
1000°C 0,040 0,0250 0,0450
1100°C 0,020 0,0125 0,0225
1200°C 0,000 0,0000 0,0000

%

of the value at 20 °C

Yield
Strengt

ky,e - fy

—Young

Modulus kg, =E,

A\

G/Ea

300

600

900
Temperature (°C)

1200
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Checking Fire Resistance:

Strategies with nominal fires
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RE,

Rfi g
2 1 Efid
1 S
"t
Ui requ L5 g
04

1. Time:
i = Lirequ

2. Load resistance:

Riiat > Eiig

3. Temperature:

9d < ecr,d

66
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Checking Fire Resistance:
Strategies with natural fires

9cr,d

A\

1. Load resistance:
Rii gt > Eji g

collapse is prevented during the
complete duration of the fire
including the decay phase or
during a required period of time.

2. Temperature:
ed < ecr,d

collapse is prevented during the
complete duration of the fire
including the decay phase or
during a required period of time.

Note: With the agreement of authorities,
verification in the time domain can be also
performed. The required periodo of time
defining the fire resistance must be accepted
by the authorities.
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Checking Fire Resistance:
Strategies with natural fires

§ universidade de aveiro

The Load-bearing function is ensured if collapse is prevented during the
complete duration of the fire including the decay phase, or during a required
period of time.

R.E 4 R.E 4

Réid, t /
= Eti g
~——

N,
Vel

t

— >
t]fi,requ tfi,d 1:fi,requ

Collapse is prevented during the Collapse is prevented during a
complete duration of the fire required period of time, ti; .
Including the decay phase. 68
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Design procedures
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O Tabulated data (EC2, EC4, EC6)

O Simple calculation models (All the Eurocodes)

O Advanced calculation models (All the Eurocodes)
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Eurocode 2: Tabulated data
Fire resistance of a RC beam

L

V

=
=

rsidade de aveiro

Table §.5: Minimum di mensions and axis distancos for simply supporied beames
made with reinforced and prestressed conorete

Stndard fire
resistancs Bdirirmum dirmen o (mm |
Pomsibde combirmfons of a and b, Wb Suckness b,
wham ais e average ais
disd v By, it e widh o Clhass Wa Chs='W8E | Chs=WC
beam
1 2 3 4 A i 7 ]
120 160 | 200 & &0 0
pal 15 15*
160 | 2004 300 1ad &0 100
- 25
R 4 b= 150 | 200 | 300 | 400 11d 100 100
a= &5 45 40 35
b) R120 | beo=200 | 240 | 300 | 500 130 120 120
a= G5| &3 a5 S0
400 | &0d 150 150 140
] i
R240 b= 280 | 350 | 500 | FO0 1740 170 160
a= 90| &l Fi<] a
= a+ 10mm (e e
e
Far presfressed beams the inoreass of aos distance accamrding to 52§5) shauld be nated.
By 1% e e distance i the side of baam for e comarbars (o fendon o wire | of
beams with anly one Byer of rarmfarcement. Far values of by, greater $an th
given in Calurmn 4 na inores e af 4,4 1S required.
* Narmally e cowver required by BN 1992-1-1 will canfral.

300
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Eurocode 4: Tabulated data
Fire resistance of a RC column

Table 4 4: Minimum cross-sectional dimensions, minimum concrete cover of the steel section and
minimum axis distance of the reinforcing bars, of composite columns made of totally
encased steel sections.

ﬁ//?

he

_ ﬁ; Usg Standard Fire Resistance

CLLLLTRLRL R

?‘.-
g
#

T i

| b U 300257
I

R30 | R60 | R0 JR120 | R180 | R240
1.1 Minmum dimansons hc and b [mm] 150 180 220 00 350 400 R 120
121 minimum concrete cover of stesl section ¢ [mm] | 40 [ 30 2 3 3 3
1.3 jminimum axis distance of rinforcing bars ug [mm] | 29 40 ey 40 20 a0
ar
2.1 Mirimum dimansians he and be [mm] - 200 250 450 400 -
2.2 | minimum concrata cover of steal section ¢ [mm] - al " =0 &0 -
2.3 | minimum axis distance of reirforcing bars ug [mm] | - =0 20 40 40 -

MOTE: "1 Thasa values hawve 1o be checked according to4.4.1.2 of EN 1892-1-1
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Design procedures
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O Tabulated data (EC2, EC4, EC6)

O Simple calculation models (All the Eurocodes)

O Advanced calculation models (All the Eurocodes)
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Eurocode 4: Simple calculation model
Sagging moment resistance of a composite beam

N universidade de aveiro

Compression
b, +
}4 o > ohe 0c(X) foo0ec /7w fic F
hc b2 v A fay,az /7/M,fi,a ______ +__
T ° 0 T oy
h N {ew hw Ow fay,Bw /7/M,fi,a T
— S e1 01 L‘ yT
bl fay,al /7M,fi,a
Tension

. T'(Ye-YT)
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Eurocode 2: Simplified calculation model
500°C isotherm method

Damaged concrete, i.e. concrete with temperatures in excess of
500°C, is assumed not to contribute to the load bearing capacity of
the member, whilst the residual concrete cross-section retains its
initial values of strength and modulus of elasticity.

- Tl T=="]
—— |§| I-u.-— = Ir 8 @& -f = I
o —— ! —- -
500:C_-=! "~ c00C o '
— | d=d U — 4 [
—- I | = ™ | -
| | — | | —— O d
— il | |
— | -
— | -
- !._-. Lt - ] i
N L. R W NP RN §
VAl B P W AN e I
b N R B AN
_ b
™ b
-Tension @ - Compression
a) fire exposure on three sides b) fire exposure on three sides with 7

with the tension zone exposed the compression zone exposed
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500°C isotherm method — RC beam
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Eurocode 2: Simplified calculation model

300

280

500°C 260

240

220
200
180
160
T=300°C «_ **
120

100

80
60 -

40

20

0

3
80Q
S0

\

— |

—

—

0

20

40

60

80

100 120 140

Temperature profiles
from Annex A

Effective section

T=100°C
T=200°C
R60 s



o coskE

Eurocode 2: Simplified calculation model
Sagging moment resistance of a RC beam

UMYETSIAZKI2 (A€ tV QIS

77fcd,ﬁ(20)
Fs= Aslfscd.fi(an)
ﬂXbﬁfcd,ﬁ(ZO) -+ T
'S
7 Mul + Z' Muz
As 1lsd fi s = Aszlsd,fi
o000 y ¥V Aafar(Gr) y Fs= At 6h) ¥
br
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Eurocode 3: Fire Resistance:
Tension members -1

universiaagae ae aveiro

% of the value at 20 °C

1 Factor de
\/reducéo
» The design resistance of a tension .8 \ Kyo=T,0/ T,
member with uniform temperature &, .6 \
iS: j 4 \\
2 \
\

Nfi,e,Rd :ky,eAfy/ T\, fi 0 300 600 900 1200
Temperature (°C)

or

Nfi,e,Rd = ky,eNRd [Ymo / VM,fi]

Nrq = design resistance of the cross-section N 4 .,
for normal temperature design



o coskE

Eurocode 3: Fire Resistance:
Compression members with Class 1, 2 or 3 cross-sections - 1

« Design buckling resistance of a

_ N universidade de aveiro

compression member with uniform N Ak f 1
temperature 0, iS m— bfi6Rd = i y.0ly Yais
With
. 1
fi — — Bracing system
¢e+\/¢92_7\'92 g5y

¢9:%[1+OLX9+X92:

>
o =0.65,/235/ fy (CUM)
>

 Non.dimensional slenderness:

Ay = X\/ky,e [Ke o
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Eurocode 3: Fire Resistance: Laterally restrained beams with
Class 1, 2 or3 cross-sections with uniform temperature - 1

universiaagae ae aveiro

* The design moment

resistance of a Class 1, 2 or y

Class 3 cross-section with a _ MO
_ _ — I\/Ifi,e,Rd — I\/Ideye

uniform temperature Hals: TM fi

Mgrq = M, g — Class 1 or 2 cross-sections

Mgrg = Mg rq — Class 3 cross-sections

79
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Eurocode 3: Fire Resistance: Laterally restrained beams with
Class 1, 2 or 3 cross-sections with non-uniform temperature - 2

universiaagae ae aveiro

Adaptation factors to take into account
a®, the non-uniform temperature distribution

4 Moment Resistance:

% Y 1
4 Mfi,e,Rd = Mdey,e( M J
Tmfi ) K1K2

K is an adaptation factor for non-uniform
temperature across the cross-section

Temp

K;=1,0 for a beam exposed on all four sides
K;=0,7 for an unprotected beam exposed on three sides

K;=0,85 for a protected beam exposed on three sides *
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Eurocode 3: Fire Resistance: Laterally restrained beams with

Class 1, 2 or 3 cross-sections with non-uniform temperature - 3
Adaptation factores to take into account
the non-uniform temperature distribution

G i@l  Moment Resistance:
— N AL \__ -
1
w w w w w 6‘% Mfi,e,Rd:Mdey,e Tvo
Tmfi ) Kak2
I, 1s an adaptation factor for non-uniform temperature along
the beam.

K,=0,85 at the supports of a statically indeterminate beam

K,=1.0 in all other cases
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Eurocode 3: Fire Resistance: Laterally unrestrained beams - 1

universidade de aveiro

Fixed

Unloaded position

.
]
.
\ )
. n
AV}
. e
L)
. .
A\
. .
. \’ \.
» A
. LY
.. LU
Cht} . .
LR A ¢
e S
LR AV )
0 O
- . . .
. . .
.. LR
Che) .
.. A
[ e
0
Buckled position ¢

Applied load

Lateral-torsional buckling
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Eurocode 3: Fire Resistance: Laterally unrestrained beams - 2

« Design lateral torsional buckling
resistance moment of a laterally

unrestrained beam at the max. 1
. 4] : M b.fi.o.Rd — ALT. flwyky 6.com 1:y
temp. in the comp. flange U, IS =» VM f
*  YA.1si the reduction factor for lateral- = 1
torsional buckling in the fire design R #1007 ocoml’ ~ At g.om ]’

situation.

ﬂ“LT .0.com /1 k y.6.com / kE.6’.com

o =0.65,/235/ f,
SRS e

1 _ _
¢LT ,6,com — E [1+ aﬂ’LT ,6,com + (/1LT ,0,com)2]
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Eurocode 3: Fire Resistance
Shear Resistance

Design shear resistance

™m0
Vfi,t,Rd = ky,e,webVRd (—j

Tmfi
Vg IS the shear resistance of the gross cross-section
for normal temperature design, according to EN 1993-1-1.
9web IS the average temperature in the web of the
section.

ky,e,web IS the reduction factor for the yield strength of steel
at the steel temperature 6

web*

84
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Eurocode 3: Members with Class 1, 2 or 3 cross-sections,
subject to combined bending and axial compression -1

universiaagae ae aveiro

Without lateral-torsional buckling

Class 1 and 2
I\Ifi,Ed : n ky I\/Iy,fi,E(} + kz I\/Iz,fi,E(::: <1
Xmin,fi A ky,e e Wpl,y ky,e e Wpl,z ky,e e
T M fi T M fi ¥ M fi
Class 3
I\Ifi,Ed f n ky |\/Iy,fi,Edf n kz I\/Iz,fi,Edf <1
Xminfi A ky,e 7 VVel,y ky,e T W), ky,e L

Y M, fi Y M, fi Y M, fi

85
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Eurocode 3: Members with Class 1, 2 or 3 cross-sections,
subject to combined bending and axial compression - 2

universidade de aveiro

With lateral-torsional buckling

Class 1 and 2

Nrieg — Kt My figq — K, Mz,fi,Edf <1
Xzfi A ky,e e XLT fi Wpl,y ky,e T Wpl,z ky,e 7
M, fi M fi M, fi

Class 3

Nrieg s Kir My sigd s K; M, figq <1
f <
y

fy fy
Kz fi Aky,e —— XLT/fi Wel,y ky,e —— Wy, ky,e —

Y M, M, fi M fi

86
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Eurocode 3: Fire Resistance
Members with Class 4 cross-sections

Two procedures:

1. In the absence of calculation a critical temperature of 350 °C
should be considered (conservative results).

2. Alternatively use Annex E, considering the effective area
and the effective section modulus determined in
accordance with EN 1993-1-3 and EN 1993-1-5, i.e. based on
the material properties at 20°C. For the design under fire
conditions the design strength of steel should be taken as
the 0,2 percent proof strength instead of the strength
corresponding to 2% total strain.

87
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Eurocode 3: Fire Resistance
Design yield strength to be used with simple calculation models

universi

s 2l i - .
dade de aveiro

Cross-sectional Class 1, 2 and 3

‘ Tensao o
f

\ 4

y,0
fp0.2, 0

Cross-
sectional Class

p,o

4
Annex E of
EN 1993-1-2

A

L

0,2% ¢

€ u,0

Extensio ¢
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Eurocode3: Fire Resistance
Concept of critical temperature - 1
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The designer should
Crlt 2 C”t 1 provide the owner with

value of the critical

temperature, so that the

thickness of the fire
protection material can be
defined in a more

0... economical way.

— Note: the concept of critical
a temperature should only be
used if uniform temperature
In the cross-section is

adopted. 89
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Eurocode 3: Fire Resistance
Concept of critical temperature - 2

universidade cde

o

> dve

— The best fit curve to the points of this table can be obtained as: —

\ 4

Reduction factors at temperature 6, relative to the value of f, or E,
at 20°C
Reduction | Reduction Reduction Reduct_ion factor
Steel fac_tor fac_tor factor (relative to fy)
Temperature | (relative to | (relative to - for the design
(relative to E,)
) . ) for the slope of strength of
6, for effective for : hot rolled and welded
- : the linear . ;
yield prop_ort_lonal elastic range thin walled sections
strength limit (Class 4)
ky. =T, Jf, kpﬂ:fpﬂ/fy Ke,~Ea dEa k0.2p,¢9:f0.2p,9/ 1:y k
20°C 1.000 1.000 1.000 1.000 _ ».e
100 °C 1.000 1.000 1.000 1.000
=] 200°C 1.000 0.807 0.900 0.890
300 °C 1.000 0.613 0.800 0.780
400 °C 1.000 0.420 0.700 0.650
500 °C 0.780 0.360 0.600 0.530
600 °C 0.470 0.180 0.310 0.300
700 °C 0.230 0.075 0.130 0.130
800 °C 0.110 0.050 0.090 0.070
900 °C 0.060 0.0375 0.0675 0.050
1000 °C 0.040 0.0250 0.0450 0.030
1100°C 0.020 0.0125 0.0225 0020
1200 °C 0.000 0.0000 0.0000 0.000
NOTE: For intermediate values of the steel temperature, linear interpolation ma
be used.

0,482

K, , =10.9674| e 3919 41

Y,

_%.833

<1

Table 5.2

O

0 200 400 600 800

Temperature ["C]

1000

1200
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Eurocode 3: Fire Resistance
Concept of critical temperature - 3

§ universidade de aveiro

0,482 a3
Ky o= {0.9674 {e I 4 1} <1

0

a,.cr (ky,e )_l

0

a,cr

:39.19In[

|

—1|+482
09674k, ,>** ]

91
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Fire Resistance:
Concept of critical temperature for a member in tension -1

universiaagae ae aveiro

R’EA

Nfirdt = Nfigq | Collapse

/ |\Ifi,Ed

v
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Eurocode 3: Fire Resistance
Concept of critical temperature for a member in tension - 2

universiaade de avelro

- Resistance at normal temperature: 7

Nrg = Afy/Ylvlo 9 D

- Resistance in fire situation:

Nfi rg = ‘@ M i

<1

|\Ifi,Ed
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Eurocode 3: Fire Resistance
Concept of critical temperature for a member in tension - 3

universiaagae ae aveiro

R,E A 4
/)

Nfi rd ¢ Nfira.t = Nfied

S | PP

Collapse occurs when:

Nfi,Rd,t = Nfi,Ed

I ] | t
tfi,d

Aky,efy/YM,fi — Nfi,Ed :> ky,e = Nfi,Ed / (Afy/YM,fi)

L /
i

|\Ifi,Ed

v
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Eurocode 3: Fire Resistance
Concept of critical temperature for a member in tension -4

| _ ky,e N gq / (Afy/YM,fu)
By interpolation
Reduction factors at temperature ¢, relative to the value of f, or E, @
at 20°C
Reduction | Reduction Reduction Reduct_ion factor
Steel fac_tor fac_tor factor (relative to fy)
Temperature | (relative to | (relative to - for the design
fy) fy) (relative to &) strength of
o, Y for the slope of
6, for effective for : hot rolled and welded
. . the linear - :
yield propprt'lonal elastic range thin walled sections
strength limit (Class 4)
ky,f):fy,dfy kp,azfp,dfy kEﬂ:Ea,dEa kO,Zpﬂ:fO.Zp,H/ fy
20°C 1.000 1.000 1.000 1.000
100 °C 1.000 1.000 1.000 1.000 O r
200°C 1.000 0.807 0.900 0.890
nhnen ©onn 0.613 0.800 0.780
6. Kk 0.420 0.700 0.650
a, cr y.0 0.360 0.600 0.530
600 °C 0.470 0.180 0.310 0.300
700 °C 0.230 0.075 0.130 0.130
800 °C 0.110 0.050 0.090 0.070
900 °C 0.060 0.0375 0.0675 0.050
1000 °C 0.040 0.0250 0.0450 0.030 1
1100 °C 0.020 0.0125 0.0225 0.020 0, =39.19In —11+482
1200 °C 0.000 0.0000 0.0000 0.000 ' 0’967ik 9?533
NOTE: For intermediate values of the steel temperature, linear interpolation may Y,
be used. —
N fi,Ed
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Eurocode 3: Fire Resistance
Concept of critical temperature for a member in tension - 5

1
Oacr —39-19'”[(),967 3,833 ‘1]+482 Kyo = Niiga / (Afylrysi)

AN

Eurocode 3
1
Oy o =39.191n — —1|+482
| 0,9674 115} N

Efi,d |\|fi,Ed

Efi d . >
— =k For the case of tension My = =
V.o ’ Rfid.0 Afy /7M,fi

Hy =

Rfi,d,O

96
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Checking Fire Resistance in the temperature domain:
Strategy for nominal fires.
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Temperature @ g« eeeeeeereeeeeaneetnteepnesaraeeaansaasasaagesenresenanetensssensansesserasssrasesansanen eeeeee e
p : : : : : :

: : : . : .

. . . H H

_Unprotected
section

ceesscsscsns essescesccncccscesccscgloceccetocsccrceescnscescescesmncsescessescesscscceschocescesscsccescessosseoscescessessessccscesceloceccrsccscoscen

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

Protected
section

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

requ time

__:> gd < Hcrit
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Checking Fire Resistance in the temperature domain:
Strateqgy for natural fires

Temperature

eméx
ecrit n

9m ax

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

fweg

PR L P Y A T D T LT L T T Y P P PP

ceceesscsscsscscns wessesscsscsens secessdccessstectsstctssttcessscccessscccssscccssscborssctcnsssccnas

Protected

. .
..........................................................................................
- . -~ :

section

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

time

* - or using active fire
fighting measures
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Checking Fire Resistance in the time domain:
Strategy for natural fires — if accepted by the authorities

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

Temperature ....................... §. .......... Natural §
...................... Unprotected
‘ : section 5

universidade ae aveilro

Y A AT T ey Y LR D Py

.

ecrit 7

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

section

.
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Design procedures
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O Tabulated data (EC2, EC4, EC6)

O Simple calculation models (All the Eurocodes)

O Advanced calculation models (All the Eurocodes)




Advanced calculation models
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FLE:HER240

NODES: 166
ELEVENTS: 108
TEMPERATURE PLOT
TME: 3970

Truss without the possibility of expanding longitudinally
subjected (colapse time 66.1 min)

__*r¢1¢r11rl1r¢1r¢1¢r¢r¢1rl1rl1rl1r¢1¢1l_

Fo ]
] ] ] \ ¥ ¥ ¥ T T 1 / 1 1 ﬂ
il n
b ] ] ] ¥ ¥ ¥ 1 ) ' ) L) L) L) 1 1
w Fid "1
FO Fi
ki

SO0E-01 m

=: | Temperature field in a profile

Diamond 2007 for SAFIR

FILE: PawFCPw1
MODES: 624
BEAMS: 326
TRUSSES: 0
SHELLS: 0
SOILS: 0

IMPOSED DOF PLOT
POINT LOADS PLOT
MSPLACEMENT PLOT { x 10}

TIME: 20 sec
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Examples using different methodologies.
Fire resistance of steel structures
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L Using tables from the suppliers of the fire protection material

Prescriptive approach

O Comparison between simplified calculation methods and advanced
calculation models — Prescriptive / Performance-based approach

0 Cases where it is not possible to use simplified calculation method
Performance-based approach
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Single storey hall — R60

Steel grade S355

A
A
A
A
/) L
7 A 6x14=84m
N &
2.
1.8%%: : Q
sssol V] & ] IPE500
A =7
P 2.75% 24= 66 m R Ocr ="
2 7 Intumescent = ?
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Load combinations

G — Dead load
Q — Live load in the roof
W - Wind

Load combination 1: G +y,;,Q + Yy, W =G +0.0Q +0.0W =G

Load combination 2: G +y; W +y,,Q=G+0.2W +0.0Q =G + 0.2W

104
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Critical temperature for load combination 1

universidade de aveiro

Section N M M q iy Ifiz
) [kN]  [KNm] [KNm] [KN/m] [m] [m]
-139.4 0 135.9 0 16.300 -
IPE 500
-139.4 0 0 0 : 4.075 _
IEIET Program Elefir-EN
File Tools Help 4 Bending and Compression - IEIIﬂ
Fire design File  Tools Help
according to EC3 F’roject name- I
Profile: [lPE +| Cross-section] P s00 7| Stesl: [s3zs =
Buckding: System length: ——— — Buckling coefficients:
" Element submitted to tension r bout v - X
" Element submitted to compression = T Ly = IE‘I&D mm about y -y axis: | yfifL= |2
* Element submitted to shear " about z -z s ! I
" Element submitted to bending {* about y -y or z - z axis Lz= I‘M]?5 ] gboutz-zads: lzfi/l= I-I
" Element submitted to bending and axial force (cross-sectional verification) e T m—
* Element submitted to bending and compression ) ) )
" Element submitted to bending and shear Design axial compression load: Nb'ﬁ'Ed= 1359 =
: . _ — Bending diagrams
X Almtrnaiur About minor sxis _Define |
—Carbon Steel

* Use interpolation on the table 3.1 from EN 1993-1-2 {recommended)

" Use the expression (4.22) from EN 1593-1-2

— Calculation:
+ Critical temperature function of the loads
" Fire resistance time functicn of the lvads

r— Stainless Steel

Interpelation on the tables of Annex C from EN 1993-1-2 will be used

cos |

. Buckling resistance function of time

. Buckling resistance function of steel temperature

Main Menu |

Mext |
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Critical temperature for load combination 1

7 Loads =0 =]
File  Help
=101 x|
View  Help
— Select load:
MNo moments about the major axis
(My figs =0) IPE 500 [Class 1)
{* End momei M1
£ Moments due to in-plane lateral loads Buckling resistance of the element
-1=y <1 Critical temperature: 656.0 °C (Reduction factor, ky g 0.336)
=i0ix
File  Help Resistance of the cross-section

Critical temperature: 746.3 °C (Reduction factor, kyg: 0.174)

Critical temperature used in the next calculations: 656.0 °C

M1
: s

My (Gor<0)= |[1359 kMNm

e Critical time

I"-I'I2 (2or=0)= ID kMNm
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Section N M, M, g Ifi'y Ifiyz
- [KN]  [KNm] [kNm] [kN/m] [m] [m]
-135.9 0 170.9 0.69 16.300 -
IPE 500
-135.9 0 0 0 - 4.075
e
File Tools Help
Profile: ||PE vl Cr{:ss-se{:ﬁonl IPE 500 j Steel: |5355 j
Buckling: System length: ——— — Buchking coefficients: —————————
" about y - y axis _ P ] [
£ about 2.~ 2 s Ly= |515‘|] mm abouty -y ads: | ysi/l= |2 Fle Help
* about y -y or z - z axis Lz=|4ﬂ?5 mm about z-zads:  lzdi/l= |1
. -
— fuial force A
Design axial compression load: Ny fi,5d= |1-?'55|'-‘l kM — Select load: -
—
— Bending diagrams ) ) Ma
M nts about the 4
About major axis About minor axis ~ Define o (;yTE:'i 0) 2 majer axas
SR _I A J AM
— Lateral torsional buckling verfication: —x
. : " End moments Mo
= lateral torsional buckling allowad? " Yes (% Mo
Length between lateral restraints: 4075 mm " Moments due to in-plane lateral loads . 1 A
Loading: | [Define | o
— Calculation: = M;Imenn;s due to in-plane lateral loads Ma T
and end moments
%" Critical temperature function of the loads AM
" Fire resistance time function of the loads
o Buckling resistance function of steel temperature T MQ T

{~ Bu ckling resistance function of time

Back | MNeat |




1 Moments due to in-plane lateral loads and end moments - 0] x|
File  Help
I'u'|1 rI-'11
—T— —r" I
+ ¥ Distributed loat  Fle Tooks Help
Ma bl i (" Concentrated lc  Profile: [PE ~] Cross-section]ipE 00 x| Steel: |s3ss =l
n M, Buckling: ———— [~ System length: — [~ Buckling coefficients:
 about y -y axds
= |315|] -y &ds: i/l= |2
MEM A  about 2 -2 &xis Ly mm gbouty -y =ds: | yfi/L
M Wa T R e Lz=|-ﬂ}_f"5 mm gbout z -z ads:  lz5/l= |1
Ma : — Auial force
Design axial compression load: Npsiga= 1323 kM
= |E1 50 mm AM= — Bending diagrams
qpea” Iﬂ.Eﬂ' kNim MQ _ About major axis About minor axis  Define |

— Lateral torsional buckling verfication:

M1 (zor<)= I'I?{ll_ﬂl kMm Bm= 1.783 Is lateral torsional buckling allowed? . -'@

MZ (zor<0) = Iﬂ. kMNm ] — I 70.900 kMm Length between |ateral restraints: mm
Loading:  Define |

Back | N — Calculation:

% Critical temperature function of the loads
" Fire resistance time function of the loads

i Buckling resistance function of steel temperature

8 Buckling resistance function of time

Main Menu | MNext |
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Critical temperature for load combination 2
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Critical temperature of the column IPE 500

0, ¢ = MIN(656 °C; 638 °C) = 638 °C
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Critical time with ISO 834
Using Elefir-EN

universidade de aveiro

{ Elefir-EN
File Tools Help

=101

Fire design
according to EC3

Project name: |

Element submitted to tension

Element submitted to compression

Element submitted to shear

Element submitted to bending

Element submitted to bending and axial force {cross-sectional

Element submitted to bending and compression

00 000D

Element submitted to bending and shear

]

Temperature function of time

0l

Time function of temperature

“ersion: 1.1.23

Somwans regisiensd.

Safety factors | |:

File Help

" Temperature of fire compartment

* Temperature of fire compartment and steel

[ cancel |

oK

— Profile:

Steel:

Cross-zection: |IPE 500

I Carbon steel

=

Steel temperature: IEEI»E o

Main Menu |

Mext |
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Critical time with ISO 834
Using Elefir-EN

112
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Critical time with ISO 834
Using Elefir-EN

Standard fire curve, IS0 834

tig < trequ = 60 Min ) Fire protection is needed for a
critical temperature of 6, =638 °C 113
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Critical time with 1SO 834
Using Nomogram

yiviareciriacda da auvaire
Liniversidaae ae ave

800

4 Lo K T A
S — = POl B . 3
p e C i T i e T e e O
700 [ Y oA
e in=g W e
S - & et
- AR
638°C i 7 i o
600 LA v d Y
Ju 4 o P P
ud ' X i 4 Nt
Ve X < N
>, pa y X
500 o X s 5
/. X X 4 5
5y i r's v o
& pd
5400 7 4 KL ALK A e soom1 |1
o K A —o— -1 |-
s 7 % < 300m-1 |
£ e AL Vd 4 —=—200m-1 [
(5]
"~ 300 V4 L ——100m-1 [ ]
Y |1 & .
(/‘ A ) 41 4 e ——60m-1 [
AV —&—40m-1 [7]
200 //_/ 4 - —A—30m1 [
4 —25m-1 |7
j i ——20m-1
100 +—/M [
N —o—15m-1
—10m1 [
0 T v e
0 10 ~18 20 30 40 50 60
Time [min.]

ti.a < Lrequ = 60 MiN ) Fire protection is needed for a
critical temperature of 6, =638 °C 114
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Table 3 continused: Thres Sided |-Sacticn Baa
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B0 min N bt 4 comtinissd: Thean Sided Section Beame: 500°C
Bl iniiiiificy
. - Tahln & hree Sided |-Section Beams: S50°C | 0@ B N
BTN BRI B0 friin Lites
ractnr | TRIEKRIES | Cpppg | Thickness | qouy —
lilr|:l1_l_l'l l.l|:|_1_-l- Mﬂfﬂﬂ Thikkress F::::I Thich B i nubes B0 minutcs 120 mnuing
e [(EET] :"'r:.' R up to o up k= ™ :;.:"'" Thick Bection Sectian Seulin
¥ T nom T nin i i fr neex | Factor | Thickniess | Factor | Thickness | dsctor | Thickness
Y A e e P R or | B[ =™ | e ™ | urke | mm | oente | mm
—# e o — | 0234 163 ™
2 Lo :ﬁ E:;: o T T nE ﬁ Ef}g 150 [T | _:IIE 1000 | e | 1144
e - ] . 1 g7 | T | e 13437
5[ noa | g | oo —= | o L e L OB T | 0|0 | iam | e |
55 0 il 1118 6 | asm T aEm oo | 0257 -] . BH REC O I - T
E EE ;:: _ :;i':' ] [(ETE ZIn_ | 0R ﬂ ] E gﬁ 12 15E | 3397
o eI e I NN R 0.a gm —5ig e : :""'5'5 - 383
s GEST] =24 1.5m EL] .34 R oo —E'—ﬁ T i g iae |
T nae | @ | fees T N3 | 355 | 0E [ = L nAe G
i L o ] 0.8 2D u'm‘: E‘é giﬁ_ i 207
— 56 | o | om I Eoa BS | Oa@r | sk | [ g f oo 1 30| 2209 |
= T T T ] [ERE] E IR ) e s gﬁ? ﬁ gas.r
L e 2 =i | ) -?::!l:l EJE E L 0236 % FIE zﬂ T
x Z 371 L. 14
T Eﬂ: = ¥ a TAMG | 3% 15 | &El 45 O |TaEn | 3|
15 .08 25 251 | L1 - £ 1.8 I—he 040 E WE.- ﬁ e
124 GITH PR ZEIT G 0,518 205 Nl {1.11-5'L o ':;.H :-'5'3'5
[FT! .53 FiE] FEFY] ] 11540 am B i Rl 3110
133 0.5 2ad YT iFE] 0482 275 | 1.0 b—as E 1.a20 240 EFTE]
135 3708 Ty T 0| 0sEd | w 2h | i t D) 1A
135 oT3s | =0 A0 136 | d8E FEL PR o e :-" 3 20| a5
145 075 255 a105 gr 1] ] 350 2% a0 kot s 1;2 255 ET
153 077k ) FETE] L] 0648 | 08 23 5 o i L
155 a.rak Ba% 3aza A0 T oy P T
e | gan | _aw A6 165 LT ETE) 25 e =i 1&*5_
e | aaes 1L 1=, v 171z i 28 | 'W"_mm e Lot
170 aaas 85 .73 hE Y b T D
1] it | s I - ey i E'.E!-
Thidkesizica b irbormazeeant anky. Breann with s conesale sl k] a7y [ AT .Eli.'l:l_ — e
Erwna 7 0 05 Rearncd wr o PR —— LS oUEEe

Thichrsaas in inhomasscent ony, Baarns wWidh @ concndn sk,
This Company has sheets for the temperatures: 350, 400, 450, 500, 550, 600, 620, 650 and 700°C



o cosE

Thickness of intumescent painting

universidade de aveiro

60005()0(:,

Table 7 continued: Three Sided |-Section Be

ke D

A 4
/ (Eﬂ minutes 90 minutes 120 minutes
e — 6 3 8 0 C Section — ion Section Section Section
a,cr — factor | Thickness | factor | Thickness | factor | Thickness | factor | Thickness | factor | Thickness
up to mm up to Imm up to mmn up to mm up to mm
m” m m m” m”
45 0.235 185 0.518 50 0.420 185 1.000 40 0.945
50 0.244 190 0.530 5h 0,441 190 1.101 45 1,023
55 0.254 185 0.543 60 0.463 195 1.202 50 1.101
80 0.263 200 (1.555 B5 0. 484 200 1,303 55 1.179
65 0,272 2056 0.587 70 0,508 205 1.403 B0 1,257
Am L _;g g%g: 310 0.618 75 0,527 210 1,604 65 1.335
_ ~ - , 15 0.850 80 0.549 216 1.605 70 1.413
V =133.1~135m 80 0.300 220 0.682 85 0.570 220 1.706 75 1.491
as 0.309 225 0.714 2]4] 0.5592 225 1.807 a0 1.569
a0 0.318 230 0.746 95 0.613 230 1.808 a5 1.647
g5 0.328 235 0.778 100 0,635 235 2.008 a0 1.725
100 0.337 240 0.808 105 0.656 240 2.109 95 1.803
105 0.346 245 0.841 110 0.678 245 2.210 100 1.881
110 0.355 250 0.873 115 0.6939 250 2.311 105 1.86
115 0.365 255 0.805 120 0.721 255 2.412 110 2.038
120 0.374 260 0.938 125 0,742 260 2.513 115 2.116
125 0.383 285 0.988 130 0.764 265 2.614 120 2.194
Arais 270 1.000 135 0.785 270 2.714 125 2.272
»| (135 )—r>{0.402 ) 275 1.083 140 0.807 275 2.815 130 2.35
i’ Ot 280 1.126 145 0.828 280 2.916 135 2.428
145 0.420 285 1.190 150 0.850 285 3.017 140 2.506
150 0.432 280 1,253 155 0.871 280 3.118 145 2.584
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Thickness of intumescent painting

In some Countries default temperatures are suggested if no
calculation is made. Normally for columns or other members
susceptible of instability phenomena a critical temperature of
500°C is suggested.

If, instead of a critical temperature of 638°C, a critical temperature
of 500°C was used, a thickness of 0,605 mm would be obtained.

> More than 50%

0, = 638°C => e = 0,402 mm

0,, = 500°C => e = 0.605 mm
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Examples using different methodologies.
Fire resistance of steel structures

universiaade de avelro

L Using tables from the suppliers of the fire protection material

Prescriptive approach

O Comparison between simplified calculation methods and advanced
calculation models — Prescriptive / Performance-based approach

0 Cases where it is not possible to use simplified calculation method
Performance-based approach
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BARREIRO RETAIL PARK

Required fire resistance 90 minutes (R90)
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Ccosk

Temperature development for different fire scenarios

0O 10 20 1V 40 5 e MO & W 10 10 10

Time [min]

Temperatures obtained using the program Ozone
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Unit B - Jumbo

Combination of actions:  1.0G, +y,Q,, =1.0G, +0.0Q,, =G,

NEd Ml MZ L ecr tfi,d
(KN /L
(kN) m) " | (kN.m) (m) | (°C) [ (min) : : :
Without fire protection
HEA 260 80 0.00 23 1.0 | 7.3 | 6729 | 19.25
HEA 240 34 0.00 45 1.0 | 7.3 | 5935 | 15.23
IPE 360 0.00 76.0 0.0 682.8 | 17.92
Natural Natural
Fire Fire
Oer IS0 Simplified Advanced ) ) )
_ _ _ for R60 and a critical
(°C) | (min) (min) (min) o
HEA 260 6729 | >90 > 90 temperatu re of 500°C
HEA 240 593.5 | 80.8 > 90 > 90
122
IPE 360 682.8 | >90 > 90
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Deformed shape

Obtained with Advanced Calculation Methods

Deformed shape of Unit B (Jumbo supermarket) after 117 minutes of
exposure to a natural fire

DIAMOND 2007 for SAFIR

FILE: jc2
NODES: 17117
BEAMS: 8253
TRUSSES: 0
SHELLS: 0
SOILS: 0

DISPLACEMENT PLOT (x 1)

TIME: 7036.35 sec

Software: GiD (for the numerical model mesh);

SAFIR (for the analysis)
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Examples using different methodologies.
Fire resistance of steel structures

universidade de aveiro

L Using tables from the suppliers of the fire protection material

Prescriptive approach

O Comparison between simplified calculation methods and advanced
calculation models — Prescriptive / Performance-based approach

0 Cases where it is not possible to use simplified calculation method
Performance-based approach
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EXHIBITION CENTRE

Required fire resistance 120 minutes (R120)
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Choice of the structural analysis

The main structure is made of non-uniform class 4 elements.
There are no simplified methods, for the time being, for such
type of elements. Two options were possible:

- Using a prescriptive approach, protect the structure for a
citical temperature of 350°C;

- Using performance-based approach with advanced
claculation methods.

P i ¥ 1 [ Y i T P! ]

| | | g | k. | { 5 I <

| | | | r I |

B S Jn["J T Ip3

e V3 | |' | P2 | |
| | | | ! | fae | |
I T / g BEEG
| | | | A | | | L
| | | ! a | | | R
| | | = .l = | = =] = |
| | | [ | | | | | |
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Required fire resistance 120 minutes (R120)
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Fire scenarios

6 fire scenarios

Fire load density
reduced by 39% due

: to the sprinklers
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N
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Temperatura (°C)
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3
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Evolucédo da temperatura no ago

800 T T T T
1 1 1 1

L L_ _ - —
700 : Salédo grande
600 & - ———————_—__ <N~ -\ Lo | ——Saléo pequeno - -

— Salbes em simultaneo

504+ -, A A NN Y——0——————————
4004 - f S S o N N
K N Y e ——_—

200 4 ----

100 -

0 30 60 90 120 150 180 210 240

Tempo (min)

Temperatura (°C)
w
o
o

Evolucéo datemperatura no ago

Auditorio grande -

Auditorio pequeno |

200 +ff------2---d e -
0 | | | | | 3 3
0 30 60 90 120 150 180 210 240
Tempo (min)

C1-5 - Software OZone

Co6 is alocalized fire in

Zone C - Elefir-EN
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Main Structure

L
%ig \

T
¥

60.0 m 30.0 m

v

N g
» <

a

Main Portal Frame
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Structural Analysis

Main structure — portal frame with built-up
non-uniform class 4 steel elements

Software: GiD (for the numerical model mesh);
SAFIR (for the analysis)
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Conclusions

»A performance-based analysis, demonstrated in this study that,
protecting the structure for a standard fire resistance of 60 minutes (R60),
considering a critical temperature of 500°C, the load-bearing function is
ensured during the complete duration of the fire, including the cooling

phase.

»The steel structure of the Center for Exhibitions and Fairs in Oeiras
consists of class 4 cross section profiles. In a prescriptive approach and
without making any calculation, this structure should have been protected
for a critical temperature of 350°C and for R120.

132



CcoskE

Fire resistance of the steel roof of the Shopping Centre
Dolce Vita in Braga, Portugal

universidade de aveiro

SUA KAY
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Roof structure
_in Steel

-
/613
£

Study based on a Fire Resistance of 60 .
minutes (RGO) ' . . Mo e SUA KAY
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Scenario 2

Fire in the
compartment
D2, C1l and C2
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Scenario 2

Fire in the

compartment
D2, C1 and C2

It was assumed that the fire would developed in all the 3 parts
D2, C1 and C2.

Maximum area: A; . = 7560 m?

Fire area: A; = 7560 m?

Openings: the openings area was 554.4 m?, located at 10.50 m
above the floor level, plus an area of 762 m? in a glass facade.
It was assumed that 10% of the openings would be opened until
400°C, 50% between 400°C and 500°C and 100% for
temperatures higher 500°C (stepwise variation).

Compartment height: 12.67 m

Walls: concrete blocks

Ceiling: Sandwich panels with 0.75 mm thickness steel plate and
rock wool of 40 mm thickness and 125 kg/m3 density.

Rate of Heat Release: RHR; = 250 kW/m?

Fire growth rate: high, t, = 150 s

Fire load density: g;, = 730 MJ/m?

Combustion factor: m = 1.0
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Scenario 2

Fire in the
compartment
D2, C1 and C2

OZONE

Gas Temperature

Peak: 558 °C

[

N\

N
o
o

/N

N 7

\

Temperature [°C]

Va4

\

Zones Interface Elevation

40 60 80 100
Time [min]

=— Elevation
h=255m

60 80 100 120 140 16.0 18.0 20.0

at: 20.00 min

at: 98 min

== Hot Zone
Cold Zone

120
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Scenario 4

Localise fire at
floor level 1 of
part C2

MERTIFER
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| was considered a localise fire at the floor level 1 of part C2.

Scenario 4 Fire diameter: d; =10 m
Temperature calculated at different heights

Localise fire at

floor level 1 of Compartment height: 36 m

part C2 Rate of Heat Release: RHR; = 250 kW/m?
B Fire growth rate: high, t, = 150 s
g2 Fire load density: g; = 730 MJ/m?
N Combustion factor: m = 1.0
a s e N T
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Localised fire

Scenario 4 FIRE TEMPERATURE AT DIFFERENT HEIGHTS
Localise fire at 900
floor level 1 of
800 —e—0m
part C2 = 1m
700 2m
3m
—%—4m
= 600 —e—5m
O
s ——6m
o 500 ——7m
% ——8m
2 400 9m
5
" 300 |
200 -
100 +
j ! 4 UF 0 ‘ ‘ — ‘ "
e 7 -7!?./.':/2 0 20 40 60 80 100 120
e ot e L gy Time 1 (min)

40

Program ELEFIR-EN
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DIAMOND 2007 for SAFIR

FILE:IPE120
NODES: 84

SA F I R ELEMENTS: 82
SOLIDS PLOT
I P E 1 20 TEMPERATURE PLOT

Commercial (60 min) -

- :309 60
:|309 20
:|308 80
;308 40
-308 00
307.60
DIAMOND 2007 for SAFIR Y
FILE: SHS150%5 L—Z
NODES: 124

ELEMENTS: 124

DIAMOND 2007 for SAFIR
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Commercial

profiles
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UB356x171x51

DIAMOND 2007 for SAFIR

FILE: UB356x171x51
NODES: 90
ELEMENTS: 88

SOLIDS PLOT
TEMPERATURE PLOT

TIME: 3600 sec
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UB356x171x51
protected for R30

DIAMOND 2007 for SAFIR
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NODES: 252
ELEMENTS: 378

SOLIDS PLOT
TEMPERATURE PLOT
TIME: 3600 sec
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510.20

485.18
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[ e
.,
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profiles
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Temperature evolution
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DIAMOND 2007 for SAFIR ‘

FILE; nisntetong
NODES: 42
ELEMENTS: 20

SOLIDS PLOT
TEMPERATURE PLOT

TIME: 3600 sec
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S 437,99
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Steel shell element with

protection for R60
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DIAMOND 2007 for SAFIR

FILE: pisol-1m
NODES: 22
ELEMENTS: 10
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TEMPERATURE PLOT

TIME: 3600 sec
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DIAMOND 2007 for SAAR

FILE: pilarClasse4-2010
NODES: 4502
BEAMS: 0

TRUSSES: 0

SHELLS: 4496
SOILS: 0

SHELLS PLOT

[E—T
[ ] pisol-imitsh
[ piso2omish
I isol-2m.tsh
I pisol-3m.tsh
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loo
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Mechanical actions

1.0G, +v,,Q., =1.0G, +0.7Q, ,

Permanent loads:

»77 KN/m?3 - dead weight of the steel profiles;
»>0.5 kN/m? - dead weight of the roof;

>0.3 KN/m? - others permanent loads.

Imposed load:
>0.5 kN/m? - publicity panels and other supended objects from the ceiling.
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Part C1 with the Fire scenario 2

universidade de aveiro

DIAMOND 2007 for SARR

FILE: blocoC1ltrel2
NODES: 1176
BEAMS: 515
TRUSSES: 0
SHELLS: 0
SOILS: 0

BEAMS PLOT
DISPLACEMENTPLOT (x 1)

TIME: 5243.58 sec

I Bcam Element

Truss structure 4

Collapse at 71 min

5.0 E+00 m

Truss structure 2

Collapse at 87 min

Truss structure 3

Collapse at 65 min

< »



Truss structure 1

No collapse

1.0 E+01m

DIAMOND 2007 for SAHR

FILE: blococltrel1
NODES: 1461
BEAMS: 638
TRUSSES: 0
SHELLS: 0
SOILS: 0

BEAMS PLOT
DISPLACEMENTPLOT (x 1)

TIME: 7196.441 sec

I Bcam Element

universid

1de de aveiro

Part C1 with the Fire
scenario 2

Collapse at 82 min

Truss structure 5

5.0 E+00 m

DIAMOND 2007 for SAHR

FILE: blocoCltrel5
NODES: 1278
BEAMS: 549
TRUSSES: 0
SHELLS: 0
SOILS: 0

BEAMS PLOT
DISPLACEMENTPLOT (x 1)

TIME: 4905.083 sec

_ Beam Element

< »
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Frame of Part C2 with the Fire scenario 2

universidade de aveiro

SAFIR

DIAMOND 2007 for SAFIR

FILE: blocoC2
MNODES: 9506
BEARS: 4244
TRUSSES: 0
SHELLS: O
SCILS: 0

BEAMS PLOT
DISPLACEMENT PLOT { x 2)

TIME: 13.72134 zec

_ Beam Element

Y

1 /1

L
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universidade de aveiro

SAFIR Class 4 collumn with non-uniform cross-section

5.0E01lm

" Fire scenario 2

Collapse at 64 min

DIAMOND 2007 for SAHR

FILE: pilarClasse4-2010
NODES: 4502

BEAMS: 0

TRUSSES: 0

SHELLS: 4496

SOILS: 0

SHELLS PLOT
DISPLACEMENT PLOT (x 10)

TIME: 3863.182 sec

[ ] shellElement

DIAMOND 2007 for SAHR

FILE: pilarClasse4-2010
NODES: 4502

BEAMS: 0

TRUSSES: 0

SHELLS: 4496

SOILS: 0

SHELLS PLOT
DISPLACEMENT PLOT (x 10)

TIME: 7106.25 sec

T e
[ pisol-1mp60.tsh
[ ]piso2-9mp60.tsh
I isol-2mp60.tsh
I piso1-3mp60.tsh
[ |pisol-4mp60.tsh
I piso1-5mp60.tsh
I piso1-6mp60.tsh
[ piso1-7mp60.tsh
I »iso2-8mp60.tsh
| ELREN
I 12mm tsh
[ piso2M9-8mm.tsh
[ piso2M9-12mm.t

z

—— 50 E01lm
Y

Fire scenario 4

Without protection - collapse at 14 min
With protection of R60 (500°C) in the first 9 m height
- no collapse
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Class 4 collumn with non-uniform cross-section

Program Elefir-EN

Temperatura (°C)

900

800
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Temperaturas a diferentes alturas
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——8m

om

T T T T
20 40 60 80
Tempo (min)

T
100

i
120

N universidade de aveiro

e o

DIAMOND 2007 for SAHR

FILE: pilarClasse4-2010
NODES: 4502

BEAMS: 0

TRUSSES: 0

SHELLS: 4496

SOILS: 0

SHELLS PLOT
DISPLACEMENT PLOT (x 10)

TIME: 7106.25 sec

T e
[ pisol-1mp60.tsh
[ ]piso2-9mp60.tsh
I isol-2mp60.tsh
I piso1-3mp60.tsh
[ |pisol-4mp60.tsh
I piso1-5mp60.tsh
I piso1-6mp60.tsh
[ piso1-7mp60.tsh
I »iso2-8mp60.tsh
| ELREN
I 12mm tsh
[ piso2M9-8mm.tsh
[ piso2M9-12mm.t

z

—— 50 E01lm
Y

Fire scenario 4

Localised fire

Without protection - collapse at 14 min
With protection of R60 (500°C) in the first 9 m height
- no collapse
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- E D 5 t & universidade de aveiro

Class 4 collumn with non-uniform cross-section

DIAMOND 2007 for SAHR

FILE: pilarClasse4-2010 . .
Nones: 152 Built up Box cross-section
TRUSSI.ES: 0
of class 4
| 272 . 14

SHELLS PLOT | Tl
DISPLACEMENT PLOT ( x 10) T E— T
TIME: 3863.182 sec
[ ] shellElement

h

g8 8

s E—

[mm]

Note: In a prescriptive approach and
without making any calculation,
this structure should have been

* Eire scenario 2 protected for a critical temperature
of 350°C and for R60

Collapse at 64 min
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Parts of the structure / fire scenarios

Result
Part D1 without protection under fire scenario 1 toitapse = 53 MiN
Part D1 with protection in the purlins of R30 under fire scenario 1 No collapse
Erama of p:rr 02 undar fira scanario-2 fcoTlee = 78 min
Truss structure 1 of part D2 under fire scenario 2 togilapse = 70 MiN
Truss structure 2 of part D2 under fire scenario 2 toollapse = 77 MiN
Beam of part D2 under fire scenario 2 No collapse
Truss structure 1 of part C1 under fire scenario 2 No collapse
Truss structure 2 of part C1 under fire scenario 2 togilapse = 87 MiN
Truss structure 3 of part C1 under fire scenario 2 toollapse = 65 Min
Truss structure 4 of part C1 under fire scenario 2 toollapse = 71 MiN
Truss structure 5 of part C1 under fire scenario 2 teoltapse = 82 MiN
Frame of part C2 under fire scenario 2 No collapse
Collumn with non-uniform cross-section without protection under fire scenario 2 togilapse = 64 MiN
Collumn with non-uniform cross-section without protection under fire scenario 4 toitapse = 14 Min
Collumn with non-uniform cross-section with protection of R60 in the first 9 m height under fire scenario 4 No collapse
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