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mtroduction: Fire safety in buildings

Fire in the athletics hall of the University of Physical Education in Budapest
(15/10/2015)

Photos: FKI Facebook
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I Introduction: FIF@ Safety in buildings

Council Directive 89/106/EEC of 21 December 1988, replaced by Regulation (EU) No
305/2011 of 9 March 2011 of the European Parliament and of the Council, laying down
harmonised conditions for the marketing of construction products.

Essential requirements

1. Mechanical resistance and stability
2. Safety in case of fire

3. Hygiene, health and the environment
4. Safety in use

5. Protection against noise

6. Energy economy and heat retention

e
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I mtroduction: Fire safety in buildings

Council Directive 89/106/EEC of 21 December 1988, replaced by Regulation (EU) No
305/2011 of 9 March 2011 of the European Parliament and of the Council, laying down
harmonised conditions for the marketing of construction products.

Essential requirements
1. Mechanical resistance and stability

2. Safety in case of fire

The construction works must be designed and built in such a way that in the
event of an outbreak of fire:

- the load-bearing capacity of the construction can be assumed for a specific
period of time,

- the generation and spread of fire and smoke within the works are limited,

- the spread of the fire to neighbouring construction works is limited,

- occupants can leave the construction works or be rescued by other means
- the safety of rescue teams is taken into consideration.

3. Hygiene, health and the environment
4. Safety in use

5. Protection against noise

6. Energy economy and heat retention
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Introduction: FIF@ Safety in buildings

Safety in case of fire:

Reaction to fire: is the response of a product in contributing by its own
decomposition to a fire to which it is exposed, under specified conditions.

Fire resistance: is the capacity of a building or constrution element to resist
the impact of fire as long as possible. The length of time this can be
maintained is the fire resistance duration.

R - Load carrying capacity

E - Integrity
| - Insulation
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Introduction: FIF@ SafEty in buildings

Structural Eurocodes — Analytical and numerical verification

Actions load
combinations in fire

EN 1990 Eurocode - Basis of structural design

EN 1991 Eurocode 1 - Actions on structures (10 parts)

EN 1992 Eurocode 2 - Design of concrete structures (4 parts)

EN 1993 Eurocode 3 - Design of steel structures (20 parts)

EN 1994 Eurocode 4 - Design of composite steel and concrete structures (3 parts) <—

EN 1995 Eurocode 5 - Design of timber structures (3 parts)

EN 1996 Eurocode 6 - Design of masonry structures (4 parts)

Parts 1.2

EN 1997 Eurocode 7 - Geotechnical design (2 parts) Fi
Ire

EN 1998 Eurocode 8 - Design of structures for earthquake resistance (6 parts)

EN 1999 Eurocode 9 - Design of aluminium structures (5 parts)
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Structural Eurocodes — Analytical and numerical verification

Introduction: FIF@ Safety in buildings

I Design Procedures I

Prescriptive Rules

(Thermal Actions given by Nominal Fire)

[ |
Analysis of Analysis of Part Analysis of
a Member of the Structure Entire Structure
[ [
Determination of Determination of ;

Selection of
Mechanical Actions Mechanical Actions Mechanical

and Boundary and Boundary Actions

conditions conditions
I T
[ [ [ | |
. - Advanced Simple Calculation Advanced Advanced
Tagﬂ?;m Slmplﬁqggéclglatlon Calculation Models Calculation Calculation
Models (if available) Models Models
Performance-Based Code
(Physically based Thermal Actions)
|
Selection of Simple or
Advanced Fire Development
Models
[ ]
Analysis of Analysis of Part Analysis of
a Member of the Structure Entire Structure
Determination of Determination of ;
Selection of
Mechanical Actions Mechanical Actions Mechanical
and Boundary and Boundary Actions
conditions conditions
|
Simple Calculation Advanced Advanced Advanced
Models Calculation Calculation Calculation

(if available) Models Models Models

e —
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Introduction: FIF@ safety in buildings

Structural Fire Safety Engineering vs. Classification

Prescriptive:

Performance based:

Standard fire Natural fire
Member ‘Lq| Classification (R##) Fire safety
engineering
AN
Fire safety Fire safety
engineering engineering
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mtroduction: COld formed steel profiles

Steel cold formed profiles can be applied in many of the existing building
typologies

Cold formed profiles are usually used because of their lightness and ability to
overcome large spans, and are quite common as support elements of roofs or

facades.

The cold formed profiles are characterized for having the possibility of occurring
collapse modes such as:

- local buckling;
- distortional buckling;
- and global buckling (lateral buckling in the case of beams).
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mtroduction: COld formed steel profiles

Cross-sections ! T m
jgITAn

—

J

a) Compression members and tension members

a) Single open sections 7 _I:l— ]': :}(—: S
TT T~
—J_

b) Open built-up sections

H[_J[‘—\J

b) Beams and other members subject to bending

¢) Closed built-up sections Y Dk W Ak O A 7 IO Ao I
« Recommended thickness J W W A T
— 0.45 mm < tcor < 15 mm NSV T

e Tcor=tnom-0.04mm

¢) Profiled sheets and liner trays
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mtroduction: COld formed steel profiles

A4
TN
Cross-sections — / N~
a) Folds and bends b) Folded groove and curved groove

-

¢) Bolted angle stiffener

End stiffeners
1 TN I

a) Single edge fold stiffeners b) Double edge fold stiffeners

Intermediate stiffeners

NS . _\/—
) — ) — \, / /

a) Intermediate flange stiffeners b) Intermediate web stiffeners
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mtroduction: COld formed steel profiles

Fabrication processes
= with roles

Aat shetiQ

7
AR,

_I_
J[
T
I
|
1
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mtroduction: COld formed steel profiles

Fabrication processes
=  With roles
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mtroduction: COld formed steel profiles

Fabrication processes
= Press braked

(d)

(g}
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I mtroduction: COld formed steel profiles

Fabrication processes
= Press braked

e SOUINTINY ﬁTij
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Decathlon in Aveiro, Portugal (constalica, SA)




Decathlon in Aveiro, Portugal (constalica, SA)




Fotograﬂa Gentulmente cedida pela Ecoworks
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House in Aveiro
(Rui Bastos, 2013)




House in Aveiro
(Rui Bastos, 2013)







mtroduction: COld formed steel profiles

> The thin walls of cold formed profiles, together with
the high thermal steel conductivity, provide a great
loss of strength and stiffness on these structural

elements when subjected to fire.

> To consider this mechanical resistance and stiffness

loss, it is necessary to apply:

« the reduction factor of Young's modulus at high

temperature; Eaﬂ a

« and the reduction factor of the conventional limit
of proportionality at 0.2%. f0,2,p,0 :fy
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Basis for the numerical modelling
of structures in fire
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Basis tor the numerical modelling

Fire action (temperature-time curve)

W

of structures in fire

Thermal analysis of the sections

O AAVAY AN,

™

Behaviour of the structure until
colapse in function of the time
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Fire action

Modelling of the thermal action (EN 1991-1-2)

v" Nominal fires
v 1SO 834
v' External fire
v' Hydrocarbon fire

v' Simplified fire models
v' Localised fires
v Parametric fires
Natural fire concept
v Advanced fire models
v’ Zones models
v' Computer fluid dynamics (CFD)
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Fire action: NOminal fires

v' Standard curve ISO 834
T =3451log,,(8t +1)+ 20

v' External fire curve (external members treated with simplified model)
T =1080(L- 0.325e *147 — 0,675¢ 25 )+ 20

v" Hydrocarbon curve
T =660(1—0.687e °% —0.313¢ ** )+ 20

Temperature
(2C)
1200 -

Nominal fire curves

No data needed 1000

800 -

600 -

| | ; ; ——1S0834 curve |
400 - 1 ! | \ l !

A L R Externalcurve | !
200 4 ........... ......... eimﬂydrqcanbonc@,lwe .......
U T T T T T T 1

0 15 30 45 60 75 90 105 120

Time (min)
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Fire action: NOminal fires

Temperature (2C) ISO834 curve

1200 - A i

1000 -

800 |\ e R i iL e

I Y L s et e e S T Tt

100 AN

_________________________________________________________________________________________

Pre-Flashove Post:Flashover | | i i

0 i i i i i i : |

0 15 30 45 60 75 20 105 120
Time (min)

v Does not depend on fire load and ventilation conditions
v' Never decreases

v' Does not consider the Pre-Flashover phase

v' Same temperature in whole compartment
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rire action: Natural fire concept

v' Simplified fire models
v' Localised fires
v' Parametric fires

v" Advanced fire models
v' Zone models
v CFD

In function of;

v' Rate of heat release

v Fire surface

v' Boundary properties

v' Opening area

v Ceiling height

v' Exact geometry (advanced fire models)

Fire

Compartment
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rire action: Natural fire concept

Fire Load Density (see EN 1991-1-2 national annexes for each country)

Combustion factor, 0.8 for
cellulosic materials

Ut g :5q1' 5q2 J1on -m. Ot «

In function of the / T

compartment floor area In function of the

occupancies

N

In function of the active fire
fighting measures

Rate of heat release

RHR (MW)

2
v' Growing phase - QzloG(tiJ [W]

v’ Steady state - RHR;,

v' Decay phase - starts when 70 % of the
total fire load has been consumed

10

9 -

8
7

0

------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------

_________________________________________________________________________________________

0

15 30 45 60 75 90 105 120
Time (min)
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rire action: Natural fire concept

Characteristic of the Fire for Different Buildings

Occupancy Fire Growth | RHR; [KW/m?] Fire Load
rate 0 (80% fractile)
[MJ/m?]
Dwelling Medium 250 948
Hospital (room) Medium 250 280
Hotel (room) Medium 250 377
Library Fast 500 1824
Office Medium 250 511
School Medium 250 347
Shopping centre Fast 250 730
Theatre (cinema) Fast 500 365
Transport (public space) Slow 250 122
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rire action: SiMplified fire models

Localised fires (when Flashover is unlikely to occur)

v' Heskestad (Flame is not impacting the ceiling of a | |
compartment ) . )
H d
Temperature only in function of the heigh } »K
Example: columns in compartments with high ceiling - ZT - \H\F 2
Flame axis 3 L, N
L I
v' Hasemi (Flame is impacting the ceiling) ! == -
Temperature in function of the distance to the flame _\\ /
Example: car parks 12: ) {
?!; D
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I rire action: SiMplified fire models

Parametric fires (Fully engulfed fire)
In function of:

v' Parameter to account for the thermal properties of the enclosure

v' Parameter to account for the openings in the vertical walls

Temperature

v’ Fire load density (=¢)

e |
000 1
I e T ——
N -
w N

200 ff- b N

0 i i i i i i
0 10 20 30 40 50 60
Time (min)
e
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Fire action: Slmpllﬁed fire models

Temperature-time curves:

(O standard fire curve, ISO 834

-

Elefir-EN
Version: 1.5.3 (April 2013)
Software registered. License key: KASK8S22RNENAUEHLJ2T

(O) Hydrocarben fire curve

@ Parametric fire curve

() user defined fire curve

University of Aveiro University of Liege

(O Localised fire

Developers:
Barbara Pires
Nuno Lopes

Carlos Couto

Back Next
Under the supervision of:
Jean-Marc Franssen
jm. franssen@ulg.ac.be
i Graph _ %

File View Help
NING: This computer program is protected by copyright

| d international treaties, Unauthorized reproduction or 800
=103 butl Ofth r ’ i f i » r lt
£ i S oL T U DL 0
Copyright ® 2010. Paulo Vila Real, Jean-Marc _ 2
% 500
3 400+
% 3004 = Compartment
200
100
0 - - - - -
0 20 40 60 80 100 120
Time [min]
Oﬁered together Wlth the b00k [Maximum temperature] Compartment: 701.2 °C at 30 min
J _M . Franssen , P VI Ia Real , FI re DGSIg n Of Steel After 120.0 minutes, the compartment has a temperature of 20.0 °C.
Structures, ECCS, Ernst & Sohn, 2"d edition, 2015 Main menu Repor
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Fire action: Advanced fire models

Two zones models

When a localised fire transforms to a fully engulfed fire, it will be formed

a upper hot layer and a lower cool layer. It is based on the resolution of
equations of Mass balance and Energy balance.

Tl |
File Tools “Wiew Help
= | i - | 3 | Marne: |Matural Firs Example
— Program Flow Chart
Softwares:
Compartment... | Fire...
‘/ OZOne Zone Temperature Steel Profile. .
Heating...
CFAST ‘Steel Temperature |————  Element...
/ M R FC Fire Beziztance
Strategy
Parameters :‘L
A
U | |
| test.ozh | | Compartrment | Fire | Steel | Elements
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Fire action: Advanced fire models

Computer fluid dynamics - CFD

It has physical and theoretical background, with no empirical limits of
applicability and it can handle complex geometries.

Softwares:
v' Specific: FDS, SOFIE
v General: Fluent, CFX, PHOENIX

Input and output are complex and should be handled carefully.
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Fire action

Obtained data to be used in the thermal analysis

v’ Compartment fires

Time (min) | Gas temperature (°C)
20
2 128
355

v Localised fires

Temperature in function of time and position
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Thermal analysis

Modelling of the thermal analysis in cross-sections
by finite element method

Resulting from an imposition of a temperature-time evolution or a heat flux
at the boundary of cross-sections

v Boundary conditions
v" Heat conduction in the material

v' Linking thermal to mechanical analysis

Software chosen for this lecture - SAFIR (developed at University of Liege
specially for the analysis of structures in case of fire)

Other softwares: Abaqus, Ansys, Vulcan, Diana, etc
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Thermal analysis: BOU ndary conditions

Heat transfer from the gas to the surface of the material

Combination between convection and radiation

v Coefficient of heat transfer by convection on the exposed surface

1ISO834 25
Hydrocarbon curve 50
Natural fire 35

v Coefficient of heat transfer by convection on the unexposed surface
If radiation implicitly considered in the convection a, = 9 W/m?K, if
not o, = 4 W/m2K

v’ Surface emissivity ¢, = 0.7;

v' Fire emissivity g = 1.0
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I Thermal analysis: Heat conduction in the material

Heat transfer within the material (Fourier equation)

Thermal properties (specific heat and thermal conductivity) in function

of the temperature. For example: 0(, 201, 0(,20),6_,c 2
- - - - :p -
ox\U*ox ) oyl %oy a7 ot
/ Stee | (E N 1 9 93- 1-2) Diamond 2011.4.2 for SAFIR
Specific heat [J / kg K] _—— ‘ , ‘
5000 FRONTIER:
4500 -
4000
3500 I
2500
2000 & _ h |
1500 [ ‘ Temperature ‘
Thermal conductivity [W / mK ] 1000 J\ 1200 k<
60 500 — | f f f ! ! ! !
~ | ; oo [
50 ~ 0 200 400 600 800 1000 1200 | | ' ! ‘ | ‘ |
T~ Temperature [°C] L s e e
40 - . ! . . ‘ . ‘ .
e T o .
30 T ! 5 ! g ~—150834 ‘ |
20 400 - """""" nodelnthesechon
steel 200 oot
10 ! ! ! ! | ! | !
0 0 T T T T T T T 1
0 200 400 600 800 1000 1200 0 15 30 45 60 75 90 105 120
Temperature [ °C ] Time (min)
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Temperature (°C)

Thermal analysis: Heat conduction in the material

For the protection the following data should also be given:
v" Thickness
v Specific mass of the dry material

v Water content

. — Compartment Scenario 1
Temperature evolution

Steel temperature without

protection (node 13) Diamond 2011.a.2 for SAFIR
— Steel temperature with EILE: he260a

600 P i protection (node 13) NODES: 166
/ ELEMENTS: 248
" /\ : BV VA BN . S SOLIDS PLOT

700

/ / \\ 1 ' FRONTIERS PLOT
/ \ ! ‘ N STEELECS
400 ~N ‘ [0 | INSULATION
! ot e
300 / ' '
200 // | ’

0 1200 2400 3600 4800 6000 7200
Time (sec)
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Thermal analysis: Heat conduction in the material

3D analysis (longitudinal axis of the beam)

Diamond 2009.a.5 for SAFIR

FILE: Copy of vi
NODES: 2337
ELEMENTS: 1440

SOLIDS PLOT
TEMPERATURE PLOT

681.90
600.00
558.33
516.67
475.00
433.33
391.67
350.00
308.33
266.67
225.00
18333
14167
100.00
1310

=
=
m
&
3
3
@
@
8

i

B I I I I e e e e e e e e e e e e e e e e e e e e
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Thermal analysis: Linking thermal to mechanical

For beam finite elements in the mechanical model the thermal analysis

IS made with 2D finite elements

Diamond 2012.a.0 for SAFIR

FILE: A
NODES: 6468
BEAMS: 3004
TRUSSES: 0
SHELLS: 0
SOILS: 0
SOLIDS: 0

BEAMS PLOT
Structure Not Displaced selected

I e300 tem
I hez40atem

cH80x240x8x25.tem
v30.tem

The beam element is constituted by fibres that correspond to the prolongation of
the elements throughout the longitudinal axis. In any longitudinal integration point,
all the variables (temperature, stresses and strains) are constant in each fibre.
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Thermal analysis: Linking thermal to mechanical

For shell finite elements in the mechanical model the thermal analysis
IS made with 1D finite elements

—

Diamond 2009.a.5 for SAFIR

FILE: t10
NODES: 18
ELEMENTS: 8

SOLIDS PLOT
TEMPERATURE PLOT

TIME: 4380 sec
676.00

600.00
517.14
434.29
351.43
268.57
185.71
102.86
20.00

<Tmin

A

Steel

In shell elements, the temperature distribution can be non-uniform across the
thickness of the shell having no heat transfer in the plane of the shell.
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Structural behaviour

v" Mechanical actions

v' Materials properties at high temperatures
v' Constitutive laws
v Thermal elongation

v' Application of the finite element method
v' Results discussion

v' Displacements and internal efforts
v' Fire resistance time

Software chosen for this lecture - SAFIR
Other softwares: Abaqus, Ansys, Vulcan, Diana, etc
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structural behaviour: M@Chanical actions

Actions: dead load, imposed load, snow, wind

Combination: accidental situation

GC+waor1- Qi+ 2w G

1>1
Wl,l or WZ,l acording to national annexes

In Portugal the choice was on the {/7 1 otherwise wind loads would never be
considered
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structural behaviour: M@Chanical actions

Action 7 | %
Imposed loads in buildings, category (see EN 1991-1-1)

Category A : domestic, residential areas 05| 0.3
Category B : office areas 0.5 ] 0.3
Category C : congregation areas 0.7 | 0.6 EN1990
Category D : shopping areas 0.7 | 0.6
Category E : storage areas 09| 0.8
Category F : traffic area, vehicle weight < 30kN 0.7 | 0.6
Category G : traffic area, 30kN < vehicle weight < 160kN 05| 0.3
Category H : roofs 0 0
Snow loads on buildings (see EN 1991-1-3)*

Finland, Iceland, Norway, Sweden 05| 0.2
Remainder of CEN Member States, for sites 05 ] 0.2
located at altitude H > 1000 m a.s.l.

Remainder of CEN Member States, for sites 0.2 0
located at altitude H < 1000 m a.s..

Wind loads on buildings (see EN 1991-1-4) 0.2 0
Temperature (non-fire) in buildings (see EN 1991-1-5) 0.5 0
NOTE: The values may be set by the National annex.

* For countries not mentioned below, see relevant local conditions.
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The constitutive laws are affected by the elevated

temperatures

v Strength and stifness reduction of steel in function of

the temperature:
Kyo = fyolfy;
Koo = foolfy;
Ke o = Eao/Ea

Note: The French
national annex
proposes different
reduction factors for
cold formed profiles

1.0

0.8

0.6

0.4

EN
ke
| |
T - kp  =------ kE
™ ~ \ k}f ]
N ‘-.\ \

-__'_"‘\.-_""—--!&-s__

0 200 400 600 800 1000 120
6(°C)
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Structural behaviour: Properties

1993-1-2

0



7))
B
=
@
(=
(=
S
Q.
=
8
3
£
@
a
®
3
o
=
7

EN1993-1-2

Carbon steel

0000 0025

0200

0150 0175

0100 0125

0050 0075
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Structural behaviour: Properties

Thermal elongation (influence the efforts values)

Relative Elongation Al/l [x107]
20

18
16
14

12 /

10

7))
—+
a
@

o N A O 0

0 200 400 600 800 1000 1200

EN1993-1-2

Temperature [°C]
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structural behaviour: Application of the FEM

. . . AZ < Gauss point
Possible finite elements types : > Diplcemen
% ___{34> Rotation

Gauss point
___> Displacement

_( P Rotation

\ I

7z Gauss point
[ By, /'\OGI\L 0 &= Displacement
_058L —p% Rotation
¥021L 2% Warping amplitude

2D beam FE

o P shell FE

Plane stress state
Gy

3D beam FE | Oy

steel
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structural behaviour: Application of the FEM

For the structural analysis (normally geometrically and materially non-linear),
the temperature’s time history and the section geometry (created during the
previous thermal analysis) are needed.

In addition: 2R
v Mesh BEEEEEE RS A s =
v Restraints ]
v' Loads

v' Geometric Imperfections

v Residual stresses _"’[‘
v etc... —

]
|

Calculation procedure must take into account temperature dependance of
both stiffness and strength of the structure.

The calculation strategy is based on an incremental procedure (step by
step) until failure of the structure, defined commonly as the instant when the
stiffness matrix becomes not positive definite, thus becoming impossible to
establish the equilibrium of the structure.
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I structural behaviour: Application of the FEM

thermal elongation stress residual stress

Total strain l / /
T E =&p T (ga + gc)“" Eres

!

creep effect at elevated temperatures

)
A

c—¢ ‘ ol

kinematical material model

62

Steel kinematical material model to
account the temperature evolution
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Structural behaviour: Application of the FEM

Structures with beam finite elements

2D beam FE

3D beam FE
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Structural behaviour: Appllcation of the FEM

.
i
i
)
N
8
TR,
HHR

1
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i
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T
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L
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Class 4 steel sections (local buckling)
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structural behaviour: R@sults discussion

Outcome of a structural analysis for fire resistance

Example: office building portal frame

® ®
(1) Cs ©) C6 ®
® ® f\
D Ve o W |°
Cross-sections ©)
_ Wmd . ;
Beams - IPE 450 Q%%Dj © o W - W
Columns - HEA 300 % 7

Required fire resistance - R30
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structural behaviour: R@sults discussion

'I Elem. 76 Elem. 81

Displacements T e eSS e B S R SRR

Time (min
0.0 (min)
1 ﬁk\ 2 25 3

-0.1

Diamond 2012.a.0 for SAFIR \

FILE: FRAME -0.2

NODES: 218 e Node 165

BEANS: 105

TRUSSES: 0 \

SHELLS: 0 0.3

SOILS: 0 ’

SOLDS: 0

DISPLACEMENT PLOT { x 1) -0.4

TIME: 1 sec \

OE+00m '0. 9
Displacement

(m)
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structural behaviour: R@sults discussion

'I Elem. 76 Elem. 81

Axial efforts AR R .

N (kN) Time (min)
200
Diamond 2012.a.0 for SAFIR
FILE: FRAME
NODES: 218 100
BEAMS: 105
TRUSSES: 0
SHELLS: 0
SOLS: 0 O
soLes:0 10 15 zw/ 25 %0
AXIAL FORCE PLOT /
-100
TIME: 1 =&c
| I— R
[
-200 ~——— /
-300 -
@mmCclem. 23 ess=clem. 81
-400 s
"
-500 ,,x ,,,,,,,,,, ,,,,,,,,,,,,,,,,,,/,,,,,,,,,
2 /
0 E+06 N 600
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Bending moments

5.0 E+05 him

structural behaviour: R@sults discussion

Diamond 2012.a.0 for SAFIR

FILE: FRAME
NODES: 218
BEAMS: 105,
TRUSSES: 0
SHELLS: 0
SOILS: 0
SOLIDS: 0

BENDING MOMENT PLOT

TIME: 1 sec

Elem. 76

Elem. 81

M (kNm)
200

150

100

50\

-50 =
e
-100 P—
-150 \ /
-200
/ —lem. 76 ==—clem. 81
-250
N\ ’”
-300 N—"
-350

b Time (min)
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structural behaviour: R@SUItS discussion

Fire resistance time

The fire resistance will be given by the instant of collapse of the structure
and is compared to the fire resistance requirement.

If lower, passive or active fire protection measures should be introduced.

The fire resistance of the example is below the standard fire resistance

defined as R30, being necessary to use fire protection to fulfil these required
fire resistance.

Collapse time
Portal frame 28.4 min

Finite element modelling of cold formed steel members under fire situation



Numerical model development for cold
formed profiles

Finite element modelling of cold formed steel members under fire situation



Numerical models for cold formed profiles

v Buckling modes

v" Initial imperfections

v Material constitutive law

v" Numerical modelling of experimental fire test on cold formed z purlin

Flavio Arrais; Nuno Lopes; Paulo Vila Real; Michal Jandera; Ivo Schwarz (2015)

Finite element modelling of cold formed steel members under fire situation



Buckling modes

Local buckling
EN1993-1-5&(4.3 e 4.4)

Effective widths

Distortional buckling
EN1993-1-3&(5.5)
Reduced thicknesses

:
i |

. N

; |
’ |
] __FI
o
b, | b b, |
C b141 C, u Coo
{\L L u + L \"/— ______
A e ——— . v
[
a) Actual system f 7 B L p \f
L be | g |-

: g 0 i

b) Equivalent system

o Ty bt b Ty
kS s LS A
| : u l l I

Compression Bending Compression Bending
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Buckling stress

Buckling modes

Axial compression

buckling

b) Distorsional
buckling

O

a) Local N
buckling Q
a

Halve-wave length

Note: needed even for simplified calculation methods

Finite element modelling of cold formed steel members under fire situation



Load

Buckling modes

\
\ o \
\ Elastic distorsional \
buckling \ Possible interaction
\ N v - \ local - global buckling
~_Vy -7 - — _\_ |
\ \Distorsional buckling resistance\ Elastic overall
buckling
\\\Local buckling resistance
\ X — - N N
: two waves tree waves
Elastic local
buckling, one Overall buckling
wave resistance

Note: needed even for simplified calculation methods

Finite element modelling of cold formed steel members under fire situation



Buckling modes

Bending: Instability modes based on half-wavelength

L=70 mm Distorti-onal Global buckling
buckling

Local buckling

A

AN
R

WO
N

NN

\\\Y‘\\.

o CAST3M + RUBY

X\

NN A

0
Q

? 4

—CUFSM

1.5

CAST3M - Finite elements
method : g
CUFSM - Finite strip f e e e e e T e
method 2 l |

Distortional buckling is
- conditioning '

C_100x50x10x(1.6)

1.00E+01 1.00E+02 1.00E+03 1.00E+04
Half-wavelength (mm)
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Buckling modes

Bending: First instability modes based on element length

L =100 mm L =700 mm

ol buckr . . . L=2500 mm
ocal buckling Global buckling

Distortional buckling

o CAST3M + RUBY
—CUFSM

15 e s s\ R
CAST3M - Finite elements | |
method i |
CUFSM - Finite strip | [eenassarsssacssaraadibesnenan N\ B
method s | |

05 | T N [

Dlstortlonal bucklmg |$
C_100x50x10x(1.6) condltlonlng ' L (mm)
100E+01 o 100E+02 | %.dOI'E+03 | %,60E+04
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Buckling modes

Axial compression: Instability modes
based on half-wavelength

"""""""" L=30m lILZ:I.O,Om

»ﬁ Global Global

Mode Mode

L=1,0m ,
Distortional (flexural/torsional) | | (flexural)
mode
155x77x31x(2.0)
L=0,1m
Local

mode 4. N NG~y

"‘l‘;’l‘;z
-

CUFSM - Finite 5|p
method

1.00E+01 1.00E+02 1.00E+03 1.00E+04
Half-wavelength (mm)
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Buckling modes

Axial compression: First instability modes
based on element length

L=10,0m
Global

L=10m mode

A e e e . ]
- : I [ S .
CUFSM - Finite strip ; |
methOd 0 t t t t H—t—t— é t t t H—t—t+—+— i t t t t —t—t+— :L (mm)
1.00E+01 1.00E+02 1.00E+03 1.00E+04
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Initial imperfections

(EN 1993-1-5)
Principal Imp. + 70% Acomp. Imp. 1 + 70% Acomp Imp. 2 + ...
» Geometric imperfections corresponded to:
=  The local buckling mode with maximum amplitude of 0.8b/100
= The distortional buckling mode with maximum amplitude of 0.8b/100
=  The global buckling mode with maximum amplitude of 0.8L/750

» Material imperfections regarding residual stresses

0.17fy

7 0336 o\ 0336
c thickness Hos
0.176 bending
/
,,,,, L
membrane bending \F—1/

Finite element modelling of cold formed steel members under fire situation



(7))
o
©
-
(&
@
g =
@
Q.
I-m
[
-

NN
)

iy
/

MR
?%WW/J%?

SRR

/4» AN R
Q

Y=-1

AR
RORRRRA
DR

N
W

\

| Imp. + 70% Acomp. Imp. 1 + 70% Acomp Imp. 2 + ...

o
o

0
A7fy

0

+

\ Illﬂ/
X\
RRA
KX

AR
B O\
R R
R

¥Y=0

\

(beams)

ions

t

ina

ion comb

"

1

incipa

b 4

Pr

N
XA

W
”M%M_o,/!?t//o
RO

AN

> Imperfect

=0

Bending
diagram
F=1

¥

N

AN
ORI
x%&/ RIMINR

RN
DR

LAY

NN
,,/éwm%,w,

—%z;%«wﬂ.”
R

/zps.%%?

W TR
W 4,.—.7%%&,
WU IR
N

NN
au/, //:
RO
%w%g—, N
KRN
\
W DY
MR
W N\ ?5%/?
\ XN
%@ TTINRRO
%Waféﬁzf
IR
! W
RRTIMIRNN
NN Y

—~
o
Lo
X
N—r

QNN
W\
AR
N
;??ﬂ/@o/wa
,«ﬁ??%%

N
UARNRR

CORRRRR
ORI
WHTRNEN

Wik DRI
1 (et Y
IR
RO

Ak TR
SRR
WL IR
AR
NIRRT
N IR
L NSNNRN N
\ %oé%
RN

ire situation

f cold formed steel members under fi

ing o

te element modelli

ini

F



) :
= =) iz
o Mﬂm
=) e
T ¢
@ J s
= L, )
@ . 3
Q. 2 = s =
= +
R
(40
Fr= — o
= ElBIE
o o
— —
O

T e
e .1 o o B MM MR
7 2 o e B =R
L i A
s S S A AT
et L R RERRR AR
Rt iR e
e LI
i i N ==\
i o 7
o e e A
LTI Y7 277 2
R e s

ional

b
100

)

Distort
8 X

e N L T Tt
St oS SRS SRS

S—==—ceseoeaw
ST SO OSSSSSSSRR

e
I LTI

Local

> Imperfection combinations (columns)

Acomp Imp. 2 + ...

1+70%

Imp

Acomp

| Imp. + 70%

incipa

Pr

Finite element modelling of cold formed steel members under fire situation



Material constitutive law

EN1993-1-3&(3)

* Yield strength
— fyb =fy = Reh or Rp0.2

« Ultimate strength
— fu=Rm

« Yield strength due to fabrication processes (corners enhanced strength)
— fya = fyb + (fu-fyb)knt?/Ag
— Lower or equal to (fu+fyb)/2
— Only applied when Aeff = Ag, etc...

Finite element modelling of cold formed steel members uwgr@(}s&tggtieg\



Material constitutive law

Reduction factors to temperature 6

EC3 (EN 1993-1-2) + Annex E EC3 (EN 1993-1-2) + Annex NF
Reduction factors Reduction factors
Steel refered to the values of f, or E, at 20 °C Steel refered to the values of f, or E, at 20 °C

temperature
. kgo =

tem perature
Ea,Q fy,Q _ fp,Q _ fO.Z,'p,Q

Eag fra foo fozpe
k — k — . ¥ _ e __Juap
E, .8 5 kyg 5 0.2.8 5

kg o = ko= Kozpo =
50 = .8 3 kyg 5 0.2p.8 5

1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
0,900 1,000 0,807 0,890 0,900 1,000 0,807 0,896
0,800 1,000 0,613 0,780 0,800 1,000 0,613 0,793
0,750 1000 0517 0,715 0,740 0945 0494 0,705

0,700 1,000 0,420 0,650 400 °C 0,680 0,890 0,374 0,616

0,600 0,780 0,360 0,530 500 °C 0,450 0,570 0,263 0,407

0,310 0,470 0,180 0,300 600 °C 0,250 0,340 0,130 0,229
0,130 0,230 0,075 0,130 700 °C 0,110 0,180 0,059 0,117
0,090 0,110 0,050 0,070 800 °C 0,080 0,070 0,032 0,049
0,068 0,060 0,038 0,050 900 °C 0,060 0,053 0,024 0,037

1000 0,045 0,040 0,025 0,030 1000 °C 0,040 0,035 0,016 0,025

°C
1100 °C 0,023 0,020 0,013 0,020 1100 °C 0,020 0,018 0,008 0,013
1200 °C 0,000 0,000 0,000 0,000 1200 °C 0,000 0,000 0,000 0,000

Finite element modelling of cold formed steel members under fire situation



Material constitutive law

250 -

200 -

150 +F

(]| SRS DR SIS SO SR RSN . — ., - |

— EN 1993-1-
S ferases

— EN 1993-1-3 French national annex
1 : | : : | e

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
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I Modelling of experimental fire test

= Cold formed profile with Z section
= 2 spans:
= |aterally restrained cantilever at normal temperature

* 6 m span inside the furnace

= Connection by overlapped profiles
o ag = 7 = =
w] ] = %/ :: @ = zf.
6000 = 2500
Interior do forno Exterior do forno

*Experimental test performed at PAVUS fire laboratory by Czech Technical University

Finite element modelling of cold formed steel members under fire situation



Modelling of experimental fire test

= Load application

1.0kN
1000 1000 1000 1000 1000 1000 B 2200 300,
1 /I
0.5kN 0.5kN (0.5kN 0.5kN 0.5kN
6000 2500

*Experimental test performed at PAVUS fire laboratory by Czech Technical University

Finite element modelling of cold formed steel members under fire situation



I Modelling of experimental fire test
= Temperature: Standard fire curve ISO 1ISO834

0 [°C]
1 000

800

600

400

----------- Iso 834 curve

—— Gas temperature

—— In the steel at middle span
In the steel near the support

0 15 30 45 60
t [min]

200

*Experimental test performed at PAVUS fire laboratory by Czech Technical University

Finite element modelling of cold formed steel members under fire situation
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» Support conditions

Cantilever

U profile

\\\\\\\\\\\\\\\‘

%
i

L7717 R
V1L
A 6,

s

%

o

00\

Outside the furnace

Inside the furnace

O

——

Overlap
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Modelling of experimental fire test

» Loads application

Distributed loads

-

Inside the furnace

Flavio Arrais; Nuno Lopes; Paulo Vila Real; Michal
Jandera; Ivo Schwarz (2015)

« Concentrated load

)

\_ . YW,

Outside the furnace

Overlap

Finite element modelling of cold formed steel members under fire situation
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Modelling of experimental fire test

Flavio Arrais; Nuno Lopes; Paulo Vila Real; Michal

> Initial geometric imperfections ~ Jandera; lvo Schwarz (2015)

 Global

-

L
0,8)(7—50

J

Inside the furnace Outside the furnace

O

BT B
I+t 1T -1

Overlap
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Modelling of experimental fire test

» Deflection at mid span

Flavio Arrais; Nuno Lopes; Paulo Vila Real; Michal
Jandera; lvo Schwarz (2015)

4 [mm]
700.0
600.0 -
test
EC3 (EN 1993-1-2) 500.0 1
400.0 \
Annex E

300.0 -

200.0 -

100.0

“ model
- ] 00.0 ; | .
700.0 0 15 30 15 6t0[min]
600.0
500.0 - test H
400.0 - \j
o EC3 (EN 1993-1-2)
200.0 -
100.0 4 \ Annex NF
il model )
-100.0 , ; S
0 15 30 45 60
t [min]
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» Results (Lateral buckling)

Modelling of experimental fire test

6 [mm]

700

600

500

400

300

200

100

0

-100

Flavio Arrais; Nuno Lopes; Paulo Vila Real; Michal
Jandera; Ivo Schwarz (2015)

Limit deflection velocity
(experimental)
ﬂ:_ —

Limit deflection velocity
(numerical)

ol
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Modelling of experimental fire test

Flavio Arrais; Nuno Lopes; Paulo Vila Real; Michal

> Results (catennary action) Jandera; Ivo Schwarz (2015)

6 [mm]
700
Limit deflection velocity Limit deflection velocity

600 4 (experimenta) : (humerica)

500 _ vvvvvvvvvvvvvvvvvvvvvv  KEREERSRRSRSRRREEEY. YSRSRPS.— £ )
1
1

I | -

l
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Modelling of experimental fire test

Flavio Arrais; Nuno Lopes; Paulo Vila Real; Michal
> Results (after the test) Jandera; Ivo Schwarz (2015)

Finite element modelling of cold formed steel members under fire situation



Numerical analysis of unrestrained
members

Flavio Arrais; Nuno Lopes; Paulo Vila Real (2013-2017)

Finite element modelling of cold formed steel members under fire situation



Numerical study

> Geometrical imperfections and residual stresses considered

> In the numerical study, the following programs were used:
> CUFSM (Johns Hopkins University, USA)
» CAST3M (Commissariat a I'Energie Atomique, France); RUBY

interface (University of Aveiro, Portugal)

>  SAFIR (University of Liege, Belgium).

Finite element modelling of cold formed steel members under fire situation



Numerical study (Beams)

» Parametric analysis taken into account the following parameters:

. Different C cross-sections slendernesses

- Different steel grades

- Different loading types

. Different constitutive laws

. Different temperatures

Fator de Reducao

ko

1.0

0.8 -

0.6

0.4 -

0.2

0.0

EN1993-1-2
(Annex E)

Tenséao de cedéncia efetiva

ky,é? = fy,s/f}

Inclinacdo da reta do dominio elastico

kE,G’ = Ea,B/Ea

Valor de célculo da tenséo de cedéncia

ko.z,pﬂ = fo.z.p,e/fﬁ/

Tensao limite de proporcionalidade

kpe = fro/ Iy

0

200 400

600

800 1000 1200 [°C]

- Temperatura

Fator de Reducao

0.6 -
0.4

0.2 A

0:10x(1.6) 00 .

EN1993-1-2
(FN Annex)

Steel

temperature
0,

P=1

Tenséao de cedéncia efetiva

I‘y,@ = fy,e/fy

Inclinagao da reta do dominio elastico

kE,G = Ea,S/ E,

kozpe = fozpelfy

Valor de calculo da tensao de cedéncia

kp,@ = fp,s/fj/

Tens&o limite de proporcionalidade

200 400

600 800 1000

Temperatura

1200 [°C]
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)
»
=
©
@
Q
>
©
S
=
7
©
O
=
@
=
S
Z

fluence:

lon N

-sect

Cross

(y=1)

C_170x64x20

(y=1)

C_229x64x20

360MPa

f=

360MPa

f=

M',MSaﬂr,res

M/Msaﬁr,res

1.20

0.40

1.80

1.60

1.4

0.60

0.20

0.00

200

180

160

14

120

100

| | N
i | 1O
! ! Lo
WP PP m
- W
(i i e o ;
1 Mo e !
BB Bl |
| [T |
2 < :
[SSI7 B 7o B 7 !
o a o
== | —
= e
| E e
: Z
i RN
! Chl
! Q7
i g R
| -
i @
1 p=3
| I
| =
| o~
" W
] ! =
| 3
| I3
| =
| =
m ol
| 9}
< 9 g 3 ° < 5
] 8 8 3 g 8 8
2 =] S S S S S
-
5
I==
(e}
o
w299
+ 2 8 8
%356
=R
z 2 2 %
id v viud
o 4 o
%
<
e
S -
= o
Z o
=&
o v
Oz
= =
-
o
¥
a
L3
& |
o
-
£
™
2_
0
8 8 8 2 g 8 8
= = o S S S =

0.80

060

040

020

000

.

(y=1)

C_100x50x10

N
X
R

Q

R

o,
Q

N
\
OIO A

X

Q\
NN
Rx

N
AR
SO
N

R

\
AW
SRR
OOWN/NW%%%M/
/Qo%oo

AL

SR
N
RN

O
/Of/
N

N\
R
RN
N RN AN
Qllzt' eﬁ/oz

N
R
%

R
AR
RO

AR

3

B\
9

a%fea??é,o

o/ﬁf%/
R0
W
‘%

\
oo,,—.%%u%ﬁﬁ?é&%

o\

ORI
5,%2 N

SN

A &
MR

AN
R
A
X
SN

AR

\

TR
A o//fﬂ/
SN

ARY

AW
AT

360MPa

f=

EN 1993-1-2
© SAFIR 350 °C

2 SAFIR 500 °C
o SAFIR 600 °C

g
g
S |
£3
R
53
Oz
.ﬂE
]
f { -
| | e
! =3
S
%
=
w)
%
(=3
i i =
{ : |
f } ©
: ‘
g ] 8
s s s

ALY
?5/?—2.3%?

0.80

0.60

0.20

0.00

ire situation

f cold formed steel members under fi

ing o

te element modelli

ini

F



LTS8

< |
~~ < 8 & 3 , S s
& il m S
S = 8 =3 m 4
e C8 m
m fab g 8 T o888 g 8
Wi 9 o o o % e 9 2 9 T
w O O ) H | o
@ @ 38 © IR L
A= = i 22 m
MR S Y I YR E o i
@ Easa & | e B335 g g
2 9 @ h W o 4 o <! B
0 : Tere e
= | =
o’ Zale i Zea e
““““““““““““““““““““““““““ = PN i RO
< 23 i e
P é Z2 W Zg
A5 i SA = | £a
= : : H SZ |-
, TR |- L ha e
S : @ =g k
= s
& d o s 9 .
(7)) - R R S N S = g 7 E
> > | |
(=) =N 1 i
[\ ~ 1 |
— N S |
1 ¥ f=3
(1) - R E
(& -9
m Q
o — s | 2
r cl ] -
m | Y
: g
> s - :
@ o L (=]
P : N
z | ¥
= 5 s &
s g g g g g g 8°
8 ES 3 2 2 8 8 2 2 = s 3 s s
s s i b b4 S s

n
[

AR

-‘»%%...;
AN

O

I\
N
ST
AN T w e
N ETR RN
My Y
i R
it
BT

S8
X

AN SO
&&%ﬁmmwﬂ““‘i"!‘

fluence

in

Web colapse

(shear buckling)

“ — N
t ORI
ARELETE TSI
\ TR0
R R TS SEARGAR
X Y ‘9!0/
- / R
A RO
..ﬂ R R
RO
AR IR
© N R R
R IR
0 RN N R
_——
= :
=0 =
==
R
T
= = —
=_Z == =
— =
=ese=—— s
= =
e 2
e
e
e

Finite element modelling of cold formed steel members under fire situation



%e

)1«

> Dimensions:

» Simply supported beams

Numerical study (Beams)

Case study

» Cross-sections equivalent to Class 4 cross-sections

Desianation Web Flange Lip Thickness
g [mm] [mm] [mm] [mm]
T 229x64x20x(1.5) 229 64 20 1.5
s _150x43x20x(2.0) 150 43 20 2.0

Cross-section

Finite element modelling of cold formed steel members under fire situation

» Temperature considered uniform throughout the
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Numerical study (Columns)

Case study

» Simply supported columns
» Cross-sections equivalent to Class 4 cross-sections

> Dimensions:

Desianation Web Flange Lip Thickness
9 [mm] [mm] [mm] [mm]
C_229x64x20x(1.5) 229 64 20 1.5
C_155x77x31x(2.0) 155 77 31 2.0

» Temperature considered uniform throughout the

Cross-section

Finite element modelling of cold formed steel members under fire situation



Numerical study (Columns)

» Concentrated loads applied, in the parallel directions to the column

axis, according to the linear stresses distribution resulting from

compression. g @Héﬁg
W -
Vi N
S : |
48251,
/ | >

@
Fo

» Restrictions imposed in order to reproduce one end pinned support

and one roller support at the ends of the column.

Finite element modelling of cold formed steel members under fire situation



Numerical study (Columns)

Shift of cross-section geometric centre:

Cross-section: Effective cross-section:

Dz - Dp.et Dape2

pe2

— - —
| c15 |
h; 1

Cipe

AMg, = NE
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Numerical study (Columns)

EC3 (EN 1993-1-2) + Annex E

N¢igq My ¢ipq + AM,, g

+ k + k <1.0
Npfiera °  Myritray * Mygitraz
NfiEga . My figa + AMy £q N M, figa + AM, gq L0
Nb,fitRrd,z My fit,ra “ Myfitraz B
EC3 (EN 1993-1-2) + FN Annex
Nyikd tk,, My figqa + AMy gq y M, figqa + AM, Eq <10 kyy = kyy
Ny fitrdy My fi ¢ Ra Mgt raz kyy =k, =1
N ¢; M, ¢irqs+AM M, cips+AM
fi,Ed n kzy v,fi,Ed v,Ed n kzz z,fi,Ed z,Ed < 1.0
Ny fitRrdz My fi ¢ ra M¢it ra,z
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Numerical study (Columns)

Influence of different imperfections
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RSAF.R/RECS 350°C f,=360MPa
1 R bt S pessseenersa s e S pmcnsrsseans
‘ 1 : | 1 | Constitutive Law
, A NSRS WU ORISR SN SN SO S—— 1 T
‘ ! X | 3 § Safe |
00 S N— T & S— SN - - S
| X o ¥ o 8 .
13y e e s S o § rrrrrrrrr 3 S o s | I — o RENBUINEN R L A A
é 5 3 X | K X ° é ‘
i 1 i 1 | i x - ®
1.00 3 5 3 i : i 3 : X
—EN 1993 1-2 ! | | ! | ! | |
X SAFIR without geometric 1mperfeot10ns i ; i ; 3 3
°7 A SAFIR with distortional imperfections T P /N N T 3
O SAFIR with local imperfections | §
050 & SAFIR with global (ﬂexuralftorswnal)1mperfeeu0ns-----------§ --------------- I e
0O SAFIR with global (ﬂexural) imperfections | | § § Unsafe
025 | @ SAFIR with local and global (flexural) combination . ¢ i SO
A SAFIR with local, global (flexural) and distortional combination | i | e
oo X SAFIR with local global (ﬂexural) dlstortlonal and re51dual stresses combmahon | § A 28
000 0.25 0.50 075 1.00 125 150 175 2.00 225 250

Finite element modelling of cold formed steel members under fire situation



Numerical modelling of beams restrained
by sheeting

Pedro Chaves; Nuno Lopes; Paulo Vila Real (2014)
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Numerical moaelling o

restrained by sheeting

EN1993-1-3&(10.1)

Gravity loading Uplift loading

a) Z and C section purlin with upper flange connected to sheeting

141t 111111

T —

=>

_____________________________

In-plane bending Torsion and lateral
bending

b) Total deformation split into two parts
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Numerical moaelling o

restrained by sheeting

EN1993-1-3&(10.1)

Simplified model Lower flange

qu[ , K Geq
ym b oo

oty lllil_&l vyvyybyydd vy dd oyl

Modelling the sheeting

C, Cp
S _Z, L? 7 -
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Simplified method

EN1993-1-3&(10.1.4.1)

- restrained flange: - free flange:
Omax,Ed — My’Ed + AL < fy/yM Omax,Ed = My,Ed + Ned + M kg < fy/yM
Wery  Aerr Weiy  Aerr Wi,
9Eqd
[ \
N O e R T . . -t -3
Ed SN ) l L ! 1/6h
____________________________________________________________________ h quI | .
D
AN AN 3
<5
: J &
| |
T < 17
R + + =
y— | y % i ) _\U/Sh
Z| 922}01 )6821
M N M W
y,Ed Ed fz,Ed A fz

Weff,y A eff sz
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Modelling the sheeting

Considered models

Uplift loading Gravity loading

N
ooy

Ya

Yo

Finite element modelling of cold formed steel members under fire situation



Modelling the sheeting

Rotational stifness CbD . Cp 4 = C1g0. Kpa- k- kpr- kg Kpr

Influences of:
Profiled sheeting geometry shape;

Sheeting thickness; br Crista

Connectors spacing;

I
Fixation position; Depressio L

Profile cross-section:;

2R e o

Profile and sheeting temperatures.

Model EC3 Adopted model SAFIR Model

C Il co
{\\ o 00[>HL—‘

po— A

FFFFFFF
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FFFFFFF
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e Modelling the sheeting

Uplift loading

20 0.30 1.36 0.56 0.17 0.76 0.0034 243.3 320
500 0.12 0.56 0.56 0.07 0.31 0.0001 126.2 115.2
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Modelling the sheeting

Gravity loading

20 0.182 0.82 79.8 320
500 0.103 0.46 45.0 130.2
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Application example of fire safety
engineering

Paulo Vila Real; Nuno Lopes (2010)
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Waste treatment
plant, Gaia, Portugal

Implantation

Application example of fire

safety engineering
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Application example of fire

safety engineering

Fire scenarios

1200 T T FEEE PR CERT
O 1000 i e
2 / | Cenario 1
S 600 , — .
o / s A—— | | Cenario 2
GE) 400 A — ———Cenario 3
- 7, ;,/
200 Sl
0 =25
O 10 20 30 40 50 60 70 80 90 100 110 120
Tempo [min.]
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Application example of fire

safety engineering

Structural analysis

Reception hall (central) subjected to scenario 1

Principal structural truss

Diamond 2009.a.5 for SAFIR

FILE: VT3
NODES: 1444
BEAMS: 701
TRUSSES: 0
SHELLS: 0
SOILS: 0

SAFIR

BEAVIS PLOT
IMPOSED DOF PLOT
DISPLACEMENT PLOT ( x 5)

TIME: 4224.063 sec

_ Beam Element

5.0E-01m
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Application example of tire

safet gineering

Structural analysis

Reception hall (central) subjected to scenario 1

Cold formed strutural profiled sheets BNTA 700
with 1.12 mm thickness plus tensioned rod

Diamond 2009.a.5 for SAFIR

FILE: bta700-2
NODES: 3442
BEAMS: 5
TRUSSES: 0
SHELLS: 3300
SOILS: 0

180mm

SAFIR

660mm - arco / 700mm - plano

BEAMS PLOT

SHELLS PLOT

IMPOSED DOF PLOT
DISPLACEMENT PLOT ( x 5)

TIME: 7049.375 sec

_ Beam Element
[ | shellElement

50E-01lm
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http://structuresinfire.com/

I Fire safety engineering at Aveiro

v Networks:

v Paulo Vila Real is member of the Steering committee of the

SiF movement (http://structuresinfire.com/)

v" Paulo Vila Real is the Chairman of the TC3 (fire) of ECCS

(European Convention for constructional Steelwork)

v Transfer of knowledge:

v’ Fire resistance laboratory
v Fire design engineering projects

v' Development of the Software Elefir-EN

v' European projects:

v FIDESC4; Difisek+; Macs+; COST TU0904: LocaFi JII
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Erasmus+ action: Forecast Engineering: From past design

to future decision, Budapest 27 June 2017
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Thank you for your attention

Nuno Lopes*; Paulo Vila Real
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