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N. Structural Fire Modeling: Where is the Frontier Nowadays?
Jean-Marc Franssen, Institute de Mecanique et Genie Civil
University of Liege, BELGIUM

Numerical modelling
Structural Fire Modelling. =

Where is the frontier nowadays? of building structures under fire

Tean-Marc FRANSSEN 1 — Temperatures in the compartment == OZone

2 — Temperatures in the structure

3 — Mechanical hehaviour Sl AL

Wécanique des matériaux

UNIVERSITE de Li¢ge
& Structures

SAFIR : general presentation

SAFIR : non linear finite element software

Determination

of the temperature in the structure; Ts =f(x, v, z,. Tg)

of the mechanical response; u = f(x, v, z, loads, Ts)

SAFIR : general presentation 3D temperature distribution - Examples

Temperature field Mechanical model
Reinforced

3D F.E. == Simple calculation model i S concrete beam
' with

2DF.E. = Beam F.E. (2D or 3D) a circular hole
in the web

1D F.E. Shell F.E. (3D)

Simple calculation model == Truss F.E. (2D or 3D)

94



DIAMGND XP DIAMOND XP
FILE: binafl
HODES: 744
ELEMENTS: 476 ELEMENTS: 743
ELEMENTS PLOT
CONTOUR PLOT

TEMBERATURE PLOT

HODES PLOT
ELEMENTS PLOT
TEMPERATURE PLOT
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2 steel beams connected by cover plates (1/8 represented)

2D temperature distribution - Examples —
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Ancient prefabricated flooring system (radiation in the cavities)

Composite steel-concrete beam
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Link between the thermal and the
mechanical analysis
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DIAMOND XP

DIAMOKD X

ELEVENTS: 163

connousPLOn
TEPEIRTURE FLOT

Beam finite element
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Integration on the section
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Beam finite element

Example

A composite frame with out-of-plane
of the columns

Click for the animation

The shell finite element Shell finite element

Examples

The same after deformation

Benchmark test : hemispheric dome (

4 modelled)
{elastic calculation at 20°C)
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DIAMOND XP

FILE: codred
MODES: 352
BEAMS: 171
TRUSSES O
SHELLE: 0

ELEMENTS PLOT
DISPLACEMENT PLOT

TIME: 4 sec

buckling




Comparison between deformed et initial shape

{No amplification of the displacements in the drawing)

Lo ba=
AR

BILACENENT FLOT

e 2 e

Structural Fire Modelling
What are the limits we are facing today?
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U section in bending
elastic at 20°C

Displacements x 1

Structural Fire Modelling
What are the limits we are facing tod

1. Thermal conductivity of concrete
2. Shaddow effect around H steel sections

M.B. This is a Furopean problem




Structural Fire Modelling
What are the limits we are facing today?

1. Thermal properties of materials

1. Incase of C.F.D. modelling
2. Also for zone models

1, Structural Fire Modelling
What are the limits we are facing tod

Two zone model . .
= = 1. Thermal properties of materials
e S 2. Interaction hetween the gas and the structure in case of localised fires

Localiedfiremodl £

_ e s _ More a producers’s problem than a modeller*s problem.
SEann '|' s Research can help in explaining the phenomena and
identifying the parameters, but not give a deterministic
if it

Height
ofthe
fiee zotleg

Fire v

Structural Fire Modelling All sections are seer bv 4 Ber 1
What are the limits we are facing today? . sections are seen by a 61‘11.011 !
beam F.E. as Class 1 sections
Thermal properties of materials
. Interaction hetween the gas and the structure in case of localised fires
Spalling in concrete

Class 1 => no problem
. Raotation capacity Class 2 => normally, no hyperstatic structure

. Local buckling Class 3 => use modified properties
Shear failure

4. Dehonding
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Structural Fire Modelling
What are the limits we are facing toda

Thermal properties of materials

Interaction hetween the gas and the structure in case of localised fires
Spalling in concrete

Consequences of Bernoulli hypotheses in the heam F.E.

Steel frame - discretisation

)

Steel frame — concentrated loads

DIAOND XP
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ELEMURTS PLOT
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DINMOND XP
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TRUSIES: 0
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DUNGOND XP
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BEANS: 57
TRAUSIES: 0
SHELLE 0

LLEMERTS PLOT
BAPOSED DOF PLOT
DISTRIBUTED LOADS FLOT

Steel frame — distributed loads

CAAROND XP

FILE: FR4
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RLEMERTS FLOT
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HERDING MONENT FLOT

THE T230c

S
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DIAMOND XP
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CAAROND XP
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Steel frame — hending moment at 20°C
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| DiAmaND xP
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P e

] Steel frame — displacements aftr 4 mi
The simulation cannot go beyond 4 minutes

CAARSOND XP
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ELEMURTS PLOT

Modified steel frame (no diagonal) - discretisation

CAAROND XP
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Modified steel frame — hending moment at 20°C



CAARMOND XP

FILE: FRA4
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Steel frame — axial forces at 20°

DINMOND XP

FILE: FR34B
NOLES: 636
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Modified steel frame — displacements after 27 min.

DIAMOND XP
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Restraint concrete beam
Analysis of the response for different restraint levels
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DISTRIBUTED LOADS PLOT|

102

CHARSOND XP
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Modified steel frame — axial forces at 20
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) 2000 rmrm
15000 - 1
P =100KN .
T =20°C Academic case.
fy= 345 MPa The inclined

= E=-210000 MPa stanchion is heated.
B £ H = 3089 mm
2 = B =101.9mm
£ (53]
] = tw=6.1mm

~ tn=8.9mm

Dest = 1143 mm
te = 3 mm
oo
Time [gec]
Restraint concrete heam
Evolution of the vert. displ. for different resiraint levels
The program stops hefore entering into tension Fig. 10. Structure with local falure
1P p DAt lP JP
. 2
=F T2 Structure with a
E= 210 000 Nigm® complex load

00514 mme

= displacement path

Displacernent [rmm]

Tm 00|

Temperature inthe stanchion [PC]

a0

Solution by SAFIR using arc-length

Fig. 7. Structure with a complex hehaviour

Unfortunately, arc length
* does not work in all cases
* involves an unloading that is not physicaly correct

Solution by SAFIR using arc-length
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Structural Fire Modelling
What are the limits we are facing today?

Thermal properties of materials

Interaction hetween the gas and the structure in case of localised fires
Spalling in concrete
Consequences of Bernoulli hy
Local and/or temporary negative stiffness

otheses in the heam F.E.

DIAMOND XP

NODES: 700
BEAMS: 330
TRUSSES: 20
SHELLS: 0

ELEMENTS PLOT
IMPOSED DOF PLOT

Flongation of the purlins: free or fixed?

Structural Fire Modelling

What are the limits we are facing today?

Thermal properties of materials

. Interaction hetween the gas and the structure in case of localised fires

Spalling in concrete
Consequences of Bernoulli hypotheses in the heam F.E.

. Local and/or temporary negative stiffness
. Boundary conditions in substructures
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DIAMOMD XP

FILE. a0502b1
NODES: 700

BEAMS: 330

TRUSSES: 20
SHELLS:0

ELEMENTS PLOT

Industrial building: one frame + purlins represented

DIAMOND XP
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DIAMOND XP

FILE: LATECOLD
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ELEMENTS PLOT

Simply supported beam (displacements




Is this failure or not? Is this failure or not?

DIAMOND XP DIAMOND XP
FILE: LATBCOLD = FILE: LATBCOLD
NOOES: 785 £ . NOODES: 765
BEAMS: 0 BEAMS: O

TRUSSES: D TRUSSES: D
SHELLS: 700 SHELLS: 700

ELEMENTS PLOT ELEMENTS PLOT
DNSPLACEMENT PL: - DMSPLACEMENT PL:

TIME: 5 zer i TIME: 10 s8¢

Simply supported beam (displacements x 1) Simply supported beam (displacements x 1)

Is this failure or not? Is this railure or not?

DIAMOND XP DIAMOND XP

FILE: LATECOLD FILE LATECOLD
NODES: 765 . NOOES: 7BS
EEAMS: 0 EZAMS: O
TRUSSES: 0 X TRUSSES 0
SHELLS: 700 : e : SHELLS: 700

ELEMENTS FLOT ELEMENTS FLOT
DMSPLACEMENT P = DNSPLACEMENT PL:

TIME: 15.12 280 i TIME: 20.24 sac

Simply supported beam (displacements x 1) Simply supported beam (displacements x 1)

Is this failure or not? DIAMOND XP
FILE: LATBCOLD
DIAMOND XP MNODES: 765

EEAMS. 0
FILE: LATECOLD TRUSSES: O

MOOES: TES
EEAMS: 0

TRUSSES 0 4 ELEMENTS PLOT
SHELLS: 700 Feils DISPLACEMENT PL

SHELLS: 700

ELEMENTS PLOT : f TIME: 63,2 s6c
DISPLACEMENT PL:

TIME: 25.35 sac

Simply supported beam (displacements x 1) Simply supported beam (displacements x 1)
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Structural Fire Modelling
What are the limits we are facing today?

Thermal properties of materials

. Interaction between the gas and the structure in case of localised fires
Spalling in concrete

. Consequences of Bernoulli hypotheses in the heam F.E.

. Local and/or temporary negative stiffness

. Boundary conditions in substructures

7. Definition of failure in case of very large displacements

This structure is large geometricaly,
but not numericaly speaking

Conclusions

For understanding and designing structures
submitted to fire, numerical modelling
offers capabilities that are unique.

DIAMOND XP

FILE: poritzBaistl
NODES: 1045
EEAMS: 436

ELEMENTS PLOT
APOSED DOF PLOT

Steel bridge under a localised fire

RACK STORAGE SYSTEM

SUSPP 5 THE ENVELOF OF
THE BUILDING

TRAVHYDRO

Amiens - France

This struciure is huge,
numericaly speaking

Conclusions

The frontiers are:

Spalling in concrete

Concrete properties

Local or temporary failures

Very large structures

Very large displacements

Boundary conditions

Interface with environment in localised fires

Ressources (money, tilne, people,
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