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I ntroduction
Basic theory of thermal calculations




Three steps
In the structural fire designy

Define the fire (not made by SAFIR).
Calculate the temperatures in the structure.

Calculate the mechanical behaviour.




Definethefire (thatwill thenbetakenas a
data by SAFIR)




»> Elther

¢ |SO 834,

 hydrocarborcurveof Eurocode 1,

» externalfire curveof Eurocode 1,

« ASTM E119,

all embeddedn SAFIR

»> Or chooseyour own time-temperatureurve
(from zonemodellingfor examplg anddescribat
point by point In &extfile.

Heat flux linked to a Tt curve: EREIuAEa SR ZIRREs &




Example of a tool for determining
Temperature-time curve:

OZone V2.0.XX




Fire phases and associated model
The compartment.




Fire phases and associated model
The fire starts.




Fire phases and associated model
Stratification in 2 zones.




Fire phases and associated model
2 zones model.




Fire phases and associated model
Flash over.




Fire phases and associated model
1 zone model.

Fire: RHR,
combustion products




Resultto be usedby SAFEIR : the timgemperatureurve

External Flaming Combustion Model
Influence of windows breakage on zone temperatures
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q = f(t)

f(t) Is described point by point in a text file




SeeadvancedAFIR course.




Thermal &mechanicatalculations




Link betweerthermal ananechanicaanalyses

The type of modealisedfor the thermaanalysisdepends
on the type of moddhatwill beusedin thesubseguent

mechanicaanalysis




Link betweerthermal ananechanicaanalyses

Temperaturefield M echanical model

=> Simple calculation

3D F.E. model

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

Simple calculaties

nodel Truss F.E. (2D or 3D)




General principle of a mechanical analysis based
beam F.E. elements. .
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Apply boundary conditions
(supports) and loads.
Then let the heating go.




Organisation of the files for a typical calculation
(one mechanical calculation for a structure with ?
section types)

Note: one new section type If:

ne geometry of the section is different,
ne fire curve Is different,

ne thermal properties are different,

ne mechanical properties are different.
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SAFIR SAFIR
S1. OUT Sl TEM S2TEM S2.0UT

DIAI\/IOND FRAI\/IE IN DIAMOND
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Example
A concrete beam




2D thermal model — meshing of the section with
3 or 4 noded linear elements (the temperature Is
represented by the vertical elevation).




The temperature varies linearly along the edges of
the elements => (Tontinuity for the temperature
field




Not correct Correct




Thermal response :
discretisation of the structure

True section Matching Discretised section

— T he discretised section
ISan approximation of the real section




Same section.
Different discretisation.
— Different results

Note: the results tend toward the true solution
when the size of the elements tends toward O




DIAMOND 2000
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 FILE: RCSECTION.OUT
NODES: 256
ELEMENTS: 225

ELBWENTS PLOT

[ siconcec:
E— T

I C 1 FCT

Example of a very simple discretisation
z20f a 30 x 30 crreinforced concrete sectiolg



—— Heaiting
— — Cooling
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Non linear thermal properties are used.

Here, thermal conductivity of concrete
(non reversible during cooling).




— Thermal conductivity [W/mK]
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************* [ N

400 600 800 1000 1200
Temperature [C] ==>

IMermalcenductivityoirsieel




| |
— — Enthalpy [J/cm3K]

—— Specific heat [kJ/kgK]

800
Temperature [C] ==>

SpPEciiicheaiofsieel




Trie local ecuiliorurn ecuztilor for coricluciion |

It Iz trainsforrned in e elerernt ecuiliourr
ac|Lizilorn




NG =3

Integration of the thermal properties on the surface:
Numerical method of Gauss




Thetransientemperatur@listributionis evaluated
Hereundera naturalfire (peaktemperatureafter 3600 sec)

DIAMOND 2001X
FILE: rczection.OUT

MODES: 256
ELEMEMTS: 225

TEMPERATURE PLOT




Concrete Filled Steel Section
(courtesy N.R.C. Ottawg




DIAMOND 2000
FILE: zect.out
MODES: 1325
ELEMEMTS: 1224

TIME: 3600
TEMPERATURE PLOT
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Prestressed concrete section




TT prestressed beam

I

DI&AMOMND 37
FILE: HURESEZ. OUT

ELEMEMNTS: 675

COMTOUR FLOT

SILCOMCECZ
SILCOMCECZ
STEELECS

SILCOMCECZ
SILCOMCECZ
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TIME: 10800
TEMFERATURE FLOT

Radiation In the cavities Is taken Into accou
Concrete hollow core slab




DIAMOND 2000
FILE: TYPE1.QUT
MODES: 301
ELEMENTS: 222

TIME: 1800
TEMPERATURE PLOT
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T.G.V. rallway station InLiege (courtesyBureauGreiscl).
Main steelbeamwith concreteslah




DIAMOND 2001 X
FILE: decke.OUT

MODES: 601
ELEMEMTS: 5352

ELEMENTS PLOT
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Old floor system; steel | beams and precast vouss

Courtesy: Lenz Weber, Frankfurt




DIAMOND 2001X
FILE: tube1.OUT

MODES: 174
ELEMEMTS: 133

ELEMENTS PLOT

STEELECS
[ [smeeecs
SILCONCEC2
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Steel H section In a steel tube filled with concret




Diamond 2008 for SAFIR

FILE: final
NODES: 5519
ELEMENTS: 8566

CONTOURPLOT
TEMPERATURE PLOT

TIME: 3600 gec
=Tmax
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! 1000.00
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70000

Window frame (courtesy: Permasteelisa)
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Technum

Courtesy
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DIAMOND 2000
FILE: n96.QUT
MODES: 660

ELEMEMTS s 440

ELEMENTS PLOT
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 Isiconcec

I =0

Compositesteelconcretgoint
Discretisation




DIAMOND 2000
FILE: n3E.0T

MODES: B0
ELEMEMTS: 440

TIME: 7200
TEMPERATURE PLOT
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1000.0
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g320.0
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oo
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2300
4750
400.0
3r46

Compositesteelconcretgoint
Temperaturson the surface




DIAMOND 2000
FILE: n3E.0T

MODES: B0
ELEMEMTS: 440

TIME: 7200
TEMPERATURE PLOT
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Compositesteelconcretgoint
Temperaturson thesteelelementgconcretas transparent)




DIAMOND 2000
FILE: n3E.0T

MODES: B0
ELEMEMTS: 440

TIME: 7200
TEMPERATURE PLOT

I

1000.0
925.0
g320.0
7ran
oo
B625.0
2300
4750
400.0
3r46

Composite steel-concrete joint
Temperatures on the concrete elements (steel transp




symetric problem
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Steel stud on a thick plate (axi
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Thermal response : limitations

* Free water — the evaporation is taken into acco
but not the migration.

nternal cavities only in 2D sections.

Perfect conductive contact between the materis

—1xed geometry (spalling! Now taken into

account, but not predicted, see advanced SAFIR

course).

e |sotropic materials (no influence of cracking In

concrete. Now orthotropic timber is considered).




Thermal response : limitations

Linear elements.
Consequence: possible skin effects (spatial ogoifig}

A wall (uniaxial heat flow)




Thermal response : limitations

Linear elements.
Consequence: possible skin effects (spatial ogoifig}

T

F.E solution

1 .+ Cooling ?21?1?
One finite element




Thermal response : limitations

Linear elements.
Consequence: possible skin effects (spatial ogoifig}

T

F.E solution

T\7vo finite'elemer'lts




Thermal response : limitations

Linear elements.
Consequence: possible skin effects (spatial ogoifig}

T

F.E solution

[ o—o O
Three finite elements




Thermal response : limitations

Linear elements.
Consequence: possible skin effects (spatial ogoifig}

Solution:
The mesh must not be too crude
In the zones
and In the direction
of non linear temperature gradients.




Structure of the input file for thermal analyses

NODEL | NE
YC ZC

Y




Structure of the input file for thermal analyses

NODEL | NE
YC ZC

Y




Symmetries

YSYM:
The axis Y Is an axis of symmetry (for the geometryhef
section and for the boundary conditions).
In order to decrease the size of calculation, we modks/
Y5 of the section.
The section of each represented "fiber" is doubletien t
TEM file.

A =>2 A

I VValid only for 2D structural analyses




Symmetries

REALSYM:
There Is an axis of symmetry (for the geometry of the
section and for the boundary conditions).
In order to decrease the size of calculation, we modks/
Y5 of the section.
The section of each represented "fiber" Is reproduceihe

other side of the axis.




Symmetries
REALSYM: examples




Symmetries
REALSYM: examples




Symmetries
SYMVOID




