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IntroductionIntroduction
Basic Basic theorytheory of thermal of thermal calculationscalculations



Three steps Three steps 
in the structural fire design:in the structural fire design:

1.1. Define the fireDefine the fire ((not made by SAFIRnot made by SAFIR))..

2.2. Calculate the temperatures in the structure.Calculate the temperatures in the structure.

3.3. Calculate the mechanical behaviour.Calculate the mechanical behaviour.



StepStep11

DefineDefine the the firefire ((thatthatwillwill thenthenbebetakentakenas a as a 
data by SAFIR)data by SAFIR)



Option 1: a design Option 1: a design firefire TTgg = f(t)= f(t)

�� EitherEither
•• ISO 834, ISO 834, 
•• hydrocarbonhydrocarboncurvecurveof Eurocode 1,of Eurocode 1,
•• externalexternalfirefire curvecurveof Eurocode 1,of Eurocode 1,
•• ASTM E119,ASTM E119,

all all embeddedembeddedin SAFIRin SAFIR
�� or or choosechooseyouryour ownown timetime--temperaturetemperaturecurvecurve
((fromfrom zone zone modellingmodellingfor for exampleexample) and ) and describedescribeitit
point by point in a point by point in a texttext file.file.

( ) ( )4 4
g S g Sq h T T T Tσ ε• = − + −Heat flux linked to a Tg-t curve:



Example of a tool for determining
Temperature-time curve:

OZone V2.0.XX



Fire phases and associated modelFire phases and associated model
The compartment.The compartment.

OZone V2.0.XX



Fire phases and associated modelFire phases and associated model
The fire starts. The fire starts. 

OZone V2.0.XX



Fire phases and associated modelFire phases and associated model
Stratification in 2 zones.Stratification in 2 zones.

OZone V2.0.XX
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Fire phases and associated modelFire phases and associated model
2 zones model. 2 zones model. 

OZone V2.0.XX



Fire phases and associated modelFire phases and associated model
Flash over. Flash over. 

OZone V2.0.XX



H

ZP

0

mOUT

mOUT,L

mIN,L

QC

QR  m, T, V,
 E, ρ(Z)

p = f(Z)

Fire: RHR,
        combustion products

QC+R,O

Z

Fire phases and associated modelFire phases and associated model
1 zone model. 1 zone model. 

OZone V2.0.XX



OZone V2.0.XX

ResultResultto to bebeusedusedby SAFIR : the timeby SAFIR : the time--temperaturetemperaturecurvecurve
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Option 2: a flux Option 2: a flux atat the the boundaryboundary

( )q f t• =

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



Option 3: a flux Option 3: a flux defineddefinedby the local by the local firefire model of model of 
EN 1991EN 1991--11--2 (2 (Hasemi'sHasemi'smodel).model).

SeeSeeadvancedadvancedSAFIR course.SAFIR course.



StepsSteps2 & 32 & 3

Thermal & Thermal & mechanicalmechanicalcalculationscalculations



Link Link betweenbetweenthermal and thermal and mechanicalmechanicalanalysesanalyses

The type of model The type of model usedusedfor the thermal for the thermal analysisanalysisdependsdepends
on the type of model on the type of model thatthatwillwill bebeusedusedin the in the subsequentsubsequent
mechanicalmechanicalanalysisanalysis..



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

model

Shell F.E. (3D)1D F.E. or user’s field

BeamBeam F.E. (2D or 3D)F.E. (2D or 3D)2D F.E.2D F.E.

Simple calculation
model

3D F.E.

MechanicalMechanical modelmodelTemperatureTemperature fieldfield

=>

=>=>

=>

=>

Link Link betweenbetweenthermal and thermal and mechanicalmechanicalanalysesanalyses

Today



General principle of a mechanical analysis based on 
beam F.E. elements.





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 2 
section types)

Note: one new section type if:
� the geometry of the section is different,
� the fire curve is different,
� the thermal properties are different,
� the mechanical properties are different.
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Step 2.Step 2.Thermal Calculation Thermal Calculation --
discretisationdiscretisationof the structureof the structure

2D2D3D3D

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).
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The temperature varies linearly along the edges of 
the elements => C0 continuity for the temperature
field



Not correct Correct



Step 2.Step 2.Thermal response : Thermal response : 
discretisation of the structurediscretisation of the structure

TrueTrue sectionsection MatchingMatching DiscretisedDiscretised sectionsection

⇒⇒The The discretiseddiscretised section section 
isis an approximation of the real sectionan 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 0



Example of a very simple discretisationExample of a very simple discretisation
¼¼ of a 30 x 30 cmof a 30 x 30 cm²² reinforced concrete sectionreinforced concrete section
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The local equilibrium equation for conduction isThe local equilibrium equation for conduction is

It is transformed in an element equilibrium It is transformed in an element equilibrium 
equation.equation.
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Integration of the thermal properties on the surface:
Numerical method of Gauss

NG = 1

NG = 2

NG = 3



The The transienttransienttemperaturetemperaturedistribution distribution isis evaluatedevaluated..
HereHereunderundera a naturalnaturalfirefire ((peakpeaktemperaturetemperatureafterafter3600 sec)3600 sec)..



Concrete Filled Steel SectionConcrete Filled Steel Section
((courtesy N.R.Ccourtesy N.R.C. Ottawa. Ottawa))



Prestressed concrete section



TT prestressed beam





Radiation in the cavities is taken into account
Concrete hollow core slab



T.G.V. T.G.V. railwayrailway station in station in LiegeLiege((courtesycourtesyBureau Bureau GreischGreisch).).
Main Main steelsteelbeambeamwithwith concreteconcreteslabslab..



Old floor system; steel I beams and precast voussoirs
Courtesy: Lenz Weber, Frankfurt



Steel H section in a steel tube filled with concrete



Window frame (courtesy: Permasteelisa)



Composite steel-concrete columns (1/2)
Courtesy: Technum



Composite beam partly heated

Steel column
through a 
concrete slab

3D 3D examplesexamples



Composite Composite steelsteel--concreteconcretejointjoint
DiscretisationDiscretisation



Composite Composite steelsteel--concreteconcretejointjoint
TemperatureTemperaturess on the surfaceon the surface



Composite Composite steelsteel--concreteconcretejointjoint
TemperatureTemperaturess on the on the steelsteelelementselements((concreteconcreteisis transparent)transparent)



Composite steel-concrete joint
Temperatures on the concrete elements (steel transparent)



Project Team EN 1994-1-2 (Eurocode 4)
Steel stud on a thick plate (axi-symetric problem)



Concrete Concrete beambeam((courtesycourtesyHalfkannHalfkann & Kirchner& Kirchner))
Transmission of the Transmission of the shearshearforce force aroundaroundthe the holesholes



Step 2.Step 2.Thermal response : limitationsThermal response : limitations

• Free water – the evaporation is taken into account, 
but not the migration.

• Internal cavities only in 2D sections.
• Perfect conductive contact between the materials.
• Fixed geometry (spalling! Now taken into
account, but not predicted, see advanced SAFIR 
course).
• Isotropic materials (no influence of cracking in 
concrete. Now orthotropic timber is considered).



Step 2.Step 2.Thermal response : limitationsThermal response : limitations

Linear elements.
Consequence: possible skin effects (spatial oscillations)

A wall (uniaxial heat flow)

T

Exact solution



Step 2.Step 2.Thermal response : limitationsThermal response : limitations

Linear elements.
Consequence: possible skin effects (spatial oscillations)

T

Exact solution

One finite element

F.E solution

Cooling ?!?!?



Step 2.Step 2.Thermal response : limitationsThermal response : limitations

Linear elements.
Consequence: possible skin effects (spatial oscillations)

T

Exact solution

Two finite elements

F.E solution



Step 2.Step 2.Thermal response : limitationsThermal response : limitations

Linear elements.
Consequence: possible skin effects (spatial oscillations)

T

Exact solution

Three finite elements

F.E solution



Step 2.Step 2.Thermal response : limitationsThermal response : limitations

Linear elements.
Consequence: possible skin effects (spatial oscillations)

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

NODELINE Y0 Z0

YC_ZC Yc Zc

Y

Z

Node line of the structural analysis

Y0

Z0



Structure of the input file for thermal analyses

NODELINE Y0 Z0

YC_ZC Yc Zc

Y

Z

Center of rotation (structural analysis)

YC

ZC



Symmetries
YSYM: 
� The axis Y 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 model only

½ of the section.
� The section of each represented "fiber" is doubled in the 

.TEM file. Y

Z

! Valid only for 2D structural analyses

A i => 2 Ai



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 model only

½ of the section.
� The section of each represented "fiber" is reproduced on the 

other side of the axis.



Symmetries
REALSYM: examples

REALSYM

REALSYM



Symmetries
REALSYM: examples

REALSYM

YSYM REALSYM



Symmetries
SYMVOID YSYM

REALSYM
&

SYMVOID
(for calculation of 
the view factors in 

the cavity)


