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Ambient TemperatureAmbient Temperature

�� Calculate peak predicted load (or several Calculate peak predicted load (or several 

load cases)load cases)

�� Check strength at this loadCheck strength at this load

�� Loads monotonicLoads monotonic



At High TemperatureAt High Temperature

�� Calculate gas temperaturesCalculate gas temperatures

�� Calculate structure temperaturesCalculate structure temperatures

�� Check strengthCheck strength

�� BUTBUT
–– Stresses and strengths are timeStresses and strengths are time--varyingvarying

–– Loading/Temperatures not monotonicLoading/Temperatures not monotonic

–– Therefore point at which strength should be checked Therefore point at which strength should be checked 
not clearnot clear

�� THEREFORETHEREFORE
–– Cooling may be important but often ignoredCooling may be important but often ignored



Structural CoolingStructural Cooling

Mechanical strain or
temperature

Stress

Uniform heating then cooling

Compression during
heating
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Finish here!
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Heat TransferHeat Transfer



Structural Temperatures Structural Temperatures --HTHT
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Structural Temperatures Structural Temperatures -- LinearLinear
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Structural ModellingStructural Modelling

Steel

Concrete

Rigid
connections

Column

•Beam elements throughout
•Eurocode material behaviour
•Temperatures from thermal analysis or
simple analysis

• Comparison of strong and weak steel
beams



Linear Cooling Linear Cooling –– Total Section ForcesTotal Section Forces
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ExplanationExplanation

�� Steel and concrete cool Steel and concrete cool 

““togethertogether””

�� Tension in fire floorsTension in fire floors

�� Restraint from column Restraint from column 

and cold floorsand cold floors

�� Cold floors in Cold floors in 

compression as a resultcompression as a result
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Heat Transfer Cooling Heat Transfer Cooling -- Total Section ForcesTotal Section Forces
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ExplanationExplanation
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Summary so FarSummary so Far

�� In linear coolingIn linear cooling
–– Steel and concrete cool at comparable ratesSteel and concrete cool at comparable rates

–– Whole section forces remain similar to end of Whole section forces remain similar to end of 
heatingheating

–– Overall tensile forces in fire floorsOverall tensile forces in fire floors

�� In HT coolingIn HT cooling
–– Steel cools rapidly Steel cools rapidly –– tension in steeltension in steel

–– Concrete still expanding Concrete still expanding –– compressioncompression

–– Overall compressive forces in fire floorsOverall compressive forces in fire floors



Forces in steelForces in steel--beambeam
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Forces in Concrete SectionForces in Concrete Section
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Increased Steel Area Section ForcesIncreased Steel Area Section Forces

-2.5E+06

-2.0E+06

-1.5E+06

-1.0E+06

-5.0E+05

0.0E+00

5.0E+05

1.0E+06

1.5E+06

2.0E+06

2.5E+06

0 2000 4000 6000 8000 10000 12000

Time (s)

F
o
rc

e
 (

N
)

HT Floor 9 SB

HT Floor 8 SB

HT Floor 7 SB

HT Floor 6 SB

HT Floor 5 SB

       CoolingHeating



ConclusionsConclusions

�� Large forces developed during coolingLarge forces developed during cooling

�� Cooling behaviour dependent on heating Cooling behaviour dependent on heating 

and cooling regime.  Care neededand cooling regime.  Care needed

�� Relative sizes of structural members may Relative sizes of structural members may 

be important during coolingbe important during cooling

�� Forces developed important for connection Forces developed important for connection 

designdesign

�� Work continues!Work continues!


