
Developing A Heat Transfer 
Model In OpenSees For 

Structures In Fire

Yaqiang Jiang, Asif Usmani , Stephen Welch
The University of Edinburgh, School of Engineering



Theoretical Basis

Heat transfer model

Discretized with FEM

Enthalpy method (Morgan & Lemmon) :
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Treatment for phase 
change effects:



Object-oriented software design
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Verification

• Dirichlet BC

(a) geometry and boundary conditions 

(b) FE discretised mesh 
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T=0 °C T=100sin(πt/40)°C
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Fig. 5 Temporal solution at target point Fig. 6 Spatial distribution along length 

• Convection BC
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 8-noded, dt = 30s
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Benchmark test with convection boundary condition Temperature distribution along right-side boundary 

 

x x=0.6 m

y=1.0 m h=750 W/m2K

k=52 W/mK 

ρ=7850 kg/m3  

c=460 J/K  

T=100 °C  

target 
point  

y

insulated  

• Radiation BC

x=0.0 m
x=0.1 m

T=1000 K k=55.6 W/mK Ta=300 K

Benchmark test with radiation boundary condition

Exact solution of 927.008K was obtained at steady state



Application
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Q = 2 MW
D = 1.0 m

BCD

Concrete slab exposed to a localized fire
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Temperature distribution within the slab
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Specific heat for concrete(EC2)
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Volumetric enthalpy for concrete
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Temperature increase  for two moisture levels


