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Abstract 
 
A scheme for verification of computer codes for 
calculating temperature in fire exposed structures 
 
A number of benchmark examples have been suggested for verification of two dimen-
sional temperature calculation computer codes based on the finite element or finite 
difference methods. First a simple example is suggested where an analytical solution is 
available then more complex cases are introduced assuming non linear boundary condi-
tions and material properties varying with temperature. Finally, cases dominated by heat 
transferred by radiation in internal voids are defined. 
 
Solutions of all the suggested examples are given in an appendix where various numbers 
of elements have been used for the numerical modelling. The intention is that specialists 
offering similar computer codes, particularly for fire safety engineers, should carry out 
similar calculations. Such comparative calculations could then form a basis for 
discussions on accuracy etc of various codes. 
 
The intention of this scheme is to evaluate computer codes with given input data. There-
fore no comparisons are made with test results. 
 
Key words: temperature calculation, fire, finite element, verification, computer 
calculation 
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Conclusions 
 
A first outline for a scheme for verification of computer codes for calculation of 
temperature in fire exposed structures has been developed. Other computer program 
users can now use the same set of reference cases for comparison with the results 
obtained with the code TASEF. Comparisons of results obtained with various element 
sizes are presented and give indications on the degree of accuracy that can be expected in 
this kind of calculations. 
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1 Introduction 
 
Theoretical analysis is gradually more often used to assess fire resistance of structures. 
A very important step in such an analysis is to evaluate the temperature rise in the 
structure. Several computer codes are available but their validity and accuracy are 
sometimes questioned by authorities and certifying bodies etc. 
 
But how could the quality of an analysis be verified? At least three steps must be 
considered 
 
1) validity of calculation model 
 

2) accuracy of material properties 
 

3) accuracy and reliability of computer code. 
 
The first point is of course important. Effects of spalling or water migration can for 
instance not be considered with a code just based on heat transfer according to the 
Fourier heat transfer equation. 
 
The second point is crucial. Errors in material property input will certainly be transmitted 
into output errors. But accurate material properties are often not available even for com-
mon materials, and methods for measuring material properties at high temperature are not 
readily available. This problem will, however, not be dealt with here. 
 
Finally the verification of the computer code itself. By definition verification is here 
meant: “The process of determining that a model implementation accurately represents 
the developer’s conceptual description of the model and the solution to the model”(see 
Guide for Verification and Validation of Computational Fluid Dynamics Simulations, 
AIAA, Guide G-077-1998). If correctly used most codes yield results with acceptable 
accuracy. But how could that be proven? A scheme to follow including 8 reference cases 
of various levels of complexity is suggested in this paper. It is mainly developed for 
finite element codes but it may also be used for codes based on finite difference princi-
pals. The first reference example is a linear problem which can be solved analytically. 
When increasing the number of elements the results should converge to the correct value. 
Similar type of so called patch tests are then suggested for a number of non-linear 
problems. The principal of this type studies is that codes yielding results that converge 
smoothly when increasing the number of elements are generally reliable for the type of 
problems considered. At least it can be seen as a good indication. 
 
The scheme suggested here employs problems which are relevant for fire safety engi-
neering including effects of conductivity varying with temperature, latent heat, radiant 
heat transfer boundary conditions and combinations of materials, concrete, steel and 
mineral wool. One reference case suggested is the evaluation of a special feature 
available only in some codes, heat transfer by radiation in voids. The last case is a steel 
section insulated by boards given rise to voids as in practice. A large number of other 
special features could of course be added, e.g. axi-symmetric cases, heat transfer between 
flowing media and pipe walls and so on. 
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As an example the computer code TASEF[1] has been evaluated using the outlined 
scheme. The results are reported in the Appendix of this paper. Other similar computer 
codes could be evaluated employing the same set of problems. The convergence 
properties could be studied and comparisons could be done with the results obtained with 
TASEF. Pintea and Franssen[2] and Hamann et al [3] have already used the suggested set 
of problems on similar computer codes, SAFIR and INST2D, respectively. In general 
good agreements were obtained between these three codes. Most reference cases reported 
here were presented at the Interflam ’99 conference [4]. 
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2 Problems of various levels of complexity 
 
Below follows some problems at various levels of complexities. They should be solved 
with an increasing number of elements. The specifications for the various problems out-
lined are given so that the input efforts are minimised. In most cases meshes with 4, 16, 
64 and 256 elements were used. 
 
The first reference case is a linear problem which has an exact analytical solution in 
terms of non-dimensional variables. All the other problems are non-linear and exact 
solutions are not available. 
 
 
2.1 Reference case 1 - Comparison against analytical 

results, constant material properties 
 

convektive heat  
transfer boundary

Line of symmetry

l

l

center

 
 
Figure 1 Quarter of square. Initially at a temperature Ti = 1000 °C. Surrounding 

ambient gas temperature T∞ = 0 °C. Thermal diffusivity a = k/cρ  = 1 and 
Biot number Bi = hl/k = 1. 

 
 
Model one quadrant of a square, 2l by 2l, see figure 1. The heat transfer at the boundary 
is given as h (T∞-Ts) where T∞ is the surrounding ambient gas temperature and Ts is the 
current surface temperature. Check convergence of centre temperature Tc for increasing 
number of elements, n = 4, 16, 64 and 256. 
 
Compare with analytical solutions [5] for the calculated centre temperature at dimension-
less time Fo = at/l2 = 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0.  
 
(The parameters l, h, k and a can be chosen arbitrarily as long as the non-dimensional 
parameter groups yields the values as specified.) 
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2.2 Reference case 2 - Non-linear boundary 

conditions and constant material properties 
 
A square of concrete like material with assumed constant properties, see figure 2. The 
same grids as for reference case 1 with 
 
half side length, l = 0.1 m 
 
conductivity, k= 1.0 W/mK 
 
specific heat capacity, c= 1 000 Ws/kgK 
 
density,  ρ = 2 400 kg/m3 

 

Tcen

Concrete

Tsur

fire

Tcor

fire  
Figure 2 A concrete square section exposed to fire. 
 
 
Boundary conditions: Assume the heat transfer q by radiation and convection to the 
boundaries to be 
 

  q = εσ Tf
4 – Ts

4 + α Tf – Ts
 

 
with the emissivity ε = 0.8 and the convection coefficient α = 10 W/m2K. Τhe Stefan 
Bolzmann constant σ = 5.67 ⋅10−8   W/m2K4. Assume the surrounding fire temperature 
to be constant 1 000 °C and alternatively according to ISO 834, i.e.  
 
Tf = 345 log(8t + 1) 
 
where t is time in minutes. Initial temperature Ti = 0 °C. 
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Calculate and table temperatures at the surface in the middle of the sides, in the corners 
and in the centre after t = 30, 60, 90, 120, 150 and 180 minutes of fire exposure for the 
number of elements n = 4, 16, 64 and 256. 
 
 
2.3 Reference case 3 - Non-linear boundary condi-

tions and temperature dependent material 
thermal conductivity 

 
Employ the same geometry, boundary conditions and material properties as in reference 
case 2 except with the heat conductivity k, which is varying bi-linearly with temperature 
T: 
 
k(T=0) = 1.5 W/mK, k200 = 0.7 W/mK and  k1000 = 0.5 W/mK. 
 
 

2.4 Reference case 4 - Latent heat due to water 
content – a concrete block with moisture 

 
Assume the same geometry and boundary conditions  and heat conductivity varying with 
temperature as in reference case 3 but add latent heat due to evaporation of 5% by weight 
water in the range of 100°C to 120°C. Neglect the influences of water migration. 
 
Assume the following: 
 
Conductivity of concrete   See reference case 3 
Specific heat capacity (including 5% by weight of water) 1208 J/kgK 
Heat of water evaporation   2.26*106 J/kg 
 
The energy needed for evaporating the water can either be modelled as a heat sink or an 
enthalpy change, or as an increased specific heat over a specified range. The increase 
shall correspond to the energy needed for evaporation. The additional specific heat 
capacity in this case is then 5650 J/kgK making the total specific heat capacity c to be 
6858 J/kgK in the range of 100 °C to 120 °C. For temperatures outside this range (both 
below and above) put c equal to 1208 J/kgK although in reality it should be higher below 
100°C to consider the heating of the water. 
 
Comment: Water evaporates at temperatures above 100°C. In some materials over-
pressure develops and evaporation occurs in a temperature range depending on porosity, 
heating rate and geometry. For normal weight concrete the range may reach 150°C but 
hardly 200°C as specified in Eurocode 2: Design of concrete structures Part 1-2: General 
rules - Structural fire design (ENV 1992-1-2(1995)). For materials like light weight con-
crete or gypsum such high porous pressure is not like to occur and therefore temperature 
range must be assumed much more narrow. It is therefore important that a general code 
for calculating temperature can handle latent heat which is being released in various 
ranges. 
 
Boundary conditions as specified in reference case 2. 
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Calculate and table temperatures at the surface in the middle of the sides, in the corners 
and in the centre after t = 30, 60, 90, 120, 150 and 180 minutes of fire exposure for the 
number of elements n = 4, 16, 64 and 256. 
 
 
2.5 Reference case 5 - Composite, steel and concrete 
 
Assume concrete core with thermal properties including latent heat according to 
reference case 4 inside a 10 mm thick steel square tube, see figure 3. For steel thermal 
properties in accordance with Eurocode 3 - Design of steel structures - Part 1.2: General 
rules - Structural fire design (ENV 1993-1-2(1995)) is assumed, i.e., the thermal conduc-
tivity k is bi-linear, 
 
k(T=20) =54 W/mK, k800 = 27.3 W/mK, and  k1 200 = 27.3 W/mK, 
 
and the heat capacity c is constant equal 600 J/kgK and the density ρ is 7850 kg/m3. 
 
Boundary conditions as specified in reference case 2. 
 
Report centre temperature and surface temperatures at corners and at the lines of 
symmetry as a function of time for various numbers of elements n. 
 
 

 
 
Figure 3 Concrete inside square steel tube. 
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2.6 Reference case 6 - Composite, steel and mineral 

wool 
 
Assume the same conditions as in reference case 5 but replace the concrete with mineral 
wool in the core and reduce the steel thickness to 0.5 mm. The thermal properties of the 
mineral wool is assumed to be constant, k = 0.05 W/mK, ρ  = 50 kg/m3 and 
c = 1 000 J/kgK. 
 
Boundary conditions as specified in reference case 2. 
 
Report steel temperature at centre and corner positions as a function of time. 
 
 
2.7 Reference case 7 - Heat transfer by radiation in 

voids 
 
At this reference case heat transfer by radiation across voids is modelled. In such cases 
internal emissivities and configuration factors need to be considered. Below two 
evaluation examples are specified, one approximately one-dimensional case where the 
results are possible to check analytically and one two-dimensional case. 
 
In both cases a rectangle, 110 mm by 20 mm, with a void, 100 mm by 10 mm, is 
analysed. The material of the 5 mm thick walls has the thermal properties, 
k = 1.0 W/mK, c = 1 000 J/kgK, ρ  = 1000 kg/m3 and a surface emissivity of 0.8, 
see figure 5. 
 
Schematic element configurations around the void boundaries to be used in the calcula-
tions are outlined in figure 4. The black points indicate the surface nodes. Configuration 
factors (view factors) shall be calculated between these nodes for the calculation of the 
heat exchange by radiation between the void surface nodes. 
 
 

n=2

n=4

n=8

 
 
Figure 4  Structure with a void. The long side boundaries of the void are divided into 

2, 4 and 8 side elements for evaluating convergence.  
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One-dimensional case - heat transfer between the longer sides: 
 
Assume the two shorter sides are perfectly insulated (adiabatic boundaries) and the lower 
longer side have a temperature of 1 000 °C and the upper surface is kept at 0 °C. Initial 
temperature is 0 °C, see figure 5. 
 
In this case heat is transferred by conduction through the lower and upper wall and by 
radiation only across the void. 
 

0,8

 
 
Figure 5 Heat transfer by radiation across a void. 
 
Tabulate the inside wall temperature at the centre of the void and compare with the ana-
lytical solution assuming 1-D heat transfer. The more elements employed the less will the 
disturbances from the shorter side influence the centre temperature. 
 
Two-dimensional case - heat transferred between the shorter sides: 
 
The same geometry as in the 1-D case but with the longer sides being adiabatic 
boundaries and the shorter sides as the upper and lower boundaries of the 1-D case. Due 
to the assumed low thermal conductivity in the material, the heat is transferred from the 
warm to the cool boundary more or less exclusively by radiation zigzagging between the 
longer sides of the structure as indicated in figure 6. 
 
Plot and tabulate the surface temperature along the inner longer sides at steady state 
conditions. 
 

0,8

 
 
Figure 6 Heat transfer by radiation along a void. 
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2.8 Reference case 8 – Insulated steel section with 

two voids 
 
A steel section insulated with boards as shown in figure 7 is exposed to standard fire 
exposure according to ISO 834 or EN 1363-1 from all four sides. Heat between the 
interior surfaces of the enclosure is assumed to be transferred by radiation and convec-
tion. A simple model for calculating heat transfer by convection may be employed. In the 
calculations reported in the Annex of this report using TASEF is uniform enclosed air 
temperatures calculated as the average surface temperature of the enclosure boundary 
surface, respectively. The sum of the heat exchange between the enclosed air and the 
surfaces is assumed to vanish, i.e. no heat is assumed to be stored in the air. 
 
The case is symmetric in two directions and thus only a quarter of the section needs to be 
modelled, see figure 8. The lines of symmetry are as usual treated as adiabatic 
boundaries. Use four finite element meshes in the analysis to demonstrate convergence. 
First use a very crude mesh just defining the configuration. Then refine the mesh three 
times by adding lines as shown in figures 8 a - d. 
 
At the outer boundary a standard fire defined by ISO 834 is assumed with heat transfer 
conditions as in e.g. reference case 2. 
 

 
 
 
Figure 7   Steel section HE200B protected by fire insulation boards. 
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a) Mesh 0    b) Mesh 1 
 
 

  
 

 
c) Mesh 2    d) Mesh3 
 
 
Figure 8    Meshes 0 through 3 with increasing numbers of elements obtained by 

adding lines in the two directions. 
 
 
Input data 
 
Steel section:   HE200B 
  Thermal properties, see reference case 5 
Insulation board:  10 mm Promatek 

Density 870 kg/m3 
Specific heat 1130 J/kg°C 

 
Initial temperature:  20 °C 
 
The conductivity of steel shall be assumed as in reference case 5 and the conductivity, k,  
of the insulation board material varying bi-linear with temperature, T, i.e. k(T=0) = 
0.174 W/mK, k250 = 0.188 W/mK and k1100 = 0.188 W/mK. The emissivity of all surfaces 
is assumed to be 0.8. 
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The convective heat transfer in the enclosures may be obtained by first calculating an 
effective uniform enclosure air temperature Tair as the average surface temperature and 
then calculate the heat convective transfer qc to each section of the boundary as 
 
 qc = α (Tair - Ts) 
 
with α equal 2.0 W/m2 K in void 1 (the large void) and 1.5 W/m2 in void 2 (the small 
void). 
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3 Suggestion 
 
We suggest that procedures similar to what is outlined in this paper shall be developed 
and standardised. The reference scenarios could then be analysed with codes intended for 
design purposes, and the results be evaluated in terms of ability, suitability and accuracy 
for various scenarios. An agreed standard procedure would become very useful for code 
developers and users and for anybody relying on the computed results, particularly if 
such a procedure is developed and accepted internationally. 
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Appendix - Verification of the code TASEF 
 
 
TASEF [1] calculations are conducted for all reference cases as prescribed above and the 
results are presented in tables and diagrams. 
 
TASEF is a finite element program but uses forward difference method in the time 
domain. Therefore it converges only if the time increment ∆t is less than a critical value 
tcr .The value of the critical time increment depends on element size, material properties 
and boundary conditions. At each time step the length of the critical time increment is 
computed (see the TASEF manual [1], Appendix B, page 26), and a new time increment 
is obtained by multiplying the critical time increment by a time increment factor (or 
shorter time factor) specified by the user, default value is 0.8. Shorter time increment 
factors are used here to reach more accurate results. 
 
 
Reference case 1 - Comparison against analytical results, 
constant material properties 
 
A square section initially at 0 °C, is subjected to ambient gas temperature T∞ = 1000 °C. 
Calculated temperatures are given in table A1 for various numbers of finite elements, n. 
For n=4 a reduced time increment (time increment factor equal 0.01) is used to achieve 
reasonable accuracy. 
 

 
Table A1 Constant material properties: Comparison between TASEF calculations 

and analytical solutions. 
 

dimensionless 
time Fo 

n=4 
time 

factor 
0.01 

n=16 
time factor 

0.1 

n=64 
time factor 

0.1 

n=256 
time factor 

0.1 

analytical 
solutions 

 Tcen Tcen Tcen Tcen  
0.1 978 984 986 986 986.4 
0.2 903 904 904 904 903.8 
0.4 703 694 691 691 690.2 
0.6 528 518 516 515 514.7 
0.8 393 386 384 384 382.7 
1 293 287 285 285 284.5 
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Reference case 2 - Non-linear boundary conditions and 
constant material properties 

 
A square of concrete like material with constant properties is used in the calculations. 
 
The meshes for calculations were the same as in reference case 1 and consisted of 4, 16, 
64 and 256 elements. 
 
In these calculations the time factors were reduced until the results converge to a definite 
value. In this case the accepted accuracy was achieved when the difference in the 
temperatures, obtained with different values of the time factor, is less then or equal to 
2°C. 
 
As an example, the results of the calculations for the mesh with n = 16 elements after 
3 hours of exposure to the ISO 834 fire is shown in the table A2. Tcen, Tsur and Tcor are 
center, surface and corner temperatures, respectively. 
 
 
Table A2 Influence of the number of time increments on the calculated 

temperature. 
 

number of elements, n = 16 
time 
increments 
(s) 

Tcen 
oC 

Tsur 
oC 

Tcor 
oC 

number of 
time 
increments 

time 
factor 
 

 
61 

 
752 

 
1078 

 
1090 

 
177 

 
0.8 

 
38 

 
750 

 
1078 

 
1089 

 
283 

 
0.5 

 
23 

 
749 

 
1077 

 
1089 

 
469 

 
0.3 

 
8 

 
747 

 
1077 

 
1089 

 
1403 

 
0.1 

 
1 

 
746 

 
1077 

 
1089 

 
13985 

 
0.01 

 
0.1 

 
746 

 
1077 

 
1089 

 
138046 

 
0.001 
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The influence of the number of time increments on the calculated temperatures can be 
seen from the graph of figure A1. 
 

745

746

747

748

749

750

751

752

753

100 1000 104 105 106

number of time increments

n=16
ISO fire

 
 
Figure A1 Center temperature as a function of the number of time increments after 

3 hours of exposure to the ISO 834 fire. 
 
In the following tables (tables A3a and A3b) the results of TASEF calculations are 
shown for various mesh elements for two types of fire exposure; constant fire 
temperature Tf = 1000 °C and ISO 834 fire. 
 
 
Table A3a  Constant material properties. Constant fire gas temperature equal to 

1000 °C. 
 
Number of   time (min) time 
elements n  30 60 90 120 150 180 factor 
4 Tsur 959 970 979 985 989 992 0.1 
16  947 966 977 984 989 992 0.2 
64  944 965 977 984 989 992 0.4 
256  944 965 977 984 989 992 0.7 
4 Tcor 996 997 998 999 999 999 0.1 
16  996 998 999 999 1000 1000 0.2 
64  997 999 999 999 1000 1000 0.4 
256  997 999 999 999 1000 1000 0.7 
4 Tcen 74 247 420 563 675 759 0.1 
16  44 228 428 588 705 790 0.2 
64  33 224 434 597 715 799 0.4 
256  32 224 435 599 716 800 0.7 
 



 23

 
Table A3b  Constant material properties. Fire gas temperature according to ISO 

834. 
 
Number of   time (min) time 
elements n  30 60 90 120 150 180 factor 
4 Tsur 725 879 955 1007 1045 1078 0.1 
16  725 874 953 1006 1046 1077 0.1 
64  722 873 952 1006 1045 1077 0.1 
256  723 873 952 1006 1046 1077 0.4 
4 Tcor 827 921 983 1027 1061 1089 0.1 
16  811 921 984 1028 1062 1089 0.1 
64  810 921 984 1028 1062 1089 0.1 
256  811 922 984 1028 1062 1089 0.4 
4 Tcen 30 156 317 473 608 720 0.1 
16  15 135 313 485 630 747 0.1 
64  11 129 314 490 637 755 0.1 
256  10 128 315 492 639 756 0.4 
 
 
The corner and surface temperature does not change significantly with number of time 
increments. The time intervals in these calculations were less than 8 and 13 seconds for 
the ISO 834 fire and the Tf = 1000 °C fire, respectively. 
 
 
Reference case 3 - Non-linear boundary conditions and 
temperature dependent material thermal conductivity 
 
In this case the material's heat conductivity varies with temperature. Everything else is as 
in reference case 2. The results are presented in the tables A4a and A4b. 
 
 
Table A4a  
 

Heat conductivity varies with temperature. Constant fire gas 
temperature equal to 1000 °C. 

 
Number of   time (min) time 
elements n  30 60 90 120 150 180 factor 
4 Tsur 973 977 982 985 988 990 0.1 
16  961 973 980 984 987 990 0.1 
64  957 971 979 984 987 990 0.1 
256  957 971 979 984 987 990 0.1 
4 Tcor 999 998 999 999 999 999 0.1 
16  998 999 999 1000 1000 1000 0.1 
64  998 999 1000 1000 1000 1000 0.1 
256  999 999 1000 1000 1000 1000 0.1 
4 Tcen 55 147 250 350 442 522 0.1 
16  41 137 243 356 459 547 0.1 
64  36 134 242 361 467 557 0.1 
256  35 134 243 362 468 558 0.1 
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Table A4b Heat conductivity varies with temperature. Fire gas temperature 

according to ISO 834. 
 
Number of  time (min) time 
elements n  30 60 90 120 150 180 factor 
4 Tsur 745 891 961 1011 1048 1078 0.1 
16  748 886 959 1009 1047 1077 0.1 
64  745 884 958 1009 1047 1077 0.1 
256  744 884 958 1009 1047 1077 0.1 
4 Tcor 836 924 985 1028 1062 1089 0.1 
16  816 923 985 1028 1062 1089 0.1 
64  815 923 985 1028 1062 1089 0.1 
256  815 923 985 1028 1062 1089 0.1 
4 Tcen 28 108 199 298 395 485 0.1 
16  21 101 190 296 403 502 0.1 
64  19 99 189 299 409 509 0.1 
256  18 99 189 299 409 510 0.1 
 
 
Reference case 4 - Latent heat due to water content - a 
concrete block with moisture 
 
A block of concrete like material with 5 % content of water is exposed to fire. The dispo-
sition of the block is the same as in the previous cases.  
 
The results of the calculations showing the center, corner and surface temperatures are 
shown in the tables A5a and A5b. 
 
 
Table A5a Concrete with 5 % content of water. Constant fire temperature equal to 

1000 °C. 
 
Number of  time (min) time 
elements n  30 60 90 120 150 180 factor 
4 Tsur 975 972 977 981 984 987 0.1 
16  953 967 974 979 983 986 0.1 
64  948 965 973 978 982 985 0.1 
256  948 965 973 978 982 985 0.1 
4 Tcor 1004 998 998 999 999 999 0.1 
16  997 999 999 999 1000 1000 0.1 
64  998 999 999 1000 1000 1000 0.1 
256  998 999 999 1000 1000 1000 0.1 
4 Tcen 35 92 112 185 284 371 0.1 
16  22 79 104 175 295 392 0.1 
64  18 75 102 184 301 401 0.1 
256  17 74 101 186 303 403 0.1 
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Table A5b Concrete with 5 % content of water. Fire gas temperature according to 

ISO 834. 
 
Number of  time (min) time 
elements n  30 60 90 120 150 180 factor 
4 Tsur 703 884 955 1005 1043 1074 0.1 
16  732 877 952 1003 1042 1073 0.1 
64  728 875 951 1003 1042 1073 0.1 
256  728 875 951 1003 1042 1073 0.1 
4 Tcor 850 924 984 1027 1061 1089 0.1 
16  816 922 984 1028 1062 1089 0.1 
64  813 923 985 1028 1062 1089 0.1 
256  813 923 985 1028 1062 1089 0.1 
4 Tcen 17 66 105 127 231 327 0.1 
16  11 60 100 115 231 340 0.1 
64  9 56 98 111 239 348 0.1 
256  8 56 98 110 241 350 0.1 
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Reference case 5 - Composite, steel and concrete 
 
A concrete core inside a 10 mm thick steel square tube (figure A2). The meshes in these 
cases consist of a number of steel elements but in the concrete area there are again 4, 16, 
64 and 256 elements, respectively. 
 

steel

Tcor

Tcen

Tsur

concrete

fire

fire  
 

 
Figure A2 A concrete core in the square steel tube. 
 
 
The results for this case are presented in the tables A6a and A6b. 
 
Table A6a Concrete core inside a 10 mm steel square tube. Constant fire 

temperature equal to 1000 °C. 
 
Number of   time (min) time 
elements n  30 60 90 120 150 180 factor 
4 Tsur 953 976 981 984 987 989 0.1 
16  950 969 976 981 985 987 0.1 
64  944 966 975 981 984 987 0.1 
256  944 966 975 980 984 987 0.1 
4 Tcor 986 993 995 995 996 997 0.1 
16  980 989 992 994 995 996 0.1 
64  975 988 992 994 995 996 0.1 
256  975 987 991 994 995 996 0.1 
4 Tcen 32 88 111 179 280 369 0.1 
16  19 75 103 163 286 387 0.1 
64  14 70 101 172 293 395 0.1 
256  14 69 101 174 295 397 0.1 
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Table A6b Concrete core inside a 10 mm steel square tube. Fire gas temperature 

according to ISO 834. 
 
Number of   time (min) time 
elements n  30 60 90 120 150 180 factor 
4 Tsur 581 865 954 1004 1043 1074 0.1 
16  640 862 950 1002 1041 1073 0.1 
64  644 860 948 1001 1041 1072 0.1 
256  645 860 948 1001 1041 1072 0.1 
4 Tcor 646 973 999 1020 1056 1084 0.1 
16  724 921 992 1040 1076 1084 0.1 
64  688 890 969 1018 1054 1083 0.1 
256  688 890 969 1018 1054 1083 0.1 
4 Tcen 14 61 103 119 219 318 0.1 
16  9 53 96 111 215 328 0.1 
64  6 49 94 106 222 335 0.1 
256  6 48 93 106 224 336 0.1 
 
 
Reference case 6 - Composite, steel and mineral wool 
 
A mineral wool core inside a 0.5 mm thick steel square steel tube (figure A3). The same 
element meshes as used in reference case 5. 
 
 

steel

Tcor

Tcen

Tsur

mineral wool

fire

fire  
Figure A3 A mineral wool core in the square steel tube. 
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The results are shown in the tables A7a and A7b. 
 
 
Table A7a Mineral wool core in a square steel tube. Constant fire temperature 

equal to 1000 °C. 
 
Number of  time (min) time 
elements n  15 30 60 90 120 150 180 factor 
4 Tsur 998 999 999 1000 1000 1000 1000 0.1 
16  998 999 999 1000 1000 1000 1000 0.1 
64  998 999 999 1000 1000 1000 1000 0.1 
256  998 999 999 1000 1000 1000 1000 0.1 
4 Tcor 1000 1000 1000 1000 1000 1000 1000 0.1 
16  1000 1000 1000 1000 1000 1000 1000 0.1 
64  1000 1000 1000 1000 1000 1000 1000 0.1 
256  1000 1000 1000 1000 1000 1000 1000 0.1 
4 Tcen 135 354 682 850 930 967 985 0.1 
16  91 343 712 877 948 978 990 0.1 
64  75 341 720 883 952 980 992 0.1 
256  74 343 722 885 952 980 992 0.1 
 
 
Table A7b Mineral wool core in a square steel tube. Fire gas temperature 

according to ISO 834.  
 
Number of  time (min) time 
elements n  15 30 60 90 120 150 180 factor 
4 Tsur 711 818 924 985 1029 1062 1090 0.1 
16  710 818 924 985 1029 1062 1090 0.1 
64  710 818 924 985 1029 1062 1090 0.1 
256  710 818 924 985 1029 1062 1090 0.1 
4 Tcor 714 820 925 986 1029 1062 1090 0.1 
16  714 820 925 985 1029 1062 1090 0.1 
64  714 820 925 986 1029 1062 1090 0.1 
256  714 820 925 986 1029 1062 1090 0.1 
4 Tcen 64 222 533 743 875 959 1016 0.1 
16  38 204 550 766 894 973 1025 0.1 
64  28 199 555 772 898 976 1027 0.1 
256  27 199 556 773 899 976 1027 0.1 
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Reference case 7 - Heat transfer by radiation in voids 
 
1 - D case 
 
Table A8 shows how the calculated temperature of the wall surface at the center of the 
enclosure converges to the analytically calculated value when the number of side 
elements increases. 
 
 
Table A8 Calculated inner wall surface temperature and the exact analytical 

solution assuming 1-D heat transfer. 
 
 Number of side elements, 

N in the void 
Lower surface 
(in the void) 

Upper surface 
(in the void) 

TASEF 2 789 198 
calculation 4 774 229 
 8 779 220 
Analytical  779.4 220.6 
 
 
2 - D case 
 
Table A9 shows how the temperatures converge nicely. The comparison with results 
obtained with SAFIR shows reasonably good agreement. 
 
 
Table A9   Calculated temperatures along enclosure surface for various numbers of 

elements. Comparison with results obtained with SAFIR [2] is shown in the 
table. 

          

Position [mm] 0 12.5 25 37.5 50 62.5 75 87.5 100 

 n=2 881    629    117 
TASEF n=4 898  748  675  499  98 
 n=8 906 820 779 723 662 587 485 335 89 
SAFIR n=8 917 820 777 724 662 586 484 344 90 
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Reference case 8 - Insulated steel section with two voids 
 
The temperature history at the middle of the flange calculated with TASEF with various 
numbers of elements are given in figure A4 and table A10. For comparison the tempera-
tures obtained with the finest mesh when neglecting the heat transfer by convection is 
also given in table A10. 
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Figure A4  Steel temperature in the middle of the flange as a function of time 
 
 
Table A10   Temperature in the middle of the flange. 
 
Number of  Time 

(min) 
  

elements n 30 60 90 120 
12 259 531 711 813 
30 258 543 749 885 
99 248 537 747 885 
357 246 536 746 885 
357* 226 518 736 879 
*Heat transfer by convection in voids is neglected 
 
 
An analysis was also done when the heat transfer by convection was neglected. Calcu-
lated temperatures were then lower but never by more than 20°C, see table A10. In figure 
A5 the temperature distribution in the steel is shown after 60 minutes fire exposure. Note 
that the web temperature rises towards the middle due to the heat transfer by radiation 
from the insulation board. 
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Figure A5   Temperature distribution in the steel section after 60 minutes fire exposure 

calculated with various meshes. 
 
It can be concluded that TASEF in this case yields temperatures  
 
• that converges when additional elements are added 
• that even a very crude element mesh gives reasonably accurate results 
• that the convective heat transfer can be neglected, and  
• that the temperature distribution is reasonably uniform. 
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