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Abstract 

Fire testing is a very important field of the structural engineering. The most 

important task of fire testing is to determine the fire resistance of structural 

members, which means to find out the behaviour of a building element when 

subjected to particular heating. Tests on construction elements are performed by 

the Fire Testing Laboratory of the ArGEnCo department (Liege-Belgium), in order 

to observe their behaviour under fire and to determine their fire resistance. In 

parallel, the fire research team of the University of Liege performs numerical 

simulations, using the finite element software SAFIR, developed in the department. 

The combined study with experimental and numerical modelling allows to further 

examine the behaviour of constructions subjected to fire. The aim this study is to 

conduct analyses about the capabilities of numerical simulations to capture and 

reproduce the results of different types of fire tests. The research wants to find out 

if there are some systematic deviations in the forecast of such tests, and if there are 

differences between the assumption of the numerical model and the conditions in 

the laboratory test. Thus, in this work, the chosen experimental tests and the related 

results are going to be described. Furthermore, a comparative analysis of the 

experimental and numerical results will be discussed. 

 

Introduction 

When a fire develops, it is important to know the behaviour of the structure under 

fire load. In particular, through the testing procedure in the fire laboratory is 

possible to know the fire resistance of structural members. The problem is that fire 

testing has a high cost. The other way to conduct analysis on members subjected to 

fire is the numerical analysis, which is a much cheaper method. Thus, another 

advantage of numerical analysis of members under fire load is that it can make 

Construction Company of structural members to save money. On the other hand, it 

can be used to validate the results obtained with fire testing in the lab. For this 

reason it is important to conduct analyses about the capabilities of numerical 

simulations to capture and reproduce the results of different types of fire tests. 

- Are there some systematic deviations in the forecast of fire tests?  

- Are there any differences between the assumption of the numerical model 

and the conditions in the laboratory test? 
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Analysis on slender steel columns under increasing temperatures 

Two columns with I shaped section have been tested (column A and column B), 

and then numerically modelled. These columns differentiate from each other in 

cross-section, eccentricity and value of the load applied, local and global 

imperfections; therefore, the results between these two are going to be different. 

The following picture shows one of the tests carried out in the lab. 

 
Figure 1. Setup of the laboratory test.  

 

The following table describes the arrangements of the two lab tests and the 

principal differences between these two. It is important to notice that column A is 

tested with an eccentricity along the weak axis of the section, while column B is 

tested with an eccentricity along the strong axis of the section. 

 

Table 1. Arrangements of the tests. 

 

Test Section

Eccentricity 

[mm] and 

direction

Applied 

load [kN]

Length 

[mm]

Global 

imperfec

tion 

[mm]

Local 

imperf. 

in the 

web 

[mm]

Local 

imperf. 

in the 

flange 

[mm]

A 450/150/4/5 5 - 5, weak 122.4 2760 2.7 3.2 2.4

B 360/150/4/5
71 - 71,

strong
231.3 2760 2.2 3.4 1.6

 
 

The supports at the ends of the columns were cylindrical. This means that they did 

not allow the rotation in one plane while letting the column rotate in the other 

plane. The load was applied with a different eccentricity depending on the test, 

along the strong or the weak axis of the section. In the following figures are 

reported the static scheme of the two columns. The rotation around the y-axis and 

the x-axis were allowed respectively for column A and B by the cylindrical 

support, in order to permit displacements in the direction of the eccentricity. The 

rotations in the perpendicular planes are restrained. 
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Figure 2. Static scheme of column A and column B.  

 

Heating has been applied by means of electrical resistances included in ceramic 

pads, all along the length of the column. The tests were performed at a heating rate 

of 200°C/h. The tested elements were not restrained against longitudinal thermal 

elongation. The sections of the two columns were class 4 cross-sections. This 

assumption is important; because Class 4 cross-sections are those in which local 

buckling occurs before the attainment of yield stress in one or more parts of the 

cross-section. Thus, during the numerical modelling, it is important to create a 

structural 3D shell element model, because a simple beam element model cannot 

take into account the local buckling. Therefore, both the beam element and the 3D 

shell element have been modelled, shown in the figures below (example from 

column A). 

 

 
Figure 3. Beam element and Shell element models . 
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About the evolution of temperature to give to the model, it was not necessary to run 

a thermal analysis, because the evolution of temperature of the column is known by 

the laboratory test. Therefore, the temperature evolution recorded in the lab was 

simply applied to the cross-section of the numerical model.                                                                

The results of the 3D dynamic structural analysis for column A are shown in the 

following graphs: 

 

 
Figure 4. Comparison of the transversal displacements of column A. 

 

 
Figure 5. Failure mode of the 3D shell element model of column A. 

 

During the laboratory test, the observed failure mode of column A was global 

buckling on the weak axis of the section. The failure mode shape of the Shell 

element model confirms this assumption. In addition to this, it is clear that local 
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buckling did not occur. This is confirmed by the fact that the beam element does 

not have a bigger fire resistance rather than the shell element, because, as said 

previously, a simple beam element model cannot take into account the local 

buckling. 

On the other hand, column B was loaded with an eccentricity along the strong axis 

of the section. The results of the fire test in this case show that the failure mode of 

column B was local buckling in the flanges and global buckling in the strong axis 

direction. Once again, the failure mode shape of the Shell element model confirms 

this assumption. 

 
Figure 6. Comparison of the transversal displacements of column B. 

 

 
Figure 7. Failure mode of the 3D shell element model of column B. 

 

Thus, the results of the laboratory test and 3D Shell element model show that local 

buckling did occur in this column. In fact, the beam element of column B shows a 

much better fire resistance than the shell element model, because it does not take 
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into account local buckling. Thus, the beam element model reproduce accurately 

the behaviour of slender columns subjected to heating when local buckling does 

not occur. When this happens, it is important to create a shell element model, in 

order to obtain accurate results. 

 

Conclusions 

The research has led to the conclusion that numerical simulations are capable to 

reproduce the behaviour of slender columns under increasing temperature. Even if 

the transversal displacements are quite different, the important lesson is that the 

fire resistance (in terms of ultimate time of failure) of the element can be 

reproduced accurately with an appropriate model. In addition to this, it is important 

to notice that the beam element model reproduces accurately the behaviour of the 

laboratory test when local buckling does not occur. When this happens, it is 

important to build the FEM model using shell elements, in order to resolve the 

actual 3D geometry of the structural element. This work shows that this choice 

enables to accurately represent the actual buckling behaviour of the element, taking 

into account the development of local instabilities. 
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