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ABSTRACT 

In structural fire engineering, it is crucial to estimate the global structural behavior in a realistic 

scheme. This necessity arises from the reason that the single element testing doesn’t represent the 

global behavior of the structure correctly due to the possible load redistribution into alternative load 

paths and change of static systems in case of global fire. Therefore, hybrid simulation method can be 

accounted as a key method, which fulfills the possibility of study of the global structural behavior in 

structure with coupling the numerical simulation and experimental testing. In this method, the 

numerical simulation procedure of the whole structure is coupled and controlled with the outcomes of 

the experiment performed on a single part of the structure, which is critical or difficult to study 

numerically. 

So far, several attempts have been made to study hybrid fire simulation. There, however, exist severe 

shortcomings in so-far research: - the correct consideration of the stiffness and material properties for 

the heated element and their degradation during fire exposure, - retaining the compatibility and the 

equilibrium between the substructures, - the automatic real-time interaction between the substructures 

and also - realistic consideration of the thermal coupling between substructures with regard to the 

transfer of the heat from fire compartment to adjacent elements. 

In hybrid fire simulation, the thermal-mechanical coupling can only be studied realistically, when the 

heat exposed to the single compartment, its transfer to the adjacent substructures and the effect of 

two latter on the mechanical response of the structure is considered. In the current study, this purpose 

is studied on a steel structure benchmark with two different approaches: sequentially-coupled 

thermal-stress analysis and fully-coupled thermal-stress analysis. Here, the mathematical and 

mechanical aspects of each approach and their difference regarding the response of the structure will 

be investigated. Also, their application in the hybrid fire simulation and the importance of the real-

time issue in these approaches are outlined. As a first step, in this paper a sequentially-coupled 

thermal-stress analysis is studied for the numerical model of the intended benchmark which interacts 

automatically with another numerical model, representing the experimental substructure exposed to 

fire. Therefore, the implementation of hybrid fire simulation and different aspects of the thermal 

coupling including the existence of heat transfer, the effect of temperature rate and mechanical and 

thermal properties will be discussed. 
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