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As a consequence of the development of plasticity theory, Kiel [1] expressed a necessity to create the 
missing fundamentals about the behaviour of complete structures under catastrophic loads, including 
fire. To circumvent full-scale fire tests, he suggested the development of an “intelligent test 
apparatus” to assess the global behaviour of structures exposed to fire on a realistic scale and cost 
efficiently. Based on this idea, an experimental setup was built and successfully used for several 
coupled tests [2] on structures exhibiting linear and non-linear behaviour. Recent advances in the 
method consolidate a numerical substructure (NS) and a physical substructure (PS) to an interacting 
thermomechanical model. In a consolidated fire analysis (CFA) the NS is built by means of the FEM 
and integrates the PS into the thermomechanical solution procedure [3,4].  
 
Present CFA frameworks are used successfully to obtain the thermomechanical static response of 
structures that are partially exposed to fire. However, the global response of structures exposed to fire 
might exhibit temporary unstable behaviour due to local/global buckling or bolt rupture. The load 
redistribution processes that follow such an event, usually take place dynamically and the failing 
member temporarily exhibits a negative tangent stiffness. Therefore, to assess the global behaviour 
during and after local failures, a CFA framework must be able to obtain the dynamic response of a 
structure that is exposed to fire.  
 
In the structures laboratory at ETH, we used a universal testing machine (UTM) with a specifically 
designed setup for small-scale compression tests and an electrical furnace to assess the behaviour of 
the steel frame depicted in Fig. 1 b) in a CFA. The frame was subjected to a compartment fire scenario 
that affected exclusively the column and eventually lead to failure of the column due to thermal 
expansion, axial restraint and the consequential axial load increase. By means of the developed CFA 
framework is was possible to obtain the thermomechanical response of the structure before and after 
buckling by means of an incremental non-linear static solver. During buckling, the framework used 
of an implicit dynamic solver to perform a pseudo-dynamic analysis of the load redistribution. 
Throughout the entire CFA, the furnace was controlled continuously to impose the incrementally 
adapted thermal boundary conditions to the PS.  

 
Fig. 1. Analysed frame structure: a) compartment fire scenario; b) frame configuration with loads and geometry; c) 

simplified model for consolidated fire analysis. 



 
 
 
To establish the thermomechanical interface between the FE software (Abaqus/Standard 6.11) and 
the test equipment, a Python middleware that was developed by Schulthess et al. [4] for a non-linear 
static solver was enhanced to manage implicit dynamic solvers as well. 
 
Compared to results from physical reference tests (PRT), the results obtained in the CFA show good 
agreement. An analysis of the control architecture exhibits advantages, but also drawbacks and 
lessons for further application in coupled thermomechanical frameworks. 
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