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Standard fire tests use simplified mechanical boundary conditions for the tested 

structural element (standard series EN 1363-1). For some elements, these conditions 

can lead to results that are overly conservative. To fix this situation, the solution could 

be to perform full scale fire tests of the entire structure. Some of this kind of tests have 

been carried out but their complexity associated with their prohibitive costs made 

them extremely uncommon [1]. In this context the sub-structuring technique also 

called hybrid fire testing (HFT) seems to be an appropriate approach. With this 

methodology, only a small part of the entire structure is experimentally tested (the 

physical substructure, PS) and the remaining structure is numerically simulated (the 

numerical substructure, NS). During the test, an iterative communication is set up 

between the two substructures to achieve equilibrium and compatibility at their 

interfaces. 

Given the inherent necessity of real time sub-structuring due to the fire load and the 

very large stiffness ratio that can take place between the two substructures in real 

cases of HFT, the development of a stable and accurate control algorithm is a 

challenging task. One solution is to include analytical models of both substructures in 

the control scheme [2][3]. To do so, the tangent stiffness of the NS and the PS, KNS and 

KPS are used to calculate the actuators target displacements or forces. Large variation 

of theses tangent stiffnesses are likely to occur during the HFT because of the thermal 

degradation of materials, non-linear materials laws or geometric nonlinearities that 

can lead to loss of accuracy or divergence. 

This communication will present the implementation of a quasi sliding mode based 

control methodology to overcome these limitations. The idea is first to create a sliding 

hypersurface that cancel out the error and its first time derivative and then to force 

the system to stay in the vicinity of this hypersurface with a high gain adaptive 

controller. The main advantage of this approach is that this control algorithm does not 

need the estimation of the stiffness matrix of the physical substructure. A virtual 

environment has been developed based on the F.E. software SAFIR simulating both 

substructures in order to assess the behaviour of the present controller. This one is 

subject to experimental imperfections such as measurement noise and quantization 

and actuator nonlinearities. Additionally, the presented method is also compared to 

other previous controlling methods such as the proportional or the proportional 

integral controller. 
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