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ABSTRACT 

 

Large-scale tests of an entire structure are generally prohibitively expensive, both in terms of finances and 

time, because of the need of expensive specialized facilities. As a result, most of the research regarding the 

behaviour of structures in fire has been carried out on partial subassemblies or single components subjected to 

standard heating curves. Although they offer significant information for the understanding of fire performance 

of specific structural elements, they do not account for force redistribution owing to the interaction with the 

remaining part of the structural assembly. In order to overcome such limitations, Hybrid Simulation (HS), 

represents a tempting approach.  

HS is an online dynamic simulation paradigm that combines classical experimental techniques with online 

computer simulation for cost-effective large-scale testing of the structure under simulated loads, as 

comprehensively reviewed in [1]. Hybrid simulation of the response of a structure to a fire load was also 

investigated [2,3].  

On these premises, this work presents a Hybrid Fire Testing (HFT) on a virtual steel frame to show the 

effectiveness of the methodology of the real-time Hybrid Fire Testing (RT-HFT) method. In this respect, a 

MATLAB™ framework, for finite element analyses (FEA) with domain decomposition coded in house, was 

developed. This framework is based on Finite Element Tearing and Interconnecting (FETI) algorithm [4]. In 

particular, it relies on the Gravouil and Combescure (GC) algorithm and the Localized Lagrange Multipliers 

(LLM) method to couple multiple PS and NS. A Dynamic relaxation (DR) algorithm is adopted to build an 

equivalent dynamic system that mimics the static response of substructures. In order to maximize the 

convergence rate of DR, Component-mode synthesis (CMS) is used to derive reduced-order matrices for both 

PS and NS. 

In detail, a three-storey three-bay steel frame was selected as a case study for the virtual HFT campaign. It is 

designed according to the Eurocode 3 considering an S235 steel grade. All beams and columns are 

characterized by standard commercial metric cross-section without any fire protection. Only ground floor 

columns and first-storey beams are subjected to fire loading whilst the upper part of the frame remains at 

ambient temperature. This frame was partitioned into two substructures, where both NS and PS were simulated 

numerically into the MATLAB™ framework and validated against reference FE solutions. 

The time-history response of the frame obtained via real-time simulations showed good agreement between 

the monolithic and the partitioned solutions. The validation carried out in a fully numerical framework shows 

promising outcomes for future experimental implementations and it will be soon applied on a real experiment 

planned within the Transnational Access EQUFIRE within the European Unions Horizon 2020 SERA Project. 
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