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The objectives of this working group were to identify solutions to the challenges that are revealed 
through new application areas for hybrid simulation that go beyond earthquake engineering. For example, 
wind and coastal engineering, fluid-structure interaction in general, etc. This group focused on the 
questions: What are the new hybrid simulation frameworks in engineering fields beyond earthquake 
engineering? What are the advantages brought by hybrid simulation comparing with conventional testing 
methods? What are the technical challenges in establishing these new hybrid simulation frameworks, and 
what are the possible solutions to them?  
 
Main Points of Discussion  

Hybrid simulation (HS) and real-time hybrid simulation (RTHS) have brought in unparalleled 
opportunities in answering research questions in engineering fields beyond earthquake engineering. The 
complex nature of these engineering fields has also posed technical challenges in establishing the 
corresponding HS and RTHS frameworks. The advantages and challenges of HS and RTHS in Wind and 
Costal Engineering have been discussed. Possible solutions to some of the challenges have also been 
proposed. These discussions are summarized in the following subtopics. 
 
HS and RTHS in Wind and Costal Engineering 

Among seven presentations within this discussion group, four presentations are in the field of 
hydrodynamics (coastal engineering and marine technology), two presentations are in wind engineering, 
and one presentation raises research questions in fluid related hazard engineering in general. 
 
In hydrodynamics (coastal engineering and marine technology), RTHS is currently performed for 
applications in i) active wave absorption and ii) advanced control for marine renewable energy (energy 
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harvesting), and iii) in testing of marine structures, such as floating wind turbines. Only in the latter, there 
is a numerical substructure representing a physical system. 
 
In wind engineering, a RTHS framework for bridge decks has been presented, and a model-in-the-loop 
framework has been developed for tall building design optimization considering wind hazards. Both 
frameworks have utilized wind tunnel testing environment. The latter is more an adaptive testing method 
than a "real" RTHS.  
 
In wind-wave multi-hazard setting, RTHS framework for marine structure has also been presented. 
 
Benefits for RTHS in Wind and Costal Engineering 

In both hydrodynamics and aerodynamics, the rate dependent nature demands real-time test environment. 
In hydrodynamics, the focus is placed on the study of fixed or floating structures subjected to wave load 
(including tsunamis). Due to fluid structure interaction (FSI), structural response has an influence on the 
wave load. The benefit for considering RTHS can be seen from the two following facts: 
 

• It was emphasized that computational fluid dynamics (CFD) for FSI problems is computationally 
intensive and mesh sensitive, requires experimental validation, and might not provide a reliable 
indication of the uncertainties of wave impact. 

• On the other hand, purely empirical methods are difficult to apply for reasons ranging from 
infrastructure-related challenges (e.g., accommodating the whole pier model in a wave flume, or a 
full mooring system in an ocean basin) to scaling issues (e.g., for offshore wind turbines). 

 
Therefore, RTHS has the potential to study the abovementioned phenomena: the physical substructure 
would be subjected to the complex wave loads, while the numerical substructure would consist in the part 
of the structure not directly subjected to wave loads, but which participate to the structural response. For 
example the lower section of pillars of piers, the rotor/nacelle assembly of offshore wind turbines. 
 
In wind engineering, the benefits of using RTHS is also similar to the hydrodynamic field. In one of the 
presentations, a RTHS framework for bridge deck has been developed to capture aeroelastic behaviour of 
bridge sections, and can possibly realize multiple modes. The physical-numerical interaction idea has also 
been applied in a model-in-the-loop design optimization framework for tall buildings under wind load. In 
both cases, the physical structures are tested in wind tunnel environment. 
 
In addition to the above benefits, RTHS can provide an efficient experimental platform, reducing 
specimen construction effort, saving time and cost in general. 
 
Challenges for RTHS in Wind Engineering / Costal Engineering / Marine Technology 

Several challenges for implementing RTHS in wind and coastal engineering has been identified: 
• Scaled models have been applied in the RTHS platforms presented in the group discussion. To 

consider the scale effect, similitude theory has been applied in establishing these RTHS platforms 
which subsequently determines the associated scaling laws, including time scale. For example, in 
hydrodynamics, RTHS platform, Froude scaling is applied to preserve the dynamic effect 
generated by water wave . 

• In hydrodynamics, RTHS platform, actuators that can work under water is needed and it is costly 
to acquire. 

• Errors made when using RTHS should be quantified, but it is generally difficult to do so. Two 
solutions can be considered: i) compare RTHS result to that obtained in conventional scaled tests 
(e.g., wind tunnel test) and ii) compare RTHS result to measurements obtained from full-scale 
actual structures. The latter represents the actual error to the reality, but it is difficult to achieve; 
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the former represents the difference between RTHS and accepted scaled tests, and can be pursued 
as the first step in quantifying the accuracy of RTHS. 

 
Action Items and Future Research Needs  

Based on the challenges identified, the following are proposed as the action items: 

• Development of actuators that can be used underwater 
• Development of benchmark problem that can provide sufficient data for error/accuracy analysis 

of RTHS. 
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