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 Abstract 

The use of machine learning in Structural Health Monitoring is becoming more common, as many of the 
inherent tasks (such as regression and classification) in developing condition-based assessment fall 
naturally into its remit. This talk will introduce the concept of physics-informed machine learning, where one 
adapts ML algorithms to account for the physical insight an engineer will often have of the structure they 
are attempting to model or assess. We will look at how grey-box models, that combine simple physics-
based models with data-driven ones, can improve predictive capability in an SHM setting. A particular 
strength of the approach demonstrated here is the capacity of the models to generalise with enhanced 
predictive capability in different regimes. This is a key issue when life-time assessment is a requirement, or 
when monitoring data do not span the operational conditions a structure will undergo.

 About the presenter, Prof. Elizabeth Cross

Lizzy Cross is a Professor in the Dynamics Research Group at the University of Sheffield. Before starting 
her lectureship in 2012, she completed a Bachelors in Mathematics (1st class), and Masters and PhD in 
Mechanical Engineering.

She currently holds an EPRSC Innovation Fellowship on the development of grey-box models for 
assessing the health of structures in operation (grey-box models combine physics-based models with 
machine learning technology).

Lizzy is a co-director of the Laboratory for Verification and Validation, a state-of-the-art dynamic testing 
facility (lvv.ac.uk).
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Structural Health Monitoring - overview 
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Current SHM Research in the DRG
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Black-box modelling for SHM
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Using GPs for loads monitoring
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Using GPs for loads monitoring
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Predictive distributions of fatigue damage
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Challenges from the data-driven perspective
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Challenges from the physics-based modelling perspective
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Grey-box modelling
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Grey-box modelling for SHM



16 / Dynamics Research Group, University of Sheffield

Bridge performance monitoring

𝑦~𝒢𝒫(𝑚 𝑥 , 𝑘 𝑥, 𝑥′ )
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Wave loading prediction
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Wave loading prediction – extrapolation study



Summary
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Thanks for listening 



C O N F I D E N T I A L13

 Muhammad Afzal (Omnicell, USA)

• What's the commercial value of this kind of modelling?

˗ The commercial value depends on several factors, including; the application, the value/safety/criticality of the asset(s) being 
monitored, the potential cost savings of reduced instrumentation and sensor requirements for grey-box modelling compared with 
more direct measurements where the instrumentation and sensors may be intrusive and/or difficult to achieve directly.

˗ For structures with limited public access, like offshore wind farms, the collective value of this modelling through the commercial 
operational life of the wind farm will be millions of $£€, and for structures with public access, like aircraft, bridges, buildings, etc. 
there is additional value to prevent loss-of-life.

Q&A
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