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Abstract. The need for processing large amounts of data recorded by structural health monitoring 

(SHM) systems has been fostering interdisciplinary SHM strategies employing artificial intelligence 

(AI) algorithms for detecting damage. However, the opacity of several AI algorithms hinders their 

widespread adoption in SHM practice. To enhance the trust of practitioners in AI algorithms, this 

paper proposes an explainable artificial intelligence (XAI) approach for SHM. The approach builds 

upon the capabilities of unsupervised learning algorithms for detecting outliers indicative of 

structural damage in structural response data. Moreover, features in the data governing outlier 

detection are “explained” to the user, thus ensuring transparency in decision making. The XAI-SHM 

approach is validated via simulations of a pedestrian bridge that may or may not include damage. 

The results show that the XAI-SHM approach is capable of distinguishing between damage and 

random fluctuations of structural properties, while decisions made by the XAI-SHM approach are 

clearly explained. 

1. Introduction 

Structural health monitoring (SHM) strategies usually entail obtaining information extracted 

from processing structural response data collected by sensor networks. Data processing in SHM 

builds upon well-established methods drawn from the fields of mechanics and mathematics, 

usually in a purely data-driven manner, i.e. without considering any physical principles 

underlying the structural behavior. However, damage may manifest in ways that are too subtle 

to be captured by data-driven models based on classical mechanics. Moreover, the increasing 

complexity of civil infrastructure and the heterogeneity of data on which decisions are based 

have been raising the need for high-complexity models to facilitate decision making. As a result, 

the SHM community has been actively exploiting the powerful predictive capabilities of 

artificial intelligence (AI) algorithms for SHM purposes (Smarsly and Hartmann, 2007).  

Most AI algorithms draw their predictive capabilities from detecting associations and 

relationships among datapoints (also referred to as “observations”) within datasets that are 

impractical or impossible to approximate with physics-based models or closed-form 

mathematical expressions. As such, AI algorithms have been gaining increasing popularity 

across a broad range of scientific and industrial applications (Barr and Feigenbaum, 2014). 

From an SHM perspective, associations and relationships between datapoints, which are arrays 

of measurements of structural responses, aim at revealing patterns indicative of structural 

damage. Particularly in identifying the onset of damage, i.e. the early stages of damage, 

conventional structural-dynamics-based SHM strategies, such as operational modal analysis, 

have been proven ineffective due to the low sensitivity to damage (at a localized level) of 

structural dynamics properties, such as eigenfrequencies (Friswell and Penny, 1997). Evidently, 

SHM stands to benefit from AI, and its subset machine learning (ML), for damage detection. 

Although the vivid interest of the SHM community in AI is relatively recent, early research 

discussing AI concepts for SHM dates back to the end of the 20th century. The statistical pattern 

recognition paradigm introduced by Farrar et al. (1999) is one of the earliest attempts to bring 
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