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In the process industry sector, the progressive ageing of infrastructure can lead to operational problems that
can generate containment losses and, in some cases, accidents (Wintle et al., 2006). The ageing of infrastructures
does not only depend on the age of the materials, but also on the operating conditions and the substances
contained. Factors such as the working environment, the stresses to which the materials are subjected, and the
nature of the substances involved play a crucia role in the degradation process (Horrocks et a., 2010).
Traditional management systems have proven inadequate in effectively monitoring ageing, primarily due to a
deficiency in comprehensive regulations, in understanding of deterioration mechanisms, and in implementation of
control methodologies (Hansler et al., 2022).

The Seveso |11 Directive (2012/18/EU) focuses on the control of the infrastructures ageing and the need for
their suitability. However, it does not provide detailed guidance on the evaluation procedures. Bragatto et al.
(2017) identify three essential elements to manage and eval uate the ageing of infrastructures:

e data concerning prior incidents and maintenance intervals constitutes essential components for the
successful management of infrastructure;

e information acquired through non-destructive testing is a vital element in assessing the conditions of the
materials,

e understanding the fundamental physical and chemical mechanisms leading to equipment deterioration
can be acquired through scientific research, adherence to engineering principles, and an application of
the laws encompassing physics, chemistry, and material s science.

To understand deterioration processes more deeply, different research has focused on the analysis of accidents
due to ageing infrastructures. However, they are based on a limited number of events. For this reason, the
following study aims to analyse al incidents related to the ageing of infrastructures and the degradation of
materials present in the main European and American databases, following the principle of convergence.

A comprehensive historical analysis examined 677 accidents, from 1966 to 2023, in the process industry,
focusing on ageing infrastructure. The analysis is conducted with the support of different American and European
open-source databases: ARIA, eMars and CSB, using key words such as "ageing”, "corrosion”, "erosion",
"vibration", "wear" and "fatigue". This methodology allowed the creation of a repository, presented in Figure 1,
categorizing:

e The industrial macro sectors such as chemical and petrochemical, manufacturing, pipeline, power
production, storage and warehouse, transportation, and water treatment (Ricci et al., 2021).

e The finad scenarios. They are fire (F), explosion (E), environmental contamination (EC), toxic gas
dispersion (TGD), release with no further consequences (R-NFC) or multiple scenarios (M S) defined by
Ricci et al. (2021).

e The causes of the accidents, it aligns with the main most frequent deterioration mechanisms identified
by Hander et a. (2022) within the process industry, such as material degradation, corrosion, fatigue,
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erosion, and vibrations. The wear-related degradation mechanism was included to ensure a more
accurate and comprehensive analysis.

e The equipment was defined by Horrocks et al. (2010). The classification is: primary containment system
(PCS), control and mitigation system, electrical control and instrumentation (EC&I) system, and finaly
structures.

e The substances involved. UNECE (2021) divide the substances as physical hazard, health hazard and
environmental hazard.

e Thelosses involved in the event which can be human, such as injuries and fatalities, or the economic
ones, following the classification of Ricci et al. (2023). Furthermore, there are the environmental losses,
causing ecological damage or contamination, that can be assessed with a severity scale (Ministero del
Lavori Pubblici, 2001).

The aim of this study is to understand which type of damage to materials occurs most frequently. Analyzing
the relationship between this deterioration and the final event that occurs, along with the substances involved in
the process, to gain in-depth insight into the ways in which materials degradation within industria infrastructures.
Identifying the areas most susceptible to this type of degradation allows to predict and prevent these events.
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Fig. 1. Repository structure.

The results obtained are fundamental for the development of proactive strategies aimed at minimizing future
risks and enhancing preventive measures within the industry, thus contributing to improving the safety and
reliability of the entire sector.
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