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ABSTRACT 

Bridges serve as vital links within transportation networks, fostering societal connectivity and economic growth. 

Italy's diverse terrain, encompassing mountains, hillsides, and coastal regions, underscores the importance of bridge 

infrastructure. Following notable bridge collapses in recent years, understanding their causes and enhancing safety 

measures has become paramount. This study presents a comprehensive dataset spanning 2000 to 2023, cataloguing 

bridge collapses in Italy and analysing their characteristics, causes, and consequences. Also, it investigates six 

notable case studies. In total, 246 collapses were documented, with hydraulic issues identified as the predominant 

cause (80.5%). Collapses primarily affect road bridges (86.2%), especially at provincial and municipal levels. 

Notably, the study details the human toll of collapses, reporting 70 fatalities and 51 injuries. The distinction between 

natural (83.7%) and human (16.3%) caused collapses highlights the need for improved approaches to bridge 

management and risk mitigation strategies. The evaluation of the failure rates is hampered by the current 

incompleteness of nationwide infrastructure registries. By examining case studies and statistical trends, this research 

provides valuable insights for enhancing bridge resilience and informing future infrastructure policies and practices. 

 

Keywords: Bridge Collapse, Failure rate, Collapse cause, Italian transportation network, Database, Case study. 

 

 

1. Introduction 

Bridges play a crucial role in transportation infrastructures, serving as critical links in road, rail, and pedestrian 

networks. The construction and maintenance of bridges pose significant engineering challenges, as these structures 

must withstand a multitude of natural and human-induced actions throughout their lifetimes. The collapse of a bridge 

can result is significant consequences, causing cascade effects across the affected region and beyond. Typically, a 

distinction is made between direct and indirect consequences of a bridge collapse (Imam & Chryssanthopoulos, 2012; 

Wang & Leander, 2023; Wong et al., 2005). Direct consequences encompass immediate impacts of the collapse itself, 

including fatalities, injuries, and property damage. These consequences are the most visible and tangible, requiring 

urgent response and recovery efforts. In contrast, indirect consequences pertain to the broader repercussions stemming 

from the loss of the bridge's functionality. These include disruptions to transportation networks, which can sever 

critical routes, increase travel times, and obstruct the flow of goods and people. Such disruptions can cascade through 

supply chains and distribution systems, leading to economic delays, shortages, and increased costs for businesses and 

consumers. Indirect consequences may also extend to societal, environmental, and public perception domains (Abarca 
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et al., 2022). When estimating the costs of a bridge failure, both direct and indirect consequences should be taken into 

account (Contardi & La Fortezza, 2024).  

The collapse of the Morandi Bridge in Genoa, Italy, on 14th August 2018, (Calvi et al., 2019) and the recent collapse 

of the Francis Scott Key Bridge in Baltimore, Maryland, US, on 26th March 2024, (Adam et al., 2024) serve as tragic 

reminders of the catastrophic repercussions stemming from collapses of major bridges. The collapse of the Morandi 

bridge resulted in the loss of 43 lives, left approximately 600 people homeless, and caused indirect economic damages, 

including €359.1 million to industries (OSCL, 2019) and between €490 million and €980 million to the Genova 

hinterland port (Beltrametti et al., 2018). Additionally, the collapse had enormous emotional and social consequences 

for the local community (Rania et al., 2019). Similarly, the collapse of the Francis Scott Key Bridge emphasized the 

vulnerability and high cost of bridge collapses, impacting the Port of Baltimore and the city’s road-transport network.  

Analysing past collapses provides valuable lessons for engineers and policymakers (Cao et al., 2021; Zhuang et al., 

2020; Zucca et al., 2024). By understanding the causes and consequences of collapses, they can identify systemic 

issues, improve design practices, and develop better emergency response protocols to mitigate the impact of future 

incidents (Malerba, 2024). In the literature, numerous documents focusing on single countries or regions are available, 

shedding light on the prevalence and causes of bridge collapses worldwide. For instance, two studies investigated 

bridge collapses in China, where over 400 bridges collapsed between 2009 and 2019 (Tan et al., 2020; Xu et al., 

2016). Similarly, a paper focusing on Colombia reported a total of 63 bridges collapsed in the 1986-2001 period (Diaz 

et al., 2009), while in the United States, separate studies analysed the period from 1989 to 2000 (Wardhana & 

Hadipriono, 2003) and from 2000 to 2012 (Taricska, 2014), reporting, respectively, 503 and 341 cases of bridge 

collapse. In a PhD dissertation, data from the state of New York are used to estimate the failure rate at the US national 

level (Cook, 2014). Similar works exploring bridge collapses can be found focusing on India (Garg et al., 2022), 

Nigeria (Ede et al., 2019), Taiwan (T.-T. Chen, 2017), and Turkey (Schaap & Caner, 2022). Moreover, comprehensive 

studies focus exclusively on specific types of bridges, such as metallic bridges (Imam & Chryssanthopoulos, 2012; 

López et al., 2023), as well as meta-analyses of previously published papers, including those predominantly focused 

on the US and China (Zhang et al., 2022). As for Italy, a study analysed 72 hydraulic collapses in the period 1987-

1996 (Ballio et al., 1998). A worldwide database of bridge collapses created with the support of IABSE Task Group 

1.5 (IABSE, 2024), contains information concerning almost 600 bridges collapsed since 1966. The database has been 

used for statistical studies (Syrkov & Høj, 2019), and is available on request. 

A comprehensive and up-to-date analysis of bridge collapses in Italy in recent decades does not exist. The Italian 

transportation network is complex, with roads and railways required to traverse numerous natural and artificial 

obstacles, including rivers, valleys, urban areas, and other networks. Rooted in the ancient Roman empire road system, 

it has evolved over the centuries, with a significant expansion occurring after World War II during a period of 

economic growth. The first legislation in Italy related to bridge management, control, and inspection dates back to 

1967. More recently, in response to the collapse of the Morandi Bridge, the Italian Ministry of Transport published 

guidelines in 2020 for the classification, risk management, safety evaluation, and monitoring of existing bridges (MIT, 

2020). The new guidelines represent a turning point for bridge management. They provide a comprehensive 

management system to be uniformly adopted by all road operators (Natali et al., 2023). The guidelines require the 

evaluation of different types of risks, i.e. structural, seismic, landslides, and hydraulic, that can lead to bridge collapse. 

In 2020, several Italian universities and research centres established the FABRE Consortium to advance bridge 

management and monitoring. The consortium actively promotes and coordinates research activities within this field. 

Additionally, FABRE plays a crucial role in knowledge sharing by organizing conferences, workshops, and training 

sessions to disseminate best practices and innovative solutions in bridge maintenance and safety (FABRE, 2024; 

Salvatore & Dall’Asta, 2024). The Italian Network of University Laboratories of Earthquake and Structural 

Engineering, ReLUIS (“Rete dei Laboratori Universitari di Ingegneria Sismica e Strutturale”) plays a key role in 

advancing bridge monitoring and management practice as well (RELUIS, 2024). Both FABRE and ReLUIS are 

actively working to validate the new Italian guidelines. Italy has also made substantial investments in bridge 

instrumentation and monitoring. For example, the Italian National Road Authority, ANAS ("Azienda Nazionale 

Autonoma delle Strade") launched a "Structural Health Monitoring Program" with a budget of 275 million euros 

(ANAS, 2024).  
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The primary objective of this study is to identify and discuss the main causes of bridge collapse that occurred in the 

early years of the 21st century, between 2000 and 2023. The only comprehensive research available in Italy focused 

on earlier years (Ballio et al., 1998), covering the period from 1987 to 1996, with an emphasis on hydraulic issues. A 

database is implemented by the authors of this paper, based on information collected from various sources, 

predominantly scientific papers, technical reports and newspapers. The collected information is analysed to determine 

key parameters, including the total number of collapses, their timeline, geographical distribution, and the causes of 

bridge collapse. Additionally, the study documents the function of the collapsed bridges—whether pedestrian, road, 

or rail—and compiles statistics on casualties, injuries, and the extent of each collapse. Moreover, the bridge failure 

rate within the investigated timeframe is estimated, providing insights into the overall reliability and safety of Italy's 

bridge infrastructure.  

In addition, the paper focuses on six significant case studies which cover different causes of bridge collapse, 

highlighting (a) the complex cause-effect reaction chain that can lead to a collapse, (b) the crucial importance of 

having technical documentation regarding the design, the past interventions, the past inspections, and the collapse 

event itself in the identification of the ultimate cause of collapse, and (c) the key role that risk-specific inspections 

and monitoring activities have in preventing bridge collapse. 

The remainder of this paper is organised as follows. Section 2 presents and discusses the Italian transportation system 

and its complexities, alongside an estimation of the total number of bridges existing in Italy. Section 3 provides an 

exploration of the causes behind bridge collapses from the relevant literature. Section 4 details the methodology 

employed in constructing the database for reproducibility of the results. Section 5 reports and discusses the main 

outcomes of the statistical analyses. Section 6 focuses on six notable case studies. Section 7 gives conclusions from 

the research, summarizing key findings and their implications. 

 

 

2. The Italian rail and road networks 

To provide the context for this research’s objective, a brief discussion about the current state of Italian rail and road 

networks is necessary, especially considering all its knowns and unknowns. Firstly, it is important to distinguish 

between the road network and the railway network. The latter has been managed by a single operator since its 

foundation at the beginning of the 20th century. Conversely, the road network is managed according to administrative 

divisions, including more than 8000 different operators (ANSFISA, 2022) and, over the years, it has been subjected 

to several organizational changes. In addition, to date, there is not yet a complete, all-encompassing repository for 

Italian bridges. The lack of a centralized database determines critical difficulties such as: (a) knowing the number, the 

location and the characteristics of the Italian bridges; (b) accessing the documentation related to the structures such 

as the original projects and the subsequent interventions; (c) defining the funds allocation for maintenance. 

To better understand the complexity of the road network, it is worth analysing its classification, which is organized 

into the following categories: Motorways (“Autostrade”), National Roads (“Strade Statali”), Regional Roads (“Strade 

Regionali”), Provincial Roads (“Strade Provinciali”) and Municipal Roads (“Strade Comunali”). The terms enclosed 

in double quotation marks ("") represent the Italian denomination. Different operators manage this complex network 

system: Motorways, which are tollways, are managed by 26 different companies (called motorway concessionaires) 

that are generally private-owned; the National Roads are managed by ANAS, a public law body deputed to maintain 

roads with national importance; Regional, Provincial and Municipal Roads are managed by the corresponding 

administrative divisions, namely regions (“Regioni” and “Province Autonome”), provinces (“Province” and “Città 

Metropolitane”) and municipalities (“Comuni”). According to ISTAT, the National Institute of Statistics (ISTAT, 

2024), in Italy, there are 20 regions, 2 autonomous provinces, 100 provinces and metropolitan cities, and 7904 

municipalities. The issues arising from the fragmentation in the management of the road infrastructure are particularly 

serious for small provinces and municipalities that often suffer a lack of specialized personnel dedicated to 

infrastructure management. 

A completely different situation regards the railway network. In 1905, a state-owned company called Unified 

Company of the State Railways (“Azienda Unitaria delle Ferrovie dello Stato”) was founded, taking control of the 
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majority of the national railways that were previously owned and managed by private operators. Nowadays, Italian 

State Railways, FS (“Ferrovie dello Stato Italiane”), directly manages the railway infrastructure through its subsidiary, 

Italian Railway Network, RFI (“Rete Ferroviaria Italiana”). 

In 2018, the National Agency for the Safety of Rails and Road and Highway Infrastructures, ANSFISA (“Agenzia 

Nazionale per la Sicurezza delle Ferrovie e delle Infrastrutture Stradali e Autostradali”), was established, replacing 

the former Railways Safety Agency. The Agency's primary mandate is to oversee the safety conditions of the national 

rail system, as well as road and highway infrastructures. Concurrently, the Italian Archive of Public Works, AINOP 

(“Archivio Nazionale delle Opere Pubbliche”), was launched to compile essential census data into a unified repository. 

The archive currently contains about 19000 entries for major railway infrastructures (bridges, viaducts and overpasses) 

and over 62000 entries for key road infrastructures (bridges, viaducts, and overpasses), based on data from December 

2024. Currently, the AINOP database is undergoing continuous updates from smaller managing bodies such as 

provinces and municipalities. However, it provides an initial estimate of the Italian bridge inventory.  

Table 1 outlines the bridge entries per road type, alongside the count of Managing Bodies (MB) that have registered 

at least one bridge. Based on the available data, it is possible to calculate the average number of bridges per managing 

body and to project the total based on the number of MB at each road type. This approach yields an approximate count 

of 182,500 bridges. This number is consistent with that found by other authors, e.g., Santarsiero et al. estimated 

120,000 bridges (Santarsiero et al., 2021). However, it is important to emphasize that this projection is preliminary 

and subject to significant uncertainty, given that only a small percentage (7.5%) of Municipal Road owners have 

submitted data to the AINOP archive.  

Another potential indicator of the magnitude of road bridges comes from a direct comparison with nearby and similar 

countries; for instance, the French General Inspectorate for the Environment and Sustainable Development, IGEDD 

(“Inspection Générale de l'Environnement et du Développement Durable”), estimates circa 221,000 bridges and 

viaducts in the French territory (of which ~87,000 municipality road bridges, ~110,000 provincial and regional road 

bridges, ~12,000 national road bridges and ~12,000 motorway bridges (Ricard & Bernard-Gély, 2024).  

 

 

Table 1. Number of road bridges in the AINOP archive and projection on the total number of road bridges 

Road type Bridge entries Total n° of MB  MB with records 

(% of total) 

Average bridge n° 

for MB 

Projection 

Motorways 11500 33 33 (100%) 350 11500 

National roads 20000 1 1 (100%) 20000 20000 

Regional roads 500 20 5 (25%) 100 2000 

Provincial roads 14000 100 72 (72%) 194 19444 

Municipal roads 9165 7904 592 (1.8%) 15 122365 

Others 7168 Not available 111 - 7168 

Total 62246  - - ~182500 

 

 

3. Causes of bridge collapse 

3.1. 3.1 General classification  

This section analyses the potential causes of bridge collapse based on the available literature on this topic. First of all, 

it is essential to draw attention to the critical distinction between the cause of collapse and the failure mode (Imam & 

Chryssanthopoulos, 2012). The cause of collapse refers to the underlying reason or trigger that leads to the collapse 

of the bridge. It represents the initial event or condition that initiates a sequence of events, ultimately resulting in the 

bridge's inability to safely carry its intended loads. Causes of collapse can stem from a variety of factors, including 

natural disasters, poor maintenance, design flaws and construction errors, overload, material degradation due to ageing 
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or corrosion, impacts and collisions. More specifically, natural disasters can impose forces on a bridge that exceed its 

design capacity. A lack of regular inspections and maintenance can lead to the deterioration of a bridge's components, 

reducing the capacity of its components. Furthermore, the concept of Nominal Design Life or Nominal Service Life, 

introduced with the development of technical standards, such as the Eurocodes, underscores the importance of 

structural life-cycle assessment. Thus, older bridges were typically not designed with such life-cycle considerations, 

which can affect their long-term performance and safety (Frangopol et al., 2017; Frangopol & Soliman, 2016). Design 

flaws and construction errors relate to issues such as wrong design or inappropriate use of mechanical equipment 

during construction. Excessive traffic loads crossing a bridge can lead to collapse, particularly due to the combination 

of increasing truck weights and the degradation of older bridges. As for impact and collision, they are not limited to 

road vehicles. For instance, maritime traffic can threaten seaport bridges.  

On the other hand, the failure mode is the specific manner a bridge's components or systems malfunction or fail in 

response to the cause of collapse. Failure modes can vary depending on the bridge's design, the materials used, and 

the actions it experiences. Common failure modes in bridges include buckling, cracking, shear failure, torsional 

failure, foundation settlement, and, in extreme cases, complete structural collapse, where multiple components fail 

simultaneously.  

In the analysis of bridge collapses it is worth noting that these events are frequently the outcome of multiple 

contributing causes and associated failure modes. In certain instances, a sequence of actions, phenomena, or decisions 

may produce a chain reaction, ultimately resulting in the structural collapse of a bridge. For instance, an overloaded 

truck travelling over a bridge could be the final trigger of the collapse of a structure affected by poor design criteria 

or lack of maintenance. Attempting to identify the primary cause is a common practice, as it can help in categorizing 

the collapse. However, this determination is not always straightforward due to the complex interplay of factors 

involved in bridge collapses. Furthermore, it can be subjective to some extent. 

The classification of causes of bridge collapse is not uniform among different authors and it can vary depending on 

factors such as geographic location, considered dataset, and specific context in which the analysis is conducted. 

Wardhana and Hadipriono (2003) classified the causes of bridge collapse into principal causes and specific causes. A 

similar classification strategy was later adopted by Zhang et al. (2022). These authors consider six principal causes of 

bridge collapse, including both enabling (deficiencies in design, detailing, construction, maintenance, and use of 

materials) and triggering (inadequate consideration of external events) causes. Enabling causes are related to the 

internal condition or performance of the bridge, or, in other words, to an insufficient capacity of the bridge. Triggering 

causes are external events that initiate the collapse, representing an exceeding demand to the original bridge capacity. 

A further classification is proposed which distinguishes between “act-of-God” natural events and phenomena (natural 

disasters and deterioration/obsolescence of old bridges) and human-induced collapses (design, detailing, construction, 

maintenance, and material-related problems and external causes such as overload and lateral impact). According to 

Zhang et al. (2022), enabling causes typically necessitate comprehensive collapse investigations, including material 

testing, examination of design, construction, and maintenance records, as well as structural calculations. Instead, 

triggering causes can often be identified through accident scene investigations.  

Specific causes provide a detailed breakdown of the principal causes, as follows: hydraulics (hydrodynamic lateral 

force, scour, debris, drift, others), collision (auto/truck, barge/ship/tanker, train, other), overload, deterioration 

(general, steel, steel-corrosion, concrete-corrosion), fire, construction, ice, earthquake, fatigue-steel, design, soil, 

storm/hurricane/tsunami, miscellaneous/other. Most of the authors use specific causes to classify bridge collapse. For 

instance, Imam and Chryssanthopoulos (2012) classified the causes of metallic bridge collapse into seven categories: 

limited knowledge, design errors, human error, natural hazards, accidents, overloading and deterioration. Garg at al 

(2022) investigated bridge collapses in India from 1977 to 2017, categorizing the primary causes into five groups: 

overloading, deterioration, natural disasters, issues in design and construction, and human-caused disasters. Schaap 

and Caner (2022) identified ten main causes of bridge collapse in Turkey, i.e., hydraulic events, collision, overload, 

construction deficiencies, material defects, conflicts, design flaws, seismic activity, dam collapses, and vandalism. 

Choudhury and Hasnat (Choudhury & Hasnat, 2015), focusing on Bangladesh, highlighted the following principal 

causes: poor construction, flooding, scour, extreme weather (cyclones), and excessive loading. Finally, Tan et al. 

(2020) analysed bridge collapses in China from 2009 to 2018, pinpointing six principal causes: construction errors, 
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flooding and scouring, collisions, overloading, design defects, and a combined category encompassing earthquakes, 

strong winds, and fires.  

 

3.2. Findings from previous studies  

To provide further context for this work, this section reports results from similar studies conducted in other countries. 

The diversity of causes and the weighting of their significance can differ widely across regions and datasets. In some 

areas, events such as terrorist actions, which might be relatively rare in other regions, can significantly impact the 

classification of causes of bridge collapse. For example, Diaz et al. (2009) report that 32% of bridge collapses that 

occurred in Colombia between 1986 and 2001 were due to terrorist attacks. Also, Ede et al. (2019) show that 15.6% 

of the bridge collapses in Nigeria were attributed to terrorist actions occurring in the country since 2009. Schaap and 

Caner (2022) draw attention to the issue of vandalism in Turkey, which accounts for 5% of the collapses. This 

phenomenon frequently takes the form of treasure hunting within the spandrel walls of heritage bridges. This 

behaviour is often driven by a widespread myth in Turkey, which claims that gold coins were hidden in the foundations 

of these structures, supposedly to facilitate their reconstruction in case of collapse. 

Nevertheless, natural disasters, and particularly hydraulic issues, are often identified as leading single causes of bridge 

collapse. Garg et al. (2022) reported that the dominant cause of bridge collapse in India in the period 1977-2017 was 

natural disasters of the order of 80.30%, including hydraulic issues (52%), earthquakes and tsunamis (27%), storms 

and cyclones (0.6%), landslide (0.8%) and snow or avalanche (0.1%). Wardhana and Hadipriono (2003) showed that 

almost 53% of collapses in the US between 1989 and 2000 are due to hydraulic causes. In Turkey, hydraulics (45%) 

and collision (20%) are the leading causes of bridge collapse (Schaap & Caner, 2022). Hydraulic causes have been 

recorded as the major factor for Peru as well, where 449 bridges collapsed during the 2017 El Niño phenomenon 

(Huamancusi & Delgadillo, 2023). As for the leading causes of bridge collapse, based on multiple data sets covering 

case studies from all over the world, Zhang et al. (2022) show that the primary causes of bridge collapses are design 

errors, construction mistakes, hydraulic issues, collisions, and overloads. These factors, when considered collectively, 

are responsible for more than 70% of all bridge collapses.  

 

 

4. Methodology 

4.1. Main definitions 

This study adopts the definition of bridge provided by (AASHTO, 2018), as follows: ‘‘A structure, including supports, 

erected over a depression or an obstruction -such as water, highway, or railway- having a track or passageway for 

carrying traffic or other moving loads and having an opening measured along the centre of the roadway of more than 

20 ft (i.e., 6 m) between undercopings of abutments or spring lines of arches, or extreme ends of openings for multiple 

boxes; it may also include multiple pipes where the clear distance between openings is less than half of the smaller 

contiguous opening.’’ Notably, the Italian guidelines (MIT, 2020) pertain to bridges with spans higher than 6 m. As 

for collapse, the definitions proposed by the New York State Department of Transportation (NYSDOT, 2004) are 

adopted, as they are widely referenced by other authors (Cook et al., 2015). Specifically, collapses are classified as 

either Total Collapse (TC) or Partial Collapse (PC). A TC refers to “structures on which all primary members of a 

span or several spans have undergone severe deformation such that no travel lanes are passable”. Conversely, a PC 

relates to “structures on which all or some of the primary structural members of a span or multiple spans have 

undergone severe deformation such that the lives of those travelling on or under the structure would be in danger”. 

For example, if an entire section of a bridge collapses, it is classified as Total Collapse (TC). In other cases, where 

the damage does not result in the collapse of a span, the event is categorized as a PC. Examples of PC include the 

settlement of a pier causing deck displacement or damage to a beam from a fire or collision. This classification 

encompasses all instances where at least one structural component of the bridge fails, provided that this collapse 

renders the bridge permanently unusable or unusable for a very prolonged time. Thus, the definition applies regardless 

of whether the entire structure requires reconstruction or extensive localized repairs. These considerations align with 
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the procedure outlined by Wardhana and Hadipriono (2003), in which "distress" is defined as "the unserviceability of 

a structure or its components that may or may not result in a collapse" and is included in the PC category. Conversely, 

very limited local failures (e.g., debris falls and guardrail detachments) are excluded from consideration. These 

incidents are typically resolved within short timeframes (e.g., a few days) with minimal interventions, limited traffic 

disruptions, and negligible long-term consequences. The only exception to these criteria pertains to failures of the 

embankment providing access to the bridge. These failures, often caused by hydrogeological processes, may or may 

not result in damage to the bridge itself. Nevertheless, such events are classified as PC, as their failure led to prolonged 

road disruptions and, in some cases, caused injuries or fatalities. 

 

4.2. Database implementation  

The database was developed to document bridge collapses occurring between 2000 and 2023. The research was carried 

out through the consultation of different sources, e.g., technical reports, visual inspections carried out by the authors, 

newspapers, and videos of collapses published on social media. The web information before 2000 is limited, making 

it challenging to gather comprehensive data before that year. Each event was analysed by collecting photographic 

material, technical data, and other relevant information. In addition, Google Map services and satellite images were 

exploited to recognize the dimensions and characteristics of the bridges and to obtain images before the collapse. For 

each record, the following parameters were included in the database: the date of the collapse, the location with 

coordinates, the number of victims and injured, and the cause of the collapse. Specifically, the collapse causes were 

systematically classified into the following categories: (1) “Triggered” or “Not-triggered”; (2) “Human” or “Natural”; 

(3) specific causes of collapse, which are listed in Table 2 along with a brief description. Each specific cause was 

further categorized as either “Triggered” or “Not-triggered” and as either “Human” or “Natural”.  

The first differentiation follows the same criteria applied by Wardhana and Hapriono (2003). A “Triggered” collapse 

(or a triggering cause) is related to a sudden event - e.g., a natural disaster - that initiates the chain of subsequent 

events that leads to the failure of a component or the whole structure of the bridge. On the other hand, a failure is 

“Not-triggered” when it occurs without a sudden event. Material degradation might induce a collapse either in the 

presence of a trigger (e.g., an overload) or without any sudden external causes. In the latter case, the degradation alone 

would lead to the failure. Similarly, a collapse due to design errors can occur for instance during the truck loading test 

(“Triggered”) or during the construction phase (“Not-triggered”). It is worth mentioning that a collapse could occur 

for multiple causes, often consisting of a combination of triggering events and structural state. Thus, to avoid any 

arbitrariness in the database construction and provide the cause of collapse uniquely, the presence of a trigger at the 

instant of the collapse automatically resulted in a “Triggered” event record, even in the presence of other internal 

causes leading to reduced structural performance. Therefore, for “Not-triggered” events, the specific cause was either 

attributed only to “Design and Construction” or “Material”. 

For the distinction between “Human” or “Natural”, the causes “Hydraulics”, “Landslide”, and “Earthquake” were 

labelled as “Natural”. The other causes, both “Triggered” (“Overload”, “Impact”, “Fire and Explosion”) and “Not-

triggered” (“Design and Construction” and “Material”), were labelled as “Human”. In the case of natural events, even 

though the collapse could be indirectly linked to human factors—such as deficiencies in design or maintenance—the 

label “Natural” was still applied to avoid subjective judgment. For instance, collapses due to hydraulic phenomena 

might result from poorly designed foundational structures, yet they were classified under “Natural” causes.  

Concerning the specific causes of collapse, the list of possible causes was adapted to the Italian context and shown in 

Table 2. Hence, some causes reported in the literature were not considered, such as vandalism (Schaap & Caner, 

2022), war conflicts (Diaz et al., 2009), hurricanes (Chen et al., 2009), tsunamis (Salem et al., 2014), and wind-load 

induced aerodynamic instabilities (Larsen, 2000). Regarding impacts, the focus is primarily on road vehicles. In Italy, 

only a few watercourses are navigable, and the boats typically used are of small dimensions, making major damage 

to bridges from maritime traffic unlikely.  

It is important to remark that each specific cause may be further detailed. For instance, landslide-bridge interferences 

can be classified, according to the Italian Guidelines on existing bridges (MIT, 2020) and the scientific literature, as 

“Direct”, if an unstable slope directly impacts the bridge, or “Indirect”, if the impact occurs after the slope’s 
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mobilization (Perilli et al., 2024; Salciarini, Cernuto, et al., 2024; Salciarini, Pauselli, et al., 2024). Additionally, 

landslides can be further categorized based on hydrogeological and lithotechnical factors, such as debris flows, 

mudflows or rock falls (Lu & Zhang, 2012), and by their triggering factors, including seismic or rain-induced 

landslides. Despite these distinctions, all sub-categories are included under the broader “Landslide” cause. Similarly, 

hydraulic processes can lead to bridge collapses through various mechanisms, especially scour (Pizarro et al., 2020). 

The hydraulic and fluvial processes affecting bridge structures include as well lateral hydraulic forces on the structure, 

river lateral migration, and debris accumulation, among others (D’Angelo et al., 2022; Innocenti et al., 2024; Larcher 

et al., 2024). It is important to note that the riverine processes mentioned do not necessarily occur exclusively during 

flood events. Additionally, other factors may contribute to a collapse initiated by hydraulic forces. For example, the 

type and characteristics of the foundation system, often related to the bridge's age, may be vulnerable even to moderate 

hydraulic events, such as high-stage water flows. Further, the failure of protective countermeasures, such as riprap, 

levees, or dam breaches, can also play a significant role in bridge collapse under hydraulic stress. In this work, the 

term “Hydraulics” is used to encompass all such processes and phenomena. Similar considerations are followed for 

all the causes reported in Table 2. 

 

 

Table 2. Definition of the specific causes of bridge collapse 

Specific cause Description Triggered 

and not-

triggered 

Human 

vs 

natural 

Factors 

Design and Construction Collapse caused by human errors, such as design errors or poor 

design criteria, errors during the construction phase 

Both Human 

Material (lack of maintenance 

and degradation) 

Collapse caused by the degradation of materials, often due to a lack 

of maintenance 

Not-

triggered 

Human 

Overload Collapse caused by excessive or extreme loads compared to the 

capacity of the structure 

Triggered Human 

Impact Collapse caused by the impact of a vehicle either on the 

substructure or the superstructure of the bridge 

Triggered Human 

Fire and Explosion Collapse caused by the degradation or damage of the bridge 

elements’ material induced by a fire or an explosion 

Triggered Human 

Earthquake Collapse caused by an earthquake Triggered Natural 

Hydraulics Collapse caused by hydraulic processes, such as scour, water loads 

on the structure, lateral erosion of banks, and embankment 

erosions.  

Triggered Natural 

Landslide Collapse caused by a landslide, including e.g., rockfalls and debris 

flows.  

Triggered Natural 

 

 

5. Results 

5.1. Geographical and temporal distribution of collapses and their causes 

A total of 246 collapses are found in the period 2000-2023. Findings indicate a higher incidence of TC compared to 

PC. Specifically, the ratio between total and partial collapses is 3.8:1 (194 TC and 52 PC). However, it is important 

to acknowledge the possibility of a bias towards reporting TCs, as larger collapses are more likely to be documented 

in newspapers or investigated in detail in technical reports. Figure 1 reports the geographical distribution of the 

collapses, which is non-uniform throughout the national territory. Many clusters derive from single extreme events, 

especially hydraulic events in mountainous areas (this aspect will be better detailed later). These regions, such as 

Northwestern Piedmont and Aosta Valley, are particularly exposed due to their geomorphological conditions. Other 
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areas, such as Apulia, show much fewer collapses due to the very few bridges and viaducts existing in these flat 

locations, with few rivers and slopes to overpass. 

Figure 2 illustrates the number of bridge collapses per year on the x-axis (“Collapses for a given year”), while the y-

axis indicates the number of years in which a specific number of collapses occurred within the considered time frame 

("Occurrence n.”). For example, there were 4 years in which 4 bridge collapses were recorded. The highest number 

of bridge collapses in a single year was 47, recorded in 2000. On average, there were 10.3 collapses per year, with a 

median of 7.5, a mode of 4, and a standard deviation of 9.9. Typically, the number of collapses in most years ranged 

from 4 to 12.  

The timeline of the collapses is presented in Figure 3Error! Reference source not found.. Throughout the studied 

period, there was only one year without any bridge collapse, i.e., 2007. The outliers in the timeline correspond to 

extreme rainfall events, such as those in Piedmont and Aosta Valley in 2000 (the most significant event within the 

timeframe of interest), Liguria and Tuscany in 2011, Piedmont in 2020, and several other, less severe events. The 

analysis of the overall trend suggests a modest yet noticeable increase in the number of collapses over time. However, 

this observed trend may be partly attributed to the increased availability of online information in recent years. It is 

also important to highlight the presence of a seasonality effect, with hydrogeological collapses predominantly 

occurring in the rainiest season (Autumn), accounting for 62% of the collapses, compared to 38% during the other 

seasons. 

 

 
Figure 1. Geographical distribution of collapses. 
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Figure 2. Occurrence of collapses between 2000 and 2023. 

 
Figure 3. Timeline of bridge collapses, shown alongside the cumulative numbers. 

 

The breakdown of the causes of collapses is shown in Figure 4. “Hydraulics” is largely the dominant cause of the 

collapses, with 198 out of 246 cases (80.5%). This result is consistent with the published literature, as discussed in 

Section 3, and underscores the considerable significance of hydraulic factors compared to other causes within the 

Italian context. Notably, this finding aligns with prior research (Ballio et al., 1998), which reported 72 hydraulic 

collapses in Italy between 1987 and 1996, a frequency comparable to the annual incidence rate documented in this 

study. D’Angelo et al. (D’Angelo et al., 2022) provide further insights into the hydraulic processes involved in bridge 

collapse in Italy. Extreme hydraulic events often lead to multiple bridge collapses. This pattern aligns with data from 

other countries; for instance, 105 bridges in Germany were destroyed or severely damaged during the severe flood of 

2021 (Burghardt et al., 2025). Similarly, in Peru, 449 bridges collapsed during the 2017 El Niño phenomenon 

(Huamancusi & Delgadillo, 2023).  

The other main causes of bridge collapses are, in decreasing order, “Material” (12, 4.9%), “Design and Construction” 

(11, 4.5%), “Impact” (10, 4.1%), “Landslide” (5, 2.0%), “Overload” (4, 1.6%), and, finally, “Earthquake” and “Fire 

and Explosion” (in both cases: 3, 1.2%). Impacts are considerably less significant in Italy compared to other countries, 

such as Turkey, where 20% of bridge damages are attributed to this cause (Schaap & Caner, 2022). As mentioned 

earlier, this study only considers collisions between trucks and bridges, as no incidents of bridge collapses caused by 

collisions with barges or ships were recorded. Earthquakes are an infrequent cause of collapses, despite the relatively 

high seismic activity of the Italian peninsula and recent seismic events. Challenges in collecting data on earthquake-

induced collapses could contribute to the perceived infrequency. Further research is necessary to clarify this issue. 

Collapses attributed to degradation and lack of maintenance (labelled as “Material”) affect both older and more recent 
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bridges. For many of these structures, the exact construction year is unknown. However, in cases where this 

information is available, there are significant examples: the Morandi Bridge, built in 1963, collapsed in 2018 after 55 

years of service; and three other bridges that collapsed in 2022 had service lives of 75 years (built in 1947), 48 years 

(built in 1974), and over 100 years (a masonry arch bridge constructed in the 1920s), respectively. It is worth 

highlighting that only in two cases - the Morandi Bridge and the Fossano Viaduct (Bazzucchi et al., 2018) - the 

degradation of prestressing cables was the leading cause of the collapse, while no other cases of corrosion were 

identified as the leading cause. 

 

 
Figure 4. Causes of collapses. 

 

 

5.2. Use-proportioned Bridge Failures Rates 

The failure rate is defined as the probability of collapse within a certain period (Cook et al., 2015). In this study, 

failure rates 𝑃 are computed using the following equation: 

 

 𝑃 =
𝑛

𝑁 ∙ 𝑦
 Eq. (1) 

 

where 𝑛 represents the observed number of bridge collapses in a given population and period, 𝑁 is the population 

count, and 𝑦 is the number of time intervals considered, which is equal to 24 years in this study. Thus, evaluating use-

proportioned failure rates requires data on the number of bridges collapsed for different road types and the total 

number of existing assets at the national level.  

Bridges are categorized into three major classes: road, rail, and cyclo-pedestrian bridges. Road bridge collapses are 

predominant with 212 out of 246 cases, constituting 86.2% of all collapses. Collapses of cyclo-pedestrian bridges 

account for 25 cases, representing 10.2% of the total, while rail bridge collapses have the fewest occurrences, with 9 

cases corresponding to 3.7% of the total. As for the total number of bridges, as discussed in Section 2, these values 

remain uncertain, with estimates of 19,000 and 182,500 for railway and road bridges, respectively. The latter estimate 

is derived from the projection of the total number of existing road bridges discussed in Section 2. Based on the 

estimated total number of bridges, the yearly failure rate for rail bridges is approximately 2 ∙ 10−5, while that for road 
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bridges is calculated to be  5 ∙ 10−5. Regarding cyclo-pedestrian bridges, only 116 structures are currently included 

in the AINOP database; however, this value is likely substantially understated. With only 25 recorded collapses, this 

would imply an implausible failure rate of 0.9 ∙ 10−2. Given this implausible situation, further analyses cannot be 

conducted. 

Road bridges can be further classified according to the road types described in Section 2: motorways (highways), 

national roads, provincial/regional roads (considered together in the analysis), and municipal roads. Table 3 shows 

the destination of use of the collapsed bridges considering the specific bridge type. Among road bridges, province-

level road bridges are most commonly affected (92 cases, 37.4%), followed by municipal-level road bridges (70 cases, 

28.5%), and national-level road bridges (41 cases, 16.7%).  

To establish the total number of road bridges in each subcategory, the ANSFISA 2022 annual report (the latest 

available online as of date) is consulted as a secondary source (ANSFISA, 2022). The report provides precise numbers 

for motorway bridges (12,873 viaducts, 2,472 flyovers). National road bridges account for almost 20,000 structures 

in the AINOP archive. Considering these contributions alone, with 50 collapses in the 24 years under review (41 for 

national bridges and 9 for motorways), the failure rate for motorway and national bridges exhibits a significant 

difference, with  2 ∙ 10−5 and  9 ∙ 10−5, respectively. Notably, rail and motorway bridges exhibit comparable failure 

rates. The fourth column of Table 3 summarizes use-related failure rates based on the destination of use. For the sake 

of completion, yearly failure rates of Regional/Provincial, and Municipal bridges, are computed based on the 

projection illustrated in Section 2.  

 

 

Table 3. Destination of use of collapsed bridges and estimated yearly failure rates. 

Destination of use n° of collapses n° of bridges Failure rate 

Railways 9 19,000 2 ∙ 10−5 

Motorways 9 15,300 2 ∙ 10−5 

National 41 20,000 9 ∙ 10−5 

Provincial/Regional 92 21,500* 2 ∙ 10−4* 

Municipal 70 122,000* 2 ∙ 10−5* 

Cyclo-pedestrian 25 na na 

* Value obtained considering the projections estimated in Section 2. 

 

 

5.3. Other considerations 

When discussing bridge collapses, human losses often take centre stage. In this study, the 246 collapses resulted in 

70 fatalities and 51 injuries. Notably, some significant events, such as the Morandi Bridge collapse (resulting in 43 

deaths and 11 injuries) and the Augusta highway viaduct collapse in Syracuse, Sicily (resulting in 1 death and 14 

injuries), heavily influenced these numbers. On average, there are 0.28 deaths and 0.21 injuries per collapse. However, 

the rate of fatality decreases to 0.11 if the Morandi bridge collapse is not accounted for in the statistics. 

It is crucial to note that only casualties directly caused by bridge collapses are considered here. Deaths resulting from 

vehicle collisions, explosions, or fires that triggered the collapses are excluded. For instance, the 2 deaths and 145 

injuries from the Bologna explosion are not included, as structural collapses are consequences, not causes, of such 

incidents.  

Most bridge collapses take place during the service phase. There are only four documented cases of bridge collapse 

during construction, in addition to three collapses that occurred during static testing. These seven cases can be 

associated with human errors. For comparison, Garg (2022) reported an alarming rate of bridge collapses in India, 

with 35.78% occurring within 10 years of construction, and 6.12% during construction. In China, between 2000 and 

2014 (partially overlapping with the analysed period), Xu (2016) noted 131 out of 302 catastrophic collapses during 

the construction phase, focusing solely on highway bridges.  
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The vast majority of collapses (206 cases, 84%) were caused by a natural event. Human-induced collapses are much 

less common (40 cases, 16%) but can be split more equally between “Triggered” (21 cases, 8.5%) and “Not-triggered” 

(19 cases, 7.7%) events. The great majority of collapses are due to calamitous (but natural) extreme events, especially 

hydraulic events. For comparison, Diaz et al. (2009) state that 10% of the 63 bridge collapses investigated in Colombia 

happened due to “structural deficiencies and lack of design”, plus another 5% due to “construction deficiencies and 

lack of inspection”. On a similar note, Ede et al. (2019) reported 4.4% of collapses due to “design errors” in Nigeria 

(however, considering a dataset of 45 reported collapses, which is very likely not exhaustive). 

Furthermore, 227 bridge collapses (92.3%) can be labelled as “Triggered”, while 19 bridge collapses (7.7%) are 

classified as “Not—triggered”. While some of these triggering phenomena cannot be predicted in advance (e.g., 

earthquakes), others, such as heavy rain, can. The implementation of early warning systems could enable the timely 

closure of damaged bridges, potentially preventing fatalities. This concept will be further illustrated in the following 

sections, particularly in the case of the Longobucco and the Motta bridges. 

 

 

6. Notable collapses 

The analysis of the case studies not only exemplifies the methodology developed for creating the database but also 

helps in understanding the complex cause-effect reaction chain that can lead to the collapse of these structures. 

Specifically, six notable bridge collapses are considered, namely: (1) the A1-A14 highway overpass in Bologna, (2) 

the Motta bridge, (3) the Annone Overpass, (4) the Ortiano II Viaduct, (5) Albiano Viaduct, and (6) Himera Viaduct. 

Particularly, the "BLEVE" incident in Bologna on 6th August 2018 resulted in a devastating explosion, representing 

the first documented case of such an event leading to a bridge collapse. The Motta Bridge, which collapsed on 16th 

May 2023, exemplifies the complex interplay of hydrogeological factors triggered by extreme meteorological events. 

The sudden collapse of the Annone Overpass in 2016 revealed the importance of correctly managing exceptional load 

passage, the knowledge of the original design load and structural details, and the high vulnerability of damaged Gerber 

saddles. The Ortiano II Viaduct's collapse on 3rd May 2023 underscored the importance of timely preventive measures 

against natural hazards. The Albiano Viaduct's collapse in 2020 highlighted the structural fragility of ageing 

infrastructure, while the Himera Viaduct's collapse in 2015 emphasized the intersection of geological, hydrological, 

and structural factors in bridge collapses. It is worth noting that the well-known case study of the Morandi Bridge 

collapse is not included in this overview due to its extensive coverage in existing literature (Calvi et al., 2019; Malerba, 

2024). 

 

 

6.1. The A1-A14 highway overpass in Bologna  

An explosion can be defined as the release of energy within a sufficiently short time interval, giving rise to a distinct 

pressure wave that propagates away from the point of release. Explosions are generally classified into two main types: 

chemical, characterized by rapid combustion, and physical, resulting from the swift expansion of a gas. On 6th August 

2018, at approximately 2:00 PM in Bologna, a tragic collision between vehicles triggered a chain of events 

culminating in a devastating explosion that destroyed a section of the overpass connecting the A1-A14 highways – 

two of the most heavily trafficked routes in Italy. Hence, this collapse event was classified as "Triggered" and 

"Human," with "Fire and Explosion" identified as the specific cause of the collapse. More precisely, a phenomenon 

known as "BLEVE" occurred, which stands for "Boiling Liquid Expanding Vapor Explosion". The Bologna incident 

is the first documented case of a BLEVE destroying a bridge (Eyssette et al., 2021; Vanzini, 2019). The structure 

affected by this event consists of two adjacent viaducts, each with separate decks about 24 m wide. Together, they 

provide a total of four carriageways and eight lanes. Each viaduct consists of a total of 11 spans, reaching a total 

length of about 300 m. Each span is a simply supported girder structure, with spans of approximately 27 m supported 

by 12 prestressed reinforced concrete beams.  

The incident's dynamics can be reconstructed through various photographs and videos. Specifically, an LPG tanker 

truck collided with a stationary vehicle carrying solvents in polyethene containers. Within minutes, the intense fire 
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caused the tanker to collapse, releasing the liquefied gas it contained. The force of the blast shattered the beams of 

one of the spans of the highway bridge, causing the structure to collapse onto the road below, scattering debris over a 

200-meter radius (see Figure 5 and Figure 6). The impact extended beyond the overpass, damaging nearby public 

and private buildings. The accident resulted in two fatalities and 145 casualties, mostly due to the shockwave. The 

BLEVE happened because both the gaseous and liquid phases of LPG were present in the compressed gas containers. 

It entails the explosion of vapour formed by the boiling liquid when the tank ruptures due to overheating, often 

accompanied by a forceful mechanical impact. Moreover, in the specific case of LPG, an immediate ignition follows 

a BLEVE. The spherical volume of vaporized gas created instantly by the tank's structural collapse ignites, while the 

entire mass rises due to reduced density induced by overheating. The subsequent formation of a fireball had more 

severe consequences for individuals compared to BLEVE. The shockwave from the explosion led to the formation of 

various masses with kinetic energy. While thermal radiation caused the most significant harm to individuals, structural 

damage to the bridge and adjacent buildings was primarily due to the blast wave. Research is scarce on predicting the 

force generated on structural components when a tank undergoes a BLEVE (Eyssette et al., 2021). The structural 

response to explosion-induced loads is complex and varies over time along with the pressure force. Besides the peak 

pressure, the structural response depends on the duration of the imposed load and the structural component's natural 

vibration period. Additionally, the combined effects of direct and reflected waves should be considered. The 

reconstruction of the overpass was completed in just 53 days following the incident. The bridge span was 

reconstructed using precast prestressed reinforced concrete beams, connected by transverse elements and a deck 

constructed on-site.  

 

 

  
Figure 5. View of the collapsed overpass section, revealing the identifiable components of the incident: the ruptured 

LPG tank and remnants of the truck involved in the collision, with portions on the bridge and others suspended. 

Picture courtesy of Vigili del Fuoco. 

 



15 

 

 
Figure 6. Collapse viaduct – focus on the bridge deck beams. Picture courtesy of Vigili del Fuoco. 

 

 

6.2. The Motta Bridge 

From 2nd May to 17th May, Emilia-Romagna experienced two extreme meteorological events, leading to widespread 

floods and landslides. The Motta Bridge collapsed on 16th May 2023. This incident, classified as "Triggered," 

"Natural," with "Hydraulics" as the primary cause, stands out due to the complex sequence of hydraulic events that 

resulted in the collapse. The reconstruction of the incident was made possible through numerous photos and video 

recordings, during and after the collapse. Additionally, a hydrometer installed by ARPA Emilia-Romagna on the 

bridge captured water level data up to the point of the collapse, enabling a detailed reconstruction of the hydraulic 

conditions. An on-site visit by the authors provided further insights into the bridge and the river's characteristics. 

The Motta Bridge, which crossed the Idice River in the town of Budrio (near Bologna), was a Gerber truss bridge 

constructed in 1958. It spanned approximately 100 m in total, consisting of five spans. The bridge deck was about 7 

m wide, with two lanes. The bridge's longitudinal axis was not perpendicular to the river. It featured four rectangular-

shaped piers, which were aligned with the direction of the current flow and founded on piles (as observed from the 

remains of the bridge). The abutments were directly embedded into the embankments of the watercourse. The riverbed 

of the Idice stream is embanked and suspended (elevated in height compared to the surrounding plain) like many 

watercourses in the low-elevation floodplain in Emilia-Romagna. In normal conditions, the Idice flows through a 

small channel carved below the central span of the bridge (see Figure 7a), while during high-stage events it occupies 

the adjacent flow areas, crossing the lateral spans of the bridge. 

As previously remarked, the reasons leading to the collapse of the Motta Bridge are the result of a series of contributing 

factors. On 16th May, the water level exceeded the maximum alert threshold by more than 1.5 m, likely causing the 

erosion of the embankments of the river at multiple points. Shortly after midnight, the right embankment failed about 

700 m downstream of the bridge, creating a breach long over 100 m (Figure 8). From that moment, the streamwater 

began to overflow into the lower-lying countryside, causing a rapid decrease of the hydrograph (source: hydrometer 

of ARPA Emilia-Romagna) and a considerable increase in the current speed due to the new hydraulic gradient. Figure 

7(b) shows the triggered processes: the Idice completely abandoned its original embanked channel downstream of the 

breach, and the increased current speed led to an equally rapid general altimetric erosion of the streambed upstream, 

estimated in about 4.0 m. The lowering of the riverbed, in turn, caused scouring at the base of the embankment bodies, 

which were gradually completely eroded by the current. 

The Motta Bridge found itself exactly in the centre of this geomorphological evolution: initially, embankment erosion 

caused the bypassing of the hydraulic left abutment and the erosion of the road body. The abutments collapsed, since 

they probably had shallow foundations, unlike the piers, bringing down two of the three main spans of the bridge. 

Evidence from a resident's video suggests that the third span collapsed later, likely due to the scouring of the remaining 

piers.  
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Figure 7. River Idice before (a) and after (b) the event of 16th May 2023 at the bridge location. Figure (a) from 

Google Street view, Figure (b) taken by the authors. 

 

 

Figure 8. Embankment breach downstream of the bridge (courtesy of Local Team). Note how the riverbed 

downstream of the breach is dry thanks to the higher elevation. 

 

 

6.3. The Annone overpass  

The Annone overpass (Figure 9) was located near the small town of Annone Brianza, Province of Lecco, north of 

Italy, and it was an overpass of the National Road SS36, one of the major roads in Lombardy connecting Milan with 

the Swiss border through the Spluga Pass. The structure was a reinforced concrete bridge with Gerber saddles (also 

referred to as half-joints) built in the 60s and collapsed in 2016 during the passage of a heavy truck, causing one 

fatality and three injuries. Hence, this event was catalogued as “Triggered”, “Human”, and caused by “Overload”. 

The information about the structural geometry, the original project, the recurring passage of exceptional loads, and 
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the causes of the collapse are mainly deduced from published material (M. di Prisco et al., 2018; Marco di Prisco et 

al., 2023).  

The bridge had a total length of 56.6 m, and it was composed of 3 spans (2 simple supported spans with end cantilevers 

and 1 suspended span), two abutments and two piers. The deck had an overall width of 7.40 m with two lanes. The 

bridge spans included 5 prestressed prefabricated beams, cast-in-situ transversal beams, and a continuous cast-in-situ 

deck. More specifically, the two side spans were simply supported on the abutments and the piers with symmetrical 

cantilevers of 2.80 m; the suspended span was simply supported on the two lateral spans through half-joints. The 

dimensions were the following: lateral spans 15.50 m (from the abutments to the intermediate piers) + 2.80 m (from 

piers to the half-joints); central girder 19.0 m (span between the half-joints). Overall, the bridge had a statically 

determined scheme. 

 

 

 
Figure 9. The Annone overpass before the collapse: (a) elevation and (b) plan (dimensions in cm). 

 

 

Firstly, it is worth analysing how the design is a concurring cause of collapse, considering (1) the adopted design 

loads and (2) the errors in the calculations of the Gerber saddles. As for the design loads, the bridge was designed 

according to the technical standards of the time (LL.PP., 1962). The code distinguished between first-category and 

second-category bridges. In the case of a first-category bridge, the passage of “military loads” was allowed, providing 

higher traffic loads in the calculations, while the second-category bridges were designed with lower traffic loads and 

intended to sustain lower-ranking roads. The Annone overpass was designed as a second-category bridge; however, 

the involved road operators were unaware of the bridge category and consequently, exceptional loads were generally 

allowed to pass on the structure.  

Regarding the errors in the calculations of the Gerber saddles, the original project involved the construction of 

transversal diaphragms to connect the lower nibs, as well as the upper nibs, of each beam, (theoretically) obtaining an 

additional stiffness in the support areas. The cast-in-place diaphragms were designed using transversal rebars arranged 

in holes specifically prepared in each saddle. Consequently, the designer considered that these diaphragms could 

redistribute the loads coming from the deck, adopting in the calculation a distributed load on the entire diaphragm 

instead of punctual loads applied on each saddle. However, the transversal diaphragms never worked as intended by 

design: the shrinkage of the cast-in-place concrete with respect to the smooth surfaces of the PC beams – in addition 

to the absence of filling material in the cavities – prevented the sectional continuity of the diaphragms. The result is a 

severe underestimation of the tangential stresses in the saddles and a corresponding insufficient reinforcement. 

Furthermore, the designer omitted to consider the eccentricity in the traffic loads that generate higher stresses in the 

R1 
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saddles of the lateral beams. The interested reader can refer to di Prisco et al. (2023) for a detailed discussion of the 

collapse mechanism. 

As highlighted in (di Prisco et al., 2018), the pictures taken the morning before the collapse show a severe diagonal 

crack at the lower nib of the saddle R1 and a corresponding vertical settlement visible at the deck level. From a simple 

analysis of the images taken by Google Street View, it is possible to identify the crack at the Gerber saddle R1 since 

2008 (Figure 10) and the evolution of the vertical settlement at the deck level up to the collapse of 2016. Notably, the 

overpass has been subjected to a huge amount of exceptional transport passages during the years, determining 

reactions at the saddles of the lateral beams close to their ultimate load. On the day of the collapse, four exceptional 

loads crossed the overpass. On 28th October 2016, the Annone overpass collapsed during the eccentric passage of an 

8-axle heavy truck carrying 4 steel coils, causing one fatality and three injuries (Figure 11). 

In conclusion, despite the design error and the presence of a severe shear crack at saddle R1, the sudden collapse of 

the Annone overpass was primarily triggered by the passage of an exceptional load in an eccentric position. According 

to the design specifications, such loads should not have been permitted to traverse the bridge. The repeated passage 

of these exceptional loads also progressively damaged the Gerber saddle R1, ultimately compromising its load-bearing 

capacity until collapse occurred. 

 

 

 
Figure 10. The Annone overpass, the crack on the lower nib of the half-joint R1 [Google Street View]: situations in 

2008 (a) and 2016 (b). 
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Figure 11. The collapse of the Annone overpass: (a) the car crushed underneath the collapsed bridge; (b) operations 

of removal of the collapsed structure. Picture courtesy of Vigili del Fuoco. 

 

 

6.4. The Ortiano II viaduct at Longobucco 

On 3rd May 2023, approximately at 6.00 PM, the third span of the Ortiano II viaduct on the road SS177, in the 

proximity of Longobucco in Calabria, collapsed following a high-stage event of the Trionto River, which occurred 

after several days of heavy rains. This collapse was listed as “Triggered”, “Natural”, and “Hydraulics” as specific 

causes. The event was documented through a video taken during the collapse, as well as pictures of the bridge from 

Google Street View, which provided insight into the hydrogeological evolution of the Trionto River. Precipitation 

data from ARPACal Agency (ARPACAL, 2024) and Dewetra 2.0 Platform from Civil Protection (DPC & CIMA, 

2024) were also used for analysis. Additional images were collected by field survey carried out by the authors. 

Approximately an hour before the collapse, the bridge was closed to traffic after signs of erosion and subsidence were 

observed on a nearby embankment. This timely decision prevented any casualties and alerted residents, some of whom 

captured videos of the collapse as it occurred.  

The viaduct was made with standard reinforced concrete and prestressed beams, with seven 30 m-long spans laying 

over six piers and two abutments, for a total length of 210 m. Built between 2009 and 2012, the structure has been in 

service since 2016. Importantly, the bridge piers lacked micropiles or any form of deep foundations; instead, the 

rectangular box-section pillars were anchored on foundation footings measuring 8.70 x 7.40 x 2.00 meters (L x W x 

H), relying on a rock embankment for hydraulic protection. 

The piers and their foundations were completed just before a 50-year-return period high-stage event in September 

2009, with 650 mm of rain in 24 hours. This event caused some erosions in nearby bridges, such as the documented 

exposure of foundation piles of the ‘Punta Dura’ viaduct. The deck and the abutments of the Ortiano II viaduct, 

instead, were completed between 2010 and 2011. The 2023 event that caused the collapse was significantly less 

intense and characterized by a much shorter return time than the 2009 event. However, the collapse was exacerbated 

by prior erosion around Pier 3, caused by earlier hydraulic activity, which had partially exposed the foundation plinths 
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on the riverbed side. Figure 12 provides photographic evidence from the in-situ surveys performed a few days after 

the event. 

The collapse occurred due to geotechnical and hydraulic reasons. It also stemmed from a combination of foundation 

design issues and prior flood damage. As shown in Figure 13, the collapse involved a roto-translational motion toward 

the riverbed and upstream. This was primarily due to soil erosion near the foundation of Pier 3 during an intense water 

flow, leading to a loss of stability and subsequent collapse. The absence of deep foundations - as would be expected 

for bridge piers located directly on unstable alluvial formations - at the piers constituted a structural vulnerability. It 

must be stressed that the hydraulic event causing the collapse was significant but not classified as exceptional. As 

mentioned earlier, it also led to damage elsewhere in the vicinity, including the erosion of the embankments. The 

specific geological conditions exacerbated the scouring phenomenon. Immediately upstream of the bridge, an outcrop 

of metamorphic rock on the right bank redirected the flood to its left, in the direction of Pier 3, where it was again 

obstructed and thus suddenly rerouted once more, this time towards Pier 4, due to the skewness of the bridge. This is 

explained in Figure 13(a) and Figure 13(b). This abrupt narrowing of the hydraulic section and asymmetrical flow 

most likely generated intense vortices in correspondence of the two piers, with consequent erosion of the riverbed and 

undermining of the plinths. As mentioned earlier, both P3 and P4 were documented to be at least partially excavated; 

pictures since at least March 2021 evidence these aspects. Being all the spans simply supported over elastomeric 

seismic isolators at the pier caps, the rotation of Pier 3 inevitably led to the fall of the overlying deck. 

It is also useful here to recall once more the peculiarities of the phenomenon of scouring, which is still an object today 

of theoretical and experimental studies. The undermining processes are particularly insidious for at least two reasons. 

First, erosion pits are typically covered by water even in the river’s dry periods, therefore remaining invisible. 

Moreover, the depth of such pits varies over time, reaching the maximum during high-stage hydraulic conditions and 

then reducing in its recession phase and the subsequent periods. Furthermore, undermining of foundations may be a 

consequence of the collapse of riverbed stabilization works: these cases are particularly critical due to the speed with 

which the erosion can proceed because of the protection deficit, with processes that can lead to instability of the 

foundation even during a single hydrological event. 

 

 

 
Figure 12. Ortiano II viaduct: (a) Overall view of the bridge before collapse from its upstream (West) side (Google 

Maps, circa March 2021). The piers and spans are numbered progressively as shown. (b) Upstream view of the 

collapsed span. (c) Downstream view of the collapsed span. 
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Figure 13. Ortiano II viaduct: (a) picture taken in the surveys after collapse, showing the direction of the current, 

and its interaction with the foundation of the viaduct. (b) Schematization of the collapse mechanism (view of the P3 

and P4 piles from upstream). (c) Photo taken from downstream a few minutes before the collapse, in which the 

foundation plinth is visible, largely exposed and subject to undermining with consequent rotation of Pier 3. Pictures 

courtesy of ANAS SpA. 

 

 

6.5. The Albiano viaduct over the Magra river 

The Albiano Viaduct was built between 1905 and 1908 over the Magra River, in proximity to the border between 

Tuscany and Liguria. The infrastructure was made of five reinforced concrete three-hinge arches, spanning a total 

length of about 255 m and laying over four piers built with mixed masonry and concrete elements. The bridge was 

mined by the escaping German army and thus partially rebuilt after World War 2, in 1949. In 1992, the original deck 

and pavement were removed and replaced with a wider, thicker, and thus heavier one, which increased the dead loads 

on the structure. The bridge collapsed on 8th April 2020, while it was almost completely unloaded – only two light 

vehicles were transiting during the sudden collapse. Based on available evidence and consideration, the collapse is 

here listed as a “Natural”, “Triggered” with “Landslide” as the cause. Nevertheless, the final cause of the collapse 

remains uncertain. Figure 14 shows some photo documentation from the in-situ surveys performed a few days after 

the event. In addition, original design drawings were available to discern the structural features of the bridge. The 

event received large attention from the public, due to both the striking appearance of the crumbled five spans and the 

heightened public sensitivity during that period, less than two years after the Genoa event. 

This collapse serves as an example where the exact cause of the collapse remains unidentified, though several 

hypotheses can be proposed based on the available evidence. This case has been extensively investigated in scientific 

literature. For instance, Scattareggia et al. (2022) investigated three possible potential triggers of the collapse: 

overloading, material deterioration, and settlement/rotation at span extremities (i.e. at pier foundation or abutment). 

Figure 14The viaduct was inherently structurally vulnerable, as the bridge showed some structural limitations (i.e., 

the inherent lack of structural redundancy of three-hinged arches, which are statically determinate). Moreover, the 

structure was subjected to extra load due to the additional upper slab (10 m wide and 0.35 m thick) constructed in 
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1990, which collectively rendered the viaduct structurally fragile once stresses and displacements exceeded a certain 

threshold.  

Although no explicit evidence is available, from the mode of collapse and finite element analysis, imposed rotations 

and/or displacements at span extremities appeared to be the primary cause of the mechanical collapse (Scattarreggia 

et al., 2022). On the other hand, added loads and material deterioration did not necessarily compromise the structure’s 

safety to the point of bringing it to collapse (Scattarreggia et al., 2022): the added weights did not exceed allowable 

stress levels on the structure, also according to the structural design from that time. Furthermore, the symmetric and 

uniform longitudinal distribution of such additional loads did not substantially alter the viaduct's static scheme.  

The cause of the rotations at bridge foundations may be attributed to a combination of hydrogeological processes. On 

the one hand, a slow landslide impacting the side of the left abutment over decades has been detected through InSAR 

(Synthetic Aperture Radar Interferometry) using satellite data (Farneti et al., 2022). Furthermore, again via satellite 

interferometry, vertical displacements, notably an uplift in the first span, have been detected, with several millimetres 

accumulating each year. The considerations made here are following those reported in (Simeone et al., 2024), where 

the authors compare this “slow gravitational slope deformation”-induced deformation to similar cases across Italy.  

Another evidence of the ancient gravitational land movement near Caprigliola comes from the damage to nearby 

underground structures observed during field surveys, linking the slow gravitational slope deformation to the damage 

on the viaduct's left abutment. On the other hand, a general degradation of the riverbed level of the Magra River near 

Pier 1 has been observed in the period 1907-2020, contributing to decreased lateral support for Pier 1, thereby 

increasing the foundation system's flexibility. Thus, these two processes may have progressively modified the 

geometry of the first two spans of the viaduct, despite the uncertainty regarding the extent to which each phenomenon 

contributed to the final collapse of the bridge. Very likely, the isostaticity of the viaduct initially absorbed these 

changes without major consequences. However, over time, these changes could have caused the block of the structural 

components intended as hinges, resulting in the closure of the deck joints, and a transition from a statically determined 

to a statically indeterminate configuration. Following these assumptions, this change induced bending moments and 

increased stresses at the arch crown that, due to the small amount of longitudinal steel in the arches' reinforced 

concrete, led to an unforeseen and brittle structural collapse, which can be observed by the remains of the bridge and 

confirmed by eyewitnesses which were driving on the bridge at the moment of collapse. 

 

 

 

Figure 14. Pictures from the post-collapse in situ surveys. (a) Overall bird's eye view of the collapsed bridge from 

the Aulla-Caprigliola side. The piers and spans are numbered progressively from left to right. (b) Upstream view of 
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Span 1 and Pier 1. (c) Upstream view of Span 3 and Pier 2. (d) Downstream view of Pier 2 (in between Span 2 and 

3). Pictures courtesy of ANAS SpA 

 

 

6.6. The Himera viaduct 

The Himera viaduct was built between 1965 and 1975, during the construction of the A19 Palermo-Catania highway 

in Sicily, see Figure 15(a). The viaduct rests on 40 reinforced concrete piers, most of them characterized by a circular 

hollow cross-section, mainly equipped with deep pile or shaft foundations (even if some only have foundation plinths). 

The collapse was classified as a “Triggered”, “Natural” and caused by a “Landslide”. The infrastructure generally 

follows the course of the Grande River and is situated at the confluence of two opposing natural slopes that exhibit 

instability and landslides. On 10th April 2015, one such landslide became active, covering an area of approximately 

13 hectares in Contrada Favara, about 3 km northeast of Caltavuturo. This event destroyed approximately 250 m of 

Provincial Road No. 24 and affected the route of the viaduct, as well. Specifically, it damaged 5 piers and the 6 

adjacent spans. The event and the causes of the collapse have been analysed in a technical report (CFDMI, 2015) and 

the details of the event can be summarized as follows. 

During February and March 2015, Sicily experienced heavy and persistent rainfall. These extreme weather conditions 

led to a widespread activation of landslides capable of interfering with civil structures and infrastructures causing 

considerable damage. This natural event unfolded between 27th and 29th March, accumulating 60 mm of rainwater in 

Cavalturo Station and 65 mm in Scillato Station. This has been a major cause of the following landslides. By 10th 

April, Caltavuturo Station had recorded a total of 574 mm of rainwater, exceeding the average cumulative of 330 mm 

of the January-April period. Similarly, Scillato Station reported 603 mm of cumulative rainwater compared to that 

period's average of 354 mm. Moreover, these cloudbursts also triggered a landslide along SP24, initially reported on 

3rd March 2015. The circumstances worsened significantly between 23rd March and 4th April, leading to extensive 

damage to the provincial road. Lastly, on 10th April, despite the cessation of rainfall, the landslide persisted in its 

gradual progression” affecting the supports of the highway viaduct. 

The landslide that occurred between March and early April appears to be the reactivation of a long-dormant, deep-

seated gravitational process and the morphological features observed indicate the slope processes normally associated 

with a pre-existing instability. A survey conducted in 2015 highlighted a complex geomorphological context, 

indicating that this recently reactivated instability was part of a larger landslide system with varying kinematics. 
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Figure 15. Himera viaduct: (a) Overview of the infrastructure. (b) Detail of the landslide that involved the piles of 

the Himera viaduct (marked with I and II). (c) accumulation of soil at the piles from the post-collapse in situ 

surveys. Pictures courtesy of Dipartimeno della Protezione Civile, Regione Sicilia.  

 

 

Official reports indicate that the landslides that occurred in 2015 comprised two translational landslides whose main 

scarps are illustrated in Figure 15(b) (I and II). These movements appear to continue influencing the overall 

geomorphological evolution of the area. Additionally, the presence of water-related issues between elevations of 380 

and 400 m above sea level may have significantly contributed to this context. 

It is noteworthy that a new replacement section of the viaduct was inaugurated in 2020, with the mixed-use of 

continuous steel beams and precast concrete slabs resting on only two new piers so that, thanks to a 130 m span, it 

completely overpasses the area affected by the 2015 landslide. 

 

 

7. Conclusions 

The analysis of bridge collapses in Italy between 2000 and 2023 underscores the critical need for proactive measures 

to enhance infrastructure safety and mitigate associated risks. During this timeframe, a total of 246 collapses were 

recorded, yielding an average of approximately 10.3 collapses per year. Notably, natural events were identified as the 

predominant cause, contributing to 206 cases, or 83.7% of the total collapses. Regarding specific causes, hydraulic 

processes were the predominant one (80.5%), highlighting the vulnerability of bridges to natural events, especially in 

regions prone to floods and landslides.  

The uneven geographic distribution of collapses emphasizes the importance of hazard-specific risk management in 

high-hazard regions. Despite limitations in data accuracy and coverage, the study sheds light on failure rates and 

trends. Specifically, considering a portfolio of circa 182,500 road bridges (based on the Authors’ estimates and 

supported by related publications), the failure rate for road bridges is estimated at approximately 5 ∙ 10−5 per year. 

Rail bridges exhibited a significantly lower failure rate of 2 ∙ 10−5 per year. However, it is highlighted that these 

failure rates are approximations as the total number of bridges across the country is not yet accurately known. 

Regarding the human toll of bridge collapses, the collapses resulted in 70 fatalities and 51 injuries, with some 
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significant events, such as the Morandi Bridge collapse, heavily influencing these numbers. On average, there were 

0.28 deaths and 0.21 injuries per collapse. Moreover, the high frequency of natural events (83.7%) stresses the 

importance of early warning systems to close bridges and thus save lives.  

The results presented provide valuable remarks at a national level, as Italy seeks to enhance its bridge management 

practices, and they can be compared with data from other countries. However, lessons learnt from past collapses serve 

also as invaluable guides for policymakers and the engineering community. While maintenance plays a crucial role 

in preserving bridge integrity, particularly for ageing structures, it is evident that additional measures such as 

retrofitting or replacement are often necessary, especially to address hydraulic actions. For this reason, in addition to 

the statistical analysis, six notable bridge collapses were reported as exemplary case studies. They exemplify a variety 

of collapse causes – such as hydrogeological issues, landslides, explosions, and overloads – and illustrate various 

collapse mechanisms and the complex cause-effect reaction chain that ultimately leads to bridge collapses. For this 

reason, they were thoroughly investigated and analysed, offering concrete examples of the various sources of risk that 

a bridge may face throughout its life cycle. Particularly, defining the ultimate cause of collapse and the cause-effect 

reaction chain constitutes a complex task – often multidisciplinary – that requires an in-depth knowledge of the 

structure. The analysis emphasized the fundamental role of a unified database that collects available documentation 

regarding the bridge stock. Also, it underlined the importance of risk-specific inspection and monitoring activities, 

involving the areas surrounding the bridge, such as embankments and protection measures. 

Lastly, the revelation that many of the statistical findings from this research were surprising even to the authors 

themselves, underscores a broader issue of potential misperceptions within the field regarding the true scale of the 

phenomenon of bridge collapses. This highlights the critical need for increased awareness and attention to this topic. 

Establishing and developing a nationwide, and ideally continent-wide, database of bridge collapses would be a 

significant step towards addressing this gap in understanding. 
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