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ABSTRACT

This course explores the catastrophic failure
of the Morandi Bridge in Genoa, Italy, on
August 14, 2018. It focuses on the
engineering, structural, and material
deficiencies that led to its collapse. By
examining the failure's root causes,
participants will gain insight info structural
design principles, maintenance challenges,
and the importance of timely interventions in
large-scale infrastructure. This course provides
an analytical perspective, without extraneous
details, offering engineers valuable lessons in
risk assessment and failure prevention.
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Course Objectives
By the end of this course, participants will be able to:
o Evaluate the structural and material deficiencies that contributed to the Morandi
Bridge collapse.
e |dentify the role of maintenance and monitoring in preventing structural failures.
e Understand the design and engineering challenges that can compromise the
integrity of large-scale infrastructure.
e Apply lessons learned to modern engineering practices to enhance safety and

reliability.

Intended Audience
This course applies to civil, structural, and materials engineers, as well as professionals

involved in infrastructure maintenance, risk assessment, and forensic engineering.
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Chapter 1: Overview of the Morandi Bridge

The Morandi Bridge, officially known as the Polcevera Viaduct, was a vital piece of
infrastructure in Genoa, Italy. Designed by renowned civil engineer Riccardo Morandi,
the bridge was constructed between 1963 and 1967, embodying mid-20th-century
engineering innovation.

Its design featured a unique cable-stayed structure, using prestressed concrete for the
main components rather than the traditional steel cables seen in other bridges of the
era. This approach was heralded at the fime as both cost-effective and visually striking.

1.1 Structural Design and Engineering Significance
Spanning the Polcevera River, and serving as a critical connection for Genoa'’s
transportation network, the Morandi bridge carried thousands of vehicles daily.

Its design included three A-frame towers, supporting large prestressed concrete girders,
and stay cables encased in concrete.

These design choices, while innovative, introduced unique challenges related to
material behavior and long-term durability.

1.2 Initial Challenges

From its inception, the Morandi Bridge faced maintenance challenges. The concrete-
encased stay cables, while aesthetically pleasing, and protected from immediate
external damage, were difficult to inspect for internal degradation.

Over time, environmental factors, such as exposure to chloride-laden air from the
nearby Ligurian coast, caused significant deterioration, including corrosion of the
prestressed steel reinforcement within the concrete. By the late 20th century, signs of
aging, including visible cracking and material spalling, began to emerge.

Despite undergoing a series of repairs and refrofits over the decades, the bridge
contfinued to exhibit structural vulnerabilities. Maintenance records reveal an increasing
focus on reinforcing the aging cables and addressing areas of concrete distress, but
these efforts were insufficient to ensure the structure’s long-term integrity.

By the early 2000s, engineers and experts raised concerns over the bridge’s safety,
calling for comprehensive evaluations, and potentially drastic interventions.

1.3 Conclusion

The Morandi Bridge exemplified the challenges faced by aging infrastructure, where
innovative designs of the past can become liabilities in the face of modern engineering
demands, and environmental stressors.

Understanding the bridge's history and design is essential to appreciating the factors
that contributed to its fragic collapse.



Chapter 2: The Morandi Bridge Collapse

The collapse of the Morandi Bridge on August 14, 2018, marked one of the most
catastrophic infrastructure failures in modern European history. The collapse severed a
vital fransportation link, creating significant economic and logistical challenges for
Genoa and the surrounding region.
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2.1 The Collapse and Immediate Impact

At approximately 11:36 a.m. local time, during a period of heavy rainfall, a 210-meter
section of the bridge, including one of its three main towers (Tower 9), suddenly gave
way. The failure sent vehicles and debris plunging approximately 45 meters into the
Polcevera River, and the surrounding industrial areas below.

Initial eyewitness accounts described a sudden, thunderous noise followed by the rapid
disintegration of the affected section. The failure occurred without prior visible warning
to commuters, amplifying its shock and tragic consequences. The immediate aftermath
of the collapse was devastating.

Forty-three lives were lost, and many more were injured. Over 600 residents living
beneath the bridge were displaced due to fears of further instability in the remaining
sections.

The abrupt nature of the event raised pressing questions about the adequacy of the
bridge's maintenance, the effectiveness of its design, and the underlying causes of the
structural failure.

2.2 Initial Investigation Findings

Investigators initially focused on the collapsed Tower 9 and its supporting stay cables,
which were known to have exhibited signs of deterioration in the years leading up to
the collapse.

Reports highlighted the impact of the region’s coastal environment, particularly the
corrosive effects of salt-laden air on the prestressed steel cables encased in concrete.

The bridge’s inability to undergo comprehensive inspection and maintenance further
complicating matters, as its design made it difficult to assess the condition of internal
structural elements.



The timing of the collapse during a rainstorm, led to speculation about the role of
external factors such as excessive loading, vibrations from traffic, and water infiltration
weakening already compromised components.

However, the fundamental causes were rooted in long-term degradation and a lack of
effective intervention.

2.3 Conclusion

The collapse of the Morandi Bridge not only underscored the devastating
consequences of structural failure but also exposed systemic issues in infrastructure
management and governance.

It catalyzed widespread discussions about the aging infrastructure in Italy, as well as
other nations, emphasizing the need for proactive measures in evaluating and
maintaining critical structures.



Chapter 3: Structural Analysis of the Failure

The structural failure of the Morandi Bridge was a direct consequence of critical
deficiencies in its design, materials, and maintenance. As a cable-stayed bridge
constructed primarily with reinforced and prestressed concrete, it was innovative for its
time, however, inherently vulnerable to long-term degradation.

A detailed analysis of the collapse highlights the interplay between these vulnerabilities
and the environmental and operational stresses the bridge endured over five decades.

3.1 Cable-Stayed Design and Its Vulnerabilities
The Morandi Bridge employed a distinctive cable-stayed design with concrete-
encased stay cables.

Unlike fraditional steel cables, these were both structural and aesthetic components,
meant to protect the steel tendons from corrosion while reducing the visual clutter
typical of exposed cables. However, the concrete encasement presented significant
challenges.

Key challenges included:

o Corrosion and Fatigue: The prestressed steel tendons within the concrete were
not immune to the effects of corrosion, particularly in the chloride-laden coastal
environment of Genoa. The encasement frapped moisture, exacerbating the
corrosion process, while hindering visual inspection and maintenance.

o Material Fatigue: Over time, the steel tendons experienced stress fatigue due to
traffic loads and environmental cycles, weakening their ability to bear the
designed loads.

3.2 Environmental and Material Factors
The Ligurian coast exposed the bridge to a harsh environment that accelerated
material degradation.

Key environmental factors included:
e Salt Spray: Chloride ions from salt spray penetrated the concrete, corroding the
steel tendons and reinforcement bars.

o Thermal Cycles: Temperature fluctuations caused thermal expansion and
contraction, which contributed to cracking in the concrete encasement,
allowing further ingress of moisture and chlorides.

3.3 Failure of Tower 9 and Associated Components
The collapse of the Morandi Bridge was traced to the failure of stay cables on Tower 9,
one of the bridge’s three primary support structures.



Detailed post-collapse analysis revealed the following:
1. Corroded Tendons: The steel tendons within the concrete encasement of the
stay cables exhibited severe corrosion, significantly reducing their load-carrying
capacity.

2. Cracked Concrete: Cracks in the concrete surrounding the tendons allowed
moisture infiltration, further accelerating the corrosion process.

3. Uneven Load Distribution: The degradation of some cables placed additional
stresses on adjacent cables, leading to a progressive failure mechanism.

3.4 Design Flaws and Oversights
The bridge’s innovative design was a double-edged sword. While it demonstrated
Riccardo Morandi's engineering creativity, it also introduced inherent risks

Key risks were due to:
e Inspection Challenges: The concrete encasement made it nearly impossible to
inspect or assess the condition of the steel tendons without destructive testing.

e Material Behavior: The long-term performance of the concrete-steel composite
system was not fully understood at the time of construction, leading to
overconfidence in its durability.

3.5 Conclusion

The structural analysis after the Morandi Bridge's collapse highlighted that the tragedy
was not the result of a single flaw, but rather the culmination of multiple factors. These
included material deterioration, environmental exposure, and limitations in design and
maintenance practices.

The failure serves as a powerful reminder of the importance of holistic approaches to
infrastructure design, combining innovative techniques with robust inspection and
maintenance protocols.



Chapter 4: Maintenance Deficiencies and Oversight

The Morandi Bridge collapse highlighted severe deficiencies in maintenance practices
and oversight, illustrating the systemic failures that allowed the structure’s deterioration
to go unchecked.

While the bridge was a testament to engineering innovation during its construction, the
subsequent decades revealed the challenges of maintaining aging infrastructure with
limited resources, and inadequate governance.

4.1 Maintenance Challenges
From the 1970s onward, the Morandi Bridge showed signs of structural distress, including
cracking, spalling, and corrosion of its key components.

Several factors confributed to the ineffective maintenance of the bridge, including:

1. Complex Inspection Requirements: The bridge's design, particularly the
concrete-encased cables, made visual and non-destructive inspections difficult.
Critical components were often inaccessible, requiring advanced technologies,
or partial dismantling to assess their condition.

2. Material Limitations: The prestressed concrete and steel tendons used in the
bridge were more vulnerable to environmental degradation than anficipated.
As these materials aged, they required increasingly intensive repairs, which were
often postponed or inadequately performed.

3. Reactive Repairs: Maintenance efforts were largely reactive rather than
proactive, addressing visible damage without addressing the underlying causes.

4.2 Key Oversight Failures
The oversight mechanisms in place for monitoring and maintaining the bridge were
insufficient to ensure its long-term safety.

The key oversights were:

1. Lack of Funding and Resources: Financial constraints often led to deferred
maintenance and repairs. The cost of comprehensive inspections and retrofits
was seen as prohibitive, resulting in patchwork solutions rather than long-term
fixes.

2. Fragmented Responsibility: Responsibility for the bridge's maintenance was
divided among multiple agencies, leading to communication breakdowns and
inconsistent prioritization of repairs.

3. Inadequate Use of Technology: Although modern monitoring technologies were
available, they were not implemented comprehensively. Advanced sensors and
structural health monitoring systems could have provided real-time data on the
bridge's condition, potentially preventing the collapse.



4.3 Missed Warning Signs
Several warning signs emerged in the years leading up to the collapse, but they were
not acted upon effectively.

They included:
o Expert Assessments: Multiple engineering reports highlighted the bridge’s
vulnerabilities, particularly the corroding stay cables. Recommendations for
urgent retrofits and reinforcements were either delayed or not implemented.

o Visible Deterioration: Cracks, spalling, and other visible signs of structural distress
were documented during routine inspections, but these symptoms were treated
as isolated issues rather than indicators of systemic failure.

4.4 Role of Governance

The regulatory framework governing infrastructure maintenance in Italy played a
significant role in the tragedy. Weak enforcement of maintenance standards,
combined with financial pressures, created an environment where critical issues were
overlooked.

In addition, privatization of the bridge’s management transferred responsibility to
entities focused on cost efficiency, often at the expense of safety.

Despite warnings and reports highlighting the deteriorating conditions of the bridge,
there was insufficient action to address these issues.

Engineering protocols, such as regular inspections, risk assessments, and timely
interventions, were either inadequately followed or deprioritized, often due to
constraints by budgetary and administrative inefficiencies.

4.5 Conclusion

The collapse of the Morandi Bridge underscores the critical importance of robust
maintenance programs and governance. Proper oversight, adequate funding, and the
integration of advanced monitoring technologies are essential to preventing similar
failures in the future.

This chapter demonstrates that the tfragedy was not only an engineering failure, but
also a failure of management, tfransparent decision making, and policy, with
devastating consequences.



Chapter 5: Lessons Learned and Implications for Future
Projects

The collapse of the Morandi Bridge offers critical lessons for civil and structural
engineers, policymakers, and infrastructure managers. It serves as a cautionary tale of
how design innovation, if not paired with rigorous maintenance and monitoring, can
lead to catastrophic failure.

This chapter explores the key takeaways and their implications for future projects.

5.1 Importance of Proactive Maintenance

One of the most significant lessons from the Morandi Bridge collapse is the necessity of
proactive maintenance strategies. Aging infrastructure requires regular, detailed
inspections and timely interventions to address structural vulnerabilities.

Key maintenance approaches include:

1. Comprehensive Monitoring Systems: Advanced structural health monitoring
(SHM) technologies, including sensors and real-fime data collection, should be
standard for critical infrastructure. These systems can provide early warning signs
of material fatigue, corrosion, and stress accumulation.

2. Lifecycle Maintenance Planning: Maintenance programs must be integrated into
the initial design phase of infrastructure projects, ensuring adequate resources
and strategies for long-term upkeep.

5.2 Design Innovations and Their Risks
While innovative designs like those of the Morandi Bridge demonstrate engineering
creativity, they can infroduce unforeseen challenges, such as:

e Material Durability: Engineers must consider the long-term behavior of materials
in varying environmental conditions. The Morandi Bridge's use of concrete-
encased steel cables, while novel, proved problematic for maintenance and
longevity.

e Ease of Inspection: Design elements should prioritize accessibility for inspection
and repairs, especially for components critical to structural integrity.

5.3 Policy and Oversight Reforms
The collapse revealed systemic flaws in the governance of infrastructure maintenance.
To prevent similar failures the following reforms are needed.

1. Regulatory Strengthening: Governments must enforce stricter standards for
inspection and maintenance, with clear accountability for oversight agencies
and private operators.



2. Sustainable Funding Models: Adequate financial resources must be allocated for
infrastructure upkeep, with incentives for preventive rather than reactive
measures.

3. Privatization Safeguards: When public infrastructure is managed by private
entities, contractual obligations must emphasize safety and maintenance over
cost-cutting.

5.4 Implications for Future Projects
The lessons from the Morandi Bridge can guide future engineering practices.

Key implications for future engineering projects are:
o Risk Management: Engineers must conduct thorough risk assessments,
considering both structural and operational factors. Redundancies and fail-safes
should be incorporated to mitigate potential failures.

o Resilience and Redundancy: Infrastructure should be designed with resilience to
withstand extreme events and redundancy to prevent total collapse in case of
partial failures.

o Interdisciplinary Collaboration: Addressing complex infrastructure challenges
requires collaboration among engineers, materials scientists, policymakers, and
urban planners.

5.5 Conclusion

The collapse of the Morandi Bridge in Genoaq, Italy was a tragedy, and serves as a
reminder of the critical role the design, maintenance, and governance play in ensuring
infrastructure safety.

However, it offers lessons with opportunities to strengthen global infrastructure practices.
By embracing proactive maintenance, prioritizing safety in design, and reforming
oversight mechanisms, the engineering community can ensure that such failures are
not repeated.
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