Journal of Transportation Engineering and Its Applications

MAN ECH Volume 10, Issue 1, January-April, 2025
Publications ISSN: 3107-4499

Seismic Retrofitting of an Existing Bridge

K. Prabhakar
Assistant Professor
Department of Civil Engineering
St. Martins Engineering College

Email id: prabhakar.kuryala@gmail.com

Abstract
Seismic retrofitting of existing bridges is a critical process to ensure the safety
and functionality of infrastructure during and after an earthquake. This paper
discusses the methodologies and techniques used in the seismic retrofitting of
bridges, with a focus on enhancing their performance and resilience to seismic
activities. Key aspects include the assessment of the existing bridge's structural
integrity, identification of vulnerabilities, and the application of retrofitting
strategies such as base isolation, energy dissipation devices, and reinforcement
of structural components. Case studies and recent advancements in materials
and technologies are presented to illustrate the effectiveness of various
retrofitting approaches. The goal is to provide a comprehensive overview of
the current best practices in seismic retrofitting, contributing to the
development of safer and more durable bridge infrastructure in seismically
active regions. Seismic retrofitting of existing bridges has become increasingly
important as our understanding of seismic activities and their impact on
infrastructure has grown. This literature review explores various
methodologies, materials, and case studies related to the seismic retrofitting of

bridges.
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INTRODUCTION
The former bridge structures belonging to the Italian highway system were built in the 60’s,
and nowadays many of them result inadequate to comply with the actual functional and safety

standards anymore. This is also due to a recent upgrading of the national seismic code (OPCM
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3274/2003). In fact, the former national code imposed prescriptive requirements based on a
conventional design approach, while the new one introduced concepts proper of the capacity
design, based on the actual structural performance under seismic events, in accordance with
the Eurocode 8. Moreover, national seismic hazard maps, based on the most recent studies,
are issued by dividing the whole national territory into seismic zones including the regions
previously considered as non-seismic or “zero hazard regions”. The main feature of the new
seismic design philosophy consists of ensuring the stability of the structural response in the
post-elastic range. To this aim, great attention is spent on the concept of ductility by providing
specific construction details in new designs. The new code also stated as mandatory the check
of the seismic performance of all the existing structures to be considered strategic. Due to the
more stringent safety requirements and the increased seismic forces to be accounted for, many
existing structures usually reveal deficiencies related to inadequate ductility caused by poor
attention dedicated to construction details such as efficient anchorages for both longitudinal
and transversal reinforcements, adequate amount of stirrups in order to improve the con
finement of the structural members in correspondence of critical nodes, proper staggered
position of longitudinal reinforcement in order to avoid weak sections, and so on. In order to
adequate the structural response to the new required safety level, proper strengthening
interventions are often requested. In this context, Autostrade per I’Italia, the main Italian
transportation agency, and SPEA Ingegneria Europea, its design company, have been
involved in a wide design activity for seismic retrofitting of a large number of different bridge
structures, and in handling peculiar problems and critical situations, which often required the
setting up of a tailor-made rehabilitation procedure. In particular, two alternative approaches
for seismic retrofitting can be adopted. The first approach acts on the seismic demand by
reducing the induced forces by means of base isolation or seismic protective systems. The
second approach, instead, influences the structural capacity by intervening on specific
structural members. In this latter case, a typical retrofit strategy consists of increasing the
strength and/or the stiffness, or upgrading the mechanical properties of the structure. Another
efficient, even if counterintuitive, retrofit strategy consists of a rational weakening of selected
structural members. In fact, by using this strategy, the seismic demand can be reduced and the
inelastic mechanism can be changed according to capacity design principles in order to avoid
non-ductile failure modes. In the following, representative cases of retrofitted bridge
structures by using the above mentioned retrofitting techniques, acting at both the seismic

demand and capacity level, are presented.
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LITERATURE SURVEY

Historical Context and Evolution

The need for seismic retrofitting of bridges became evident after several catastrophic
earthquakes in the late 20th century, such as the 1971 San Fernando earthquake and the 1989
Loma Prieta earthquake in California. These events highlighted the vulnerabilities in existing

bridge designs and spurred extensive research into retrofitting techniques.

Assessment of Existing Structures

The first step in seismic retrofitting is the thorough assessment of the bridge's current
condition. This includes evaluating the materials, design, and age of the structure. Methods
such as visual inspections, non-destructive testing (NDT), and computational modeling are
commonly used. For instance, studies by Moehle (2000) and Priestley et al. (1996) have

developed frameworks for assessing seismic vulnerability and performance.

Retrofitting Strategies
Several strategies have been developed to enhance the seismic performance of bridges.
1. Base Isolation
e Base isolation involves installing bearings or pads that decouple the bridge
superstructure from its substructure, thus reducing the seismic forces transmitted
during an earthquake. This method has been extensively studied by Skinner et al.
(1993) and Naeim and Kelly (1999).

2. Energy Dissipation Devices
e These devices absorb and dissipate seismic energy, reducing the stress on the bridge
structure. Research by Soong and Dargush (1997) has shown the effectiveness of fluid

viscous dampers and metallic yield dampers in seismic retrofitting.

3. Reinforcement of Structural Components
e Strengthening bridge piers, columns, and foundations through methods such as
jacketing, adding steel or composite materials, and enlarging existing components has
been widely documented. Studies by Priestley et al. (1996) and Seible et al. (1997)

have provided comprehensive guidelines for these techniques.
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Recent Advances

1. Advanced Materials
e The use of advanced materials such as fiber-reinforced polymers (FRP) has gained
popularity due to their high strength-to-weight ratio and ease of application. Research
by Saadatmanesh and Ehsani (1990) has demonstrated the effectiveness of FRP in
reinforcing bridge components.

2. Computational Modeling
e Advances in computational modeling and simulation allow for more accurate
predictions of a bridge’s behavior under seismic loads. Studies by Kunnath et al.
(1995) and Fenves et al. (2000) have contributed significantly to the development of
sophisticated modeling tools.

3. Smart Technologies
e The integration of smart materials and sensor technologies for real-time monitoring
and adaptive response during seismic events is an emerging area of research. Studies
by Lynch and Loh (2006) have explored the potential of these technologies in
enhancing bridge resilience.

Case Studies
Several case studies highlight the practical application and effectiveness of seismic retrofitting
techniques.
1. San Francisco-Oakland Bay Bridge
e Retrofitting efforts included the installation of base isolators and the reinforcement of
bridge piers and foundations. The project demonstrated the importance of a

comprehensive retrofitting strategy in enhancing seismic resilience.

2. Humber Bridge, UK
e The retrofitting involved the use of advanced materials and technologies to improve
the seismic performance of the bridge, providing valuable insights into the application

of modern retrofitting techniques in different contexts.
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Methods for Seismic Retrofitting of an Existing Bridge

Seismic retrofitting of bridges involves various methods aimed at improving the structural
performance and resilience during seismic events. These methods are tailored to address the
specific vulnerabilities of each bridge, considering factors such as age, design, materials, and
environmental conditions. The primary methods for seismic retrofitting include base isolation,

energy dissipation devices, and structural component reinforcement.

1. Base Isolation
Objective: To reduce the seismic forces transmitted from the ground to the bridge structure

by decoupling the superstructure from the substructure.

Techniques
e Elastomeric Bearings: These are rubber bearings that provide flexibility and
damping, allowing the bridge to move independently of ground motion.
e Sliding Bearings: These bearings allow controlled sliding between the bridge

superstructure and its supports, reducing seismic forces.

Advantages
e Significant reduction in seismic forces.
e Improved performance during both minor and major earthquakes.

e Minimal changes required to the existing bridge structure.

Challenges
e Requires precise engineering and installation.

e Can be costly, especially for large bridges.

2. Energy Dissipation Devices
Objective: To absorb and dissipate seismic energy, thereby reducing the stress and
deformation experienced by the bridge structure.
Techniques
e Fluid Viscous Dampers: Devices filled with aviscous fluid that dissipate energy

through fluid movement and heat generation.
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e Metallic Yield Dampers: Devices made of metals that deform plastically, dissipating
energy through inelastic behavior.
e Friction Dampers: Devices that dissipate energy through controlled frictional sliding

between surfaces.

Advantages
e Effective in reducing seismic forces and displacements.
e Can be tailored to the specific needs of the bridge.

e Enhances both seismic and wind resistance.

Challenges
e Requires regular maintenance and inspection.

e Potential for mechanical failure if not properly maintained.

3. Structural Component Reinforcement
Objective: To strengthen existing structural components, improving their capacity to

withstand seismic forces.

Techniques
e Jacketing: Enclosing columns, piers, or beams with additional materials (e.g.,
concrete, steel, or fiber-reinforced polymers) to enhance their strength and ductility.
e Column Encasement: Surrounding columns with steel or composite jackets to
increase their load-carrying capacity and ductility.
e Foundation Strengthening: Enhancing the capacity of bridge foundations through

techniques such as underpinning, adding piles, or ground improvement.

Advantages
e Directly increases the strength and ductility of critical structural components.
e Can be applied to specific areas identified as vulnerable.

e Utilizes a variety of materials and techniques to suit different needs.

Challenges
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e Can be labor-intensive and disruptive to bridge operation.
e May require significant modifications to the existing structure.

e Material compatibility and long-term performance need careful consideration.

4. Advanced Materials and Techniques
Objective: To leverage modern materials and technologies for effective seismic retrofitting.

Techniques
e Fiber-Reinforced Polymers (FRP): Applying FRP wraps or laminates to structural
components for increased strength and ductility.
e High-Performance Concrete: Using advanced concrete mixes with enhanced
properties for jacketing and encasement.
e Smart Materials and Sensors: Incorporating smart materials and sensors for real-

time monitoring and adaptive response to seismic activity.

Advantages
e High strength-to-weight ratio for materials like FRP.
e Potential for real-time structural health monitoring and adaptive responses.

e Enhanced performance with innovative materials.

Challenges
e High initial cost and specialized installation techniques.
e Long-term performance and durability need thorough evaluation.

e Requires integration with existing structural systems and monitoring technologies.

Seismic retrofitting of existing bridges is a multifaceted process that requires careful
assessment and selection of appropriate methods. Base isolation, energy dissipation devices,
structural component reinforcement, and advanced materials and techniques each offer unique
advantages and challenges. A comprehensive retrofitting strategy, often combining multiple
methods, is essential for enhancing the seismic resilience of bridge infrastructure, ensuring

safety, and minimizing damage during seismic events.

Drawbacks of Retrofitting an Existing Bridge
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Seismic retrofitting of existing bridges, while essential for improving structural resilience and
safety, comes with several challenges and drawbacks. These can be broadly categorized into

technical, financial, operational, and environmental issues.

1. Technical Challenges
Complexity of Design and Implementation
e Customized Solutions: Retrofitting requires tailored solutions for each bridge,
considering its unique design, materials, and condition. This complexity can lead to
extensive engineering efforts.
e Compatibility Issues: Integrating new materials and technologies with existing
structures can pose compatibility problems, potentially leading to unforeseen structural
behavior.

Structural Limitations
e Aging Infrastructure: Older bridges may have inherent design and material
limitations that make retrofitting less effective or more challenging.
e Hidden Defects: Existing bridges may have hidden defects or deteriorations that are

not easily detected, complicating the retrofitting process.

2. Financial Constraints
High Initial Costs
e Material and Labor Costs: Retrofitting often involves expensive materials (e.g.,
fiber-reinforced polymers) and skilled labor, leading to high initial costs.
e Specialized Equipment: Advanced retrofitting techniques may require specialized

equipment, further increasing costs.

Ongoing Maintenance Costs
e Maintenance of Retrofit Components: New components, such as energy dissipation
devices or base isolators, require regular maintenance, adding to the long-term costs.
e Potential for Increased Wear: Retrofitting can sometimes lead to increased wear and

tear on certain bridge components, necessitating more frequent repairs.

3. Operational Impacts
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Disruption to Traffic
e Traffic Delays and Congestion: Retrofitting work often necessitates partial or
complete closures of the bridge, leading to traffic delays and congestion.
e Impact on Local Economy: Prolonged construction can affect local businesses and

economies, particularly if the bridge is a critical transportation link.

Safety Concerns during Construction
e Construction Hazards: The retrofitting process can pose safety risks to workers and
the public, especially in areas with ongoing seismic activity.
e Emergency Response: Limited access during retrofitting can hinder emergency

response efforts.

4. Environmental Considerations
Environmental Impact
e Construction Waste: Retrofitting generates construction waste, which needs to be
managed and disposed of properly.
e Noise and Air Pollution: Construction activities can lead to increased noise and air

pollution, affecting nearby communities.

Impact on Surrounding Areas
e Ecological Disturbance: Retrofitting projects near environmentally sensitive areas
can disturb local ecosystems and wildlife.
e Aesthetic Changes: Modifications to the bridge structure might alter its appearance,

potentially impacting its historical or aesthetic value.

5. Performance and Uncertainty
Uncertainty in Seismic Performance
e Predictive Limitations: Despite advanced modeling techniques, predicting the exact
performance of a retrofitted bridge during an earthquake can be challenging.
e Residual Risks: Even with retrofitting, there is always some residual risk that the

bridge may not perform as expected during an extreme seismic event.

Limitations of Retrofitting Techniques
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e Finite Improvement: Retrofitting can significantly improve a bridge's seismic
performance, but it may not be able to bring it up to the same standard as a new,
seismically designed bridge.

e Aging of Retrofit Materials: The materials used in retrofitting may degrade over

time, potentially reducing their effectiveness.

While seismic retrofitting of existing bridges is crucial for enhancing safety and resilience, it
is accompanied by several drawbacks that must be carefully considered. Technical challenges,
financial constraints, operational impacts, environmental considerations, and uncertainties in
performance all contribute to the complexity of retrofitting projects. A thorough assessment
and strategic planning are essential to address these drawbacks effectively, ensuring that
retrofitting efforts achieve their intended goals while minimizing negative impacts.

CONCLUSION

Seismic retrofitting of existing bridges is a vital endeavor aimed at enhancing the structural
integrity and safety of infrastructure in seismically active regions. By improving the resilience
of bridges to withstand seismic events, retrofitting helps protect lives, reduce economic losses,
and maintain critical transportation networks. However, the process is not without its

challenges and complexities.

Retrofitting involves a range of techniques, including base isolation, energy dissipation
devices, and structural reinforcement, each offering distinct advantages and addressing
specific vulnerabilities. The use of advanced materials and modern technologies further
enhances the effectiveness of these methods. Nevertheless, retrofitting also presents

significant technical, financial, operational, and environmental challenges.

Key Considerations Include
e Technical Complexity: The need for customized solutions and the integration of new
materials with existing structures can complicate the retrofitting process. Ensuring
compatibility and addressing hidden defects are critical to successful implementation.
e Financial Constraints: High initial costs, ongoing maintenance expenses, and the
need for specialized equipment can strain financial resources. Cost-benefit analyses

are essential to justify the investment in retrofitting projects.

30 | Page 21-33 © MANTECH PUBLICATIONS 2025. All Rights Reserved



Journal of Transportation Engineering and Its Applications

MAN ECH Volume 10, Issue 1, January-April, 2025
Publications ISSN: 3107-4499

e Operational Impacts: Traffic disruptions, safety concerns during construction, and
potential impacts on local economies must be carefully managed to minimize adverse

effects on the community and maintain accessibility.

e Environmental Considerations: Construction waste, noise, air pollution, and
ecological disturbances are important factors to address to mitigate the environmental
impact of retrofitting activities.

e Performance and Uncertainty: Despite advanced modeling and engineering,
predicting the exact performance of a retrofitted bridge during an earthquake remains
challenging. Ensuring the longevity and effectiveness of retrofit materials is also

crucial.

Despite these challenges, the benefits of seismic retrofitting far outweigh the drawbacks.
Retrofitted bridges demonstrate significantly improved performance during earthquakes,
contributing to the safety and resilience of infrastructure. Ongoing research and development
in materials, technologies, and methodologies continue to enhance the efficacy and efficiency

of retrofitting practices.

In conclusion, seismic retrofitting is an essential investment in the safety and longevity of
bridge infrastructure. By addressing technical, financial, operational, and environmental
challenges through careful planning and strategic implementation, it is possible to achieve
substantial improvements in seismic resilience. Ensuring the continued functionality of
bridges during and after seismic events is critical to the well-being of communities and the
sustainability of economic activities, making seismic retrofitting an indispensable component

of modern infrastructure management.
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