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Abstract: The study of beam corrosion in steel bridge girders using unmanned aerial vehicles (UAVs) 

is a relatively new research area. UAVs offer a number of advantages over traditional inspection 

methods, such as the ability to access hard-to-reach areas and the ability to collect data quickly and 

efficiently. One of the main challenges of using UAVs for beam corrosion inspection is the 

development of effective methods for detecting and quantifying corrosion. Traditional methods, such as 

visual inspection and ultrasonic testing, can be time-consuming and labor-intensive. UAVs can be used 

to collect high-resolution images of the beam surface, which can be used to identify areas of corrosion. 

However, it can be difficult to quantify the extent of corrosion from image data alone. Another 

challenge is the development of UAVs that are capable of operating in harsh environments. Beams in 

bridges are often exposed to salt water and other corrosive agents. UAVs that are used for corrosion 

inspection must be able to withstand these harsh environments without damage. Despite these 

challenges, the use of UAVs for beam corrosion inspection is a promising new research area. By 

addressing the challenges mentioned above, UAVs can be used to develop more efficient and effective 

methods for inspecting and monitoring beam corrosion. 
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1. Introduction  

In the realm of modern infrastructure, bridges stand as 

iconic symbols of engineering excellence, connecting 

communities, and enabling the flow of commerce and 

people. Among the various types of bridges, steel bridges 

have consistently demonstrated their resilience and 

versatility. Their capacity to span long distances, withstand 

heavy loads, and endure the test of time makes them 

indispensable to our transportation networks. However, 

even steel, renowned for its strength, is not immune to the 

unrelenting forces of corrosion, especially within the 

intricate network of girders that form the backbone of 

these structures. 

This introduction heralds the commencement of a 

comprehensive exploration into the nuanced world of 

beam corrosion within steel bridge girders. More 

significantly, it lays the foundation for an in-depth 

examination of the instrumental role played by Unmanned 

Aerial Vehicles (UAVs), often colloquially referred to as 

drones, in the assessment, monitoring, and mitigation of 

corrosion within these critical structural components. In an 

era where technology continually reshapes the landscape 

of civil engineering, the intersection of corrosion science 

and UAV capabilities offers a promising avenue for 

ensuring the durability and safety of our steel bridges. 

Corrosion, an inexorable process, occurs as steel reacts 

with environmental elements like moisture, oxygen, and 

contaminants through electrochemical reactions. These 

reactions yield iron oxide, or rust, which insidiously 

erodes the steel and diminishes its load-bearing capacity 

over time. What makes corrosion particularly insidious is 

its capacity to advance surreptitiously, frequently 

concealed within the inner core of structural elements. 
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This clandestine progression underscores the critical 

importance of early detection and timely management of 

corrosion in steel bridge girders. 

2. Traditional Inspection and Maintenance 

Methods 

Historically, the arsenal of traditional inspection and 

maintenance methods has constituted the primary 

weaponry in the battle against corrosion within steel 

bridge girders. These conventional methods include visual 

inspections, manual measurements, and localized repair 

interventions. While these techniques have demonstrated 

efficacy to some extent, they are not without their 

limitations, particularly when applied to large, intricate 

bridge structures. Moreover, traditional inspection 

procedures may necessitate temporary lane closures during 

their execution, causing traffic disruptions and exposing 

inspection personnel to potential safety hazards. 

2.1 The Role of UAVs in Corrosion Assessment 
The emergence and rapid evolution of Unmanned Aerial 

Vehicles (UAVs) have instigated a paradigm shift in civil 

engineering, furnishing versatile and efficient solutions for 

bridge inspection and corrosion assessment. UAVs, 

outfitted with high-resolution cameras, LiDAR (Light 

Detection and Ranging) systems, thermal imaging sensors, 

and an array of specialized equipment, have unfurled new 

horizons for holistic, non-invasive evaluation of steel 

bridge girders. Their capability to infiltrate remote and 

elevated locales, hitherto deemed arduous or inaccessible, 

has metamorphosed the landscape of corrosion detection, 

assessment, and management. 

2.2 The Evolution of Steel Bridge Construction 
The historical journey of steel bridge construction serves 

as a testament to human ingenuity and engineering 

excellence. From the iconic Brooklyn Bridge to 

contemporary cable-stayed and suspension bridges, steel 

has been the material of choice for civil engineers tackling 

the challenge of spanning vast distances with grace and 

efficiency. Steel bridges have played a pivotal role in 

connecting nations, regions, and communities, cementing 

their status as enduring symbols of connectivity and 

progress. Real-world case studies illuminate the practical 

applications of UAVs in diverse operational contexts, 

highlighting their adaptability and effectiveness. 

Furthermore, the integration of UAV-generated data into 

corrosion management systems is examined, facilitating 

data-driven decision-making and resource optimization. 

2.3 Challenges Posed by Beam Corrosion 

Beam corrosion within steel bridge girders presents a 

unique set of challenges. Unlike surface corrosion, which 

can often be visually identified, beam corrosion frequently 

occurs in concealed or difficult-to-reach areas of girders. 

Compounding this challenge is the insidious nature of 

corrosion, which can advance unnoticed, causing 

significant structural degradation before manifesting as 

visible damage. Thus, early detection and continuous 

monitoring are pivotal to mitigating the impact of beam 

corrosion. This comprehensive exploration encompasses 

the historical evolution of steel bridge construction, the 

science of corrosion, and the intricate challenges posed by 

beam corrosion. 

 

3. The Role of UAVs in Corrosion Assessment 

 

Unmanned Aerial Vehicles (UAVs) have emerged as a 

revolutionary technology in the realm of civil engineering, 

offering versatile and efficient solutions for bridge 

inspection and corrosion assessment. UAVs, equipped 

with advanced sensors, cameras, and imaging 

technologies, have the capability to access remote, 

elevated, and challenging locations with ease. They 

provide a holistic and non-invasive means of capturing 

detailed data about the condition of steel bridge girders. 

This aerial perspective not only enhances the efficiency 

and accuracy of corrosion assessment but also minimizes 

disruptions to bridge operations and enhances the safety of 

inspection personnel. 

3.1 Comprehensive Exploration 
The comprehensive exploration embarked upon in this 

document seeks to illuminate the multifaceted dimensions 

of beam corrosion within steel bridge girders. With a focal 

point on the transformative role of UAVs, this exploration 

encompasses a wide spectrum of topics, tracing the 

historical evolution of steel bridge construction, unraveling 

the intricacies of corrosion science, addressing the unique 

challenges presented by beam corrosion, and charting the 

technological evolution of UAVs in corrosion assessment. 

Real-world case studies will offer concrete examples of 

how UAVs have been harnessed to assess corrosion 

effectively across diverse operational scenarios. 

Furthermore, we will delve into the seamless integration of 

UAV-derived data into corrosion management systems, 

enabling data-driven decision-making and the efficient 

allocation of resources. In summary, the utilization of 

UAVs in assessing beam corrosion within steel bridge 

girders represents a transformative shift in corrosion 

assessment practices in civil engineering. Beyond 

enhancing efficiency and accuracy, this technology 

contributes significantly to the preservation and longevity 

of vital steel bridges. As we embark on this profound 

exploration, it becomes increasingly evident that the fusion 

of corrosion science and UAV capabilities is not merely a 

technological advancement but a pioneering step towards 

ensuring the safety and sustainability of our critical 
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infrastructure. Throughout this comprehensive exploration, 

we will delve into real-world case studies that vividly 

illustrate the practical applications and benefits of UAVs 

in corrosion assessment. These case studies provide 

concrete examples of how UAV technology has been 

deployed effectively across various operational 

environments, shedding light on the advantages and 

limitations of UAV-based corrosion assessment. These 

narratives will not only showcase the transformative 

impact of UAVs but also offer insights into their 

adaptability in addressing diverse corrosion scenarios. 

3.2 Integration of UAV Data into Corrosion 

Management 
One of the critical aspects we will scrutinize is the 

integration of UAV-derived data into corrosion 

management systems. The data collected by UAVs during 

corrosion assessments is a valuable resource that, when 

integrated effectively, enhances decision-making 

processes. By incorporating this data into asset 

management software, engineers gain the ability to track 

corrosion progression over time, prioritize maintenance 

and repair activities, and optimize resource allocation. This 

data-driven approach represents a leap forward in 

corrosion management efficiency, ensuring that critical 

infrastructure remains safe and operational. 

3.3 Corrosion Prediction 
Looking toward the future, machine learning and artificial 

intelligence (AI) hold immense promise in revolutionizing 

corrosion prediction and maintenance strategies. These 

advanced technologies can analyze historical corrosion 

data, sensor readings, and environmental factors to 

forecast corrosion rates and predict future maintenance 

needs accurately. This proactive approach enables timely 

interventions, reducing repair costs, and extending the 

lifespan of steel bridge girders. By delving into the 

potential of machine learning and AI in corrosion 

prediction, we will glimpse the transformative possibilities 

that lie ahead for corrosion management. 

As we embark on this comprehensive exploration, it 

becomes abundantly clear that the utilization of UAVs in 

assessing beam corrosion within steel bridge girders 

represents more than just a technological innovation; it 

signifies a fundamental shift in corrosion assessment 

practices in civil engineering. These advancements not 

only enhance the efficiency and accuracy of corrosion 

assessment but also contribute to the preservation and 

longevity of vital steel bridges. The fusion of corrosion 

science and UAV capabilities is not merely a convergence 

of fields; it's a testament to human ingenuity and our 

commitment to safeguarding critical infrastructure. 

 

4. Literature Survey 

Author name Year Finding Research gap Suggestion 

G. Tzortzinis et al. 2019 Developed load rating 

procedures for deteriorated 

steel beam ends. 

The procedures need to 

be validated on a wider 

range of structures. 

Conduct more experimental and numerical 

studies on deteriorated steel beam ends. 

G. Tzortzinis, B. 

Knickle, A. Bardow, 

S. Brena, and S. 

Gerasimidis 

2020 Conducted an experimental 

study on naturally corroded I-

beams. 

The study was limited to 

a small number of 

specimens. 

Conduct more experimental studies on 

naturally corroded I-beams, with a focus on 

different types of corrosion and different 

loading conditions. 

G. Tzortzinis, B. 

Knickle, A. Bardow, 

S. Brena, and S. 

Gerasimidis 

2020 Conducted a numerical study 

on corroded I-beams. 

The study used 

simplified modeling 

assumptions. 

Use more advanced modeling techniques to 

better capture the behavior of corroded I-

beams. 

G. Tzortzinis, B. 

Knickle, S. 

Gerasimidis, S. 

Brena 

2019 Presented experimental and 

computational results on steel 

bridge corroded beam ends. 

The results need to be 

further investigated to 

develop design 

guidelines for corroded 

steel beam ends. 

Conduct more experimental and 

computational studies on steel bridge 

corroded beam ends, with a focus on 

developing design guidelines. 

G. Tzortzinis, B. 

Knickle, S. 

Gerasimidis, A. 

Bardow, S. Brena 

2019 Identified most common 

shapes and locations for beam 

end corrosion of steel girder 

bridges. 

The study was limited to 

a small number of 

bridges. 

Conduct a more comprehensive study to 

identify the most common shapes and 

locations for beam end corrosion of steel 

girder bridges. 

P. Pantidis and S. 

Gerasimidis 

2018 Studied progressive collapse of 

3D steel composite buildings 

under interior gravity column 

The study did not 

consider the effects of 

fire or blast. 

Study the progressive collapse of 3D steel 

composite buildings under interior gravity 

column loss, considering the effects of fire 
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loss. or blast. 

S. Gerasimidis, N. E. 

Khorasani, M. 

Garlock, P. Pantidis, 

and J. Glassman 

2017 Studied resilience of tall steel 

moment resisting frame 

buildings with multi-hazard 

post-event fire. 

The study did not 

consider the effects of 

progressive collapse. 

Study the resilience of tall steel moment 

resisting frame buildings with multi-hazard 

post-event fire, considering the effects of 

progressive collapse. 

J. Sideri, C. L. 

Mullen, S. 

Gerasimidis, and G. 

Deodatis 

2017 Studied distributed column 

damage effect on progressive 

collapse vulnerability in steel 

buildings exposed to an 

external blast event. 

The study did not 

consider the effects of 

fire. 

Study the distributed column damage effect 

on progressive collapse vulnerability in steel 

buildings exposed to an external blast event, 

considering the effects of fire. 

P. Pantidis and S. 

Gerasimidis 

2017 Developed new Euler-type 

progressive collapse curves for 

2D steel frames. 

The curves were 

developed for a limited 

number of loading 

conditions. 

Develop new Euler-type progressive 

collapse curves for 2D steel frames, 

considering a wider range of loading 

conditions. 

S. Gerasimidis, G. 

Deodatis, Y. Yan, 

and M. Ettouney 

2016 Studied global instability 

induced failure of tall steel 

moment frame buildings. 

The study did not 

consider the effects of 

progressive collapse. 

Study the global instability induced failure 

of tall steel moment frame buildings, 

considering the effects of progressive 

collapse. 

S. Gerasimidis and 

T. Sideri 

2016 Developed a new partial 

distributed damage method for 

progressive collapse analysis 

of buildings. 

The method was not 

validated on a real 

structure. 

Validate the new partial distributed damage 

method for progressive collapse analysis of 

buildings on a real structure. 

 

5. Conclusion  

Corrosion in steel bridge girders poses a significant 

challenge in civil engineering, potentially compromising 

the structural integrity of vital transportation infrastructure. 

This abstract introduces an in-depth exploration of beam 

corrosion within steel bridge girders, with a primary focus 

on the pivotal contribution of Unmanned Aerial Vehicles 

(UAVs) to corrosion assessment and management. Steel 

bridges, renowned for their durability and load-bearing 

capacity, serve as critical arteries in modern society, 

connecting regions and facilitating the flow of goods and 

people. However, the insidious process of corrosion, 

driven by electrochemical reactions when steel is exposed 

to environmental elements, threatens their long-term 

stability. 

Traditional inspection and maintenance methods, while 

valuable, have limitations in detecting and mitigating 

corrosion effectively, especially within concealed areas of 

girders. The emergence of UAVs as versatile tools 

equipped with advanced sensors, cameras, and imaging 

technologies has reshaped the landscape of corrosion 

assessment. These aerial vehicles can access remote and 

challenging locations, capturing high-resolution data that 

enhances the precision and efficiency of corrosion 

evaluation. 

As technology continues to advance, machine learning and 

artificial intelligence are poised to play a pivotal role in 

corrosion prediction and maintenance strategies. By 

analyzing historical corrosion data, sensor readings, and 

environmental factors, these technologies can forecast 

corrosion rates proactively, reducing repair costs and 

extending the lifespan of steel bridge girders. The fusion 

of corrosion science and UAV capabilities signifies not 

only a technological leap but also a commitment to 

safeguarding critical infrastructure, ensuring the longevity 

and safety of steel bridges that underpin modern 

connectivity and progress. 
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