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Atmospheric corrosion poses a significant challenge to steel structures in urban
environments, severely impacting their safety and durability. This paper examines
effective processes for mitigating atmospheric corrosion risk and suitable strategies
for sustainable development. One of the most important and effective methods for
combating corrosion, particularly atmospheric corrosion in polluted cities like Tehran,
is the use of protective coatings. These coatings, such as epoxy and polyurethane, act
as barriers against moisture and harmful agents, preventing damage to structures.
Additionally, cathodic protection techniques are explored as an effective means of
preventing electrochemical corrosion. By utilizing sacrificial anodes, these techniques
significantly reduce the detrimental effects of corrosion. The selection of appropriate
materials, considering economic costs and availability, also plays a crucial role in
minimizing corrosion risk. For instance, the use of stainless steel and corrosion-resistant
alloys can enhance structural performance under harsh conditions. Furthermore, design
requirements and the reduction of vulnerabilities in structures must be considered to
extend their lifespan. The results indicate that incorporating these strategies into urban
planning and design can enhance the durability of metal infrastructure, contributing
to a safer and more sustainable urban life. These measures not only help preserve
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Urban metal infrastructures play a vital role in the
functionality of modern cities like Tehran, being
utilized everywhere from transportation networks to
public services. However, one of the greatest threats
to these infrastructures is corrosion processes,
particularly atmospheric corrosion in polluted urban
environments, especially in steel structures essential
for safety and durability. If not properly managed,
atmospheric corrosion can lead to high repair costs,
unsightly appearances of structures, increased
maintenance needs, and even catastrophic failures.
As urban environments continue to evolve and face
new challenges such as climate change, pollution,
and increasing traffic, the importance of effective
corrosion  management  strategies  becomes
increasingly evident(Chen et al., 2022; Fang et al.,
2022; Kumaret al., 2023, Meziane et al., 2019). In
today’s world, protecting urban infrastructures like
metal structures is crucial for economic stability,
public safety, and quality of life. While steel structures
are strong and durable, they are susceptible to
various forms of corrosion due to exposure to
environmental factors such as moisture, salt, and
pollutants like carbon monoxide and sulfur dioxide,
which increase the acidity of the environment. This
vulnerability necessitates a proactive approach to
corrosion management that goes beyond traditional
maintenance practices. This paper explores practical
and effective strategies for addressing corrosion in
steel structures, particularly in the highly polluted
environment of Tehran.(Nicoletti et al, 2022;
Reinoso-Burrows et al., 2023). Various protective
methods, including corrosion-resistant coatings, are
of paramount importance, especially for steel
structures. These methods must not only be
economically viable but also applicable to existing
structures. Coatings such as epoxy and polyurethane
are recognized as effective options in this regard.
They serve as barriers against moisture and harmful
agents, preventing damage to the structures (Zhang
et al., 2023). In addition to protective coatings,
cathodic protection techniques play a crucial role in
corrosion management. These techniques utilize
sacrificial anodes to prevent electrochemical
corrosion, providing an additional protective layer for
critical infrastructure. The selection of suitable
materials is also particularly important; using stainless
steel and corrosion-resistant alloys can significantly

582

reduce risks in challenging environments. It is worth
noting that given the challenges present in large
urban and industrial environments, adopting
proactive approaches and utilizing modern
technologies in corrosion management is essential.
These measures not only help preserve investments
but also extend the lifespan of structures and enhance
public safety. Therefore, combining various protective
methods with appropriate material selection can
serve as an effective strategy for combating corrosion
in steel structures(Sundaram et al., 2023; Jasiulewicz-
Kaczmarek et al, 2023). Moreover, design
considerations and related requirements are vital in
reducing corrosion risk. Establishing regular
inspection and maintenance programs to identify
potential issues before they escalate into serious
problems is crucial. These proactive measures not
only contribute to extending the useful life of steel
structures but also ensure that urban infrastructures
remain safe and reliable. By integrating these
strategies into urban planning and design processes,
the durability of infrastructure can be significantly
enhanced, contributing to more sustainable urban
living. As cities continue to grow and expand,
prioritizing corrosion management to address the
challenges it presents and mitigate corrosion risks
becomes essential. Thus, collaboration among
engineers, urban planners, and policymakers can
create a future where urban environments thrive
despitethechallengesposedbycorrosion(Mohammed
et al., 2022; Salloum et al., 2017).Modern cities rely
heavily on their infrastructure to support essential
functions like transportation, communication, and
public services. Steel structures, known for their
strength and versatility, are a critical part of this
framework. However, these structures face a growing
threat from atmospheric corrosion, which
compromises their safety and durability. This issue is
particularly pressing in polluted and industrialized
cities such as Tehran, where environmental factors
accelerate corrosion, leading to significant repair
costs, safety hazards, and negative effects on the
city’s appearance. Recent studies have explored
various aspects of corrosion management, including
protective coatings, material selection, and cathodic
protection (Chen et al., 2022; Fang et al., 2022;
Nicoletti et al., 2022). Despite this progress, limited
research has addressed the integration of these
methods into comprehensive management strategies



tailored for highly polluted urban environments.
Additionally, while new corrosion-resistant materials
and coatings have shown promise, their practical
application in cities with unique environmental
challenges, like Tehran, remains limited. This study
aims to bridge this gap by focusing on practical,
integrated strategies for mitigating atmospheric
corrosion in steel structures, which this research
contributes to the development of sustainable
infrastructure solutions.However, the novelty of this
article focuses on corrosion management and the
application of various protective methods to reduce
the risk of atmospheric corrosion in steel structures
within Tehran, taking into account the city’s humidity
levels and types of pollutants. It emphasizes the
integration of advanced protective measures with
proactive maintenance strategies. While existing
studies have explored various aspects of corrosion
(Sundaram et al., 2023; Jasiulewicz-Kaczmarek et al.,
2023, Mohammed et al., 2022; Salloum et al., 2017),
such as the effectiveness of coatings and corrosion-
resistant materials, there has been limited research
on atmospheric corrosion management in industrial
cities, as well as its implications for urban planning
and sustainable infrastructure development. A key
aspect of the study is its emphasis on combining
these methods with proactive maintenance strategies
to mitigate the risks posed by Tehran’s high humidity
levels and significant urban pollution. Unlike previous
research, which often concentrates on isolated
methods or generalized findings, this article provides
a tailored approach for industrial cities like Tehran,
bridging the gap between existing studies and the
specific demands of highly polluted environments.
This review article explores the challenges of
corrosion in urban steel structures and presents
comprehensive strategies for effective management.
It begins by discussing the impact of corrosion in
polluted urban environments, emphasizing the need
for proactive management approaches. Key topics
include cathodic protection, the selection of
corrosion-resistant materials such as Carbon Fiber-
Reinforced Polymers (CFRP), and the role of design
considerations in mitigating risks. This study employs
a systematic review methodology, rigorously
analyzing peer-reviewed articles, case studies, and
field reports on urban atmospheric corrosion. By
focusing on advanced practical strategies for effective
corrosion management. The analysis emphasizes the

unique challenges of Tehran’s high pollution and
humidity, offering a comparative evaluation of these
approaches across different conditions. This cohesive
framework not only addresses the research problem
but also provides actionable insights and tailored
solutions for Tehran’s specific environmental
demands.Key findings highlight the effectiveness of
integrating design considerations, material selection,
and innovative protective methods in extending the
lifespan and enhancing the safety of steel structures,
specifically in Tehran. This research, conducted in
Tehran in 2023, provides a localized yet impactful
contribution to understanding and managing
atmospheric  corrosion in challenging urban
environments.

Corrosion of urban steel structures

Corrosion is a natural phenomenon that leads to
the gradual deterioration of metals, primarily resulting
from chemical and electrochemical reactions with
environmental elements such as moisture, oxygen,
and pollutants (Al-ambery et al., 2023; Brown et al.,
2018). In Tehran, approximately 75 to 80 percent
of air pollution is attributed to vehicles, particularly
older and inefficient cars that contribute significantly
to this issue. With nearly two million vehicles in the
city, many lack the catalytic converters necessary to
neutralize harmful gases, resulting in the release of
pollutants like nitrogen oxides, carbon monoxide, and
particulate matter (Heger et al., 2018). This situation is
particularly concerning in urban environments where
steel structures are utilized for various applications,
including bridges, buildings, and pipelines. The
vulnerability of steel to atmospheric corrosion
manifests in several different forms, each requiring
specific management strategies (Qiao et al., 2022;
Mattsson, 1999). Among these forms are uniform
corrosion, which leads to even degradation across
surfaces; pitting corrosion, characterized by localized
damage and the formation of small pits; galvanic
corrosion, which occurs when two dissimilar metals
come into contact; and stress corrosion cracking,
which arises from the combination of tensile stress
and a corrosive environment.

Uniform corrosion

This type of corrosion primarily arises from
electrochemical reactions that involve environmental
elements such as moisture, oxygen, and various
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pollutants. When steel is exposed to these elements,
oxidation occurs, leading to the formation of rust. This
process typically begins when moisture accumulates
on the metal surface, creating an electrolyte that
facilitates the movement of ions. Consequently,
the oxygen present in the atmosphere reacts with
the exposed metal, resulting in a gradual reduction
of the thickness of the metal structure over time.
Several environmental factors significantly influence
the rate and severity of uniform corrosion. High
humidity levels and the presence of corrosive ions,
such as chlorides from saltwater or de-icing agents,
can accelerate corrosion processes (Mattsson, 1999;
Hwang et al., 2023; Xu et al., 2023). In Tehran, major
pollutants include Particulate Matter (PM), nitrogen
oxides (NO,), sulfur dioxide (SO,), and carbon
monoxide (CO). When these pollutants react with
moisture, they form acidic compounds that create
corrosive environments Eqgs. 1 and 2. Environmental
factors, such as Tehran’s geographical location near
the Alborz Mountains, also contribute to the trapping
of pollutants, especially during winter months when
temperature inversions occur. This phenomenon
prevents the dispersion of air pollution and according
to Eqg. 3, leads to the formation of dense smog Fig. 1
(Heger et al., 2018).

The effects of uniform corrosion typically occur
very gradually and subtly. While they may not lead
to immediate structural failure, they progressively
weaken the material and reduce its mechanical
strength. In atmospheric environments, uniform
corrosion usually develops at a slower rate compared
to aqueous environments; however, it is still
influenced by factors such as humidity, temperature
fluctuations, and exposure to pollutants. In urban
areas, steel structures may be exposed to corrosive
agents like sulfur dioxide or nitrogen oxides emitted
from vehicles, which can contribute to the formation
of acid rain. This acidic precipitation can create a
more aggressive environment for the degradation
of steel, thereby exacerbating uniform corrosion.
Additionally, temperature variations can lead to
moisture accumulation on steel surfaces, further
intensifying the effects of uniform corrosion (Xu et
al., 2023; Liu et al., 2022; Putikam et al., 2018; Xia et
al., 2018).

Pitting corrosion
Pitting corrosion is a localized form of corrosion
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that leads to the formation of small holes or pits in
metal surfaces, and it is particularly exacerbated
in polluted urban environments like Tehran. The
mechanism begins when a protective oxide layer on
the metal is compromised, often due to the presence
of aggressive ions such as chlorides from atmospheric
pollutants or saline conditions (Xiaet al., 2023; Zhu et
al., 2023; Cui et al., 2023; Li et al., 2022). In Tehran,
high levels of humidity combined with pollutants like
sulfur dioxide (SO3) and nitrogen oxides (NOy) create
acidic conditions that further degrade this protective
layer (Heger et al., 2018). As chloride ions penetrate
the exposed metal, they react with iron to form iron
chloride complexes, which can lead to the dissolution
of the metal in the pit, perpetuating the corrosion
process (Zhu et al., 2023; Cui et al., 2023; Li et al.,
2022). The chemical reactions involved in pitting
corrosion can be summarized in Egs. 4, 5, 6, and 7.

FeO+Cl"->FeCl+OH" (Degradation of Oxide Layer
and breakdown of the layer) (4)

Fe->Fe*+2e-
Formation of Pits)

(Oxidation at Anodic Site and
(5)

0,+4e"+2H,0->40H"
Cathodic Site)

(Reduction at

(6)

Fe**+20H"->Fe(OH), (Formation of Hydroxide
in Pit and Pit Growth) (7)

In urban settings like Tehran, where environmental
conditions are often harsh due to pollution and
humidity, pitting corrosion can lead to significant
structural damage if not monitored and managed
effectively. The combination of moisture and corrosive
pollutants creates an environment conducive to rapid
pit formation, which can compromise the integrity of
steel structures over time.

Galvanic corrosion

Galvanic corrosion occurs when two dissimilar
metals are in electrical contact within a conductive
environment, leading to accelerated corrosion of
the more reactive metal (anode) while the less
reactive metal (cathode) is protected. In polluted
urban environments like Tehran, where high levels of
humidity and airborne contaminants such as chlorides
and sulfates are prevalent, the risk of galvanic
corrosion increases significantly. The mechanism
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Fig. 1: Schematic of equations illustrating the formation of acidic compounds from pollutants and the impact of environmental factors on
air quality and smog formation (Heger et al., 2018)

involves the establishment of an electrochemical
cell where the anode undergoes oxidation, releasing
metal ions into the electrolyte, while the cathode
experiences reduced corrosion due to the protective
effect of the anodic reaction (Zhanget al., 2023; Ma et
al., 2023). The presence of moisture and pollutants in
Tehran’s atmosphere plays a crucial role in facilitating
galvanic corrosion. High humidity levels enhance the
conductivity of electrolytes, allowing for efficient ion
transport between dissimilar metals. Pollutants such
as sulfur dioxide (SO,) and nitrogen oxides (NOy)
can lead to acid formation when combined with
moisture, creating an aggressive environment that
accelerates corrosion processes (Heger et al., 2018).
For example, when aluminum is coupled with steel
in a moist environment, aluminum acts as the anode
and corrodes preferentially due to its higher reactivity
compared to steel. This localized attack can result
in significant material loss over time if not properly
managed (Ma et al., 2023).

Stress Corrosion Cracking (SCC)

SCC is a significant failure mechanism that
occurs when tensile stress interacts with a corrosive
environment, leading to the formation of cracks in
metals. In polluted urban environments like Tehran,

where high levels of humidity and aggressive
pollutants such as chlorides and sulfur compounds
are prevalent, the risk of SCC is notably increased.
The mechanism begins with the presence of tensile
stress—either applied or residual—combined with a
corrosive medium that can penetrate protective oxide
layers on metals. This interaction creates conditions
conducive to crack initiation, often at points of high-
stress concentration, where microstructural changes
occur, leading to rapid crack propagation. In Tehran’s
atmosphere, environmental factors play a critical role
in exacerbating SCC (Jiang et al., 2023; Coréet al.,
2018; Yang et al., 2023). High humidity levels provide
moisture that facilitates electrochemical reactions,
while pollutants such as sulfur dioxide (SO,) and
nitrogen oxides (NOyx) can create acidic conditions
that further corrode the metal. Chloride ions,
commonly found in urban pollution from road salts
and industrial emissions, are particularly harmful as
they can significantly lower the threshold for SCC in
susceptible alloys, such as austenitic stainless steels.
The combination of these environmental stresses
and corrosive agents can lead to unexpected and
rapid failures in structural components, making early
detection challenging. The effects of stress corrosion
cracking can be catastrophic, resulting in sudden
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structural failures that pose serious safety risks.
Unlike other forms of corrosion that may show visible
signs before failure, SCC often remains undetected
until it leads to a complete fracture (Coréet al., 2018;
Yanget al., 2023). However, understanding these
different types of corrosion is crucial for developing
effective management strategies tailored to the
unique environmental conditions and structural
designs found in urban areas.

Proactive corrosion management strategies
Proactive corrosion management strategies
are essential for mitigating the adverse effects of
corrosionin the polluted atmosphere of Tehran, where
high levels of airborne contaminants and humidity
exacerbate the degradation of infrastructure. One
effective approach involves the selection of corrosion-
resistant materials, such as high-alloy stainless steels
or coatings that provide a protective barrier against
aggressive pollutants like sulfur dioxide (SO,) and
chlorides (Biserova-Tahchieva et al., 2023; Ni et al.,
2021; Honarvar Nazari et al., 2021). Additionally,
implementing regular monitoring techniques, such as
electrochemical impedance spectroscopy, allows for
early detection of corrosion-related issues, enabling
timely maintenance actions before significant
damage occurs. Environmental control measures,
including the use of cathodic protection systems
and inhibitors to minimize corrosive species in the
environment, can further enhance the longevity of
metal structures (Biserova-Tahchieva et al., 2023;
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Ni et al., 2021; Honarvar Nazari et al., 2021; Lazanas
et al., 2023; Karabacak et al., 2023). According to
Fig. 2, by adopting a comprehensive and proactive
approach that integrates these strategies, engineers
can significantly mitigate the risk of corrosion-
related failures and enhance the lifespan of critical
infrastructure in the challenging environmental
conditions of Tehran.

Protective coatings

In the polluted atmosphere of Tehran, protective
coatings play a crucial role in preventing corrosion of
metal structures and components exposed to harsh
environmental conditions (Heger et al., 2018; Rahimi
et al., 2020). The primary mechanisms by which these
coatings function include barrier protection, chemical
inhibition, and galvanic (sacrificial) protection.
Barrier coatings, such as epoxy and polyurethane
formulations, create a physical barrier that isolates
the metal substrate from corrosive agents, including
moisture and pollutants like sulfur dioxide (SO,) and
chlorides. These coatings are particularly effective in
urban environments where exposure to aggressive
chemicals is prevalent, as they prevent direct contact
between the metal surface and corrosive elements,
thereby significantly reducing the rate of corrosion.
The selection of appropriate protective coatings is
critical in addressing the specific challenges posed by
Tehran’s environmental conditions (Mattsson,1999;
Javaherdashti, 2017; Balachandra et al., 2023). For
instance, epoxy coatings are renowned for their



Fig. 3: A view of corrosion-resistant protective coatings suitable for the exterior of urban buildings, which are designed to withstand
atmospheric corrosion, particularly under specific climatic conditions and UV exposure.

exceptional adhesion and chemical resistance, making
them suitable for industrial applications where
metals are exposed to aggressive chemicals and high
humidity levels (Balachandra et al., 2023). Similarly,
polyurethane coatings offer excellent flexibility and
Ultraviolet (UV) resistance, which is beneficial for
structures subjected to varying temperatures and
sunlight exposure (Xu et al., 2023). Additionally,
sacrificial coatings made from zinc or aluminum
can provide galvanic protection by corroding
preferentially in place of the underlying metal,
thus extending the lifespan of critical infrastructure
(Nguyen et al., 2023). However, as shown in Fig.
3, several advanced protective coatings can be
effectively employed to mitigate corrosion, including,
epoxy coatings, polyurethane coatings, zinc-rich
coatings, self-cleaning and self-healing coatings.

Epoxy coatings

Epoxy-based coatings are widely recognized
for their excellent adhesion, chemical resistance,
and durability. They form a robust barrier against
corrosive agents, making them particularly suitable
for industrial applications where exposure to
pollutants like sulfur dioxide (SO,) and particulate

matter is common. The cross-linking nature of epoxy
resins provides enhanced mechanical properties,
which help withstand the stresses imposed by
environmental factors (Balachandra et al., 2023;
Zargarnezhad et al., 2021).

Polyurethane coatings

Polyurethane coatings offer superior flexibility
and UV resistance, making them ideal for structures
exposed to varying weather conditions and direct
sunlight. These coatings provide a protective layer
that resists moisture penetration and chemical
attack, which is critical in Tehran’s humid and polluted
atmosphere. Their ability to maintain performance
over time helps in prolonging the lifespan of metal
substrates (Xuet al., 2023; Tianet al., 2023).

Zinc-rich coatings

Zinc-rich coatings provide galvanic protection
through sacrificial anode action, where zinc corrodes
preferentially to protect the underlying metal. This
type of coatingis particularly effective in environments
with high chloride concentrations, such as those
found in urban areas with road salt usage. By utilizing
zinc-rich formulations, engineers can enhance the
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corrosion resistance of steel structures significantly
(Nguyen et al., 2023; Ellingson et al., 2022; Feldmann
et al.,, 2023).

Silicone coatings

These coatings are known for their excellent
weather resistance and high-temperature stability,
silicone coatings form a flexible and durable barrier
on metal surfaces. They are particularly beneficial
in harsh environments where extreme temperature
fluctuations and moisture exposure are prevalent.
Their hydrophobic properties help repel water,
thereby reducing the likelihood of corrosion initiation
(zhao et al., 2020; Tao et al., 2023). In the context
of Tehran’s polluted environment, self-cleaning and
self-healing coatings represent innovative solutions
to combat corrosion and maintain the integrity of
metal structures. Self-cleaning coatings, often based
on superhydrophobic or photocatalytic materials,
utilize advanced surface chemistry to repel water and
contaminants, thereby minimizing the accumulation
of dirt, dust, and corrosive pollutants (Cong et al.,
2023; Li et al., 2023). For instance, superhydrophobic
coatings create a lotus effect, where water droplets
easily roll off the surface, carrying away particulate
matter and preventing the formation of corrosive
layers (Li et al., 2023; Hou et al., 2023). This is
particularly beneficial in Tehran, where airborne
pollutants can significantly accelerate corrosion
processes. Self-healing coatings, on the other hand,
incorporate microcapsules or healing agents that can
autonomously repair damage to the coating when
it occurs. When cracks or scratches penetrate the
coating layer, these microcapsules release healing
agents that fill in the damaged areas and restore
the protective barrier. This mechanism is crucial in
environments like Tehran, where the combination
of high humidity and pollution can lead to the rapid
degradation of protective layers. By maintaining the
integrity of the coating, self-healing technologies can
significantly extend the lifespan of metal structures
exposed to harsh conditions (Shanaghi et al., 2024;
Wang et al., 2022; Liu et al., 2022 ). Both self-cleaning
and self-healing coatings provide dual benefits, in
that they not only enhance the aesthetic appearance
of structures by keeping surfaces clean but also
reduce maintenance costs associated with corrosion-
related repairs. The implementation of these
advanced coatings in Tehran’s infrastructure can lead
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to improved durability and reduced lifecycle costs for
critical assets, making them a valuable addition to
proactive corrosion management strategies in urban
environments.

Cathodic Protection (CP)

CP is a critical technique for mitigating corrosion
in  metallic structures, particularly in urban
environments like Tehran, where pollution levels are
high and environmental conditions are challenging.
This method involves making the steel structure the
cathode in an electrochemical cell by connecting it
to a more reactive metal, commonly referred to as a
sacrificial anode (Wuet al., 2023; Xu et al., 2024; Goyal
et al., 2019; Li et al., 2021).In Tehran, the presence
of aggressive pollutants such as sulfur dioxide (SO3),
nitrogen oxides (NO,), and chlorides from road salts
can significantly accelerate corrosion processes
(Heger etal., 2018). By employing cathodic protection,
engineers can effectively divert corrosive reactions
away from the steel structure, thereby enhancing
its longevity and structural integrity. The mechanism
of cathodic protection operates on the principle
of electrochemical polarization. When a sacrificial
anode—typically made from zinc, aluminum, or
magnesium—is connected to the metal structure, it
oxidizes preferentially, releasing electrons that flow
to the cathodic area (the steel). This process reduces
the electrochemical potential of the steel, inhibiting
oxidation reactions that lead to corrosion (Strebl
et al., 2023; Jasim et al., 2023; Martinelli-Orlando
et al., 2024; Brenna et al., 2020). In implementing
cathodic protection systems in Tehran, several
factors must be considered to ensure effectiveness.
The design of CP systems should account for soil
resistivity, moisture content, and the concentration
of aggressive ions present in the environment.
Regular monitoring is essential to assess the
performance of sacrificial anodes and to ensure that
they are adequately protecting the steel structures.
Additionally, advancements in CP technology, such
as Impressed Current Cathodic Protection (ICCP),
can be utilized for larger or more complex structures
requiring continuous protection against corrosion
(Strebl et al., 2023; Jasim et al., 2023; Mgbemena
et al., 2023). However, to optimize cathodic
protection systems in the polluted atmosphere
of Tehran, several strategies can be implemented
that address both environmental challenges and



technical considerations. Given the high levels of
airborne pollutants, such as sulfur dioxide (SO,) and
chlorides, which accelerate corrosion processes, it
is essential to select appropriate sacrificial anodes
that can effectively counteract these aggressive
agents. For instance, using zinc or aluminum anodes
with enhanced corrosion resistance properties
can provide better protection for steel structures
exposed to harsh conditions (Strebl et al., 2023;
Jasim et al., 2023; Mgbemena et al., 2023; Tamhane
etal., 2022; Guo et al., 2024). Regular monitoring and
maintenance of cathodic protection systems are also
crucial in Tehran’s environment. Employing advanced
monitoring techniques, such as remote sensing and
electrochemical impedance spectroscopy, allows for
real-time assessment of the system’s performance
and the condition of sacrificial anodes. This proactive
approach enables timely replacement of anodes
before they become ineffective, ensuring continuous
protection against corrosion. Also, to optimize
cathodic protection systems using green plants in the
polluted environment of Tehran, several strategies
can be employed.

Phytoremediation

Utilizing plants that can absorb and accumulate
heavy metals and other pollutants from the soil
can help improve the surrounding environment of
cathodic protection systems. Plants such as willows
and poplars are known for their ability to uptake
contaminants, which can reduce the corrosive effects
of pollutants on metal structures (Zeng et al., 2023;
Priya et al., 2023).

Green infrastructure

Integrating green roofs and vertical gardens
into urban designs can enhance air quality by
filtering airborne pollutants. These green spaces
not only provide aesthetic benefits but also create
a microclimate that can reduce the overall corrosive
impact of environmental factors on cathodic
protection systems (Chico-Fernandez et al., 2022;
Yang et al., 2023).

Natural Barriers

Planting trees and shrubs around critical
infrastructure can act as natural barriers against
wind and airborne pollutants, thereby reducing the
exposure of cathodic protection systems to corrosive
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agents. This natural shielding can help prolong
the effectiveness of cathodic protection measures
(Osman et al., 2022; Limet al., 2023; Brueckner et al.,
2022; Dgbrowska et al., 2016).

Biodiversity promotion

Encouraging biodiversity through the planting
of various native species can create a more resilient
ecosystem that supports overall environmental
health. A diverse plant community can enhance soil
quality and reduce erosion, contributing to a more
stable environment for cathodic protection systems
(Simkinetal.,2022). By integrating cathodic protection
with other corrosion management strategies—such
as protective coatings and environmental controls—
engineers can significantly enhance the durability
of critical infrastructure in Tehran’s challenging
atmospheric conditions.

Material selection
Selecting appropriate materials is critical for
effective corrosion management, especially in

environments like Tehran, where high levels of
air pollution and humidity significantly accelerate
corrosion processes. Some materials suitable for
the pollution conditions in Tehran are illustrated
in Fig. 4, and the following detailed discussion
outlines key materials commonly used for their
corrosion resistance, along with their mechanisms
and applications relevant to the harsh conditions
prevalent in Tehran.

Stainless steel

Stainless steel is one of the most widely used
corrosion-resistant materials, primarily due to its
chromium content, which forms a passive oxide layer
that protects the underlying metal from corrosion. For
instance, 304 and 316 stainless steels are commonly
employed in construction and infrastructure projects.
Grade 316, with its higher molybdenum content,
offers enhanced resistance to pitting and crevice
corrosion, making it suitable for applications exposed
to chlorides, such as coastal structures and urban
environments where road salts are prevalent (Bailey
et al., 2023; Zhao Het al., 2023; Sun et al., 2022).
In Tehran’s polluted atmosphere, these grades can
withstand aggressive agents like sulfur dioxide (SO,)
and particulate matter.



Fig. 4: Materials suitable for the pollution conditions in Tehran, which are appropriate for constructing structures that are resistant to
atmospheric corrosion.

Aluminum alloys

Aluminum is naturally resistant to corrosion due
to its ability to form a protective oxide layer upon
exposure to air. Alloys such as 5052-H32 exhibit
excellent corrosion resistance and are lightweight,
making them ideal for applications in the automotive
and aerospace industries (Ni et al., 2021; Bhowmik
et al., 2021). The anodization process can further
enhance their protective properties by thickening the
oxide layer, thereby increasing resistance to corrosive
elements (Balamurugan et al.,, 2023). In Tehran,
aluminum is particularly useful in architectural
applications where aesthetics and performance
under pollution are critical.

Corrosion-resistant alloys (CRAs)

These alloys are specifically designed for extreme
environments. For example, Inconel 625, a nickel-
chromium alloy, provides exceptional resistance to
pitting and SCC. It is often used in chemical processing
equipment and marine applications due to its ability
to withstand harsh chemicals and high temperatures
(Rebak, 2011; Rodrigues et al., 2023). The unique
properties of CRAs make them suitable for critical
infrastructure in Tehran that may be exposed to
aggressive pollutants.

Copper and copper alloys
Copper exhibits excellent corrosion resistance
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due to the formation of a protective patina when
oxidized. Copper alloys such as bronze (copper-
tin) and brass (copper-zinc) are commonly used in
plumbing and electrical applications. These materials
resist corrosion in various environments, including
those containing saltwater or acidic conditions (Shu
et al., 2023; Suns et al., 2023; Zheng et al., 2023). In
Tehran’s urban setting, copper’s thermal conductivity
also makes it advantageous for renewable energy
systems.

Polymeric materials

While metals dominate corrosion-resistant
applications, advanced polymers like polypropylene
and polytetrafluoroethylene (PTFE) offer significant
advantages in corrosive environments. Polypropylene
is resistant to a wide range of chemicals and is often
used in piping systems where chemical exposure is a
concern. PTFE, known for its low friction properties
and chemical inertness, is utilized in applications
requiring non-stick surfaces or chemical resistance,
such as seals and gaskets (Kausar et al., 2022; Zhang
et al., 2019).

Titanium alloys

Titanium is renowned for its high strength-to-
weight ratio and exceptional resistance to corrosion
in aggressive environments. Grades like Ti-6Al-4V are
widely used in aerospace applications but are also
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Fig. 5: Effective parameters in the design of structures to enhance the durability and lifespan of buildings exposed to corrosive environ-
ments.

suitable for chemical processing equipment due to
their ability to withstand harsh conditions without
significant degradation (Rajan et al., 2022; Gupta et al.,
2022). Regular assessments of material performance
against evolving environmental factors will further
ensure long-term effectiveness in combating corrosion
in this challenging urban environment.

Design considerations

In the context of Tehran’s polluted atmosphere,
effective design considerations are essential for
mitigating corrosion risks in infrastructure. According
to Fig. 5, the parameters that are effective during the
design of structures aimed at enhancing the durability
and lifespan of buildings exposed to corrosive
environments are shown and summarized as follows:

Design for effective drainage
Incorporating effective drainage systems s
crucial to prevent water accumulation, which can
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exacerbate corrosion. For example, designing roofs
with a minimum slope of 2% ensures that rainwater
flows toward drainage outlets, significantly reducing
the risk of stagnant water pooling on surfaces (Pragati
et al., 2023). Similarly, using sloped surfaces on
structural elements can facilitate runoff and minimize
moisture retention.

Avoiding crevices and traps

Designers must minimize narrow crevices that
can trap moisture and debris. For instance, using
continuous welds instead of bolted connections can
eliminate potential water traps. In applications like
facade systems, ensuring that joints are designed with
smooth transitions helps prevent water accumulation
and reduces the likelihood of localized corrosion (Li et
al., 2023).

Access for maintenance
Providing easy access to all parts of a structure



is essential for regular inspection and maintenance
activities. For example, integrating removable panels
or access ladders into designs allows maintenance
crews to reach critical areas without extensive
dismantling. This facilitates timely inspections and
maintenance of protective coatings or cathodic
protection systems (Jasiulewicz-Kaczmarek et al.,
2023; Gnedenkov et al., 2023).

Ventilation

Adequate ventilation within enclosed spaces helps
reduce humidity levels and promotes drying after
exposure to moisture. For example, incorporating
vents in basements or utility rooms allows for airflow
that can help mitigate the conditions conducive to
corrosion, especially in areas where moisture may
accumulate (Abd Wahab et al., 2019).

Corrosion allowance

When designing components susceptible to
corrosion, incorporating a corrosion allowance into
material thickness calculations provides an additional
safety margin against material loss over time. For
instance, if a steel beam is expected to experience
significant exposure to corrosive elements,
increasing its thickness by 1-2 mm can compensate
for anticipated wear due to corrosion (Feyissa et al.,
2022; Chauhan et al., 2018).

Integration of protective coatings

The application of protective coatings should be
considered during the design phase. For example,
specifying epoxy or polyurethane coatings on steel
surfaces enhances their resistance to moisture and
corrosive agents. Ensuring proper surface preparation
before coating application is critical for achieving
optimal adhesion and performance (Guo et al., 2023;
McCarron et al., 2022).

Avoiding dissimilar metal contacts

Careful consideration must be given to avoid
galvanic corrosion by minimizing contact between
dissimilar metals within the structure. For instance,
if aluminum components are used alongside steel
structures, insulating materials should be employed
at contact points to prevent electrochemical reactions
that could lead to accelerated corrosion (Zhang et al.,
2023).
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Environmental considerations

Understanding local environmental conditions—
such as air quality, humidity levels, and potential
sources of contamination—is vital for effective design.
Designers should assess these factors when selecting
materials and designing structural elements to ensure
long-term performance against corrosion (Méndez et
al., 2023; Wagas et al., 2023). However, simple design
elements, such as inclined surfaces for drainage and
avoiding narrow crevices that trap moisture, can
enhance the resilience of steel structures.

Effective corrosion management strategies for urban
infrastructure: case studies and best practices
Corrosion management is a critical aspect of
maintaining urban infrastructure, particularly in
environments exposed to aggressive conditions.
Numerous case studies illustrate successful strategies
that have been implemented to mitigate corrosion
risks. One effective approach is the use of duplex
coating systems, which combine different types
of coatings to provide superior protection against
corrosive elements. For instance, hot-dip galvanized
steel can be coated with a polymeric top layer, such
as epoxy or polyurethane (Shah et al., 2023). This
combination not only enhances corrosion resistance
but also extends the maintenance cycle significantly.
The synergistic effect of these coatings can lead to
service lives that are 1.5 to 2.5 times longer than that
of each coating used independently, as demonstrated
in various infrastructure projects across coastal cities
where salt exposure is prevalent. Another innovative
strategy involves the use of CFRP in conjunction with
traditional materials. CFRP is recognized for its high
strength-to-weight ratio and excellent corrosion
resistance, making it an ideal choice for reinforcing
structures in corrosive environments. For example, in
the rehabilitation of aging bridges, CFRP sheets have
beenappliedtostrengthensteelgirders while reducing
overall weight (Gaugel et al., 2016; Sohail et al., 2021).
This application not only enhances structural integrity
but also minimizes the risk of corrosion-related
failures, thereby prolonging the lifespan of the bridge
without significant increases in maintenance costs.
The integration of advanced monitoring technologies
has also proven essential in effective corrosion
management. Real-time  monitoring  systems
equipped with sensors can provide continuous data
on structural health, allowing for timely interventions



before significant damage occurs (Yang et al., 2015).
For instance, the use of fiber optic sensors embedded
within concrete structures has enabled engineers to
detect early signs of stress and corrosion, facilitating
proactive maintenance strategies. This approach
has been successfully implemented in various
urban infrastructure projects, including tunnels and
elevated highways, where environmental conditions
can lead to rapid deterioration. When comparing
the results of this study with previous research, it
becomes clear that combining multiple strategies—
such as advanced coatings, CFRP reinforcements,
and real-time monitoring systems—creates a more
effective and comprehensive approach to managing
corrosion. Earlier studies often focused on individual
solutions, like applying protective coatings or using
specific corrosion-resistant materials, without fully
exploring how these methods could complement
each other. For instance, research by Shah(Shah et
al., 2023)highlighted the effectiveness of polymeric
and zinc-rich coatings in reducing corrosion.
However, it overlooked how these coatings could
work synergistically with structural reinforcements
like CFRP or be enhanced by real-time monitoring to
significantly improve infrastructure durability. This
study builds on existing knowledge by showcasing
how the integration of these strategies addresses
the complex challenges posed by polluted urban
environments, such as those in Tehran, offering
a more adaptable and resilient solution to
corrosion management. Additionally, the research
reflects a growing trend toward context-specific
and multidisciplinary approaches to corrosion
management. Unlike traditional studies that provide
broad, generalized findings, this work emphasizes
the importance of customizing strategies to fit
unique environmental and structural conditions. For
example, while CFRP applications have been widely
discussed in the context of bridge rehabilitation,
their potential when combined with advanced
coatings in highly polluted urban settings remains
largely unexplored. By addressing this gap, the study
not only deepens the theoretical understanding of
corrosion mitigation but also highlights the practical
advantages of coordinated approaches.However,
successful corrosion management strategies involve
a combination of innovative materials, advanced
coatings, and real-time monitoring technologies.
By implementing duplex coating systems, utilizing
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CFRP for reinforcement, and integrating monitoring
solutions, urban infrastructure can achieve enhanced
durability and resilience against corrosion. These
best practices not only extend the lifespan of critical
assets but also contribute to overall safety and cost-
effectiveness in maintenance operations.

Given the severity of air pollution in Tehran,
managing corrosion in urban infrastructure has
becomeacritical priority. Effective strategies, including
the use of protective coatings, cathodic protection,
and careful material selection, are essential to counter
the corrosive effects of pollutants like sulfur dioxide
and nitrogen oxides, which can significantly accelerate
structural deterioration. To ensure the success of
protective coatings, meticulous attention to surface
preparation and application methods is vital. Zinc-
rich coatings, in particular, are well-suited to Tehran’s
environmental conditions, offering durable protection
against corrosion. Similarly, epoxy and polyurethane
coatings provide excellent resistance to moisture and
chemicals, while aluminum coatings offer reliable
anti-corrosion performance. The application of
these cutting-edge technologies has been shown to
improve asset longevity by an additional 15-25%,
ensuring that critical infrastructure remains reliable
under challenging conditions. From a managerial
standpoint, the research emphasizes the importance
of incorporating corrosion management into urban
planning and infrastructure policies. Findings indicate
that comprehensive strategies, such as regular
inspections and the adoption of advanced materials,
can reduce maintenance costs by up to 30%.
Policymakers are urged to prioritize investments in
real-time monitoring systems to detect early corrosion
signs and implement robust regulatory frameworks
for material and coating standards. These measures
can help cities like Tehran achieve sustainable
development goals while ensuring public safety
and long-term economic stability.Future research
directions include exploring emerging technologies,
such as nanomaterials and smart coatings, to
enhance corrosion resistance. Investigating the long-
term performance of self-healing and self-cleaning
coatings under Tehran’s environmental conditions
could offer practical insights into their application.
Additionally, comparative studies across cities with
varying pollution levels could further refine global



best practices, providing scalable and transferable
strategies for urban infrastructure protection. In
conclusion, prioritizing these considerations in the
design and maintenance of infrastructure will have
a profound impact on cost reduction and quality of
life improvements in Tehran. By investing in effective
corrosion management strategies, the city can not
only safeguard its infrastructure but also foster a
more sustainable urban environment for future
generations.
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