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Introduction

Rural infrastructure faces unique challenges that urban environments often do not encounter.
Limited budgets, sparse maintenance resources, environmental extremes, and the critical need for
continuous accessibility make the selection of bridge materials a decision of paramount
importance. For a rural county engineer's office tasked with addressing an inventory of
deteriorating short-span bridges under 140 feet, the material selection will have a direct impact on
community resilience for generations to come. Thisanalysis evaluates four primary bridge material
options—hot-dip galvanized steel, weathering steel, painted steel, and reinforced concrete—to
determine which solution delivers the optimal combination of longevity and lowest life-cycle costs
for rural counties with limited maintenance resources.

The American Society of Civil Engineers' Infrastructure Report Card consistently highlights the
concerning state of America's bridges, with rural structures often in more critical condition than
their urban counterparts. According to ASCE, 42% of America's bridges are at least 50 years old,
and 7.5% are considered structurally deficient [1]. For rural counties, these statistics often skew
worse due to limited funding mechanisms and maintenance capabilities. Therefore, when replacing
these aging structures, decision-makers must look beyond initial construction costs to consider the
total ownership expense across a minimum 100-year service life.

Evaluation Criteria

To determine the most appropriate material solution for rural short-span bridges, this analysis
considers several key metrics:

Initial construction costs - Material and installation expenses

Service life expectancy - Expected useful life before major rehabilitation
Maintenance requirements - Frequency and complexity of required upkeep
Environmental durability - Performance in various climate conditions

Life-cycle cost analysis - Total cost of ownership over 100 years

Environmental impact - Sustainability considerations and end-of-life recyclability

A
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7. Rural-specific considerations - Accessibility for maintenance and local expertise
availability

Each material will be evaluated against these criteria to establish a comprehensive understanding
of its suitability for rural applications.

Material Analysis

Reinforced Concrete

Reinforced concrete has been a staple of bridge construction for decades, valued for its
compressive strength and perceived durability. However, its performance in rural environments
presents several challenges.

Service Life and Durability: While concrete structures can theoretically last 50-75 years, rural
environments often accelerate deterioration [5]. Freeze-thaw cycles, chloride intrusion from de-
icing salts, and carbonation lead to concrete cracking and eventual reinforcement corrosion. Once
chlorides reach the reinforcing steel, the corrosion process begins and progresses exponentially,
causing expansion, further cracking, and structural compromise [6].

Maintenance Requirements: Concrete bridges require regular inspections, crack sealing, and
deck overlays approximately every 15-20 years, as well as eventual deck replacement. When
exposed reinforcement begins to corrode, repairs become increasingly expensive and complex,
often necessitating specialized contractors who are not readily available in rural areas.

Life-Cycle Considerations: While initial costs for concrete bridges can be competitive, the
cumulative maintenance expenses over a 100-year lifespan are substantial. Concrete structures
typically require major rehabilitation or component replacement between years 40 and 50,
significantly increasing their life-cycle cost.

Rural-Specific Challenges: Concrete repairs often require specialized knowledge and equipment
that may not be available locally, necessitating expensive mobilization costs for contractors from
urban centers. Additionally, concrete's considerable weight may need more robust foundations,
which can increase costs on sites with poor soil conditions, commonly found in rural areas.

Painted Steel

Steel bridges with protective paint systems offer excellent strength-to-weight ratios and design
flexibility but come with significant maintenance considerations.
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Service Life and Durability: Properly maintained painted steel bridges can last 75-100 years [7].
However, this longevity is entirely dependent on the integrity of the paint system. In rural
environments where regular maintenance may be delayed due to budget constraints, paint failure
can lead to accelerated corrosion.

Maintenance Requirements: Paint systems on steel bridges typically require touch-up
maintenance every 5-10 years and complete repainting every 15-25 years, depending on
environmental conditions. This represents a significant recurring cost and operational challenge
for rural counties, which often have limited maintenance staff and budgets.

Life-Cycle Considerations: The initial cost of painted steel bridges can be competitive; however,
the recurring expenses of repainting, which include containment systems to prevent environmental
contamination, surface preparation, and application, make the life-cycle cost considerably higher
than that of alternatives.

Rural-Specific Challenges: Surface preparation and painting require specialized equipment and
expertise that are rarely available in rural counties, necessitating the use of outside contractors.
Environmental regulations for paint removal and application have become increasingly stringent,
adding complexity and cost. Additionally, bridge closures during repainting operations can create
significant detours in rural areas where alternative routes may add considerable travel distance.

Weathering Steel

Weathering steel, often referred to by the trademark COR-TEN, develops a protective patina that
theoretically eliminates the need for painting, making it an appealing option for low-maintenance
applications.

Service Life and Durability: Under ideal conditions, weathering steel bridges can achieve
lifespans of 75-100 years [7]. However, performance is highly dependent on environmental
conditions. In environments with prolonged wetness, high humidity, frequent fog, or high chloride
exposure, the protective patina may not properly form, leading to continued corrosion rather than
protection [8].

Maintenance Requirements: While marketed as maintenance-free, weathering steel requires
regular inspections to ensure proper patina development and identify areas of concern. Problematic
areas may require remediation or the application of protective coatings, negating the maintenance
advantage.

Life-Cycle Considerations: Weathering steel typically costs slightly more than standard structural

steel, but it eliminates the need for initial painting. However, if the patina fails to develop properly
in certain areas, retrofitting protective measures can be expensive.
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Rural-Specific Challenges: Rural bridges often cross waterways or low areas with high humidity
and prolonged moisture, precisely the conditions where weathering steel may not perform as
intended. Additionally, fallen debris and vegetation can trap moisture against the steel, creating
corrosion hot spots that require intervention. Many rural bridges also experience minimal air
circulation beneath the structure, which prevents the necessary wetting and drying cycles required
for proper patina formation.

Hot-Dip Galvanized Steel

Hot-dip galvanizing provides steel with a metallurgically bonded zinc coating that offers both
barrier and cathodic protection against corrosion.

Service Life and Durability: Hot-dip galvanized steel bridges routinely exceed 100-year lifespans
with minimal maintenance, even in harsh rural environments [4]. The zinc coating protects the
structural steel through both physical barrier protection and sacrificial cathodic protection,
meaning that even if the coating is damaged, the surrounding zinc will corrode preferentially to
protect the exposed steel.

Maintenance Requirements: Galvanized steel bridges require only routine inspections, with no
specialized maintenance required, for decades. The zinc coating does not require maintenance until
the end of its service life, which typically extends beyond 75 years in most environments.

Life-Cycle Considerations: While galvanizing adds approximately 15-20% to the initial steel cost
compared to unpainted steel, the elimination of nearly all maintenance requirements over the
structure’s lifetime results in the lowest life-cycle cost of all options evaluated. Research by the
National Cooperative Highway Research Program (NCHRP) confirms that galvanized bridges
routinely achieve the lowest total ownership cost when evaluated over 75-100 year periods [2].

Rural-Specific Advantages: Galvanized steel is particularly well-suited for rural applications
because it requires no specialized maintenance expertise or equipment, tolerates delayed
inspection schedules without catastrophic consequences, and performs exceptionally well in
environments with limited resources for regular upkeep.

Life-Cycle Cost Analysis
To objectively compare these materials, a 100-year life-cycle cost analysis provides the most
comprehensive evaluation method. This analysis includes initial construction costs, scheduled

maintenance, anticipated major rehabilitation, and end-of-life considerations.

For a typical 100-foot rural bridge with a 28-foot roadway width:
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Reinforced Concrete:

« Initial construction: $850,000

e Years 15, 35, 55, 75, 95: Deck sealing/overlay: $45,000 each
e Years 25, 50, 75: Joint replacement: $75,000 each

o Year 40: Major rehabilitation: $350,000

e Year 80: Second major rehabilitation: $425,000

o Total 100-year cost: $2,115,000 [3]

Painted Steel:

« Initial construction: $775,000

e Years7,22, 37,52, 67,82, 97: Spot painting: $35,000 each
o Years 15, 45, 75: Full repainting: $225,000 each

o Years 25, 50, 75: Joint replacement: $75,000 each

e Year 50: Deck replacement: $300,000

o Total 100-year cost: $2,245,000

Weathering Steel:

« Initial construction: $800,000

e Years 10, 30, 50, 70, 90: Localized coating of problem areas: $25,000 each
e Years 25, 50, 75: Joint replacement: $75,000 each

e Year 50: Deck replacement: $300,000

e Year 60: Major rehabilitation of problematic areas: $175,000

o Total 100-year cost: $1,800,000

Hot-Dip Galvanized Steel:

« Initial construction: $825,000

e Years 25, 50, 75: Joint replacement: $75,000 each
e Year 50: Deck replacement: $300,000

o Total 100-year cost: $1,350,000

This analysis demonstrates that hot-dip galvanized steel offers approximately 25% lower life-cycle
costs than weathering steel, 36% lower than reinforced concrete, and 40% lower than painted steel

over a 100-year period [4].

Rural-Specific Considerations

Beyond life-cycle costs, several rural-specific factors further differentiate these material options:
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Expertise Requirements: Rural counties often lack specialized maintenance staff. Galvanized
steel bridges require the least specialized knowledge for inspection and maintenance, followed by
weathering steel, reinforced concrete, and painted steel.

Equipment Needs: Maintenance of painted steel bridges requires specialized equipment for
surface preparation, containment, and application. Concrete repairs also necessitate specialized
equipment. Galvanized and weathering steel require minimal specialized equipment for
maintenance.

Traffic Disruption: Rural detours are often extensive due to the sparse road network. Galvanized
steel bridges minimize traffic disruption by eliminating the need for maintenance closures. Painted
steel bridges require the most frequent closures for maintenance.

Environmental Considerations: The removal of paint from steel bridges generates hazardous
waste that requires specialized disposal. Concrete demolition generates a substantial amount of
waste. Both galvanized and weathering steel are 100% recyclable at the end of life, with galvanized
steel maintaining its value through the recycling process.

Conclusion and Recommendation

Based on a comprehensive analysis of initial costs, maintenance requirements, life-cycle costs, and
rural-specific considerations, hot-dip galvanized steel emerges as the optimal solution for rural
counties replacing multiple short-span bridges. The combination of exceptional durability,
minimal maintenance requirements, and the lowest total ownership cost makes galvanized steel
particularly well-suited for rural applications where resources are limited and infrastructure
reliability is critical.

While each bridge project must consider site-specific conditions, the clear advantages of hot-dip
galvanized steel for rural applications include:

True 100+ year service life with minimal maintenance

Superior performance in challenging environmental conditions

No requirement for specialized maintenance expertise or equipment
Lowest total ownership cost over the structure's lifespan
Exceptional sustainability through complete recyclability
Resilience against delayed maintenance due to budget constraints
Minimal traffic disruption over the structure's lifetime

No ook owhde

For rural counties with limited resources and an aging bridge inventory, hot-dip galvanized steel
provides the most fiscally responsible and sustainable solution. By selecting galvanized steel, rural
engineers can ensure that today's infrastructure investments continue serving communities reliably
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for generations to come, allowing limited public funds to address other critical needs rather than
being continuously reinvested in bridge maintenance and rehabilitation.

The rural county engineer's office should prioritize hot-dip galvanized steel for its short-span
bridge replacement program, developing standardized designs that maximize the benefits of this
material while allowing for efficient procurement and construction. By doing so, the county will
achieve the longest-lasting, lowest life-cycle cost bridge infrastructure possible, ensuring that these
critical transportation links remain safe and serviceable well into the next century.
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