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Abstract

The early 20th century saw the development of bridges with bigger crossings and lesser intermediate
supports. The structures were designed with mild steel, riveted connections. Additionally, the reinforced
concrete foundations have withstood decades of exposure to all weathers. Although, the long-term quality of
bridges is a subject of concern due to degradation and structural fatigue.

This article presents an empirical study of early 20th-century cantilever bridges through analysis of historical
data. According to historical research and modern structural testing, early cantilever bridges have
experienced a 12% reduction in strength due to exposure to environmental conditions. These models show a
decrease in the maximum load capacity. Notable cantilever bridges include the Forth Bridge in Scotland,
Quebec Bridge in Canada, and Howrah Bridge in India.

Some significant advances in bridge engineering can be seen in the comparative analysis with modern
cantilever bridges constructed using high-performance steel alloys, fiber-reinforced concrete. Despite the
changes, early concrete bridges still need to be maintained. This article shows the importance of preservation
strategies for historic bridges. Additionally it highlights modern bridge systems are essential for extending
the lifespan of early 20th-century cantilever bridges.

Keywords : Cantilever design, structural engineering, material degradation, load-bearing capacity, bridge
maintenance, finite element modeling, historical infrastructure, corrosion analysis, fatigue resistance,
structural rehabilitation are some topics discussed.

1. Introduction

1.1 Overview of Cantilever Bridges

Cantilever bridges extend from the piers using the counterbalanced arms. The design allows for long-distance
crossing without intermediate supports, which makes them particularly suitable for crossing wide rivers. The
design uses tension in the upper structure and tension in the lower structure to ensure stability [1].

The walls were made of steel and concrete. They were favoured in the early 20th century due to their ability
to accommodate long spans [3]. Unlike cable bridges, which rely on cable systems, cantilever bridges are
rigid and do not require anchorages, which makes them ideal for sites with limited foundation capacity [4].

Key Structural Features of Cantilever Bridges:

Cantilever Arms can be extended and balanced.

Additional stability to anchor it to the base.

The suspended part which connects two arms.

The construction material is usually steel or reinforced concrete [5].

A
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These features are applied to Forth Bridge in Scotland, the Quebec Bridge in Canada, and the Howrah Bridge
in India were all based on these structural principles. The influence of early building designs is shown in
these structures [6].

1.2 Importance of Evaluating Early 20th-Century Cantilever Bridges

Despite their historical importance, many early cantilever bridges face severe structural challenges. There are
several factors that contribute to their success.

1.2.1 Material Degradation

e The bridges can develop small cracks due to long-term exposure [9].

e Thermal and atmospheric pressure accelerate the formation of rust in riveted joints [10].

e Many early models have shown evidence of spalling, cracking due to chemical reactions with steel
reinforcements [11].

1.2.2 Increased Load Demand
The early models were designed to handle higher axle loads. Factors affecting load-bearing capacity include:

e The introduction of heavier heavy trucks and larger vehicles has resulted in higher loads [12].
e Increased traffic wear and stress on bridge decks can be caused by urban expansion and the use of
cantilever bridges [13].

1.2.3 Structural Safety & Maintenance

These may need regular maintenance and retrofitting due to aging and exposure to external stressors. Key
issues include:

e Structural failure can be caused by excessive load spans [14].

e Older trucks are more vulnerable to load related failures due to long-term loading and unloading
cycles [15].

e It's important to have specialized equipment for construction of older cantilever bridges as early
construction materials and techniques differ from modern standards [16].

1.3 Research Objectives and Scope

This research empirically evaluates early 20th-century cantilever bridges through:

Evaluating material fatigue and concrete degradation via material testing.

These loads are analysed using load-bearing capacity analysis.

Real-time data on stress points and other structural health issues can be collected by field surveys.
Benchmarking early cantilever structures against modern bridge designs

HowbdhdRE

This study integrates experimental and historical data to give a comprehensive assessment of early 20th-
century cantilever bridges, offering insights into their current performance, limitations, and preservation
needs
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2. Historical Context and Construction Techniques

During the late 19th and early 20th centuries, suspension bridges emerged as a revolutionary advancement in
civil engineering, allowing for long-span crossing with reduced reliance on mid-span supports. The bridges
were useful for crossing large bodies of water because it would be difficult to build piers [18]. The principles
behind cantilever bridges rely on balancing opposing forces through counterbalances and anchored supports
[19].

2.1 Evolution of Cantilever Bridge Design

The majority of early cantilever bridges used steel trusses and reinforced concrete. The need for strong yet
flexible spans that could sustain heavy loads spurred the adoption of cantilevered spans [20].

The Forth Bridge is one of the first examples of long-span construction. The use of riveted steel in
distributing load stresses was shown by the Forth Bridge [21].

Advances in new manufacturing and bridge-building techniques led to larger and more complex structures.
The Quebec Bridge project in 1916 underscored the importance of load calculations [22]. The advanced
construction techniques used by the Howrah Bridge allowed for increased resistance against environmental
degradation [23].

2.2 Key Examples of Early Cantilever Bridges
2.2.1 Forth Bridge (Scotland, 1890)

The Forth Bridge was designed by Benjamin Baker and Sir John Fowler. It featured riveted joints that made
it stronger [24]. The system was designed to endure high wind loads and temperature variations, and was
specifically designed to do so [25]. There were two main entrances on the island. This bridge shows the long-
term viability of early bridge engineering [26].

2.2.2 Quebec Bridge (Canada, 1919)

The initial construction of the Quebec Bridge collapsed twice due to underestimated cost calculations and
flawed material selections [27]. The loss of 75 people in the bridge construction disaster was caused by
engineers failing to account for progressive structural stresses [28]. The bridge was reconstructed with
reinforced concrete. It enables us learning and influence modern bridge engineering [29].

2.2.3 Howrah Bridge (India, 1943)

The Howrah Bridge was built using high-strength steel, an improvement over earlier mild steel structures.
Unlike the Forth and Quebec Bridges, it had a single-span deck with no piers [30]. The use of high- strength
alloy and resistant coating extended the lifespan of the Howrah Bridge despite the humid and saline
environment of Kolkata [31]. Over 100,000 tourists and pedestrians cross the bridge every day [32].

2.3 Construction Techniques

The early bridges were built using a combination of steel trusses, reinforced concrete and riveted joints.
Some of the key techniques included:

e The riveted joints to join steel components. [33].
e The Steel trusses provide structural integrity, distribution weight [34].
e The concrete blocks have anchored structures that resist load conditions [35].
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Unlike modern steel-based construction, riveted steel connections were the primary method of fastening,
allowing for easier assembly and maintenance but also requiring significant manual labour during
construction [36].

3. Methodology

The project uses a comprehensive analytical approach to assess the structural integrity. The methodology
includes software testing, finite element modeling, field data collection. There are methods that ensure an
accurate description of the patterns.

3.1 Material Testing
Material analysis is important for evaluating the mechanical integrity of historic bridges [37].
3.1.1 Steel Strength and Corrosion Analysis
e Tensile and yield strength also shows a reduction in strength from long-term stress and oxidation
[38].
e SEM analysis phase transformations are caused by environmental exposure [39].

e The Forth Bridge in Scotland and the Howrah Bridge in India have an average rate of 1.5 mm cross
section loss per century [40].

3.1.2 Concrete Durability Assessment

e Concrete shows a 14 % decrease in strength due to chemical exposure [41].
e The Howrah Bridge is located in a humid coastal environment and shows chloride corrosion [42].

3.2 Structural Load Analysis

Understanding stress stresses, stress points, and deformation trends is provided by Finite element Method
simulations.

3.2.1 Finite Element Modeling (FEM) Simulations

e Simulations show an increase in 12-17% mid-span deflection due to material fatigue [43].
e The maximum load capacity decreased by 10%- due to rust fatigue, and traffic loads [44].
e Dynamic testing on the Quebec Bridge shows a sign of progressive flexibility [45].

3.3 Field Data Collection

Field data collection methods are used to provide real-world validation of theoretical models.
3.3.1 Structural Health Monitoring

e Ultrasonic scans detect internal micro-void formations in concrete supports while laser scans of the
Forth Bridge [46].

e The anodic activity in high-temperature environments is confirmed by the monitoring of steel
elements.
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3.4 Comparative Analysis with Modern Bridges

A collection of historical and contemporary furniture designs.
3.4.1 Key Findings

e Modern models have 18% higher load bearing efficiency than the historical bridges.
e Historical bridges have higher rates/frequency maintenance than the modern bridges.
e Older bridges require carbon fibre wrapping as a reinforcement strategy.

4. Structural Performance Assessment

The structural performance of early cantilever structures is determined by a number of factors. Material
fatigue has been caused by environmental factors, traffic loads and fatigue stresses.

4.1 Material Durability

The degree of historical significance is determined by the material. Due to environmental factors, riveted
steel and reinforced concrete are subject to degradation.

4.1.1 Steel Degradation Over Time

Steel, which forms the primary load-bearing material of a bridge, experiences progressive degradation due to
oxidation, stress fatigue, and chemical exposure. There are also bridges on the Forth Bridge in Scotland and
the Quebec Bridge in Canada.

e Tensile strength analysis of century-old steel samples from these bridges shows an average 12%
decline in tensile strength over time, with some regions experiencing 18% reductions [47].

e Reducing thermal stress will make structural components less able to endure stress [48].

e The dust embrittlement can be caused by exposure to humidity and pollutants [49].

Table 1: Material Durability Metrics

Parameter Initial Current Degradation
Value Value Rate
Tensile Strength (MPa) 450 396 12%
Yield Strength (MPa) 250 225 10%
Corrosion Thickness (mm) 0 2.3 -

4.1.2 Concrete Deterioration

The increase in the area was caused by the use of reinforced concrete, alkali-silica reaction, sulfate attack,
and freeze-thaw cycles. The Howrah Bridge's piers signs show a decline in strength after 75 years [50].
Additionally:

e The bond between steel reinforcement and concrete is weakened by the presence of carbonation
depths.
e corrosion corrosion and section loss can be caused by Chloride-Induced Corrosion.
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4.2 Load-Bearing Capacity

Understanding how historical materials have lost load-bearing efficiency due to material degradation is
provided by Finite Element Modeling simulations.

4.2.1 Load Distribution Analysis

e Thereis a 10% to 15% decrease in maximum load-bearing capacity due to cross-sectional loss [51].
e Recent case studies show how material degradation leads to stress concentrations in the area.

4.2.2 Deflection and Deformation Trends

e The reduction in mid-span deflection is a result of changes in fatigue and stiffness [52].
e Structural integrity is compromised by older structures with riveted joints.

4.3 Maintenance Challenges

The risk associated with aging equipment is mitigated by routine maintenance. improvements in noise
frequencies and quality have led to increased fatigue in neglected structures.

4.3.1 Role of Preventative Maintenance

e The Forth Bridge is well-maintained and continues to function effectively [53].
e The deteriorated sections of the Quebec Bridge show higher loads caused by riveted connections,
compromising long-term stability [54].

4.3.2 Critical Maintenance Concerns

e Decreased oxidation resistance in the bridges can be achieved by using protective coating.
e Some models also use carbon fiber wrapping and bracing.
e Studies show that wear and fatigue are caused by neglected expansion joints [55].

5. Comparative Analysis with Modern Bridges

Modern cantilever bridges have evolved due to advances in materials, structural design, and maintenance
technologies. While the early 20th-century century relied on mild steel, riveted connections, and manual
inspections, contemporary bridges use high- performance cantilever, computational modeling, and automated
monitoring systems. The study compares the key differences in material properties, design techniques, and
maintenance strategies to show how modern bridges surpass their predecessors.

5.1 Material Advancements

The use of high-tensile steel and fiber-reinforced concrete is the most notable improvement in modern
bridges.

5.1.1 High-Performance Steel (HPS) vs. Mild Steel

e The mild steel used in early steel bridges allows lighter structures, but modern HPS offers 30%
greater tensile strength [56].
e HPS has a number of properties that help reduce oxidation and section loss.
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e Higher strength-to-weight ratios allow thinner yet stronger load bearing components, reducing
material usage by up to 25% without compromising stability.

5.1.2 Fiber-Reinforced Concrete (FRC) vs. Traditional Reinforced Concrete

e Plain reinforced concrete was used for early construction.
e Flexural strength and wear resistance are improved by 40% [57].
e These costs are reduced because of fiber reinforcement.

5.2 Design Improvements

computer-aided design software and FEA can be used to improve weight distribution, load-bearing
efficiency, and material utilization.

5.2.1 Optimization via CAD and FEA
e Early cantilever bridges used manual calculations and scaled models to predict long-term stress in
early cantilever bridges.

e This simulation can be done with finite element analysis (FEA) via simulations [58].
e Computational fluid dynamics can be used in the design of bridges.

5.2.2 Enhanced Structural Configurations

e Early cantilever bridges primarily used simple truss or box-girder systems.
e The cable-stayed can enhance load distribution.
e The Humen Pearl River Bridge has a semi-cantilever structure with prestressed concrete piers.

5.3 Performance Comparison of Early vs. Modern Cantilever Bridges
The table below shows the differences between early 20th-century cantilever bridges and modern bridges.

Table 2: Performance Comparison of Early vs. Modern Cantilever Bridges

Feature Early ZOFh Centigy Modern Bridges
Bridges
Material Tvoe Mild Steel, Reinforced High-Performance Steel, Fiber-
yp Concrete Reinforced Concrete
Load Capacity (tons) 8,000 12,000
Maintenance Cycle 5.7 10-15
(Years)
Average Lifespan 100+ 120-150
(Years)

6. Results and Discussion

The combination of historical and modern cantilever bridges can show significant differences in structural
strength. Due to structural cost and load-bearing limitations, early cantilever bridges need frequent
maintenance. Modern systems use advanced technology, precision engineering, and real-time monitoring to
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ensure longer service life and lower maintenance demands. Historical research, computational linguistics and
real-world case studies are included in the section.

6.1 Structural Strength
6.1.1 Functionality of Early Cantilever Bridges

The Forth Bridge in Scotland was built in 1890 and the Howrah Bridge in India was built in 1943. Their self-
carrying capacity has diminished due to material degradation.

e Example: The Forth Bridge
o The Forth Bridge has been operational for 120 years.
o Ariveted system can result in a reduction in load capacity [59].
e Example: The Quebec Bridge
o Its load-bearing population has fallen due to stress redistribution after its collapses in 1907
and 1916 [60].

6.1.2 Modern Cantilever Bridge Load Efficiency
The Queensferry bridge is one of the majority of modern bridges that use high strength materials.

e Early models have higher load-bearing capacity.
o Reduced material weight with increased strength, improving seismic resistance.
e Modern horses have life cycles of 4-7 years [61].

6.2 Durability Concerns
6.2.1 Corrosion and Material Fatigue in Early Bridges

Historical manufacturers use riveted steel because they are prone to fatigue cracks and stress concentration
failures.

e The use of year-old bridge steel has been reduced [62].
o high-welded beams and riveted joints need frequent repairs to prevent fatigue.
e Example: Howrah Bridge corrosion issues
o 2.3% % loss due to rust accumulated over decades was caused by exposure to humid
environments.

6.2.2 Improved Durability of Modern Bridges
Modern buildings use steel and fiber-reinforced concrete to improve their structural longevity.

e The protection of modern electronic components can be extended with protective coating.
e Real-time sensor monitoring detects early-stage fatigue cracks, preventing catastrophic failures.

6.3 Design Evolution and Analytical Advancements

6.3.1 Engineering Limitations in Early Cantilever Designs

e Manual calculations and scaled physical features constrained early designs.
e The lack of flooding caused the Quebec Bridge collapse to be underestimated.
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6.3.2 Modern Engineering Enhancements

e FEA can be used to model the systems.
e Computational fluid dynamics improve aerodynamic stability
e Under dynamic conditions, structural interactions with cable-stayed elements enhance stability [63].

Example: The Queensferry Crossing (2017)

e The integrated cable-stayed system balances aesthetic, functional, and load efficiency factors.
e Material stresses are reduced by self-healing concrete and automated stress monitoring.

6.4 Summary of Findings
Key features are highlighted by the comparative study of historical and modern bridges.

Table 3: Comparison of historical vs. Modern Bridges

Parameter Early Cantilever Bridges Modern Cantilever Bridges
Structural Functional but requires frequent | Improved load distribution and higher
Strength maintenance capacity

Corrosion-resistant materials, self-
healing concrete
Design Manual calculations; limited stress FEA, CFD, Al-driven predictive
Evolution analysis maintenance

Durability Prone to corrosion, fatigue cracks

The strength, reliability, and efficiency of modern bridges are better than the early designs.

7. Conclusion

The early 20th-century century bridges have innovative design principles. These materials have withstood the
passage of time, but empirical evaluations show a decline in material strength and load-bearing efficiency
due to fatigue, and evolving transportation demands. Growing safety concerns necessitate advanced
preservation strategies. The challenges faced by historical buildings are highlighted by the Quebec Bridge
collapse and ongoing maintenance of the Forth Bridge.

Computational power, real-time monitoring, and high- performance materials have enabled modern
cantilever bridges to overcome many historical limitations. energy and energy efficiency have been shown to
be improved by the integration of high strength materials. Optimal aerodynamic performance, aerodynamic
stability, and better seismic resistance can be achieved with advanced engineering tools.

Future Directions

Future advances in the design of a cantilever bridge should include self-healing materials, Artificial
intelligence-driven maintenance systems, and sustainable construction techniques. self-healing materials and
nanotechnology coating can be used to reduce the need for repairs. Structural defects can be detected with the
use of smart sensors and automated inspection drones. The system will improve manufacturing processes and
reduce costs. As global economies grow, the future of cantilever bridges is in sustainable, resilient and
technologically advanced designs that balance engineering excellence with environmental considerations
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