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Introduction
Bridges are a vertebra in the backbone of society. They can provide quicker route alternatives, or provide access to previously unreachable, untouched, uncharted territory. This paper explores the some of the different types of bridges, their structural systems, their materials, and their method of construction.
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Types of Bridges
Arch Bridges
[image: ]
Figure 2
According to Engineering Infinity (2024), arch bridges have a curved structural framework that separates loads into compressive forces along the arch and into the supports. Arch bridges tend to be made of steel, concrete, or stone, making arch bridges are incredibly durable (BridgeMasters, n.d.). 
In arch bridges that require larger spans and better performance they are generally made of steel and reinforced concrete (EngineeringInfinity, 2024). To endure the large forces diverted to the ground, they need strong supports, which are generally made with reinforced concrete as concrete is great in compression.
Real world examples
[image: New River Gorge Bridge with the sunrise]
Figure 3 - New River Gorge Bridge located in West Virginia, USA
[image: Discover the Pont du Gard - A thousand-year-old legacy of the Roman Empire]
Figure 4 - Pont du Gard located in Gard, France
[image: A Guide to Venice's Historic Rialto Bridge]
Figure 5 - Rialto Bridge located in Venice, Italy
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Beam Bridges
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Figure 6
Beam bridges consist of a horizontal beam that is supported by vertical supports at both ends. When subjected to load, the bridge will experience bending, which results in compression in the upper fibres, and tension in the lower fibres of the beam (Woodford, 2023). They are well suited for short spans, as bending stress escalates quickly when span length is increased, however beam bridges can be made longer by using median supports to help mitigate bending (Billington, n.d.).
Beam bridges are cost effective due to the design, which makes them popular in road construction (Civil Tutorials, 2025). Despite the popularity they tend to be less efficient in comparison to other types of bridge as they depend on material strength as opposed to the bridge geometry to resisting loads (Woodford, 2023).
Real world examples:
[image: Chesapeake Bay Bridge-Tunnel | Maps & Transportation]
Figure 7 - Chesapeake Bay Bridge located in Virginia, USA


[image: Donghai Bridge - Alchetron, The Free Social Encyclopedia]
Figure 8 - Donghai Bridge located in Shanghai, China
[image: Top 10 Longest Bridges Around the World - Live Enhanced]
Figure 9 - Manchac Swamp Bridge located in Louisiana, USA


Cantilever Bridges
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Figure 10
Cantilever bridges are used when medium to long spans are required and distribute loads through tension and compression forces on its components, which helps ensure structural stability (Woodford, 2023).
Although more modern designs such as cable-stayed bridges are often used for longer spans however cantilever bridges are still important due to the construction advantages and ability to be built incrementally in difficult environments (Billington, n.d.).
During construction, horizontal systems extend outwards from the supports, which allows the structure to support itself without the need of temporary supports or scaffolding (Fiveable, 2024).





Real world examples:
[image: #Bridges Forth Bridge #Bridge #Reflection #Scotland #1080P #wallpaper # ...]
Figure 11 - Forth Bridge located in Queensferry, Scotland
[image: Quebec Bridge, Pont De Quebec by historicbridges on DeviantArt]
Figure 12 - Quebec Bridge located in Quebec, Canada
[image: 19 Commodore Barry Bridge Royalty-Free Photos and Stock Images ...]
Figure 13 - Commodore Barry Bridge located in Pennsylvania, USA
Suspension Bridges
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Figure 14
Suspension bridges have main cables suspended between towers, with the bridge deck supported by vertical suspenders, the primary cables bear tensile forces and transfer loads to anchorages at the ends of the bridge (Bharti and Bajaj, 2022). 
Suspension bridges are ideal for extensive spans due to their effective load distribution and reduced structural weight, however, they are flexible structures and can be affected by wind loads and vibration, requiring careful aerodynamic design (Billington, n.d.).
Real world examples:
[image: Golden Gate Bridge ‑ Length, Facts & Height | HISTORY]
Figure 15 - Golden Gate Bridge located in California, USA
[image: Akashi Kaikyo Japan | Akashi Kaikyo Bridge – SQMKS]
Figure 16 – Akashi Kaikyo Bridge located in Honshu, Japan
[image: The Verrazano-Narrows Bridge]
Figure 17 - Verrazano-Narrows Bridge located in New York, USA




Truss Bridges
[image: ]
Figure 18
Truss bridges consist of interconnected triangular units that allow loads to be transmitted as axial forces rather than bending forces. Common designs of trusses include Pratt, Howe, and Warren trusses, each suited for various force distributions (EngineeringInfinity, 2024). 
The triangular arrangement offers significant strength and structural stability, rendering truss bridges highly effective for supporting heavy loads, such as those from railway traffic. However, despite their efficiency, truss bridges necessitate numerous individual components and joints, which in turn elevate maintenance demands and construction complexity (Prasad, n.d.).
Real world examples:
[image: Ikitsuki Bridge Bay Bridge, Altered Photo, Landscape, 52% OFF]
Figure 19 - Ikitsuki Bay Bridge located in Nagasaki, Japan
[image: Taylor–Southgate Bridge | Built in 1995 this bridge connects… | Flickr]
Figure 20 - Taylor-Southgate Bridge located in Kentucky, USA
[image: Kingston Rhinecliff Bridge | Bahnstecke New York -Buffalo | Flickr]
Figure 21 - Kingston Rhinecliff Bridge located in New York, USA



Typical Loads
Bridge design requires many different types of loads to be considered, however depending on the intended use the amount of them can be reduced. 
Live load is an active moving force, for example, pedestrians or vehicles this is a main part of bridge design as the type of bridge, amount of reinforcement and feasibility can be determined by identifying the gratitude of this load.
Dead load is an ‘idle’ load, for example, self-weight or ancillary items on the bridge itself, this can help determine foundations required, and if a bridge is able to hold its own weight.
Environmental loads such as wind, temperature changes, seismic activity and weather should also be considered to ensure the structure survives it’s intended lifespan. The loads applied as environmental depend on the surrounding area and location, in Los Angeles seismic activity is a large factor in all structural design whereas in the United Kingdom it may not even be considered.

Methods of Bridge Construction
How a bridge is constructed largely depends on the work area, material used and the type of bridge. As previously mentioned in the cantilever section, the primary columns are put into place first with the installation of horizontal components following afterwards. This helps reduce the amount of temporary works and minimises the work area required.
In terms of concrete construction, there is generally two options, cast in place and precast construction. Cast in place involves forming temporary framework and pouring the concrete onsite this is better for smaller scale projects, whereas precast construction involves the elements being produced offsite and craned into place this is much better for large scale projects as it can reduce the time spent on site but can also allow for more complicated shapes in the bridges overall design.
Accelerated Bridge Design (ABC) is similar to precast construction in the fashion of prefabricated components, this involves the production of steel or other material elements occurring offsite and then assembling them onsite. This reduces construction time and minimises disruption.

Innovations in Bridge Construction
Despite the millennia long lifespan of the bridge, continued innovation to make design and construction of bridges is still prelevant in the structural engineering space. BIM technologies are used heavily in the design of bridges nowadays and can help increase the accuracy of designs while streamlining the drawing production process.
The usage of high performance materials such as ultra-high-performance concrete and FRP materials improve durability of the bridge itself and reduce weight. Smart bridge systems are also used to monitor a bridges performance and to detect structural issues in real time to help avoid large fatalities and prevent failure before it is too late.














Conclusion
The construction of bridges represents a complex element of structural engineering, requiring meticulous attention to structural systems, materials, loads, and construction methodologies. 
Different types of bridges offer different solutions tailored to specific engineering challenges, with each type presenting benefits that depend on span length, environmental conditions, and financial considerations. The advancement of modern materials and cutting edge construction techniques has greatly enhanced the efficiency, durability, and sustainability of bridges. 
The effective design and building of bridges depend on a blend of in-depth engineering, state-of-the-art technology, and sound decision-making to guarantee safe and long lasting infrastructure.
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