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1. Introduction

Bridges are critical civil engineering structures that connect communities, enable trade and overcome geographical barriers (Chen and Duan, 2014). Bridge engineering integrates structural mechanics, materials science, geotechnics and construction management to deliver safe, durable and economical crossings. This paper surveys different types of bridges classified by structural system, materials and construction method, then examines the principal design considerations and loading regimes, and lastly explores recent innovations through international case studies.












2. Types of Bridges
2.1 Structural System
Girder Bridges 
Girder Bridges are the simplest form, where horizontal members resist bending and shear to transmit loads to vertical piers and abutments. They dominate highway overpass construction and typically span up to about 250 meters using steel box girders (Chen and Duan, 2014).
[image: Better Precast Girder Bridge Design with ALLPLAN: A Complete Workflow  Solution]
Arch Bridges 
[image: Who Constructed the Sydney Harbour Bridge?]Arch bridges transfer loads primarily through axial compression along the curved arch profile, exploiting the high compressive strength of stone, concrete or steel. For example, Sydney Harbour Bridge with a 503 m steel through-arch remains an iconic example (Bennett, 2008).



Truss Bridges 
Truss bridges use triangulated members carrying purely axial tension or compression to span medium to long distances efficiently. Use the Forth Bridge in Scotland as an example, the cantilever truss with two 521 meters main spans demonstrates the strength to weight efficiency of triangulated systems (ICE, 2008).
[image: Forth Bridge | Leading Public Body for Scotland's Historic Environment]
Cable-stayed Bridges
Cable-stayed bridges suspend the deck from inclined stay cables anchored to one or more towers. Loads are transferred through cable tension to the towers and into compression at the foundations. The Millau Viaduct in France spans 2,460 meters using seven pylons and is widely regarded as a landmark of the form (Virlogeux, 2002).
[image: VIADUC DE MILLAU - All You SHOULD Know Before You Go (w/ 2026 Reviews)]



Suspension Bridges
Suspension bridges carry the deck from vertical hangers connected to main cables draped between towers and anchored at each end. Suspension is the primary solution for the longest spans. Akashi Kaikyō Bridge in Japan holds a 1991 meters main span (Kawada, 2010).
[image: Akashi Kaikyo Bridge: A marvel of modern engineering connecting Honshu and  Awaji Island | Japan E...]









2.2 Materials
Reinforced and Prestressed Concrete
Reinforced and prestressed concrete offer high compressive strength, fire resistance and low maintenance. It is good for short to medium girder and arch bridges. Prestressing extends spans economically by pre-compressing the concrete to counteract tensile stresses under live load (Hewson, 2011).
[image: ]

Structural Steel
Structural steel combines high tensile and compressive strength with ductility, allowing long spans, slender members and rapid construction. Weathering steel reduces the need for protective coatings and is now standard on many highway bridges (Chen and Duan, 2014).
Composite Construction
Composite construction combines a steel girder with a concrete deck connected by shear studs, exploiting the tensile capacity of steel and the compressive capacity of concrete. It is now standard for medium span highway bridges in the UK (Hewson, 2011).


2.3 Design Considerations and Loads
In the United Kingdom, bridge design follows BS EN 1991-2 for traffic actions and BS EN 1990 for combinations of actions (BSI, 2003).
Design loads are typically grouped as follows:
· Dead loads: self-weight of the structure and superimposed dead load such as surfacing and parapets.
· Live loads; loads that can change, like vehicles on the bridge, pedestrian and rail loadings.
· Environmental loads: wind, snow, temperature gradients, and seismic actions.
· Accidental loads: vehicle impact, ship collision and explosions.
Designers must check two main limit states: Ultimate Limit State (ULS) for strength and overall stability, and Serviceability Limit State (SLS) for usability issues such as deflection, cracking and vibration (BSI, 2003). For steel bridges, fatigue from repeated traffic loading is important, and long-span cable-supported bridges must also be checked for aerodynamic stability (Billah and Scanlan, 1991).
2.4 Methods of Construction
Construction methods are selected based on span, site access, ground conditions and cost.
1. Cast-in-situ concrete uses temporary formwork and falsework to mould the deck on site and suits short spans where ground access permits (Hewson, 2011).
2. Precast segmental construction prefabricates concrete segments off-site for rapid assembly, minimizing disruption. Segments may be erected using span-by-span overhead gantries or by balanced cantilever methods.
3. Balanced cantilever construction extends segments symmetrically from each pier, eliminating falsework over the obstacle below. It is widely used for long-span concrete and composite box-girder bridges (Mathivat, 1983).
4. Incremental launching casts segments behind an abutment and pushes them across the piers using hydraulic jacks; it is economical for repetitive medium-span viaducts.
5. Cable-supported bridge erection typically uses free cantilever methods, with deck segments lifted into place and stay cables or hangers tensioned progressively from the towers (Virlogeux, 2002).






3. Case Studies and Innovations
Millau Viaduct, France (2004)
The Millau Viaduct is a very tall cable-stayed bridge in southern France. It was designed by Foster + Partners with engineer Michel Virlogeux. The bridge is about 2,460 m long and is made of several spans supported by seven piers and pylons.
It uses a steel orthotropic deck, which means the roadway is a light steel deck strengthened by ribs or stiffeners, so it can carry traffic without becoming too heavy.
During construction, the deck was launched into place by pushing it forward a little at a time from each end of the bridge. Temporary support towers helped hold the deck while it moved. Hydraulic skidding equipment, using powerful jacks on sliding surfaces, provided the force to push the deck forward. This shows how the bridge’s shape and structural system were chosen to match a practical way to build it safely at height (Virlogeux, 2002).

Akashi Kaikyō Bridge, Japan (1998)
Built to resist typhoons and seismic events, including the 1995 Kobe earthquake, which lengthened the central span by approximately one meter during construction. This 1991 meter suspension bridge used prefabricated parallel-wire-strand main cables and tuned mass dampers to control vortex-induced vibration (Kawada, 2010).



MX3D Bridge, Amsterdam (2021)
The 3D-printed steel pedestrian bridge shows how new methods and digital tools can change bridge construction. New materials like Ultra-High Performance Concrete (UHPC) can reach compressive strengths above 150 MPa, allowing thinner decks and longer spans (Russell and Graybeal, 2013). Fiber Reinforced Polymer (FRP) decks can reduce self-weight and improve corrosion resistance. Building Information Modelling (BIM) and digital twins also support whole-life management, using sensors to track stress, vibration and corrosion in real time (Shim et al., 2019).

Queensferry Crossing, Scotland (2017)
The 2.7-kilometer Queensferry Crossing is the world's longest three-tower cable-stayed bridge. Its overlapping mid-span stays, where cables from adjacent towers cross over the central pier, increase deck stiffness and eliminate the need for a continuous suspended span (Transport Scotland, 2018). Construction relied heavily on offshore precasting and floating sheerleg cranes, demonstrating how modern bridges can be assembled over busy estuaries with minimal disruption to navigation.
[image: Queensferry crossing: huge carbon saving - Ramboll]





4. Conclusion
Bridge construction is a synthesis of structural form, material capability and construction method. They are all governed by rigorous design codes addressing strength, serviceability and durability. From beam to suspension, from concrete to UHPC, and from cast-in-situ to incremental launching, each combination is selected to suit span, site and economics. Continued innovation in materials, digital design and construction techniques is extending bridge spans, lifespans and sustainability, ensuring that bridge engineering remains at the forefront of civil infrastructure.
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Pre-stressing increases the tensile strength of the concrete because future service loads
must negate the compressive strength introduced by the tensioning strands.
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