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1.0 Introduction

Urbanisation has grown globally over the previous century, with projections by Kundu and Pandey (2020) indicating that two-thirds of the world’s population will be concentrated in urban areas by 2050. This shift has increased the demand for multi-storey housing options, particularly in dense, urban areas, such as London in the UK. Structural engineers play a crucial role in ensuring safety while expanding housing vertically. They must also ensure serviceability whilst considering economics.
When analysing the structure, engineers must predict varying loads, such as environmental forces, and internal forces such as torsion. This is why structural analysis is critical for understanding a structure, as if no analysis is undertaken, failure can occur. The effectiveness of multi- storey structures is determined by selecting the appropriate structural system and materials, whilst considering overall performance, timescales, cost, and sustainability. This piece of literature will critically evaluate common and effective structural systems, material selection, design, and innovative construction methods whilst considering relevant examples across the world.

2.0 Structural Systems in Multi-Storey Buildings
2.1 Load-Bearing Wall Systems
Load-bearing walls are a traditional approach to wall construction in a structural system, where vertical loads and lateral loads are transferred through a masonry or concrete wall, playing a fundamental role in stability and resistance to forces, as shown in figure 2 (Site & Field International, 2025). Whilst commonly used in low to medium buildings, their application in higher rise buildings is limited. The limitation lays in the scalability, as the building height increases, the thickness of the load bearing wall must also increase, increasing the vertical forces placed on the structure (Designing Buildings, 2022). Furthermore, the modification of the load-bearing wall is limited, meaning alteration to design is unfeasible and costly, making it a poor option for high [image: ]rise buildings. While cost effective and simple to construct, its weight and height limitations render it largely unsuitable for developments beyond mid-rise. 

Figure 2. A typical load-bearing wall (Site & Field International, 2025)


2.2 Framed Structural Systems.
A framed systems consists of beams and columns and is commonly used across multi-storey construction in the UK (Cope, 2025).  Common materials used in framed systems comprise of concrete, structural steel, and composite materials (a material using two or more material types to improve performance (Brick & Bolt, 2024)). 
Steel frames are stronger than concrete, compared to its weight, whilst offering fast construction through the process of prefabrication, making them ideal for high-rise multi-storey buildings (Cope, 2025). Contrastly, reinforced concrete has greater fire resistance, while offering superior acoustic insulation and resistance to rust, making it a popular option for housing in the UK (Cope, 2025).
[image: ]One key advantage of using framed systems is their ability to both be structurally strong and architecturally flexible. Non-load-bearing partition walls enable different interior design, something particularly valuable in residential and commercial buildings. However, one disadvantage of framed structures is the poor lateral stiffness displayed in high rise, multi-storey buildings (Rao et al, 2022). 

Figure 3. Rigid frame system in Chicago (The Constructor, 2021a).



2.3 Shear Wall and Core Systems
Shear walls and core systems are important for construction, resisting lateral loads, such as winds, which are one of the biggest issues for multi-storey buildings (How Engineering Works, 2017). Reinforced concrete shear walls improve the structures stiffness, limiting lateral deflection (How Engineering Works, 2017).
[image: ]Core systems are central in a multi-storey building, combining stability and functionality, giving room for services such as lift shafts, improve efficiency. However, if the building is not symmetrical, the building can experience torsion irregularities (Victor, 2025). A key example is The Shard, using a reinforced concrete core alongside a steel frame, resisting lateral and vertical loads (International, 2018).  This approach shows the effectiveness of integrating multiple systems together, optimising performance. 


Figure 4. different types of structural core (Paknahad et al, 2019)


2.4 Tube Structural Systems
[image: ]Tube systems are an innovative solution for multi-storey construction, allowing buildings to act like a “hollow cylindrical tube cantilevered perpendicular to the ground” (The Constructor, 2021b). This structure can deflect lateral loads, reducing the need for internal structural elements (The Constructor, 2021b). The tubes carry most of the building’s lateral forces and moments, allowing the structure to focus on supporting gravitational loads (The Constructor, 2021b). The Willis Tower uses a bundled tube system, with nine tubes connected with a central concrete core, resisting wind at greater heights (Sachapara, 2025). Despite its efficiency at heights, the tube systems require precise construction design, limiting the architectural design on the exterior. Figure 5. types of tube structural systems (The Constructor, 2021b

.
    

2.5 Buttressed Core Systems
The Buttressed core system is an evolution of the concepts of core and tube systems, providing great stability for multi-storey structures, widening its base (Engineer Fix, 2025). The Buttressed core system intrigants a central core, with three extending wings, creating a ‘Y’ shape, as displayed in figure 6, resisting lateral loading, such as wind and seismic activity (Engineer Fix, 2025). 
[image: ]One case study of a Buttressed core in practice is the Burj Khalifa, providing an insight into how geometry and structural integration can resist lateral forces at extreme heights. This system represents great innovation, allowing structural mechanics to design higher structures, allowing for an impressive façade. However, the system involves significant complexity compared with other systems. Figure 6. a buttressed core system from above (Ali and Al-Kodmany, 2022)



3. Materials in Multi-Storey Construction
[image: ]3.1 Reinforced Concrete
Reinforced Concrete is a popular option for construction due to its durability, fire resistance, and cost effectiveness (Oldham, 2023). Reinforced concrete has high tensile and compressive strengths, resisting failure under different loads (Oldham, 2023). However, the weight of the concrete can increase strain on foundations, and construction can be labour intensive due to the curing. Despite limitations, reinforced concrete is essential to construction, being popular in residential buildings due to its fire resistant properties. Figure 7. a reinforced concrete structure (Obinna, 2020).



3.2 Structural Steel
[image: ]Steel offers an improved strength to weight ratio along with speed of construction, particularly in prefabricated construction. (Artizono, 2025). Furthermore, steel has a great degree of ductility, meaning it can undergo significant deformation before failure (Artizono, 2025). The lightweight nature of steel means less vertical strain on foundations, allowing for high rise construction.
However, steel requires external fire protection, usually through coatings, which increase cost and intricacy. Corrosion is also an issue with steel when exposed, needing greater levels of maintenance. 
Figure 8. a structural steel frame (Burdette, 2020)


3.3 Composite Construction (Multiple Material)
[image: ]Composite systems use a combination of steel and concrete elements, improving the structures efficiency and performance (Yusuf et al, 2025). Steel beams combine with concrete slabs and provide an increased load capacity, whilst reducing material usage. This approach is very common and effective in construction in the UK, having the balance between strength, speed, and efficiency.Figure 9. a composite floor system (Yusuf et al, 2025).


3.4 Timber 
Engineered timber, such as cross-laminated timber (CLT), has become a popular, sustainable option in multi- storey construction. Timber construction has become quicker and more effective since prefabrication has become popular (Younis and Dodoo, 2022). CLT also has reduced carbon emissions, improving sustainability. 

[image: ]The Mjøstårnet is an example of a timber multi-storey structure, as shown in figure 10, standing at 84 tall, demonstrating its potential for high rise. However, limitations in the build height potential, fire safety, and price must be considered prior to construction (The Constructor, 2020) Figure 10. the Mjøstårnet under construction (The Constructor, 2020).



4.0 Design and Loading Considerations.
4.1 Load Type
[image: ]When designing multi-storey building, structural mechanics must consider dead loads, wind loads, live loads, and seismic activity (Ernst, 2024). The value of these forces, especially wind, is dependent on factors such as height, shape, and location, as shown in Figure 11 (Ernst, 2024). This is particularly important, governing the design and supports of the multi-storey structure. 


Figure 11. Wind loads in different sections of a multi-storey building (Ernst, 2024)

4.2 Comfort and Fire Safety Design
[image: ]Serviceability and comfort are crucial considerations for design, including vibrations. Excess movement can cause discomfort, especially in high rise, slender structures. Fire design and safety is also a key consideration. The materials selected must be able to maintain integrity under extreme heat for enough time, ensuring all inhabitants have left safely. Figure 12 shows an example of poor design, namely Grenfell Tower, London, where the cladding design was the fire accelerant (Ecosafe, 2025).

Figure 12. Grenfell aftermath (Schraer and Ballard, 2017)


5.0 Methods of Multi-Storey Construction
5.1 In-Situ Versus Prefabrication
[image: ]In-situ construction offers a great deal of design flexibility but is labour-intensive and heavily whether dependant. (HPD Construction, 2020). It is commonly used in construction for complex elements that are subject to change. Prefabrication and modular construction, however, offers improved, standardised quality with a reduced construction time (Lakhani, 2022) Modular construction is commonly used in residential constriction due to its efficiency and standardisation, something important in multi-storey construction. However, with all construction being designed off site, the flexibility is limited. Figure 13 shows the comparison between the two.
Figure 13. In-situ vs precast construction (Sangam Prefab, 2023).


6.0 Innovative Methods
6.1 Sustainability 
[image: ]Sustainability is at the forefront for construction and multi storey design, ensuring the structure doesn’t emit high levels of carbon dioxide, aligns itself with nutrient neutrality, and uses sustainable materials. An example of designing nutrient neutrality is the implementation of a green roof, as shown in figure 14. However, this increases the vertical forces acted upon the building, which needs to be designed around. 

Figure 14, a green roof (De Burca, 2024)


6.2 Digital Construction (BIM)
Building Information Modelling (BIM) brings every party involved in construction together, improving coordination, and reducing errors. (University of the Build Environment, 2025). BIM is a key tool for modern construction 

7.0 Conclusions
Multi-storey buildings require a combination of structural systems, materials, and construction methods to achieve safe, efficient, and aesthetic designs. While traditional systems, such as the load-bearing wall, as shown in figure 2, are still relevant to smaller structures. Multi-storey buildings require much more innovative, advanced systems. 
Material selection is important; reinforced concrete and steel dominate practice in the UK, while timber offers a new, sustainable option. Design is influenced by important regulations, partially limiting some materials application. 
The future of construction is shaped by BIM, and other innovative materials and methods. To conclude, multi-storey building design needs to strike a difficult balance between performance, economics, and environmental sustainability.
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