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2) [bookmark: _Toc196843702]Introduction
Multi-storey buildings are an essential component of modern urban infrastructure, designed to maximize land use efficiency while accommodating a growing population. Structurally, these buildings are engineered to withstand vertical and lateral loads, ensuring stability, safety, and durability. Their design incorporates a combination of key structural elements, including foundations, columns, beams, slabs, shear walls, and cores, each playing a critical role in load distribution and resistance to forces such as gravity, wind, and seismic activity. (Elhegazy, et al., 2020) (DesignHorizons, 2024)
The primary structural systems used in multi-storey buildings include reinforced concrete, steel frame, composite, and modular construction methods. Reinforced concrete frames provide strength and durability, while steel structures offer flexibility and rapid assembly. Shear walls and cores enhance lateral stability, particularly in high-rise buildings, preventing excessive sway under wind or earthquake forces. Additionally, modern construction techniques, such as pre-fabrication and high-performance materials, contribute to improved efficiency and sustainability. (ArceloMittal, N/A)
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[bookmark: _Toc196843704]3.1) Load-Bearing Wall System
How It Works:
In this system, walls carry the entire weight of the building, transmitting loads from the floors and roof down to the foundation. Load-bearing walls are typically made of masonry, reinforced concrete, or precast concrete panels.
Application:
· Common in low- to mid-rise buildings.
· Used in traditional masonry structures and some prefabricated buildings.
Advantages:
· Simple and cost-effective for small to medium structures.
· Provides good thermal and sound insulation.
Disadvantages:
· Limits flexibility in space planning due to fixed walls.
· Not suitable for very tall buildings due to excessive wall thickness.
 (MyBuilder, 2024) (Ferrovial, 2025) (DesignBuildings, 2022)

[image: Load-Bearing Walls — Schroeder Engineering]
Figure 1- (Schroeder, 2018)





[bookmark: _Toc196843705] 3.2) Frame Structures (Rigid Frame System)
How It Works:
This system consists of vertical columns and horizontal beams connected rigidly to resist bending, shear, and axial loads. The rigid joints prevent excessive movement and transfer loads effectively.
Application:
· Common in mid- to high-rise buildings.
· Found in office towers, residential buildings, and commercial complexes.
Advantages:
· Provides open and flexible floor spaces.
· Can resist both vertical and lateral loads.
Disadvantages:
· Beams and columns take up floor space.
· Limited efficiency for very tall buildings due to lateral displacement concerns.
(SteelConstruction.info, 2025) (Aljoat, 2016)
[image: Multistorey plane frames]
Figure 2- (Building How, N/A)
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Figure 3- (TATA Bluescope Steel, N/A)
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How It Works:
Shear walls are vertical elements (reinforced concrete or steel) that resist lateral forces caused by wind and earthquakes. These walls are strategically placed around stairwells, elevators, or along the building perimeter to enhance stability.
Application:
· High-rise residential and commercial buildings.
· Buildings in seismic-prone areas.
Advantages:
· Excellent lateral load resistance.
· Reduces sway in tall buildings.
Disadvantages:
· Limits flexibility in floor planning.
· Requires precise placement to avoid excessive stiffness.
(Mass Resources, 2025) (Designing Buildings, 2020) (Dodiya, et al., 2018)
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Figure 4- (Engineer Moid, 2019)
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How It Works:
Diagonal braces (steel or reinforced concrete) are added to the frame structure to provide additional lateral resistance. These braces form triangular patterns (X-bracing, V-bracing, or K-bracing) to enhance stiffness.
Application:
· High-rise buildings.
· Industrial structures and steel skyscrapers.
Advantages:
· Improves lateral load resistance.
· Uses less material than shear walls.
Disadvantages:
· Bracing can obstruct windows and interior spaces.
· Requires careful design to distribute forces efficiently.
(Designing Buildings, 2022) (SteelConstruction.info, 2025)








[bookmark: _Toc196843708]3.5) Tube Structural System
How It Works:
The tube system consists of closely spaced perimeter columns connected by beams, forming a hollow, stiff tube. This system resists both gravity and lateral loads efficiently and is commonly seen in skyscrapers.
Application:
· High-rise buildings (e.g., Willis Tower, John Hancock Centre).
· Tall commercial and residential towers.
Advantages:
· Reduces the number of interior columns, maximizing usable space.
· Provides excellent lateral load resistance.
Disadvantages:
· Requires precise construction techniques.
· High initial construction costs.
(Designing Buildings, 2020) (J & Varghese, 2016)










[bookmark: _Toc196843709]3.6) Core and Outrigger System
How It Works:
A central reinforced concrete core acts as the main load-bearing element. Outriggers (horizontal beams or trusses) connect the core to external columns, distributing lateral loads efficiently.
Application:
· Super-tall skyscrapers (e.g., Burj Khalifa, Taipei 101).
Advantages:
· Provides superior lateral stability.
· Maximizes interior space by reducing internal columns.
Disadvantages:
· Complex engineering and high construction costs.
· Requires skilled labour and precise material selection.
An example of this The Trump International Hotel and Tower in Chicago, completed in 2009 and designed by Adrian Smith of Skidmore, Owings & Merrill, utilizes a structural system comprising a reinforced concrete core and strategically placed outrigger trusses to enhance lateral stability and resist wind and seismic forces. The central core accommodates vertical transportation, egress, and mechanical services, while outrigger elements at select mechanical floors couple the core to the exterior column grid, effectively distributing overturning moments and improving overall structural performance.
(Designing Buildings, 2021) (Chicago Architecture Centre, 2025)



[bookmark: _Toc196843710]3.7) Suspended and Hanging Structures
How It Works:
In these structures, floors are suspended from large overhead trusses or cables, similar to a suspension bridge. The loads are carried by tension members rather than traditional columns.
Application:
· Unconventional skyscraper designs.
· Large-span structures like exhibition halls.
Advantages:
· Allows for unique architectural designs.
· Reduces the need for lower-level support columns.
Disadvantages:
· Complex construction and high costs.
· Requires advanced materials and precise load calculations.
An example of this is the HSBC tower in Hong Kong. In collaboration with Ove Arup & Partners, the skyscraper was engineered as a suspended steel structure supported by eight masts, each formed by four columns. These masts carry five distinct double-height steel suspension frames that span 33.5 meters between masts and extend an additional 10.7 meters as cantilevers. This structural approach enabled the external expression of the lift cores and facilitated the development of expansive, column-free floor plates. Additionally, an 8-meter diameter rock tunnel was excavated beneath the building to supply seawater for the air-conditioning system.
(NSC, 2018) (Rething the future, 2025)
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[bookmark: _Toc196843711]3.8) Hybrid Structural Systems
How It Works:
Hybrid systems combine two or more structural systems to maximize strength and efficiency. For example, a combination of a core-and-outrigger system with a tube structure can optimize performance for tall buildings.
Application:
· Mega tall buildings (e.g., One World Trade Centre, Shanghai Tower).
· Structures requiring both high strength and architectural flexibility.
Advantages:
· Can be tailored to specific building requirements.
· Provides superior load-bearing and lateral stability.
Disadvantages:
· High design and construction complexity.
· Requires expert engineering and specialized materials.
The Shanghai Tower, completed in 2015, employs an innovative structural system to support its 632-meter height while withstanding typhoon winds and seismic forces common in the region. Its core structural system consists of a central reinforced concrete core coupled with an outer steel mega frame composed of eight super-columns connected by belt trusses and outrigger trusses at mechanical levels. This composite system efficiently resists both gravity and lateral loads. The tower’s distinctive spiralling form reduces wind loads by disrupting vortex shedding, allowing for a lighter structural frame. A secondary curtain wall system, offset from the primary structure, not only enhances thermal insulation but also contributes to wind load mitigation. Tuned mass dampers are strategically installed near the top floors to control building sway. Overall, the combination of aerodynamic design and a robust composite structural system allows Shanghai Tower to maintain exceptional stability, safety, and energy efficiency in a high-rise context.

(Glynn, 2023) (Liu, et al., 2014)
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