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1. [bookmark: _Toc195802816]Introduction
In this research report there will be discussion of different multi storey buildings structural systems with focus on the materials used, the design considerations, the loading imposed on the systems, the methods of construction and critical analysis using case studies. By definition, a multi storey building is a building that has multiple floors and typically contains vertical elevation in the form of ramps, stairs and lifts (Designing Buildings, 2023). Multi storey buildings serve as integral components of urban development, accommodating residential, commercial and institutional needs. With the already increasing demand for vertical expansion due to the lack of land space and restrictions, the use of multi storey building systems is crucial to maximise space, occupancy and revenue. The selection of the different types of multi storey systems are also crucial for efficiency, sustainability and resilience to weathering and other forces/loads. The evolution of construction materials has accelerated the growth and design of modern multi storey buildings and improved their safety, durability and performance (SteelPro PEB, 2025).
The Home Insurance Building in Chicago, USA is documented as the first modern skyscraper and was constructed in the late 1800s and at the time was a groundbreaking 10 storey structure featuring a steel load bearing frame that later became a standard for skyscrapers (Skysaver, 2018). This paved the way for more elaborate concepts of design and structural rigidity, as well as offering more space and the ability to use different materials, innovative designs and height. Within the construction of multi storey buildings, it was first perceived in ancient Rome that structures were made from timber and later opted for brick and masonry due to the drawback of the lack of fire resistance of wood. Advancement of technologies and materials sought out iron and steel. This resulted in the construction of skyscrapers all around the world including the Petronas Towers, Empire State Building, World Trade Centre and many others (Figure1) (INSDAG, 2024).
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[bookmark: _Toc195802832]Figure 1: Worlds tallest buildings (INSDAG, 2024)
2. [bookmark: _Toc195802817]Types of Multi-Storey Structural Systems
When a project is proposed, it is crucial to decide what structural system the building can utilise to maximise the designs needs, strength, stability and overall performance. Various structural systems can be utilised in the design depending on the buildings use, location, height, environmental conditions and accessibility. In this report there will be focus on the different types of multi storey structural systems, with discussion on how they are constructed, the materials used, examples of existing buildings as well as analysis of each. Each of the systems mentioned will have their own advantages in terms of load resistance, method of construction, speed of construction and architectural flexibility. Correct selection of the systems for a project is very important to achieve efficiency, cost effectiveness, safety and sustainability (Mir M. Ali, 2022).
3. [bookmark: _Toc195802818]Framed System
The frame structure is the most common, preferred and widely used structure of choice for high rise buildings and large span structures. It is comprised of various elements such as beams, columns, bracing, slab, joints/connections and the foundation. The beams and columns form a skeletal structure that resist external loads and forces ensuring stability and integrity for multiple uses such as residential, commercial and industrial. There are a few different types of frames that can be utilised given the design and use of the proposed development, these can include steel frame, reinforced concrete frame, composite frame, portal frame and timber frame. Each of these structures will have their own characteristics to allow for innovative design, load bearing and height of the structure (Britannica, 2025). 
There are a few materials that are used within the framed system such as steel, concrete and timber that each have their own stresses and strains. Concrete is combined with steel respectively to produce reinforced concrete, this is due to concrete not being able to resist tensile stresses while steel is very good in tension (Britannica, 2025). The heavy timber frame was common for lower rise structures in eastern Asia and northern Europe to the mid 19th century and was replaced by the ’balloon frame’ comprised of closely spaced members. The steel structure is based off the timber frame system but is simplified due to the greater strength and rigidity of the steel material, advantageous in its load bearing capacity and stresses are able to be distributed between them down to the foundations which creates options for large spaces and heights. The steel skeleton is prone to corrosion so is covered by curtain walls, concrete or painted (SkyCiv, 2019).
The method of construction for framed systems are typically prefabricated offsite as the steel members are fabricated to code and if reinforced concrete is utilised, the reinforced concrete is cast in situ on site. The members are connected by steel (reinforced concrete) or fused by riveting, welding or rigid/pinned joints. This is usually determined by code and design (SteelConstruction.info, 2024) (British Standards Institution, 2005) (Where Is The North, 2024)





[bookmark: _Toc195802819]3.1 Case Study
[bookmark: _Hlk194593971]Typically, a timber frame would not be a favourable choice for multi storey purposes and according to the International Building Code 2021, timber frame should be up to 18 stories (Think Wood, 2021). According to a case study in regard to the tallest timber frame building (at the time) standing at 18 storeys, the Mjøstårnet building in Norway (Figure 2) completed in 2019 proved that timber can be a viable option for sustainability requirements and there was scope for doubling the height for future buildings as well as the utilisation of prefabricated members and frame assembly on the ground and erected in place. Compared to the likes or reinforced concrete frames where they are cast in situ (World Conference on Timber Engineering Oslo 2023, 2023). 
Critical analysis of the case study of the Mjøstårnet building is noteworthy mentions of the low stiffness and lightweight structural members that can be advantageous for gravity load resisting, reductions in costs, handling and prefabrication. Although the flexibility that comes with drift of the lightweight timber structure compared to the alternative options such as steel, outweighs the problems that could come with the timber option. The most advantageous option of timber frame multi storey system is the cost and sustainability offerings (Department of Structures for Engineering and Architecture, 2024).
[bookmark: _Toc195802820]3.2 Critical Analysis of Framed Systems
Strengths
· Framed systems provide high structural efficiency by distributing loads across their vertical and horizontal members. Allowing flexibility in design, open spaces, tall buildings and varied layouts. 
· Steel or reinforced concrete are highly adaptable for changes in layout or occupancy, these systems allow for integration of building services and future modifications.
· Prefabrication elements in steel can increase construction speed, reducing overall time and cost.
· When structure is combined with bracing systems or shear walls, frames can perform well under seismic and wind loads.
Limitations
· The framed system itself requires more support as the number of stories increases, combining bracing and/or shear walls will allow the structure to resist loads effectively the higher it goes. Materials can also be expensive, and prefabrication can only provide so much. 
· Excessive flexibility in a moment resisting frame can lead to sway and vibrations which can cause issues to the structural integrity of the building. This can be assisted by dampers.
· For tall buildings the increase of materials and foundation demands can increase cost significantly.
· Without any additional support systems such as bracing, the frame may suffer damage from seismic activity.
(SSB, 2025) (Bitar, 2025)
[bookmark: _Toc195802833][image: A collage of a building
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4. [bookmark: _Toc195802821]Braced Structure
[bookmark: _Hlk193745582]Braced frames are utilised in multi storey structures that are subjected to lateral loads such as wind and earthquake pressures or to create stability where large glass spans are included in the design. The braced frame elements are composed of structural steel that performs well in both tension and compression, depending on the position of the bracing such as vertical, horizontal or cross bracing (Figure 3) will depend on the transfer of the loads that are imposed on the structure and will be identified in the design. (Designing Buildings, 2022) (Constro Facilitator, 2023). Braced steel frames are typically arranged in K or V bracing, in walls, cavity facades or around stairs/serviced areas. Cross (X) bracing is typically designed in tension only, while the other member is redundant. When bracing is designed for compression uses, hollow sections are utilised and advantageous for minimal weight reduction compared to other options (SteelConstruction.info, 2024). 
[bookmark: _Toc195802822]4.1 Case Study
According to the case study on reinforced concrete seismic analysis, using a 13-storey building with different bracing arrangements concluded that X and V type bracing significantly improved stiffness and reduced maximum storey drift (Figure 4). This study identified the ideal bracing structure which was X and V for reinforced concrete and the method of retrofitting seismically inadequate reinforced concrete structures to improve their overall strength and displacement capacity (IOSR Journal of Mechanical and Civil Engineering, 2015). 


Critically analysing braced systems, it is noteworthy that bracing is used widely and can be used within other types of structural systems, these bracing systems can offer very good solutions to distribute the loads and forces acting upon the frame and can create and facilitate larger span openings, you can often see bracing systems in airports and large structures. The location and choice of bracing can be a fundamental solution to many projects structural analysis.
[bookmark: _Toc195802823] 4.2 Critical Analysis of Braced Systems
Strengths
· Braced systems enhance lateral stiffness and stability, which makes them highly effective in resisting wind and seismic loads. These systems limit horizontal displacements and reduces sway in tall buildings.
· Bracing can be added in selected areas, to allow the rest of the frame to remain open and flexible for design purposes.
· Bracing can reduce the size of beams and columns, lowering material and usage cost.
· Well designed bracing can perform very well under lateral loads and provide good ductility and energy transfer during seismic loads.
· Bracing is recyclable and can be retrofitted.

Limitations
· Excessive bracing can lead to over stiff structures which may not be able to transfer energy effectivity during seismic events or excessive loading.
· Braced areas can obstruct windows, doors or open plan layouts. Placement of bracing must be co-ordinated with design and functional requirements which can be tricky.
· Complex bracing needed for ductility or design reasons can be more expensive to fabricate and implement.
· Poor design of bracing can lead to brittle failure in seismic loading. Regular inspection and maintenance are needed.
(Brown, 2004) (Bitar, 2025)
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AI-generated content may be incorrect.]Figure 3: Different types of bracing systems (Constro Facilitator, 2023)
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[bookmark: _Toc195802835]Figure 4:Optimal bracing layout examples (Hongjia Lu, Research Paper, 2018)
5. [bookmark: _Toc195802824]Shear Wall Structure
Shear walls are described to be the most important structural components in multi storey buildings, especially in applications where seismic activity is present. Shear walls are vertical structural elements typically constructed from Reinforced Cement Concrete (RCC), steel sheet, timber boards or hollow concrete and are an essential in multi storey buildings situated in earthquake zones as they have significant resistance to lateral forces, as well as providing stiffness, strength and can control deflections while reducing structural damage in seismic events. 
These elements work by acting as cantilevers that resist loads by bending and transferring forces to the foundations below, providing the stiffness and strength that is essential for controlling lateral movement and resisting seismic forces. Concrete structures are typically designed so that seismic and gravity load are bearing by consistent shear walls, in these structures the number of columns can be significantly reduced due to the fact that the structure can rely on the concrete shear walls to transfer and withstand vertical loadings (University of Southampton, 1966). Dependant on material used, will define how the method of construction is decided. Typically reinforced concrete shear walls are formed and cast on site while steal sheet can be formed off site and craned into place as the structure is constructed. The locations of the sheer walls will be decided upon the specific design and requirements according to the plans and if any stairwells or elevators, typically shear walls will be utilised in the middle of the structure but if it is not possible there may be need for a core structure in the middle and shear walls in the outer corners of the structure. (Sahani, 2020)
[bookmark: _Toc195802825]5.1 Case Study
Highlighting the ability to control deflections in a case study undertaken in 2018 that focussed on shear wall applications in multi storey buildings and its effects on managing loads, forces and seismic activity. In this case study it was proven that shear walls enhance the structures response and characteristics to loads and forces acting upon it, increasing the stiffness and strength while its base shear increased by 146% in comparison to a model with no shear wall (Figure 6). It was also identified that significant reduction in the structure’s lateral displacement in both horizontally and vertically, upwards of 90.9% reduction of displacement observed (Ramdeobaba College of Engineering and Management, 2018). 
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AI-generated content may be incorrect.]Figure 5: Model 1 - 3D view without Shear Wall. Model 2 - View with shear wall (Ramdeobaba College, 2018).
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[bookmark: _Toc195802826]5.2 Critical Analysis of Shear Wall Structure
Strengths
· Shear walls provide exceptional lateral stiffness and strength, making them effective for resisting wind and seismic loading. Especially in high rise buildings.
· Reduce lateral sway and inter storey drifts.
· Can be integrated in core areas, for example around staircases and elevators.
· The use of formwork systems speeds up construction.
· Offer high energy transfer and ductility when designed for seismic loading.
· Offer durability and good fire resistance (reinforced concrete)

Limitations
· Over reliance on shear walls can cause stiffness irregularities when not advantageously places, leading to torsional effects.
· Fixed positions of shear walls reduce flexibility in layout changes, openings in shear walls weaken effectiveness.
· Requires skilled workmanship for reinforcement detailing and placement.
· Poor detailing can lead to brittle failure, shear wall without sufficient ductility can underperform in seismic areas.
· Could lead to cracking due to shrinkage or seismic activity.
(Meharchandani, 2024) (Bitar, 2025)
6. [bookmark: _Toc195802827]Tube in Tube/Hull and Core Structure
The shell and core or ‘tube in tube’ structural system is widely used in commercial buildings, office towers, and especially in mixed-use high-rise buildings. It is very common practice in high rise multi storey systems to have a reinforced concrete or steel frame shell, and a vertical ‘core’ situated within the frame which contains services such as lifts, stairwells, electrical systems, fire escape routes and emergency provisions. This core is typically constructed within the reinforced concrete frame as a solid structure that provides high strength, durability, fire resistance and stability. The location of the core can determine how much floor plan the structure has and is usually constructed from reinforced concrete or steel, although the combination of both can be utilised to optimise performance, reduce the structures weight, offer stiffness and increase flexibility. In seismic or high wind areas the method of reinforced concrete core and steel perimeter tubing is offered to provide sway to resist these loads imposed (Concrete magazine, 2020) (Designing Buildings Wiki, 2020)
[bookmark: _Toc195802828]6.1 Case Study
The 110 story (442m high) commercial/office Sears Tower in Chicago USA constructed in 1974 (now Willis Tower), which remained the tallest tower in the world for 25 years and was formed of a bundled tube with internal support columns and bracing. This structure was the first to utilise the perimeter tube design and did so without the need for a central core. In his case the design did not opt for a framed system due to the large quantity of steel needed, bundling tubes increased the strength while the exterior columns act as walls. This structure was mainly prefabricated off site then transported to site and consisted of spandrel beams, trusses, X bracing, steel columns and reinforced concrete slabs. The structure must face not only dead loads and live loads, but also lateral loads which were able to be absorbed and distributed through its cantilevered tube style structure. 
The main critical analysis of this structure is the lack of central core with the possible addition of dampers to reduce the massive 6-inch sway when under wind loading, this is a complaint of users of the building and could have effects on the material and joints coupled with the steel exterior prone to thermal expansion. It is most common in other structures to utilise the central core that act as shear walls to carry load and resist lateral forces (Lavanya, 2017) (ARCH 631- Sara Calvin, 2020) (Construction Citizen, 2015)
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[bookmark: _Toc195802839]Figure 8: Sears Tower under construction (Building Big, 2001)
[bookmark: _Toc195802829]6.2 Critical Analysis of Tube in Tube/Hull and Core System
Strengths 
· Features excellent lateral and gravity load resisting with the central core and perimeter frame tubing. Coupled tubing offers significant enhancement on overall stiffness and strength.
· Advantageous resistance to wind and seismic loads, perimeter tubing resists bending and overturning while the core resists torsion and shear.
· Perimeter tubing can allow for large column free spaces within the floor plan.
· Economical for tall buildings, reducing the amount of material needed and cost.
· Offers reduced sway and good energy tranfer if designed with ductile detailing.
· Concrete cores are durable and fire resistant and perimeter steel or reinforced concrete are relatively easy to maintain.
Limitations
· Effective load transfer between core and outer tube depends on the rigid floor diaphragms, if the connection is not optimal it may suffer stresses.
· System can restrict large openings and changes to the core configuration, limiting certain design layout options.
· Requires precise co-ordination between inner and outer tubes systems.
· System may be too stiff in some applications, increasing base shear during seismic loadings.
· Limited access to service core.
(Designing Buildings, 2020) (Bitar, 2025)
7. [bookmark: _Toc195802830]Conclusion
This report outlines the importance of the different choices of structural systems in the design phases of a construction project to meet the client’s needs as well as providing the most advantageous structure for a magnitude of reasons such as its safety, cost effectiveness, load resistance, design considerations, method of construction and sustainability. Multi storey systems are favourable for their ability to create space for commercial and residential uses in areas that lack space for expansion, so vertical expansion is necessary. Dependant on the design and client needs, the structural system will allow for different characteristics such as open plan offices or enclosed office settings and fixtures, different systems can also be beneficial for change of uses.
The most common structural system is typically a framed system with a combination of each of the systems, for example you usually find a framed that utilises braced and shear wall systems to provide support and load resistance the higher the structure reaches. The typical method of construction for these systems are usually a combination of both prefabrication and formed on site with typically reinforced concrete or steel, in some cases timber is utilised. The use of prefabrication is advantageous as the members can be constructed off site and delivered to maintain construction speed, space and cost. 
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