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[bookmark: _Toc228571699]Introduction
This research paper takes a look at the structural systems used in multi storey buildings, and take a focus on the design methods along with how they are constructed. The construction of multi storey buildings require the adaptation of appropriate methods to ensure the overall stability along with performance under environmental conditions.
In this paper I will provide an overview of the main types of structural systems used in multi storey construction, along with the materials that are commonly used. It will also outline key design considerations, along with different methods of construction and analyse innovations within the industry.
My findings will be supported by case studies and examples, as I demonstrate an understanding of multi story structural systems.
[bookmark: _Toc228571700]Structural system approaches 
The construction of multi story buildings will involve the use of various structural systems. These systems can offer resistance to environmental tragedies such as earthquakes. In the following section, I will go over some key structural systems in more detail.
[bookmark: _Toc228571701]Shear wall systems
In the construction of multi story buildings, shear wall systems are used as they offer protection against earthquakes. These systems act as a bearer for the shear force at the base and can offer more stiffness than standard columns which can enhance structural stability while producing less deflection.

[image: What Is Shear Walls ? - KPSTRUCTURES]

(www.kpstructures.in, n.d.)

The shear wall system is also more effective under load because of the high ability to withstand bending moments. The systems have shown high performance standards and are usually appropriate for buildings that reach up to around 20 stories.

[bookmark: _Toc228571702]Frame Wall or Dual System

When we look at increasing structural strength and stiffness even further, a frame wall or dual system will combine a shear wall system with moment resisting frames. While shear wall systems are typically central and close to lift access or staircases, the frame wall is usually placed around the perimeter which has substantial benefits by increasing load distribution when aiming to minimize earthquake effects.


[image: Dual wall system in multistory structure]
(https://theconstructor.org, n.d.)

This system is appropriate for buildings up to about fifty stories and has substantial advantages over a standalone shear wall systems because they provide more backup load paths in the event of a failure as a pair.

[bookmark: _Toc228571703]Flat Slabs Combined with Shear Walls and Frames
[image: Figure 3 from The Flat Slab Structural System for Cottage Construction ...]


(https://civiltutorials.com, n.d.)
Another system frequently used in structural systems is a flat slab system which can be combined with shear wall systems and frames. This system integrates two-way flat slabs supported by columns, moment resisting frames at the structure's perimeter, and shear wall systems . buildings up to  10 stories can use this type of system and It should be noted that the flat slab strip and column frame are only appropriate for gravity loads due to the low ductility of the flat slab column joint.  Because of this, the flat slab system should only be used as a supporting structural element.
[bookmark: _Toc228571704]Common Materials in Structural Engineering
When it comes to material choice, structural engineers consider a range of options based on strength and durability factors along  with sustainability requirements. Some of the common materials used in the industry for structural systems include:
[bookmark: _Toc228571705]Concrete
· Properties: Concrete has a composition of cement, water, and aggregates and It offers high compressive strength but relatively low tensile strength, which is why reinforcement (typically steel bars) is critical to reaching full structural potential.
· Applications: Foundations, columns, beams, slabs, and walls. Precast concrete structures and advanced high performance mixes, which further expand its versatility.
[bookmark: _Toc228571706]Steel
· Properties: Steel has high tensile strength which makes it suitable for structures under heavy loads which makes it a key element in multi story projects.
· Applications: Girders, trusses, columns, and beams in buildings, bridges, and industrial facilities. Steel is also heavily used for reinforcement within concrete structures.
[bookmark: _Toc228571707]Timber 
· Properties: Timber is a lightweight material offering strong tension and compression capabilities, and can offer a sustainable, and environmentally friendly approach.
· Applications: Residential buildings, light-frame construction, and commercial buildings through modern day engineered timber products such as cross laminated timber, or CLT.
[bookmark: _Toc228571708]Masonry 
· Properties: elements constructed from masonry have strong compressive strength but offer a low tensile capacity unless used alongside reinforcements.
· Applications: Walls, arches, and other load bearing elements in smaller scale or historical structures.

(projectinfrastructure.com, n.d.)
[bookmark: _Toc228571709]Design Considerations and loads
When designing multi storey buildings, there are various factors that need to be taken Into account to guarantee the structural integrity and sustainability of structures. These structures have to be specifically designed due to height, load distribution factors and due to specific requirements regarding the project environment or codes and standards. By understanding the considerations, architects and structural engineers can produce sustainable structures.
· [bookmark: _Toc228571710]Structural Stability:
When designing multi story buildings, it is crucial to ensure structural stability. The building's lateral and vertical loads should be supported by the structural system. To withstand the applied loads and possible external forces, such as wind and earthquakes , structural engineers must calculate how the loads can be withstood and guarantee the building's structural integrity. structural analysis techniques will be adopted here with exercises such as equilibrium calculations to determine stability, along with shear force and bending moment exercises to pinpoint the maximum load capacities along with closely following building codes and standards.
· [bookmark: _Toc228571711]Safety Regulations and Accessibility:
Keeping in line with all regulations and standards is crucial when designing multi story buildings. Building codes will outline critical specifications for the structural stability of elements which include how structures act under fire or any environmental disaster along with scenarios such as disability access. To guarantee the security and welfare of building occupants, architects and structural engineers must include suitable fire safety systems, escape routes, and accessible features through the design process along with delivering high levels of structural integrity.

(kenoraconstructionassociation.ca, 2023)
· [bookmark: _Toc228571712]Sustainable Design Principles:
sustainability is a major factor in structural design.  Multi story buildings can reduce their environmental impact and increase energy efficiency by adopting sustainable designs. 
The Production of steel is the most energy consuming and co2 emitting industry in the world. On average 1.83 tons of co2 is emitted for every ton of steel produced. This makes the steel industry have a big impact on the global warming crisis, adding 3.3 million tons of co2 produced each year.
The BBC produced an article on how a company in Europe aims towards manufacturing green steel:
In Sweden, manufactures are on course to producing Europe’s first green steel. Their aim is to implement new DRI towers that use hydrogen to react with the iron, this can create a material which can be used for steel. By adopting sustainable methods like this in the future, designers can contribute to a greener and more sustainable industry
(https://www.bbc.co.uk, n.d.)
[bookmark: _Toc228571713]Design Considerations: Loads and Load Paths
When structural engineers look at designing multi storey buildings. It is critical for the structures to reist and evenly transfer different types of loads. Some loads that structures carry are dead loads, live loads and environmental loads, these loads must be taken into consideration to ensure the structure delivers on performance.
Dead loads consist of static forces created by the structures own weight. Dead loads can be carried through beams, columns , wall elements and roofs. Live loads are variable loads that can appear from general building use such as second fix elements in multi storey buildings and personal who are present in the structure. Environmental loads include natural forces applied to structures due to wind, snow or earthquakes which become a major concern in multi storey constructions due to height factors.
(www.iktconsulting.co.uk, n.d.)
[bookmark: _Toc228571714]Gravitational Load paths
These different types of loads are transferred through structural load paths. Dead and live loads are applied vertically on the structural elements and they follow the gravitational load path. A typical gravitational load path is floor slab or deck - beams or joists - girders - columns or bearing walls - foundation - soil. Lower level vertical elements are larger or more heavily reinforced because columns and walls at lower stories bear the weight of all floors above.
(turn2engineering.com, n.d.)
[bookmark: _Toc228571715]Lateral load path
Along with gravitational load paths we have lateral load paths. Wind or seismic force - external cladding and floor diaphragm - shear walls, braced frames, moment frames, or core walls – foundation – soil, is a common lateral load path. The structure may suffer from cracking if any portion of this structural group is weak or fabricated to a poor standard

Through the lateral load path, environmental loads that are acting horizontally are resisted. These forces are distributed to structural systems by floor diaphragms after being transferred from the building. If structural integrity has been met then the loads are transferred into the ground through the buildings foundations. 
It is crucial to have a continuous and structurally sufficient load path. Too much movement or structural failure can result from any weakness in the design or fabrication. 
To get this phase correct is one of the most important requirements in the design of multi story buildings because it can lead to significant knock on effects if there are design flaws.
(turn2engineering.com, n.d.)

[bookmark: _Toc228571716]BIM (Building information modelling)
[bookmark: _Toc228571717]What is BIM ?
BIM stands for Building Information Modelling or Building Information Management. It is a collaborative process that allows architects, structural engineers, contractors, manufacturers, and other construction professionals to plan, design, and construct a structure or building within one 3D model.
(www.autodesk.com, https://www.autodesk.com/solutions/aec/bim?msockid=27ed27ec61266b1013c33450609d6a07)
[image: ]
(rmjm.com, n.d.)

Effective communication and coordination are crucial to ensuring that suitable design plans are accurately translated onto structures. because architects and structural engineers collaborate closely throughout the design and construction process, BIM can be used as an effective way to achieve this. BIM can offers great strategies for correct designs for multi story structures, which can be accessed by each job role. This will minimize the risk of miscommunication causing structural issues as all data will be available in writing. 
[bookmark: _Toc228571718]Burj Khalifa construction method 
The Burj Khalifa, located in Dubai, is the world’s tallest building and represented a major standpoint in the structural engineering industry. This case study looks at its structural design features and adopted methods of construction. The Burj Khalifa uses a buttressed core structural system based on a y-shaped floor plan. Central reinforcement made out of concrete is at the core with three supporting wings that were adopted to improve stability due to height factors
[image: Structural Systems for Tall Buildings]
(www.mdpi.com, n.d.)
The buttressed core supports itself both vertically and horizontally which eliminates the need for columns and transfers loads through the building down to the foundation sufficiently
The system offers several advantages over common adopted methods:
· Stability It provides excellent resistance to lateral forces, such as wind and seismic activities, increasing the overall stability of the building.

· Efficiency: The system allows for a more efficient use of materials, reducing the overall weight and cost of the structure.

· Flexibility: It enables architects and engineers to design taller and more slender buildings without compromising on structural integrity.
(en.wikipedia.org, n.d.)
The Burj Khalifa’s design consisted of setbacks in the structures at various heights to disrupt wind flow and release pressure on the structure. To guarantee performance under extreme lateral loads, the design was developed through wind tunnel testing. The wings helped with load distribution and in fact increased the overall stiffness of the structure. Gravitational and lateral forces were withstood sufficiently throughout the structure while thickened end walls helped the stay stable at its highest elevation points.

(https://build-construct.com, n.d.)
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What is the process of BIM?
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