


Structural systems in buildings
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[bookmark: _Toc165479958]Common types of structural systems within buildings
I am going to discuss the different types of structural systems and what their purposes are and where they excel and or where they should not be used. 
[bookmark: _Toc165479959]Introduction
A structural system is defined by (The Construction Wiki, 2020) as “elements of construction that are designed to form a part of the buildings structure” Essentially what this means is fundamentally there are the pieces of buildings that keep the building stable through load transfer. The correct systems for a specific job will transfer the load in an efficient manor protecting the builds from things such as bending, shear and compression forces.
[bookmark: _Toc165479960]Shell Structures
The shell structure gathers their strength from their curved shape which evenly distributes the weight over a larger area. This system is typically made from reinforced concreate or steel. This type of system is most commonly found in buildings where there is a large span/ open area such as stadiums and aircraft hangers.
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Description automatically generated with medium confidence] (Goyal, 2023) shows some good examples of shell structures such as the Sydney Opera House.
[bookmark: _Toc165479961]Truss
The truss system is consisting of triangles structures made up of straight beams connected at joints. This system is most effective over semi-long spans. So as a result of this it is most commonly used houses. But we also see them used in places such as warehouses, industrial buildings and also bridges. (Carroll, 2019)
[bookmark: _Toc165479962]Load bearing wall system.
This system the walls would be load bearing meaning they would support the vertical loads from above as well as forces applied from things like heavy rain fall which typically would be a lateral load. This system is most commonly seen in low to mid-rise buildings as well as residential buildings and occasionally some smaller commercial structures.
[bookmark: _Toc165479963]Frame System
These frames ae typically made from steel or concreate to provide support for vertical loads. While needing additional support for horizontal forces provided by additional bracing. This system is most commonly found in mid to high-rise buildings due to how easy it is to produce large structure. Most commonly used is the steel frame structure due to its speed to assemble and its flexibility.
[bookmark: _Toc165479964]Flat plate System
This system consists of flat slabs supported directly by columns without the need for any supporting beams. This method would allow for more flexibility and simplicity when designing a structure. Typically used in mid-rise buildings where floor to floor hight is limited, these buildings are commonly office buildings.
[bookmark: _Toc165479965]Cantilever System
The Cantilever System uses horizontal beams or slabs that are supported at only one of the ends with the load being carried over the end that does not have the support. This system is found within things such as balconies, cranes and some bridge designs when it is required.
[bookmark: _Toc165479966]Suspension structure
This suspension method uses long cables or ropes to support all the load bearing elements using tension to evenly distribute the forces. This method of using the tension if most commonly found within bridges and there are examples of this found all over the world as it is an extremely effective way to cover long spans with minimal resources.[image: A large bridge over water with George Washington Bridge in the background
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(Sylvester, 2009) This is the George Washington bridge which is a perfect example of how the suspension structural system can be taken into real structures.
[bookmark: _Toc165479967]Composite System
The composite system takes two or potentially more of the systems and combines them to take the advantages or all the systems used. Using materials such as steel or concrete to fully make use of the systems used. This method is commonly found within high-rise buildings where speed, strength and flexibility are a must. Using this method would allow for a much more efficient use of materials and overall would speed up the construction process.
[bookmark: _Toc165479968]Primary stresses 
[bookmark: _Toc165479969]Compression
Compression is what happens when an external force presses inwards on an object or material essentially causing it to be compacted or reduced in volume. This is the force that is typically applied to walls, columns and also beams. (tekscan, 2021)
[bookmark: _Toc165479970]Effect on different structural materials.
Concrete 
Concrete is highly strong is compression and therefore widely used in construction for its ability to withstand these loads. While under compression concrete evenly distributes the load over its mass. Essentially leading to minimal deformation and high compressive strength. However, concrete is brittle and overloading this material can lead to sudden failure without any warning
Steel
Steel can be strong in compression and is used for is high strength to weight ratio. Steel can carry these heavy loads if the columns are thick enough to prevent buckling. However, if these columns are to thin compressive loads will easily cause failure to the structure.
[bookmark: _Toc165479971]Mitigation strategies
Proper structural design
Having the correct design for a structure can minimise the compression applied by evenly distributing the loads evenly over a larger area. Selecting the correct materials can also help with this process allowing for the building to be made as efficiently as possible.
Reinforcement
Reinforcement is important to prevent failure from compression and some of the ways this can be done is from steel bars, fibres or mesh being placed into the concreate structure this makes this then composite structure to be much more optimal against the forces acting upon it.

[bookmark: _Toc165479972]Tension
Tension is another fundamental type of stress that occurs in structures. Tension occurs when the is an external force that causes a component to stretch or elongate. Tension is almost the opposite of compression in compression the object is being pushed together, however when on object in under tension it is more like it is being pulled apart. (engineering design, 2023)
[bookmark: _Toc165479973]Susceptible Structural Elements
Cables 
Cables are most commonly used in suspension bridges are designed to withstand the high tensile forces that would be applied to them.
Roof trusses 
Roof trusses are made up of interconnected components and as a result of spanning across the long of a building the typically have tension applied in the bottom members.

[bookmark: _Toc165479974]Shear
Shear stress often occurs when there are parallel forces to the surface of an objects. This essentially causes layers of the material to slide past each other. Shear stress is essential to consider as it is common is beams, columns and connections and if it is left unaddressed it can lead to structural failure within the structure. (Liu Hanlong, 2008)
[bookmark: _Toc165479975]Common Causes of Shear Stresses
· Wind loads
· Seismic forces
· Live loads
· Dynamic forces
[bookmark: _Toc165479976]Reinforcement Technique
Shear reinforcement would typically involve stirrups being placed the opposite direction to your original component these stirrups can also be placed vertically to further increase stability. Another way.
[bookmark: _Toc165479977]Bending
Bending is a fundamental concept when referring to stresses. The concept of bending occurs when deformation occurs on an object when a force is applied that causes the object to form a curve. This occurs due to both compression and tension being applied to an object. 
[bookmark: _Toc165479978]Reinforcement Methods
The primary method of preventing bending would to improve the overall tensile strength of the component. This would be doing things such as adding steel reinforcement bars (rebar), or alternatively prestressing tendons would also another way of further reenforcing to prevent bending.
[bookmark: _Toc165479979]Torsion
Torsion is a type of stress that occurs when an object is put under forces that cause it to twist or rotate, However, unlike bending which would involve deformation along the length of an object, Torsion involves deformation along width and depth of an object.
[bookmark: _Toc165479980]Torsion-resistant Designs
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(prontubeam, 2023) this is an example of how concreate can be reinforced using steels beams to prevent torsion.
[bookmark: _Toc165479981]Dead Loads
Dead loads refer to a static weight applied to an object. This weight will not be moved at any time so it would constantly remain. This is typically the own weight of a structure. This is important to consider when creating a structure as it would have to be able to support its own weight to prevent any deformation.
[bookmark: _Toc165479982]Live Loads
Live loads would refer to variable loads that would be applied to a structure. These are loads that can move around and are not permanently stuck in place. Live loads are also known as imposed loads when referring to structures. Live loads are things such as vehicles on bridges or people and furniture within buildings.
[bookmark: _Toc165479983]Environmental Loads
[bookmark: _Toc165479984]Wind Loads
Wind loads refer to the forces that would be applied to a structure coming from the wind. This is highly important to consider when making high-rise structures or bridges as you don’t want movement due to wind causing failure to a structure.
[bookmark: _Toc165479985]Seismic Loads
Seismic loads while uncommon in the UK are still a consideration, these loads are typically applied from ground shaking during an earthquake. These earthquakes can cause shaking, ground displacement and structural vibration. In areas that are more prone to earthquakes this is a vital thing to consider when designing a structure as failure to do so can lead to catastrophic failure.
[bookmark: _Toc165479986]Thermal Loads
Thermal loads refer to the effects that differences in temperature have to a structure, these stresses can cause deformation and movement. These stresses are important to consider due to the large amount of movement that can occur in a short period of time. A good example of this and how it is counteracted is the Sydney harbour bridge where ball and hinges to counteract the expansion of the bridge due to the high variance of climate of Australia from day to night. 
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