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Introduction
Purpose of the Report
The purpose of this assignment is to design a medium to high rise student accommodation building for the University of Wales Trinity St. David on the Swansea SA1 Waterfront campus, justifying the choices made for the type of structural frame and foundations, building envelope and materials, and the prefabrication / on-site construction methods.
Report Structure & Objectives
This report will focus on three main areas of the student accommodation’s design; the structural frame and foundations for the given site ground conditions, the building envelope, materials and method choices and the prefabrication or on site construction of different elements. 
There are several key objectives that need to be met when designing the building. An analysis will be undertaken discussing choices to the design, structural strength, stability, fire safety, aesthetics, sustainability and environmental impact. Addressing these considerations will be crucial for a successful student accommodation for the university.
Site Context
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Description automatically generated]The plot of land allocated for the student accommodation construction is located on the Swansea SA1 Waterfront in Wales and situates very close to the University’s campus, providing easy access for students. The area also offers easy access to main roads and public transport which greatens its appeal to students. The SA1 Waterfront is a mixed-use development, including residential, commercial and educational facilities. The plot of land where the student accommodation will situate has a perimeter of approximately 300m, meaning there will be space for many students and facilities they can access. 
Building Layout & Facilities
The student accommodation will be designed to give students an attractive, but most importantly, a comfortable and functioning living space where facilities are easily accessible. Each bedroom within the building will be furnished with a bed, desk and storage space, followed by an en-suite bathroom to allow student’s privacy. The bedrooms will be part of shared living areas where the kitchens will situate. This will allow for great social interactions between students. Furthermore, the student accommodation will feature communal areas such as social spaces and laundry rooms.
The building will also feature facilities that students can access. A student union will be implemented to act as a hub for student activity groups. Along with a reception on the ground floor, the student accommodation will feature a café and dining area to serve as a casual meeting place. Outside the building, facilities such as a courtyard and bicycle storage will be integrated to offer outdoor relaxation and study space and the promotion of sustainable transportation.
Structural Frame & Foundations for the Given Site Ground Conditions
When choosing the structural frame and foundations for a building, it is essential to consider the site’s ground conditions to ensure the structure is safe for residents. The site on the Swansea SA1 Waterfront situates on a reclaimed dockland area. This means the ground conditions can be challenging given the surrounding water in the area, with a high chance of soft clay and silt layers. Following a ground investigation from Aecom, it was identified that a 2-3 metre thick horizon of made ground (gravel, cobbles and sand) was observed across the site. Beneath the made ground was an 8-13 metre deep layer of fine to medium grained sand, overlaying a 3-5 metre deep layer of stiff to very stiff gravelly clay. Bedrock was encountered at approximately 20 metres below ground level, comprising of extremely weak grey mudstone (R. Sambrook, 2019).
Structural Frame
The structural frame is the skeleton of a building and provides stability while distributing loads. There are several types of structural frames that can be used for a building and the chosen frame will depend on factors such as the structure’s size, materials used and the project’s requirements. It is essential that the structural frame is appropriately chosen in comparison to the building in order for excellent stability and durability. 
[image: ]The chosen structural frame used for the student accommodation building will be a reinforced concrete frame, which is a frame made up of concrete columns and beams that are reinforced with steel bars. This combined system provides a structural skeleton with great stability that is able to withstand heavy loads. Reinforced concrete frames are most commonly used in medium to high rise buildings because of their excellent strength and adaptability.
There are many advantages that reinforced concrete frames can provide for a student accommodation. Firstly, reinforced concrete frames have an excellent load-bearing capacity which is essential for a large sized student accommodation building. Given the heavy loads from the building, the structural frame will effectively support the floors, walls and ceilings. Secondly, a reinforced concrete frame has great fire resistance properties, meaning it can maintain its structural integrity while facing high temperatures. This makes it a great choice for a student accommodation as it will keep the many occupants safe. Furthermore, the longevity of reinforced concrete frames is exceptional which provides the building with a long lifespan with minimal maintenance. This can also help reduce costs in the long-term. Lastly, reinforced concrete frames are superb at resisting wind forces. This is beneficial in relation  to the building site as the Swansea SA1 Waterfront faces heavy winds due to its coastal location.
Steel and timber structural frames are also options that can be used in construction and it is clear why using a reinforced concrete frame would be more beneficial. Compared to reinforced concrete, steel frames are much more at risk to corrosion, especially when built in humid and coastal regions like the SA1 plot. Steel frames are also not great with fireproofing, meaning that additional costs for treatment would be required. Timber frames are also not suitable for a student accommodation building as they do not have great load-bearing properties and are prone to fires.
Foundations
Foundations transfer the weight of a building to the ground and are part of the substructure. Given the ground conditions at the site are to consist of soft soils due to the plot being located in a coastal region in Swansea, it is necessary that the right foundation type is chosen for the student accommodation.
[image: ]The foundation type that will be used for the student accommodation building will be a pile-supported raft foundation. This combines two different foundations types, rafts and piles, which are shallow and deep foundations respectively. The combination allows for extra support. Pile-supported raft foundations are typically used for medium to high rise structures and are a great choice for a building that situates where soil is not suitable to prevent excessive settlement.
Using pile-supported raft foundations will provide many benefits to the building. One advantage of using the foundation type is its load distribution qualities due rafts evenly distributing weight loads which reduce stress on each individual pile. Another important benefit, especially in relation to the compressible soil layers at the SA1 site, is that the piles allow loads to be transferred deeper to more stable soil layers. Also, pile-supported raft foundations have great durability in high water tables as the structural integrity is shielded against water intrusion by the reinforced raft. Lastly, the foundation type provides great economical benefits as well. As less piles are required because of the support raft, less material and labour costs will be needed while also maintaining a well-supported foundation. 
Building Envelope, Materials & Method Choices
The building envelope is an essential part of a structure’s design, and is made up of important aspects that form the exterior walls, roof, windows and doors. Many subsystems of a building such as plumbing and electrical systems, affect how well the building envelope performs. The way the subsystems interact with the building envelope's components and specific occupant activities can impact the structure’s overall performance. There are multiple functions of a building envelope that lead to a well-performing building. The main functions include; the thermal regulation, weather protection, structural support, aesthetics and the environmental impact. When designing the building envelope for a student accommodation at Swansea SA1, it is essential that all functions about the surrounding location are considered.





Wall System
[image: ]On top of the reinforced concrete structural frame, the wall system for the student accommodation building will include materials with different functions such as the outer cladding, insulation and air and vapour barriers. The cladding of the building will be made out of aluminium rainscreen panels. An aluminium rainscreen cladding system is a protective covering that shields structures from weather conditions like wind, rain and snow. Attached to a structure, this system's lightweight, strong, and corrosion-resistant aluminium panels create an air gap for drainage and ventilation. The system's main goals are to improve energy efficiency and provide insulation. Choosing this material will provide many benefits to the building’s construction. Firstly, aluminium rainscreen panels have great durability and resistance to corrosion, meaning that it will be an ideal choice for the site location in Swansea SA1 where coastal conditions are present. Secondly, the aluminium panels are aesthetically pleasing and come in various finishes. This provides a modern look to a building and will help create an attractive building to students looking for accommodation in the area. Lastly, the material complies with the UK Building Regulations Approved Document B, which covers all fire safety matters within and around buildings (GOV.UK, 2010).
One kind of foam board that is highly renowned for its exceptional thermal insulation qualities is rigid polyisocyanurate (PIR) insulation, and will be used in the student accommodation’s construction. This foam is notable for its remarkable structural strength, low water absorption, and good heat resistance. PIR's remarkable heat performance and moisture resistance are a result of its unique fine cell structure and closed-cell composition and are particularly useful for Swansea’s coastal climate. The insulation is also made up of a thin, lightweight profile which allows for interior space to maximised. Alongside the PIR insulation, the air and vapour barrier will consist of a high-performance membrane which improves thermal efficiency by preventing air from escaping. This membrane will also improve the moisture control within the building as it will reduce condensation.
[image: Green roof at gsk building]Roof & Glazing Systems
The student accommodation building will be implemented with a green roof to maximise the environmental and aesthetic benefits. A green roof will consist of multiple systems to help the environment around the building. The green roof will include layers of vegetation that are native to the Swansea SA1 area with a lightweight soil mix. The roof system will include a waterproof membrane that water entering the building and a drainage layer that collects water for helping plant health. 
There are many benefits of using a green roofing system. Firstly, the system will help reduce heating demand due to the added mass thermal resistance value which creates an insulated layer that fights high and low temperatures. Green roofs also reduce water issues within a building as a high amount of rainwater is absorbed into the soil, reducing water runoff. Lastly, a green roof will improve the air quality in the area as the vegetation layer will absorb the surrounding polluted air and emit oxygen, hence helping the environment. 
To improve the energy efficiency of the student accommodation, the building will be implemented with a triple-glazed window system. Using this glazing system will provide multiple benefits to the building such as improving thermal efficiency by reducing heat loss during the cold winter temperatures and heat gain during the hot summer temperatures. Triple-glazed windows will also improve the acoustic insulation of the building which help reduce outside noise disturbing student’s in their rooms.
Environmental Considerations
One of the most important considerations that needs to be met in student accommodation’s construction is its environmental impact. Therefore, sustainable materials, compliance with building standards and energy efficiency methods must be achieved. When sourcing the materials for the building envelope, they need to be recycled and locally sourced as this will help reduce the carbon footprint and transport emissions. There are many building standards that the student accommodation needs to comply with. In relation to environmental considerations, some important standards that need to be met include; the Building Regulations Part L: Conservation of Fuel and Power, Future Homes and Future Building Standards and the Sustainable and Secure Building s Act 2004. Lastly, the building envelope must have an excellent energy performance. This will be achieved by installing elements with low U-values to reduce heat loss and renewable energy systems such as solar panels to the green roof.


Prefabrication or On-Site Construction of Different Elements
Construction methods are an essential part of a construction project and can affect the efficiency, quality and sustainability of a building if not performed correctly. When constructing a student accommodation at Swansea SA1, it is essential that the choice between prefabrication and on-site construction is carefully considered. The chosen construction method must be able to ensure the project is delivered within the programme, within the allocated budget, considered against the area’s environmental constraints and aligns with net-zero objectives.
Prefabrication involves a process of manufacturing the components of a building away from the site in a factory and then transporting them to site to be assembled (Chauhan, K.Peltokorpi, A.Lavikka, R. and Seppänen, O. 2019). In contrast, on-site construction involves the more traditional method of where all components are made and assembled at the construction site. Both methods will be used during the construction of the student accommodation.
Prefabricated Elements
The elements that will be prefabricated away from the construction site will be the reinforced concrete frame, modular building façade panels, and the decision to implement bathroom and kitchen pods. The choice to prefabricate the these elements were made for several reasons. Firstly, the prefabrication process will allow for extra precision and quality control as the design’s exact specifications will be closely adhered to within the factories. This is especially beneficial for the reinforced concrete frame as it is a primary element of the building’s structural integrity. The prefabrication process will also reduce the time of construction which will benefit the project’s programme. Although the use transportation of large components will be required, the prefabrication process will benefit the environment as controlled factories will optimise the usage of materials and minimise waste. 
The building’s façade panels will be prefabricated with integrated insulation and cladding as this will ensure that the structure’s thermal performance is maximised with great energy [image: ]efficiency. Due to Swansea’s high chance of adverse weather conditions, prefabrication will ensure materials are not damaged as they will be constructed indoors, which will also save the project time. 
Bathroom and kitchen pods are ready-made rooms that are prefabricated off-site and will be very beneficial to the project. The student accommodation will consist of many bathrooms and kitchens of similar design, meaning that the repetitive pod units will be installed with a uniform quality, and will help save construction time as they will be delivered as complete units.




On-Site Construction Elements
[image: Progress at 71/72 Kingsway - Bouygues UK]The elements that will be constructed on-site will be the pile-supported raft foundations, the green roof and internal finishes. On-site construction will be essential for the foundations as they must be installed based on the site’s surrounding ground conditions. The most efficient way to fully understand where the foundations need to be properly aligned and installed is to have them constructed on-site. Due to the use of specific plants native to the site’s location in Swansea, on-site construction will be used for the green roof. Using on-site construction for the green roof will also provide adaptability against unanticipated circumstances such as adjustments to the structure. Lastly, on-site construction will be used for the internal finishes within the building due to the required flexibility needed encase of variations to the internal design. This will also allow for adjustments with the client during the final stages on construction to meet their preferences. 
Conclusion
This report demonstrates a meticulous consideration of structural stability, sustainability, and efficiency in the design for a student accommodation located at Swansea SA1 Waterfront. A pile-supported raft foundation and a reinforced concrete frame were chosen for the structural frame and foundations in order to handle the site's coastal ground constraints and provide stability, fire resistance, and longevity. The building envelope elements were chosen due to their minimal maintenance needs, resilience to coastal weather, and thermal efficiency. While improving sustainability and aesthetics, these materials also support the project's energy efficiency objectives. Lastly, a hybrid use prefabrication and on-site building was chosen to be most suitable in terms of construction techniques. This approach addresses the particular requirements of the site and building type while minimising the negative effects on the environment and maximising efficiency. Overall, these decisions guarantee that the student accommodation is safe, sustainable, and appropriate for the plot of land at the Swansea SA1 Waterfront.
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