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1.0   Introduction
The industry today is currently facing a housing crisis due to low productivity levels as a direct result of extensive skilled labour shortages seen on building projects (OFFSITE HUB, 2024). Although with the increasing popularity of utilising off-site construction methods in comparison to traditional means, many industry professionals are now beginning to believe that it is a revolutionary solution for combating this on-going issue. Additionally, modular construction provides several benefits where a wide selection of materials along with the latest technologies can be incorporated into the design process while simultaneously monitoring quality control, costs and time (access, 2024). 
Therefore, the client has developed an interest in off-site construction for their proposed building and wishes to explore the options available for maximising its sustainability potential. This report will first determine a suitable foundation, superstructure frame and pre-fabrication method for the location in question. Secondly, the buildings envelope will be discussed in terms of aesthetic and airtightness. Thirdly, appropriate building services are to be selected in relation to how the internal environment can regulate temperature through heating and cooling. Finally, it will address fire safety risks and how measures put in place can mitigate them. 
2.0   Choosing a suitable foundation
Based off historical records pertaining to the Maritime Quarter and more specifically where our site is situated on Kings Road, it has been confirmed that the area is classified as brownfield and was formerly backfilled with an assortment of soil types. They also indicate that there is a high possibility of contamination present within the soil due to heavy industrial activities previously carried out in the vicinity. Before deciding as to which foundation would be appropriate for the site, in-situ testing must be conducted through a subsoil investigation in order to determine soil properties and ground conditions (Swansea and Port Talbot Docks History, no date).   
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Figure 1: As displayed above, borehole data was gathered from several points of interest around the Prince of Wales Dock where it discovered that the underlying strata consisted of different soil types varying from fine to coarse grained such as gravel, clay and sand. At a depth of 27 to 30 feet, a suitable layer for foundations is provided as the coarse-grained sand and gravel offers higher permeability. Fine grained clays should be avoided as they are prone to cracking due to expansion and contraction. Another solution would involve excavating lower until a suitable soil or rock layer is found which has a higher bearing capacity (British Geological Survey, 2020) (Rhino Piling, 2021).  
Existing borehole data within the sites proximity has indicated that shallow foundations are not recommended as soil is proven to be of low quality and would be inadequate for supporting superstructure loads. Alternatively, this issue can be resolved by utilising deeper foundations such as piling as loads from the superstructure will be transferred into a soil or rock layer with a sufficient bearing capacity (Designing Buildings, 2022). 
With reference to the areas historical industrial use and the prospect of contamination still being present on site, it could potentially have a detrimental impact on the reinforced concrete piles as chemical impurities in the soil can fluctuate pH levels which causes groundwater to become corrosive. However, prefabricating these piles off-site in a controlled environment provides a permanent solution to this issue where the concretes compaction can be increased which results in reduced moisture penetration of its pores. Additionally, the rebars durability could be enhanced further by applying a corrosion inhibitor that provides a resistance barrier from chemical attacks (ResearchGate, 2014) (CivilBlog.Org, 2016). 
The rigidity of structural elements can significantly increase by constructing a reinforced concrete pile cap on site so that a broader area is provided for loads to be evenly dispersed onto the piles. For the pile cap to achieve maximum strength and durability, it will be imperative that its curing process is regularly monitored to ensure temperature and moisture levels are regulated. When control measures are not put into effect, this can impede the process, and the concrete could be vulnerable to defects such as cracking or shrinkage after its completion (Designing Buildings, 2022) (aci, no date) (Reef Industries, 2023). Applying a layer of bituminous paint to the pile cap surface can then provide a protection layer for preventing contamination exposure and resisting moisture infiltration (Palatine Paints, 2022). 
2.1   Superstructure Design – Steel Portal Frame
This is known to be one of the most notable building techniques used throughout the industry today that involves creating a two-dimensional rigid frame. Primary structural elements comprising of beams are attached to the columns joints which allows lower bending moments and transfers loads into the foundation. Secondary components such as purlins will then be connected to beams while rails are secured to columns which can enable the installation of cladding. In order to achieve lateral stability of the structural frame, bracing will be required at the end or intermediary bays (Designing Buildings, 2022).
 Structural elements necessary to construct a steel frame building are prefabricated in a controlled environment to ensure that specification requirements are reached before being delivered to a site. This is somewhat beneficial from a cost perspective as it reduces the amount of labour required on site which ultimately saves money. As these structural elements arrive on site, they can be assembled with the assistance of bolt connectors, floor plates and welding in quick succession thus reducing construction time. Structural steel provides versatility in the prefabrication process where a wide variety of complex shapes can be crafted while its original strength will still be preserved. Its high tensile strength has the ability to greatly resist severe weather conditions, seismic activity and snow loads. In contrast to other building materials, steel offers substantially lower repair and maintenance costs due to its high durability (Designing Buildings, 2022). 
2.2   Hybrid Building Design
The hybrid method provides a versatile approach in the prefabrication design process where a combination of panellised systems along with volumetric units are utilised to form the buildings structure. Volumetric construction comprises of moderately large pre-built modules that can either be stacked vertically or adjoined together and are generally tailored towards spaces such as bathrooms, kitchens and lift shafts in residential buildings (Designing Buildings, 2021). Panellised construction however involves erecting various individual structural components such as floors, walls and roofs on site to create enclosed areas which could include habitable spaces or corridors. Secondary features consisting of external or internal finishes, waterproofing layers and insulation can also be incorporated into these panellised systems (Ecosystems Technologies, 2022). There are several additional  advantages when selecting the hybrid method for a build which includes: 
· It offers a more sustainable approach in comparison to traditional construction techniques as less material waste is produced during the building process. 
· Due to insulation being preinstalled within the panel thus requiring fewer joints, the building envelope will be guaranteed airtight which achieves greater energy efficiency. 
· Site deliveries will be minimised as panellised systems are flat-packed. 
· The demand for on-site labour is reduced as systems can be pre-equipped with fixtures, fittings and different utilities (Eglinton, 2013). 
2.3   Sustainability of Selected Building Materials
Steel: This material has become increasingly popular within construction today due to the unique ability of being recycled infinitely while still retaining its original properties which allows it to be reused for a wide range of purposes throughout its life cycle. Additionally, the manufacturing process of structural steel does not require an abundance of resources therefore conserving energy usage. Even though the production of steel has a negative impact on carbon emission output, the industry continues to move steadily towards decarbonisation (Australian Steel Institute, 2024). 
Concrete: Where the industry now tends to steer away from traditional concrete because of the detrimental effects it has on our environment, green concrete is formed by recycled materials and is considered as an eco-friendly alternative to use instead. The existing composition of the concrete which comprises of Portland cement is partially substituted and replaced with other materials such as slag and fly ash to in order to reduce carbon emissions. It also provides a viable solution regarding the management of waste as it is converted into a useful resource which effectively minimises pressure on landfills (cove.tool, 2023). 
UPVC: Despite the common misconception today that this construction material should be avoided at all costs because of its direct contribution towards harming the environment caused by carbon emission production, improvements regarding its design and recycling potential now considers it to be one of the highest sustainable materials available. The UPVC’s lightweight along with high strength thermoplastic polymer structure enables this material to be recycled and reused multiple times without losing its performance or quality. An additional benefit of using this material is that it requires little maintenance due to its outstanding thermal, acoustic and weather resistant performance (Nottingham Window Company, 2024). 

Timber: In comparison to other traditional building materials, timber when harvested correctly from sustainable sources is considered to be one of the most environmentally friendly options to select due to its renewability factor and the natural ability to store carbon. Depending on the availability, it could be possible to use recycled and repurposed timber products before they are disposed at landfill sites. This alternative reduces pressure put on forestry’s and prevents embodied carbon dioxide being released into the atmosphere (Designing Buildings, 2021). 
2.4   Building Aesthetic
For the buildings exterior finish, red brickwork cladding has been selected as it will enhance the properties overall appearance and will look aesthetically appealing which could attract interested buyers. If the correct standards are being followed during its installation in the prefabrication process, the claddings durability will be increased while requiring little maintenance to preserve its appearance. UPVC as previously discussed is also available in the colour red and has been chosen for building elements such as doors and windows as it will naturally blend in providing an elegant look (RGB Facades, 2020). With regards to the selection of a roofing material, slate would be a suitable choice for this property as it is available in a similar colour to match other external finishes and is considered to be aesthetically appealing. In addition to this, slate is exceptionally durable where it is able to resist extreme weather conditions and is known for lasting a long period of time (Buildworld, 2020).
2.5   Fire Safety Solutions in High-Rise Buildings
 Steel Frame Intumescent Coatings: This approach offers excellent fire protection without compromising the steels structural integrity where a chemical reaction brought on by intense heat creates a buffer and expands up to 100 times the original thickness. 
Rigid Board Fireproofing: This technique has effective fire resistance while offering outstanding thermal properties where boards can be rapidly installed in conjunction with structural elements during construction. Moreover, it is able to provide moisture protection which does not affect its fire prevention characteristics (liveaboutdotcom, 2019). 
Concrete: Classified as a non-combustible and considered to be low risk, it is not necessary to apply additional fire protection services on concrete because of its unique fireproof ability. In relation to panelised construction, concrete can be used for this purpose by providing a safe haven for occupants to evacuate the building in the event of a fire (mpa The Concrete Centre, 2024). 
Fire Detection & Alarm: Residential units within high-rise buildings can greatly benefit from utilising a communal fire alarm system as it will alert all occupants of a fire when smoke is detected while simultaneously activating safety measures such as returning elevators to ground floors and operating smoke ventilation systems. 
Cavity Barriers: The purpose of these is to prevent the spread of flame and smoke within the building fabric by separating void spaces. They can be applied to a number of applications such as walls, roof spaces, windows, floors and ceilings. It is vitally important during the construction phase that contractors on site are informed of cavity barriers when carrying out their work as they can be easily damaged. 
Fire Doors: If installed correctly, fire doors will be able to effectively delay the spread of fire or smoke enabling more time for occupants to safely evacuate the building. These doors must be up to standard at all times and inspected by competent person on a regular basis (GOV.UK, 2025)

2.6   Constructing an Airtight Envelope
The aim of an airtight envelope is to completely eliminate all possible gaps within the buildings fabric to prevent air from infiltrating into the internal environment or leaking into the envelope materials. In order to achieve this, an airtightness line must be formed which can circulate between all building elements without disruption. Its successful completion is solely dependent on the quality of workmanship during the construction phase as failure to fully seal the building envelope will compromise the entire system. One of the major benefits of accomplishing this type of building technique involves a drastic improvement towards energy efficiency as heat will be unable to escape through any unintended gaps which in turn also preserves the performance of insulation (greenspec, 2025). 
2.7   Passive Heating & Cooling Services
In order to capture an adequate amount of heat for a building, it is recommended to position south facing windows at the best possible angle for maximising solar intake during daylight hours. Where daylight is limited during the winter, thermal mass consisting of building materials such as cladding, brickwork or concrete will assist in absorbing and retaining heat. If external finishes or materials are darker in colour, it will have the ability to capture additional heat. In the summer where temperatures will be its highest, the buildings heat intake must be regulated to prevent disturbance to human comfort levels. A solution to resolve this matter would be to install blinds, shudders or awnings (Ecoflow, 2023). 
3.0   Conclusion
Even though off-site construction methods provide a broad range of design options to meet project requirements while continuing to serve the industry through a difficult time, it must remain as a temporary solution for now until current issues such as the labour shortage is resolved. However, this could prove to be a challenging task as prefabrication manages risks such as quality, cost and time far more effectively compared to traditional construction work. Buildings that incorporate effective fire safety preventative measures will ensure full protection of its occupants and can minimise the possibility of harm being caused. 
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