1. Superstructure and Foundations (sustainability)

Introduction:
The client has acquired a reasonable-sized plot of land, which is situated in the maritime quarter of the SA1 region of Swansea. The aim is to build a block of luxury flats that will be sustainable and stand out from the rest of the buildings in the area. 
Superstructure: 
The building methods (method of construction that will be used for this block of flats is offsite construction) that will be used for this block of flats will be offsite construction, also known as modular construction. There are many types of modular construction that would be suitable for this project. 
Panelised systems, this method is the most well-known and would be classed as your basic form of modular construction. This method has all external sections of the building constructed off-site. The panels are individually constructed in a factory setting and built to the exact size of site requirements, then transported to the site on lorries, where they will be erected and fixed together via a crane making the exterior of the properties, including floors and ceilings. Depending on the size of the dwelling, internal walls can also be made and fitted, once erected onsite, a carpenter will come in and complete the internal work. This will also be the case for plumbing, electrics, painting and decorating, etc. 
[image: SO Modular Ltd]
This picture demonstrates the construction process in the factory.
[image: What is Panelized Construction? 2024 Guide - Neuroject]
This picture shows the panel being craned onsite, and ready for fitting. 

Another option for the flats was a hybrid construction building, which is very similar to the previously mentioned method. 
This method combines all the advantages of traditional onsite construction with the benefits of offsite construction. The structural elements are built offsite in a factory setting. They will then be assembled on-site, where the traditional aspect comes in as the utilities and externals of the buildings are finished onsite and are made to look like a traditionally built property, for example, they can be rendered and painted. 


[image: Future of construction is hybrid and circular – rethinking the use of  materials]
Hybrid construction panels are being fixed into place with no external work completed yet.

The most suitable choice for this project is volumetric modular construction. 
Volumetric modular construction is a distinct type of off-site construction that entails the fabrication of complete three-dimensional building units, or modules, in a manufacturing environment prior to their transportation to the construction site for assembly. 
In volumetric modular construction, complete rooms or segments of a building, such as toilets, kitchens, or entire floors, are prefabricated in a regulated factory setting, alongside fully functioning building serves like heating and cooling systems. These modules are generally constructed from materials such as steel or timber and are completely equipped with necessary interior components, including electrical wiring, plumbing, flooring, and finishing. The modules are constructed to the precise dimensions and specifications mandated by the project, and upon completion, they are delivered to the site.
[image: What Is Volumetric Construction? | Villavo]
How the process works, each pod is fully assembled. 

The defining feature of volumetric modular construction is that these modules are entirely constructed and self-sufficient, with all principal internal components pre-installed. Upon arrival at the construction site, the modules are hoisted into position and integrated with the building's foundations and utilities. This approach is generally more convenient than conventional construction methods, as it prevents a significant portion of the on-site construction activities that would otherwise be required. Upon assembly of the modules, final touches can be made, such as external cladding, roofing, and landscaping, to finish the project.
[image: Tide | Driving the modernisation of construction]
A pod is being craned into position at the top of a multistorey building. 

The pods will make up sections of the flats depending on the size of each apartment will depend on how many pods make up a single one, for example, a three pod apartment might have a kitchen/hallway pod, a living room pod, and a bedroom/bathroom pod.

For the construction of this project, there is only one type of foundation that would be used due to the ground makeup this will be pile foundations along with a raft foundation pad.  Pile foundations are commonly used for the construction of blocks of flats and large buildings on made-up ground in the Swansea Bay area due to several critical factors. Made-up ground, often consisting of fill materials such as rubble, compacted soil, or construction waste, typically has inconsistent properties and lacks the strength required to support the significant weight of a multi-storey structure. Pile foundations address this issue by transferring the load to deeper, more stable layers of soil or bedrock that can reliably bear the structure's weight.
[image: Construction Updates: DESIGN AND CONSTRUCTION OF PILE FOUNDATION]
This is an example of how pile foundations go through different layers of the ground until they hit structurally sound ground. 

Another concern with made-up ground is its tendency to undergo uneven settlement. This occurs because the material is often poorly consolidated and varies in composition. Differential settlement can lead to structural damage, but pile foundations mitigate this risk by anchoring the building to uniform, stable strata below the problematic upper layers, ensuring long-term stability.
Additionally, in the Swansea waterfront area with a wet climate, made-up ground is often prone to water retention, particularly due to the high rainfall in the area. Saturated conditions can further weaken the already unsuitable upper layers, exacerbating settlement issues. Pile foundations bypass these layers, extending below the water table to provide stability and protect the building from water-related challenges. By addressing these key geotechnical concerns, pile foundations ensure the safety and durability of a building on made-up ground.
There are other options for foundations, such as strip foundations, slab beam foundations and pad foundations, but unfortunately, none of these would be a viable option for the building at hand due to the ground makeup of the site. The building would sink or crack with any movement. 
[image: What is Pile Foundation? Types of Pile Foundation - Civil Engineering]
A pad would then be poured onto the piles, hence why the rebar is sticking out of the ground to lock it in. 

2. Exterior (sustainability)
The building finish must be modern, sleek and stand out while remaining sustainable and practical. For this element of the building, the use of exterior cladding will be the best option for the project; this is due to the wide variety of options and materials that can be used. This will also fit in well with the construction techniques that have been chosen for the block of flats. 
Cladding can come in a variety of different materials ranging from timber to different types of metals, not all will be applicable to this building. So the correct one has been chosen that meets standards, which further allows us to keep the building looking high-end but also keep the sustainability aspect a priority. For the cladding, there are regulations that will need to be met. Fire building regulations for flats over 18 meters state that no combustible materials are to be used, such as timber, plastic and high-pressure laminate (FPA, Media, 2022). This means that the materials used on this block of flats will have to fit into these categories. These materials must achieve a class A2-s1, d0 or better to comply with the European classifications as well as insulation (G, Wilkinson, 2024). Keeping in mind the building regulations I believe a metal cladding will be best suited. The usual types of metal cladding are steel or aluminium. Both are very good options and have their benefits in the construction industry. One of the biggest differences between steel and aluminium is the weight, with aluminium weighing considerably less than steel (GTO, aluminium, 2024). Steel has better heat conduction properties than aluminium, which means that the building will heat up more unless correctly insulated this can cause higher energy costs. Steel also requires a lot of maintenance compared to aluminium due to its corrosive properties and tendency to ruse in bad weather conditions and around coastal areas, if regular painting or treatments weren't kept up, then the building would lose its sleek look(GTO, aluminium, 2024), this is one of the reasons that the decision to go with an aluminium exterior was made. Aluminium is a highly recyclable material and requires less energy than steel to be produced, this makes it more sustainable and better for the environment. 
For the aesthetic appeal of this building and to stand out in the Swansea Bay area, the design of the panelling will be large rectangles of different widths, stood uprights and intergraded in size order the majority of the panels will be black with a few of the larger ones being white, this will bring a modern and sleek look to the building as well as being smooth and practical for any maintenance that is required. 
[image: Aluminium Cladding Images – Browse 5,081 Stock Photos, Vectors ...]
Exampled 3D module of what the flats would look like. 
Due to the location of the building and the possible high winds and rain that may occur, the fixing system for the cladding needs to be well thought out and structurally sound to prevent any panels from being damaged or coming off. The subframe will be fitted to the external walls of the building, this will consist of vertical rails and brackets that will also be made of aluminium. These will be securely fixed to the wall structure using mechanical fixings. The subframe also incorporates adjustment points to ensure the cladding panels are aligned correctly. During the fitting, a layer of insulation will be fitted this will be a fireproof insulation such as mineral wool and will help to provide thermal performance to the structure. This layer of insulation will sit in between the cladding and the superstructure, with a ventilated cavity between the cladding. This allows airflow through the external of the building, preventing any moisture build-up and allowing the system to perform well thermally. Cavity barriers are installed throughout the building in strategic locations to prevent the spread of fire through the cavity. The panels will be riveted onto the rails, which will be hidden and keep the sleek look of the building. Finally, the panels, as mentioned before, will be black and white these will be painted with a special weather retardant paint that will be suitable to withstand prolonged weather exposure, regular maintenance will still be required, as would with everything. (Sources used for the fixing system are as follows: Building Regulations Approved Document B. BS EN 1991-1-4 and BS 8414. NHBC guidance for compliance.)


3. Building Services (sustainability)
For the heating and cooling of this building, many factors must be taken into consideration, such as each apartment will want a different temperature, they will be boxed off and self-sustained systems, and it is going to be a large building. Keeping all this in mind, there are still a few options that meet these standards. A ground source heat pump would work in a building like this, these work by having pipes called ground loops, which are buried in vertical or horizontal trenches. The loops have a water-antifreeze mixture in them that circulates around the loops and absorbs heat from the ground. The fluid, warmed by the ground, passes through a heat exchanger, where its heat is transferred to a refrigerant. The refrigerant is then compressed to a much higher temperature. The heat can then be sent to where it is needed in the building via a district heating network. In the summer, the system can reverse and extract heat from the building and deposit it into the ground.
 This method would require a lot of ground space for such a large building, so it would need land adjacent to the building. It is also highly efficient for buildings that need constant cooling and heating, as well as very cost-effective.
 Passive cooling could work well with such an option to maximise air circulation this works by allowing cross-ventilation to be achieved through specially placed vents and windows throughout the building this will allow cool air to come into the building while hot air escapes. 
For this building, a Zeroth Energy System will be used for heating and cooling. It is designed for residential and mixed-use developments and imparticular high-rise buildings. It works by running an ambient temperature loop, which is powered off a centralised energy source such as an air source heat pump. This central plant provides energy to the ambient loop, which sits at around 25°C throughout the building. This loop leads to each apartment, where there is a water-to-water heat pump. These pumps extract energy from the ambient loop to radiators or underfloor heating, for cooling, they absorb the transfer of heat out of the apartment and back into the loop while cooling is in use, waste heat from the process can be repurposed to heat water or transferred back to the loop to heat other apartments. Which significantly reduces energy loss, it has been stated that it can cut inefficiency by up to 90%(Glen Dimplex, 2023. Zeroth, 2023). The Zeroth Energy System reduces the need for extensive pipework and larger plant rooms, freeing space in the building. Overheating is minimised in communal areas of the building. A super sustainable option for the building due to low carbon living by leveraging renewable energy. (Information for the Zeroth Energy System came from: Glen Dimplex, 2023. Zeroth, 2023)
[image: Zeroth]
             How the system will work. 

4. Innovative construction materials and methods. (Sustainability)
There are many types of innovative methods of construction that will be used in this building. 
For a start, the whole building is going to be of modular construction. Modular construction, although it has been around for over a century now, has only, in the last couple of decades, taken off fully. This is due to a boom in population and an increased demand for housing. Modular construction is so innovative due to its unique approach to its construction method. This is due to the offsite aspect of the construction, which has allowed around the clock work to be undertaken on each project with no reasons for work to stop as it is constructed in a factory setting. Being in a factory means all the issues that occur on-site are missed, such as being unable to work due to wet weather, delays with materials and poor ground conditions. With the process being undertaken in a factory, it minimises waste materials, which is a big problem found with onsite construction, and it also means everything is recycled correctly and no materials get damaged due to weather. The modular construction is also a lot safer than conventional builds for several reasons, fewer accidents happen in a factory setting, and each pod is built to be a self-contained cell, so in the event of a fire, they meet a higher fire safety standard. 
The internal heating system that is going to be used for this project is a very new and innovative system that is more eco-friendly than other options. 
The Zeroth Energy System is perfect for this project and will integrate into the modular aspect very well, this is due to the loop being able to be fitted while the construction is undertaken in the factory. 
The external of the building will be aluminium cladding, a sustainable option due to its recyclable properties. Aluminium is a better option than steel cladding due to its requiring less energy to make. It is also a better option due to its lower maintenance and better longevity in bad weather conditions. The aluminium also meets new fire safety rules brought in over the last decade which is a key element to this building alongside the external fire retardant insulation that will be in the walls. 
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