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1. Introduction

I have been requested to prepare a structural feasibility report for the development of a block of luxury flats in the Maritime Quarter of the SA1 region in Swansea. The feasibility report will include the use of primarily off site construction due to the restricted nature of the site. The report will also cover the best way to make this building distinctive and unique so that the architecture is able to stand out amongst its surrounding. This feasibility report will also be discussing the different methods for the building services and taking the fire safety as a main factor throughout the report. The client has specified that they are interested in innovative construction materials and methods and is very keen on maximising the sustainability of the project so all of this will be taken into consideration when justifying the choices made below in the feasibility report.

The Maritime Quarter is an area in Swansea that is provided with lovely sandy beaches and a front seat view looking over the blue sea. Located within the Maritime Quarter is a dock for people to store their boats, a national waterfront museum, which provides the residents with of this luxury block of flats with some beautiful views from within their accommodation. The boundary for the Maritime Quarter is highlighted with the red dashed line on figure 1 below. 
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Figure 1 (Google, 2024)














2. Off-site Construction

Benefits of Off-site Construction

The Maritime Quarter is a restricted location for on-site construction due to the site having very restricted access and frequent use by members of the public. This means that the traditional methods of construction will be very much out of the picture for this project and off site construction is more or less the only option that we can go with. However, just because we are limited to off-site construction, this does not mean there are very limited options of construction to go with as there are multiple different avenues that you can look at when it comes to building structures using off site construction. Before we dive deep into the potential off-site methods of construction that we have the option of, it’s important to just look into whether off site construction is really worth considering for such a luxury project. 

The process of offsite construction involves ‘designing, planning and pre-fabricating different construction elements in a separate location and bringing them together for rapid on-site assembly’ (Cotter, K. ND). This in itself brings a massive advantage to the speed and timeline of the on-site construction programme as the major construction works are already completed before the building is even on site. For this specific job this is perfect because of the restrictions to on site construction work that is already in place. Another benefit to the site programme is that there would be less delays caused by the weather as the construction is prefabricated in a factory workshop.

Another huge benefit for this project is that the off-site construction will not cause any disruption to neighbouring buildings/museums/public as prefabricating the buildings structure in an off-site location will decrease the noise, air pollution and as much need for large construction machinery on site as often.

Types of Off-site Construction

The first off-site construction system that can be used for this project is a panelised system. Panelised construction involves the off-site prefabrication of structural panels for timber frame walls and floors. Each individual wall and floor panel is also referred to as a cassette and each cassette is transported to site to be erected by a carpenter on site. Having these wall and floor panels designed and made in a factory is a lot more efficient than stick building each individual wall on site as the panels can be delivered and erected in the space of just a couple of days rather than putting each individual subcomponent together on site. Also, having each and every panel designed down to millimetre accurate dimensions provides more structural integrity for the building as each wall is designed to cater for every load that the building adds. The main issue with this method of off-site production is the external finish of the building will need to be site built, and all of the building services will also be carried out on site along with internal finishes.

Another method of off-site construction is volumetric construction. Unlike panelised construction where the cassettes are provided to site almost like 2 dimensional sheets, volumetric is a process where 3 dimensional modules are prefabricated in a factory. These volumetric pods will then be transported as modules which will be adjoined on site using a crane to lift them into position. Volumetric pods can be made in the factory using concrete, metal, or timber which makes this process a lot more opportunistic as opposed to panelised construction. The pods will be prefabricated in the factory and will even include the external finish. The internal services and utilities will then need to be fabricated and installed on site after the building pods have all been delivered which still leaves some work to be done on site. Having these pods delivered with just the internal building services needing to be installed can result in a huge amount of time saved as opposed to traditional methods of construction because the site programme will be months shorter. 

The next method of construction is modular construction. This method of off-site construction is basically exactly the same as volumetric construction because they are also 3 dimensional pods that are fully finished in the factory. The only difference is that all the building services are also installed in the factory which includes the bathrooms, shower rooms, office washrooms, plant rooms and kitchens.

Offsite Construction Conclusion

After looking into what each innovative off-site method of construction has to offer in terms of buildability, it’s important to narrow the options down to just one. To do this we must consider the demands of the client. The client requires a luxury block of flats in a highly restricted location in the Maritime Quarter and there is not a limit on the cost for this block of flats. This gives us that extra freedom to really make sure that we can achieve what the client demands in terms of a luxury design, sustainable project, and the use of innovate construction methods. 

Due to the nature of the project and its surrounding area, full modular construction would be the best way to go for this project. This will allow for the luxury flats to be fully prefabricated in the factory including the internal fit-out, finishes, building services, and all bathrooms and kitchens. As the budget for the luxury flats is high the modules can be designed as steel modules which is perfect for a block of flats. The steel frames are very light in weight and are very durable. Also the steel frames will allow plenty of room for fire safety systems and the building services to be incorporated into the design.

Substructure

There are various foundation types that can be used for the modular construction of this luxury block of flats. These methods that we can choose from are pad foundations, strip foundations, raft foundations, and pile foundations.

To decide which foundation type is best for this block of flats we must take a look at the area of land that we are building on. Firstly, as we know, the building that we are going to be building is a luxury block of flats that will be a high rise structure that will have quite a small floor area due to the number of buildings that already exist in the surrounding area. The building is also going to be built alongside the coast which has large beaches to the south which tells us that the sub strata below the building may consist of low density soil. Also, the docks in Swansea were heavily used for bringing in and transporting goods during the industrial revolution which means that the ground condition can be contaminated from the areas history.



I have also carried out a geological desktop survey to search for borehole logs taken in the Maritime Quarter. As you can see from figure 2 below a lot of borehole logs have been taken which shows the quality of the ground. 
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Figure 2  (British Geological Survey, 2024)



After carrying out a brief desktop survey of the surrounding land in the area and considering the height and weight of the luxury flats, the pile foundations will be the most appropriate foundation type for this project. It offers the best structural support for such a large high rise building. 




























3. Building Aesthetics

Building Envelopes

It has been specified by the client that the block of flats must be unique and stand out amongst others in its surroundings. Therefore, we must try to be creative with the design of the external structure of the building whilst also maintaining a strong building envelope. The building envelope ‘includes the exterior walls, foundations, roof, windows and doors’ (BC Housing, ND) and has three key roles in the performance of residential buildings. These three roles are structural support, climate control, and architectural design. In other words, the building must be structurally safe, help to regulate temperature inside and provide ventilation, and the building must meet architectural requirements such as windows and sky lights to provide natural daylight, enhance the interior design and improve energy efficiency. There are two main types of building envelope systems used in residential structures which are tight and loose building envelopes. A tight building envelope system is when the buildings design to ‘control air leaks, enhancing internal temperature controls’ whereas a loose building envelope is a system that’s used ‘when there is a need for more natural ventilation and air flow throughout the building’ (Urbanise, ND). When it comes to choosing the materials for the building envelope it is very important to highlight the location of the project. Although the client wants a building that is going to be unique and standout in it’s surrounding area, the project is located on the sea front in SA1 which is known to be very windy, so there will be a lot of driven rain clashing against the buildings elevation so weather resistant materials must be considered to combat this. The steel frame is a very good option for racking p
[image: Building envelope diagram]
Figure 3  (Springtime Builders, ND)
















Building Materials

Now that we have looked at the importance of the building envelope, this is a good time to take note of the materials we are going to use to make up the structural envelope. 

The first material that we can look at is steel as this is what will be providing the structural stability for this building in the form of steel frame. Steel is usually used in the building’s envelope due to its structural integrity and its durability. Not only is it good for its strength, but it’s also very good for racking purposes against the strong winds and performs well against the bad weather conditions.

The next material that will be largely prevalent within our luxury building structure is glass. The window is an area of serious importance within the building envelope for this project as we want to fully maximise the benefits of the views of the sea front and the docks. This will provide more human comfort to the occupants of the flats by providing the natural light and wonderful views. High performance glass can provide solar heat gain which could help work as part of a smart building. 

Finally, the external finish of the building will be done as a cladding finish. Cladding is the process that is used to cover the exterior side of the building with a wide variety of materials such as brick, metal, timber, or glass. The job of the cladding is to serve both functional and aesthetic processes. In other words, the cladding can protect the building from all the dangerous elements while in the process of enhancing the buildings aesthetic appearance. The reason that this project should go with a clad finish instead of a brick finish is because there are much more options that you can go with for a clad finish that will make the building more eye catching.























4. Building Services

The client has asked to look into both passive and active methods of heating and cooling for the block of flats to find the most cost effective and energy efficient way of heating and cooling the structure. It is important that the building meets all of the human comfort factors and the building services are the most sustainable way of meeting them. 
[image: Stack Ventilation]Passive heating and cooling is an energy efficient way to heat and cool a residential home as its methods include utilising the sun, shade, and air. Passive heating methods are used to warm the building during the winter times and passive cooling methods work with the shading and air to cool down the building during the summer. One of the methods a building can use for passive heating is the orientation of the structure so that it is planned to be receiving as much sun light as possible for solar gain. This is then used to passively heat the building during the colder months of the year. Passive ventilation is a method that uses natural components such as wind to control air movement strategically in and out of space. To do this, window openings and vents are strategically placed around the building to regulate the air temperature inside and renew the air with   more clean air.Figure 4  (Window Master, ND)



[image: An air source heat pump illustration, showing the heat pump, water tank and internal heating.]Now that we know that passive heating uses natural resources to heat and cool the building, active heating and cooling systems are reliant on technology to maintain human comfort standards. An active heating method that can be used for this project could be air source heat pumps. An air source heat pump absorbs heat from the environment no matter how warm it is outside. It can even absorb heat from below freezing temperatures. It works by extracting the heat from the air and then that heat is transferred from the source through to the inside of the building. This is a lot more expensive than passive heating because it relies on technology and that technology would require maintenance, but for this project there isn’t a problem with the cost. Figure 5  (EDF Energy, ND)



For this project of the luxury block of flats, the air source heat pumps would be the best method for heating and cooling the building for many reasons. Firstly, the air source heat pumps are a much more efficient method to heat and cool the structure because it is not reliant on the natural weather. The heat pump can gather heat even during the coldest days of the year so there would never be a short supply. Another reason is that the project does not have a low budget so we have the flexibility to go with the best sources. 




5. Fire Safety

As we are looking to build a large block of high rise flats, there are 2 very important factors that the building must adhere to. These are the structural design and the fire safety and prevention. As we know about the Grenfell Tower Fire which happened in recent years, since then the fire safety measurements and focus has completely ramped up. 

There are 5 main things that we can integrate into the project in order to control the fire safety in the building. The first thing is prevention. We can prevent fire by controlling the ignition and fuel sources so that fires do not start in the first place.

The second is communication. If a fire occurs, its important that the residents of the building are informed and any fire systems are triggered (fire alarm, smoke detector, carbon monoxide detector).

The third thing is escape. This is so that the residents of the flats are able to exit to safe zones.

The fourth factor is containment. This is so If a fire does break out that it is contained in the small area that it begins in, limiting the threat of life to anyone living nearby and especially the residents on the higher floors. Non combustible materials in the building envelope will help with preventing the spread of the fire.

The final factor is extinguishment. This is to ensure if a fire does break out then It is dealt with at its earliest convenience.
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