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[image: ]Within this report I will be evaluating the regeneration of a dated 1970’s office/retail structure in St Mary’s Street Cardiff. The Welsh Government are keen to construct a large new mixed use tower block. The structure will have a maximum height of 16 storeys, with floors 0-6 being used as offices, and the floors above being serviced apartments. The building is also required to have a four-storey basement, with 3 floors of multi storey car parking and a gymnasium/spa on the remaining floor. I will be recommending changes to elements, fabrics and structure that will assist the building meet high performance standards. I will be focusing specifically on three elements: substructure, structural frame and the weathering of the external envelope. (CN Commercial Media, 2017)

Part One – Substructure
The proposal of a four-storey basement is an obvious solution for maximising space at this city centre development and will give the building a significant economic value by situating its car park below ground. A basement can also be a very energy-efficient investment. The surrounding ground acts as an insulator, naturally warming the building in the winter and cooling it in the summer. Studies have proved that basements save 35-40% of insulating costs which would arise if the levels were above ground. (The Basement Information Centre, 2016)
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Description automatically generated]For this development I would suggest using contiguous bored piles with a Continuous Flight Augered (CFA) technique (Figure 1). These are a chain of piles that are set very close together in the ground. A rotating hollow stem continuous flight auger is then dug into the ground to the desired depth. Concrete is then pumped through the hollow stem into the cavity created as the auger is removed. Next, the steel reinforcement cage is set in the fresh concrete (Keller , 2022). Once the curing time is complete, excavation then begins. There are usually gaps of around 50-150mm between each pile. The soil in these gaps is then grouted with concrete to form a watertight retaining wall (Figure 2). (Shuanglong Machinery Ltd., 2021)Figure 1

I believe this will be the best option as these piles have a higher load bearing capacity than diaphragm walls and are more suitable for deep basements, such as this one. Considering this is a development in a densely populated urban area, this would be the best basement type as it only requires vertical expansion. Any other method would not be suitable without the intrusion of neighbouring land. This piling method has a positive environmental impact by easing the earth retaining solutions with the minimum amount of excavation. They also have a relatively low noise, vibration and deformation [image: Diagram, schematic

Description automatically generated]impact on surrounding soils (Franki Foundations , 2022). Usually, pile driving causes a lot of vibrations and soil movements which can undermine or affect the foundations of neighbouring structures. This is particularly important in this case, as a lot of the surrounding buildings are listed, and must be protected as much as possible. (Vytiniotis, 2018)






Figure 2

Out of all the piling options, contiguous bored piles are the most economical option of a retaining structure. They are also the most time effective solution, especially with the CFA technique. This enables quicker completion of the project, which I’m sure the client would appreciate. (AARSLEFF, 2019)
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Description automatically generated]One of the most important factors to consider when designing a basement is the prevention or control of water ingress. Evidently, a high spec of waterproof concrete will be selected with water-repelling admixtures. This will try to block or slow the flow of water through the natural capillaries in the hardened concrete. However, waterproof concrete cannot completely resist water seepage and it is inevitable that some water will penetrate the external wall. I would have to choose a type C waterproofing system with a grade 3 protection for this project. A type C system depends on water being withheld by the structural components and any excess water that does manage to penetrate the external surface, being collected in the cavity formed between the two walls. A proprietary cavity drainage system is usually used to create the floor and wall cavity. The cavity provides a route for the rainwater and directs it to a sump pump by either a mechanical or gravity system (Figure 3) (Trotman, 2007). There should always be a backup pump in case of any flooding or mechanical failure in the worst-case scenario. (The Basement Information Centre , 2022)Figure 3

A waterproof membrane within the cavity will also provide a high resistance to water vapour. These are formed from high density polythene sheets, which feature a ‘dimpled’ effect to give a drainage path when placed against the internal wall or laid on the floor. A type C system boasts an additional membrane, unlike type A and B. Type A and B therefore do not provide completely watertight basements and do allow some vapour moisture to enter. As this development features a spa/gymnasium in the basement, I think the only solution to creating a dry environment is a type C basement with a cavity drain membrane. (Trotman, 2007)
In conclusion, my suggestions for the substructure of this development would have to be a contiguous bored pile foundation with a type C waterproofing system. This would minimise the disruption to the surrounding buildings and create a dry, watertight environment which is needed for this establishment. 
Part Two – Structural Frame 
Concrete, timber and steel are the three most common structural material types in the world. Selecting which material is used relies on several factors such as, location, the use of the building, availability, environmental importance and many more. 
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Description automatically generated]For this project I believe a steel frame would be best suited. There are three main types of steel frame construction. Light gauge steel construction: like timber framed construction and compromises of steel that is in the formation of thin 1-3mm sheets that have been bent into shape to form Z or C sections. Conventional steel fabrication: when fabricators cut steel components to the correct length and then weld them together to produce the final structure. Finally, bolted steel construction which is when steel fabricators create finished and painted steel components, which are then shipped to site and bolted in position. (Gala Tent, 2022)
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Description automatically generated] Conventional steel fabrication would have been my first choice, as it allows more of the construction to be fabricated off site, and therefore reduces construction time on site. However, due to the space constraints at this city centre site, wide or large delivery loads would be unable to access the site. Therefore, I think bolted steel construction would have to be the most fitting option as it allows some fabrication, but assembly is mostly conducted on site. (Northern Weldarc Ltd, 2016).
The frame structure is the most common amongst steel multi-storey buildings. It consists of columns and beams, with most junctions being rigidly joined. The frame structure is a typical vertical load-bearing structure with the loads being conveyed down to the foundations (Havit Steel, 2022). The erection of the frame consists of assembling the steel members on site. Each part must be lifted and placed into position, once aligned correctly, they are then bolted into place (Steelconstruction.info, 2022). Once the steel frame has been constructed, the metal floor deck is then laid on the steel beams and fixed into position. Concrete is then poured to the deck to create the floor slabs for      each level (Figure 4). (Havit Steel, 2022) Figure 4

There are multiple reasons why this is the best suited frame for this development. Not only because it is the most cost-effective option. Steel is self-supporting and does not require multiple columns to help spread its load, unlike concrete. This gives steel the flexibility to create large open spans of space. This is most desirable in warehouses, airports, car parks or office spaces, like this one. 
As previously spoken about, steel components can also be prefabricated off-site, which reduces construction time. Steel studs can be made in a variety of different sizes and can be made to order, depending on the specification needed. However, this also minimises mistakes in construction and reduces waste on site (Portabuild, 2019).  This is always an advantage as reducing the environmental impact is now more important than ever. Evidently, one of steels greatest advantages lies in the fact that it is 100% recyclable. Assuming that the Welsh Government wanted to be environmentally conscious of this project, all steel used to create the frame of this building could be recycled, making it a highly sustainable development. Continuing forward for future use, if this building ever were to be demolished or redeveloped again, the steel could be recycled and used elsewhere (MR Industrial Services, 2022). However, I would also like to note that concrete is becoming a much more sustainable product. Not only is used concrete being recycled for new projects, but materials such as plastics are now being incorporated into concrete mixtures. I would definitely consider it as a framing material. The only edge steel has over concrete is the large spans of space it can provide. 
Surprisingly, steel components are also 30-50% lighter than wooden or concrete products. This makes steel frame construction far stronger and more durable than the traditional wooden frame (White, 2017). Unlike the wooden frame, steel does not expand or wrap. Also, as it does not rot it is much better at handling water damage. Furthermore, steel is not a combustible material and will retard the spread of a fire, not fuel one, unlike timber. This has prompted lots of insurance companies to offer a discount for a steel framed building (Miley, n.d.). Considering this building is going to house many individuals, I would suggest a steel frame as the safest option. 
[image: ]As a steel frame does not require any internal load bearing walls, it can create large open spans of space. This is very useful in this scenario to facilitate the multi storey car park. However, in certain parts of the building such as the offices or apartments, smaller more enclosed areas may be required. I would suggest using non-bearing metal stud partition walls. These are very convenient for this space and easily allow changes within the layouts. I would choose metal stud partitions over timber stud partitions, as they are cheaper, stronger, lighter and more stable. Timber is heavier and can be harder to install (Building Materials , 2020).(Drymas Ltd, n.d.)

In conclusion, if the Welsh Government are looking for a structure that is cost-effective, eco-friendly and can provide them with large, spanned areas, whilst maintaining a high safety standard, then there is no better option than steel. 
Part Three – Weathering 
In today’s day and age, the majority of buildings are enveloped with some type of cladding system. Materials such as cement, plastic, wood, metal or brick are fitted over the building’s original structure. This provides an extra layer of protection for the materials underneath, shielding them from the natural elements and preventing moisture, sunlight and wind from damaging the internal structure. (CGS Facade Engineering, 2020)
There are many different aesthetic looks that can be achieved through the use of cladding. Cladding is available in several options of colour, texture and material (CGS Facade Engineering, 2020). Selecting which is the best is ultimately the client’s choice with the advice and approval of the structural engineer. Some clients will choose to have a subtle cladding that will blend in with the surrounding environment and some will choose a more robust and contrasting look to stand out amongst its community. However, it is vital that the correct cladding is chosen for the correct building structure. In many instances an inappropriate cladding has been chosen and proven to be too heavy or unadaptable for the chosen frame, leading to many structural issues. 
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Description automatically generated]In this instance I would suggest using a natural stone and brick cladding system with some glass panelling. A stone and brick cladding consists of uniform dressed blocks, laid in a stagger-bonded style with thin mortar joints. The cladding is tied into the wall using metal wires, or ‘cramps’, which are embedded into the mortar joints (Figure 5). The weight of the brick sections is conveyed vertically down through the horizontal sections of mortar and onto a continuous permanent support. (The Institution of Structural Engineers, 2020) 
Stone can be subjected to both moisture and thermal expansion and contraction, however the thickness of stone masonry sections and their thermal mass, typically means that while the exposed surface may become saturated or hot, the scale of moisture and thermal movement is comparatively small, and the need for movement/expansion joints is no greater than is needed for the supporting structure behind. (The Institution of Structural Engineers, 2020)Figure 5

[image: ]I would suggest using this cladding as it provides a traditional, natural look. The surrounding buildings in Cardiff are all created from red brick or stone, and I think it would look monstrous to place something colourful or with a sharp appearance against something so conventional. I think this type of cladding would only compliment the surrounding neighbourhood. (McCoy Mart, 2021)(All Brick & Stone Ltd, 2022)

Also, this cladding would require much less maintenance costs and time than the traditional buildings. There will never be a need to repaint the external surface of the building, only give it a quick wash and it will return to its original condition. This is significantly more useful when you have a building of this size and capacity. (McCoy Mart, 2021)
As stone contains natural elements such as silicate and calcium, they are ideal for providing insulation by preventing heat loss from the building and effectively protecting against the natural elements. Furthermore, I would suggest using a lot of panelised window systems in the building. This would allow a lot of natural light in the building and provide strong insulation. These suggests would dramatically reduce energy costs and increase the building performance and sustainability massively. (McCoy Mart, 2021)
Roof waterproofing is the protective layer added to the roof to ensure no moisture enters the structure and causes the frame to decay. I would suggest using a reinforced bitumen membrane (Figure 6) for the flat roof of this structure. In the past roofing felt was created by saturating a rage fibre in bitumen. However, the strength of this material was poor and became brittle over time. The reinforcements are now created using glass fibre and polyester. The bitumen compound uses a synthetic rubber material called Styrene Butadiene Styrene (SBS). This rubber ensures that the bitumen will not become brittle over time. Also, it provides a high degree of elasticity (Mells Roofing Ltd, 2019). Reinforced bitumen membranes can accustom the greatest stresses from thermal movement and wind load, whilst supporting a high level of construction and maintenance traffic. This makes it ideal for new builds and I think it would suit the flat roof of this building greatly. (Axter, 2022)
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Figure 6
In conclusion, I believe my suggestions listed above for the substructure, frame and external envelope of this building will create a structurally sound, sustainable and watertight building that will blend in perfectly with its surrounding environment. The contiguous bored piles and the waterproofed cavity wall will provide the dry basement necessary for the multi-storey car park and the spa/gymnasium. The steel frame will ensure the building is provided with the large open spans of space and the metal stud partition walls will enable the smaller sections of the offices and apartments to be created. The stone and brick cladding will only compliment the building and the bitumen reinforced membrane will ensure the roof is as watertight as possible. All of my suggestions have considered the sustainable impact of this building and how we can take full advantage of it. 
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