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Planned Building 
The design of this new 16 storey mixed use building will need to have many considerations from the external look of the building, adapting its self to blend into the surrounding buildings, designing the foundations with limited room for movement and the mixed use of space means that the structural frame needs to be considered to ensure the columns fit to both office space and residential. 

“Conservation Areas are areas of special architectural or historic interest.” (The conservation team , 2009)  As per figure 1 Cardiff City Centre is all within the conservation area and therefore when altering or building new structures the designs will have to be passed through the Planning (Listed Buildings and Conservation Areas) Act 1990. By Cardiff Council having the conservation area it allows the city to maintain its historic image and ensure that it does not lose character with modern new builds. (The conservation team , 2009)
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Figure 1 – Map of Cardiff City Centre Conservation area (The conservation team , 2009)








Demolition 
The existing building will need to be demolished prior to any new construction works, there will be opportunities to upcycle some of the existing building or maintain some key features to incorporate into the new structure. By doing this it will keep the traditional identity of the building and would help pass planning when going through the conservation Act. 
The Demolishment of buildings account to 25-30% of all construction waste across the EU. (RubberBond, 2019) As environmental benefits play a massive role in the construction industry across the UK it would be recommended that within the tender stage this is thought about. 

Foundation 
The foundation of the new build needs to be carefully planned as the age of the surrounding buildings, the potential underground vibrations when installing piles etc. There are multiple options for creating a foundation for the new 16 – storey building and the 4-storey basement. 
· Driven Piles 
· Bored Piles 
Driven Piles 
Driven Piles are precast concrete piles driven into the ground without removing any of the existing soil within that area. This causes a high level of noise and vibrations for the surrounding buildings. 

The benefits of this type of piling: 
· No removal of soil and therefore a cost saving on the removal and the plant.
· Extensive range of piles in size and width for all measures of loadings. 
· Quick installation 
· Maintain their shape throughout 
· Precast to the specification before arriving on site. (AARSLEFF, 2017)
The disadvantages of Driven piles: 
· Advanced planning on getting the piles onto site for installing. 
· Traffic management planning is crucial 
· Not suitable for poor drainage in the surrounding area. 
· High vibration so is not suitable for vulnerable surrounding buildings. 
· Not advised with close by Buildings. (Keller , n.d.) (AARSLEFF, 2021)

Bored Piles 
Bored Piles are extremely useful in certain scenarios, they consist of installing a casing into the ground and removing the soil, which is inside, reinforcement steel will then be installed within the casing, Concrete will then be poured and left until set.  

Benefits of Bored Piles: 
· Minimal Vibration 
· Can support high load 
· Can come in various sizes 
· Most commonly used for basement construction 
Disadvantages:
· Cost of removal of soil 
· Cost of the casing 
· Pouring on site allows more room for error 
· Potential for over ordering of concrete 
· Co-ordination of multiple trades are required (Keller , n.d.)

Due to this building being within Cardiff city centre the bored piles would be the more favourable option for the designers. Not only would it reduce the vibrations which may affect the surrounding buildings, but it also lends itself very well to the construction of the 4-storey basement as it will allow the excavation to continue whilst the piling is not completed as the casing and temporary supports will be in place. (Keller , n.d.)


Retaining wall
When designing the 4-storey basement it will require retaining walls to be able to excavate and construct the basement floors. The retaining walls would be best constructed from secant piles. Secant piles require a shallow wall to be excavated and form work installed to create the shape of the wall, the piles will then be installed between the two walls. The form work is usually created with polystyrene or timber  attached the either wall as a guild for the piles. 
Once the piles are ready for installation they will be alternating with hard and soft piles, the hard being reinforced and the soft not, this will allow the soft pile to alter its shape to squeeze between the two hard piles as shown in appendix 1. 
Soft piles will be installed every 4th pile to begin ensure that the neighbouring pile is not damaged when installing, once all the soft piles are fully set then the hard piles can be installed. (Piling contractors , 2014) 

Top-down construction 
Once the concrete reinforced retaining walls have been installed the contractor can the proceed to excavate the basement floors. Top-down construction is when the retaining wall and the structural columns are used to allow for excavations to begin below, once the 1st floor has been excavated the concrete slab will then be set leaving the middle section for plant to access and excavate the floor below whilst that is setting; and so on. Once all levels have been excavated and concrete slabs installed, the internal sections will then be infilled to close off all basement floors.

Top-down construction would be most suited for this project within Cardiff City Centre as it allows the contractor to proceed with the superstructure at the same time as the substructure. The duration of the project has been discussed throughout from neighbouring buildings, with Top-down construction it will save on time and costs for the contractor. However, it does need to be well organised with minimal delays, as the site has such a small boundary surrounded by other high-rise buildings. Top-down construction would be more beneficial than the traditional bottom-up method as when using the bottom -up method the whole foundation will need to be excavated before any construction can begin, it requires a large loading and dumping area which in urban areas are not available. (Suckling, n.d.)


Basement Waterproofing 

BS 8102:2009 is the British standard for 'Code of Practice for Protection of Below Ground Structures Against Water from the Ground ' this has requirements when installing the tanking to any basements or below ground structures. (Property Care Association , 2013)

 Due to the depth of this basement, it is crucial that the tanking is completed to the correct specification and by specialist contractors as the water levels at -12m will be significant. As per table 1 below, this building will require grade 2 as floors -1 will be used for a gym & swimming pool and then floors -2, -3 & -4 will be underground car parking which is subject to grade 1 on the passing of building regulations scale. 
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Table 1: Grades of Tanking required on Basements (LABC Warranty , 2019)
 
There are three main ways of tanking a basement: 
1) Impermeable Barrier (Type A) 
2) Monolithic concrete (Type B) 
3) Drained Cavity (Type C) (Property Care Association , 2013)


Within the BS standard it requires the tanking to be repairable and maintainable. Therefore, internal tanking is required to ensure this is achievable. When trying to achieve a zero-water ingress basement, Type C is often the system to be used and should be considered for this project. Type C tanking of a basement is when a drainage layer is installed to the internally, this layer will collect all moisture and water trying to enter the basement, example shown below in figure 2. 

[image: basement waterproofing in the client house]

















    
Figure 2: example of Basement Tanking of Type C (Essex Preservations, n.d.)








Once the drainage layer has collected water it will be drained to a cavity drainage system which will direct the water away from the building; As shown in Appendix 3. Alongside this, it is an accessible option to carry out any maintenance if required. Alternatively, there should be a discussion around the use of externally tanking as this is a traditional method that has been used widely across the world. When using this system, it needs to be fully bonded bitumen reinforced layers to ensure no water ingress. This method is a non-maintainable method as it is buried by the external elements of the building, alongside this it needs to be completed by specialist installers as if the sheets are not fully bonded then the likelihood of water ingress is going to be greater. 

In conclusion, bored piles would be most suited to this project as the vibration of driven piles would be too much of a risk to take with the age of the surrounding buildings. Secondly, the retaining wall from reinforced concrete piles which would allow the top-down construction to take place. The top-down construction would be extremely cost effective to the client and if it is possible to incorporate this into the scheme it would be a great saving. The Type C basement waterproofing would also be the most favourable option as it can be maintained which will be beneficial in the longevity of the building. 









Structural framework 
Like any other component of constructing a building there are many options when deciding what structural framework to proceed with. When selecting the correct framework for this/any project the following should be discussed: 
· Location
· Ground conditions 
· Size of construction site 
· What the building is used for
· Sustainability 
· Cost 
· Flexibility
· Design of the building 

These points are the key features to designing a structural frame and the materials used, the two main options that will be suitable for this building are concrete and metal. Timber framing is currently being constructed at increasing heights with the largest timer framed building being 18 storeys high. However, this is a one off building with the majority being between 1-10 storey’s; in the future timber framing might be an option but with today’s technology and the reliability of the frame it would not be suitable for this 16-storey building in Cardiff City Centre. (Ijeh, 2019) 









Concrete frame 
Concrete framing is used around the world in multiple building types, one of its unique characteristics is that it is a flexible material and can be designed to all most any mould that is required. Some of the largest buildings in the world have been built with a concrete frame. 


[image: Trump International Hotel and Tower Chicago | building, Chicago, Illinois,  United States | Britannica]
Trump Tower, Chicago 

· 98 floors 
· 423m high 
· Residential / hotel 
The main reasons why this was constructed from concrete was:
· Maximise window space to look over Chicago 
· Stop the top floor from swaying 
· Reduce material costs (Mitchum, 2008)

 




Figure 3: Trump Tower, Chicago (Osmond, 2019)

[image: Central Plaza - The Skyscraper Center]


Central Plaza, Hong Kong

· 78 floors 
· Commercial use 
· Triangle creates 20% more offices facing the harbour 
· Top – Down construction as was on a strict time programme 
·  6 storey basements. 
· Concrete structure was HK$230 million cheaper than the steel structure. 
· Change of design to a simpler one that allowed the concrete structure to be used instead of steel. (Matthews, 2010) (Hui, 2001)
· 
· 


Figure 4: Central Plaza, Hong Kong (Skyscrapercentre , n.d.)




As per the two examples, Concrete framing can be an excellent method to achieve a cost and time effect build. These were the two main points through both examples that stood out and the reason that it was chosen over a steel frame. To use a concrete frame will be a difficult logistical challenge being in Cardiff City centre with limited room for pumping trucks and plant to be stored for long periods of time unless pumping was arranged for night times. 


Steel frame 
Steel is more commonly used over concrete as it is usually cheaper than constructing a concrete frame, however with the current situation the UK is in with COVID-19 & Brexit the price of steel is continuously on the rise with 8 price increases within a year. Steel frame has been used in many high-rise buildings around the world for example Paddington Square which has similar characteristics to this new build. 
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Paddington Square – The Cube
·  4-storey basement 
·  Steel structure 
·  Mixed use – leisure, office, and retail 
·  Services are passed through the web of the steel beams. 
·  Exposed steel for aesthetic point of view 




Figure 5: Image of Paddington square – The Cube (Steelconstruction , n.d.)


Paddington square is a building which could be very relatable to this building in Cardiff City centre, with the exposed steel on the outside allows options for the external façade. The floors 1-6 will need to tie into the surrounding buildings and historic characteristics of the city centre whilst floors 7-16 will be modern, the exposed steel is very aesthetically pleasing as it will give the building a rustic yet modern feel. Alongside this, the steel will need to be coated in a thin film intumescent coating that will have a fire resistance of up to 120 hours which is recommended for commercial buildings. (Steel Construction , n.d.)
The steel frame will allow for large spans which is crucial for designing office space as well as large residential open plan flats which are extremely popular with this generation. 

In conclusion, the steel frame would be best suited for this building for the prescribed outcome, even though concrete frame would be more suited to the Cardiff City traditional buildings the steel frame will be more cost and time efficient. If the bottom six floors have traditional external walls it will blend itself perfectly to the floors above which will have a modern affect as per the clients’ requirements. With the vast sized spans within the building, it also allows the client to look to the future with any potential usage change, for example retail shopping centre.






Roof Waterproofing 
There are many options for the roofing element for this building within the city centre, if the client wants to be cost saving, then one option would be to install a single ply flat roof. Single ply is a 1.5mm thick membrane which is mechanically fixed through the insulation and into the deck the speed and cost of this system is unbeatable across the market. (Bauder, n.d.) However, the maintenance on a single ply roof can become problematic as leaks can arise from the smallest of pin holes that is undetectable from the human eye and requires a leak detection test. These holes can be caused from seagulls pecking, someone walking on the roof with a stone in their shoe, other trades carrying plant on top and so on. Whereas a bitumen built up felt system has the following thickness shown below in figure 6 these systems are the most reliable flat roofing system on the market and that is due to the thickness and durability of the material. (West, n.d.)
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Figure 6: Bauder roofing system (Bauder, 2020)

More recently a hot melt system has started to be used within the UK roofing industry new build, it is a seamless product that creates a monolithic waterproofing system which stays ‘live’ throughout its life cycle. This system is a hot poured rubberised bitumen which is installed onto a reinforcement matting, it is extremely fast to install and cost effective, however it has limited environmental benefits. (Bauder, 2021)




Green Roof 
As per Shafique’s report on green roofs paying close attention to the urban areas, he mentions that with urbanisation increasing yearly and the landscape changing to concrete, the urban areas are required to adapt where they can and by using green roofs as it can combat stormwater runoff. There are many benefits of a green roof for example: stormwater management, wildlife and roof life, air pollution and noise pollution just being a few. This would be a great benefit for the new building in Cardiff City Centre as it will bring a positive environmental impact on the city as well as to the building itself. (Shafique, 2018) An example of what a green roof can bring to the residential block is shown in figure 7. 
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Figure 7: Example of Green roof terrace / roof (Allco Waterproofing Solutions, 2020)



Blue roof 
 A blue roof is a bitumen felt torch on system where 120mm of storm water can be stored on the roof until the storm has passed to enable the city’s drainage system to cope with the water load. Once the storm has passed the special designed outlets will then allow water to drain off the roof, this has recently been introduced into Cardiff City with the Easy Hotel being the first blue roof in Wales to be constructed. (Williamson, 2021) This roof is designed to come under the National Standard for sustainable drainage (SuDS) requirements. (Department for Environment, Food and Rural Affairs, 2015)

With climate change and weather warning increasing yearly blue roofs will have a major impact into urban areas where water runoff is extremely high. The downfall for the blue roof is that it can be an expensive option as a waterproofing system, single ply and more recently a hot melt has been a go to option for new builds as it is the quickest to install and overall is very cost effective. However, the blue roof ticks all the boxes for new builds, it is reliable, comes with a 35-year guarantee, environmentally friendly, SuDS approved, BBA approved and has a passed fire rating in line with European standards. Alongside this the built up felt system can be installed with various size insulation to achieve the U-Value required. (Bauder, n.d.) The Blue roof can be finished in multiple different options, Pebbles, green roof, paving slabs and ballast. The round pebble finish detail of the blue roof can be seen in Appendix 7.

The conclusion for the roofing system on this new build is a blue roof should be considered as a primary option as it has the most benefits from an environmental purpose due to the controlling of the storm water and the longevity of the system. If there are multiple roof areas, it may be worth exploring the lower levels to be green roofs if they are accesses able to the residential owners as those properties would increase in value. 













External Facade 

Structural insulated panels (SIPs) 
Structural insulated panels range from precast concrete, brick, cladding & wood finishes. For this project the precast concrete panels would be the best suited external looking panel as it would be able to have similar finished to the surrounding buildings such as the Parkgate Hotel which is opposite. These panels are not only a great insulation tool, but they can also be used load bearing walls if required, with the steel framing that this building will have in place the cheaper option is to have them as non-load bearing. In recent times these panels have been used to recreate architectural buildings with the U -Values and fire regulations in line with the current building regulations. Currently being installed around the UK there has been precast insulated wall panels installed with a U-Value of 0.18 which is under the 0.20 building regulations requirements. (O'Reilly, n.d.) The benefits of a structural insulated panel are: 
· Constructed in warehouse conditions and are prefabricated 
· Easy to construct on site 
· Additional components are easily added such as windows or plant etc 
· Insulation values 
· Multiple colour options and can match most textures 
· Passed by the CPCI Precast Concrete Certification Program for Structural, Architectural and Specialty Precast Concrete Products and Production Processes 
· Balcony slabs can be incorporated into the design and constructed from the same material (Canadian Precast/Prestressed Concrete Institute, 2017)
The design of the Sips will need to acknowledge the type of frame and adjust the design to ensure it allows for any movement or expanding/contracting. For example, on a steel framed building the frame comes under torsion and can twist which will require the SiPs to potentially have extra connection points or to be reinforced to ensure the walls do not weaken. (Canadian Precast/Prestressed Concrete Institute, 2017)

The disadvantages of a SiP external wall design are that when it rains and snows there will often be dirt deposited on the face of the precast; this means the building will need regular wash downs and maintenance. Secondly, the cost of the insulated wall panel is an expensive product compared to your traditional way of building however the time it takes for the installing will out way those costs and that is one of the main reasons it is being widely used around the world. 
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Figure 8: Precast concrete insulated panel (Edward Losch, 2019)






Curtain wall 
An aluminium and glass curtain wall would be a viable option for this project, the first advantage of the glass curtain wall is that it has a modern effect which is what is one of the clients’ requirements. With the glass approach it allows the residential units to oversee the city which again is a huge selling point for any future investors. 

When designing a curtain wall system there are many factors that need to be considered and would need to be looked at and calculated by engineers to ensure the walls are structurally fit for purpose as there has been instances in previous years where glass has fallen from high rise buildings due to poor installation. An example of this would be the London Stock Exchange Tower. (Morby, 2017)

Issues arise with glass curtain walling with sunlight as there is no solid building materials to block any sunlight which allows the rooms to get very warm in summer, this can be controlled by glass thickness and tinting of the glass. The glass wall is also a non-combustible material which is hugely important after the effects of the Grenfell tower in 2017 when the insulated cladding caught fire. (WONG WAN SIE, 2007) (Hart, 2022)

The maintenance of the glass is often not an issue as the curtain wall glass is often self-cleaning. Self-cleaning glass has hydrophilic and photocatalytic elements which reacts with the sun light to break down any dirt on the glass and to dry fast enough so that water stains do not run down the glass. However, they are not the most reliable at doing their job and window cleaning is required. 
 
In conclusion, to incorporate the architectural nature of Cardiff City Centre and its historic background the pre-cast insulated panel would suit the floors 1-6 which is to be used for office space and then from floors 7-16 the glass curtain wall. The mixture of these two systems will need to be engineered and designed around the framing system, the preferred system would be the steel frame. With the SiPs there will be no M&E able to run through the panels and therefore the steel beams will carry the majority of wiring and services. The glass curtain wall if designed correctly would be the perfect solution for residential owners as the position of the building will look over Cardiff City Centre. 


























Appendix 1: Secant Piles 
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Appendix 2: Pile cap for steel column detail 
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Appendix 3: Basement waterproofing detail 
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Appendix 4: Steel column bracing detail 
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Appendix 5: Precast concrete insulated panel detail 
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Appendix 6: Precast panel connection detail
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Appendix 7: Blue Roof detail 
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