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Introduction
The following report will aim to evaluate and explore the possibility of using an existing 1970’s site to construct a new large mixed used tower block. 
As part of the report there will be three specific tasks explored, the first to make recommendations for the substructure and basement works, including waterproof measures while also considering implications to neighbouring buildings. 
Task two will make recommendations for the structural frame taking in to account the proposed buildings purpose for use, adaptable and flexible. 
Task three will make recommendations for the external envelope and roof covering, with considerations such as aesthetics and efficiency as well as conforming to local planning guides.  



















1.0 Task 1 - Design and construction of the substructure and deep basement works, waterproof measures and consideration of neighbouring buildings.

There are two basic considerations for this project type that could be considered, firstly that an excavation cannot be made without causing movement to the surrounding ground and secondly how the basement will be constructed. In terms of the ground movement due to excavations it is critical to determine the maximum movement, as these will not only depend on engineering considerations but also the economics of the project, (Burland, 2004).  
As there are many possible foundation and substructure designs that could be considered for this type of project, each having both positives and negatives, under BS 5930:2015+A1:2020 it would be necessary to carry out a ground investigation (British standard institution, 2022) to establish what is beneath the surface, and dependent on these conditions will help determine what would be deemed a suitable foundation for the building, it may also be necessary to investigate the water table. 
As part of the ground investigation and in order to determine what is beneath ground level, it is possible to check for any bore-hole data that may have been previously done in or around the area of the site. Fig 1 shows the proposed location of the site, while figure 2 is showing locations of the borehole locations nearest the proposed site. Bore-hole reference ST17NE128, (British geological survey, 2022). 
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Fig 1. (Site location outlined in red).
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Fig 2 (Showing locations of boreholes near site location BGS (2020)).

[image: C:\Users\marty\Desktop\borehole 6.PNG][image: C:\Users\marty\Desktop\borehole 5.PNG]As you can see from figure three below, the ground configuration around the site is made up of Medium dense to very dense sandy gravel with cobbles down to almost three meters, then the data is showing a mixture of mudstone and clay down to ten meters.
       Fig 3 (showing data from borehole 5 BGS (2022))
 
[image: C:\Users\marty\Desktop\Inkedriver taff_LI.jpg]The image below shows the location of the site and its close proximity to the River Taff, while also being close to where the River Seven runs in to the Bristol Channel. Due to this it would be necessary to investigate the water table, and dependant on the results of this investigation will deem if there is an issue with water that will need to be addressed.
As with a ground investigation the use of bore holes could be used to identify water levels as well as the ground make up. 
As you can see from fig.4 below, from bore hole five, reference ST17NE128, British geological survey (2022), it shows that water was detected at just below four meters. 

[image: C:\Users\marty\Desktop\borehole 7.PNG]
Fig 4. (Showing water present at bore hole test. BGS (2022))


As there is ground water identified close to the site it could be assumed that there will also be water directly on the proposed site at the same depth as the borehole data showed. Therefore due to the depth of the basement required to incorporate the four stories, it is assumed this will reach the water table. In this instance it would be critical to eliminate the groundwater before any construction work begins (Powers et al, 2007), this is required to be done because the water in the ground increases pressures and can add substantial load to the lateral earth pressures to the sides of the excavation, while also any water pressure at the base of the excavation could cause an upward force Nicholson, (2015).  These forces and pressures, if not dealt with correctly could result in the failure and flooding of the excavation.  
The ground water can be eliminated through a variety of ways, one option would be to use deep well pumps, option two would be the use of shallow well pumps and option three would be a multi stage well point system. Which system to be used could depend on a few factors such as total over all depth. Punmia et al (2005) suggests for excavations that exceed a depth of over sixteen meters deep, it is preferable to use the deep well pump system, a multi-point system would be used if the excavations are more than six meters below the water table, whereas a shallow well system could be used up to a maximum depth of ten meters. 
The use of a multi stage well point system for deep excavations can also be more cost effective than the deep well alternative. (Punima et al, 2005) 
The subsequent water that is removed could then be diverted to the nearest/most appropriate watercourse or alternatively re-used for purposes such as a vehicle cleaning station.     
[image: C:\Users\marty\Desktop\deep well 1.jpeg]Fig 5 shows a deep well system and fig 6 shows a multi stage well point system design.
   
(Fig 5. Deep well system) 

[image: C:\Users\marty\Desktop\multi well 1.jpeg](Fig 6. Multi stage well point system.) 


Once the ground water level has been successfully reduced it will then be possible to begin construction of the basement. As it can be considered as a deep basement (Basement information centre, 2022,) the design and construction of the retaining walls and support system will require careful consideration, design and the monitoring of performance, for this build this is extremely important as it is classed as an urban area with other buildings in close proximity which could be affected (Tan et al, 2008). Due to this the ideal method would ideally be one that produces low vibration and noise. 
Possible Options for this project could be Secant piles, diaphragm walls, king post walls and sheet pile walls, (Balfour Beatty, 2022). Each have their advantages for a project of this type, such as secant piles and diaphragm walls will cause little to no vibration with only the noise of the machines required for install (Marlapalle et al, 2018). Though as this project requires a high level of waterproofing as there is to be a spa/gymnasium and plant room as part of the basement along with the carpark, and the proposed project is within very close proximity to neighbouring buildings and due to the size of the overall building, the option recommended would be the diaphragm wall.
A diaphragm wall offers good load stability (Wharmby, 2010), it will cause minimum disruption to the neighbouring buildings and with a water bar added along the joints these together provide excellent water tightness. The depth of the diaphragm wall should go to a depth below the finished floor level in order to avoid water ingress. It should be noted that even using the diaphragm wall which could be seen as the best solution for waterproofing due to it having the least amount of vertical construction joints of all retaining wall systems, that no retaining walls can be assumed to be fully water tight, (Larisch, 2016). Due to this in line with Approved Document C the use of BS 8102 is recommended for the design for further waterproof measures. 
Under BS 8102 there are three types of basement waterproofing:
· “Type A” (barrier protection) which requires a tanking membrane
· “Type B” (structurally integral protection) relies on the quality of the concrete structure only and is not suitable for all applications
· “Type C” (drained protection) allows water into the structure, but collects it and drains it away from the occupied areas.
[image: C:\Users\marty\Desktop\type c 1.jpeg]As previously mentioned, Larisch (2016) believes no retaining wall system is completely waterproof, due to this it is recommended that the use of Type C under BS 8102 is used along with the diaphragm wall.
(Fig 7. Cavity drain)

It is recommended that for the foundations and basement construction, the use of the construction method ‘Top Down’ be utilised. This method has many advantages such as allowing savings in terms of lead time, due to simplified working procedures, greater safety and improved efficiency of excavation (Ji et al, 2019). The foundations recommended for this project would be bored piles, as noise and vibration is relatively low thus reducing disturbance to adjacent piles or structures, a pile of any length can go into any soil type down to suitable bearing material, there is no need to excavate large areas, high bearing capacity can be achieved with potentially greater economics (Ground engineering Ltd, 2017, Centrum, 2018, Pile tech, 2021) 
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2.0 Task 2 – Structural Frame
For the proposed project, the layout of the plot lends itself to an ‘L’ shaped building to fit nicely around the adjoining building and to make most of the available space. (See figs 8, 9)

[image: C:\Users\marty\Desktop\proposed plan 1.1.jpeg][image: C:\Users\marty\Desktop\existing plan 1.1.jpeg]



As the proposed building is to be a multi-storey building with 16 floors above ground level, it is classed as a high rise building. Any building over 18metres high or with over 7 stories, whichever comes first is classed as a high rise building, (Gov.UK, 2021), and under the Cardiff City supplementary planning guide (SPG) tall buildings are considered to be those of 8 storeys or more or higher than 25 metres. When thinking about what frame to use for this type of build it may be necessary to consider the weather in particular the wind (Rajmani, 2015), (see fig.10) and even possibly the snow fall (See fig 11) when considering the weight of a building.  
[image: C:\Users\marty\Desktop\wind speeds.PNG]
Fig 10. Wind speed in Cardiff during 2021. (Weather spark.com 2022).
As you can see the wind speed in Cardiff throughout a yearly period can vary with the daily range being relatively low, though the maximum gust speeds that can occur are significantly higher. The wind direction itself comes predominantly from the west (Weather spark, 2022), if the wind was to add any extra forces to the building this would be counteracted by the supporting north elevation. 
[image: C:\Users\marty\Desktop\snow chart.PNG]
Fig 11. Average snowfall since 2009. (World weather online 2022). 
From the data above it shows that snow fall in Cardiff is very minimal throughout a year, though it is possible to have heavy snowfall on some occasions therefore this would need to be considered when designing the building due to extra weight as well as the design of the roof to be considered also. 
There are three common materials used for constructing structures, these are steel, concrete and timber, with all three having great reasoning as why they should be used. For this project a reinforced concrete frame would be recommended. Reinforced concrete (RC) frame structures are built from concrete which encloses steel bars also known as rebar, the advantage of using this for the frame is because the concrete is very strong in compression and the rebar is very strong in tension. While concrete is fairly inexpensive compared to steal and easy to produce on site. (Yakut, 2004). 
Due to the many floors and height of the building including apartments there are also many other positives and advantages to using an RC frame. Taking safety in to consideration and especially fire safety, concrete is one of the best fire resistant materials offered to the construction industry which was classified as an A1 material under BS EN13501-1:2007-A1:2009 (NBS, 2007). 
[bookmark: _GoBack]This is due to such qualities as being able to act as a fire shield allowing a safer way of escape for occupants, there is no need for additional paints or coatings as is needed with steel frames which if not applied correctly or in the right conditions, can cause the coating to peel off, or how the coatings fire resistance remains over a long period of time (Chen, 2015), thus causing major problems. 
RC has great toughness in a fire, reducing the risk of structural collapse. It also as the added bonus of being generally easier to repair than other materials after fire damage allowing the building to get back to use sooner. 
As the use of the building is to also be multipurpose with floors 0 to 6 to be designated for use as offices there is a need for this space to be flexible and easily adapted for change of use or purpose. To achieve this flexibility the number of columns in the office spaces would need to be minimal, the use of reinforced concrete columns and beams with pre-stressed concrete slabs would be able to provide this. (Rafal et al, 2017).
The RC columns on the floors 0 to 6 will need to be of a larger size and with more reinforcement in order to achieve the large span required for the office spaces (Guowei, 2000). These columns can also continue down the basement levels as the car parking will require large spacing, with the gym and spa also benefiting from this space.  
Another factor to consider due to the multi occupancy of the building is the need for multiple egress and access points while also taking in to consideration disabled access under Building Regulations 2010, Approved Document M Volume 1 2015 edition. (NBS, 2015). 
The building will house stair wells and lift shafts located at the south and east corners of the building with the main core being located centrally, using the voids as risers for the M+E services with access available for maintenance (Law Insider, 2022). The use of shear walls will be integrated to the building which will add stability and reduce any possible movement or damage from adverse weather conditions.   


[image: C:\Users\marty\Desktop\rc frame.jpeg](Fig 12. Example of Reinforced concrete frame elevation) 







3.0 Task 3 - Make recommendations for weathering the external envelope. This should consider both the wall cladding and roof coverings. 

3.1 External Envelope
When considering a buildings external envelope there are many considerations to take in to account. These options identified by (Arnold, 2016) are:
· Fire safety
· Thermal performance
· Moisture protection
· Provision of light
· Acoustic performance
· System maintainability 
· Material durability
Fire safety in buildings and the materials used for the building envelope plays major role in the projects design. After the Great Fire of London the London Building Act 1667 restricted the use of combustible materials on the exterior of buildings, yet in 2006 a minor change was made allowing combustible materials to be used on the outside of tall buildings (Jones et al, 2021).
Following on from the Grenfell Tower tragedy in London an adjustment was then made to the Building Regulations 2010, prohibiting the use of combustible materials on the external faces of high rise buildings (Jones et al 2021, Calabrò et al et al 2021).
As the proposed project is a high rise building and its multipurpose use, including rentable apartment’s fire safety would be of upmost importance, along with the other considerations previously mentioned. Other factors to consider due to the buildings location would be the City Centre Design Guide and in particular the ‘Tall Buildings Design Guide 2017’. 
The Requirement B4 (1) of the Building Regulations states that: 
‘The external walls of the building shall adequately resist the spread of fire over the walls and from one building to another, having regard to the height, use and position of the building.’
Under Approved Document B a building over 18m above ground level insulation products should be of limited combustibility, and under the Euro class system materials meeting A2 or better should be used on buildings over 18m high (Rockwool LTD, 2018, Building Regulations, 2010). (See fig13)

  
 

[image: C:\Users\marty\Desktop\Fire ratings.PNG]Fig13. Showing Euro class Classifications. (Rockwool LTD, 2018).

Taking into consideration all of the factors required for the building envelope, it is recommended that the use of an aluminium rain screen cladding system is used. This system allows water/rain to pass through the joints and down a cavity, and with openings such as window sills, are formed to direct water to these opening and down the cavity, this can help prevent staining to the panels mitigating the chances of the building looking unsightly, as the panels can be aesthetically pleasing with crisp lines and can be installed without visible fixings (FIRST IN ARCHITECTURE, 2022). Benefits of a rain screen cladding system identified by (CPD, 2017) are:
· Good thermal performance, allowing very efficient envelopes to meet environmental standards
· Easier and quicker to install that other methods, in doing so reducing time and cost
· Lightweight, durable, cost effective with options of colour choices. 
In conjunction with the aluminium rain screen cladding it is important as part of the application that the insulation used also has minimal to no combustibility, therefore an insulation such as the Rocksilk slab would be recommended as it has an A1 rating (Knauf insulation, 2022), it is made with a water repellent additives and has good acoustic performance. (CCF 2022). 
As there is to be a cavity for the runaway of water it would also be recommended to use fire stop cavity barriers at junctions to each floor horizontally and party walls, as detailed in Approved Document B. (Knauf Insulation, 2022).
It also needs mentioning that as the building is RC frame and due to the spacing of the columns to allow open space, the use of a steel frame system (SFS) would be recommended to fix the rains screen cladding to.    
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Fig 14. Rainscreen cladding foundation detail 


[image: C:\Users\marty\Desktop\cladding 2.jpeg]










Fig 15. Rainscreen cladding Window sill detail
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Fig 16. Rainscreen cladding roof detail. 

3.2 Roof
In order for a building to have low energy it requires high thermal protection, therefore when considering what roof to use, to go towards a low energy building the roof must effectively reduce heat loss (Kraus et al, 2019). Misar et al, (2017) suggest flat roofs can be highly affected by outdoor climatic conditions, though the roof structure is very important to the resilience and endurance of a buildings structure as a whole. A common roof structure over the last 20 years (Misar et al, 2017) and the roof recommended for this project is the inverted roof. 
This is where the thermal insulation layer is positioned above the waterproofing system (Gorse et al, 2020), which is loaded with surface protection layers such as ballast or paving (Frank et al, 2018). CPD (2016), believes Inverted roofs are able to surpass Building regulations part L requirements with many advantages such as:
· Shields the waterproofing from UV radiation and impact damage
· Eliminates the risk of condensation within the roof construction by allowing the waterproof layer to act as a vapour barrier
· The possibility to reduce the urban heat island effect
· The ability to maintain waterproofing at an even temperature close to the interior of the building.  
Building regulations part L is concerned with the energy performance of buildings by restricting heat losses and excessive solar gains, (RICS, 2022). 
A fundamental layer to the thermal performance of an inverted roof is the water infiltration layer, reducing heat loss due to the rainwater cooling effect. It is crucial to understand the role of an inverted roof during the design phase and how to correctly account for their presence through U-value calculations (RIBA CPD, 2020). It is also important to consider the type of insulation for the inverted roof. Extruded polystyrene (XPS) insulation boards are an ideal choice due to their supreme levels of low water absorption, strength and outstanding thermal performance.  
Another design advantage of an inverted roof is its ease of use and option for green roofs and blue roofs. 
[image: C:\Users\marty\Desktop\roof layout 1.jpeg]
Fig 17. Inverted roof makeup 


4.0 Conclusion
This paper set out to provide recommendations for specific tasks for a significant multi story building with a deep basement in a city centre. Considerations were made of neighbouring buildings and to use construction methods that would make zero to minimal impact on said buildings. The recommendation of an RC frame due to its advantages in fire safety and the widespan between columns that can be utilised for large open spaces which in turn lends itself to the ease of change of purpose.  The use of the SPG for Cardiff was used when considering the aesthetic of the building to ensure the recommendations were in line with the guidance in said document and the look of the building would fit the landscape. The roof recommended considered the loss of heat and overall performance, while also having the potential for the roof to be used as either a green or blue roof.     
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