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1.0 Introduction
This piece will evaluate the potential possibility of constructing a large new mixed-use tower block on the existing site of a 1970’s structure that links Westgate Street and St Mary’s Street, as part of the regeneration of St Mary’s Street in Cardiff by the Welsh Government. A flexible office accommodation, recreation/leisure and residential serviced apartments with two storey retail units near ground level is required alongside a four-storey basement that will house building services, 3 floors of multi-storey car parking and a gymnasium/spa. The principle of the redevelopment of this site is to provide iconic facilities that make a positive contribution to Cardiff’s skyline. As part of the project team, recommendations and design proposals are given in this piece, with concern to reaching a compromise with the client and Cardiff City Council’s Conservation Team surrounding serious reservations concerning the building. As the whole building is not required to be designed, this piece will recommend the changes to elements, fabric and structure needed to meet high environmental performance standards. 
2.0 Task 1 - Design Considerations 
Once site-setup and all setting out has completed, the basement structure is to be constructed. Due to the requirement of a multi-storey underground basement consisting of; 3 floors of multi-storey parking and one floor that can facilitate leisure facilities such as a gymnasium/spa, alongside an area that houses building services, a deep foundation type is required. The use of each floor is then to be evaluated, to determine which waterproofing measures would be suitable. A multi-storey car park consisting of three underground storeys would require minimal waterproofing, to satisfy the criteria outlined in Table 1 of BS 8102:2009 (Code of practice for protection of below ground structures against water from the ground) where it is highlighted in the column titled ‘grade 1’. The performance level for this grade allows some seepage and damp patches. The form of construction concerning grade 1 is outlined as a type B structure in accordance with BS 8110. This requirement details the specification required in the reinforced concrete used as the waterproofing measure. Waterproof cement is applied as a barrier to water ingress from the outside. Logically, the underground three storey carpark will need to be uninterrupted by the floor containing the leisure facilities, so the basement structure will begin with 3 floors of underground carpark, to be topped with the floor containing the gym/spa and building services. The floor which is a level below ground-level containing the gym/spa facilities and building services will require a separate form of waterproofing. A performance level of dry is required, mainly due to the floors use as a gym where a dry environment is recommended to ensure the room is comfortable for constant human use. As of BS8102, type C waterproofing is required for this level, which includes a wall and floor cavity with a damp-proof membrane. 
3.0 Construction Methods
Due to the depth required to construct four floors below ground-level, the piling method selected is secant pile walls. Initially, no excavation is required. The secant walls are formed by intersecting reinforced concrete piles, highlighted in fig 1. The secant piles are reinforced with steel rebar and constructed using the augering method outlined in fig 2. The primary piles are first installed, with the secondary piles constructed between the primary once the latter gain sufficient strength. Pile overlap is in the order of 8cm. Secant pile walls allow for increased construction alignment flexibility, as well as offer an increased wall stiffness compared to sheet piles. Moreover, due to the proximity of other buildings/businesses, their construction offers lower noise pollution compared to alternative methods (RailSystems2020). 
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Fig 1 - Secant Wall Piling Technique
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Fig 2 - Augering of Borehole and Lowering of Steel Cage

3.1 Excavation
After the secant pile walls have been constructed, excavation can begin. Due to the depth of the excavation, de-watering techniques will be required, as well as methods of supporting a retaining structure. It may be economically inefficient to bore wells due to the ground condition of the area, so grouting is a recommended technique. In order to support each level as it is constructed, a support system will be required. Ground anchors are a suitable method of supporting each floor slab during its installation, as shown in fig 3. Permanent lateral support can also be used to support excavation wall, displayed in Fig 7. Upon the completion of the excavation of the area, piling work will be required to allow for structural integrity within the build. The structure of the building will need to be set out, with the location of the building’s verticals (columns) being the area of which is being piled. The column grid will need to consider the use of each level, which does not have any special requirements until the offices and retail unit located just above ground level are considered. Due to the proximity of other buildings and businesses, vibrations caused by the piling method may be an issue. To minimalize this, bored piles should be used where spoil is removed to form a hole where concrete can be poured. Simultaneously boring and pouring is referred to as CFA (Continuous Flight Augering) and is a method that can decrease construction times, alongside being used in areas with low headroom, as well as diminishing the risks of heave (DesigningBuildings 2022).
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Fig 3 - Application of Ground Anchor

3.2 Waterproofing Measures
Upon the completion of the piling work, basements verticals and horizontals can be constructed. Starting from the lowest level for obvious reasons, the basements side walls can be constructed and treated with the waterproofing measures outlined in Fig 4 and 5. The support systems outlined in fig 7 can be employed, where a level’s basement walls have been constructed and waterproofing measured applied, the concerning level’s floor slab can be placed and fixed. From this, the same method can be applied for the following levels until ground level. Appreciation to the waterproofing method relevant to the use of the floor should be paid and the process outlined in paragraph 2.0 should be followed. 
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Fig 4 - Type B Structure - Structurally Integral Protection (Water-resistant concrete)
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Fig 5 - Type C Structure - Drained Cavity 
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Fig 6 - Reinforced Concrete Slab Basement Floor
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Fig 7 - Basement Construction with Permanent Lateral Support

4.0 Task 2 - Design Considerations
The materials used in the superstructure of the building will determine whether the build will be structurally fit for its purpose. Given the multi-storeys and use of the build, a steel superstructure would be recommended. Steel superstructures offer great versatility, where lower floor to floor heights can easily be constructed using staggered truss, girder slab, and castellated beam construction and extremely long open spans are possible using steel that would not be possible to implement in concrete or with wood support. The versatility of steel makes it the ideal material choice for the superstructure as the two lower levels of the building are to be used for retail units, whereas the above levels are planned to be used for offices and rental apartments. Due to the differing uses of the rooms, the spans between columns will need to be considered. A greater span between columns is required on the lower levels as the floors are to be used as retail space, where open areas of space are required to store the goods. The above levels will not require such a span between columns as their use as offices/apartments means that the room sizes required will be smaller, which is better satisfied through short column spans. 
Moreover, weight-bearing steel fabrication is 30%-50% lighter than its wooden equivalent. This makes the construction of steel structures stronger and more durable than traditional wooden structures. Steel parts in a steel structure are pre-manufactured to a specific design inside the manufacturing plant and are shipped out in ready-to-be erected condition, hence it speeds up construction time significantly. Fire resistance is a big factor in selecting a suitable structural frame. Steel structures are highly fire resistant as compared to wood. The spread of fire gets reduced if there is more steel structure in a building. Special flame-retardant coatings are used to increase this property of structural steel. Additionally, steel is one of the most recyclable materials in the world. In terms of sustainability, using recycled steel saves natural resources and energy to a large extent, which lowers the cost of producing new steel products. On the contrary, concrete is almost non-recyclable and wood can be partly recycled as compared to steel (Patel 2019).
5.0 Construction Methods
Due to the high imposed load of a multi-storey build, a steel superstructure has been selected. This will attach directly to the pile foundations, allowing the load to be transferred to stiff soil reached by the pile foundations deep underground. This begins with the placement of steel columns. The sizing of the steel columns is relative to the load imposed, meaning areas with a higher calculated load will require larger beam sizes. The connection between foundation and column is achieved through the use of base plates, which are welded to the end of each column. A rectangular base plate is recommended as it provides the largest spacing between bolts, which is structurally desirable (Hamakareen 2020). Their connection is shown in fig 9 and 10. 
5.1 Bracing
A horizontal bracing system is recommended for multi-storey construction as it transfers the horizontal loads from the columns at the perimeter of the structure to the planes of the vertical bracing. Wind pressure on the perimeter columns generates the horizontal forces faced by the structures cladding. There are two major types of horizontal bracing systems: diaphragms and discrete triangulated bracing. Composite floors allow for a perfect horizontal diaphragm, whereas discrete triangulated bracing is considered when floor systems cannot be used as horizontal bracing systems. 
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Fig 8 - Horizontal Bracing Placement
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Fig 9 - Steel Column to Foundation Detail
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Fig 10 - Column Base to Foundation (side-view)

5.2 Connections 
Column splices will be required, which could be placed at every two storeys to ease the erection process. The typical distance between floor and column splice is 600mm. Splice detail is highlighted in Fig 11. Prefabricated beams could be used to transfer the load from the floors and roof to the columns. Steel beam members could be used, which can span up to 18m, but a range of 3m - 9m would be more fitting for the build. Column to beam connection, as well as beam to beam connection needs to be considered. Column to beam connections are determined by the loads imposed on the column to beam joint. In the case of a joint being subjected to vertical loads only, then simple connections are suitable. In cases where the joint is subjected to vertical, as well as torsion forces, full depth end plate connections and extended end plate connections can be considered, as shown in Fig 12. In terms of beam-to-beam connection, end plate beam to beam connection is used to join secondary steel beams to primary beams. To avoid having to notch the top flange of the secondary beam for very connection, a projected bracket can be welded to the primary beam, where a secondary beam can then be attached without the need for notching secondary beam (Hamakreem 2020). 
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Fig 11 - Steel Column Splice 
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Fig 12 - Full Depth and Extended End Plat Connection
5.3 Floor System
The floor system recommended is a composite slab with metal decking, which is a system consisting of steel beams with shear studs fixed on its top flange. this creates a composite action between the beam and composite slab. The slab is made of a steel profile, which in situ concrete is poured. Both primary and secondary beams are designed as composite members, whereas edge beams could be designed as non-composite elements. Services and utilities are run under the slab, which has an effect on the overall thickness. 
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Fig 13 - Flooring System
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Fig 14 - Column to Beam Connection (Double Angle Cleat)

5.4 Curtain Walls
Curtain wall systems are non-structural systems used at the external walls of buildings, to separate the interior from the exterior. They support their own weight and loads imposed on them (wind, seismic etc) and transfer them back to the primary structure of the building. Typically, curtain wall systems comprise of lightweight aluminium framing, onto which glazed or opaque panels can be fixed. On tall buildings, such as the building given in this scenario, access systems must be provided for regular maintenance, replacement, and cleaning. There are systems used to prevent water passing through joints, which is driven by pressure differences between the inside and outside of the building. A pressure equalized system is recommended to combat this, which is further explained in paragraph 7.7 and detailed in fig 24. 
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Fig 15 - Curtain Wall Support System
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Fig 16 - Curtain Wall Fixing Bracket



6.0 Task 3 - Design Considerations 
The requirement for metal cladding systems is the ability to carry externally applied loads. These are typically snow and wind loads, which cannot be deflected excessively or compromise any performance requirements. Individual characteristic loads can be obtained from the concerning section of BS EN 1991 [14], which considers the building geometry and location where applicable. Individual actions should then be combined using the relevant safety factors detailed in BS EN 1990 [15] which explains the load cases used in design. 
7.0 Construction Methods
7.1 Cladding System
Built up double-skin cladding is made up of a metal liner, a layer of insulation material, a spacer system, and an outer metal sheet, as displayed in Fig 17. Built-up cladding systems must be supported by secondary steelwork, such as purlins or side rails. The liner sheet supports thermal insulation, provides an airtight layer, and restrains the purlins. They are typically manufactured from cold formed pre-coated steel or aluminium and have a trapezoidal shape to them. The insulation layer provides a barrier to the flow of heat between the interior of the building and the external environment. The thickness values of insulation have greatly increased in recent years, nearing the 300mm mark. Mineral wool quilt is the most common form of insulation in a built-up cladding system, due to its lightweight and low thermal conductivity properties. Rigid mineral wool slabs are an alternative option but are less deformable when compared to mineral wool quilts. 
A spacer system offers support to the weathering sheet at the required spacing from the liner sheet. Therefore, this system must posses’ sufficient stiffness, as well as strength to safely transfer the loading through the purlins, without causing deformation. A common form of spacer is a bar and bracket system, as displayed in Fig 18. This system consists of cold formed steel bars, which provide support to the weather sheet. This is then supported at regular intervals using steel brackets, which are attached to the purlins through the liner. 
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Fig 17 - Built up Double Skin Cladding 
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Fig 18 - Bar and Bracket Spacer System

In a double skin cladding system, the outer layer is referred to as the weather sheet. The main function of the weather sheet is to protect the building from the exterior climate. This is achieved by forming a weather tight envelope. The sheet offers an important role in transferring externally applied loads, such as foot traffic, snow loads and wind loads. Their loads are carried through the other cladding components, secondary steelwork and primary load-bearing frame. The weather sheet can also be referred to as a structural member. The weather sheet is typically made from steel or aluminium and is available in a range of finishes. In the given scenario, attention to the finish must be paid in order to create a building that seamlessly blends with the surrounding environment and neighbouring buildings, as making a positive contribution to the landscape is a project requirement. Requirements for the weather sheets for roof and wall cladding operations are given in BS EN 14782(1). 
7.2 Transpired Solar Collector
An innovative approach to wall cladding involves an inbuilt solar collector, which offers cost-effective and efficient solar technology to be incorporated into the building envelope. Transpired solar collectors use solar radiation to deliver fresh air into buildings, which is warmed naturally. There are no moving parts, low CO2 emissions and minimal running costs. This technology provides a renewable heat energy source with payback periods of as low as 3 years for a new build. This system works by sunlight striking and warming a south facing vertical wall. Tiny holes in the wall allow heat to be transferred to the incoming ventilation air. Conservatively, 60% to 70% of the incident solar energy is collected in this system. During what is referred to as the ‘heating season’, heat loss is recaptured, as well as solar energy being collected by the system. Collector bypass vents can be opened during the cooling season, allowing the wall’s heat to dissipate, thus reducing cool loads. 
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Fig 19 - Transpired Solar Collector
7.3 Fire Performance 
In terms of achieving fire safety through the choice of cladding systems, a fire wall design is outlined in Fig 20. The manufacturers of cladding systems are required to conduct rigorous fire tests to secure approval from the building insurance organisations. These test are in accordance with Loss Prevention Council LPS 1181[11] or FM Approvals 4880[12]/4471[13] tests and certification. Such approval is required for the product to be deemed suitable for the application in question. Where buildings are close to a site boundary, national building regulations usually require the wall designed to prevent the spread of fire to an adjacent property. Fire tests show that several different types of panels can offer the required fire safety level, provided that they remain fixed to the structure. Further guidance is given in SCI P313 and in a Colorcoat Technical Paper.
Slotted holes located in the side rail connections allow for thermal expansion, so it is necessary that they are provided. In order to not compromise the stability of the column through the removal of the restraint under normal conditions, washers are fitted alongside the slotted holes. These washers are manufactured from a material known to not deform under high temperatures, as well as allowing the side rail to move relative to the column under fire conditions only. 
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Fig 20 - Fire Wall Detail with Slotted Holes for Expansion
7.4 Purlins 
Purlins and side rails are generally cold formed galvanised steel members, which comprise a proprietary cladding support system, alongside the fasteners, fittings and other components. Guidance on typical purlin layouts efficient for various situations are given by their concerning manufacturers. Layouts are governed by aspects such as maximum length and ability to provide semi continuity using sleeves or overlapping for maximum efficiency. An overlapping system, as shown in fig 21, is favoured as greater continuity is provided, which allows for use with long spans and heavy loads. It is best suited to buildings with a large number of bays, much like the building given in this scenario. 
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Fig 21 - Overlapping System

7.5 Side Rails 
The support for wall cladding is provided by a framework of horizontal cladding side rails. These rails span between the columns of the building’s primary steelwork. Side rails are used to connect the vertical restraints at discrete locations. This prevents any occurrence of lateral torsional buckling, alongside stopping the side rails from sagging under the weight of the cladding system. Typically, light gauge steel sections are used as vertical restraints. Providing a vertical braced bay arrangement between the lowest two side rails as displayed in fig 22, side rails support the primary structure and prevent side rail sagging by channelling the forces. Tie wires are angled at 25° or 30° to the cladding rail as a minimum. With this restriction imposed on the tie wires placed diagonally, one can predetermine the number of side rail supports required, which is based on their spacing and the spacing between columns. 
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Fig 22 - Side Rail Support for Wall Cladding

7.6 Rafters 
The structural efficiency of steel framed buildings depends upon the design decisions regarding efficient but light sections, alongside the interaction between the frame members, the secondary steelwork, and the cladding system. Due to this, it is common practice to use secondary steelwork to restrain the primary steel work (purlins and rails). Purlins and rails do not need to be checked for forces arising form the lateral restraint of rafters in either roof trusses or portal frames if the following conditions are met:
· The purlins are adequately restrained by sheeting
· There is bracing of adequate stiffness in the plane of the rafters or alternatively the roof sheeting is capable of acting as a stressed skin diaphragm
· The rafters carry predominantly roof loads.
Rafter or column stays offer torsional restraint to the rafter or column if they are connected to a suitably firm cladding rail or purlin. Thin cold formed steel straps (ties) are commonly used. To provide a sufficient level of torsional restraint to the rafters or columns, the cladding rails or purlins must possess sufficient flexural stiffness, or the risk of the restraining member bending and allowing the restrained members to rotate may occur. A cladding rail or purlin of at least 25% depth of the member being restrained is typically adequate. Consequently, this means that in practice the purlins and side rails are sufficiently firm enough to support the portal frames, which can have spans of 40m, with frame spacing typically found between 6m - 8m. 

[image: Diagram, engineering drawing

Description automatically generated]
Fig 23 - Column and Rafter Stay Connection 

7.7 Rainscreen System
A pressure-equalized rainscreen system is recommended as it creates a rebate between the internal and external gasket, which is ventilated to the outside so that there is no difference in pressure between the outside and the rebate. Consequently, water is not driven into the rebate by a pressure difference which would otherwise build up across the outer gasket. Rain that penetrates the outer seal can be drained to the outside vents, or weep holes. This is viewed as more reliable than face-sealed systems, as they attempt to create a perfect seal that inevitably fails due to pressure driven moisture (designingbuildings 2021). 
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Fig 24 - Pressure Equalized Rainscreen Cladding
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Fig 25 - Internal Drainage Mechanism
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Fig 1 - Secant Wall Piling Technique
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Fig 2 - Augering of Borehole and Lowering of Steel Cage
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Fig 3 - Application of Ground Anchor
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Fig 4 - Type B Structure - Structurally Integral Protection (Water-resistant concrete)
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Fig 5 - Type C Structure Drained Cavity
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Fig 6 - Reinforced Concrete Basement Floor Slab
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Fig 7 - Basement Construction with Permanent Lateral Support
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Fig 8 - Horizontal Bracing Placement
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Fig 9 - Steel Column to Foundation Detail
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Fig 10 - Column Base to Foundation (Side View)
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Fig 11 - Steel Column Splice
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Fig 12 - Full Depth and Extended End Plat Connection
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Fig 13 - Flooring System
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Fig 14 - Double Angle Cleat
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Fig 15 - Curtain Wall Support System
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Fig 16 - Curtain Wall Fixing Bracket
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Fig 17 - Built up Double Skin Cladding 
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Fig 18 - Bar and Bracket Spacer System
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Fig 19 - Transpired Solar Collector
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Fig 20 - Fire Wall Detail
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Fig 21 - Overlapping System
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Fig 22 - Side Rail Support for Wall Cladding 
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Fig 23 - Column and Rafter Stay Connection
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Fig 24 - Pressure Equalized Rainscreen Cladding
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Fig 25 - Internal Drainage Mechnaism
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