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Scenario 
Proposal: 
As part of the planned regeneration of St Mary’s Street in Cardiff, the Welsh Government are keen to ensure that a significant new tower is built within the city centre, on the site of a dated office/retail structure. You are to assume that you are part of a project team to explore and critically evaluate the potential possibility of constructing a large new mixed-use tower block on the site of an existing 1970’s structure that links Westgate Street and St Mary’s Street. Please see the proposed site in the images below. 
The requirement is to create flexible office accommodation, recreation/leisure and residential serviced apartments with two storey retail units near ground level. The building should have a maximum height above the existing ground level of 16 floors together with and have a four-storey basement that will house building services, 3 floors of multi-storey car parking and a gymnasium/spa. Floors 0 to 6 to be designated for use as offices, with serviced apartments above that can be rented on a flexible, short-term basis by visitors to Cardiff as the Welsh Capital. 
The building: 
Set in a Conservation Area and surrounded by many Listed Buildings the new structure will need to be a significant marker as to how twenty first century buildings can make a positive contribution to the landscape of cities. The applicant is a large UK based property developer, and you are to assume you work as part of their Construction Management team. 
Strategic issues: 
The principle of the redevelopment of this site is to provide iconic facilities that make a positive contribution to Cardiff’s skyline and act as an exemplar as to how high-rise urban buildings could in the future be evaluated. Concern, however, has been raised regarding the impact on streetscape, scale, neighbouring heritage assets and social housing provision that it is suggested are material considerations which it could be argued is contrary to currently applied, strategic local and national policies. Further discussion regarding inclusive design, climate change, and transport is ongoing with the authorities and various amenity groups. 
The City Council’s Conservation Team and Cadw as well as various lobbyists have expressed serious reservations about the proposals, hence your client, keen to reach a compromise has asked you to ensure the scheme is sufficiently robust to counter these. Please note you are not being asked to design the whole building or prepare a concept feasibility design, but recommend changes to elements, fabric and structure that will assist the building meet high environmental performance standards.
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1.0 – Introduction
The redevelopment of the 1970’s Cardiff City Centre is an exciting project. In the report below recommendations have been made for specific elements of the construction project. 
In task one, recommendations will be drawn, regarding the design of structural elements to accommodate a six-story basement, which includes waterproofing methods. Two piling methods have been discussed. CFA piles and Rotary Bored piles were the two methods considered and a the most suitable Method has been suggested. Similarly, 3 types of waterproofing methods have been analysed, considering the advantages of each, and drawing a conclusion to the optimal method.
Task two requires suitable recommendations for the superstructure to be made whilst considering the efficient use of individual spaces internally, whilst remaining cost effective, buildable, flexible and sustainable for application to a range of multiple uses, both now and in the future. Based on the considerations required for the project, steel structures can achieve said considerations. Therefore, different types of steel structures will been analysed and an optimal system suggested.
Task 3 requires the suitable suggestion for weathering the external envelope and roofing systems. A suggestion has been made to the optimal weathering systems for the external envelope and the roof. The suggestions will include Trespa®Meteon® and Thermofol PVC membrane. Trespa®Meteon® is a specific type of external wall system which allows for ventilation and insulation which regulates internal heat, condensation and waterproofing. Thermofol PVC is a membrane material that is safe to install and can be manufactured in a number of colours.




























2.0 – Task 1 – Substructure design.

2.1 – Contiguous Pile retailing wall with ring beam
Contiguous piled walls consist of rows of piles that are unconnected with small gaps between them. This type of piled retaining walls are formed using CFA or rotary bored piles construction methods. This method of retaining wall/basement is a simple more economical construction method due to the reduction in construction period and lower cost. (Martello Piling, n.d.).

2.2 – Suggested Piling Methods

2.2.1 – CFA piling
[image: CFA Piling vs. Rotary Bored Piling – Structural & Civil Engineering  Consultancy]CFA piling is one of the quietest methods of pilling and produces very little amounts of vibration, which makes it ideal to be used in environmentally sensitive areas, such as city centres. (SKANSKA, 2009).
 (
Figure 
1
 
– The CFA pilling process. 
 
(Li, 2018)
.
)CFA pilling uses a hollow stem auger to drill to the required design depth at the toe of the pile. After the required depth has been achieved, wet concrete is pumped through the hollow stem. As the concrete is being poured, the auger is withdrawn at a controlled rate, simultaneously removing the soil and forming the pile. Whilst the concrete is wet, steel reinforcement cages are inserted. (SKANSKA, 2009).

[image: What is Rotary Bored Piling? | Omnia Machinery]2.2.2 – Rotary Bored Piles
These types of piles are typically a larger diameter that CFA piles and therefore are used to support greater loads. This technique also allows to overcome underground constructions and penetrate ground too hard to drill through using a continuous flight auger. (Van Elle, 2021).
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Figure 
2
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The rotary bored-pilling process
.
 
(Omnia Machinery, 2021)
)These piles are formed by drilling through a temporary casing to the required depth. An auger is generally used but drilling buckets and core barrels can be used to cope with a variety of different ground conditions. The temporary casing gives support to the hole throughout the drilling process when in unstable ground. After the design depth is reached the auger is removed, steel reinforcement cages inserted, and concrete poured. (Van Elle, 2021)

2.2.3 - Recommendation
Due to the environment that the project, CFA piles could be the best method. As stated previously there is low noise and vibration during this method of piling. Seeing as the project is in the city centre this factor is crucial to ensuring a minimal environmental impact when considering effects on surrounding structures (older structures in particular). And the effect on the surrounding population i.e., office staff. (Pilling, n.d.)
(See Drawing 1 and 2)
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Description automatically generated]2.3 – Excavation Method

2.3.1 – Bottom-Up Method
 (
Figure 
3
 - Bottom-Up process
 
(Endicott, n.d.)
)The Bottom-up method involves first sinking temporary diaphragm walls, such as piles, to the required depth below ground. Then the excavation and removing of soil part of the process begins, with temporary struts installed to secure the excavation. After the excavation is secured, concrete is poured to create a base. As the name suggests, the building work then rises from the concrete slab and forms the design structure of the basement. (Endicott, n.d.)
2.3.2 – Top-Down Method
 (
Figure 
4
 - 
Top-down
 Construction Process 
(Endicott, n.d.)
 
)[image: ]This method begins the same as the bottom-up method, using piles to form a diaphragm wall. After that, enough earth is excavated to be able to construct the ground floor slab. This slab would be able to carry the weight of plant such as cranes. The ground slab would also incorporate openings so that soil can be lifted and removed. The excavation then begins below the ground floor slab. As the excavation progresses permanent floors are cast at the required level. This method of excavation allows for some construction works to continue above ground level. 

2.3.2 – Recommendation
Top-down construction could be optimal for this project as there will be a restriction in space and access, this method would be optimal as there isn’t as much area required for access ramps. Due to the 6-story depth of the structure, the length of the ramp needed to access the floor slab would be smaller than that when considering bottom-up method. (Endicott, n.d.).

2.4 – Waterproofing
There are three methods to basement wall tanking;
· [image: ]Impermeable membrane (Type A)
· Monolithic concrete (Type B)
· Drained cavity (Type C)

2.4.1 – Type A
 (
Figure 
5
 - Type A waterproofing
 
(protectahome, 2016)
)This type of waterproofing uses a waterproof material to any surface of the external basement walls, providing protection against ground water ingress. The membrane forms an impermeable barrier between the structure and groundwater trying to ingress. This method of waterproofing can allow for both external and internal faces of the wall to offer extra protection. (protectahome, 2016)
[image: Type B (Structurally Integral) Protection]Materials used for this method include 

2.4.2 – Type B
This method of waterproofing provides protection through the design and materials incorporated into the external walls of the structure. This type of structure should be constructed by monolithic concrete (waterproof concrete).
[image: Type C (Drained) Protection] (
Figure 
6
 - Type B Waterproofing
 
(protectahome, 2016)
)This method of waterproofing increases the criticalness of the design, when considering specifications of materials and the quality of workmanship when pouring and finishing concrete. Workmanship is critical as many failures in this type of waterproofing is associated with poor joints or cracks. (protectahome, 2016).

2.4.3 – Type C
This type of waterproofing offers a solution by allowing water to soak through the external walls and floors to the cavity between the external shell and internal finishing. Water is collected with a Cavity drain membrane to flow into a designed drainage channel. (protectahome, 2016).

 (
Figure 
7
 - Type C Waterproofing 
(protectahome, 2016)
)
2.4.4 – Recommendation
Type A waterproofing would be the most beneficial. This method is the simplest in terms of design and workmanship. Because of this it is the cheapest and quickest option when constructing a basement. 
(Jackson, 2020)
(See Drawing 3)

















































3.0 – Task 2
3.1 – Steel Structure
The primary elements of steel structures are walls, floors, roofs and bracing systems, such as beams and columns. These members can be arranged to aid the structural stability of the building depending on the use of the building, the intensity of the applied loads and the required design life. 

3.2 – Framing Method
A suitable structural frame for the project would be a skeleton framing method. This method uses a system of columns and beams to support the building’s exterior floors, external walls and transfers load to the foundations. This system is constructed using a series of connected columns and beams. The structures perimeter contains spandrel beams that are used to support external walls. The structural design will determine the size of the columns, beams and the allowable spans of the frame. (Constro Facilitator, 2021)
Beams and columns are connected using several different components such as, brackets, haunches and gusset plates. These components aid in the distribution of stresses. Other components such as shims, aid in adjusting line and elevation. Shelf angle brackets aid in spandrel beam and column attachment. Welded and bolt connections use double angle cleats, flexible end plates and fin plates. (Constro Facilitator, 2021). 

3.3 – Advantages of Steel Framing
Compared to concrete and wood construction, steel framing has a few advantages. One advantage is the strength of steel. Structural steel components have a greater density than timber or concrete, therefore, less stell is required to be used to support the same amount of load. For example, a 150mm x 300mm length of steel will be able to support a greater load than the same size length of timber. This means that there are reduced material shipping costs, reduced labour costs and simplified design of structural supports due to the decrease in material. (Design Buildings, 2022). Due to the strength of steel, it allows for larger spacings between structural components which creates wider spaces. This allows for more flexile floor designs that can maximise the available space. Concrete is also strong but, it has a more limited allowable span due the lesser strength under tension. (Design Buildings, 2022)
A further advantage is the rapid build times. Due to the development of computer-assisted manufacturing of connections and repetitive floor plates allows for a faster production. The regulatory policies and standardisation have made structural steel components easy to erect. Steel frames are prefabricated off site to fit a certain specification and design. As soon as the steel framing components are delivered, they are immediately ready so be constructed by welding or bolting pieces together. Unlike in-situ concrete there is no requirement for sections to cure before continuing to the next section of construction. Also, unlike concrete, steel frame construction does not require formwork that needs to be assembled and dismantled, which takes time and has a greater waste of material. (Design Buildings, 2022)
With the increasing necessity to be sustainable when constructing buildings, steel is a very sustainable material. The use of computer modelling prior to the fabrication process reduces the waste of steel products. Because of steels properties, it allows for any waste material to be recycled. When steel is melted and recast, it does not lose any inherent properties such as strength. Although timber and concrete can also be recycled there is a limited times timber can be recut before it gets too small and broken-down concrete can only be used for works such as pavements. (Design Buildings, 2022)
The properties of steel allow for it to be fabricated in different shapes whilst keeping its strength. Architects and designers use this factor to create innovative designs that are structurally sound and aesthetically pleasing. Steel can be used to create large span buildings such as aircraft hangers and warehouses and have the capabilities to construct high-rise structures and bridges. The use of steel structures allows for structural modifications or additions such as extensions or renovations. (Design Buildings, 2022)

3.4 – Recommendation
To conclude, based on the advantages discussed, steel structural framework would be optimal for the project. A steel structure would be suitable because it allows for use of individual spaces as well as large open plan if required. Steel structures are buildable and flexible as they allow for adaptations during construction and through the life cycle of the building. Steel is cost effective because it allows for quick erection.
(See drawing 4 and 5) 


4.0 – Task 3
For the cladding of the external envelope, metal studwork, Trespa® Ventilated façade would be optimal for the redevelopment project.

 (
Figure 
8
 - 
Trespa
® 
Meteon
 
(Trespa, 2022)
)[image: Diagram

Description automatically generated]4.1 - Trespa® Meteon®
These panels are a component of rainscreen cladding or ventilated façade’s system. This breathable external envelope system can provide a few advantages to new and refurbished buildings. Ventilated façade systems are a complete façade solution and uses panels fixed to a sub-frame, which is fixed too the 
structural façade. A ventilated façade system consists of the following structural items,
· Rainscreen façades
· Cavity depth and ventilation
· Insulation
· Sub frame
(Trespa, 2022)
(See Drawing 6)

4.1.1– Advantages of Ventilated Façades

· Protection of the interior enclosure against inclement weather.
· Energy efficiency of the building due to the continuous exterior insulation and the ventilated chamber.
· Reduction of humidity by facilitating the evacuation of water vapor from the interior.
· Hygrothermal balance with greater healthiness in the interior.
· Elimination of thermal bridges due to the uninterrupted insulation throughout the base enclosure.
· Thermal inertia of the enclosure. Unlike traditional facades, in ventilated facades, the insulation remains on the exterior face of the base enclosure. Therefore, its entire mass works as a “thermal store,” allowing a more constant interior temperature throughout the day.
· Ventilation of the chamber in summer thanks to the “chimney effect”.
· Acoustic insulation thanks to the incorporation of the insulator and the air chamber.
· Free movement by expanding both, the substructure and the cladding, avoiding possible breakage of plates or discontinuities in the joints.
(Larrotcha, 2021).

4.2 – Flat Roof
An inverted flat roof is a type of flat roof where the waterproofing layer is under the insulation rather than above. 
Typically, the waterproofing layer is liquid-applied above the concrete roof slab, with insulation board laid over the top. Rainwater percolates between the membrane and insulation boards to a rainwater outlet where its drained. (Designing Buildings, 2020)

4.2.1 – Advantages of flat roofs.
The main benefit of inverted roofs is the protection of the membrane from the expansion and contraction caused by weather fluctuations, like solar radiation and frost. There is also protection when considering the traffic that may occur on a roof, such as people walking the installation of equipment etc. (Designing Buildings, 2020)

4.3 – Roof Coverings
For the roof covering, Thermofol PVC flat roofing system would be ideal for the Cardiff city centre redevelopment scheme. The Thermofol PVC System uses a high-grade virgin polymer with good inherent properties in relation to fire performance. It is ideal for both new builds and refurbishment projects. The PVC formulation ensures it is resistant to chemicals and micro-organism attacks, making it ideal for green roof solutions. (Bauder, n.d.)


4.3.1 – Features of roof covering
Some key features of Thermofol PVC are, the use of hot air welding, meaning there is a flame free installation, ensuring the safety of installers. The membrane used has a high tensile strength of 1100n/50mm2 and high-quality polymers, ensuring the membrane stays flexible at temperatures as low as -30˚C. Another feature is the formulation allows for resistance to micro-organism and chemical attacks and a halogen-free, high performance fire retarder is used. (Bauder, n.d.). There are many options for roof membrane colours. However, a black coloured membrane could be the most beneficial, as it could slight decrease the cost of heating the building due to the absorbent properties of black materials.

4.2.2 – Benefits of roof covering
Due to the use of high-quality polymers used to form the membrane, allowing for high tensile strength and flexibility, it makes the membrane it will allow for the membrane to resist cold weather and be able to resist the loading caused by snow and ice whilst also be tear and puncture resistant. Another benefit is, because of the installation method, there is no risk when considering most jointing methods use a naked flame. As there is no use of a flame to join membranes, will ensure the safety of workers when installing this roof covering. (Bauder, n.d.)
(See Drawing 7)






































5.0 – Conclusion
To conclude, all 3 tasks have been thoroughly analysed to ensure that the correct recommendations have been made. In task one, a discussion on two types of piling systems has been carried out, with CFA piling being the recommendation made. Because of the advantages of CFA piling, such as, the fact that there is little noise and vibration for this method of piling, therefore it would have little effect on surrounding buildings and population during the construction process. Also, a recommendation for the excavation method has been made. Top-down excavation method would be optimal due to the space restriction and the depth of the excavation.
In task two, suggestions have been made regarding the structural framing method. The ideal material for the structural frame due to its superior tensile strength which would allow for open floor plans. The skeleton framing method was suggested, as it allows for little restriction on doors and windows, which would allow for a great deal of natural light. Steel framing also allows for quick erection post-delivery as there is no need to cut or mould the material. 
Task three required a recommendation for weathering the external envelope, including the roof. For the external wall, Trespa®Meteon® has been recommended. This system makes an allowance for ventilation and waterproofing. With that in mind, this external wall system would allow for controlling condensation and internal temperature, meaning a sabing on energy bills and the exclusion of damp and mould. Also, task three required a suggestion for the roofing membrane and method. Therefol PVC has been recommended for the membrane and flat roof for the structure. Thermofol PVC allows for safe installation and good chemical and micro-organisms. Inverted Flat Roof has been suggested because it allows for safe working for maintenance works and a smaller cost due to there being les material used compared to pitched roofs and as the construction method is simples. An inverted flat roof also allows for the membrane to be protected from traffic such as people walking.
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