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[bookmark: _Toc100260868]Substructure 
After analysing the ground conditions and location of the building, it would be necessary to use secant walls for the basement, this is due to the deep basement that will be installed beneath the building and would be appropriate to construct this type of wall for the substructure. 
A secant wall is a retaining wall that is used from primary and secondary piles, known as the male (primary) and female (secondary) piles. The secondary piles are partially cut into either side of the primary piles. This is from a continuous structure. This method of retaining wall will be used over diaphragm walls due to the limited space that is available when constructing this type of building due to neighbouring buildings on either side. The advantage of using this type of retaining wall. Is that it can be flexible in shape and offer relatively compact operation in comparison to the equipment required to support bentonite holding and circulation equipment. The secant piles will be formed with both reinforced male and female piles. These are known as hard/hard piles, where the secant walls have a positive interlock between adjacent concrete piles, this will be suitable where there is higher water retention (assumed), this indicates that both male and female piles are able to withstand higher lateral loads. Other advantages of implementing this type of retaining wall are that there is minimal vibration, and low noise levels, and furthermore, the flexibility to fit complex site boundaries and maximize land use. This type of retaining wall can also go through existing obstructions underground such as steel, reinforced concrete, etc. while at the same time avoiding any type of risk to any neighbouring structures. This means this would be a perfect retaining wall since the building is being constructed with structures on either side. This retaining wall will be constructed using CFA and a series of concrete piles reinforced with steel to form the wall. Once the primary walls have been installed, the secondary piles will then be poured in between the male walls.

[bookmark: _Toc100260869] Top-down method 
Advantages of using the top-down method
•	Widespread familiarity 
•	Clearer communication 
•	Problems are easily located 
•	Faster implementation 
The top-down method is very beneficial for this type of structure as it is used more commonly for multi-story buildings that begin below the existing ground level. An advantageous component of this type of construction is that the basement floors are constructed as the excavation advances, this is also ideal as the building is very close to neighbouring buildings such that tie-back methods would have a limited effect. This type of method is favoured as it allows for a significant saving to be made by the contractor in terms of the construction lead time in the assembly of the main load-bearing structures. The first step of construction using the top-down method is with the installation of the retaining (secant walls), this is then followed up by the load-bearing elements responsible for superintending the load of the superstructure. Thus, the columns typically steel beams are steered in CFA bored piles before the excavation can begin.  It is assumed that there is a high-water table underground meaning it would be necessary for the use of a bored pile foundation beneath the basement, this would be the part of the structure that is used to carry and transfer load. The piles are long and slender members which transfer the load to deeper soil or rock of higher bearing capacity, this is to avoid any shallow soil of low bearing capacity. This type of pile foundation is also used when there is a very heavy, concentrated load acting on the structure, the advantage of using this type of piling is that it comes with less noise and vibration than other conventional piling methods.  For this structure, the type of pile that will be used is a reinforced concrete pile, the works will begin when an excavator begins by the engineer marking the pile reference point on the ground so that the excavator knows where to dig. Once the reference points have been marked out, an auger drill will be used to drill holes into the ground where the piles will be sitting. Once all holes are dug out to the correct level, steel cages will then be placed vertically into the holes, after the steel cages have been correctly installed, concrete can then be poured into the ground to create a reinforced concrete pile. Once the bored piles have been inserted, steel stanchions will be placed onto the bored piles as temporary support for the construction of the basement. After the steel stanchions have been installed onto the bored piles, excavation can then commence allowing construction of the ground floor slab. The ground floor slab is constructed and is used as lateral support to the retaining walls. Following the finished ground floor slab, this then signifies that the construction of the superstructure can proceed at the same time as the works down within the basement. This then begins the construction of the lower levels of the basement and excavation is repeated until the completion of the entire basement. Following the completion of the basement floor slabs, the basement walls are cast, and the steel stanchions become a permanent column, this is all completed by using formwork and concrete.
(Technical drawing found in figure 1&2)
[bookmark: _Toc100260870]Basement tanking 
The following factors are considered as being of particular importance in achieving a water-resistant concrete structure and thus should be considered:
a) the design of the structure (general and detailed), and the specification of materials.
b) the quality of workmanship in preparing and placing concrete.
c) curing.
d) site organization.
e) the condition of the formation, i.e., the formation should be clean with no running water;
f) material storage.
g) the close-fitting of formwork, the fixing of reinforcement(s) and the preparation of joints.
(technical drawing found in figure 3)

The basement has a total of 4 storeys beneath ground level. 3 of which being space for a car park and 1 storey will be used for a gym/spa area. For this reason, the type B waterproofing system for the 3-storey car park and a grade with a grade 2 system.
(Basement Waterproofing BS8102:2009 | Preservation Treatments, 2018)
Due to there being a single storey of the basement being used as a gym and spa, a grade 3 will be implemented for only this single storey within the basement, this is where there is ‘no water penetration of dampness in permitted. Alongside the grade 3 waterproofing, there will also be a type C waterproofing system implemented for this singular storey. A type C is what’s called a ‘drained protection’ which will be achieved by the consolidation of a drained cavity within the new basement structure. Water will be collected within the cavity between the external wall and the cavity drain, where this will be diverted to a fitting area.
BS 8102:2009
[bookmark: _Toc100260871]Task 2 
[bookmark: _Toc100260872]Rigid frame 
A rigid frame system is used in steel and reinforced concrete buildings, this building consists of beams and columns. This type of frame is an unbraced frame that is capable of resisting both vertical and lateral load by bending columns and beams. Rigid frames are made up of linear elements, typically beams and columns, which are connected at their ends with joints that don’t allow any type of rotation to happen between the end of the members. The design of a rigid frame is similar to other methods essentially, in a way that they’re held together and made stable by very tight junctions of the members (column and beam). A rigid frame derives from lateral stiffness mainly in the bending rigidity of the frame members which are connected with rigid joints. The joints will be designed so that they have adequate strength and stiffness and negligible deformation.
(Rezaei, 2016)

[bookmark: _Toc100260873]Beam to beam connections 
For this structure, a beam-to-beam connection would be most applicable. Having a beam-to-beam connection allows for a larger span for the beam without having a column, this increases the space within rooms of the building. This implies that no columns would be going through the middle of the building minimizing room within the building. The advantages of using a beam-to-beam connection are:
· Allows for a higher vertical load capacity.
· Reduces deflection of the mid-span.
· Strengthens the structure while minimizing the weight.
(technical drawing found in figure 3)
[bookmark: _Toc100260874]Extended end plate connection for beams and columns
An extended end plate connection is a typical end-plate plate connection that is composed of a steel plate that is welded to the end of a beam section with attachment to the adjacent member using rows of fully tensioned high strength bolts. The type of end-plate that will be used for this type of structure will be the eight-bolt stiffened connection, this type of connection is capable of developing the full moment capacity even if the bolt diameter is limited to 1.5 inches. (technical drawing found in figure 4)
 (Thomas M. Murray, 2004)
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 (Thomas M. Murray, 2004)

[bookmark: _Toc100260875]Steel composite decking 
A composite steel deck is to combine the tensile strength of steel with the compressive strength of concrete to improve design efficacy and potentially reduce the volume of material necessary to cover a given area. This type of decking is designed for a series of simply supported spans or a continuous slab. The decking consists of a steel deck with concrete being poured on top of it. Within the concrete, there will be a mesh to prevent the concrete from cracking or failing. The concrete and steel will act together to form a share of all loads. The steel will not influence the overall strength of the structure, however, it does play a part within the integrity and insulation of the building. It acts as a diaphragm preventing the passage of flame and hot gases, as a shield reducing the flow of heat into the concrete and controls spalling. The reason that a composite deck is being used is that concrete works extremely well will compressive strength but not so much in terms of tension. This is why steel reinforcements are so heavily relied on, to carry any type of tensile strength.
 (Composite construction, n.d.)
(see figure 5 for technical drawing)
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[bookmark: _Toc100260877]Rainscreen cladding 
A rain-screen cladding is the most effective cladding system for construction purposes in this day. A rain-screen cladding is made of different components such as:
· Load-bearing wall 
· Air cavity 
· Insulation layer
The rainscreen cladding is made with a bearing wall and a cladding material, which is then fixed to the building using a support structure. Because of this, an air cavity is then created between the load-bearing wall and the cladding material, this then allows constant ventilation to the building. 
The load-bearing wall must ensure the stability of the building. This is to make sure that the weight of the cladding with the load loads from the wind which will transmit through the building. The walls will carry their weight and will assist the structural members within the building such as:
· Beams 
· Slabs 
· Walls on the floor above.
(What is a rain-screen cladding system and what are the advantages? | Cupa Pizarras, 2019)
For the new building in Cardiff, precast concrete will be used as the load-bearing wall. As it is a high-rise building, this material will be ideal to carry the types of loads acting on the building.
 ‘Recent changes to Building Regulations mean that only non-combustible insulation or insulation of limited combustibility can be used in the external walls of relevant buildings over 18 metres in height (England & Wales) or 11 metres in height (Scotland)’.  (Rainscreen Insulation | Saint-Gobain Insulation UK, n.d.) This indicates that this type of cladding would be acceptable for the construction 
of this building.
(see figure 6 for technical drawing)

[bookmark: _Toc100260878]Air cavity 
The air cavity will have an opening at the top and the bottom parts of the façade, this will allow a constant circulation of air through the building. These cavities must be protected to prevent any type of water filtration because if water gets in, it will affect the efficiency of the insulation throughout the building.
Due to weathering differences throughout the year a natural convention process known as the ‘chimney effect’ is utilized within the cavity. This makes sure that the warm air throughout the summertime rises and renews the air inside the cavity with a cooler one. And through the winter the air inside the cavity won’t be warm enough to lift, this helps the insulation layer contain the heat from within the building. The chimney effect will stop the building from overheating in the summer and stop the building from getting too cold in the winter.


Insulation layer
The insulation layer will be installed on the outside of the load-bearing wall. This will be to make certain of an enhanced structural programme.



[bookmark: _Toc100260879]Advantages of using rain-screen cladding 
1. Avoids condensation
The façade system reduces the condensation and humidity coming from the inside and outside of the building. The air cavity will act as an extra protection layer and will stop any water from going through the cladding joints.
2. Reduces structural movement 
The Air cavity allows for maintaining more stable temperatures within the building construction envelope, this reduces the risk of cracks and other structural issues.
3. Increases energy efficiency 
This type of cladding system makes cooling of a building easier throughout the summer and controls temperature very well throughout the winter. This type of cladding reduces energy bills by between 30 and 40%
(What is a rain-screen cladding system and what are the advantages? | Cupa Pizarras, 2019)

[bookmark: _Toc100260880]Flat roofing
For this building, a flat roof will be constructed at the summit of the building. Constructing a flat roof comes at lower cost compared to sloped roofs. This type of roof also comes with a cheaper installation cost because the roof is placed at one level throughout. Another reason why a flat roof will be used is that it allows businesses to keep their air conditioning units on the top of the building instead of on the ground, this comes with less risk of damage and vandalism compared to if it was to be placed on the ground. It also makes maintenance a lot easier on a flat roof, as if something went wrong with one of the units, someone would be able to go up there and fix the problem without having to wear any special protection such as a harness. The roof will not be completely flat as it will have approximately 2% gradient, this would be enough of a gradient for water to flow into the drains at the side of the building.
 (Why Flat Roofs Are Used For Commercial Buildings - McDonald & Wetle, 2019)

EDPM membrane roof covering (ethylene propylene diene terpolymer)
EDPM is an outstandingly durable synthetic rubber roofing membrane. This type of flat roof covering is known as the best type of covering to install on top of a flat roof, this is due to the low cost, clean, easy installation, significant strength and incredible longevity of the material. The cost of this type of coverage is on average £9 per square metre. The repairs and patch replacement are also economical. The durability of this roof covering is significant as it is exceptional against weather and temperature conditions, this would fit very well for the building within Cardiff with the weathering issues that the country faces every year and with its low cost, this can easily be repaired. this form of roof covering is perfect for a high-rise building and with its unchallenging installation, this can be done within a short period.
 (What Are the Best Flat Roof Materials? | Roofing Megastore, 2020)

















Technical drawings 
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Description automatically generated]Figure 2 (Xypex Treatment of Pile Caps and Pile Supported Mat Slabs, 2018)





Figure 3 (BS 8012:2009)
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Type b (first image)
Key
1. Water-resistant reinforced concrete 
2. External or internal (within walls) waterstop, as required 
3. Waterstop required at junction between wall and slab and at all construction joints 
4. Concrete piled wall
5. Water-resistant reinforced concrete floor slab or slab with added barrier 
6. Waterstop at junction to follow profile of wall 
7. Piled wall might need to be faced to achieve desired water resistance 

Type C (seconds image)
1. Cavity drain membrane 
2. Inner skin (render, dry lining or walling, depending on system
3. Maintenance drainage channel with pipe protection to suitable discharge point 
4. Sump formed in-situ or pre formed 
5. Pump 
6. Cavity wall 
7. Reinforced concrete pile 
8. Drainage channel 
9. Waterstop at junction to follow wall profile 
10. Internal block wall 
11. Internal block wall 
12. Access point(s) to drainage 
13. Floor slab with integral protection and/or added membrane (internal or external)
(In accordance with BS 8012:2009) 
























Figure 4 
 (the constructor, n.d.)
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[image: ]Figure 5 (design of composite steel floors for fire, n.d.)





























[image: Graphical user interface, application

Description automatically generated] Figure 6 



(Detail post: rain screen cladding detail, n.d.)















(detailing of flat roofs, n.d.)
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Table 3.3. Summary of Eight-Bolt Extended Stiffened End Plate Design Strength
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