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Introduction
This proposal is for a 20-storey building with a three-level multi-storey car park in the basement of the structure, to be constructed on the Paxton Road car park site, just off of Oystermouth Road in Swansea.  The building is proposed to be approximately 30 metres by 30 metres in size.  The site is located between the Civic Centre and existing apartment accommodation at the north end of the car park.  The Marriot Hotel and the south dock of the marina are also in close proximity to the site, as well as the very busy Oystermouth road, which serves as the main route for traffic travelling to and from west Swansea.

Initial Site Walk-Over
As indicated from the photograph below, the site is located in an extremely busy part of the city, with heavy vehicular and pedestrian traffic at all times of the day.  There are also domestic residences located in close proximity to the proposed build location.  Upon inspection, there are no overhead disturbances located in the build site, for example powerlines, which Kumal and Bansal (2016) warn, can impact upon site safety; the site is relatively level with no indication of any major issues regarding existing obstacles in the site.  Detailed inspection of any underground services that may be running through the land should be carried out before the commencement of construction; this should be in the form of obtaining the location of any potential sewers, storm drains, electricity cables and gas pipe lines from the relevant authorities.  As previously stated, the site is in an extremely busy urban location; the access road for construction traffic and personnel should be located at the south-eastern part of the site, far enough away from Oystermouth Road, in order to protect the public and minimise any potential hazards that there will be to due to the large amount of construction vehicles and machinery that will be required for the project.  The site needs to be secured completely before any work can commence (Health and Safety Executive, 2020 a).  Due to the large amount of public usage and the scale of the works required, the perimeter needs to be secured with timber posts concreted in to the ground and minimum 2.4-metre-high ply or weather boards fixed securely to timbers to provide a secure barrier to the site.  In order to protect the public, the Health and Safety Executive (2020 b) advise that the site entrance should have lockable gates which should be manned at all times.  The appropriate warning signs need to be displayed at the site entrance and the site office and welfare facilities need to be provided before commencement of the project; these need to comply with health and safety regulations including the Health and Safety at Work Act 1974 and the Workplace (Health, Safety and Welfare) Regulations 1992 (Health and Safety Executive, 2020 C) 
The following drawing aims to illustrate an indicative layout of the site.
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Proposal for Underground Car Park Construction
The site is in close proximity to the sea front at Swansea and also the south dock of the marina.  To provide the adequate space for the three-floor underground carpark, the below ground excavation of 10 metres will be required. 
 Data collected from soil analysis of the site (please see Appendix 1) shows it to be consisting of made up ground down to a level of 4 metres, with the bulk of the excavation then being in clay to the required depth of ten metres.  The water table is shown to be at a depth of 5.7 metres.  Taking these factors in to consideration and due to the large excavation work required, Mesaros and Madaik (2015) advocate it is necessary to provide an adequate de-watering solution to the build area to reduce water content in the site before and during the construction phase.  A sump pump was considered, but Greeno (2002) advises that open sump pumping is usually only appropriate for depths of up to 7.5 metres.  A jetted sump was also considered but due to the scale of the excavation required and because the ground water needs to be lowered to in excess of 10 metres, a series of deep bored wells is considered by experts in the field including Selvin (2012) to be the most adequate solution.
The following drawing aims to illustrate the details and workings of the deep bored well system.  
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Construction of Basement Retaining Walls and Adequate Foundation for Super-Structure
The long-term water tightness and strength of the basement walls were the main considerations when looking for the appropriate solution for the project.  Diaphragm walls were considered and are indeed a good solution, recommends Ashworth (2010) for deep basements, however the decided solution for this project is to use a secant piling system; these will provide an excellent solution for water tightness as well as providing a strong foundation for the construction of the superstructure (Suroor et al, 2008); this is in compliance with the British Standard 8002, Earth Retaining Structures (NBS, 2015).  It has been decided to install a ‘Hard/Hard System’, which includes full strength reinforced structural concrete in not only the secondary but also the primary piles.  Various sized piles were considered and 900-millimetre diameter piles have been selected for this project.  The secant piling installation should be carried out as follows –
1. Excavate guide trench around the building location.
2. Install pre-formed guide wall made from pre-formed concrete with polystyrene spacers for correct and accurate location of piles.
3. Drill and install intermediate piles, also known as female piles.  Steel reinforcement to be used in these to provide additional strength in resisting lateral forces, and to minimise or indeed remove the need for shoring of the walls during construction.
4. Drill and install secondary, also known as male, piles, again using steel reinforcement between primary piles to form a continuous wall.
The piles can be installed using a Continuous Flight Auger (CFA), a boring technique recommended by Rajapakse (2016).  

Evidence in Support of Secant Piling Method
Tomlinson (2001) proposes that the problem of achieving water tightness can be overcome by the secant method of interlocking board piles.  Watts (2019) also champions the use of this method, suggesting that less working space is required, and plant needed, when in comparison to the diaphragm walling method.  Harris (1994) recommends that a closed joint between the piles can be achieved by removing part of the intermediate piles while the concrete is still weak (less than 5N/millimetres2).  
As with any major ground works solution, there are however things to be aware of. Tomlinson (1996) cautions that consideration must be made regarding heave when piles are embedded in to clay.  Mahesh and Kumar (2019) identify that rising of the ground can occur but after cutting off this raised ground and with the correct design of floor slab, there should be no more swelling.  
The following drawings aim to illustrate the secant piling installation on this project.
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Excavation of Ground for Basement Carpark
[bookmark: _GoBack]Once the de-watering and secant piling installation is complete, sufficient time must pass in order for the concrete in the piles to cure to an appropriate level (Shao et al, 2012).  Excavation of the site can then begin.  Due to site size restrictions, and fortunately the conditions of the sub soil, being cohesive clay, a straight cut excavation is to be performed.  Consideration was made as to the need for excavating and removing soil using a ramp system for machine access, however after conducting the appropriate research, the machine that is capable of this excavation is a long reach, hydraulically powered, tracked excavator.  The JCB JS260LR model has a maximum digging depth of 15.413 metres, and as such will be suitable for, and capable of, this excavation.
The approximate excavation required is 9,000 metres3, this being the building footprint of 30 metres by 30 metres by 10 metres deep.  Harris (1994) informs that the bulking factor of clay is 1.25; this has been added to the estimation of the excavation amount, and gives the following calculation:
9,000 x 1.25 =11,250
So therefore, the excavation amount is 9,000 metres3, however the transportation amount is 11,250 metres3, allowing for this bulking factor.
The excavator has a bucket capacity of 1 metres3.  Assuming it takes sixty seconds to excavate and unload in to a truck, it should be perfectly possible to load a 30 m3 dumper truck in 30 minutes.  One excavator will be able to remove and insert 60 metres3 per hour directly into the dumper trucks; over an eight-hour working day, it will be able to remove 480 m3 and will be able to complete the excavation in less than 24 days.
The material has to be transported five miles away with a tipping time assumed at five minutes.  The journey for each tipper, from site to waste station and back to site, will be advisable to allow one hour due to the site’s urban location and the heavy traffic in the surrounding area.  It would therefore be advisable to use three dumper trucks in order to avoid any waiting time for the excavator.  If time is an issue on site, then due to the site being level and clear, then the excavation time could be reduced by 50% by utilising an additional excavator and three additional dumper trucks.
Basement Floor and Wall Construction
The structure will require additional piles to be installed in the basement floor, there can then be a reinforced concrete slab poured to create a piled raft floor.  The issue of ground heave is a major consideration here but as highlighted by Tomlinson (2001), this can be mitigated with the correct design; Tomlinson and Woodward (2008) inform that any differential settlement can be moderated by installing longer piles in the centre of the slab area, and shorter piles further away from the centre.  The objective of this is to have a more uniform settlement across the slab area and to minimise the dish or crescent shaped settlement which is most common in basement floors.  The location of the piles is critically important as concrete pillars will need to be built from the basement floor up to ground floor level.  These will act as intermediate supports for the reinforced concrete floor that will make up the different car park levels; this design will ultimately help to reduce lateral forces on the structure.  [image: Image result for secant piles]
The above illustration depicts a preformed guide wall / pile cap for the accurate drilling and pouring of concrete for the secant piles. 
The following drawings aim to indicate both the location of the piles and pillars, and the concrete slab thickness.
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The critical area for the avoidance of water ingress is the intersection between basement floor and secant walls.  After researching this issue, the solution agreed upon, and compliant with all building regulations, is that provided by Shotcrete Limited; their solution is to spray the secant walls with concrete, including filling the pile cusp, which in-turn produces a flat wall, they then install a hydrophilic water bar in to the structure at the wall and floor joint.  This solution in addition to the installation of a heavy gauge membrane, and not withstanding the correct functioning of the de-watering system, is deemed appropriate.  Due to the proximity to the sea, and depth of the structure in relation to the water table, it may well be advisable to locate a sump at each corner of the basement, so that in the worse case scenario, that water ingress becomes a problem, then there is a back-up option to use a jetted sump pump to remove the water from the basement.

Vertical Envelope – Façade
The superstructure is to be constructed using a reinforced concrete frame consisting of horizontal beams and vertical columns. The vertical columns are the main load bearing elements of the building, the infills between the columns are to be constructed with dense concrete blocks.  The external façade is to be built using standard facing bricks measuring 215mm by 102.5mm by 65mm.  Nawy (2008) advises that because of the marine conditions of the site, the mortar joints should be fully filled and flush with the face of the brick.  The superstructure as a whole, needs to comply with Building Regulations approved Document A, regarding structure (HM Government, 2013).  The outer skin of brick work is to be built maintaining a clear 120mm cavity between itself and the inner skin of blockwork; the blockwork and brickwork will be tied together by the use of 200mm galvanised steel ties, the outer part of the inside skin will have 70mm foil backed insulation boards to comply with building regulations guidance for the appropriate level of thermal insulation required for the building.  Other systems have been considered; a curtain wall solution was an option, but was deemed by Herzog et al (2012) more appropriate if the façade was to contain a larger number of glazing panels; infill panels were also considered however Emmitt and Gorse (2014) discuss that the long-term weathering affects and performance of these in the marine climate deems them unsuitable.  It is felt that this design will provide the best long-term solution for controlling rain, air, vapour and thermal performance, as well as minimising the effects of weathering and the long-term maintenance needs of the building.
The glazing chosen for this project will be adonised aluminium and triple glazed tinted units; these units have a very high u value performance, and are a popular choice among many high-rise buildings globally, one of the most renowned, being the Willis (Formally Sears) Tower in Chicago.  Adams (2007) points out that one of the benefits of this product is its ability to withstand inclement weather conditions whilst Ali (2001) notes the tinted glazing’s ability to regulate temperature within the structure, which is a major consideration in modern design and construction.
The following drawings aim to show the detail at various intersections of the façade.  These solutions must be installed in order to minimise, or indeed eradicate, the issues of thermal bridging and water ingress. 

[image: ]
Conclusion
The proposed project will provide prime urban living and/or office accommodation with vitally needed parking space for the residents or occupiers.  The aim of this report was:
1. To design and recommend an appropriate de-watering system for the site pre, during, and post construction.  Consideration was given to the various methods available, but after researching suitability, the deep bored well system was considered most appropriate.
2. To research and advise on a suitable design for the basement construction, again a variety of techniques were looked at, but the secant piling method was deemed most effective in dealing with the water content in this coastal environment.  The sub-ground conditions, location and general site conditions all played a part in reaching the decision to recommend secant piling.
3. Based on the sub-ground conditions and the fact that the excavation is to be carried out with vertical walls, enabled the decision to be made to use a long-reach tracked excavator.  Calculations were also made to determine the length of time needed to complete the excavation and these were not deemed excessive.
4. A solution for the vertical envelop was also decided upon; consideration was made of a variety of techniques and systems available.  The need for effective resistance to water ingress whilst also being thermally efficient was the major factor in deciding upon a brick façade with high performing aluminium glazed units.
All of these solutions that have been decided upon will ensure a structurally sound construction with good thermal efficiency, whilst also providing long-term durability to the effects of the climate, thereby minimising maintenance requirements and insuring the longevity of the building.
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Appendix 1

Bore Hole Sample Tables
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