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Introduction 

I have been given the task to design a new twenty story building in the Swansea area which includes three underground parking floors. The building is to be built with a thirty metre side footprint and is in close proximity to the sea. In this assignment I will be outlining which materials, techniques and constructional forms should be used in order to create the building. The plot in which we are constructing the new building can be seen below,

[image: ]
(Maps, 2018)
There has been many changes in the way we construct in the UK now compared to years ago. A variety of modern methods of construction techniques and products have been developed. Therefore, through research I am going to provide information on the best methods available to me to construct this building. When constructing in a modern way there are three key things to consider. These are;
Buildability – A pre-construction exercise that assesses designs from the perspective of those that will manufacture, install component and carry out the construction works.
(Buildability in Construction , 2019)
Sustainability – Is a broad term describing a desire to carry out activities without depleting resources or having harmful impacts on the environment.
(Sustainability in building design and construction , 2019)
Flexibility – Can be defined as the ability to change or react with little penalty time, effort, cost or performance. 
All of these must be considered when I am planning the construction of the building. In order to show my design I will show clear sketches of my intended plans. 






















Site restrictions & risks
The location of this project has created many restrictions and risks
· There are many buildings in close proximity to the site. To the West of the site there is the City & County of Swansea offices. To the East of the site there is the Marriot Hotel, a residential development and the Meridian Tower which is a 29 floor building. All of these structures will have their own assumed zone of influence and therefore we must ensure that we do not interfere with them when excavating for our project. Please see drawing below showing a cross sectional view from West to East of the area in which we are working and the risk posed by other buildings. Also marked on the drawing is the location of the borehole information provided. 
[image: ]
Figure 1 - Building Foundations
· The ground water will be hit when we excavate to 6m. This leaves an additional 3m of excavation with ground water which will create a high volume of water collecting in the bottom of our excavation. This will need to be considered as the cost can be very expensive for excessive pumping. In addition to the high water table the sea is approximately 160m away from the building at high tide. This is going to create a change in the volume of water which is present in the excavation and could require additional pumping during high tide. 

· Another area which may create a water hazard would be the Tawe Basin lock which was first built in Victorian times. This will be leaking now and will saturate the surrounding ground which is in close proximity (120m) to our building. This will need to be considered when excavating. 
· The area has many surrounding buildings and many services which connect to them. Some of these will be recorded and available to see on city and county of Swansea records. However many of the services will not be recorded and therefore pose a risk to anyone working on the site to strike one. Therefore additional time and care must be taken when carrying out the works. 
· The area in which we will be excavating is an old industrial area and is going to be contaminated with substances such as asbestos, lead and arsenic. There could also be underground obstructions present from previous buildings. 
· The site is located on one of the busiest roads in Swansea. This area has a large amount of traffic passing through daily as well as I a high footfall. This means that any plant moving to and from the site are going to have to be guided into the site ensuring that there is not interference from the general public. This is going to create a high risk area and will need a lot of attention when setting up the site for the best way to control this risk. In addition to the movement of plant, there will be a lot of spoil carried from site. When this spills onto the roads it will create a lot of dust in the area. This is a hazard which must also be considered. 
· There is a residential area next to the site which will need to be protected of dust and noise pollution. There is also the area surrounding the meridian tower which has many restraunts with outside eating. These must be protected as it may have an effect on the surrounding business in the area.
· In addition due to the works going on inside the site there will need to be 24 hour security on the job to ensure no one trespasses onto the site. 


Site set up

Prior to any excavation/ construction works starting on site we must ensure that the site is set up efficiently. Firstly, timber hoarding will be put up around the perimeter of the site to prevent access for unauthorised people. Inside the site all walk ways must be segregated using red and white visibility railings. These will be separate to the plant routes to ensure the safety of all pedestrians on site. An in and out gate will be put in place for vehicle access to ensure there is no risk of accidents occurring on the side of the road. This will also make it easier for banks men to guide plant in and out of site and to control pedestrians.

Site plan 
[image: ]Figure 2 - Site Setup




· Site access on Bathurst Street as it will have less vehicles and pedestrians than Dunvant Place. This will therefore make it safer for everyone.
· Two double access vehicle gate to ensure good traffic management on a tight space where site traffic and office traffic will join together. 
· Wash down area to create minimal spread of dust onto the road and surrounding area
· Pedestrian footpaths segregated from vehicle access all the way around the site. Including safe crossing points for areas where roads can’t be avoided.
· Vehicle barrier blocking access to main excavation to provide maximum safety 




[image: ]Figure 3- Site vehicle/ pedestrian set up

















Excavation 
Excavation & basement construction 

Diaphragm walling is a term which is used for the construction of a retaining wall in situ, which means concreting the wall directly into the ground. I have decided to use this method as the permanent retaining wall as well as the temporary during the construction phase. The reasons for this are as follows;
· Saving time and money by not installing a temporary and permanent wall
· It can be carried out without underpinning adjacent buildings 
· Bow outs can be incorporated in them to allow for connection to main slab/ ramp
· Waterbar can be used in the concrete pore to create additional waterproofing 
(Diaphragm retaining walls, n.d.)
The process works by excavating a narrow trench to the required depth (10m) and filling the trench with bentonite. The excavation is carried out by using a crane which is fitted with a grab, the grab for the project will be able to dig a trench of 5m. The trench is supported from the use of bentonite. Bentonite is made up of clay materials which act as an exchange for the sediments in the trench. This is due to the bentonite having a specific gravity of 1.2. We create a perimeter slurry trench and then fill it with bentonite slurry from tanks. Excavation can then begin, the slurry will flow downward providing the (Holmes) (Chudley, 1988)necessary support and separation. Reinforced cages with then be placed into the trench created. The concreting of the trench takes place through tremie pipes which will then displace the bentonite into the surround slurry trench. This will be carried in sections along the wall until it is complete. Once this has been completed we can then start to excavate down into the site for the first floor. Please see drawings below showing Diaphragm walling method. 
(Modern Methods of Construction -Details and Applications, 2017)



[image: ]Figure 4 - Diaphragm Wall Works

Top down construction
I have decided to use a top down construction method on this project as I think it will be the most appropriate approach. The reasons for this are;
· Top down allows for the superstructure to be constructed at the same time, which will save time on the project
· The slabs act as supports during the excavation this will save on tie backs
· Limited vibration using this method will reduce the disruption to the surrounding areas during construction
Basement slabs are poured during excavation. The diaphragm wall has already been installed on the perimeter of the basement. The next step is to install the basement columns, this is done by bore piling. The process is as follows;
1. Drill down to the required depth using an auger, driven by a rotating bore
2. Bentonite will then be poured into the excavation to provide support to the column until the steel frame is installed
3. Reinforced steel column frames to be fabricated to be placed into the excavation
4. Concrete to be poured into the excavation working with the bentonite to push other materials from the column
5. The columns are then left to set before excavation further commences
(Bored Piles, 2019)
When we have installed and allowed the diaphragm wall and basement columns to set we can begin the excavation downward. This process is done by;
1. Excavation for ground level slab floor 0. 
2. Tie in columns to ground floor slab
3. Leave two openings in ground floor slab 
· One permanent opening for the ramp
· One temporary opening for the muck away and for dropping excavator into the floors below
4. Dig the shafts from ground level by using the grab 
5. Dig shaft down to floor G-1 level
6. Install test & commission temporary lighting, means of escape and forced ventilation 
7. Drop down the first excavator into the shaft
· 5.0 tonne machine with 900mm bucket to be used working to excavate around 150 tonne of earth per day
8. Excavator to be fitted with boom restrictors to avoid damaging reinforced floor above. Excavator also to be zero swing and to be equipped with a banks man. 
9. Spoil to be stock piled between temporary and permanent openings. Removed using grab crane and loaded directly into the tipper Lories. This will save the job time and money by not double handling materials.
10. Construct reinforced concrete floor G-1 and tie into the basement columns/ diaphragm walls. Leave one temporary and one permanent gap as above to provide access to the floors below. 
11. Repeat the above process for the floors remaining G-2 + G-3.
(Daily Civil, n.d.)


Plant used 

The following plant will be needed on this project.
Diaphragm walling/ Basement Columns 
· Crane and mechanically operated grab
· Rotating bore 
· Bentonite pumping and sanding set up 
· Waste removal tipper lorries 
· Concrete pump 
Excavation 
· Excavator + 900mm Bucket 
· Crane grab 
· Waste removal tipper lorries

Earth movement calculations
Given that the size of the basement is 30m x 30m and 9.5m deep I have worked out that the total volume of ground to be excavated and removed from site is 8550m³. Allowing an additional metre on excavation for the lowest basement slab leaving 3m per floor. Calculation below.
30x30x10 = 8550m³
However due to the ground being compact when it is in the ground and expanding when excavating we must add an additional 10% for bulking.
8550 x 1.1 = 9405m³






Tipper Lorries required 
Converting cubic metres into tonnes. Average 1.9 tonne per m³
9405 x 1.9 = 17869.5 tonne 
Given that a standard tipper lorry can carry up to 20 tonne worth of waste from site and the average weight of rammed earth is around 1.9 tonne per cubic metre the following calculation will provide me with the amount of lorry trips needed for the project. 
17869.5/ 20 = 893.5
Total Lorries required = 893.5
Amount of Lorries running at one time
The site is five miles away from the dumping area. 
· Average speed in London is 7mph inner city area
· Busiest road running through Swansea = 13mph average
Time = Distance/ speed 
Time = 5/0.13 = 0.384615 hours
Time = 0.384615 x 60 = 0.23 minuets 
Time = 0.23 minuets 
Allowing for 15 minutes loading time on site and 10 minutes dumping.
Total time per trip = 1 hour 11 minuets
Total time to complete and dispose of all excavation material
Excavation amount per machine = 150 tonne per day 
2 x 150 = 300 tonne 
Amount excavated / each load taken
300/20 = 15 loads 
15 loads at 1 hour 11 minutes per load = 17 working hours
17/2 = 8.5 hours 
Two Lorries needed working standard 9 hour shifts taking a 30 minuet break half way through the day

Drainage  
Temporary drainage 
Prior to pouring the concrete for each floor it is important that the area in which we are pouring the concrete is dry to ensure the concrete sets correctly. To achieve this we will use the following technique. 
Pumping from sumps.
In the corner where we are creating our temporary opening we will construct a small box shape at a level lower than the formation level. We will repeat this in the same area for all floors of the basement. 
There will be a pump at the top of the excavation which will be extended to each hole as we excavate down to each floor, the size of the pump does not need to be that big as there will be very little water coming in from the surrounding diaphragm wall and the two small openings which can be protected by scaffold shelters during the pours. We will use Centrifugal pumps. 
[image: ]Plan for temporary drainage below Figure 5 - Pre Pore Pumping



Permanent waterproofing  
Mastic Asphalt Tanking 
I have decided that the final waterproofing method which we are going to use for this project is Asphalt tanking. Mastic tanking is a highly versatile material which is used for tanking in the construction industry. The process works by exposing the product to higher temperatures in an asphalt mixer so it turns into liquid form. Once it is in this form it can be applied to the walls of the basement. This material is an excellent way of waterproofing the basement. We cannot carry out external tanking due to the construction process chosen for the basement it can only be carried out from the inside. Please see sketch below showing wall set up. 
[image: C:\Users\ohearne\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\X8633LZW\Page 0.jpg]Figure 6 - Asphalt tanking layer

















Façade 
The façade is the vertical face of the building envelope. It is needed to separate the inside of the building and the outside. There are many things which I must consider for the new site;
1. To be adequately supported and tied into the structural frame. 
2. Have sufficient strength to support own self weight plus the attached finish. It will also need to have the strength to stand against the strong coastal winds which will be present in this location. 
3. Provide the necessary resistance to the elements in the area. Cladding to be suitable for a marine environment and resist corrosion for around 20 years before it needs replacing
4. Provide the required degree of thermal insulation to the building. This must also provide sound insulation and be compatible with the latest fire resistance regulations 
5. The cladding should have good durability so it lasts for a good time period and does not have high maintenance costs
6. The cladding must be able to provide movement due to the size of the building and wind loading, moisture and thermal expansion as well as contraction of the building frame
7. Glass will need to be well insulated on the North face however the south facing glass will need to be anti glaze due to the presence of the sun, this will create natural light and heating into the building. 
Curtain Walling 
I have decided to use Curtain walling and glass to make up the façade of the building. Curtain walling is a lightweight non load bearing cladding which can come in different shapes and colours to satisfy the aesthetic appeal of the building. This will be made out of steel or aluminium for this building. In the system it is the main vertical component which carries the load and transfers it to the structural frame of the building. There needs to be an allowance made at each transfer point for thermal expansion on this system. It is done by slotted bolt fixings. Please see sketch below showing the systems fixing ability and the incorporation for future replacement of the cladding. 


[image: C:\Users\ohearne\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\X8633LZW\Page 0 (002).jpg]
[bookmark: _GoBack]Figure 7 - Curtain wall set up
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