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Modern and traditional construction. Managing the design and construction process / civil engineering technology.
Introduction
The aim of this assignment is to design a 20-storey building with a 3-storey underground car park in Swansea. Throughout the assignment I will explain the methods of construction I think that would be best suited to complete this project of a high rise building and give my reasoning on why I have chosen those methods.
Considering the following factors;
· Materials
· Techniques
· Buildability
· Sustainability
· Flexibility
Site preparation
Access – because of the location of this site on the drawing provided I would recommend having a one way in one way out system in place. As I have drawn in drawing C on page 10.
Traffic management – again because of the location of this project the public are going to be affected in many ways, one of these being traffic. This gives you a bit of a dilemma whereas if you wanted to minimise the traffic disruptions you could try and do the project on night shift, but, if you were to do this then the public would be heavily disrupted when it comes to noise pollution.
Excavation
For the excavation for this design they have asked for the minimum amount of earth to be removed using the method of vertical walls rather than battered walls.
As the design has asked for a three-storey car park underground I have decided to excavate a total of 10 metres down so that you have a total height of 3 metres per floor and then one metre for foundations etc. 
(3 floors underground = 3 metres per floor) (3metres x 3 metres = 9 metres)
= total excavation of 10 metres.
By looking at the soil cross section included with the task description for the assignment can see that to excavate down 10 metres I am going to have to excavate;
· 4.1 metres of made up ground
· 2.05 metres of sandy clay
· 0.35 metres of sandy gravel
· 3.05 metres of stiff boulder clay
Knowing that the design has a 30 metres side footprint and I am wanting to excavate down ten metres then I am able to work out the bulk factor needed to get rid of.
(30 metres x 30 metres x 10 metres = 9000 m3)
(9000m3 x 1.10 (bulk factor) = 9900m3)
After doing some research I managed to find a road worthy dumper truck which had the capacity to hold 40m3, so by dividing the bulk factor by the capacity of the dumper truck I am able to work out how many dumper loads are needed to excavate all that is needed.
(Homepage, Trailer and Trailer, 2019)
9900m3 / 40m3 = 247.5
= 248 dumper loads.
If excavating and loading the dumper on average lasts a total of 40 seconds, I am able to work out how long it will take to fill one dumper truck.
Using an excavator with the bucket capacity of 2m3.
40m3 / 2m3 x 40 seconds = 800 seconds
800 seconds / 60 = 13 minutes
=13 minutes to fill a dumper truck.
[bookmark: _Hlk27990138](Excavation works review, moodle)
In the assignment brief it states that the earth will need to be transported 5 miles away, I have assumed that the speed of the dumper truck is 30mph and the tipping time is 3 minutes whilst calculating below;
5 miles / 30mph = 0.16 = 9.6 minutes
9.6 minutes + 3 minutes + 9.6 minutes + 13 minutes = 35.2 minutes
Therefore, using my calculations I have worked out that it will take 35.2 minutes to load the dumper truck, travel 5 miles, dump the load and then travel 5 miles back to the site.
To get the best excavation rate and to ensure that the excavator is working non stop then we need to make sure that there is always a dumper on hand for the excavator to fill so;
9.6 + 3 + 9.6 = 22.2
22.2 / 13 = 1.7
Therefore, we need 2 dumpers working on returns to ensure that there is always one on site being filled.
(Excavation works review, moodle)
After doing some thorough research I came across an excavator in which had the ability to reach down the depth I had intended to excavate without actually entering the excavation.
Below is a picture of the ‘ZX850’ 27metre, 115 tonne long reach excavator which has the following;
· Bucket capacity of 2m3
· Digging depth 20.78m
· Outreach of 27.2m

[image: ZX850 27m 115 Tonne Long Reach Excavator main]
(Land-water.co.uk, 2019)
Later, in the excavation when I reach the deeper stages I would hire a crane which would then lift a smaller excavator into the excavation along with a skip which would then be filled and lifted out onto the back of a skip lorry.
Diaphragm walls
Diaphragm walls are auxiliary solid dividers built in deep excavations usually they are cast in situ but they can be pre cast (not as flexible when it comes to design). They are normally used where the excavation is needed around existing buildings or where a vast amount more of excavation would be necessary to provide safe battered walls rather than vertical. 
(Designingbuildings.co.uk, 2019)
Diaphragm walls can become an expensive way of doing things unless they can be included into the final structure of the building which I believe is a possible outcome for this project as I also feel they are suitable for the types of soils (after looking at the soil cross section provided to me) I will encounter throughout.
Step 1;
Construct the guide wall.
The guide walls are small parallel walls which are there to prevent the sides of the excavation from collapsing whilst also being used by the excavator driver as a guide to keep the diaphragm walls alignment and the final structure horizontal.
(Deepex.com, 2019)


Step 2;
Start excavating for individual panels.
Excavating for the panels is usually done using a hydraulic or mechanical grab, starting off with the primary and then progressing from there on. To prevent the excavation from collapse whilst in use they are filled with ‘bentonite slurry’ which uses lateral pressure to strengthen the sides of the excavation.
Once enough for one panel has been excavated you place ‘stop ends’ at either end of the excavation (usually steel pipes) so when the panel has been concreted and you have removed the pipes you will be left with semi-circular concaves at either end which becomes the joining point for the next panels either side.
[bookmark: _Hlk28609899](The Constructor, 2019)
Step 3;
Introduction of reinforcement.
A steel reinforcement cage is inserted into the excavation, depending on the depth of the excavation it may be necessary to insert more than one of the reinforced cages but you must ensure that they are lapped.
(The Constructor, 2019)
Step 4;
Concreting of the diaphragm walls.
The concreting of the diaphragm walls is done using the tremie method, this involves pumping the concrete straight from the concrete lorry/lorries through a vertical steel pipe (named a tremie). Using the tremie concreting of the diaphragm walls start from the base and the tremies are lifted continuously as the concrete level ascents.
(Soilmec.com.au, 2019)
Step 5;
Secondary panels.
When it comes the time to go back and insert the adjacent panels to the primary panels which have already been done you just use exactly the same method as described above and the panels will join together where the semi-circular concaves have been left when the steel pipes have been removed back in step 2.
Advantages;
· Can be developed in an extremely wide scope of soil and rock types.
· Work can be done right up against existing structures.
· Development is usually regarded as peaceful and low noise and vibration levels mean that it is appropriate for development in urban regions.
· Can be used as a permanent structure.
· Can be utilized to be used in the top-down technique.
(Soilmec.com.au, 2019)
There are various other methods in which I could have chosen to complete this project but I feel as if diaphragm walls are best suited.
Other permanent methods – 
· Sheet piling – this is the other permanent method of construction in which I considered. These are sheets usually made of either concrete or steel which are joined together by either tongue and groove joints or by being bolted or welded. These sheets are then driven into the ground by vibration unless they come across an obstacle which in that case a vibratory hammer is often used.
(Designingbuildings.co.uk, 2020)
To ensure that the diaphragm walls I am using withhold any type of moisture I would ensure that they are sprayed with ‘Vandex super’ which is a concrete based product which you mix with water and then you are able to apply it by spraying it all over the diaphragm walls. It has now made the diaphragm walls water tight.
(Products et al., 2020)
Dewatering of the ground.
For the lowering of the water table for this project I would use the method of deep bored wells. Deep bored wells are utilized to bring down groundwater levels to give better working conditions in whilst carrying out excavations. This method is where a number of wells are drilled into the ground surrounding the excavation area meaning that the ground water around would therefore fall into these wells. It is then possible for this said water to be able to be pumped out. This method is used when a depth of more than 5 metres is required.
(The Constructor, 2020)
Whether this water is contaminated or not will depend on where you are able to pump it out to, for instance if the water you are pumping out is not contaminated then because of the location of the site you would be able to pump it straight back into the ocean. But then if the water is contaminated then you may need to use dewatering bags which will then filter the water removing all the different sediments. According to research back in the 1970s Swansea was the most contaminated in Europe.
(Green and Growing, 2020)
I would install these deep bored wells before any of the excavating is started, once the diaphragm walls are constructed and put into place then it is a possibility that the wells may not be needed, but it could be just as well to leave them in place so that they can contribute to the reduction of the water pressure at the bottom of my excavating.

Other dewatering options – 
· Well point system – this system is usually installed when you are working with shallow excavations. To do this method there are usually a number of wells installed around the perimeter of the excavation, all of these are connected by a main pipe. This main pipe in turn will act as a vacuum and will start to suck the water out of the ground.
(Groundwatereng.com, 2020)
· Sump pumping – this is the most basic of the dewatering techniques. With this method water is allowed to leak into the excavation and collected into sumps. It is then pumped away out of the excavation.
(Groundwatereng.com, 2020)
Drainage
French drains – to drain water away from the bottom of my excavation I have chosen to use the method of French drains. A French drain is a slope directed away from the water affected area, it includes a piece of pipe which is then filled with gravel to allow the water to drain away.
(ContractorTalk, 2020)
For this project I would direct these French drains into a sump which would be below the level of excavation for it to work. This would then allow me to pump the water away. Because of the size of the excavation in this project for this to be productive I would need at least 4 pumps, working consistently for 24 hours a day.
Other drainage options – 
· Vertical drains – this method is used to speed up the drainage of the water, it is where a number of holes are drilled into the ground within close proximity and then filled with a material which allows the water to drain away into at relative ease.
(Dewatering of ground notes, moodle, 2020)
Solution for the vertical envelope
For this project the solution in which I would choose to have a basic steel frame, with brickwork externally and blockwork internally.
· To be able to do this first of all I would need to put a capping on top of the diaphragm walls which are already in place, I would then be able to set out my cavity walls which for this project I have chosen concrete block internally and brickwork externally.
· I would set the cavity out to 125mm. In this cavity, on the cavity side of the internal wall I would get the blockwork sprayed with a vapour barrier to stop moisture driving through (this needs to be done all the way up). I would also insert 75mm of rigid insulation into this cavity (these sheets should be bonded). This would then leave me with 50mm clear cavity, having this gap will improve thermal and acoustic insulation, along with ventilation.
· The inside masonry skin is fixed to the main steel structure of the building using drill in ties. These are drilled into the steel frame and then bedded into the courses of the blockwork to tie them together.
· In turn I would fix the blockwork to the brickwork using 150mm wall ties, which is the right size to use for the cavity size which I have chosen. Using this size would ensure that the drip on the wall ties is in the correct place in the cavity. These should be every 450mm in height and no more than 750mm width apart (staggered).
· Each floor level I would build in the steel beams into my wall to secure them ensuring that the beams cover at least two thirds of the block/brick. As I have shown in ‘drawing B’ on page 10. Which I would then infill with precast concrete beams. (using steel beams gives the option of reusing if ever needed to be dismantled). You are able to get long span steel beams which are 20metres or more so would be ideal for this project. As I have shown in ‘drawing D’ on page 11.
· For the openings involved in this structure I would use steel lintels, ensuring to have dpc trays above the openings and to make sure to include weep holes on the tray above the lintels.
· I would have gypsum plasterboard on the internal blockwork walls finished with an interior paint which would give you the finished internal walls.

There is a sketch drawing of a section of the wall, it is ‘drawing A’ on page 9.

Conclusion
Bringing this project to a close I feel as if the design I have decided on would be the best one for me to design a project of this size. Also, I would like to state that there was no mention of cost or time being an issue in the notes for this project, where as if there had of been then maybe I would have chosen different methods to use.













Drawings
Drawing A.
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Drawing B
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Drawing C
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Drawing D
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