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Introduction.
This document has been prepared to explain the sequence of works to be carried out on the proposed multi-storey office block and below ground car park on the Paxton Street car park site in Swansea (see figure 1 for map).
[bookmark: _Toc29406079]Excavation works.
[bookmark: _Toc29406080]Pre-Construction Drainage.
The area which is to be excavated shall be de-watered before any major internal excavations are carried out. In the book Modern Construction and Ground Engineering Equipment and Methods it states, “In de-watering of construction works it is more economical to install a group of small wells than a single large one (F, 1994, p. 84)” it is this methodology which will be followed. De-watering shall be achieved by the sinking of a series of deepwells around the area to be excavated, the amount needed, and the frequency of wells shall be determined by testing of the ground and calculated by the appropriate suitable qualified person. An example of this method is shown in Modern Construction and Ground Engineering Equipment and Methods on page 85 (F, 1994, p. 85). Another benefit of de-watering before any major excavation works are carried out are explained in CIRIA C750 Groundwater control: design and practice where it states “External wells have the advantage of being out of the way of the excavation and can reduce the hydrostatic pressures on the retaining walls with potential for a saving in propping or anchoring requirements.” (CIRIA, 2016, p. 39) 
[bookmark: _Toc29406081]Drainage during construction.
Control of surface run off from rainwater will be collected into French drains on the outside of the excavation and directed into sumps, the inside of the excavation sumps will be dug when necessary. All water shall be pumped into the allocated manhole/sewerage connection. See CIRIA C750 (CIRIA, 2016, p. 16)
[bookmark: _Toc29406082]Perimeter wall construction and piling.
Due to the location and size of the plot to be developed, it is necessary to minimise the amount of spoil to be removed. To achieve this we intend to make use of a secant pile perimeter wall, which being a land cofferdam, will act as both shoring for the excavation works, and an integral part of the combined sub and super structure, as it is possible for them to take vertical loads. (M., 1996, p. 101)
We intend to use the hard-hard secant pile system, for the following reasons;
· Efficient use of space
· Efficient when incorporated in final structure such as a basement,
· Hard-Firm and Hard-Hard can retain water permanently.
(The Institute of Structural Engineers., 2013, p. 162),
By using secant piles we acknowledge that we will need to use a guide wall system for them which does have time and cost implications (M., 1996, p. 101) but we feel that the benefits which we have stated outweigh these implications.
Before the perimeter piles are constructed any internal piles will be drilled first and concreted to the base level of the carpark, then once all of the perimeter secant piles are in place, the ground inside the basement will be excavated to the depth required in order for the required top section of the perimeter secant pile wall to be broken off. This is to allow the construction of the capping beam which will tie the piles together along with providing a load bearing element for the superstructure.
The capping beam shall also be used as part of the shoring system making use of the VP Ground force range of hydraulic struts. (VP plc, n.d.)


[bookmark: _Hlk29046893][bookmark: _Toc29406083]Method of excavating the basement.
CDM Regulations 2015, Number 51 Part 4 Regulation 22 (Goverment, 2015) states the following;
Excavations
22.— (1) All practicable steps must be taken to prevent danger to any person, including, where necessary, the provision of supports or battering, to ensure that—
(a)no excavation or part of an excavation collapses;
(b)no material forming the walls or roof of, or adjacent to, any excavation is dislodged or falls; and
(c)no person is buried or trapped in an excavation by material which is dislodged or falls.
In line with this legislation and the site constraints we recommend carrying out the excavation works by keeping all plant and personal outside of the basement (except for propping work etc.) by using long reach excavators loading directly into 30M³ capacity tipper wagons to be taken away and disposed of by a specialist haulage contractor. The idea behind the choice of this method of keeping plant and personal out of the excavation area as much as possible, is to remove risk to personal safety as far as practicable, and at the same time reduce the amount of plant needed such as site dumpers and their movements 
Although most of the work will be undertaken from the outside of the excavation area there will still be need for some excavators to be inside the basement, this is to help loosen and move the spoil into areas where the external excavators will remove it. In order to facilitate the removal of the excavators at the end of the dig it will be necessary to provide a crane which is suitable to lift plant out, the same crane should also be suitable for lifting the materials into the bottom of the basement needed to start the construction works if there isn’t a permanent tower crane on site available at the time needed. There will also need to be temporary personal access at various times until be base is finished then a permanent solution can be installed.


[bookmark: _Toc29406084]Material to be removed and disposed.
The footprint of the development is to be 30 Meters by 30 Meters with an excavation depth of 10 Meters for the basement 3-storey underground carpark, this means the total area to be excavated is 30M x 30M x 10M which gives a total of 9000M³ (this is to be taken as the minimum amount).  The area of 9000M³ does not consider the bulking factor of the various materials which will be excavated  
The British Geological Survey website has a borehole log (SS69SE345-Proposed new County Hall Paxton Street Swansea 2) from an adjacent site available to download and this is included in Figure 2, (British Geological Survey, 2019). This borehole log shows the expected underlying ground conditions for this site and we shall be using this to base the calculations for our excavations until we obtain the full report of the ground investigations for the proposed site (with any alterations to be done if needed).
From the desk top survey we have available on the site we know the top layer of the ground is anthropogenic/man made (with possible contamination) and it can be reasonably assumed that the underlying strata will correlate with the attached borehole log, therefore we have calculated the following:
[bookmark: _Toc29307968]Table 1-Bulking ratio table for proposed site.
	Strata Type
	Levels
	Amount to be excavated
	Bulking Ratio
	Volume excavated

	Anthropogenic
	Ground Level to −5M
	30M x 30M x5M=4500M³
	1.1
	4500M³ x 1.6= 4950M³

	Very dense brown sandy gravel.
	-5M to -7m (2M thick layer)
	30M x 30M x 2M = 1800M³
	1.15
	1800M³ x 1.15 = 2070M³

	Very dense brown sand with some gravel.
	-7M to -8M (1M thick layer)
	30M x 30M x 1M = 900M³
	1.05
	900M³ x 1.05 = 945M³

	Stiff grey-brown gravelly boulder clay.
	-8M to -11M (3M thick layer)
	30M x 30M x 3M = 2700M³
	1.35
	2700M³ x 1.35 = 3645M³

	
	
	
	Total excavated
	11,610M³



The bulking ratio of the soil does not equate to weight and this must also be calculated for the purposes of working out the amount of plant needed to excavate and remove the spoil. 

The table below shows the expected weight of the excavated material to be removed;
[bookmark: _Toc29307969]Table 2-Density of excavated material with conversion from volume.
	Strata Type
	Volume to be excavated with bulking factor applied.
	Density per kg/M³
	Total weight

	Anthropogenic
	4950M³
	1905**
	4950M³ x 1905kg = 9,429,750kg / 9430Tonnes

	Very dense brown sandy gravel.
	2070M³
	1905*
	2070M³ x 1905kg = 3,943, 350kg / 3,944Tonnes

	Very dense brown sand with some gravel.
	945M³
	1905*
	945M³ x 1905kg = 1,800,225kg / 1,800Tonnes

	Stiff grey-brown gravelly boulder clay.
	3645M³
	1760*
	3645M³ x 1760kg = 6,415,200kg / 6,415Tonnes

	*all weights are taken as wet due to the high-water table.
**there is no specific weight for man made ground but as it shows there is quite a lot of sand, we assumed this weight.
	Total excavated
	21,589 Tonnes


The information in the above table was taken from the website;
“The Engineering Toolbox” (Toolbox, n.d.)


[bookmark: _Toc29406085]Disposal of spoil.
We propose to split the area to be excavated in to four 15M x 15M sections and make use of four long reach excavators such as the Hitachi ZX490-6 SLF (Hitachi, n.d.) which has a bucket capacity of 0.8M³ or an average of 1.5 Tonnes of site spoil per bucket, to excavate the spoil and deposit it directly into 30M³ capacity tipper wagons to be taken away and disposed of.



Although the wagons have a stated volume of 30 M³, we need to work on the load which they can legally take on the road which is an extra 20 Tonnes of material. We anticipate per machine it should take on average 50 seconds to load and unload each bucket which gives a loading time of 31.25 minutes. 

The disposal site is 5 miles away from site, so if we average the speed of the tipper wagon to be 20mph we can see that it should take 15 minutes from site to disposal site. 

It should take approximately 3 minutes to tip the spoil so one complete cycle per wagon is 64.25 minutes.

The total amount of wagons needed is the amount of spoil removed multiplied by its bulking factor, in table 1 the total amount calculated is 21,589 Tonnes therefore we need 1080 wagon loads.

As the site working hours are 8 am until 5 pm allowing 1 hour for breaks we will have an eight-hour working day. If we use 4 wagons per excavator 16 in total, each excavator should be able to load 20 wagons per day.
In total with four excavators and sixteen tipper wagons we should be able to remove 80 wagon loads per day which means we aim to clear the spoil from the main excavation in 14 days not allowing for external problems outside our control.
.
[bookmark: _Toc29307970]Table 3-Estimated loading schedule per excavator.
	Wagon number
	Loading start time
	Loading finished time

	1
	8.00am
	8.15am

	2
	8.20am
	8.35am

	3
	8.40am
	8.55am

	4
	9.00am
	9.15am

	Breaktime for 15 minutes

	1
	9.30am
	9.45am

	2
	9.50am
	10.05am

	3
	10.10am
	10.25pm

	4
	10.30pm
	10.45pm

	1
	10.50am
	11.05am

	2
	11.10am
	11.25am

	3
	11.30am
	11.45am

	4
	11.50am
	12.05pm

	Break for 30 minutes

	1
	12.40pm
	12.55pm

	2
	13.00pm
	13.15pm

	3
	13.20pm
	13.35pm

	4
	13.40pm
	13.55pm

	1
	14.00pm
	14.15pm

	2
	14.20pm
	14.35pm

	3
	14.40pm
	14.55pm

	4
	15.00pm
	15.15pm

	Break for 15 minutes

	1
	15.30pm
	15.45pm

	2
	15.50pm
	16.05pm

	3
	16.10pm
	16.25pm

	4
	16.30pm
	16.45pm


Whilst this table shows 24 wagon loads it is to be expected we will lose time due to various factors, so we have calculated using 20 trips per day per excavator.
[bookmark: _Toc29406086]Plant needed. 
To excavate the basement, we will be using long reach excavators such as the Hitachi ZX490-6 SLF (Hitachi, n.d.) with a bucket capacity of 0.8M³ which will be loading directly into the 30M³ tipper wagons for removal and disposal. As stated earlier we will still need to make use of some excavators inside of the excavation to help loosen soil from the corners and to help dig out the sumps required for permanent and temporary drainage and locating the tops of the superstructure piles, these are to be Hitachi ZX210X-6 excavators with a bucket capacity of 1.2M³ and they will be lowered in and removed using a mobile crane of suitable lifting capacity.
[bookmark: _Toc29406087]Basement Construction.
We propose to use interlocking cased secant piles for the perimeter walls which will act as a cantilever holding back the earth and ground water. The ground will be covered by a blinding layer of concrete of not less than 50mm thick to provide a clean working and storage environment, the basement floor slab is to be made from reinforced waterproof concrete not less than 150mm in depth, this will act as the prop for the bottom of the basement walls and be designed to withstand any uplift by water pressure. The load bearing piles for the super structure are to be of friction type, and the reinforcement for these is to be fixed to the slab reinforcement. All concrete works, reinforcing and shear connections are to in line with Eurocode 2: Design of concrete structures (CEN, 2014).
[bookmark: _Toc29406088]Basement drainage.
BS 8102:2009 (British Standards Institution, 2009, p. 16) states that as the basement is to be a car park it can have a waterproof grading of 1, this states that “some seepage and damp areas tolerable, dependant on the intended use. Local Drainage might be necessary to deal with seepage.”
Both temporary and permanent drainage will be incorporated into the slab works by the sinking of sumps as designed by the drainage engineer. All permanent drainage with be constructed with 110mm diameter drainage pipes connected to gullies which will be set inside the concrete base and directed towards the sump which will have two submersible pumps per sump suitable for the amount of water expected and distance both vertically and horizontally, one active and the other as a backup in case of failure or a sudden deluge of water.























[bookmark: _Toc29406089]Facade.
The façade is to be a rain screen cladding system which complies with British Standard BS 8298-1:2010 (British Standards Institution, 2010). As detailed in Figures 1 and 5-21.
British Standard BS EN1991-1-4:2005+A1:2010 Actions on structures-Wind Actions (CEN, 2005)
This will be fixed to the building envelope using an aluminium frame which is fixed to the wall. There is to be a minimum of a 38mm cavity between the back of the panel and the insulation panels which will be fixed to the wall (type and frequency to be agreed with insulation supplier) with a vapour control layer sandwiched between with the external face constructed from ceramic cladding panels from Proteus facades, the reasons we have chosen this are; 
· Porcelain ceramic has a 100% natural mineral composition,
· [bookmark: _GoBack]No organic pigments, resist UV rays and is colourfast
· Porcelain ceramic is freeze-thaw and thermal shock resistant
· Fully tested and compliant with CWCT Standards
· Class B impact resistant
· Scratch and abrasion resistant, surface harder than granite or steel
· Lightweight, 300% lighter than a 20mm granite rainscreen system
· Non-porous, impervious to chemicals, does not accumulate dirt.
(Proteus Facades, n.d.)
[bookmark: _Toc29489516]Figure 1-Rainscreen structure taken from Proteus Cladding
See drawings 1-17 in appendices for all section drawings. (Proteus Facades, n.d.)[image: ]
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Figure 2-Map of proposed site.[image: ]


[bookmark: _Toc29489518]Figure 3-Basic site layout showing position of excavators and wagons in relation to the excavation.
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[bookmark: _Toc29489519]Figure 4; Borehole log taken from BGS website from adjacent site. 'Reproduced with the permission of the British Geological Survey ©UKRI. All rights Reserved'
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[bookmark: _Toc29489520]Figure 5-Raincladding section drawing (Proteus Cladding)
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[bookmark: _Toc29489521]Figure 6-Raincladding section drawing (Proteus Cladding)
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[bookmark: _Toc29489522]Figure 7-Raincladding section drawing (Proteus Cladding)
[image: ] 
[bookmark: _Toc29489523]Figure 8-Raincladding section drawing (Proteus Cladding)
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[bookmark: _Toc29489524]Figure 9-Raincladding section drawing (Proteus Cladding)
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[bookmark: _Toc29489525]Figure 10-Raincladding section drawing (Proteus Cladding)
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[bookmark: _Toc29489526]Figure 11-Raincladding section drawing (Proteus Cladding)
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[bookmark: _Toc29489527]Figure 12-Raincladding section drawing (Proteus Cladding)
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[bookmark: _Toc29489528]Figure 13-Raincladding section drawing (Proteus Cladding)
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[bookmark: _Toc29489529]Figure 14-Raincladding section drawing (Proteus Cladding)
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[bookmark: _Toc29489530]Figure 15-Raincladding section drawing (Proteus Cladding)
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[bookmark: _Toc29489531]Figure 16-Raincladding system drawing (Proteus Cladding)
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[bookmark: _Toc29489532]Figure 17-Raincladding section drawing (Proteus Cladding)
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[bookmark: _Toc29489533]Figure 18-Raincladding section drawing (Proteus Cladding)
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[bookmark: _Toc29489534]Figure 19-Raincladding section drawing (Proteus Cladding)
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[bookmark: _Toc29489535]Figure 20-Raincladding section drawing (Proteus Cladding)
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[bookmark: _Toc29489536]Figure 21-Raincladding section drawing (Proteus Cladding)
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