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[bookmark: _Toc56268903]3.0 Executive Summary 

The case study is aimed to conduct a desktop study for a full site investigation on the Swansea foreshore. The clients are The City and County of Swansea and the Marriott hotel, who wish to enter a joint agreement and build a planned two-storey building, which will have a restaurant, ice cream parlour, a self-contained manager’s apartment and staff welfare facilities. The site is located on the Swansea foreshore, in the Swansea docklands area. As a junior construction professional, I have been requested to analyse the findings of the Desktop study and recommend where I believe the greatest risks lie on specific elements of the investigation of this site and whether the project is feasible. The recommendations will then be passed on to the Geotechnical contractor, who will be used to undertake the rest of the site investigation.
[bookmark: _Toc56268904]4.0 Terms of Reference

[bookmark: _Toc56268905]4.1 The principle focuses are:

    4.1.1   To Conduct a preliminary desktop study of the proposed site, drawing upon historical, archival material, relevant building regulations and codes of practice.

   4.1.2     To examine which elements of the site investigation I consider to be most significant and applicable to the proposed site. 

   4.1.3     With the aid of sketches and drawings I will describe a suitable foundation detail for the building, based on my preliminary observations.

4.2       The case study was constrained by the information given and researched and the need to complete it by 17th November 2020. 
[bookmark: _Toc56268906]
5.0 Procedure

5.1   This section provides the research sources provided.

5.2    The research includes showing the desk study which consists of; the Historical research of archival documents, British standards, risk evaluation and foundation details from websites and textbooks set out in the reference and bibliography. 

5.3   The University lecture notes also provided background to the research.

[bookmark: _Toc56268907]6.0 Findings

[bookmark: _Toc56268908]6.1 Desktop Study

“A Desktop study can supply useful background information on the site, such as may be obtained from maps and historical records about the site”.
(Cotgrave, Nature of the survey, 2018)
Here is a description of a desktop study by the British Standards institution:
“The desk study should comprise a factual core supplemented by interpretative elements which summarize physical, geo-environmental and geotechnical aspects to aid the formulation of a ground model or a conceptual site model.”
(British Standards Institution, Code of practice for ground investigations, 2015)
These are the elements of the Desktop study that I will draw upon for the investigation of a proposed site:
· Existing Information of the underlying geology of the site and how intact the structure is on the site.
· Historical and Industrial archival records of the site.
· The information gathered from existing subsoil condition records. E.g; Borehole logs.
· Reports of flood risks
· Surveying for underlying mining
· Records of utility surveys
· Ecological evidence
· The Ordinance surveys
· Existing ground conditions
· Records of any possible obstructions underground
All those points, if analysed properly, will give a good understanding of what risks lie on the site before a field study can begin.

[bookmark: _Toc56268909]6.1.1 Historical Records/ Archival Evidence
The proposed site on the Swansea foreshore has a rich history of an industry that starts around the early 1860s and comes to an end in the 1960s. 
“The marina occupies the former South Dock, opened in 1859 as Swansea experienced an industrial boom. Copper smelting had become a major activity in the lower Tawe Valley in the 18th century, thanks to the abundant supplies of high-quality coal”.
                                                                     (historypoints.org, n.d.)
After analysing the historical evidence, the proposed site can be designated as a ‘Brownfields’.

Brownfields
‘Brownfield’ means that the land has previously been built upon in the past and is likely to be contaminated ground. Figures 1,2 and 3 ahead validate this evidence.
[bookmark: _Hlk55485905][image: ]In ‘figure 1’ you can see the site on an archival map dating to the 1870s: (In each of the maps ‘X’ marks the spot for the site.)
[bookmark: _Toc55650680][bookmark: _Toc55659457][bookmark: _Toc55672279][bookmark: _Toc56192712][bookmark: _Toc56251400][bookmark: _Toc56267799][bookmark: _Hlk55486646]Figure 1  Digimap Historic roam of the 1870s
[image: ]
[bookmark: _Toc55650681][bookmark: _Toc55659458][bookmark: _Toc55672280]
[bookmark: _Toc56192713][bookmark: _Toc56251401][bookmark: _Toc56267800] Figure 2  Digimap Historic Roam of 1960s 
In figure 2 the railway has been removed, marking a decrease of the coal industry in the area.
[bookmark: _Toc55650682][bookmark: _Toc55659459][bookmark: _Toc55672281][image: ]        
[bookmark: _Toc56192714][bookmark: _Toc56251402][bookmark: _Toc56267801] Figure 3   Digimap Historic Roam of 1990s
Figure 3 shows the map in the 1990s where you can see that the area is no longer industrial. This now means that possible risks now remain in the underlying soil. For example, Contamination.
The figures were obtained from the Digimaps website: (https://digimap.edina.ac.uk, 2020)

The Blitz of 1941
The proposed site sits in the area of Swansea which was heavily damaged by the Luftwaffe bombings in the blitz of the second world war in 1941. This can pose a risk to our site as there is a possibility of finding unexploded ordnance (UXO) under the ground.
Figure 4 shows a photo of the devastation left after the blitz on the king's docks in 1941:

[image: ]Figure 4
[bookmark: _Toc56192715][bookmark: _Toc56251403][bookmark: _Toc56267802]Figure 4 Post Blitz From Swansea Archives
 (Archives, 1941)  
“The risk of encountering UXO on most sites in the UK is low. However, where a site is at increased risk it will be necessary to take measures to mitigate that risk. The factors affecting risk assessment are based upon the history and previous usage of a site and its surroundings.”      
                        (BACTEC, 2014)
The quote indicates that a recommendation for implementing a UXO risk assessment for the ground investigation based on the findings should be taken on. Although the likelihood of excavating a UXO is low.

[bookmark: _Toc56268910][image: ]6.1.2 Geological Ordnance Survey
[bookmark: _Toc56192716][bookmark: _Toc56251404][bookmark: _Toc56267803]Figure 5  Digimap Showing Made-Ground
Here is a Map from ‘Digimaps’ of the proposed site and a made filter attached to the map, clearly showing that the site is sitting on the anthropogenic ground, also known as ‘made ground’. 
Made ground
The made ground can be categorized as Anthropogenic ground which is ground that has been produced and left behind by an industrial past and is essentially man-made waste fill.  E.g bricks, waste, clay and ash.
[bookmark: _Hlk55677081][bookmark: _Toc56268911]6.1.3 Hydrology

(Natural Resources Wales, 2020) shows that the proposed site is:
· At the low risk of flooding from rivers
· No risk of flooding from the sea
· No flood risk from subsurface water and small watercourses.
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[bookmark: _Toc56268912]6.1.4 Local Weather
   
[bookmark: _Toc56192654][bookmark: _Toc56251475]Table 1  precipitation table from ‘whatstheweatherlike.org/wales/swansea.htm’
The data from the table above shows that the Swansea area has a large amount of average rainfall per year. This is a risk for workers whilst the excavation is taking place as the open undisturbed soil can become loose and possibly collapse due to large amounts of water dislodging the exposed soil on the site.
“Swansea has a significant amount of rainfall during the year. This is true even for the driest month” (en.climate-data.org, 2020).
This is another quote that validates the amount of rainfall in the area.

[bookmark: _Toc56268913]6.1.5 Coal Mining
[image: ]
[bookmark: _Toc56192717][bookmark: _Toc56251405][bookmark: _Toc56267804]Figure 6  Coal Mining Authority Survey Map
This image indicates that there is no risk of unexpectedly finding any abandoned mines.
The designation of the proposed site is clearly shown via a red arrow in the image.

[bookmark: _Toc56268914]6.1.6 Borehole Log Analysis
The primary objective of examining the sub strata is to try to obtain undisturbed samples from which to draw data which is reliable.
Here is a brief description of why borehole investigation would be used instead of trial pits in a ground investigation:
 “a cheaper and simpler method of obtaining subsoil samples than the trial pit method” (Greeno, Site Survey and ground investigation, 2020).
The borehole investigation does pose less of a risk to workers than of trial pits.   
[image: ]Here are images of a previous borehole log found inside the proposed site area and gathered from the British geological survey website:
[bookmark: _Toc55650686][bookmark: _Toc55659463][bookmark: _Toc55672284][bookmark: _Toc56192655][bookmark: _Toc56251476]Table 2  Borehole log page 1
[image: ]
[bookmark: _Toc55650687][bookmark: _Toc55659464][bookmark: _Toc55672285][bookmark: _Toc56192656][bookmark: _Toc56251477]Table 3  borehole log page 2

[image: ]
[bookmark: _Toc56192657][bookmark: _Toc56251478][bookmark: _Toc55650688][bookmark: _Toc55659465][bookmark: _Toc55672286]Table 4   Borehole log page 3    

Analysis of the Borehole log 
The borehole log record found on the proposed site that was held by the British Geological Survey (BGS) in figures 7, 8 and 9 has indicated that: Majority of ‘Very Dense Boulder clay’.
· Anthropogenic ground and Disturbed Soil to 5.5 meters.
· Undisturbed Soil in the regolith from 5.5meters to 22meters.
· To eliminate risk, the foundations must be placed on a bearing layer at a depth further than the 5.5meters. which will be categorized as a ‘deep foundation’.
· Risk of being contaminated ground.
· The Soil is permeable 
[bookmark: _Toc56268915]6.1.7 Contamination
Soil contamination can be a great risk to any site that is being investigated, excavated or redeveloped. This is due to the soil containing contaminates in the surrounding ground for long periods and resulting in the natural chemical, physical or biological properties of the soil deteriorating and becoming erosive and possibly toxic.
I would recommend that the geotechnical contractor should test the groundwater for contamination.
Here is a description from Cotgrave on what the building regulations specify as contamination on-site and how it is a risk to health and safety:
“The Building Regulations define a containment as any substance which is or could become toxic, corrosive, explosive, flammable or radioactive and likely to be a danger to health and safety”.
(Cotgrave, Foundations, 2014)


[bookmark: _Toc56268916]6.1.8 Permeability
From the findings, we can designate the soil as having a majority of clay soil. Clay is the least permeable of the soil types due to its fine structure. Clay acts as impeding the flow of water through the ground. This is a risk to the workers that carry out the excavations. Here is a table that shows this:

Average permeability for different soil textures in cm/hour
	Sand
	5.0

	Sandy loam
	2.5

	Loam
	1.3

	Clay loam
	0.8

	Silty clay
	0.25

	Clay
	0.05


[bookmark: _Toc56192658][bookmark: _Toc56251479]Table 5 Soil Permeability www.fao.org/tempref/fi/cdrom/fao_training/fao_training/general/x6706e/x6706e09.htm

[bookmark: _Toc56268917]6.1.9 Site Walk-over

Here are two photos taken by myself, of the proposed site on October 15th, 2020 whilst carrying out a ‘walk-over’ investigation of the site, followed by the observations I made that I find to be a risk to the site:[image: ]
[bookmark: _Toc55659466][bookmark: _Toc55672287][bookmark: _Toc56192718][bookmark: _Toc56251406][bookmark: _Toc56267805]Figure 7  Site photo - East-facing
Existing concrete car park 
· Will require a lot of heavy vehicles and operating machinery to remove and redevelop the site.
 	
         [image: ] 
[bookmark: _Toc55659467][bookmark: _Toc55672288][bookmark: _Toc56192719][bookmark: _Toc56251407][bookmark: _Toc56267806]Figure 8  Site photo- South facing
Topography
· The ground on the site is not flat. It has small mounds of earth filled with trees and bushes. This is a large amount of material to remove from the site for redevelopment. 

Utilities
· No visible signs of over-head utilities.

· Underground electrical utilities are in the car park for lighting. This should be considered as a risk before being put into the appropriate risk assessments before excavation.

Trees and Vegetation
· A lot of trees planted that could add time to the excavation process. The British standards institution summarise the affects ecology can have on a project:

“Ecological issues need to be carefully considered because they could impose significant constraints on both the execution of the site investigation and on the future development of the site”
(BS B. , 2010)
      

Safe road access to the site
· The main access to the site from the North of the site from the main road should not pose a risk as it has a lot of room for a safe placement.
Public safety
· There is a heavy public presence with the beach so close. This would pose risks to the public whilst excavation and construction work is present. Health and safety measures should be in place to keep the public safe from site workings.

[bookmark: _Toc56268918]7.2 Conclusion

After analysing all the relevant evidence in the desk study, a foundation type must be given.
Judging by the findings of the desk stratification, the foundation needs to be placed at a considerable depth, on a bearing layer that can hold the weight of the built structure. This is because the soil in the shallow depth (Anthropogenic ground and clay soils above 5.5meters) is disturbed and inadequate to support the weight imposed by the building.
The bearing layer most suitable would be the ‘ Grey Mudstone’ layer found at a depth of 18.6meters.
The foundation must be transferred to a deeper layer where there is a higher bearing capacity and would eliminate the risk of further structural problems, such as subsidence.
 This is backed up by a quote from Stephen Emmitt:
“Inadequate soil investigation and hence an appropriate foundation design can lead to structural problems at a later date” (Emitt, 2012) 
[bookmark: _Toc56268919]7.2.1 The Chosen Foundation and detail:
[bookmark: _Hlk56267524]The Foundation that is selected for the building that is proposed for the site is a continuous flight auger (CFA) bored pile foundation. This is typically used for large structures to transfer loads from a structure that is too heavy to be held by weaker soil strata. The piles would be drilled to depth to transfer the load onto a layer of strata that can sustain the bearing capacity from the structure on the surface. This layer can be denser soil but should be rock.
The layer that is chosen as the bearing layer is the ‘Grey Mudstone’ found at 18.6 meters down in the borehole log in table 3.
Here is a detail for the recommended Continuous flight auger (CFA) bored pile foundation:
[bookmark: _Toc56267807][image: ]Figure 9 Pile Foundation Detail

 Figure 9 comes from (Cotgrave, Foundations, 2018)

The Pile structure shown in figure 9 will be used at the four corners and the centre of the building to guarantee stability throughout the two-storey super-structure.
Here is a quote that defines the reasoning for choosing this foundation:
“Where insufficient loadbearing capacity is offered by the soil at a shallow depth, but sufficient is available at a greater depth”.
(Cotgrave, Building Substructure, 2018)
The chosen sufficient layer is suited because the mudstone layer has a higher bearing capacity than any other layer in the stratification.


Here is an example of the (CPA) Flight auger Pile method in figure 10:
[bookmark: _Toc56267808]Figure 10[image: ] CPA Flight auger pile 


















(Cotgrave, Building Substructure, 2018)
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