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Introduction.

For my assignment I will analyse the fundamentals of a Site Investigation including the historical background of the site, look at the geological map of the area, ground investigation to the codes of practice, permits to carryout works on site, building regulations, utilities and other buildings in the area, health and safety procedures carried out for various construction activities, materials needed for the construction project and recommend an appropriate foundation design.
The area of the site investigation: 
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(Google Maps, Grid Reference 51.61342,-3.9460082, 2019).

Here is the Proposed Restaurant, Ice Cream Parlour and Manger’s Apartment - Swansea Foreshore. I would advise when starting off a new project; produce a Desk Study that will gather historical information about the site, followed by a walk over survey.


The Historical Background of Swansea.

I have managed to analyse and understand what events took place. This has put me in the right direction of what I might find in relation to a site investigation.


The Swansea Railway.

Swansea had a railway that was the first public transport infrastructure of its time and was in the area and known as, “Mumbles Railway started off in 1807, first as a horse-drawn service, then by steam and later by electric” (PEREGRINE, C. 2014)
This railway had three power services, the largest tourist attraction in the world and transferred cargo such as limestone and coal across Swansea bay. When they decided to get rid of the Railway around the 1960’s, people’s questions were never answered and still not one person knows why. On the last day of the railway, “The masses came out to give it a proper farewell in the style of a funeral. Auld Lang Syne was sung and more than 200 clambered aboard the "hearse", with hundreds more standing at each station to cheer the train as she went through. A five-mile cortege of cars followed all the way from Southend to Rutland Street with horns blowing a lusty goodbye.” (PEREGRINE, C. 2014). Buses replaced the trams and caused more pollution to the environment, which the public was not pleased about.
The railway route was, “from central Swansea to Mumbles - Swansea Rutland Street, "The Slip" (the closest stop to Swansea civic centre, Victoria Park, St. Helen's cricket & rugby stadium and the Brangwyn Concert Hall); Brynmill, Ashleigh Road, Blackpill (where the electricity conversion station was located and the closest stop to Clyne Park and the Blackpill Lido paddling pools); West Cross, Norton Road, Oystermouth (at the heart of Mumbles), Southend and Mumbles Pier terminus.” (Rogers, P. 1995). This demonstrates that the railway came through the nearby site; that could have developed void areas, berried materials, railway embankments, old utilities and contaminated soils due to the smoky air and railway industry.
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“More reminiscent of a stagecoach on rails this what woul have turned up if you had been waiting for the Mumbles Train around 1870.”  (Avon, L, A. 1998, p. 139).
The Bombing of Swansea.

In 19/02/1941 the population of Swansea went through a devastating time. This event was brought to light by a video produced for a University assignment, illustrating video and photographic evidence gathered from the (West Glamorgan Archive Service), “German bombers were dispatched for a raid that would last for three consecutive nights.” (Bryan, C. Shaw, N. Mclntyre, L. 2012). The reason for Germany attacking the docks was stop supplies getting into Great Britain. You could see the city up in flames from across the channel in Devon and Cornwell which changed Swansea completely by destroying the structure of the City Centre and the population. 
At the top of Wind Street there was, “The famous Ben Evans department store was directly hit and was burnt to the shell. A fountain is all that lies on what was once a grand department store.” (Bryan, C. Shaw, N. Mclntyre, L. 2012). 
The main aim of the of the German Luftwaffe Bombers were to hit, “Swansea Docks which were the primary target for the bombers were partially damaged and continued to operate throughout the rest of the war. Bringing vital supplies into Britain.” (Bryan, C. Shaw, N. Mclntyre, L. 2012).
I have Read through an article about a young girl who shares her experience of the Three Night Blitz years later, mentioning what the bombs had caused leaving, “230 Swansea residents dead and a further 409 injured, while more than 850 properties were destroyed and 11,000 buildings damaged.” (Turner, R. 2014). After the bombings of the City Centre and the docks this could have a massive effect on the grounds around the foreshore site; including land contamination from the smoke, oil spills from the dock into the sea travelling into the water bed unknown, void spaces or sink holes in the ground from the vibration off the bombings, radiation from the bombings and raw materials from old structures berried underground.[image: C:\Users\Gethin\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\FUPXXOG1\IMG_7885.jpg]
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Docks and Castle Street 1941 after the bombings. (Arthur, N. 1988)




Unexploded Ordnance Assessment.

After the World War 2 bombings a, “Explosive Ordnance Threat Assessment in respect of Swansea Docks to Baglan Burrows for Atkin Limited” (BACTEC International Limited. 2014, p.3). This was carried out to categorise if the site was a high or low risk for any unexploded devices berried in the area before carrying out any works around the coast line. 
There is evidence that, “o Swansea was one of the most consistently bombed cities in Britain during WWII, suffering damage to three quarters of its pre-war housing stock during 82 air raids, three of which were heavy ‘Blitz’ scale attacks. o The Queen’s Dock (western end of the site), as well as a railway maintenance yard, flanking the northern site boundary, were both identified by the Luftwaffe as bombing targets. As a result, the local area was subject to a moderate bombing density, as confirmed by official statistics.”(BACTEC International Limited. 2014, p.6). Relating to this information I would recommend that an unexploded ordnance assessment should be carried out by a specialised company beforehand. This would be a safer option to prevent setting off any explosive devices berried around the foreshore site; when carrying out site works. Here is a map demonstrating the high and low risk of unexploded devices that may be in the nearby area of the site which is highlighted in red and green:[image: C:\Users\Gethin\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\PBW3XCJR\IMG_7964.jpg]



















(BACTEC International Limited. 2014, p.60).

The PLUTO Project. 

There is evidence that a project called PLUTO; was developed in 1942 and the details involved were, “PLUTO pipeline test site, Watermouth Bay, Illfracombe, Devon? In 1942 along term trial of PLUTO (Pipeline Under The Ocean) took place, with a prototype pipeline stretching from Swansea oil refinery via the Bristol Channel to Watermouth Bay near Ilfracombe in North Devon. This 27-mile stretch of two-inch cable delivered 125 tons a day or 38,000 gallons a day for three weeks. The pipeline was laid by HMS Holdfast, a converted cable laying ship.” (West Launches Liberation Campaign. 2014). Later on the Pipelines were installed in the ocean to pump fuel from Great Britain to Europe to supply the allied troops. This project was top secret by the British intelligence and engineering professionals to stop Germany attacking the British fuel (Petroleum) supplies. 
When the experiment was carried out in the first three weeks an anchor had dragged across the pipeline and damaged it causing a massive spillage. I have tried to research this information further but I cannot find the exact destination. This may have caused further contamination of the sea which in turn could have travelled into the water bed as high tides occur regularly in the Swansea bay. Here are some images of what the project looked like when being carried out at sea:  
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(Naylor, B. 2010). 

The Copper Industry in Swansea.

During the 1700’s and 1900’s the Copper Industry was based in Swansea, which produced a lot air pollution and was, “described as "one of the most polluted landscapes in the world." (NEWELL, E. 1997, pp. 655-689). 
Below shows the amount of copper smoke developed from copper smelting, surrounding the Swansea area in 1881;
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(NEWELL, E. 1997, pp. 655-689).

The amount of smoke caused by the works producing acid rain polluted farm lands, towns and cities which had, “effects on stone and paintwork and the discoloration and corrosion of windows. Its effect on vegetation could be devastating and almost instantaneous. As one farmer complained, "it shrivels up the grass and the straw almost as if a dash of lightning had gone over it."23 Land in close proximity to the copper works affected by both acid rain and the dry deposition of pollutants, such as the western side of Kilvey Hill in Swansea.” (NEWELL, E. 1997, pp. 655-689). Copper smoke also effected people’s health especially those who worked in the actual works, which produced chronic breathing difficulties.  
When carrying out a Site Investigation of the foreshore, I may come across traces of further contaminated soils. This may have been caused by the vast amount of sulfuric carbon emissions off the copper smoke producing acid rain and polluting the grounds nearby.


Walk Over Survey.
 
Knowing how the environment was effected from the past events I would recommend a walk over survey report; which will gather more data on the location including:
· How close it is to the Civic and Marriot Hotel.
· Density of the soil, natural water drainage and superficial deposits
· Over headlines.
· Access to the site.
· Visual mines.
· Any visual gas, water or waste mains going through the site.
· Any visual contamination or gases on the land.
· A Cat Scan will be carried out to detect any berried utilities underground before any intrusive or excavations are in place. 

Soil and rock sampling.

I would recommend that you follow the, “code of practice for ground investigations: BS 5930:2015” (The British Standards Institution, 2015); which are the correct procedures in correspondence with the British standards policies. Below I have listed sections from the codes of practice that are involved in a ground investigation, “
Section 1 of this British Standard deals with those matters of a technical, legal or environmental character that need to be taken into account in selecting the site (or in determining whether a selected site is suitable) and in preparing the design of the works. The safety of all those involved in investigation, including the general public and the environment, is also introduced here to emphasize its fundamental importance in the execution of all aspects of the investigation; this coverage is referred to but not repeated throughout the standard.
Section 2 outlines the procedures that should be followed and the information that should be collected in desk studies and field reconnaissance.
Section 3 discusses general aspects of planning investigations, including the factors that influence the selection of methods of investigation.
Section 4 discusses methods of intrusive investigation, including overwater investigations (i.e those carried out using land-based methods), sub-divided into excavations and boreholes, sampling, and groundwater observations.
Section 5 outlines the methods of geophysics that can be used for ground mapping, characterization and testing, from the ground surface, boreholes, crosshole and surface to borehole and overwater.
Section 6 deals with the terminology and systems recommended for use in describing and classifying soil and rock materials and soil and rock masses.
Section 7 describes the range of field tests that can be considered to measure appropriate geotechnical parameters.
Section 8 outlines the instrumentation that can be used to measure parameters or monitor field conditions.
Section 9 describes the range of laboratory tests on samples that can be used to measure a range of geotechnical parameters for material classification and use in design.
Section 10 provides details of the information that is to be included in field reports, the presentation and evaluation of factual information in the investigation report and in the interpretation of the data obtained from the investigation and the preparation of the design report.
Section 11 describes the requirements of investigation that continues into and beyond the construction phase, including the requirements for monitoring and maintenance of the structure.” (The British Standards Institution, 2015, BS 5930:2015, p.9).
From the intrusive investigation depth and information gathered from the labs, this will include, “
· The nature of the soil 
· The thickness of the layers of different types of soil at the test location
· The strength of the soil the existence of contaminants in the soil 
· The degree of moisture present
· The existence of a water table 
· The location of existing services.” (Riley and Cotgrave, 2018, p. 31).

Location of a Borehole.

I have researched the Foreshore area through the British Geological Survey and I have evidence of the intrusive soil samples and superficial deposits nearby. This was discovered by carrying out an, “open hole rotary drilling from 15.0m to 22.0m” (West Glamorgan County Council, County Engineer and Surveyor’s Dept, 1975). Location:
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(BGS Map Viewers, 
Grid Reference 265390-192280. 1975).

Report for Open Hole.

Here is the Open Hole Auger report from the West Glamorgan County Council:[image: C:\Users\Gethin\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\ELTYPCWE\IMG_7920.jpg]
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(British Geological Survey. West Glamorgan County Council.1975).
Bedrock Superficial Deposits.

Here are the Bedrock, Superficial Deposits and Key of the Foreshore site:[image: C:\Users\Gethin\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\2JTWYDOA\IMG_7917.jpg]
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(British Geological Survey. Ludden, L, N. 2011).

Foundation Procedure.

After examining the above I will use this report to recommend the correct foundations for the, ‘Proposed Restaurant, Ice Cream Parlour and Manger’s Apartment - Swansea Foreshore’.
The ground consists of ashes, sands, smelting minerals, railway traces, soft clays, shales and stiff clays. This evidence demonstrates that the ground is too soft to sustain a Pad, Strip or a Raft foundation due to poor settlement conditions. I would recommend installing a Deep Foundation (pilings of 20-30m) with a permanent casing to reduce any collapsing when carrying out the boring method.
Before any building takes place I would recommend by law that you follow the, “BS 8004; 2015 Code of practice for foundations” (The British Standards Institution, 2015), so that there are no delays during the construction phase where planning permission is concerned; here is a list from the descriptors, "
4.1.3 Pile foundations
4.1.3.1 The design of pile foundations should conform to 4.1.1.1 and Clause 6.
NOTE Pile foundations are generally suitable in, but not limited to, the following design situations:
· on compressible strata overlying bedrock;
· on compressible strata overlying coarse soils of adequate density, there being no other beds of greater compressibility below the coarse soils;
· where the strata consist of fine soils of great thickness capable of supporting the piles by friction;
· where there is a need to minimize movements of a structure owing to swelling or shrinkage of surface soils; and
· where the addition of a foundation load would cause instability of the existing ground (e.g. at the crest of an existing slope).
4.1.3.2 Deep foundations, such as piles, should be considered when no adequate bearing stratum exists at shallow depths to permit economic construction of spread foundations.”(The British Standards Institution, 2015, BS 8004:2015).

I would recommend to enforce health and safety procedures in a briefing, a full risk assessment carried out, plant operation checks, a safe framework put in place, contaminated land procedures to avoid damaging the environment or site workers, “
· Chemicals- processing chemicals in particular
· Heavy metals, such as mercury and lead
· Fibrous materials linked to respiratory problems, such as asbestos
· Explosives
· Nuclear waste
· Natural radioactivity, such as that caused by radon gas
· Landfill gases, such as methane
· Liquids, such as petroleum
This list can be easily extended. The fact that many sites have contamination problems is recognised by the Building regulations in Approved Document C” (Riley and Cotgrave, 2018, p. 33).
Sectioned off exclusion zones, full PPE, cleaning facilities, first aiders and making sure everyone knows where the nearest hospital is to site. 

Firstly a Cat Scan is priority to detect any live utilities around the site so that a permit can be signed off, before starting any intrusive or excavation activities. The Piling Plant can operate the Driven Piling procedure; below is a brief description of how it works: 

· The hollow casing is driven into the ground by a plant control, rotating to a depth of 20-30m; compressing the soil around the casing.
· A drill auger is then placed inside the casing removing soils or rock by a telescopic bar.
· The auger is then lifted out of the casing and the geological soils are then released.
· This is then repeated until the borehole is cleaned completely to the allocated depth.
· A reinforced cage is then placed inside the casing to the bottom of the pile, leaving proud a cluster of upright reinforced bars to attach the pile caps on top of the pile.
· A concrete pipe is then installed to the bottom of the borehole, filling it up in stages from the bottom to the top; this will reduce the chance of creating any voids, which could cause weakness to the structure.
· Once the borehole is filled with concrete, the casing is permanent and left in position in the borehole.

By using this operation it will penetrate the ground to find a more compact soil or bedrock; pin pointing a good bearing strata to sustain the load and reducing the pressure bulb theory.  

3D Sketch of Piling Foundations.

Once the piling procedure has been carried out, a piling cap is then placed on top of the piling; which is for the point of load. Attaching reinforced concrete beams to each cap transferring the load to other areas of the foundation. Below I have sketched a 3D view of what a piling structure looks like; which will be in addition to my final design:
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Final Design of the Piling Foundation.

In relation to the Deep Piling Foundation I have sketched a recommendation design and I have related this design with all of the research gathered throughout my assignment: 
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Here is a description of the final design:
1) External wall.
2) Cavity between the internal and external wall.
3) Steel nuts and bolts attaching the concrete beams to the piling.
4) Smaller diameter piles supporting the span of the concrete beams.
5) Reinforced steel bar through the concrete beams.
6) External wall.
7) Internal wall.
8) A single pile with a larger diameter, supporting a pile cap.
9) Casing filled with concrete around a reinforced cage.
10) Pile cap tightened with nuts and bolts.
11) All the reinforced steel is treated with a protective solution to avoid corrosion.
12) There are 13 larger diameter and 4 smaller diameter piles placed into the ground at 20-30m depth to avoid settlement cracks of the foundation. 
13) The plies are spaced out 6m-8m apart to avoid collapsing. 

Conclusion.

Throughout my assignment I have researched vital information for a site investigation. I have included a vast amount of information entailing:
· Investigating the historical background of the location and how to use that information for the site investigation. 
· Researched the ground investigation and intrusive depth for the soil sample of that area to the codes of practice.
· Analysed the borehole location and report on the British Geological survey to gather what type of soils or rock are around the location.
· Gathered information for a recommended deep piling foundation in correspondence to the codes of practice.
· Explained how the piling plant operations work. 
· Demonstrated the construction process once the pilings have been installed. 
· Produced a recommended final design adapting to the located area.
All of my research has been supported by reliable resources and has been Harvard Referenced throughout.
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