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Ground Investigation Report
Pre-build ground investigations are of great importance to ensure that a building does not have any issues that are caused due to an inadequate ground investigation after it has been built. There are three main areas of malfunction that can be derived from an inadequate ground investigation. These are the formation of sinkholes, which are formed as a result of void spaces in the ground, subsidence of the building which are mainly formed due to movement of the buildings foundation or problems that arise due to there being an insufficient load bearing capacity to maintain the sheer stresses placed onto it. Photos of these malfunctions are shown below:
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Our site investigation is to take place on the Swansea Foreshore between the Marriot hotel and the Library. An image showing the location of the site is shown below:

          [image: ]

As with every site there will have to be an in-depth analysis of the history of the area in which the investigation is taking place to try and establish if there are any key factors from the past that could potentially affect the site at the present time. There are quite a few areas of Swansea’s past in or around the area in which our site investigation is taking place that could be of interest to us. These are listed below:

Swansea’s History in Industry.
Swansea has a rich history in the metallurgical industry. “By the end of the 19th century, Swansea was once producing 90% of the world's copper, almost all of the world's zinc and 75% of the world's tin plate.” (BBC, 2003). Due to the fact that the Valleys surrounding Swansea are rich in coal it was an ideal place for the copper smelting to take place, “With smelting taking three parts coal to one part ore, the proximity of this rich source of smelting fuel to the non-ferrous metal mines of Devon and Cornwall, guaranteed Swansea’s future.” (Swansea museum, 2019). Couple the abundance of coal in the surrounding area with the fact that Swansea is on the coast and it becomes clear why Swansea played such a big role in the metallurgical industry in the 19th Century. 
Swansea & Mumbles Railway
	Swansea also boasts that it was home to the world’s first passenger rail service. At its closure in 1960 it was the longest running railway in the world. The railway first opened in 1807 as a horse drawn train and run right up until 1960. Although it became a passenger train, the railway was initially set up for the transportation of goods in the late 1800’s. As there was no road between mumbles and the main area of Swansea the railway was installed to help transport what was mainly limestone from Mumbles to the Swansea dock area. Pedestrians started to climb aboard the train to hitch a ride and this led to the train to eventually changing to a passenger train after it was evident how much money could be made from charging people to use the service.
 In 1877 the horse drawn carriages were no longer used and for a brief spell the trains were steam powered. The train was very popular and “During the Edwardian period, between 1900 and 1920’s, the railway usually carried up to 1,800 passengers per single journey! This provided Swansea & Mumbles railway with another world record – the most passengers conveyed on any train journey. “(Pete Rogers, 1995). The line was electrified in 1929 following the quite unsuccessful attempts at using batteries and steam to power the train. The electrification of the line allowed the introduction of a fleet of 11 trams that would run. The railway was going to follow the original route of the Swansea and Mumbles railway but after its electrification the line was adjusted to take advantage of Swansea’s scenery and run parallel to the coast. To allow this to happen the railway was taken directly through the area that our site investigation is taking place. During 1941 The German bombing raids on Swansea had a great impact on the city centre but “miraculously the railway remained intact and became a symbol of defiance” (Pete Rogers, 1995). “On completion of its final journey track was torn up and the trams were being dismantled by a specialist breaker firm” (The Swansea and Mumbles Railway - the world's first railway service, n.d.) within minutes and it was deemed by local museums that it was of no historical interest to keep any remnants of the train.
Bombing of the Docks
In February 1941, Swansea’s docks were bombarded for three nights by the German Air Force. “The Germans decimated Swansea with 30,000 incendiary and 800 high explosive bombs across the three relentless nights of attack” (War History Online, 2019). Obviously, this caused horrendous damage to the city and “destroyed 850 properties and 11,000 buildings but the effect on human life was much worse and a total of 230 people were killed”. (War History Online, 2019). 
The British Government had thought that due to Swansea’s location it would be the ideal candidate for military-based industries and munitions manufacture. “Swansea, one of the most significant oil ports in Britain and is one of the most important ports for re-shipment of supplies and materials for British Troops fighting overseas” (ESIS, 1991). This didn’t go unnoticed by the Germans and Swansea became a target. 
P.L.U.T.O – PipeLine Under The Ocean
During the Second World War a secret operation was undertaken by the British Government to install fuel lines under the ocean that would allow the transfer of fuel, without detection by the German Forces, to the Allied Forces in France. It was thought that the operation was going to be a huge advantage to the Allied Forces due to the fact “that tankers full of petrol and oil were easy targets for German bombers, the coast line was riddled with under water mines, and sending hefty ships to fuel Allied Forces after their planned invasion of occupied France would bring more traffic to an already cluttered shoreline.” (Peter Faulkner, 2019). 
Swansea was thought to be the perfect candidate to test the new technology as it had an Oil Refinery, so the oil was readily available, and the Bristol Channel was thought to be very similar in conditions to the English Channel. The pipes were carrying “38,000 gallons a day for three weeks” (D-DAY story, 2009) so this was a very efficient way of transporting the fuel.
The pipes consisted of 20ft lengths of steel that were welded together to achieve any length pipe needed. When you consider that the ‘drums’ laying the pipe into the Channel were carrying 70 miles of the pipe, the amount of 20ft pieces that were welded together would be huge. This meant that the chances of leaking oil would potentially be high. 
Health and Safety
As with any industry, Health and Safety plays a major role when carrying out ground investigations. The Health and Safety at Work Act 1974 (HSWA) “is the primary piece of health and safety legislation in the UK. The Act is termed as an enabling ACT, which allows the Government to make health and safety regulations, which become part of the law” (CITB, 2016, p.5). 
	Whilst carrying out the ground investigation at our site it would be expected that BS 5930:2015 Code of practice for ground investigations is adhered to. “This British Standard is set out to follow, in broad terms, the sequence of a ground investigation from initial considerations through the phased design and implementation of an investigation programme and its reporting, to the continuing investigation during and after construction.” (GeotechnicalDesign 2011). This code of practice will outline the sequence that you will be expected to follow from the initial considerations through to commencement of ground investigation and the continuation of the investigations during the construction of the build and after construction of the build has been completed. 
Method of ground investigation
As with any ground investigation it is important to try and establish the geology of the area in which the site is located. We do this to try and gain knowledge of what structure of rocks and soils are present at our site. There are two types of ways to do this, by using intrusive methods or non-intrusive methods. A non-intrusive method could be by utilising geological mapping where previous records have been made in the area in which we are investigating. Using the British Geological Survey website (BGS 2019) we can see what type of superficial deposits and bedrock geology we would be likely to find at our site’s location. Images of this are shown below:
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This provides us with a basic knowledge of what we would expect to find before we even turn up to site and can help us decide other factors of ground investigation such as what type boring method we would use during the taking of a bore hole sample.
Utilities
Before any intrusive ground investigations are able to take place, the location of any utilities should be established. “Utilities within the top two metres of ground are usually searched for using inspection pits, cable avoidance tool (CAT), scanning and ground probing radar (GPR). For deeper structures, such as many sewers and tunnels, such methods are not suitable, and they might not be identified or shown on Ordnance Survey maps; therefore, reference should be made to utility organizations. Specialist search companies may be used for this as the right contacts should be used to ensure that the search is comprehensive. An appropriately designed geophysical survey should deploy techniques that are able to resolve features at greater depth, and the potential use of these technologies should also be evaluated.” (GeotechnicalDesign 2011) Due to the fact that out site is in between the Marriot Hotel and the Library I would assume that the likelihood of us coming into contact with services would be quite high. Any damage to these utilities could have a great impact on these buildings as they are both very busy and could prevent them from having full use.
Excavations
“Excavation is controlled and intrusive fieldwork, working to defined research objectives. It examines, records and interprets archaeological deposits, features and structures. It may involve the removal of artefacts, Eco facts and other remains and may take place on land, in an inter-tidal zone or underwater. The aim of excavation is to examine the archaeological resource within a given area or site within a framework of defined research objectives, to seek a better understanding of and compile a lasting record of that resource, to analyse and interpret the results, and disseminate them.” (ISGAP 2019) “There are number of excavation methods which are used for deep foundation construction such as full open cut method, bracing excavation, anchored excavation, island excavation methods, zoned excavation, top down construction methods etc.” (The Constructor civil engineering home 2019). ‘Trial Pits’ are used to extract soil to allow it to be sent off for analysis in order to establish if the soil is contaminated. By looking back at the history of our site I think it would be essential to do this as there have been numerous possible contaminants in the area. Debris and fuel from the bombs in the Blitz could cause contamination, the electrification of the Mumbles Railway could have caused contamination due to the likelihood of the use of copper wire as well as possible contamination from Swansea’s past Metallurgical Industry. There is also quite a high possibility of contamination from the oil that was used during the P.L.U.T.O project.


Boreholes
Boreholes are another very important intrusive ground investigation. Borehole samples help us to understand what materials lay beneath the grounds surface, helps to indicate if there are any voids present, establish water measurements and in what sequence the ground structure is in. I have gained access to a previous borehole sample which was taken during a ground investigation that occurred in 1975 which was in close proximity to the site in which we are concerned. The details of this bore hole sample are included below:
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(West Glamorgan County Council 1975)
	I would advise that the open hole technique is used to carry out the bore hole test during our ground investigation. The reason for this is that in the above report you can see that they have used the open hole method due to pebbles falling back in the holes that they have made. By referring to the geological mapping earlier in the report, we can see that we can expect to find the same type of bedrock geology at both sites. The past borehole sample would also suggest that our foundations will have to be ‘deep foundations’ at around 20m mark.
Unexploded Ordnance
“The legacy of unexploded ordnance has been a hindrance to construction projects around the UK. Fortunately, no fatal incidents relating to UXOs have been reported in the UK in recent decades however the Explosive Ordnance Disposal industry shows that from 2006 to 2009 approximately 15,000 items of ordnance were removed from construction sites.” (Kelvin Hughes 2019) Obviously, any unexploded bombs found on site would be a very serious situation. As well as the danger to human life there is a danger to any building in the surrounding area. If a bomb was to go undetected and then later went on to explode whilst buried under ground it could have a very serious effect on the building above due to a massive change in the ground condition. There has been a history of bombing in the area in which our site is situated so a detailed risk assessment by a specialised company would have to be carried out. 
Foundations
When we are installing our foundation, we must work towards BS 8004:2015 Code of practice for foundations. This will provide “ a full revision of the standard, which introduces the following principal changes:
• the revised text is fully compatible with the current version of Eurocode 7 (BS EN 1997);
• guidance is given on designing foundations according to limit state principles using partial factors;
• guidance is given on the selection of design parameters for soils;
• guidance is given on the calculation of ultimate bearing resistance of shallow foundations;
• guidance is given on the design of pile foundations by calculation and by testing.” (GeotechnicalDesign 2015)
At our site I would recommend using piling Foundation. The reason for this is because “Pile foundations are principally used to transfer loads through weak, compressible strata or water onto stronger, more compact, less compressible and stiffer soil or rock at depth. They are typically used for large structures, and in situations where soil is not suitable to prevent excessive settlement.”(Designing buildings wiki 2018). Bored piles are mainly used for cohesive soils when the foundation is close to existing buildings due to chance of damage to existing foundations by vibration. Again, assuming the soil types are similar to the 1975 bore hole sample, we will need to use casing around the pile as the cohesive soil will collapse in on itself. When filling the casing with concrete it is important to fill from the bottom up. This will prevent any void spaces from developing and will also prevent the segregation of aggregates, both of which will weaken the foundation. 
	After the piles are in situ, it is important to use pile caps. These are basically a slab of reinforced concrete placed on top of the piles. Although you can have individual caps per pile, it is more commonly used to cover a cluster of piles. This will again add to the strength of the foundation as typically not all piles will be identical in depth. I would also recommend that linking beams should be provided between pile caps to increase the stability. 
	The Library adjacent to the site we are building on also used piling foundations. Again, due to the close proximity of the sites I would assume that this would be the most beneficial foundation type to us. Below is a photograph of the foundations of the Library:
[image: ]
(Media Wales 2019)
My basic drawing of the design of piling foundation that I would recommend can be found below:
[image: ]
The key for the drawing is:
Black square – Piles
Red circles – Pile caps
Green lines - Links

Conclusion
After looking back at the history of the site it is of high importance to carry out soil test analysis to check for possible contamination. Looking at past non-intrusive and intrusive methods of ground investigation I would assume that the structure of the ground is to be very similar to the 1975 bore hole sample that has been obtained and it would be beneficial to use the pile foundation for our building. We must ensure that we comply with both British Standards stated in the report and comply with any other Health and Safety requirements of the site. 
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Bedrock geology 7
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