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[bookmark: _Toc27163566]Introduction
The function of this report is to advise on the Ground Investigation required, and the Foundation Detail suitable, for the proposed restaurant and ice cream parlour with manager’s accommodation above. The site is on the foreshore between Swansea Civic Centre, SA1 3SN and the Marriott Hotel, SA1 3SS.

[bookmark: _Toc27163567]Desk Study
[bookmark: _Toc27163568]Location of the Site 
The proposed building will have a Gross Internal Ground Floor Area of 300 square metres, with approximately 25% on the Civic Centre site and 75% on the Marriott Hotel site. Access to both sides of the site is via Dunvant Place (Fig 1 and Fig 2).
[image: ]Fig 1 Location of Site (site outlined in black).
[image: ]
Fig 2 Aerial Photo of Site (site outlined in black).
[bookmark: _Toc27163569]Historical Uses
The site is situated near to the South Dock, and there is evidence of previous industrial use. Fig 3 is taken from an 1853 Ordnance Survey (OS) County Series Map and shows the London & North Western Railway (L&N.W.R) South Dock Branch running across the site. Fig 4 is taken from a 1943 Ordnance Survey National Grid map. It shows a Canister Works to the north of what is now the Marriott carpark, and a Wagon Repair Works to the south of the railway line. The revised OS map from January 1960 shows both Works still in place. No information on the Cannister Works was available at the West Glamorgan Archive Service, but other Works in the area of the same name produced goods from tin plate.

[image: ]
Fig 3 1853 OS County Series Map.
[image: ]
Fig 4 1943 OS National Grid Map.

[bookmark: _Toc27163570]Possibility of Unexploded Ordnance
During the Second World War Swansea was a significant Industrial town with a major port. The Luftwaffe were aware of this and attempted to halt coal exports by carrying out 44 air raids between 1940 and 1943. Between the 19th and 21st of February 1941, 30,000 incendiary bombs and 800 high explosive bombs were dropped over Swansea town centre (Winston, 2016). A book titled ‘The Three Nights Blitz’ published by Swansea City Council, provides further evidence of this by showing records of all the incidents the auxiliary fire service attended. Fig 5 shows a map used by the Luftwaffe in preparation for the air raids. The area outlined in red at the bottom left of the map, and the south dock outlined in blue, are either side of the proposed site. While there are no records of an explosion in the location of the proposed site, there is a possibility of an unexploded bomb from this period remaining in the area.
[image: ]
Fig 5 Luftwaffe Map of Swansea.

[bookmark: _Toc27163571]Construction of the Sea wall
Fig 6 shows the sea wall that is a few meters from the south of the proposed site, under construction in the late 1970’s. The picture is of poor quality but from it an assumption can be made that the fill behind the wall is likely to be non-engineered, anthropogenic fill.
[image: ]
Fig 6 Sea Wall Under Construction Late 1970’s.

[bookmark: _Toc27163572]Existing Geological & Borehole Data
[bookmark: _Hlk27048171]The Geology of Britain Viewer (British Geological Survey, 2019), shows that the Swansea Bay area has a sedimentary bedrock comprising of Mudstone, Sandstone or Siltstone. An existing borehole from the ground investigation for the Civic Centre is also available on this site. Borehole Number SS69SE345 is in the central southern region of the proposed site (Fig 7). This borehole gives a good indication of the probable strata across the site prior to any ground investigations taking place, and allows for the correct methods to be selected. The borehole report confirms Made Ground of various natural soils and anthropogenic materials to a depth of 4.95m. A firmer stratum of Boulder Clay begins at 7.95m. The bedrock of Mudstone is reached at 18.6m and continues to the termination of the borehole at 22m. The full borehole scan is available in the Annex of this report.
[image: ]
Fig 7 Borehole Number SS69SE345.

[bookmark: _Toc27163573]Services and Utilities
The locations of existing Services and Utilities have not been determined at this stage. It is imperative that maps showing the locations of water, drainage, gas and electric are obtained from the relevant authorities prior to any ground investigation taking place. No difficulties are foreseen regarding the connection of the proposed building to the above services. They are all available in close proximity to the site.

[bookmark: _Toc27163574]Recommendations for the Ground Investigation
[bookmark: _Toc27163575]Prior to any Excavation/Drilling
As stated above, maps must be obtained showing the location of services and utilities before any disturbance of the ground.
The desk study showed possibility of unexploded ordnance in the area. An Unexploded Ordnance (UXO) risk assessment must be carried out before any disturbance of the ground. This is beyond the remit of a construction professional, therefore a specialist company will need to be commissioned to advise. If found that a UXO survey needs to be carried out, then this is likely to involve a magnometer device. This could assist in the ground investigation because it detects significant ferrous metal objects. Large metal remnants from the previous railway track, wagon repair works and cannister works may still be present underground.
[bookmark: _Toc27163576]Spacing of Boreholes and Trial Pits
BS EN 1997-2:2007 (British Standards Institution, 2007) recommends that boreholes for structures covering a large area are no more than 60m apart and in a grid pattern. It does not give specific advice for a low rise building with a 300 square meter GIA. Having studied other borehole scans from the Civic Centre ground investigation, it is evident that the depths of the strata and the quality of the bedrock vary considerably.
It is my recommendation that boreholes are carried out in each of the four corners of the proposed site to a depth that penetrates the bedrock by a minimum of 3m. As these areas are tarmacked, a highway-type rig can be used for sampling. Windowless sampling is the preferred method, giving undisturbed samples. Groundwater depth and pressure should be recorded as part of this process using a piezometer. Regardless of the sampling method used, the soil and rock samples should be packaged in a way that prevents drying out, then labelled and sent to a laboratory for testing. Once the laboratory testing has been completed, the type and design of the foundation can be decided.
In addition to the borehole sampling, it is my recommendation that trial pits are dug in the southern central region of the site and to the northern boundary of the Marriot carpark, to establish if any foundations or other structures remain from the Wagon Repair Works and the Cannister Works. BS 5930:2015 (British Standards Institution, 2015) recommends using GPS points taken from national grid maps to ensure sampling is done in the correct location. With this method, it would be possible to use historic maps and obtain grid references for the above structures. BS 5930:2015 (British Standards Institution, 2015) and BRE Digest 381 (Building Research Establishment, 1993) give guidance on the safe excavation, reporting and backfilling of trial pits. Fig 8 Shows the recommended sampling locations.
[image: ]
Fig 8 Recommended Sampling. B=Borehole. TP=Trial Pit.

[bookmark: _Toc27163577]Access and Public Safety
The site is accessed from Oystermouth Road and then Dunvant Place. Oystermouth Road has high volumes of traffic at peak times and consideration should be given to the times that sampling equipment is brought and taken away from site.
During the initial sampling, parts of both carparks will still be in use. Sampling areas must be separated with appropriate site fencing and display the correct safety signage. There is a public footpath/cycleway that divides the site. If the sampling/excavation is not a safe fenced-off distance from the footpath, then permission should be sought from the Council to close the footpath. Closure of the footpath or re-routing will be necessary prior to construction commencing.

[bookmark: _Toc27163578]Foundations for the Proposed Building
The following recommendations are based on Borehole number SS69SE345, as that is the only reliable evidence available at this time. It should be noted that the upper layers may have been altered by the construction of the carparks since the sampling took place.
[bookmark: _Toc27163579]Unsuitable Foundation Types
The borehole data shows Made Ground to a depth of 4.95m. There is no evidence to suggest that this ground has been engineered to take the loading of a low-rise building. Non-engineered fills are categorised as ‘Problematic Soils’ BS 8004:2015 (British Standards Institution, 2015). The groundwater was recorded at a depth of approximately 5.75m. The first strata with a suitable bearing capacity is the Boulder Clay reached at 7.95m. The above information means that traditional strip, or deep trench filled foundations are unsuitable for this site. Raft foundations are also unsuitable due to the non-engineered fill.
[bookmark: _Toc27163580]Recommended Foundation 
This site will require a piled foundation. Displacement piles are the most suitable as the first 7.95m is made up of non-cohesive soils and Made Ground. Percussion Driven Preformed Concrete piles are an economical option. The advantages of  using this type of pile are: the vibration from the driving and the displacement would improve the density of the surrounding made ground, there is no spoil to take away from site and if the laboratory testing show any contamination or aggressive agents in the soil, the piles can be purchased to include a protective coating. A disadvantage of using percussion driven piles is the noise. Careful consideration should be given to the times that the pile driving takes place to minimise disruption to hotel guests, local residents and staff at the Civic Centre. There is enough distance between the site and the Marriott Hotel, and the site and the Civic Centre, for the buildings not to suffer damage from the vibrations.  
Without the lab data from the borehole, and more information on the how the building is to be constructed, it is not possible to specify the pile depth required, or the diameter/CSA of the pile. Consideration should be given to ‘over engineering’ the foundation enough to allow for future extensions in the building height, or for a future change of use. For the purpose of the foundation diagrams below (Fig 9 and Fig 10), 300mm x 300mm end bearing piles are used. The frictional resistance is reduced if piles are placed too close to other piles. To avoid this (British Standards Institute, 2015) give guidance on the spacing of piles in BS 8004:2015, which states that square end bearing piles should have a minimum centre to centre spacing of 2 x the largest pile parameter divided by 3. The piles should be positioned under the external walls, under any supporting walls and under any columns. After cutting the tops of the piles to level (the reinforcing metal bars should be left protruding), a ground beam can be cast in-situ, and the walls built off this once set, or pile caps can be used where a column is to be above. 














[image: ]
Fig 9 Plan of Piles and Ground Beam.
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Fig 10 Section of Piles and Ground Beam.
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Borehole Scan SS69SE345
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Plan Showing Spacing of Piles & Ground Beam
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Section Of Piles & Ground Beam. Steel Reinforcing Bars Shown In Magenta.
Note The Continuation Of Steel Bars From Pile Into Ground Beam.
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