Ryan Jones	Fundamentals of Construction Technology	2104114
Site Investigation Case Study
[image: ]


Site Investigations
[image: ]	Site investigations are an essential stage of a construction project and provide the crucial information to prevent any potential health and safety risks. A site investigation is predominantly used to ascertain the structural characteristics of rock and soil and how they will affect the scope of a construction project, with objectives such as establishing guidelines for the construction of the foundation and substructure as well as evaluating any contamination threats to people, property, and the environment. In this case study, a site investigation will be undertaken with a focus on the surrounding area of where the University of Wales Trinity Saint David (UWTSD) plans to develop their campus, located on the Swansea Docklands, with a three storey steel framed lecture hall building. 
Preliminary Desktop Study – Historical Background
A preliminary desktop study is an initial risk assessment derived from the compilation and analysis of previously published, archival material that is accessible. The main topics that the information is based on includes the planned construction site’s environmental, geological, and historical background. The site to be studied via a preliminary desktop study is located on the Swansea Docklands area.
Location & History
[image: ]	The Swansea docks are located on the south-east of Swansea’s city centre and have been in development for centuries. There are several separate docks in the surrounding area, as shown in the adjacent image. Currently, Swansea’s trading port is primarily focused on the Kings Dock and Queens Dock, where there are extensive cargo facilities located. UWTSD has their campus located on the Prince of Wales dock which is currently being re-developed into a new urban area branded as the SA1 Swansea Waterfront. This is also where the university plans to construct their new lecture hall building. The site on the Prince of Wales dock has many roads that allow for an ease of access. One of Swansea's main access routes is the M4 motorway, offering a direct route to the city and convenient access to the port area via connected roads.
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Description automatically generated]	Early in the eighteenth century, Swansea's growth as a major port was sparked by a sharp rise in the region's coal and iron production, as well as the introduction of copper smelting. The first docks that opened in the area were the North Dock (which opened in 1852), and the South Dock (which opened in 1859). Both docks had an objective of coal exports and trading. The North and South docks both situated on the west side of the River Tawe. Following this was the opening of the Prince of Wales Dock in 1881, which situated on the east side of the river and was mainly used for the manufacture of copper. Lastly, the King’s Dock and Queen’s Dock opened in 1909 and 1920 respectively. The King’s dock was used for the export of anthracite and the Queen’s dock was used for the importation of crude oil. Currently, the North and South docks are no longer in their original use and now exist as a marina. 
Possibility of Contaminants
	After a review of the long industrial history of the Swansea Docks, it is evident that there is a high chance of contaminants in the surrounding area. The heavy use of copper smelting, coal mining, and chemical production makes it clear that the soil, water and air in the area could be presently affected. Chemicals and explosives with the use of large machinery were frequent in coal mining operations, which may have left residues and pollutants in the surrounding land area and the River Tawe. Due to its reputation for releasing slag debris and sulphur dioxide emissions, copper smelting may have contaminated the nearby air and soil.
Previous Mine-Workings
	Mining has a long history in the Swansea Prince of Wales Dock region, especially in the late 19th and early 20th centuries. Constructed in the late 1800s, the dock was intended to manage the export of coal and other minerals extracted from the nearby regions. The Coal Authority undertook a Mining Report in 2015 on a property in the area of the Prince of Wales Dock and came to the conclusion that the property was not within the zone of previous underground workings. However, it was documented that reserves of coal exist in the local area which means that there is a chance of previous mine-workings closer to the university’s project site location.


Potential Contents of a Site Investigation
	There are several elements of a site investigation that can be analysed in relation to the ground conditions and water surrounding the Swansea docks area. Given the lengthy, industrial historical background of Swansea, some elements of the site investigation will be more significant to the university’s chosen site and may provide a greater risk. A detailed site investigation in the Swansea docklands area would require great planning to assess the ground and water conditions and the risks that may follow. The following is some recommendations for the potential contents of a detailed site investigation.
On-Site Field Study
[image: ]	After the initial preliminary desktop study that analysed the location and historical background of the Swansea docklands through the use of historical records, maps and mining reports, an on-site field study will be crucial towards a successful site investigation. One method could be the use of borehole drilling which is a ground investigation technique to collect soil and rock samples at varying depths. This method is useful to conclude the stability and geological composition of the surrounding area of a site. Another method that is in relation to borehole drilling is the use of core sampling. Core samples that have been extracted from boreholes can be used to also analyse soil and rock for any present voids or unstable ground. This can be particularly useful in the Swansea docklands area due to the long history of coal mining and possibility of previous mine-workings beneath the site. Hydrogeology is another type of study derives from borehole drilling. Hydrogeology is the study of groundwater, which analyses of how water gets into the ground, how it flows in the subsurface and how it interacts with nearby soil and rock. This is especially relevant to the chosen site due to the large amount of surrounding water in the Swansea Docklands. 
	The West Glamorgan County Council undertook a vertical borehole investigation on the site of the proposed new county hall on Paxton Street, Swansea, which is near the South Dock. The drilling method was using a percussion drill with 200mm diameter up to 15m deep, followed by open-hole rotary drilling from 15m to 22m deep. From the investigation, it was concluded that up to 4m deep, the made ground consisted of dense bricks, ashes, sand and clay. Beyond 4m, it was discovered that the ground was made up of very dense brown sand and gravel, followed by very stiff grey gravelly boulder clay. Near the 22m mark, grey mudstone was present. As this study was very close to the project site, there is likelihood that the ground conditions around the site will replicate these results.
Laboratory Testing
	Once the on-site field studies are complete and samples of the soil in the surrounding area have been taken, laboratory testing can be done to determine characteristics of the ground conditions. Understanding the ground conditions will be an essential factor when designing the building on site. Laboratory testing will depend on type of soil that has been sampled. Cohesive soils, including clay and silt, feature fine particles that have a tendency to stick one another. When the soil is wet, the soil’s properties will become cohesive. Cohesive soils tend to be found in low-lying areas or regions close to bodies of water. Granular soils, such as sand and gravel, consist of particles of a larger size and are typically found along waterfronts or in places affected by past industrial activity, which are locations that have seen defects such as erosion. Given the Swansea docklands’ historical background of coal mining and other industrial activity, it's possible that these activities have had an impact on the soil's characteristics. As a result, the cohesive and granular soils in the region may be mixed and vary depending on the geological variables and land use history of the specific sites.
One type of soil test that can be used is a classification test, studying the bulk density, particle size distribution, bulk density, plasticity index, and moisture content are performed on cohesive soils. Particle size distribution and bulk density are tested for granular soils. Also, tests can be performed for soil strengths. A shear box test can be used to assess cohesive and granular soils for residual shear strength qualities, long-term stability, and short-term stability. Laboratory testing can also be used to test the strength and stability of the rock in the surrounding area. There are many types of laboratory rock testing methods that can be used in a site investigation. A permeability test can be beneficial to assess the rock’s ability to transmit fluids by measuring the fluid flow rate through the rock sample. Also, a porosity test can be used to determine the pore space within the rock, which influences its strength. 
Risk Assessment
	A risk assessment is a very important aspect of a site investigation and successful construction project. Potential risks to a site comes in two main areas, the environmental side and structural side. Analysing the potential risks from the environmental conditions is crucial in the project’s success. Some aspects to consider include the potential for soft, marshy or uneven ground, breaks in slopes and areas likely to be flooded from rain or the nearby coastlines. When analysing the structural constraints, there are several aspects to consider regarding the surrounding urban area. Some of these constraints include the presence of existing buildings that are near the site, the potential for overhanging structural elements, the forms of access routes in and out of the surrounding buildings and the stability of existing structures such as retaining walls, pipes, tunnels etc. Utility constraints should also be considered when analysing the structural risks. It is very important to understand the location of utilities in the area via a desktop study. This includes the study of underground utilities such as sewage systems and overhead utilities such as pylons and telephone wires. 
Foundation Type Recommendation
[image: ]	Foundations are one of the most important aspects of a building and it’s structural performance. There are many functions that foundations provide. Firstly, foundations help distribute the weight of the structure and help transfer loads safely to the ground. The foundations distribute the weight of the building across a large area so that any potential for uneven settlement won't affect the soil underneath. Therefore, there must be a uniform distribution of the load. Also, foundations provide a flat level surface for the building to stand on. The foundations allow for the ground to support the building, which will collapse if the foundation bed is not sturdy. A structure is more sturdy when the base foundations are stronger. Furthermore, the foundations of a building provide extra stability against lateral movements. As the foundations provide a solid platform for the building to rest on, lateral movements such as the structure swaying up and down and side to side are prevented. 
Types of Foundations
	There are several different types of foundations that can be used on a building. Choosing the type of foundation depends on the ground conditions in the surrounding area of the site. Some of the key factors that impact the decision on the foundation type include; the type of building that will be constructed, the soil characteristics and underlying geology, nearby bodies of water, the environmental conditions of the area and any of other additional conclusions from the site investigation. 
	When constructing a building, shallow foundations or deep foundations can be used. Shallow foundations tend to be no more than three metres deep and require no use of special equipment for the implementation. Shallow foundations are normally used when there is a low volume of loads being imposed on the building, and are relative to the soil characteristics of the site. Deep foundations are used in an excavation of more than three metres deep, which does require the use of special equipment. Deep foundations are used to support the building when the imposed loads on the building are too large for the surrounding soil. 


Type of Foundation Required
[image: ]In construction, there are generally four types of foundation; strip, pad, raft and piled. Strip, pad and raft tend to be used as shallow foundations. However, due to the large size the lecture hall building will be, the use of piled foundations will be needed. Pile foundations are a structural element of a deep foundation, and are vertically driven or augered into the ground. In order to increase the size of a foundation and resist horizontal stresses, pile foundations serve mainly to transmit loads from buildings through weak, compressible stratum onto stronger, more compact and less compressible soil or rock at depth. 
Pile foundations commonly come in two main types. The first type is driven piles and involve piles being prefabricated off site and then driven into the ground. Bored piles are the other type which involves the use of auguring, followed by the pouring of concrete. Driven and bored piles both provide their own benefits to the foundations of a building. Driven piles allow for a fast installation because of the fact that they’re premade and placed into the ground when entering site. However, driven piles cause vibrations in the installation process, which could damage already installed foundations nearby. Also, because driven piles are being installed with a hammer, the process can be extremely loud and may disrupt the neighbouring people in the area. Due to the primary use of concrete in the process of bored piling, they become very strong and reliable, which is needed for a large lecture hall building. Another benefit of bored piling is that it performs greatly in sand conditions. In context with this project, bored piling would be the best choice since the site is near the coastlines. 
Final Recommendations
	I believe the most suitable choice of foundation type would be to use piled foundations via the augering method. In view of the possible difficulties with the soil in the surrounding area, the substantial load-bearing needs, and the demand for stability in a potentially unstable soil and environmental context, a piled foundation built using bored piling provides improved structural stability and support. This decision would be further supported by carrying out a comprehensive geotechnical investigation based on the Swansea docks, guaranteeing a suitable foundation for the construction of the lecture hall building and its long-term stability.
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