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[bookmark: _Toc39087884]Ground investigation 
A ground investigation is an important factor when construction a bridge, Bassett (2018) states that often a poorly developed ground investigation leads to more constraints during and after the construction phase and can affect the cost and time scale of the overall project. The ground investigation is the initial starting point of the development, an overview of the site should be recorded, any potential hazards should be straightened out at this point. Samples and tests will be taken and analysed to ensure the correct design and structure is used. From the ground investigation lab results a detailed specification should be formed of the best approach to constructing the bridge, a bridge foundation type should be specified with all the requirements of the bridge highlighted for the construction and design team.
The nearby buildings that are surrounding the site, commonly use pile foundations, including the bridge that sits around the corner from the proposed site. Therefore, pile foundations will be used to support the new structure, with a concrete pillar extending from one side of the bridge to the other as the main support. 

[bookmark: _Toc39087885]Walk over inspection
A walk over survey was undertaken, this was to determine all the obstructions that could arise when construction starts, identify existing hazards and services and get a layout for the site. The proposed bridge is to be constructed over an artificial water bank; the site seems to be slightly different levels in certain areas with a slight fall in the ground level towards the water bank. There are fences and barriers that lay on the proposed site to prevent the public accessing the area that will need to be removed. Public benches also sit on the site meaning they will need to be moved or another area will need to be sectioned as a ‘peaceful sitting area’ whilst work is in action, this should prevent any complaints with regards to ‘a peaceful area being built on’. There are many building/restaurants/flats surrounding the site, meaning construction working times may need to become restricted to prevent any complaints from noise pollution at certain times of the day/night. Warning issues of stages of work may need to be handed out early on to nearby workers and residents to notify them of the proposed work being undertaken, giving them reasonable notice for any noise or air pollution the construction may produce.  Due to the fact there are local buildings, existing services are likely to be an issue for the proposed works, although foundation excavation will take place in the water itself where there is less risk of any services being hit. Existing services will need to be identified and consideration will be taken if they run through the site. There is a war memorial near the site, construction work may disturb individuals who go there to pay respect.

[bookmark: _Toc39087886]Previous developments, services and existing developments
[bookmark: _Toc39087887]Historic maps View
There are a range of historic maps available, showing the previous use of the ground and surrounding lands. The map shown in figure 1 is the proposed site before the construction of the marina. It shows there was previous developments on or around the site, therefore the site investigation will need to determine where the brown field site was and if any potential hazards are still existing that may affect the proposed development once under construction. Previous services that may not be identifiable in any surveys may be a potential hazard and there is also a risk that the site could have historic remains.  Swansea was a ‘bombed’ area in the 1940’s, although it’s a minimal chance, that active bombs are still present. 
[image: ]
Figure 1 – historic map of Swansea - Bgs.uk (2017)

[bookmark: _Toc39087888]Superficial deposits 
The image shown in figure 2 all the superficial deposits in the Swansea area, it shows a medium/high risk of finding superficial deposits in the sea front area. Consideration for superficial deposits will need to happen early on in the site survey stages, as this may affect the foundation type and structure of the bridge.
[image: ]
Figure 2 – Superficial deposits - Bgs.uk (2017)

[bookmark: _Toc39087889]Radon maps 
Radon maps show the amount of radioactive gas in a specific area. According to the maps show in figure 3, there is only a small amount of gas in the Swansea area. This will mean that it may not affect the development heavily, although certain measures will need to be put in place to allow for radioactive gas to escape. 
[image: ]
Figure 3 – Radon map - Bgs.uk (2017)

[bookmark: _Toc39087890]Coal mining
Swansea may not see much coal mining nowadays, although it was once the largest mining area in wales, farming both limestone and coal. This may cause issues for the development as the ground could have previously been used. Although as the structure is close to the waterfront it is unlikely that any previous coal mining activities will affect the proposed development.
Figure 4 shows a copy of the used coal mining sites in Swansea, although a more detailed report can be bought to show the exact areas that were previously mined. This could be an important factor to ensure no potential hazards occur during the construction stage, as previous mining works can affect foundations and substructure if nearby. 
[image: ]
Figure 4 – Coal mining activity zone - GOV. UK (2019)


[bookmark: _Toc39087891]Ground/tidal water 
The location is relatively protected from the natural environment such as strong currents and high tides/waves. Although wind does penetrate the southern side of the site, meaning strong winds will occur. The structure of the bridge will need to be designed carefully taking into consideration the top and common wind speeds that can hit that area, to prevent the structure failing in the event of storms and bad weather. 
The structure will sit in controlled sea water, the foundations and main concrete pillar of bridge will need to be constructed under water, meaning a cofferdam will need to be erected to enable the workforce to install the pile foundations and pillars without water affecting the construction.
A detailed survey can be purchased online, highlighting the water tables in and around this area, this will allow the engineers to design the best suited foundations to suit the environment.  

[bookmark: _Toc39087892]Recommendations for the detailed site investigation
[bookmark: _Toc39087893]Laboratory testing
In the more detailed investigation, samples of the ground will be taken at different depths and areas to be sent to a lab to gain accurate data on the type of soil/ground that in various parts of the site, this will allow for a better design to be developed, adapting to the environment. 
[bookmark: _Toc39087894]Trial pits
According to RSA (2017) trial pits are used to determine the below ground build up, the trial pits are usually dug to a depth of up to 4.5m using heavy duty machinery. As the trial will need to be taken in the water, the water will either need to be drained in a certain area or it may require a specialist contractor to sample the ground Figure 5 and 6 for example. 

[image: Image result for pile foundations for a bridge][image: Image result for Trial pits]

                Figure 5 - RSA (2019)                                            Figure 6 - Foundation Solutions. (2017). 

[bookmark: _Toc39087895]Sustainable social aspects
Constructingexcellence, (2005) State that Social aspects on a construction project are a vital part for a successful construction development. Environmental and economic aspects are usually identified to find a balance for a sustainable but cost-efficient project, whereby social aspects are usually thought about secondly compered to these. Social aspects in current times need to be considered more on a project, this will in result boost the community drive towards a construction project. With regards to the new development foot bridge, community aspects need to be made apparent early-on to retain a good relationship between the project and ‘neighbours’ throughout the whole project lifecycle. The social aspects will need to be evident from the design stage right through to the construction completion date and will need to have structure in place for the whole life of the bridge through to disposal. 
There are many factors that need to be considered for successful social integration into the development:
· Labour standards
· National legislations
· Voluntary initiatives 
· BREEAM consideration
· Group meetings/community meetings
· Conventions
· Accessibility
· Feedback from neighbours
The proposed social features that will be apparent in the development of the bridge will confidently regenerate the area and make for a popular destination in Swansea SA1. The factors that were chosen for this development were:
[bookmark: _Toc39087896]Training and educational opportunities 
This will allow schools and colleges to visit the site and gain valuable experience and insight into how a construction project is undertaken, it will allow individuals to participate in construction works on site and develop practical skills along with expanding there current knowledge of how a bridge construction is designed and constructed. 
[bookmark: _Toc39087897]Training programmes and jobs 
The project will hold regular meetings and courses to a range of individuals allowing them to advance there understanding with Health and safety courses and NVQ training programmes. Along with apprenticeships and work experience programmes that will allow the local community to benefit from the development. The project will recruit a certain percentage of local workers on the project, allowing the community to benefit further. This should in return boost social and economic performance in the area. 
[bookmark: _Toc39087898]BREEAM and standards
A social impact assessment will be allocated at the start of the development this will point out the demands for the local area. BREEAM will be a consideration for the project, following the guidelines and adapting to the checklist to gain ‘more points’ for sustainability aspects (social aspects). All relevant standards should be met or overachieved including labour standards, social standards pointed out by the BREEAM assessment and national legislations and policies. 
[bookmark: _Toc39087899]Considerate contractors’ scheme
The contractors and companies involved in the construction will all be registered on the considerate contractor’s scheme and construction excellence scheme to prevent any potential complaints form neighbours due to disturbance or negative impacts on the area. This will also mitigate the risk of hiring the wrong contractors for the work. The scheme:
· Raises the standards expected on a construction project 
· Introduces and expects exam and courses to be undertaken regularly. 
· Allows neighbours to report any issues
Resulting in boosted social aspects. 
[bookmark: _Toc39087900]Regular talks and meetings 
Regular talks and meetings for the local area allow the public to display and word their opinions and issues with regards to the development, the project will hold regular conferences for this. Conferences will be held way before the construction start date to allow the public to understand the development, way in advance. Leaflets of the proposed works along with schedules dates and times of work will be issued to each household near the site.
[bookmark: _Toc39087901]Design
The community will be able to give suggestions for any features they wish the development should possess, they can have a say for the finishes and colour of the bridge, this will inevitable encourage pride for the development and boost social aspects. The design will incorporate a surface finish for the bridge deck that will allow for a comfortable/enjoyable walk and bike ride, the parapets can also be suited to give an attractive look that suits it surrounding. This will boost the social aspects as many people will want to visit the bridge often. 
[bookmark: _Toc39087902]Mooring
The development is to incorporate mooring, this will benefit social aspects as local boat owners will not have to travel far to reach their boat. The mooring costs can be reduced for local residents to boost social in the area. This will inevitably add to regeneration of the site, making it a more popular destination. 

[bookmark: _Toc39087903]Economic factors 
The project in the specified area will benefit and regenerate the area attracting more individuals to SA1, in return boosting economic performance for the community. Therefore, the design stage is vital, the project should incorporate attractive features and be a pleasureful site to visit. Constructingexcellence, (2005) agree that If undertaken in the correct way, the economic aspects will be:
· Gains for the local businesses and restaurants 
· Employment gains in the area
· Overall earnings for Swansea SA1 
· Address skill shortage
[bookmark: _Toc39087904]Initiatives 
The project will incorporate initiatives that prevent constraints with regards to lack of specialist workers for the development and future working years. This will directly benefit both the contractor and community. The contractors will gain valuable employees through apprenticeships and programmes, allowing the contractors to pass their skill and knowledge down to the next generation. The community will benefit as the local areas will have more skilled workers and more individuals will be employable for future work. 
[bookmark: _Toc39087905]Design 
Design is a large consideration for economic performance, the attractiveness and appearance are huge contributors, although other environmental features such solar panels and wind turbines can be adopted. For this project solar panels will be added to provide environmental performance also adding to economic gain, as power can be returned to the grid if not used. Low maintenance is also a key factor for economic gain in the long run, allowing for a low maintenance structure provides less outgoings on the ‘upkeep’ of the bridge. Again, the mooring will only contribute to the economic performance as there will be a fee for stowing boats there and more people will visit the area. DQI (design quality indicators) can also be utilised to benefit economic performance. 
[bookmark: _Toc39087906]Local businesses
Local businesses will benefit from the regeneration of the site, as more people will be visiting the area. Local restaurants and shops will gain more customers from the bridge attracting individuals. There will also be a scheme set in place, whereby workers from the site (in the construction stage) will be allowed to have food from the local restaurants with the contractor paying 20% of the overall cost, to entice workers to purchase food there. 


Full schedule of works 
With the experience gained from previous projects with similar attributes, I have gained a knowledge of the types of tasks involved in the construction of a bridge. Spons book (2018) and internet sources and similar case studies were also analysed to determine the tasks that would occur, the material, plant, labour and the duration of each task, this provided the total number of weeks the construction would take. 
The Gantt chart used to show the data, and how the tasks will overlap was developed using Astra Powerproject. Which demonstrates the whole project in a table format, illustrating the timescale and flow of construction work the project requires.  The start date of the project was to begin on the 20/04/2020 and end on the 14/10/2021, meaning a total number of 18 months and 6 days is the estimated time scale for the overall project, which for a construction of this type and size is a reasonable time.
See Gantt chart attached for the projects full schedule of works, with specific milestones throughout the tasks. 

[bookmark: _Toc39087907]Distribution of labour and resources along time, with milestones

The labour required for the project was created in the Gantt chart, a column was added to show the workforce for each task. The team ranges from the architect and civil engineer to the concrete form workers and labourers. Each task was given the required number of workers needed, a set price for the labour was found by analysing up to date pay grades of construction workers and utilizing the spoons book (2018) labour rates. This has allowed each trade to be given an estimated price per hour, showing the weekly rate of labour needed for the project. Certain professionals are given price work e.g. the architect, when undertaking a task. The project manager, Quantity surveyor, site manager, trainee engineer and Structural engineer are not priced for each task highlighted in the Gantt chart, they will remain on site for the duration of the construction therefore will be added in as if they are working every day. 

[bookmark: _Toc39087908]Charge rates for workforce 

	Job title 
	Hourly rate (£)
	Weekly Rate (£)

	Architect 
	Price work
	Price work

	Architectural technologist
	Price work 
	Price work 

	Structural engineer
	£28.82
	£1123.98

	Quantity surveyor
	£27.98
	£1091.22

	Project manager
	£27.41
	£1068.99

	Trainee Structural engineer
	£9.12
	£355.68

	Site manager
	£21.78
	£849.42

	Trades man
	£19.32
	£753.48

	Specialist
	£15.46
	£602.94

	Concrete form worker
	£15.78
	£615.42

	Steel fitter
	£14.34
	£559.26

	Labourer
	£8.97
	£349.83



Figure 9 – charge rate 


[bookmark: _Toc39087909]Summary Cost for the construction
The Cost of the project was split into two sections, firstly, the labour workers were assigned to each task and salary rates were established to work out a cost of labour per task (this is shown in the Gantt chart). Secondly, each task was placed in the table of summary cost highlighted below and a summary cost including 1) labour rates 2) material cost 3)plant cost was calculated to give an overview of total project cost and an insight into the broken down individual task cost (this is shown in the table below as Covid – 19 prevented access to the IQ building to finalise the Gantt chart).

[bookmark: _Toc39087910]Table of summary cost (labour, materials and plant)

	Tasks
	Total summary cost per task (including labour, material and plant costings) (£)

	Pre-construction
	-

	Initial discussions with client
	£800

	Design (drawings, specification)
	£39,000

	Cash flow forecast
	£3,400

	Bidding and submittals
	£1,800

	Permits, licences and contracts
	£8,000

	Human resources 
	£4,000

	Site planning
	-

	Site layout consideration 
	£400

	Site access and boundary hoarding
	£16000

	Site offices and welfare container installation
	£46500

	initial Machinery, equipment and material delivery 
	£230000

	Site entrance/exit and delivery route construction 
	£950	

	Construction stage - Foundations
	-

	Section 1
	-

	(1) cofferdam construction 
	£26000

	(1) Excavation for foundations
	£6600

	(1) Pilling construction - precast
	£34600

	(1) pile caps construction 
	£2900

	(1) cast in situ - concrete pillar construction
	£38000

	section 2
	-

	(2) Cofferdam construction 
	£26000

	(2) excavation for foundations 
	£6600

	(2) Piling construction - precast 
	£34600

	(2) pile cap construction 
	£2900

	(2) cast in situ - concrete pillar construction
	£38000

	Foundation/concrete inspection
	£1100	

	Construction stage - Bridge abutments
	-

	Steel arc construction from both concrete pillars
	£120000

	(1) Abutment construction cast in situ 
	£48000

	(1) abutment 1 concrete pour
	£26600

	(1) hardcore compacting behind abutment 
	£3400

	(1) Approaching slab construction 
	£16450

	Section 2
	-

	(2) Abutment construction cast in situ 
	£48000

	(2) abutment 2 concrete pour
	£26600

	(2) hardcore compacting behind abutment
	£3400

	(2) Approaching slab construction 
	£16450

	Abutment inspection
	£1600

	Construction stage - Bridge deck 
	-

	Section 1 
	-

	Installation of cast in situ frame/mould (section 1)
	£80000

	Reinforcement installation (section 1)
	£16900

	Concrete pouring into frame (section 1)
	£32000	

	Section 2 
	-

	Connection between deck and concrete pillar
	£20000

	Installation of case in situ frame/mould (section 2)
	£80000

	Reinforcement installation (section 2)
	£16900

	Concrete pouring into frame (section 2)
	£32000

	Inspection for section 1 and 2
	£2100

	Section 3 
	-

	Connection between deck and concrete pillar
	£20000

	Installation of case in situ frame/mould (section 3)
	£80000

	Reinforcement installation (section 3)
	£16900

	Concrete pouring into frame (section 3)
	£32000

	Section 4 
	-

	Installation of case in situ frame/mould (section 4)
	£80000

	Reinforcement installation (section 4)
	£16900

	Concrete pouring into frame (section 4)
	£32000

	Inspection for section 3 and 4 
	£2200	

	Construction stage - finishes
	-

	Parapet construction (left)
	£39000

	Parapet construction (right)
	£39000

	Surface finish on deck 
	£68000

	Markings on deck for pedestrians
	£4600

	Solar panels (lighting) installation 
	£45900

	Final finishes 
	£112500

	Mooring construction - abutment and deck 
	-

	(1) Abutment construction for mooring 
	£36000

	(1) Abutment approaching slab 
	£29000

	(1) Mooring timber ramp to water from abutment 
	£13200

	Installation of flamboyant deck 
	£88000

	(1) Connection between ramp and deck 
	£3600

	Section 2
	-

	(2) Abutment construction for mooring 
	£36000

	(2) Abutment approaching slab
	£24000

	(2) Mooring timber ramp to water from abutment 
	£13200

	(2) Connection between deck and ramp
	£3600	

	4 Anchors installation
	£56000

	Parapet construction for mooring
	£29000

	Mooring finishes 
	£18500

	Mooring Inspections
	£3400

	Post construction stage - Not on the bridge 
	-

	Pathways and brick pavers on platforms - construction 
	£50450

	Walkway to bridge construction 
	£11600

	Snagging and final clear up 
	£1750

	Final inspections 
	£3600        

	Removal of machinery and equipment 
	£600

	Removal of Site offices and welfare facilities 
	£600

	Contract finishes
	£1300	

	Total for tasks=
	£2,169,960



The estimated total cost for the labour, materials and plant was £2,170,000 rounded up. The project manager, site manager, QS, Structural engineer and trainee structural engineer will remain on the project from the initial start date through to the completion date meaning the hourly rate (charge rate table – figure 9) will be multiplied by the number of months the construction is ongoing for, to produce the Table of pay rates for 18 months.

[bookmark: _Toc39087911]Table of pay rates for 18 months

	Total amount of pay for the construction (18 months)

	Title
	18 months’ pay salary

	Project manager
	£76967.28

	Quantity surveyor 
	£78567.84

	Structural engineer
	£80926.56

	Trainee engineer
	£25608.96

	Site manager
	£61158.24

	Total for key workers over 18 months = 
	£323228.88



Figure 10 – 18 months’ pay salary for key workers

Therefore, after adding the salaries shown in figure 10 and adding a 10% cut for any unforeseen hazards/ mistakes. The overall project estimated summary cost equals = 
£2,742,551.99





[bookmark: _Toc39087912]Site layout at different stages of work 

The site will have two sperate parts at each end of the bridge, therefore two separate site plans were needed. An initial overview of the overall site is displayed in figure 8 below, this was developed to illustrate the site in the ‘pre construction and planning stage’ after this stage, the site plan focuses in on each side of the dock, showing the site layout throughout the construction stage. 
[image: ]

Figure 8 – Overall site plan (preconstruction stage)

The site on A14B and A17 nearest the roundabout will be the main site used by all the workforce at stage one (see figure 11), this site will have slightly more machinery, equipment and materials because this is the initial side the bridge will be constructed from. The site A14B and A17 was chosen as the best starting point because it is easily accessible from the main road and it does not have any surrounding buildings nearby.
[image: ]
Figure 11 – site plan for A14B and A17 (stage one)

The site established on C4 and B5 will be used to store larger materials and equipment, for the first stage and when the bridge is midway complete, it will become the main site used as machinery and equipment will need to be moved from A14B to C4 and B5 to allow for stage two. The site will then become more detailed and more active, used by all members of the workforce to complete the second stage, figure 7 shows the site once the second stage is in progress (after month 9).
[bookmark: _Toc24529593][image: ]
Figure 7 – site plan for B5 and C4 (stage 2)

Figure 11,7 and 8 all show the facilities on site, storage, and secure storage containers along with the safety routes for workers and public. A delivery route is shown in figure 11 and 7 to highlight the entrance and exit path for all deliveries, with wheel washing facilities at the exit. Temporary parking spaces for all workers have also been added in the site layout to avoid any potential complaints. Due to the location and size of the site, the project should be planned carefully to not over crowed the site and only allow for what is necessary to complete the project. 
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