
Sustainable Civil Solutions (SCS) 

The Need

· Provide road access at the Langdon road roundabout to the Prince of Wales Dock
· Pedestrian footbridge crossing from the plot site A14B to plot B5. 
· The bridge is to have an innovative design, with links to the industrial heritage of Swansea. 
· Nightfall lighting will also be required. 
· Walkway linked moorings for the berthing of 60 motorboats will be required on the eastern side of the bridge, along the dock.

The bridge is necessary to streamline pedestrian traffic and provide access, across the river, to the university. The loads on the bridge will be relatively modest compared to highway or railway bridges, so a fairly light structure may be acceptable. The bridge will be required to provide a long clear span, which means material stiffness is an important consideration. Due to the bridge being for pedestrians, the aesthetics require more detail and attention as it’s predominantly in public view. Footbridge lighting will also be important, particularly at night, to illuminate the walkway and provide safe passage.

The Location

The main roadway which passes the Sancta Maria Hospital is connected to a roundabout, which provides access to a car park at one of its exits. The dock walkway is adjacent to the carpark and spans the length of the entire dock.
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Arial View
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Site Views
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Preliminary Design Aspects

Design

· Steel will offer economic and attractive forms of construction, which will meet all the requirements of the footbridge, outlined in the specification.

Basic Requirements

· The footbridge must be long enough to clear the river, which is to be crossed, and high enough not to interfere with any boats that are to pass beneath. 
· The main span is often simply supported.
· Suitable access for wheelchairs and cyclists. 
· Access ramps will be restricted to a maximum gradient. 
· The width of a footbridge is usually quite modest as it will be sufficient enough to permit passage in both directions for pedestrians. 
· The bridge walkway will be segregated for pedestrians and cyclists, in which case the width of the bridge will need to be wider.
· Parapets will be necessary to provide safety of both the pedestrians and traffic flow. 


Footbridge Spans

	Construction type
	Span range (m)

	Truss
	15 – 60

	Vierendeel girder
	15 – 45

	Twin steel girders
	10 – 25

	Steel girders + steel floor plate
	10 – 30

	Steel box girder
	20 – 60

	Composite beams
	10 – 50

	Arches
	25 upwards

	Cable stayed bridge
	40 upwards

	Suspension bridge
	70 upwards



(Steel construction.info, n.d.)







Innovative Sustainable Design Approaches

Kinetic Walkway
· Kinetic walkways harness the power of the kinetic energy, produced from footsteps, to generate electricity.
· One footstep flexes the kinetic tile by 5mm, typically generating around 5-8 watts of power. Each step can generate 3 joules of energy, which is enough to power an LED streetlamp for 30 seconds. 
· A kinetic walkway across the length of the bridge, supplemented by enough footsteps and cyclists, can generate enough electricity to be stored in a battery for later use.
· The kinetic tiles are made from 95% recycled tyre rubber, making it a more sustainable material.

(OVO energy, 2018)


Solar Panelling

· All lighting for the bridge will sustainable, powered by solar panels that are integrated into the bridge design. 
· Electricity generated by the sun will be stored in a solar battery. The battery will be kept in a well-insulated space with sufficient thermal mass and protection from direct sunlight. The ideal temperature for batteries is 25oC, as batteries temporarily lose around 10% of their capacity for every 7-9oC below 25oC. This can be an issue because in the colder winter the months, the days are shorter and so the solar production is also at its lowest and energy demand is highest. So, it is important to maintain maximum storage capacity, especially for lighting systems. During the summer, temperatures in enclosed spaces can exceed 60oC, which will greatly accelerate battery deterioration. Sufficient ventilation will be required to balance the heat.
· During the day, the sun will generate electricity and the battery will store the energy. At night the bridge lighting system will activate, using energy from the battery.

(Intercel, n.d.)










Composite Materials

Fibre Reinforced Polymers

FRP materials can have many advantages such as high stiffness-to-weight and high strength-to-weight ratios when compared to conventional construction materials such as steel and reinforced concrete. In addition, FRPs have excellent corrosion resistance particularly against de-icing salts.

FRPs can be prefabricated into complete structural units or smaller sections to be assembled on site, thus reducing construction time. Decks can also be prefabricated and craned onto bearings as a single unit, leading to considerable savings in installation time. FRP bridge solutions are available to match spans and loading requirements for almost all standard bridge designs. 

(Composites UK, n.d.)


Wood-Plastic Composite (WPC)
Wood-plastic composites are composite materials made from wood fibre or wood flour and thermoplastic such as polythene, polypropylene, polyvinyl chloride (PVC), or polylactic acid.
[image: Wood Plastic Composite Bridge Development | Seven Trust]

Advantages:

· Durability - Due to the plastic containment of WPC decking, the material has improved durability over its alternatives. This type of decking is designed to be durable and its material, blend and finish make it resistant to lots of the factors that usually reduce the life of wood decking. WPC decking resists fading, staining, scratching and mould and is so durable that splitting, rotting, cracking and decay are highly unlikely.
· Low Maintenance - With WPC decking, sanding, staining or painting is not required. Occasionally cleaning with soap-and-water is all that is required to maintain the decking for decades. 
· Sustainable - WPC can be made from eco-friendly materials. This composite material is made to last and has many of the properties of a wood decking without the environmental impact. Many WPC decking solutions are composed of recycled materials or products that have been made from maintained resources. The prolonged life of WPC decking also means that there is less need to replace materials.
· Cost Effective - WPC composite decking might be more costly initially, but it continues to look good and maintain its quality over several years and has virtually no upkeep costs. Composite decking requires less maintenance than traditional wood decking, which means less time and resources can be spent maintaining. WPC decking will last longer than its timber alternatives and therefore incur fewer overall costs for replacements and overhauls.
· Realistic Wood - WPC composite boards look like real wood and composite decking is a realistic imitation.
· Installation – Easy installation, with a clip in place method.

Disadvantages:

· High initial cost - WPC decking is more expensive to purchase initially than wood but when considering long-term use, the overall cost allows to user to get a good return on their investment.
· Not completely maintenance free - WPC decking still requires a small amount of regular maintenance to lengthen its lifespan. It needs to be monitored for debris and then washed with soapy water. However, it is a far reach from the treatment timber requires. Also, the cleaning process has the potential to show water stains and, although they do tend to disappear after experiencing rain, they may require a more focused clean in hotter weather as the stains can become more obvious.

(Vin Civilworld, 2020; Henry, A., 2021)


Pultruded Glass Fibre Reinforced Polyester 

Bridge decks are usually constructed from pultruded glass fibre reinforced polyester.  Both the glass fibre and polyester can be of recycled material, making it a sustainable material option for use on a bridge deck.

· E-Glass Fiberglass cloth is a light weight woven composite material that is commonly used in industrial, marine, and aerospace applications. Fibreglass E-glass cloth is considered the industry standard and provides an excellent balance between cost and performance.

(Ill street composites, n.d.)


References 

Composites UK, n.d. ‘Bridges’, Composites UK.
Available online at https://compositesuk.co.uk/composite-materials/applications/construction/bridges  
[Accessed 1st December 2021]

Henry, A., 2021. ‘Advantages and Disadvantages of Wood-Plastic Composite Decking’, Composite warehouse.
Available online at https://compositewarehouse.co.uk/advantages-and-disadvantages-of-wood-plastic-composite-decking/
[Accessed 1st January 2021]

Ill street composites, n.d. ‘Fibreglass E-cloth glass’, Ill street composites.
Available online at https://www.carbonfiberglass.com/composite-materials/Fiberglass-E-Glass-Cloth 
[Accessed 1st January 2022]

Intercel, n.d. ‘Temperature effects on batteries’, Intercel.
Available online at https://www.intercel.eu/frequently-asked-questions/temperature-effects-on-batteries/ 
[Accessed 2nd December 2021]

OVO Energy, 2018. ‘What is kinetic pavement?’, OVO Energy.
Available online at https://www.ovoenergy.com/blog/technology-and-innovation/kinetic-pavements-are-giving-a-whole-new-meaning-to-power-walking 
[Accessed 1st December 2021]

Steel construction.info, n.d. ‘Design of steel footbridges’, Steel construction.info.
Available online at https://www.steelconstruction.info/Design_of_steel_footbridges#Basic_requirements 
[Accessed 25th  November 2021]

Vin Civilworld, 2020. ‘WPC Boards – Advantages, Disadvantages and Uses’, Vin Civilworld.
Available online at https://vincivilworld.com/2020/10/10/wpc-boards-advantages-disadvantages-uses/
[Accessed 1st January 2022]

image4.png




image5.tiff




image6.tiff




image7.jpeg




image8.jpeg




image9.jpeg




image10.jpeg




image11.jpeg




image12.jpeg




image13.jpeg




image1.png
Prince of Wales Dock

W Residentiol

B Tomn
m o

B cote / Restawront/  \ &
o e s

B Soccicl Use





image2.png




image3.png




