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1. Introduction   

	This report contains details of the: methods, materials and machinery; to be used in the proposed ‘Prince of Wales dock’ footbridge. Justification is provided for the selection of each of these based on the constraints and limitations identified in the feasibility study.  

DISCLAIMER: The methods outlined in: this report, the Gantt chart and the feasibility study are based on designs provided on the 03.05.22. The principal designer for the project changed the designs considerably prior to submission (16.05.22) leading to inconsistencies between the methods outlined here and in other documents with the design submitted. The inconsistencies centre on the central suspension tower which was originally connected to suspension elements over the north and south span of the bridge. 
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2. Methods 

	This section of the report outlines methods to be used during key phases of construction of the proposed footbridge at ‘Prince of wales dock’, Swansea. Justification is provided for the methods used in each phase (other than site set-up and handover).

2.1 Phase 1 – Initial surveys  
	
	Desk studies conducted as part of the ground investigation/feasibility study uncovered possible remains of a medieval chapel underneath the dock, detailed further in section 4.8 of the feasibility study. As such, prior to any works taking place, a team will be deployed to survey the area required for the bridge’s foundational footing. This will ultimately decide the location for the bridge with possible alternative locations detailed in section 4.11 of the feasibility study. The survey will continue until a clear area suitable for the footing is found (ideally the first location surveyed). At this point, with a suitable footing location found, site set-up can begin. 

2.1.1 Justification 

	This is a necessary step in risk mitigation for the project. Any unearthing of archaeological remains would delay completion of the project; hence, this step comes before site set-up. It should be hoped that nothing is unearthed due to the complex legal implications of such a find (Gov.uk, 2021). However, it is hoped that the alternative sites included in section 4.11 of the feasibility study could provide space for the bridge to be constructed in the event archaeological excavation has to take place.  






2.2. Phase 2 – Site set-up  

	With the bridge’s location determined the next phase is site set-up. This phase will involve set-up of the main compound include welfare and office facilities. Initial deliveries of plant and materials will also take place during this phase. The most crucial aspect of this phase is delivery of the barge and crawler crane, these will be used to install the piles required for foundations and lift various components into place, being used through stages 3-6.  

2.3 Phase 3 – Foundations & footing  

	The foundations for the bridge will consist of a sole footing, from which the main suspension member for the deck will be attached. This will be achieved through use of ‘structural pipe piles, driven to depths of roughly 20m.
	The first step involves fitting the crawler crane with a piling mechanism. This will be used to drive piles with an outer steel casing (structural pipe piles) into the bed of the dock. These will then be dewatered and excavated before concrete is injected; using a mobile set-up at the dockside. Finally reinforcement can be placed allowing the curing process to begin. 
	Once the piles have set adequately, a cofferdam will be created through steel sheet piles driven via the piling mechanism. This will be double-walled and form the outline for the bridge’s footing. The cofferdam will be dewatered and a pile cap with reinforcement poured, using a mobile set-up at the dockside. Once the concrete has set the foundational footing will be complete and the next phase of works can begin. 

2.3.1 Justification 

	Structural pipe piles have been utilised due to their ability to provide a strong base whilst also preventing water from entering the pile. The outer steel casing provides a barrier to water ingress allowing for safe excavation of the material within whilst preventing seepage of concrete into the marina during injection. A shown in section 4.1 of the feasibility study, the dock is 7.6m deep, thus, this is a key consideration.  
	The cofferdam utilised is required to be ‘double-walled’. This is due to the dock itself being 7.6m deep, with ‘single-walled’ cofferdams only suitable up to depths of 6m (designingbuildings, 2020). The general rule for this form of cofferdam is for the gap between walls to ‘equal the depth’ up to 3m and equal ‘3m plus half the excess’ when depths exceed 3m (designingbuildings, 2020). As such, with the excess depth for this cofferdam totalling 4.8m, a wall gap of 5.4m is required.
	The utilisation of the crawler crane allows this to be carried out efficiently with most works carried out via a single machine. Various attachments will streamline the piling process with the crane able to: drive steel piles (hydraulic hammer attachment), excavate the piles (rotary attachment) and lift reinforcement caging into place.
	Considerations have also been made to the surrounding area during planning. Despite not holding listed status officially, the ‘Prince of Wales’ dock is the historic centrepiece to the areas’ current regeneration project. As such, a sole footing has been chosen for the foundational base of the structure, this is centrally aligned so as to keep all piling works as far from the dockside as possible. This will help abate risk of damage to the historic surroundings and reduce nuisance to nearby residential properties.

2.4 Phase 4 - Suspension tower installation 

	The suspension tower, comprised of steel, will be manufactured off-site and delivered as needed, in three separate parts: the main central component and the two subsequent components from which the deck will be suspended. Once delivered the pieces will be raised into place by the crawler crane and attached to the reinforced concrete footing, starting with the central component upon which the two subsequent components will be attached. Next, suspension cables will be placed as required and work on the decking can begin. 

2.4.1 Justification 

	This is the most efficient way to carry out this phase. The fact that the suspension tower is steel, coupled with its sheer size, means it requires off-site manufacturing. To ease transport of the tower it will be split into three pieces, with the pieces assembled in-situ. This is due to constraints imposed by roadways leading to the site, the main road (A483) leads directly from the motorway and presents the easiest access but has a bridge posing height restrictions before the turning leading to the site compound. As such, they will be laid horizontally to ease transportation. 
2.5. Phase 5 - Deck installation  

	This will be carried out through the use of the ‘cantilevered construction’ method, with all parts of the deck manufactured off-site and delivered as needed.  
	The most crucial element of this phase of works will be the central deck component. This will provide the base for the cantilevered construction and contain interlocking components for both the north and south span of the bridge. As with all subsequent deck sections, this will be lifted into place by the crawler crane before being suspended by cables attached to the suspension tower (through use of ‘aerial work platforms’ of the ‘cherry picker’ variety). 
	All subsequent sections can then be installed using cantilevered construction. This means that the side a deck section is installed on alternates constantly, ensuring the suspension member does not become unstable. Multiple barges will be required to accommodate the ‘aerial work platforms’ required, due to constraints on barge size imposed by the tidal lock. It is crucial that the barges remain on the east side of the bridge during the final parts of these works so as not to become trapped upon completion. Once the deck is installed work on the moorings and the bridges ‘fixtures & fittings’ can begin.

2.5.1 Justification 

	Cantilevered construction is the most common method utilised in cable stayed bridge construction. It is efficient because deck parts can be attached to the suspension member as works progress, removing the need for temporary supports. The utilisation of the same crawler crane that created the piles and lifted the suspension member into place keeps plant on-site to a minimum, allowing space for deck components to be delivered after off-site manufacture. 
	The use of ‘aerial work platforms’ to attach suspension cables to the deck components helps reduce risk to workers during this phase. Eliminating the need for temporary supports and walkways   





2.6 Phase 6 – Moorings & ‘fixtures & fittings’  

	Floating moorings will be installed to the east of the bridge once deck installation is complete. Achieved through the use of the barges and crawler crane, these will be attached to the bridge via a sloping ramp. Once this is complete the barge can be removed as all crucial over-water works are complete. During this time final fixings will be attached to the bridge (i.e. kinetic walkway, electrical fittings, railings etc.).

2.6.1 Justification 

	With the overall structure of the bridge complete this phase involves adding all the additional components required for efficient operation of the project across its designed lifetime. As such, these works can take place at the same time (within reasonable worker limits based on the accommodation capacity of the site compound). 

2.7 Phase 7 – Final checks & handover 

	The final phase will only take place once all works are complete for the project. This involves executing all final checks to ensure the completed asset acts as intended, complying with regulations pertaining to the scope of functions required by it. Once checks are complete the final step is handover of the asset to the client.








3. Materials 

3.1 Overview of materials utilised  

	A variety of materials have been utilised throughout the design of the proposed project. Its foundations and footing are comprised of reinforced concrete. Its central suspension tower and associated suspension cables are comprised of: steel and steel cables. Its deck is of composite construction comprising of both steel and concrete. The kinetic walkway and decking for the moorings will be comprised of: recycled tyre rubber and recycled plastic; with grooves present in the plastic to increase grip in wet weather associated with the area. A steel undercarriage will provide bracing for the moorings, ensuring they don’t move around independently during times of high wind. 

3.2 Justification of materials utilised

3.2.1 Foundations & footings (Reinforced concrete)  

	Reinforced concrete will be utilised for the foundations and footings, with the piles themselves cased in steel due to the aquatic nature of the proposed works.  
	Reinforced concrete is the most efficient choice for these foundations and piles due to the intense loads they must hold, with all loads produced by the bridge being transferred through the cables and suspension member into the foundations via compressive force. The concrete utilised will be strong enough to bear this compressive force whilst the reinforcement used will be enough to resist lateral bending caused by high winds at the proposed site. 
	Additionally, the waterlogged nature of the site demands materials that can resist erosion and degradation caused by the water itself. This will be taken into account during durability design with a suitable concrete type chosen on this basis. All steel elements present in the foundations and footing will be encased in concrete to protect against this (with the exception of the ‘steel pipe piles’ where they extend underground). 


3.2.2 Central suspension tower and associated cables (steel)

	Both the central suspension tower and its associated cables will be formed of steel. There are a number of reasons for this. 
	Firstly, with regards to the central suspension tower, steel has been chosen due to both the lateral loads required of it and the bespoke shape in which it will be formed (taking the form of swans). This would be difficult and ultimately more costly to achieve using alternative materials (i.e. reinforced concrete as it is the only other material, of a reasonable cost, capable of holding such loads), with the time taken to form and cure the concrete making it a slow and expensive process. This can be allayed by off-site manufacture of the tower, bringing it to site only as needed, reducing the time taken to install the tower from weeks to days. 
	The cables will be steel as this is the only material, of a reasonable cost, that can hold the loads imposed by the deck safely in order to transfer them to the central suspension tower.  

3.2.3 Deck (Reinforced concrete) 

	The deck is to be comprised of reinforced concrete; this will come in 5 sections (each 30m long) so as to reach the ultimate span required of 150m. This material has been chosen due to the ease with which it can be manufactured off-site, allowing sections to be delivered as required and speeding up the process of deck installation (thus reducing the time taken to complete the bridge). Ovett et al (2018) cite that cable-stayed bridges are susceptible to high-wind events due to their relatively lightweight construction and susceptibility to bending and swaying. The choice of reinforced concrete helps to allay this issue as it is heavy and will help counter any wind-based forces through its own weight. 

3.2.4 Kinetic walkway (Recycled tyre rubber) 

	The kinetic walkway to be utilised across the span of the bridge will be of a form developed by ‘Pavegen’ comprised of 95% recycled tyre rubber (Pavegen, 2022). This has been chosen due to its obvious sustainability credentials, utilising recycled materials as opposed to being constructed via conventional means. The power provided by it is also a boon for the bridges sustainability credentials as it will provide green energy to the lights present along the bridges length. 
3.2.5 Moorings (Recycled plastic decking with steel bracing) 

	The moorings connected to the bridge will be comprised of two materials: recycled plastic for the decking and steel for the bracing. 
	Recycled plastic has been chosen for the decking due to both: its sustainability credentials and its inherent resistance to water-based damage. It will have grooves carved into it to ensure it remains non-slippery whilst experiencing heavy rains, as are frequent in the region. 
	Steel bracing is required for the moorings to ensure they do not move around excessively during storm/high-wind events. This would present any moored vessels with serious risk of damage and, thus, must be avoided at all c
osts to ensure the viability of the marina. As there are issues with corrosion when steel is in contact regularly with water (especially sea-water), the steel will be coated with protective substances to ensure its longevity. ‘Eoncoat’ will be the protective substance utilised, this is due to the lack of harmful chemicals utilised (Collins, 2016). As such, any harm to the surrounding area is minimised. The 30 year guarantee with this product also ensures the moorings will have a long lifespan (Collins, 2016).













4. Machinery 

	In order to prevent unnecessary risk to workers and complete the project in a timely manner, various types of machinery will be required throughout much of the works. This section provides details of: the machinery required for optimal completion of the project to the timeframe, the phases during which they will be required and justification of the choices made. 

4.1 Crawler crane 

	The crawler crane is the key piece of machinery for this project, to be delivered at the end of the ‘site set-up’ phase (phase 2) and utilised through to phase 6. This will carry out various crucial works for the project including piling and placement of the suspension tower. 

4.1.1 Phases utilised 

	Delivered at the tail-end of phase 2, the ‘crawler crane’ will be utilised throughout phase 3 (foundations and footing). During which it will be used to: drive ‘structural pipe piles’, excavate said piles, drive sheet piles for the cofferdam and lift reinforcement into place for all elements of the foundations and footing that require it. This will be achieved by a variety of attachments that can be attached to the crane itself (detailed in the next section), reducing the amount of plant required on-site during this phase. 
	During phase 4 (suspension tower installation) the ‘crawler crane’ will be utilised to lift components into place. Workers utilising AWPs will then attach them to both: each other and the footing. This represents the heaviest load the ‘crawler crane’ will be required to lift; thus, deciding the type of crane utilised. 
	In phase 5 (deck installation) the ‘crawler crane’ will be utilised to lift components of the deck into place. Workers will then attach them to the suspension tower via suspension cables, through use of AWPs. 
	During phase 6 (moorings) the ‘crawler crane’ will be utilised to lift segments of the moorings. These will be placed in the dock so as to be attached to the bridge via ramps.  
4.1.2 Type utilised & justification

	As the costs associated with crane hire include delivery either-end of use, the most economical choice is to provide for the highest load and use the same crane for all other works. The heaviest load required is that of the three components that make up the central suspension tower. Although no load has yet been calculated by those responsible, it is assumed that each component will be at least 40 tons due to being formed of solid steel and up to 70m in length with a maximum height of 40m. As such, a ‘Liebherr LTR 1220’ has been chosen (shown below in fig.1).  
[image: ]Fig.1: Liebherr LTR 1220 (Hawkshire, 2022a)


	Hawkshire (2022b) cite this is a 220T crane, with a capability to lift over 50T to 40m heights (shown overleaf in fig.2), this makes it more suitable than the next model down which is unable to lift more than 25T to a 40m height (as shown overleaf in fig.3). Additionally, its width of 7.25m (Hawkshire, 2022a) allows it to fit on its barge with plenty of space to spare.   

[image: ][image: ] Fig.2: Table showing maximum loads at different heights for the chosen crane (Hawkshire, 2022a).

 Fig.3: Table showing lifting limits by height for the next model down (Hawkshire, 2022c)


	 

	The crane will utilise two novel attachments to complete the piling works efficiently, these are: piling hammer and rotary drive. The piling hammer will be of a form developed by MOVAX designed to be attached to third-party cranes (MOVAX, 2018), detailed below in fig.4. The rotary drive (used to excavate the piles) will be of a form developed specifically for Liebherr cranes; these come in many speeds and sizes (Liebherr, 2022), with the type used dependent on the results of the foundation calculations and ground investigation. 
[image: ]Fig.4: MOVAX ‘piling hammer’ attachment for excavators and cranes (MOVAX, 2022)














4.2 Flat-top Pontoons  

	As the works will be carried out over water, pontoons will be utilised throughout phases 3-6 in order to reduce risk to plant and workers whilst working over water. Carrying the ‘crawler crane’ and AWPs, they eliminate the need for temporary walkways over the water, with all works requiring workers to be in close proximity to the structure to be carried out via the AWPs (detailed further in the following section).  

4.2.1 Phases utilised  

	The Pontoons will be utilised extensively throughout the project to carry plant over the water safely. The first (and largest) will be delivered during ‘site set-up’, ideally coinciding with delivery of the ‘crawler crane’. This pontoon will be used solely for the ‘crawler crane’, being present in the water until the moorings are complete. Additionally, this will be the only pontoon present on-site through phase 3; this is because the ‘crawler crane’ is all that is required to be present on water for this phase. It will carry out all works pertaining to the construction of the bridge’s foundations and footing, other than concrete pouring which will be carried via mobile concrete mixers from the dockside. 
Subsequent phases (4-6) will require an additional pontoon. This is due to the pontoons’ size being constrained by the size of the tidal lock (20m wide), through which aquatic vessels must pass to enter the dock, with the constraint of 20m allowing a pontoon large enough for the ‘crawler crane’ but not allowing additional space for AWPs. As such, a smaller pontoon will be brought on-site in preparation for stages 4-6, this will provide a base for AWPs utilised throughout these phases. 
Once moorings are complete as part of phase 6, all substantial over-water works will be complete and the pontoons can be removed from the site. 






4.2.2 Types utilised & justification 

	Two types of ‘flat-top pontoons’ will be utilised throughout the works, with a larger heavier pontoon utilised for the ‘crawler crane’ and smaller lightweight pontoons utilised for the AWPs. All pontoons are constrained by the narrow width of the tidal lock (roughly 20m), providing the only aquatic access to the dock. As such, with all pontoons to be hired from the same company, all pontoons utilised will fall under the category of ‘beam is less than 16.5m’ (Landfall, 2019a). 
	The ‘crawler crane’ will need the pontoon with the heaviest possible loadings, this is because the crane weighs 92.5T (Hawkshire, 2022a), when combined with the assumed maximum load of 40T (central suspension tower component) it is clear that the barge must hold 132.5T (concentrated on the cranes position). In light of this, the chosen pontoon is the ‘EP 6017 – 60x16.5’ pontoon, shown below in fig.5. Landfall (2019b) cite this pontoon can carry loads of 15T/m2, as the base area of the crane exceeds 10m2, this is ideal for the project with additional space on the barge for material storage between lifts.   
[image: ] 	Fig.5: The ‘EP 6017 – 60x16.5 pontoon’ to be utilised for the ‘crawler crane’ (Landfall, 2019b)


	The AWPs utilised throughout phases 4-6 will require their own pontoon so as to move independently from the pontoon with the ‘crawler crane’. The load required of them is negligible compared to that of the ‘crawler crane’, with a load of 20T spread across 48m2. As such, the chosen type is the ‘EP 3011 – 30x11.2’ pontoon, shown overleaf in fig.6. Landfall (2019c) state this pontoon can carry a load of 6T/m2, which is well within parameters set by the weight of the AWPs.
	
	


[image: ]Fig.6: The ‘EP 3011 – 30x11.2 pontoon’ to be utilised for the AWPs (Landfall, 2019c)






















4.3 (Aerial work platforms) AWPs

In order to eliminate the need for: temporary supports and walkways across the water during phases 4-5; reducing worker risk. AWPs will be utilised for all works involving workers needing to be in close proximity of the structure (prior to completion). Due to constraints imposed by the tidal lock and for ease of movement, each will need its own barge (as detailed in the previous section).  

4.3.1 Phases utilised 

	AWPs will first be brought to site at the end of phase 3 in preparation for phase 4. During which a single AWP will be utilised in order to allow workers access to the bridge’s footing, allowing them to attach the suspension tower being lifted into place by the ‘crawler crane’ during this phase. 
	During phase 5 multiple AWPs (2-3) will be present on site. These will assist the ‘crawler crane’ in attaching components of the deck to the suspension tower installed in the previous phase.   

4.3.2 Type utilised & justification

	The most chosen form of AWP for the project is of the ‘cherry picker’ variety, this is because the platform provided will need to be capable of reaching difficult places (not simply going up and down). The chosen type is the ‘Genie S-125 diesel powered telescopic boom lift’, pictured overleaf in fig.7. Sunbeltrentals (2022) cites this has a maximum height of 40.15m and a working load capacity of 227kg. This is ideal for the proposed works as the height of the bridge is roughly 40m. As such, the chosen AWP will be able to reach all parts of the bridge comfortably. Additionally, the width of 3.38m keeps it well within the constraints imposed on width by the tidal lock through which barges must pass to reach the site. 

 

[image: 079234 Genie S125 Diesel teles]Fig.7: The Genie S-125 diesel powered telescopic boom lift (sunbeltrentals, 2022)
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A  company R RVICES X3l REFERENCES | CONTACT US -

RIG- AND CRANE-MOUNTED PILING HAMMERS

2018-09-27

In addition to the direct excavator-mounted and MOVAX piling leader-
mounted models, the MOVAX hydraulic, impact-type, double acting DH-piling
hammers are now also available as third-party piling rig and crane mounted.

Ram  Impact Mounting options
weight  energy
kg KNm Excavator Movax Crane  Piling
leader rig
DH- 1360  0-15 x NA NA x
15
DH- 2060 025 x x x x
25
DH- 3100 035 x x x x
35
|
| DH- 4000  0-45 x x x x
45

For more information contact Mikko Vinkki or Antti Hanninen
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EP 6017 - 60 x 16.5

Length 60,00 meters

Beam 16,50 meters
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Length 30,00 meters

Beam 11,20 meters
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