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1. Introduction to road construction
The general process of constructing a road involves removing the existing ground and replacing it with more suitable, wear-resistant materials. Our road construction will be a flexible pavement using Asphalt, a popular material for road construction due to its ability to sustain significant plastic deformation. 
The construction process will involve excavating down to the subgrade, before adding the structural layers consisting of subbase and asphalt base course, before completing the road by laying the finished surface asphalt course.
[image: ]
Fig.1.1- Typical flexible pavement detail (Sautya, 2020).

GRAJ Construction have been tasked with the construction of a new link road in the SA1 development. This document will explain the construction process and choice of materials that have been selected to undertake the development in the most sustainable manner.  

2. Pre-construction considerations
The planning stage of the project is vital in achieving a successful and efficient construction process. A programme of the works and method statement was constructed prior to the works commencing to allow for all necessary arrangements to be pre-arranged.
All necessary applications and permits will be obtained prior to the construction works being carried out, including highway authority approvals and a section 38 agreement. Traffic Management plans have been put in place to minimize disruption to any existing highways and footpaths.
Structural Engineers’ drawings were procured during the planning stage of the project, and studied to assess the requirement for temporary works. In order to achieve an efficient construction process, early contractor involvement has been utilized to pre-plan the construction method of both the temporary works and permanent works at an early stage.
The layout of the road, together with existing and proposed levels supplied by the project’s Structural Engineers, was assessed to select the most suitable machinery to ensure the construction process will be carried out as efficiently as possible. Further information regarding the machinery selected to carry out the road construction is included within chapter 4.4.

2.1. Material supplies
Calculated quantities of materials, including concrete, aggregates and asphalt, will be issued to local suppliers to achieve the most desirable offer available for us to pre-order. The distance of the supplier from the site will also be taken into account when selecting the most appropriate supplier for the project. 
A number of aggregate, concrete and asphalt suppliers operate within short distances to the construction site, including:-
· Aggregate suppliers:-
· Swansea Sand and Gravel- Fforestfach- 4.8 miles
· Breedon Aggregates, Britton Ferry- 5.5 miles
· Gilfach Quarry (Breedon), Neath- 9.4 miles
· Concrete suppliers:-
· Breedon Concrete Plant, Kings Dock Road- 0.4 miles
· Tarmac Concrete Plant, Britton Ferry- 5.5 miles
· Hanson Ready-Mix, Llansamlet- 5.2 miles
· Construction material suppliers:-
· Hancock & Brown Builders Merchants, Langdon Road- 0.6 miles
· Exall & Jones Ltd., Morfa Road- 2.2 miles
· Robert Price Builders’ Merchants, Swansea- 1.9 miles
· Travis Perkins, Cwmbwrla- 4.6 miles
By procuring quotes from material suppliers, we can save costs by ordering in bulk quantities and accepting the most competitive prices offered. Pre-ordering materials also ensures that they are readily available when we require them, in accordance with the works’ sequence, thus preventing disruption to the construction programme.

2.2. Access and site setup
The site will be set up to allow safe movement of plant, labor and materials, with access and egress routes for the removal of waste and deliveries to site. A sufficiently-sized area will be established to accommodate material storage, car parking and welfare facilities, and one-way systems and turning points will be made available for the maneuvering of plant and heavy vehicles. The public will be kept out of the construction zone, with hoarding around the site’s perimeter and information boards provided to satisfy public interest. Clear signage will be used to provide formal diversions of footpaths affected by the site compound.
Early contractor involvement will be utilized to identify access requirements during the planning stage of the construction works, allowing good time for enabling works and planning of temporary and permanent works.
Access to the construction site will be obtained from the A483 via the eastern end of Queens Dock, with vehicle movement routes established on site for safe delivery and removal of materials from site. Fig. 1.2 shows the location of the site access point on Queens Dock.
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Fig.1.2- Site access point from Queens Dock (Google Maps).

Our new road development will provide a link between Fabian’s Way (A483) and Queens Dock, which leads West to the point of the dock crossing at Roberts road, via Kings Dock.
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Fig. 1.4- Satellite view of the existing site (Google Maps).
A new roundabout will be constructed on the connection to Queens Dock, to provide a connecting junction to the existing Kings Dock, with minimal impact on existing traffic flow.
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Fig.1.5- Proposed route of the new link road development (Gareth Ingram, GRAJ Construction).

3. Choice of construction materials
A number of different construction materials were considered for the road surface, including both rigid and flexible pavement solutions. As presented in the company’s feasibility study, the area often experiences heavy rainfall and flooding. Due to these findings, and together with GRAJ Construction’s aspirations for achieving sustainable development, a permeable road construction using porous asphalt was selected. 
Porous asphalt is similar to the standard asphalt mix, but without the fine particles. This solution will provide stormwater management by allowing rain water to penetrate through the surface, where it is attenuated in the stone beneath before slowly soaking into the natural ground. This design thereby eliminates the requirement of additional new drainage, hence preventing the potential risk of oversaturating the existing drainage systems.

3.1. Disadvantages of permeable asphalt
GRAJ Construction were aware of the disadvantages of using permeable asphalt as a road surface, including:-
1. It is more expensive to install in comparison to traditional pavements
2. There is a greater maintenance requirement for permeable pavements, as:-
a. They are prone to clogging if the water in the reservoir below does not drain out properly, which may cause the water and pollutants to run off the surface, defeating the purpose of installing a permeable pavement.
b. They are not as durable as traditional asphalt pavements, and hence consistent pressure, like heavy vehicle breaking, can cause damage (Wade, 2017).
However, given the heavy presence of University pupils expected to be using the new footpaths along the link road, we anticipate a low speed limit to be implemented, and hence less damage to be done by heavy vehicle breaking. Although maintenance requirements are accepted to be greater with permeable asphalt road designs, it must be recognised that all road construction designs possess their advantages and disadvantages. 

3.2. Advantages of permeable asphalt
There are many advantages of using flexible pavements in road construction, including:-
· Construction process is quick and simple
· Relatively low construction cost
· Greater ability to expand and contract with temperature
· Easily repaired
· Smoother surface:-
· Less noise
· Better fuel economy
· Reduced Carbon Dioxide emissions
· Recyclable:-
· Green construction
· Reduced requirement for landfill
· Conserves non-renewable natural resources

In addition to this, the use of a permeable asphalt surface will provide stormwater management, providing the following additional advantages:-
· Allows water from precipitation to penetrate through the surface. The water will attenuate within the subbase layer below before soaking into the natural ground.
· Reduces surface water runoff, and hence minimizing the risk of flooding on site or downstream
· Eliminates the requirement of additional drainage systems
· Less work required, and costs reduced
· Prevents oversaturation of existing drainage systems
· Prevents ice from forming on the surface, hence providing safer driving conditions


3.3. Summary of construction material choices
A case study carried out by Kurpiska et al in 2018 compared the purchase and maintenance costs of rigid and flexible pavements in three traffic categories over a period of 30 years, the results of which are shown in Fig.3.1. 
[image: ]
Fig.3.1- Case Study: cost comparisons of the total life cycle costs for 
       flexible and rigid pavements (Kurpinska et al, 2018).
As can be seen in Fig.3.1, the life cycle costs presented in this case study were found to be lower for the flexible pavements in each of the three traffic categories. Although it is accepted that the maintenance requirements for permeable asphalt is greater, it is important to recognise that the maintenance methods are quick, simple and inexpensive. 
In an area in which flood risk is often present, the advantages of using permeable asphalt for the new road development exceed the few disadvantages. In addition to providing a means to replenish water tables and aquifers rather than forcing rainfall into storm sewers, the design also reduces the demand on existing storm sewer systems (Speight, 2016). The chance to use recyclable material, together with its offerings in sustainable drainage, therefore led GRAJ construction to conclude the decision of using permeable asphalt in the new road development. 

4. The Construction process
4.1. Setting out
The construction begins with the setting out of the outline of the road, using drawings supplied by a structural engineer providing the setting out coordinates and levels throughout. 
The site’s setting out engineer will mark out the path of the road using timber profiles installed at a horizontal offset, for example 2m, to the road’s kerbline, with horizontal timbers added to the profiles to indicate a constant height above formation and finished-road-level. These profiles will be used together with a traveller to guide the excavator during the process of excavating down to formation level. 
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Fig.4.1- Sketch providing an explanation of the use of profiles and travelers (Benger, 2020).

4.2. The excavation process
Any topsoil along the proposed route of the road will first be stripped using a hydraulic excavator, with consideration taken to select the most appropriately-sized machine in order to execute the job as efficiently as possible; further details of the machinery selected to carry out the project is given in chapter 4.4. The topsoil will be stored in an appropriately-located stockpile, and kept for future landscaping needs on site. 
Once the topsoil has been stripped, the excavators will begin to excavate down to formation level. The formation level will be predetermined by structural engineers, based on the expected volume of traffic and the condition of the subgrade. The subgrade will be excavated to a form a level surface and not compacted. The reason for this is to allow the water to distribute and infiltrate evenly over the entire bottom bed area (Cahill et al, 2003). 
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Fig. 4.2- An example of a new permeable asphalt road excavated to formation level (Benger, 2021).

The excavated material can be transported to be stockpiled using dumpers or dump trucks in an appropriate separate location on site. Access for HGV’s will be provided to the stockpile location, so that an additional excavator can load the lorries for excess excavated material to be removed from site.
We will utilize cut and fill to maximize the use of existing materials on site, hence reducing the amount of material needed to be shipped in and out and conserving energy.
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Fig.4.3- Cut and fill diagrams (Parsons, 2020).

Our design team have provided Cut and Fill reports of the road construction, which show that there will be a higher volume of fill required than cut material. Therefore the more cut material that is deemed suitable to be used as fill on site, the less imported material we will require, hence saving on costs and energy consumption.

4.3. Importing and exporting construction materials
We will calculate how much material will need to be removed from site, and pre-arrange where we will transport the material to. A Materials Management Plan will be constructed, and permits obtained at an early stage to enable the movement of material on site or between sites:-
· Environmental permit
· CL:AIRE DoWCoP (Definition of Waste Code of Practice)- permit enabling the reuse of excavated material on-site, or their movement between sites.
Obtaining the relevant permits at the early stage of the project will prevent any disruption to the project’s construction activities.
Similarly, a calculation will be made for the volume of material that we will need to import for the road construction, so that we can preorder with suppliers to prevent disruption to the construction programme. There are a number of aggregate and concrete suppliers within close proximity to the construction site, as demonstrated in chapter 2.1, so materials should be easily acquirable with plenty of planning. The calculated quantities will be issued to local suppliers to achieve the most desirable offer available for us to pre-order. The distance of the supplier from the site will also be taken into account when selecting the most appropriate supplier for our project. 
By pre-ordering materials, we:-
· Ensure they are readily available when we require them (in accordance with the programme of works)
· Achieve more competitive prices through contacting multiple suppliers and ordering in bulk.
· Prevent disruption to the construction programme

4.4. Time, Money and Resource Management
Selecting the most appropriate machinery to carry out the road construction is vital in ensuring the works are carried out as efficiently as possible. We will use 14T 360° hydraulic excavators and a D6 Bulldozer to excavate the road layout, and 10T dumpers to transport the soil across site. The size of the excavators and dumpers being used has been selected based on the size of the road and site restrictions, by way of explanation to maximize the efficiency of the construction process. Smaller excavators and dumpers will be utilized where required for landscaping. 
On a similar note, we will assess the number of machines being used. For example, an assessment will be made to determine whether multiple excavators could save time and provide improved cost efficiency. Furthermore, the number of dumpers used to transport soil to stock piles across site will be selected based on the time taken for the excavator to load each dumper, and the total journey time for each dumper to return. This will allow us to keep the excavators working continuously and maintain an efficient excavation process.
For example, if an excavator takes 5 minutes to excavate and load one dumper, and one dumper takes 10 minutes to return, then 3 dumpers will used, so that the 2nd and 3rd dumper will be loaded in the time taken for the 1st dumper to return. This is illustrated in Fig.4.4.
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Fig.4.4- Sketch illustrating the efficient use of construction machinery (Benger, 2020).

Careful consideration will also be taken to ensure that stockpiles are appropriately located, out of the way of any future construction zones and within easy access for tipper lorries to be loaded for the material’s removal from site. 

4.5. Installation of kerblines
Concrete kerbs will be installed to provide an upstand edge along both sides of the new road. Kerbs will also be used to form the shape of the roundabout at the connection points to Queens Dock Road. British standard concrete kerbs will be used, with straight kerbs forming the straight lines of the road and radius kerbs used wherever a radius or sweep of 12m or sharper is required. 
Straight 10”x5” kerbs, of standard length of 915mm, will be used throughout the majority of the road edge construction. The kerbs will have a half-battered profile, which provide the boundary of the road as well as a barrier to prevent vehicles from passing onto the adjoined footpaths.
A setting out engineer will mark out the back line of the kerbs, by setting steel road pins at relevant intervals, with tape markings for the kerb layers to use as a guide for the level of the top of kerb, as demonstrated in Fig.4.5. A kerb-laying contractor will then lay the kerbs one-by-one along the line or radius set out. These will be laid onto a bed of kerb-mix (ST1) concrete to provide an upstand of 125mm above the finished road surface level, i.e. the road surface level will be 25mm below the water line of the kerb. The back of the kerb will be haunched in concrete to provide further strength and resistance to collision from travelling vehicles.
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Fig.4.5- Before and after of kerbs laid to pin locations and levels (CCS, 2018) 
Any radiuses of 12m or faster will require precast radius kerbs. An example of where these will be required is to form the shape of the roundabout, as well as the point of entry from the A483 (Fabian’s Way). The radius kerbs will be installed in a similar manner, and will provide an aesthetic arc line for the entry of vehicles onto the new road link. Fig.4.6 shows a new radius of kerbs the has been installed to tie-in with an existing road. The connection between our new link road and the existing A483 will incorporate radius kerbs installed to a similar design. 
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Fig.4.6- Radius kerbs tying in to an existing carriageway (Benger, 2021).
Fig.4.7 provides an example of how radius kerbs are installed to form the shape of a new roundabout.
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Fig.4.7- Kerbs forming the layout of a roundabout (Kerb and concrete, 2021)
Transition kerbs and drop kerbs will be utilised where pedestrian road crossings are required. Drop kerbs are usually provided in pre-cast 6”x5” sizes, with a bullnose profile at the top. These shorter kerbs are usually set at, or slightly above, the finished road level, providing an accessible crossing point for walking pedestrians and wheelchair users.
The transition kerbs are utilised to change from the half battered 10”x5” upstand kerbs, down to the bullnosed 6”x5” dropkerbs. They therefore allow for the transition between the two different standard kerb profiles, as well as the drop in level required for the road crossing. Fig.4.7 shows an example of transition and drop kerbs that have been installed to provide a road crossing. Yellow tactile pavers can then be installed at the back edge of the drop kerbs, as demonstrated in Fig.4.8. These are textured ground surface indicators that assist pedestrians who are visually impaired (Department for transport, 2007).
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Fig.4.8- Transition and drop kerbs installed to provide a road crossing (Benger, 2021).

4.6. Surface drainage
Although the permeable asphalt road construction has been chosen to manage and control surface water, further efforts will be made to prevent the risk of flooding. Due to the level of the finished road surface falling longitudinally towards the new roundabout at the junction to Queens Dock Road, surface drainage will be used to counteract any surface runoff from excessive rainfall. Together with the kerb system, a series of road gullies will be installed to catch any excessive runoff. These will be located strategically to prevent water from running from the road onto the roundabout area, where it could potentially collect and present a flood risk. The finished road surface will be laid with a crossfall, sending any excessive surface water towards the kerbline and into the road gullies. 
The drainage system will connect to an existing DCWW-adopted storm sewer system. A Section 104 agreement will be reached during the planning stage of the project, and constructed to comply with the requirements set out in Sewers for Adoption. A Section 106 agreement will also be reached prior to the construction process, to allow the connection of our new drainage to the existing system. 
Oil interceptor tanks will be installed to prevent oil from vehicles travelling on the new road from infiltrating the existing sewer system.

4.6.1. Installation of the subsurface drainage
Prior to the installation of subsurface drainage, a trained and competent temporary works coordinator will arrange for the procurement of all necessary trench supports and manhole boxes in accordance with the site requirements. 
A setting out engineer will mark out and provide levels for the drainage locations. Trenches will be excavated using hydraulic excavators, to a width of the pipe, plus 300mm, allowing for 150mm either side of the pipe. Trench boxes will then be installed using the ‘dig and push’ technique, to provide safe access into the trench. Once the trench has been excavated, a layer of pipe bedding using single-sized clean stone will be placed into the bottom of the trench by the excavator. Groundworkers may then enter the excavation within the confines of the trench boxes to spread the pipe bedding and lay the drainage pipes to the required falls.  Pipe lasers will be used to ensure there are no sags in the drainage runs, hence preventing water from collecting and potentially blocking the system. Manholes or catchpits will be installed where changes of direction occur in the drainage system, so that all drainage pipes are installed in direct, straight runs.
Once the pipework has been installed and approved of by the project’s DCWW assigned representative, the trench boxes can be removed and trenches will be backfilled up to formation using type 1 granular material.   

4.7. Importing and installing the subbase layer
Once the road has been excavated to a level formation level and all subsurface drainage systems have been installed and backfilled as detailed above, the formation ground will first be assessed to ensure that it is in suitable condition. Any soft spots will be removed and, once deemed acceptable, the road construction can begin. 
Flexible paving consists of materials applied in layers directly over the subgrade to which the traffic loads are distributed. The subbase layer will be constructed using Type 3 material. It will be imported to site from the suppliers using HGVs, then spread over the geotextile layer using excavators, which will shape and form the subbase into the specified profile and cross section. This subbase will be installed in layers not exceeding 150mm, and compacted using vibrating rollers prior to the next layer being installed, as demonstrated in Fig.4.9.
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Fig.4.9- An example of a type 3 subbase laid and compacted during the construction of a new road (Benger, 2021). 

Whereas standard flexible road construction usually uses Type 1 sub-base material, Type 3 material is preferable for use with SUDs systems, as it provides a similar bearing but contains less fines, and hence allows for water infiltration. It consists of crushed granite, limestone or clean crushed concrete, screened to create a reduced fines aggregate that is fully certified according to the Specification for Highway Works (Standards for highways, 2018).
The subbase layer of a permeable road acts as a storm reservoir beneath the surface, in which the surface water that has passed through the permeable surface is stored before slowly infiltrating into the natural soils below. A Geotextile, similar to that shown in Fig.4.10, will be rolled out over the subgrade prior to the laying of the subbase, with overlaps at each joint, to provide additional strength to the construction and prevent fines from infiltrating the stone reservoir.
This subbase layer will be installed to a depth up to the underside of the Asphalt level, and will provide a more suitable bearing material than the original ground. Once prepared, the asphalt layer, made up of a base layer and wearing course, is ready to be laid upon the subbase. 
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Fig.4.10- Geotextile laid upon the subgrade, during the construction of a new car park (Benger, 2021).

4.8. Road surface construction
A certified asphalt contractor will be employed to install the porous asphalt layer of the road. A binder course will first be laid to the required depth, before the wearing course is installed to complete the road structure. As with all previous aspects of the road construction, the asphalt will have been pre-ordered and delivery dates arranged in advance to correspond with the construction programme. Again, this will be vital in achieving an uninterrupted construction process. 
The asphalt will be imported to site in lorries, and laid using a paver machine, which will receive the asphalt from the lorries and lay a flat layer onto the subbase. The asphalt will then be compacted by the asphalt contractor using a roller. The specification of the asphalt will be provided by the designer, and issued to the supplier. Delivery notes will be checked upon the arrival of the asphalt to site, to ensure that the correct specification has been received before it is laid.
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Fig.4.11- Base course of Asphalt laid during the construction of a new highway (Benger, 2021).
4.9. Footpath construction
The footpath will be constructed in a similar manner to the road. Due to the reduced loads expected upon the footpaths, a thinner layer of type 3 material will be required to be laid above a geotextile membrane, with the surface layers laid above. The top of the pre-installed kerblines will act as a guide for the footpath levels, with the top of the surface layer laid flush with the tops of the kerbs. The back edges of the footpaths will be set out by a setting out engineer to provide a 1.8m path from the back edge of the road kerbs. 
In a similar method to the setting out of the road kerbs, steel pins will be set with tape markings for the kerb-laying contractors to use as a guide for the level of the top of kerb. Edging kerbs, usually 50mm thick will be used for the back edge of the footpath, bedded and haunched appropriately in kerb-mix (ST1) concrete. Permeable asphalt will again be used for the footpath surface, laid and compacted by the asphalt contractor to provide a smooth surface that also allows for surface water to be infiltrated through the subbase and into the natural subgrade. 
4.10. Completion of the works
[bookmark: _Hlk66211803][bookmark: _Hlk66211829]Upon completion and commissioning of the works, all site materials and machinery will be removed from site, and a site clearance will ensure that no debris/waste materials are left. Additionally, the existing roads (i.e. Queen Dock and the A483) and pavements in the vicinity of the construction works will be assessed for any damage caused by the construction works, and remediations will be undertaken where required. This may include reinstatement to existing footpaths if damage has been caused by plant or machinery involved in the construction of the new link road.
4.11. Summary of the construction process
As can be seen from the strict sequence of works listed in previous chapters, it is vital that each stage of the construction process is planned in advance, and materials are pre-ordered for delivery when required. This enables us to ensure that all materials required throughout the project are readily available as and when they are needed, and hence prevents disruption to the construction programme. An analysis of the site conditions and construction process helped to select the most appropriate machinery to carry out the works as efficiently as possible. 
In order to ensure that sustainable development is achieved, a strict quality control plan and procedure will be implemented to ensure that the construction process is carried out to the required specification.
5. Additional considerations
Quality control is vital in ensuring the construction process is carried out efficiently and to the required specification. A major aspect of quality control is the establishment of well-defined controls (Hayes, 2020). The following processes are examples of controls that will be implemented to ensure that the construction process is undertaken with efficiency and sustainability as the company’s core objectives:-
· Certified contractors with a proven experience in similar construction projects will be used for all specialized tasks.
· Delivery notes will be checked upon the arrival of all materials, such as aggregates, concrete and asphalt, to site. This will ensure that the correct specification of materials have been received.
· Strict health and safety rules will be implemented on site throughout the construction project. 
· All construction tasks will be executed by trained and competent persons only.
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