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Introduction
NPTCBC are constructing a bridge that will link the two halves of an industrial estate one side located on Brunel Way and the other on Central Avenue. The bridge will be constructed to improve the economic viability of the area. This construction is proposed to begin on the 10th May 2021. The bridge location is situated directly over a railway line, the foundations are to be piled and the piers are to be constructed of reinforced concrete with the bridge deck manufactured off site and craned into location.
This link road bridge construction will utilise a detailed work breakdown structure for all major activities from start to finish indicated below, a construction schedule using a Gantt chart to indicate the duration of any given activity. It will also provide the total resources, costs and labour against each individual task and links to preceding activities. This will in turn provide detailed information that will be used for the construction of the new bridge. 

The work breakdown structure is shown in figure 1 on page 5. The planner starts at stage 1 the ‘Site Set Up’ through to stage 6 ‘Finish Works’ it shows the order and breakdown of steps and processes that must be taken before moving onto the next stage.
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BRIDGE CONSTRUCTION MASTER WBS PAGE 1/2

1. Site Set Up

3. Deck Construction
2. Groundworks               / Substructure

1.1 Access to Site
3.1 Steel Reinforcement & Stop End (Span 1 to 4)

2.2 East/Middle/West Pier Construction
2.1 East & West Abutment Construction

3.2 Concrete Pour (Spans 1 to 4)
1.2 Utility Duct Ordering

2.2.1 Construct Piling Mats
2.2.2 Mobilise Piling Rig
2.2.3. Auger Borehole Piles
2.2.4 Install Reinforcement
2.2.5 Concrete Pour & Cure
2.2.6 Crop Cut Piles
2.2.7 Reinforcement on Piles
2.2.8 Shutter Piles for Cap
2.2.9 Concrete Pour & Cure
2.2.10 Strike Shutters

2.1.1 Construct Piling Mats
2.1.2 Mobilise Piling Rig
2.1.3. Auger Borehole Piles
2.1.4 Install Reinforcement
2.1.5 Concrete Pour & Cure
2.1.6 Crop Cut Piles
2.1.7 Reinforcement on Piles
2.1.8 Shutter Piles for Cap
2.1.9 Concrete Pour & Cure
2.1.10 Strike Shutters


1.3 Material Delivery

3.3 Concrete Pour of Cantilevered Deck Section

1.4 Site Clearance
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4. Deck Finishes

6. Finishing Works
5.  Bridge Deck Roadworks

5.8 Lay Binder Footways
5.1 Install Drainage
4.1 Shutter and Pour Parapets
6.1 Demobilise Set Up


4.2 Piers & Abutment Finishes 
6.2 Finalize Ground Works 
5.9 Lay Binder Carriageways 
5.2 Install Other Utilities 


4.3 Prep Bridge Deck
6.3 Snagging Works
5.10 Lay Surface Course Footways
5.3 Install Kerbs 

4.4 Spray Waterproof for Deck
6.4 Finish
5.4 Fill Footways

5.11 Lay Surface Course Carriageway
5.5 Installation of Street Lighting

4.5 Install Ducts 
5.12 Install Crash Barriers 

4.6 Steelwork Painted
5.6 Lay Subbase Footway

4.7 Snagging Activities 
5.13 White Lining
5.7 Lay Subbase Carriageway

5.14 Snagging Activities 



Construction Method Statements

Method Statement - Site Clearance

Contract Name – Baglan Energy Park New Bridge Construction
Method Statement Reference: MS001 – Site Clearance
Date: 26.11.2020
Activity Start Date: 10.05.2021
Method Statement Prepared by: S.Griffiths

Scope of Work
1.1 Work to be undertaken
This method statement describes the procedures to be followed whilst carrying out site clearance work for the Baglan Energy Park New Bridge Construction project.

1.2 Limits of work and site boundaries
· The supervisor will establish the limit of the working area before the work commences this will be agreed with NPTCBC engineer.
· The work area will be fenced off from the public using appropriate heras fencing and barriers.
· As some of the work is within limits of the highway, a traffic management company will be utilised to install traffic management by competent operatives (Forest TM).
· Traffic management adjustment and daily maintenance will be carried out by contractor’s supervisor.
3.1 Hazards Identified
Hazards that are to be expected and encountered during the proposed works are listed below
· Buried Services
· Contaminated Land
· Public Interface between highway
· Public Traffic (to site)
· Excavations
· Uneven Ground
· Wildlife

Risk Assessments for all identified hazards are to be completed. Risk assessments that relate to the hazards above will also be highlighted to all staff before work commences.

3.0 Highway and Public Interfaces
All traffic management requirements and requirements will be agreed with the client NPTCBC before work commences.

4.0 Environmental Protection

4.1 Noise assessment and mitigation
Any noisy operations such as cutting, piling etc. will only take place during normal working                                                hours then close liaison with NPT who are the clients for the work.
4.2 Dust, Smoke and Vapour
Any cutting equipment utilised will be fitted with suppression water tanks and appropriate PPE will be used.
4.3 Disposal of waste, methodology
· All material being excavated that cannot be reinstated will be transported to facility suitable
· All waste transfer documentation to be kept, it will state the source, quantity and the EWC classification and is to be presented on delivery of waste
4.4 Pollution Controls
Any machines used on site will be maintained and are to be cleaned with regular checks to prevent any fuel and oil leaks.
4.5 Fuels and oils – containment and storage
Due to nature of works fueling for plant will occur on site and drip trays are to be used to prevent spillage. Spill kits are also to be stored on site in case of a spillage occurrence

5.0 Plant and Equipment
5.1 Equipment 
· Petrol Brush Cutter (Strimmer)
· Hand Tools (Shovel, loppers, rake)
· 3 Tonne Excavator
· 6 Tonne Dumper
· Wheelbarrows
· Chainsaws
· Skips




5.2 Competence requirements
- Only those persons that are certified and competent to operate plant and equipment will be allowed to do so. Database will be held on site within the H&S file.
6.0 Personnel Involved
6.0 Contractors
· Foreman
·  Site Supervisor
· Operatives / Machine Operators
· Groundworkers / Labourers
6.1 Working Hours
· Site working hours will be 8:00am to 5:00pm from Monday to Friday. 
· Work carried outside these times will be as instructed by the client.
6.2 Welfare
· Mobile welfare units will be brought onto site into a suitable area within the working area, the amount of welfare units will be representative of the number of workers on site.
6.3 First Aid
· First aider is always to be on site, first aid box is to be located within the site welfare units and within the van. Health and Safety file to be always kept on site within site office.
· Accidents to be reported to works manager and record kept in accident books. Minor injuries will be treated on site by first aiders.

6.0 Methodology

These works are to be carried out across several phases that are listed below:

Phase 1:
· Initial site inductions to take place
· Briefing and toolbox talk
· NPTCBC Ecological Clerk of Works to be present on site and NPTCBC Engineering Clerk of Works
Phase 2:
· Site inspection to be carried out by Site Supervisor and NPTCBC representatives to determine ecology etc.

Phase 3:
· Operatives to put on PPE detailed in the Risk Assessment and to begin grass and shrub clearance
· Operatives to maintain a suitable distance apart to avoid contact of tools and injury to others. 
· Operatives must work slowly and methodically to stay aware and monitor presence of flora and fauna. NPTCBC Ecologist to identify any ecological concerns.
· All cuttings are to be removed from site, if any remain, they may attract animals back into the area.
· Vegetation is to be cut to 300mm and left for 24 hours this is to allow any reptiles or other animals to move to lower level and/or migrate to a safer area.
· Any movement of materials the 6 Tonne Dumper will be used. Any cuttings can be lifted by hand into the bucket of dumper. Operatives to determine their own manual handling limits not exceeding 25kg.
· The dumper will drive over to skips to unload any materials
Phase 4:
· All methods as per phase 3 however vegetation can now be cut to ground level.
Phase 5:
· Service drawings should be drawn upon for information on any existing services, these drawings are only to be used as a guide and to confirm locations of underground services a C.A.T survey will be used.
· Topsoil to be removed/levelled where required.
· Any rubble piles and large stones need to be moved to see if animals are amongst them.
· Where there are large stones to heavy for manual handling a 3 tonne mini digger will be used.
· All operatives are to stand away from machine and machine to track over rubble pile as required and spread large items with bucket.
· Excavator will track over agreed areas.
· Excavator when picking up items should wedge the items between front blade and bucket.
· Large items are to be spread apart and not stacked and they are stored and kept for use during a later phase of the construction project when required.



7.0 PPE
PPE Requirements to be used at all times on site:
· Safety Helmet EN397 (PPE.ORG, 2020) 
· High Visibility Jacket or Vest EN471 (HSE.gov.uk, 2020)
· Safety Footwear EN345 (EN standards | EN ISO 20345:2011 - Certified safety footwear - Blaklader, 2020)
· Gloves EN388 (EN 388:2016, 2020)
Addition for Chainsaw use:
· Safety helmet with a full face visor
· Hearing protection
· Safety goggles
· Clothing is to be close fitting and to cover any exposed areas i.e. arms, neck shoulders, chest.
· Gloves with a protective pad on back of left/right hand
· Leg protection that conforms to EN381



Method Statement – Carriageway Surfacing (Surface Course)

Contract Name – Baglan Energy Park New Bridge Construction
Method Statement Reference: MS002 – Carriageway Surfacing (Surface Course)
Date: 26.11.2020
Activity Start Date: 10.05.2021
Method Statement Prepared by: S.Griffiths

Scope of Work
1.1 Work to be undertaken
This method statement describes the procedures to be followed whilst carrying out Carriageway Surfacing for the Baglan Energy Park New Bridge Construction project.

1.2 Limits of work and site boundaries
· The supervisor will establish the limit of the working area before the work commences this will be agreed with NPTCBC engineer.
· The work area will be fenced off from the public using appropriate heras fencing and barriers.
· As some of the work is within limits of the highway, a traffic management company will be utilised to install traffic management by competent operatives (Forest TM).
· Traffic management adjustment and daily maintenance will be carried out by contractor’s supervisor.
2.0 Hazards Identified
Hazards that are to be expected and encountered during the proposed works are listed below:
· Services
· Public Interface between highway
· Public Traffic (to site)
· Other workers on site

Risk Assessments for all identified hazards are to be completed. Risk assessments that relate to the hazards above will also be highlighted to all staff before work commences.

3.0 Environmental Protection
3.1 Noise assessment and mitigation
Any noisy operations for surfacing will only take place during normal working                                                hours then close liaison with NPT who are the clients for the work.
3.2 Dust, Smoke and Vapour
Disc Saws for cutting joints will be fitted with suppression water tanks and appropriate PPE will be used.
3.3 Disposal of Waste
Any left-over asphalt will be taken back to surfacing contractor’s plant and removed off site.
Any trimmings and waste will be removed into skips and subsequently disposed of
3.4 Pollution Controls
Any machines used on site will be maintained and are to be cleaned with regular checks to prevent any fuel and oil leaks.

4.0 Plant and Equipment
4.1 Equipment & Plant
· Low Loader for transportation of surfacing plant
· Mechanical Paver/Midi Paver
· Roller
· JCB with pecker and bucket x2
· Assorted Tools, including Jackhammers, shovels, rakes, disc cutter etc.
· ‘Muck away’ lorries
· Road Sweeper
· Water Bowser
4.2 Competence Requirements
· Only those persons that are certified and competent to operate plant and equipment will be allowed to do so. Database held with subcontractor (Tarmac – Surfacing Contractor).
5.0 Personnel Involved
5.1 Contractor
·  Site Supervisor
5.2 Sub-Contractor (Tarmac)
· Surfacing Manager
· Surfacing Supervisor
· Operatives
5.3 Working Hours
· Site working hours will be 8:00am to 5:00pm from Monday to Friday. 
· Work carried outside these times will be as instructed by the client.
5.4 Welfare
· Mobile welfare units on site should be used, the amount of welfare units will be representative of the number of workers on site.
5.5 First Aid
· First aider is always to be on site, first aid box is to be located within the site welfare units and within the van. Health and Safety file to be always kept on site within site office.
· Accidents to be reported to works manager and record kept in accident books. Minor injuries will be treated on site by first aiders.


6.0 Methodology

These works are to be carried out in the list below:
Phase 1:
· Sub-Contractor Tarmac to arrive on site and all staff to have site induction and toolbox talk
· Bring all plant and equipment on site
· Prior to commencement of works a site walkthrough will be conducted by the Surfacing Manager, Site Supervisor and Surfacing Supervisor to review any site specific risks that may not have been included in the method statement
· All operatives are always required to wear PPE.
Phase 2:
· Sweep clean the Binder layer surface to remove any dust and loose aggregate
· Bituminous pavement courses shall be laid using Asphaltic Concrete 10mm (AC10)
· Hot bituminous materials shall be delivered to the required location in clean and insulated vehicles and should remain covered while in transit and awaiting tipping
· All vehicles should always be controlled by a certified banksman.
· Access and egress positions will be instructed to the drivers.
· Bond Coat should be applied to the Binder course 
· In-lay 40mm thickness of 10mm AC10 of 65+ PSV to the areas agreed with the client and site supervisor.
· The material should be spread, levelled, and tamped by a paving machine.
· Material that arrives on site should be supplied to the hopper of the paver
· The paver should be set up to lay at a designed width and depth with regular checks carried out behind the paver on the laid and uncompacted surface to confirm levels and depths required are being met.
· Hand laying/raking should only occur around any gullies or manholes for regulating if required and areas where the paver cannot reach
· If all temperature, levels, and dimensions are being met the material should be compacted with suitable compacting to ensure that the layer is confirming with spec.
· All longitudinal and transverse joints should be cut back to a vertical face and painted with a joint bonding material.
· At completion of works the site should be left clear of all waste materials and left clean and tidy.

7.0 PPE
PPE Requirements to be always used on site:
· Safety Helmet EN397 (PPE.ORG, 2020)
· High Visibility Jacket or Vest EN471 (HSE.gov.uk, 2020)
· Safety Footwear EN345 (EN standards | EN ISO 20345:2011 - Certified safety footwear - Blaklader, 2020)
· Gloves EN388 (EN 388:2016, 2020)
· Noise Attenuation equipment (when required)



Method Statement – Continuous Auger Piling

Contract Name – Baglan Energy Park New Bridge Construction
Method Statement Reference: MS003 – Continuous Auger Piling
Date: 26.11.2020
Activity Start Date: 10.05.2021
Method Statement Prepared by: S.Griffiths

Scope of Work
1.1 Work to be undertaken
This method statement describes the procedures to be followed whilst carrying out Piling using a Continuous Auger for the Baglan Energy Park New Bridge Construction project. The piles are to be situated on both east and west abutments as well as the east, west and middle piers.
1.2 Limits of work and site boundaries
· The supervisor will establish the limit of the working area before the work commences this will be agreed with NPTCBC engineer.
· The work area will be fenced off from the public using appropriate heras fencing and barriers.

2.0 Hazards Identified
Hazards that are to be expected and encountered during the proposed works are listed below:
· Services
· Other workers on site
· Overhead cables which may restrict rig movement.
· Principal contractor to issue work to sub-contractor before piling activity is to commence on site.
Risk Assessments for all identified hazards are to be completed. Risk assessments that relate to the hazards above will also be highlighted to all staff before work commences.

3.0  Environmental Protection
3.1 Noise assessment and mitigation
Any noisy operations for surfacing will only take place during normal working                                                hours then close liaison with NPT who are the clients for the work.
3.2 Dust, Smoke and Vapour
Disc Saws for cutting top of piles will be fitted with suppression water tanks and appropriate PPE will be used.
3.3 Disposal of Waste
Any left-over concrete will be disposed of in skips and removed off site.
3.4 Pollution Controls
Any machines used on site will be maintained and are to be cleaned with regular checks to prevent any fuel and oil leaks.

4.0 Plant and Equipment
4.1 Equipment & Plant
· Piling Rig
· Auger Head (750mm)
· Trailer with mounted concrete pump
· Agitator
· Compressor
· Cherry picker
· Water Bowser
· JCB with pecker and bucket x2
· Assorted Tools, including Jackhammers, shovels, rakes, disc cutter etc.
4.2 Competence Requirements
· Only those persons that are certified and competent to operate plant and equipment will be allowed to do so. Database held with subcontractor.
5.0 Personnel Involved
5.1 Contractor
·  Site Supervisor
5.2 Sub-Contractor
· Supervisor
· Operatives
5.3 Working Hours
· Site working hours will be 8:00am to 5:00pm from Monday to Friday. 
· Work carried outside these times will be as instructed by the client.
5.4 Welfare
· Mobile welfare units on site should be used, the amount of welfare units will be representative of the number of workers on site.
5.5 First Aid
· First aider is always to be on site, first aid box is to be located within the site welfare units and within the van. Health and Safety file to be always kept on site within site office.
· Accidents to be reported to works manager and record kept in accident books. Minor injuries will be treated on site by first aiders.

6.0 Methodology

These works are to be carried out in the list below:
Phase 1:
· Subcontractor supervisor, site supervisor to liaise and agree sequence of works for all day to day activities and confirm order of works. Starting with the west abutment piling moving to western pier, central pier, eastern pier and eastern abutment respectively.
· General checks carried out on plant once arrived on site.
Phase 2: Auger Boring
· Site supervisor and operatives to set out the general arrangement of the piles.
· Auger should then be set up over a pile position by the rig operator, this operation should always be guided by a certified banksman
· Concrete pump should be lubricated 
· When the site supervisor is satisfied the auger is in the correct position then auguring can begin to the required depth (15m)
· While boring is occurring gates of the rig are to be kept closed until the auger advances in the ground to a minimum depth of 3m. Before the gates open offset markers are to be used to keep check of the pile position.
· Banksman on site to make sure all personnel are kept clear on the auger when it is on
Phase 3: Concreting
· Once the auger has reached the target depth the auger should be rotated in order to allow any remaining spoil to rise.
· Auger should be lifted 100-200mm to allow concrete to exit.
· The concrete pump should be set to concrete rate of 15%. The foreman should review the quantity and make any adjustments as works proceed
· Ready mixed concrete should be pumped through the hollow stem of auger and the auger should rotate clockwise and progressively withdrawn from the hole.
· As the auger reaches the surface the pumping should be stopped.
· Any excess concrete should be removed.
Phase 4: Placing Pile Cages
· All pile cages are to be manufactured off site and delivered as and when required.
· The pile head will be located by the operators and a small amount of concrete dug out to define the pile position.
· Reinforcement cages are then lifted into position via an excavator and pushed down into the wet concrete.
· If the pile cage does not enter the concrete it should be pressed into the wet concrete.
· Pile cages are to be checked to ensure they are central on the pile.
Phase 5: Repeat & Finish
· The above steps should be repeated until all piles are installed.
· At completion of works the site should be left clear of all waste and removed in a safe manner.

7.0 PPE
PPE Requirements to be always used on site:
· Safety Helmet EN397 (PPE.ORG, 2020)
· High Visibility Jacket or Vest EN471 (HSE.gov.uk, 2020)
· Safety Footwear EN345 (EN standards | EN ISO 20345:2011 - Certified safety footwear - Blaklader, 2020)
· Gloves EN388 (EN 388:2016, 2020)
· Noise Attenuation equipment (when required)


















A Gantt Chart has been produced showing the critical path, please refer to the accompanying document.

Cost & Resources Report
As a result of the project there have been a variety of different reports produced, they are defined in detail below and indicate the costs, time, and resources of the work activities.

Figure 1 below shows the number of work hours for each given major task, it is clear to see that the groundworks and substructure will take the longest duration of upwards of 6500+ hours to complete, this is likely down to the time taken for auger boring and piling to complete.
The remaining other works generally take around on average 1000 hours to complete with finishing works coming in at significantly less. The total hours until project completion is 11,464.
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Figure 1




Figure 2 shows the costs associated with each of the major tasks, the largest costs come from the groundworks (piles) and the Bridge Deck works both upwards of £300,000 as concrete is a major material within this project the costs typically come from the use of it. The Deck construction is around £150,000 and the finishing works and set up being extremely cheap under £50,000. The total cost of the project accumulates to £830,345.37
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Figure 2



 Figure 3 shows a further breakdown of costs associated with the materials and labour costs. The highest cost to the project is concrete at close to £300,000. Surfacing of the bridge deck elements each come in around £100,000. Workforce is also an extensive cost with Labourer costs coming in at £99,840, with supervisors almost 1/5th of that cost and Engineers 1/20th. Only a certain number of resources were used and is not inclusive of the project as a whole, those used are seen in figure 3.
[image: ]Figure 3











This can also be seen in figure 5 below where most costs are from materials (£708,345.37) and only 1/8th from work costs (£122,000).
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Conclusion
Through the use of the works critical path, gantt charts and resource reviews it has provided the project with a wide range of information that has helped to plan the construction of the new bridge. The CPM has allowed for a logical understanding for the project’s completion through planning, scheduling and resourcing. It has allowed for a complete overview of each task, the projected duration of the task and the labour and materials that are assigned and their quantities.
As a result of this project, the Gantt charts and critical path have identified the critical elements in the plan, allowing the management to focus in on the main constraints of the scheduling. The resources have allowed us to identify the overall cost and resources that are represented in figures 1 to 4 that can be given to the client to better understand the project as a whole. It should be noted however that the CPM is only indicative of what you input into the data set and therefore a combination method is likely best utilising method statements, gantt charts, critical path and resources in order to effectively deliver and represent the project. Method statements have allowed us to get a better understanding of constraints, health and safety concerns and to determine the duration of the project. As a result of all of the above the project should run smoothly.
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