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[bookmark: _Toc39507113]Introduction:
This report is explaining the work breakdown structure to describe activities and enhance understanding of the project. Also, it includes construction method statements to help manage the work in Baglan Energy Park Link Bridge. Furthermore, there are a Gannt Chart and resources sheet which make it easy to plan the tasks, easy to comprehend, transparent and visual representation of timetable. And easy to add dependencies and predecessors, creatively showing your project plans. At the end, there is a specific report for time, cost and resources of the work activities.























[bookmark: _Toc39507114]work breakdown structure
                          Baglan Energy Park Link Bridge





Substructure
Site set up
finishing
Superstructure



1- Access to          1-                                       1- surveying                    1- substructureexcavation

the site                                                             2- scaffold                           of road
                                  
                                    1-a) pile                       3- reinforcement of piers 2- curb
2- Preparation               excavation                 4- moulding of the piers   3- footway 
of the site                     2-b) pile cap                5- concrete of the piers        and cycle                                    excavation               2- surveying                     6- open the moulding            track                                    
3- Delivery               3- put the cage inside      7-                                     4- asphalt orsteel


of the materials       the piles’ excavation of                                                 tar
                                 the steel                                        7-a) delivery       5- 1.5 m highreinforcement

                                4-                                                                                    RC 
                                       4-a) Delivery of the                 7-b) fixing the           parapet
                                  Reinforcement                              steel
                                  4-b) put the reinforcement 
                                         in the pilesconcrete

                                    5-                           
                                         5-a) Delivery the concrete
                                         5-b) Pouring concrete
                                    6- pile cap reinforcement
                                    7- pile cap mould
                                       (pile cap case)
                                    8- pouring concrete of pile cap
                                    9- the mould opening
 
                                 
In the work breakdown structure below the activities of the project breakdown are shown broken down into smaller constituents. For Baglan Energy Park Link bridge, there are four categories of tasks. These are site set up, substructure, superstructure and finishing.
In each category, there are many steps that must be done in order to create the bridge.  It is a total scope of all the work to be done by the project team.

[bookmark: _Toc39507115]Construction Method Statements:
[bookmark: _Toc39507116]Excavation 
[bookmark: _Toc39507117]SCOPE:
This describes all the work processes involved in the excavations relating to the construction of concrete piles and piles’ cap for Baglan Energy Park Link Bridge at Baglan.
[bookmark: _Toc39507118] GENERAL:
· Before making a start, the contractor needs to enquire with all the Local Authorities and other authorities regarding the siting and depth of service pipes, cables and other constructions already existing which could affect the works
· The excavations contractor will have already visited the site and made his inspection of any surrounding structures before any site work starts. He needs to check how often the trains pass the site during work time.
· Suitable drilling and compacting equipment for use on the site.  For example, auger, drilling buckets and casing.
· Any damage or nuisance must be avoided
· Any soil material from the excavation work must be taken away as soon as possible from the site.  Equipment must not be used near the edge of the excavation 
· The length (10 metres per pile) of the pile excavation must be recorded.
· The site must be kept clean during work hours.
· There must be provision for first aid all the time for workers.
· Excess water must be pumped from the site 
[bookmark: _Toc39507119]DUTIES AND RESPONSIBILITIES ON SITE:
Site manager: he or she is in overall charge, overseeing, co-ordinating and controlling all aspects of the construction and excavation.
Senior engineer: is in charge of inspections and tests for all aspects of the excavation, including the bottom compaction test.
Engineer: is the person who plans and executes everything in the excavation and is responsible for preparation of the plan as well as the Safety Action Plan and Job Safe Analysis (JSA). The job must be carried out with correct tools and equipment, PPE and general safety of the site. The equipment must be regularly checked for safety and registered in the log.
Auger driver: drives and controls the auger equipment.
Dump truck: drives the dumper truck.

[bookmark: _Toc39507120]TOOLS AND EQUIPMENT:
· Auger
· Backhoe (power excavator)
· Loader
· Dump truck
· Water Truck
· Roller Compactor
[bookmark: _Toc39507121]WORK PROCEDURE: 
Survey: Check all the details of the excavation and decide on the depth for the piles. Start the excavation carefully: The excavation should be started with care.  Permits must be obtained beforehand.  The area where the machines operate should have barriers.  The soil has to be dug out, approx. 10 metres, to the hard level, and excavated soil removed with loader and dump truck.  After driving the pile so that it is 1.5 – 2 m above ground level, piling should stop until hoist rope is removed.  Then piling can resume.  A back hoe and roller compactor are used for the pile caps.

[bookmark: _Toc39507122]Pile and pile cap:
[bookmark: _Toc39507123]SCOPE:
This plan of action is for carrying out the pile and pile cap (reinforcement and concrete works) for the Link Bridge at Baglan Energy Park.  The pile cap is a solid concrete foundation which rests on piles of either concrete or timber.  This forms a good foundation when the piles have been driven into softer type of ground. 
[bookmark: _Toc39507124]GENERAL:
· A competent experienced person needs to make a site inspection to account for the piling platform, access to it by both the rig and delivery vehicles.  The proximity of other structures, cables, etc. have to be taken into consideration
· The site inspector’s recommendations should enable a firm level surface to be achieved as well as allowance for the rig and any delivery vehicles.
· Only suitably trained operatives should be used for the rig for reasons of safety.
· All access and loading areas need to be made safe with barriers and no entry signs for unauthorised personnel
· PPE must be used on site its include safety helmets, safety footwear, ear defenders and high visibility clothing
· Site working hours will be 07:30am to 18:00pm Monday to Friday. Cleaning and maintenance to be outside working hours
· The 360-degree machine must be used for any heaving lifting
· Reinforcement must never be welded
· When working at night proper lighting must be provided

[bookmark: _Toc39507125]DUTIES AND RESPONSIBILITIES:
Site manager: he or she must order bars and arrange storage space for them, must order any reinforcement cages, order concrete which must be C28 / 35 strength (35N/mm2) that must be sulphate resistant.
Senior engineer: Engineer must order the concrete suitable for the casting.  All test information for fresh concrete must be noted on the concrete pour card.  After the survey, pile cap areas need to be marked on the ground with reference points.
Engineer: he is responsible for inspecting the reinforcements before concreting starts.  These must be free of mud, oil or any substance which would chemically reduce the bonding.  It must be positioned according to the site plans.  The reinforcement concrete cover must be according to the general notes.  Pile cap framework must be checked.
Skilled and unskilled labours: erect reinforcement and pouring concrete
crane driver: drives and controls the reinforcement into the piles.
Concrete Pump truck: The concrete pump must be of adequate pumping capacity. If required, the concrete will be pumped through pipes.
[bookmark: _Toc39507126]TOOLS AND EQUIPMENT:
· Truck mixer
· Crane 
· concrete pump truck
· Concrete Vibrators
· Compressor
· Shovels, trowels and wheelbarrows
 
[bookmark: _Toc39507127]WORK PROCEDURE:
Great care needs to be taken when the off side pile reinforcement is put in position in the piles, using a crane.  On completion of placing the reinforcement in the piles, suitably skilled labourers must start the pile caps’ bars, making sure that the pile reinforcements are anchored in the pile cap. The PVC spacer is used for the vertical bars and concrete spacer for the bottom of the concrete covers. The level of the projected top surface of the pile caps will be checked by the surveyor.  The exact level will then be placed and marked.  Once the formwork has been checked, the concrete pouring can start.
When the check point for the slump test inspection is reached, the concrete mixer must be stopped in order to get sample test cubes.  Then the concrete pump truck will be used for the pouring.  The drop height of the concrete must be a maximum 2 metres.  The concrete must be vibrated, using 60 mm/ 40 mm diameter needle vibrators.  On the surface of the concrete, the date should be recorded to make sure of the specific duration following the date of casting.  The concrete is then cured using the ponding method.  It is necessary to cover the sides of the pile cap with plastic until any back filling starts.  The backfill must be kept moist with water to ensure further curing.


[bookmark: _Toc39507128]Piers (Abutments):
[bookmark: _Toc39507129]SCOPE:
Abutments are the concrete seating’s which support the bridge beams at each end of the bridge.  In the case of the Baglan Energy Park Link Bridge at Baglan we have five abutments all of which are made with reinforcement concrete.  The steel beams under the RC deck slab are supported by these abutments.



[bookmark: _Toc39507130]GENERAL:
This is just like piles and pile caps; with additions:
· The framework must be supported with scaffold around the abutments
· Ply board sheet hoarding must be at least 2.2 metres high around the site to prevent any unauthorised public access. However, any trains must be able to pass through over the rails.
· The relevant licences for any skips and conveyors have to be posted on the hoarding.


[bookmark: _Toc39507131]DUTIES AND RESPONSIBILITIES:
Site manager: is responsible for ordering the piers used for reinforcement, must make sure they are on site before 21st July and must liaise with the person in charge of the contractors responsible for the reinforcement, the formwork and the concrete.  All must be on site as per the Gantt chart.  Is responsible for preparation of all tools and equipment and is responsible for all the activities of the construction are monitored, coordinated and controlled.
Senior engineer: has to survey the top level of the reinforcement, the formwork and the concrete.  Has to keep a record and check everything relating to the formwork and reinforcement before the concrete and the concrete tests are placed
Engineer: needs to make sure that all workers are familiar with their duties. He or she must do a check on the lap length and the spacing of the reinforcement and cover the concrete.  Is responsible for checking the vibration.   

Labourers: are responsible for installing the scaffolding, the reinforcement, the formwork and placing of concrete.

[bookmark: _Toc39507132]TOOLS AND EQUIPMENT:
· Transit mixer truck
· Survey instrumental
· Crane
· Concrete pumps
· Concrete Vibrators
· Safety Equipment’s
· Shovels, trowels and wheelbarrows

[bookmark: _Toc39507133]WORK PROCEDURE:
The work pile cap concrete will be hardening after 7 days, at which point the back filling can be done and the compaction machine can compact the soil.
The reinforcements diameter, number and shape as well as the bar spacing and lap length must all correspond exactly to the approved drawing and bar bending schedule.
The formwork will be done by both skilled and unskilled labourers.  This needs to be able to support the loads imposed by the fresh concrete as well as additional stresses created by the vibration equipment.  It is essential that the framework is installed according to the drawings before the start of the concrete placings.  Any dirt and debris of any kind has to be cleaned.  Wedges and adjusting devices must be made secure and without movement during the concrete placing.
According the plan, the abutments are 4.78 m.  It must be arranged for provision of openings at the top.  One top vertical bar must be cut for the hose pipe nearest to the concrete pouring.
We need to produce a dense, compact and homogeneous concrete surface, so to do this the vibrators need to be operated at regular intervals.
The next week, when the concrete has sufficient strength, notification must be made in writing to the consultant for the formwork to be removed.  It should be removed with care taken so that the concrete is not shaken or in any way disturbed.  As soon as the forms begin to loosen, the concrete should be soaked with water and kept wet throughout the removal operation, until the application of the curing media.  It must then cure for as long as is necessary.
Although the abutments are part of the superstructure, their surfaces must be smooth.








[bookmark: _Toc39507134]specific reports for time, cost and resources
According to Spon's Civil Engineering and Highway Works Price in 2020:
The cost of a reinforced concrete bridge with prefabricated steel beams including excavation; reinforcement; formwork; concrete; bearings expansion joints; deck waterproofing; deck finishings; P1 parapet for each square meter of span with 40 m is £5400.
The bridge is 904 square meter, therefore, the total price is around £ 4,881,600.
As you can see in the following table, the total staff cost is £ 459,606.2, which brings the total price to £ 5,341,206.2.

Staff wages
	Resources
	Quantity
	Income (week)
	Time (week)
	Total cost

	Unskilled labour 
	6
	£ 698.8‬
	27
	£113,205.6

	skilled labour
	8
	£‬ 720
	27
	£155,520‬

	Engineer
	1
	£1320
	27
	£35,640‬

	Senior Engineer
	1
	£1745
	27
	£47,115

	Chainman
	1
	£580
	27
	£15,660‬

	Office manager
	1
	£870 ‬
	27
	£23,490

	Driver
	2
	£620
	27
	£33,480‬

	Office cleaner (part-time)
	1
	£170
	13
	£2,210‬

	security surveyor
	1
	£652.8
	27
	£17,625.6



Here I want to introduce main resources and their prices. In addition, I include the duration of activities according to Gannt chart

	Excavation: start: 15/05/20
	
Finish: 28/07/20
	
	
Duration: 
	
53 days

	resources
	Quantity
	Income (week)
	time (week)
	Cost

	backhoe JCB 3CX  
	1
	£511.68
	9
	£4,605.12

	0.8 m3 Loader with driver
	1
	£1,186.08‬
	9
	£10,674.72

	Water Truck   (part-time) 
	1
	£170.00
	9
	£1,530

	Roller Compactor (part-time)     
	1
	£267.36
	9
	£2,406.24

	Auger
	1
	£ 14,466.66
	9
	£130,200


      
 Piles, pile cap and abutments: it includes off-side reinforcements, formwork, pouring concrete.
	Piles, Pile Cap and
 start: 03/06/20
	Abutments:
Finish: 08/09/20
	
	
Duration:
	
168.5‬ days

	Resource
	Quantity
	Income 
	Total quantity
	Total income

	pumping from ready mix truck to point of placing at the rate of 25 m3 /hour
	1 number
	£ 9.20
	9.20 * 60 hours
	£ 552

	Scaffold
	1 m²
	£ 35.00
	706.25‬ m²
	£ 24,718.75

	Formwork (pile cap and abutments)
	1 m²
	£ 33.44
	830 m²
	£ 27,755.2

	Concrete vibrators (Hire)
	2 number
	£ 50
	2 (£50 * 60 hours)
	£ 6000

	Ready mix Concrete
	1 m³
	£155.00
	605.8375‬‬ m³
	£ 93,904.8125

	Reinforcement 
	per tonne
	£ 654.02
	30 tonne
	£19,620.6‬‬

	Crane 
	1 number
	£ 41.17
	376 hours
	£15,479.92‬

	Compressor
	1 number
	£ 5,904
	27 week
	£159,408

	Truck mixer
	3 number
	
	
	



Volume of concrete: 
Number of Piles= 2 * (3 *7) + 3 * (2 * 7) = 42 + 42 = 84 
Volume of concrete = 84 * (3.14 * (0.750/2) ²) * 10 m = 370.9125 m³
Number of Pile caps = 2 * (13 m * 3 m * 1 m) + 3 * (13 m * 1.5 m * 1 m) = 78 m³ + 19.5 m³ = 97.5 m³ 
Abutments = 4.78 m * 0.5 m * 11.5 m = 27.485 m³ * 5 (numbers) = 137.425 m³
Total volume of concrete = 370.9125 m³ + 97.5 m³ + 137.425 m³ = 605.8375‬‬ m³
Reinforcement:
 Piles (6,720 m + 1680 m) + Pile caps (1,365 m) + each Abutments (250 m * 5 = 2,460 m) = 12,225‬‬ m
Bar reinforcement nominal size 20 mm and over not exceeding 12 m in length:
Total number: 12,225‬‬ m / 12 m = 1019 number 
Convert to tonne:
34 pieces of 20mm reinforcement bar will give 1 ton. Therefore; 1019 / 34 = 30 tonne.

 
	Surface:
Start: 13/10/20
	
Finish: 28/10/20
	
	
Duration:
	
12 days

	Recourse 
	Quantity 
	Time
	Price
	Total cost

	steel beams
	24 number
	4 days
	£3500
	£84000‬

	curb
	160 m 
	5 days
	£18.54 (each meter)
	£2,966.4‬

	footway and cycle track
	240 m²
	7 days
	£130 (each square meter)
	£31,200

	asphalt or tar
	584 m²
	2 days
	£110.65 (each square meter)
	£64,619.6‬

	Asphalt service
	240 m²
	2 days
	£40
	£9,600

	1.5m high RC parapet
	160 m
	3 days
	£787.38
	£125,980.8


[bookmark: _Toc39507135]Conclusion:
According to the schedule of the Baglan Energy Park Link Bridge, it takes around 5 months to do the excavation, substructure, super-structure and finishing. The cost is approximately £5.3 m which includes materials, staff, plants and so on. 
[bookmark: _Toc39507136]References: 
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