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1.0 Intro 
[image: ]A bridge needs to be constructed across the river Loughor in Llanelli. The bridge is to be 4 lane widths across and 150M in length across the river itself with 8 piers supporting the deck (1 per lane) Ground conditions around the location of the proposed bridge are poor, there is approx. 3m of unsuitable material before reaching a suitable bearing layer and the finished bridge deck level is 8M above sea level. This means the bridge will be elevated in comparison to the ground around it, being approx. 4M above sea level. This will avoid any flooding from the river as it is susceptible to high / low tide. The bridge is to provide a vital crossing point on the river. There are currently only three bridges long this river which are the M4, and the A484 along with a smaller one within the village itself. Below is an explanation of the bridge construction method and all associated documentation to support the cost of the overall project, the eventual aim is to provide a new crossing point to the river within budget and on time.
1.1 Method of construction
I have chosen a precast bridge deck with mass concrete bridge abutments situated above piled foundations. The piers themselves will be sat upon a piled foundation (sheet piled cofferdam used to construct piled foundation & pier). and constructed using a cast in situ approach with formwork, the bridge deck will then be a precast unit delivered to site using a barge piloted up the river when the tide is at its highest and then placed into its position on site, the advantage to using a barge delivery method would mean less disruption to the surrounding areas and the ability to have larger precast sections delivered to site at a time finally, after the decks installation a tarmac running surface will be applied to the bridge deck. I plan on using a variety of plant from excavators to cranes, and a team of ground workers and operators with supervisors to suit all working a 8 hour day, this is shown in appendix 1.Abutment B
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1.2 Calculations 
Bridge Abutment A

Below are the calculations associated with the building of the abutment ‘A’ 

Bridge Width = 2 Lanes Wide @ 3.65M per lane 				=	7.3 M 	
Central Reservation 								=	1.3 M	
Total Width 									=	10 M
			
The abutment is going to be constructed by using a piled foundation by using 10 number 750mm diameter piles spaced equidistance along the abutment’s width (rows of two piles at 2M centres along the abutments width). Piles will be 15M deep and reach a total of 5M into the bearing layer. Above this there will be a subbase layer with a thin concrete blinding on top, and steelwork constructed from there up.
The abutment will be 5M high 2M deep and 10M wide.



Topsoil Strip 

10M Long by 6M wide by 0.1M deep. 		= 	6M3

Bulking factor of 1.3					= 	7.8 M3 of topsoil to remove.


Excavation Rate 

Topsoil Strip
 Prod. Rate: 	0.03 M3/Hrs = 0.03 X 7.8				=	0.234 Hrs 	 
Plant & labour £3.16 per M3 = 3.16 x 7.8				=	£14.04
Disposal on site
Prod. Rate: 0.05 M3/Hr = 7.8 X 0.05 					=	0.39 Hrs
Plant& Lab: £5.06 per M3= 5.06 X 7.8				=	£39.47

      Total time 			= 	0.624Hrs
      Total cost 			= 	£53.51 
Excavation to pile level 

10M long by 6M wide by 4.9M 					=	294M3
Bulking Factor of 1.3 							=	382.2M3

Excavation of 2.0 to 5.0M deep 
Prod. Rate: 0.12 Hrs per M3 X 382.2 M3				 =	45.864 Hrs
Plant & labour: £12.51 per M3 x 382.2 M3				 =	£4781.33
Disposal off site 
Prod. Rate: 0.12 M3/Hr = 382.2 X 0.12 				 =	45.864 Hrs
Plant& Lab: £13.83 per M3= 382.2 X 13.83				 =	£5285.83  
The use of 4 20T wagons for offsite disposal				 = 	57.33 Hrs
     Total Time 			 = 	57.33 Hrs
     Total cost 				 = 	£10066.00
Rate for disposal of material is calculated using the disposal off site (within 5Km) rate in Spons. I have used the rate and divided by 4 to achieve the time for 4 wagons whilst the total price would remain the same as it is calculated per unit volume and not per wagon used.

150mm of stone for piling rig to sit on: 

Area = 10 X 6 = 60M2
60m2 of stone @ 150mm thick:
Prod. Rate = 0.01 M2 / Hr = 0.01 X 60 				=		0.6 Hrs
Plant, lab. & Matt. = £11.11/ M2 = 11.11 X 60			=		£666.6

Trimming of filled surface
Area = 60M2
Prod. Rate = 0.02M2/ Hr = 0.02 X 60					=		1.2 Hrs
Plant & Lab. = £2.34/M2 = 2.34 X 60					=		£140.4

Compaction of graded fill material 

Volume = 10X6X0.15 = 9m3
Prod. Rate = 0.1 M3/ Hr = 0.1 X 9					=		0.9Hrs
Plant & Lab. = 0.92 M3 = 0.92 X 9					=		£8.28

In My experience I would allow 1 Day to place the stone and trim to level 
          	     Total Time = 1 Day 
      	     Total Cost = £815.28
Pilling works 

The rate is based on using a continuous flight auger which will pump the concrete into the borehole once the required depth has been reached, no casting is required with this method, and steelwork can be lowered into position after. Disposal of spoil is calculated separate to this rate.

Cost of mobilising plant 						=	£9275.29
Cost of moving plant per pile 						=	£45.49	
Total cost of moving plant 						=	£454.9

750mm bored cast in situ pile 					=	£63.19 per M

Cost of piling per pile 							=	£947.85
Cost of 10 piles							=	£9478.5
Total cost for piles 							=	£19208.69
I have assumed 2 tonne of steel per pile. So, a total of 30 tonnes of steel for these piling works.
Cost per tonne 							=	£696.17
Total cost for 20 tonnes						=	£13923
Prod. Rate – 4.44 Hrs/T = 4.44 x 20					= 	88.8 Hrs
Plant & Lab. – £696.82 per T = 696.82 X 20				= 	£13936.4
Total cost 								=	£27859.4
Total Time 								=	88.8 Hrs
Total of 1 Foreman, 4 steel fixers, 1 unskilled op. & 1 plant op.
Total hours of labour involved with fixing steel for piles can overlap with the construction of the piles.

Disposal of piling material 

Volume of a 750mm pile at 15M deep 				= 	6.63 M3	
Disposal off site 
Prod. Rate: 0.12 M3/Hr = 6.63 X 0.12 				=	0.79 Hrs
Plant& Lab: £13.83 per M3= 6.63 X 13.83				=	£91.69

Total cost for 10 piles 						=	£916.93
Total hours for 10 piles						=	7.9 Hrs

Again, this can be overlapped with the construction of the piles.
Total time allowed for the piling works in the area is 10 days to allow for any delay in underground obstructions and any unforeseen circumstances.

Abutment construction 

Assumes a weight of 10 tonnes of steel reinforcement within the abutment construction. A total concrete volume of (10M X 2M X 5M) 100M3. 

C15 blinding at 75mm thick. Total of 15M3

Prod rate – 0.16 Hrs/M3 – 0.16X15					=	2.4 Hrs
Plant, Matt. & Lab. – £132.68 M3 X 15 				=	£1990.2
Total of 1 Ganger, 2 skilled op., 4 unskilled op. & 1x plant op.


Steelwork

Using the typical weight of steel per M3 from Spons, it states there would be a typical value of 150kg – 210kg of steel per M3 Therefore, there would be a total of 21’000kg of steel per abutment. This activity can overlap with the piling works, as some of the steel can be tied into sections prior to being lowered into position on the blinding.

Prod. Rate – 4.44 Hrs/T – 21 X 4.44					=	93.24 Hrs
Plant, Matt. & Lab. – £1344.04/T – 1344.04 X 21			=	£28224.84
Total of 1 foreman, 4 steel fixers, 1 unskilled op. & 1 plant op.

Formwork

Total area of formwork needed is 120M2 is needed. This can overlap with the steelwork as sections of the abutment have been completed.

Prod Rate – 0.72Hrs/M2 – 0.72 X 120				=	86.4 Hrs
Plant, Matt., Lab – £88.69/M2 – 88.69 X 120			=	£10642.8
Total of 1 foreman, 2 joiners, 1 unskilled op., and 1 plant op.

Concrete

Total volume of 100M3 of concrete is needed. C30/20 grade concrete for retaining walls rate used here.

Prod Rate – 0.12Hrs/M3 – 0.12 X 100				=	12 Hrs
Plant, Matt. & Lab. - £142.35/ M3 – 142.35 X 100			=	£14235
Total of 1 Ganger, 2 skilled op., 4 unskilled op. & 1x plant op.

Total of 3 Days of concreting works and curing. The 12Hrs would be done in one shift and not two. 

Bridge Bearings 

Supply and install guided sliding pot bearings

2no bridge bearings on the abutment 				=	£4605.16	

Backfill 

Total Volume of backfill needed is approx. 194 M3 to backfill the abutment up to existing ground level. From my experience of working on several civil engineering sites, the closest experience I have compared to backfilling a void of similar size would be when I was working on the Pen Y Cymoedd Wind Farm. The bases we installed were 26M diameter and roughly 5M deep. The backfill process in this took roughly two days, between the backfilling activity and compaction techniques. I will allow two days to fully backfill the abutment using material stored on site.
Using the excavation material rate – 

Plant& Lab: £13.83 per M3= 194 X 13.83				 =	£2683.02  

I will also allow for an extra 14.5T excavator and banksman to assist in the loading of dumper at the stockpile.
This is at a rate of £3637.98 a week or £1455.2 for two days.
Over the two days it would cost 					=	£4138.22
Fuel 

Backacter (x2)	– 19L/Hr
25T Dumper 	– 17 L/Hr 
Total fuel cost – 576L X £ 0.712					=	£410.11
Total cost 								=	£7231.35

1.3 Results & Discussion

The total planned length of the project is 39 weeks and at a cost of just under £1.2 million. Each task will follow on from the previous task, there is very little overlapping between tasks. Reason for this is due to the nature of the works, such as the piers being constructed in a cofferdam in the river itself. The size of the cofferdam available would only sufficiently cover the working area of one row of piers and not the central two rows and the fact the cofferdam would occupy a large area within the river itself blocking access up and down the river. 

The calculations I have made are all based on the figured found in the 32nd edition of Spons. Whilst I have used the figures to the best of my abilities, I’ve had to make some assumptions and obtain prices outside of the book for various components of the bridges construction such as the cost of the bridge deck was calculated using the figures in Spons but there was no figure for the use of a barge which I wanted to use as a delivery method for the bridge components to minimise disruption on the roads and to the local community. Therefore, a rough estimate was given as to the hire of a jack leg barge and a crane for the duration of the bridge deck construction, similarly, the cofferdam and formwork rates and cost are based on either a continuous hire period (12weeks for the cofferdam) or constructing an item from scratch each time (formwork), hire rates for steel reusable formwork could be obtained to reduce the overall cost of the formwork and decrease the overall time and workforce needed to construct the formwork. The cofferdam and piling works could be further refined by obtaining hire rates and construction figures from a specialist company by sending them detailed drawings. There is no consideration to the effects of the weather in this programme and what sort of effect it would have on the cost and timeframe of the programme especially as there is no specified start or finish date. The programme would obviously have the bulk of the earthworks begin in the drier time of the year to avoid having delays associated with weather, the cofferdam stage would also need to be conducted in a drier time of the year as to avoid ingress of water and the water pressure from the flowing river beside it. Other factors that would affect cost and timeframe could be ground conditions and ground risk, although a site ground investigation would outline what to expect and the contract would state who is responsible for ground risk. Underground services are another item that would affect the time and cost of a project, Statutory plans are very rarely accurate and have all the information on them, ground penetrating radar surveys are an option to attempt to locate and identify charted and uncharted services on site but due to the cost its usually something that’s carried out at a later date by the principal contractor, usually once the contract has been awarded. The information I have used is limited in its detail, assumptions have been made to try and calculate an accurate cost to the best of my abilities, obviously in a real world environment there would be detailed drawings showing specifics of the bridge which would aid the estimator in calculating an overall cost. Lastly, the bridge deck cost in Spons includes the construction of all elements of the bridge including abutments etc. which I have already calculated. There is also no cost for a precast concrete deck, therefore I have used the closest figure in Spons to the bridge construction method I have chosen and calculated a total cost then subtracted my cost accumulated up to the bridge deck task, this figure is the allowance I have made for a precast concrete deck. This is another example of where costs would have to be obtained from manufacturers prior to the final cost valuation. The figures obtained are all theoretical and may not be accurate within a real-life environment, the make these figures more accurate personal experience and past construction projects would go a long way to refining the figures obtained and create a more realistic programme and cost.
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Appendix 

1- Gantt chart for construction of a bridge showing tasks, duration, employees on site and duration 
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