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Introduction 

[bookmark: _GoBack]In this case study a bridge needs to be constructed to cross the river Loughor. All of the bridges components and construction methods will need to be discussed. The bridge will need 4 piers to support the bridges deck, two of which will be inside the river Loughor. The deck is 15 metres over the river level and the depth of the river is 3 metres at the location of the two piers. The soil on which the bridge will be constructed has a very large layer of lime and mud which is estimated to be over 4 metres thick. This report will explain the techniques used to solve this assignment, a short discussion about how the results were obtained, and it will also include the schemes, drawings and tables that were considered. The best construction method for this bridge will be defined throughout this report. A Conclusion of all of these findings will be included. It is important to find out the best method to construct this bridge as a certain method is needed for the type of soil it will be built on. If the soil is softer than most then a stronger bridge will need to be constructed to support itself. Whereas if the soil is harder, although it will be more difficult to construct the bridge will need less support. 

Background  
The bridge is located over the Loughor River. This will connect Swansea to Llanelli. The bridges length will stretch a span of 15m across the river. It will be 8 metres above the river level. There are 4 piers in total. Two piers will be placed on land measuring a length of 8 metres each, and another two piers will be placed in the river, measuring a total of 11 metres each. The Soil that the bridge will be constructed is on a thick lime and mud which is over 4 metres thick. Due to the thick lime and mud, piles will be driven into the soil to support the bridges piers. Pile footings will be used to guarantee maximum support. A cantilever abutment will be used for construction as it is designed to carry large vertical loads.
[image: ]

Method
There are a lot of variations when it comes to the design of bridges. All types of bridges have their pros and cons, and each bridge impacts the environment in different ways. Each bridge has its own construction method. The Loughor Bridge is a Beam Bridge. This bridge is suitable for a temperate environment. The construction of these bridges is done by the use of horizontal beams, which give support to the ends of each pier. Commonly the weight of the beam pushes on the piers.  Using these beams for construction, the usual span is no more than 250ft. A Beam Bridge is a precast construction. This provides social and environmental benefits. For concrete structures, reducing CO2 emissions can be achieved by recycling, but this is not the only method that can reduce emissions. The use of novel materials such as a low-carbon cement can reduce the CO2 emissions dramatically with each structural material in the design stage and the construction process. 
To calculate the cost of each individual aspect of construction. The Spon’s Civil Engineering and Highway Works Price Book 2018 was used. It gave the information of how many gang hours was used for construction. From this information you could calculate the cost of one aspect of construction such as the excavation of a pier, by using how many gang hours is required, multiplied by the cost of the excavation per m3. This method was repeated for all of the aspects of construction. For example for the calculations for the Abutment, it would be 64m3 which is the total size of the abutment, multiplied by 0.14 which is the total gang hours. The answer for that small equation is 8.96 total hours needed. That then would be multiplied by 2 for 2 two laborers which would be a total of 17.92 hrs total to complete the construction of the abutment. Then you would do 64m3 multiplied by the cost per square metre which is 28.64 which is a total cost of £1832.96 this would then be multiplied by 2 to get the final answer of £3664.64. All the information was then put into a Gantt Chart and a table to show these findings. 
The Loughor Bridge itself is a beam bridge. The bridges deck has a span of 15m and a width of 8m. It is a road bridge which will be used for transport. For the pillars foundations piles were used. Pile foundations are deep foundations. They are formed by long, slender, columnar elements typically made from steel or reinforced concrete, or sometimes timber. A foundation is described as 'piled' when its depth is more than three times its breadth. Where the bearing capacity of the soil is poor or imposed loads are very heavy, pile foundations are required. The bridge is to be constructed on a 4 metre thick layer of lime and mud. That is why pile foundations were chosen, as it’s a weak soil and needs the most support possible. Cofferdams were the choice for excavation, as two of the piers need to be constructed in the river Loughor. A cofferdam are temporary structures used where construction is being carried out in areas submerged in water. They are most commonly used to facilitate the construction or repair of dams, piers and bridges. This will make the excavation more beneficial to carry out. Once the cofferdam is placed, the water is then pumped out to create an opening for vehicles and equipment to be lowered in. The excavation is then carried out and the foundation piles are placed. Once this has been completed, formwork will then begin to construct the piers. A formwork is a temporary mould which concrete is then poured into to create the shape of the pier that is desired. Once the pier construction has been completed, the mould is then taken off.
Problems

There are many problems that can occur when constructing a bridge. The top reason bridges fail is a mix of factors. If these factors happened individually, it would not cause a bridge to collapse. However, when these factors all take place at the same time, they result in devastating consequences. For example, severe winds may not be enough to cause the bridges structure to collapse. However, when they hit a bridge that’s structurally too rigid to withstand them, it leads to failure. Today’s extreme weather events and changing climates associated with it are causing more flood-related damage to bridges. The majority of this damage isn’t from water alone. During a flood, rivers pick up debris, such as trees and buildings, and push it forcefully against bridges, causing their foundations to wash away and structural elements to break apart. Due to Swansea’s rainy climate, the Loughor river is prone to rise and cause damage to the piers. Even though this damage is minor, over a long period of time, the flooding will take its toll on the piers. The area that the Loughor Bridge is to be located, is set upon a thick layer of lime and mud below the river. Due to the softness and weakness of the soil it could be a problem to secure the piers safely. The best method for excavating this soil would be to place cofferdams. A cofferdam is a water tight structure which is built in the river or sea, and has the water pumped out to allow for easy excavations. From this excavation the foundations and piers can be built easily, then the cofferdams can be removed. 

Issues

There are some issues which will need to be faced when constructing the Loughor Bridge. One factor being that Swansea has a wet climate, and constant changing tides. The incoming tides could delay construction, during the construction of the cofferdams the rising tides and heavy rains could cause problems when trying to construct the dams. Heavy rains could also cause problems for the internals of the dam and will need to stop the excavation to pump the water out. 

Limitations

There could be some limitations to the construction on the Loughor Bridge. The timescale may have to be extended due to changing tides and climate. Heavy rains and floods may delay the construction, from hours to days. Due to this delay, the price of the project may rise, as more labourers may need to be hired to get the project done on time. Or the prices could even rise due to damages to parts of the construction such as the cofferdams. 

Conclusion

In conclusion the cost of the bridge is far lower than anticipated costing only around £3,623,976.00. That includes all parts for construction such as all the concrete used, the steel, the cofferdams and labourer wages. Also the project was completed far sooner than anticipated. The project began on 24th of January 2019 and ended on 22nd of May 2019. It took only 4 months to fully complete the construction and all of the inspections. The methods that were used in this construction were the best methods for the Job. The Loughour Bridge is a beam bridge that will cross the Loughor River. Due to it crossing a river, the cofferdam method was the best method for excavating and constructing formworks to build the piers, as the cofferdam could be drained of all the water to make it easier to excavate. Also the piles foundation method was the most reliable, as the soil that the foundations needed to be placed was on a thick 4m deep layer of lime and mud. This soil would have been too weak to support the bridge if foundations such as spread footings were used. The bridge would not have been able to withstand its own dead weight. All methods that were used in this case study were the most beneficial for the success of the Loughor Bridge as it would be the safest and most beneficial way for the complete construction of the Bridge.


Table


	Tasks 
	Duration
	Cost
	Number of labourers

	Beginning of project
	1w
	£0
	0

	Excavation Abutment 1 and 2
	1w
	£1016.16
	2

	Excavation of pillar 1 and 2
	4d
	£2356.48
	2

	Excavation of pillar 3 and 4
	4d
	£2401.92
	2

	Foundations piles 2, 3  and 4
	3w
	£3664.64
	4

	Formwork abutments 1 and 2
	2w
	£1000
	4

	Formwork pillar 1, 2, 3 and 4
	4d
	£3000
	4

	Concrete foundation abutment 1 
	2d
	£2362.24
	3

	Concrete foundation abutment 2
	2d
	£2362.24
	3

	Concrete foundation pillar 1, 2, 3 and 4 
	1w
	£5812.40
	3

	Concrete abutment setting time 1 and 2
	2d
	£0
	0

	Concrete pillar setting time 1, 2, 3 and 4
	2d
	£0
	0

	Deck construction
	2w
	£3,600,000.00
	8

	Inspection 
	1d
	£0
	3

	End of project 
	
	
	0

	Total Cost
	
	£3,623,976.00
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