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Introduction

The construction of bridges is a common feature to the built environment and in my opinion one of the most important elements of civil engineering. Bridge design are dependent on the load bearing structure. These are the basic principles; Concave or convex and whether flat. These are known as suspension bridges or arch bridges and beam bridges.

Constructing a bridge is a very complex undertaking and requires expertise and knowledge. These include costs, engineering constraints and when deciding the correct construction method to use and type to build, environmental impacts will come into play.

When building a bridge the initial plans are prepared regarding the project, details of the site, resources required, and the characteristics of the desired bridge. The bridge type being constructed will determine the bridge design.
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2.0 Bridge Abutments

Bridge abutments are the substructure supports at each end ends of the bridge connecting the deck to the embankments or the belowground. Abutments are designed similar to retaining walls and piers as they provide vertically and horizontally supports. These must be stable and must be able to resist against overturning and sliding. 
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Figure 1: Primary functions and components of an abutment


I have decided to go with an Integral abutments. The abutment structure is made integral with the superstructure elements that how its gets its name.
A hole would be drilled, then a pile would be placed in this hole and driven down into the bedrock. An Integral abutment would be supported by a single row of piles that are also designed to move with the bridge. This means that the abutment will not need a footing that is spread or a multiple row of piles that stop the overturning of soil forces. The hole would need to be backfilled with sand. The difference in material used between the abutment and the backfill would change the performance of integral abutments.
Anchors will be used to connect the abutment stem and steel piles. These anchored steel plates can be embedded or field welded in large pockets or later can be grouted or sealed with concrete. 
The connection to concrete piles, drilling and grouting for reinforced bars.  To connect the stems with the concrete piles, similar to the steel piles grouting and pockets can be used.

Prefabrication can be brilliant opportunity to reduce the overall construction time as a standard abutment construction has the potential to be a long process. 

A common area of deterioration in bridges  is the deck joints. A reduction in these joints and the forces of the soil are transferred into the superstructure of the bridge, and reducing the need for multiple rows of piles or spread footings would be a an advantage.

There are two types of abutments that we can categorize ;

· Fully-integral abutments 
· Semi-integral abutments

Fully-integral abutments involve the connection between the superstructure and the abutment as being a full moment connection. This is the more common.  

With semi-integral abutments the connections between the abutments and the superstructure are pinned connection. This will allow rotation at the end of the superstructure.
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Figure 2: Precast Concrete Abutment Stem with Steel Superstructure
3.0 Bridge Piers

Precast concrete piles are first driven into the ground to act as a strong support for the piers. Next we would need to construct the pile cap. The pile cap is the transition component from the precast concrete piles to the pier column.

First a column cage reinforcing steel also known as rebar will be assembled. The cage reinforces the column under tension forces and the concrete supports the column in compression making it economical strong tall slender column. The crane will stand the column up from a horizontal to a vertical position and will be set on top of the beams of the footer. The form will also be placed over the cage by a crane. When our column form is touching the footer they can be connected  the crane can be removed. After the column has had its inspection, the concrete is now ready to be poured in using a tremie pipe and a concrete vibrator will be used to consolidate the layers and ensure the concrete fills the form completely leaving no voids while the form is removed. This process takes up to 4 hours and the form will have to be held in place for 3 days letting the concrete to cure.
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Figure 3: Rebar cages for a column



4.0 Bridge piers inside the river

To get the bridge Foundation started a prefabricated Steel framing system would be floated in and then poured a concrete deck topping that served as a work platform. The platform included four large circular holes. These holes served as a guy for placing the caissons which are hollow and made of Steel. There are 4 caissons per pier column in the river.
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Figure 4: Prefabricated cofferdam system



The casings which is one part of the caisson are replaced through the platform opening extended into the water and muck down to the bedrock beneath the river bottom. Before reaching the bedrock, the casings would need to pass through up to 3 meters of water, more than 4 meters of mud and also sand and gravel. The next step was removing all of the mud and gravel from inside these steel casings that extend to bedrock.

Once these pier caissons are ripped clear of all materials reinforcement bar cages and pumped concrete to create solid foundations for the new bridge. The next step was the build a footing above the caissons. The footing is the transition component from the caissons to the pier column.
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Figure 5: Bridge foundation elements 


In order to safely move forward needed to dry up the work area and remove all the water to do this they install a box-like structure around the pre-fabricated deck, they then lower the structure until it reached the river bottom. Once in place the structure is considered a cofferdam. The prefabricated deck used as a work surface up to this point became the base to build the footing at the river bottom.













5.0 Cofferdam

A cofferdam is a temporary structure designed to create a dry work environment inside the river for workers to make an excavation where a bridge pier is built.

Every cofferdam is unique and requires a good analysis before constructing. There are many of parameters that the designer must take into account. They must be aware of the weather conditions, the ground conditions and all the different forces that could apply such as wave or currents.
[image: ]

Figure 6: Typical cofferdam schematic

Two Piers for our bridge construction need to be built in-side the river. I have decided to use a sheet pile cofferdam system. First, we will need to drive these sheet pills in to the muddy soil sufficiently far to develop a vertical and lateral support. The sheet piles are interlocked together to create an air type seal. Once the box is constructed, we will then need to remove the water from the inside. To prevent any water from seeping in a layer of concrete is placed at the bottom, this is called a seal.  
[image: ]
Figure 7: Sheet pile cofferdam
The dry work area of will allow a reinforced concrete footing on top of the concrete seal. A column will then be constructed above the footings in the river. With the pier columns above the river surface, the cofferdam walls can now be removed allowing the water to surround each column.


[image: ]

Figure 8: Column above the water level

With the pier columns above the water surface we now need to rise these piers up the height of the deck.

A steel form on top of each pier foundation would first need to be constructed, then an epoxy coated rebar would be put in place. Finally, a wet concrete would be poured over the rebar inside the form. Before the next section could be built the concrete would need to harden and gain strength, this is called the curing process. We would then be able to move the climbing assemblies up to complete the next section. This process would need to be repeated until both piers was built to full height. 



6.0 Bearings


A Bridge bearing is a component of a bridge installed between substructure and superstructure. This bridge bearing not only provides a resting surface between the deck and the piers but is used to transfer loads and control the different movements.
With the number of loads that will be applied to the bridge such as wind loads, earthquake loads, and self-weight the there will be different movements such as  vertical and horizontal displacements. This is due to in-plane forces or out-of-plane forces like self-weight and wind, these movements are called Translation movements.
Also there are Rotational movements these are due to moments. Other movements are thermal expansion or contraction.
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Figure 9: Elastomeric Bridge bearing


7.0 Composite Bridge Deck 

Composite means that the coming together of the steel structure and the concrete as they act as one reducing deflections and increasing strength. Shear connectors are fixed to the steel beams and then are embedded to the concrete through welding or by fixing nuts and bolts.
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Figure 10: Shear connectors, correctly spaced to resist the loads, make the concrete work 'compositely' with the steel

Light weight bridge decks can have a short service life, sometimes as short as ten years. Timber decking will rot. Steel rusts quickly and often develops cracks due to fatigue. Open steel grading also allows water dirt and salt to get on the primary structural members and cause additional serious deterioration.

Long lasting, corrosion resistant, light weight solid surface deck for rapid installation. Advanced composite materials are common in aerospace applications but are also ideal for these situations because they have a high strength to weight ratio and are resistant to corrosion and fatigue.

The use of prefabricated modular components also reduces exposure time during installation. This increases worker and motorist safety.

Refined analysis and testing lead to the development of an efficient trapezoid shaped section that is used as a building block for a panellised decking system. Pultruded tubes are bound together to form step structural panels ready for use in typical situations but can also be tailored for specific project designs and transport requirements. 

Despite the benefits the material cost is high.

Steel usually carries its own weight and that of the wet concrete but when the concrete is cured and has reached its full strength then all future loads like the seismic load, wind, water, surfacing, wind and traffic are shared by the steel concrete composite. The steel is good in tension and compression concrete is good in compression.

[image: composte layer diagram]

Figure 11: Shape of deflection showing bending, with concrete carrying some of the compression (C) and steel carrying all the tension (T).
[bookmark: _GoBack]Results

After designing and calculating all the different aspect, material, and labours needed to construct the bridge my final estimated cost for the whole project would be £217,248.73

The estimated cost of this project in my opinion is relatively cheap, better quality materials or the number of labours on site would have a big difference in price as it would have been more expensive although the project would have been finalized a lot quicker. 

I have not calculated the paving of the bridge deck and the higher arci engineers such as the site inspectors. If these were added the estimated cost would have risen to the £250,000 mark and that would sound a much better price for the scale of the bridge.

The project will start on the 13th of February 2019 and without any conflict will be finished by the 15th of July giving the duration of 22 weeks.


Word count -  1947


























10.0 Table of the construction works and labor hours

	Task name
	Duration
	Start
	Finish
	Overall 
cost
	Number of labours 
	Labour hours 

	Mandatory project activities 
	1w
	13/02/19
	19/02/19
	£4,950
	6
	240 hours

	Work office set up
	1w
	13/02/19
	19/02/19
	£1,650
	2
	80 hours

	Surveying of the site
	1w
	13/02/19
	19/02/19
	£1,650
	2
	80 hours

	Geo invs
	1w
	13/02/19
	19/02/19
	£1,650
	2
	80 hours

	Human recourses 
	1w
	13/02/19
	19/02/19
	£1,500
	2
	80 hours

	Design and licenses
	1w
	13/02/19
	19/02/19
	£4,000
	5
	200 hours

	Bridge Abutment 1
	2w
	20/02/19
	05/03/19
	£30,724
	5
	200 hours

	Pilling materials
	1w
	-----------
	-----------

	£6400
	-----------
	-----------

	On site engineers for pilling
	1w
	20/02/19
	26/02/19
	£1665.60
	2
	80 hours

	Excavation and fill materials
	------------------------------------
	---------------------------------
	---------------------------------
	£20160
	---------------------------------
	---------------------------------

	On site engineers
	1w
	27/02/19
	05/03/19
	£2,498.40
	3
	120 hours

	Bridge Abutment 2
	2w
	20/02/19
	05/03/19
	£30,724
	5
	200 hours

	Pilling materials
	1w
	----------------------
	----------------------
	£6,400
	----------------------
	----------------------

	On site engineers for pilling
	1w
	20/02/19
	26/02/19
	£1,665.60
	2
	80 hours

	Excavation and fill material
	1w
	---------------------------------
	---------------------------------
	£20,160
	---------------------------------
	---------------------------------

	On site engineers
	1w
	26/02/19
	05/03/19
	£2,498.40
	3
	120 hours

	Pier 1
	20d
	06/03/19
	08/04/19
	£22,595.20
	26
	180 hours

	Pilling materials
	1w
	----------------------
	----------------------
	£6,400
	----------------------
	----------------------

	On site engineers pilling 
	1w
	06/03/19
	12/03/19
	£1,665.60
	2
	80 hours

	Pile cap material (reinforced concrete)
	------------------------------------------------
	--------------------------------------------
	--------------------------------------------
	£2,677.20
	--------------------------------------------
	----------------------------------------------------------------

	Reinforcement bars
	2d
	13/03/19
	14/03/19
	£333.12
	2
	16 hours

	Pouring of concrete
	1d
	15/03/19
	23/03/19
	£249.84
	2
	12 hours

	Setting of the concrete
	3 days
	23/03/19
	26/03/19
	------------------------------------------------
	---------------------------------
	------------------------------------------------

	Column
	------------
	-----------
	-----------
	----------------
	-----------
	----------------

	Formwork
(material)
	3d
	----------------------
	----------------------
	£483.84
	----------------------
	--------------------------------

	Formwork
(gang)
	3d
	27/03/19
	29/03/19
	£2,318.40
	5
	24 hours

	Reinforcement (material)
	3d
	---------------------------------
	---------------------------------
	£529.92
	---------------------------------
	------------------------------------------------

	Reinforcement (gang)
	3d
	01/04/19
	03/04/19
	£3,385.44
	7
	24 hours

	Concreting (material)
	3d
	----------------------
	----------------------
	£1,553.76
	----------------------
	--------------------------------

	Concreting (gang)
	3d
	04/04/19
	08/04/19
	£2,998.08
	8
	24 hours

	Pier 2
	20d
	06/04/19
	12/03/19
	£22,595.20
	26
	180 hours

	Pilling materials
	1w
	-----------
	-----------
	£6,400
	-----------

	----------------

	On site engineers pilling
	1w
	06/03/19
	12/03/19
	£1,665.60
	2
	80 hours

	Pile cap material (reinforced concrete)
	------------------------------------------------
	--------------------------------------------
	--------------------------------------------
	£2,677.20
	--------------------------------------------
	----------------------------------------------------------------

	Reinforcement bars
	2d
	13/03/19
	14/03/19
	£333.12
	2
	16

	Pouring of concrete
	1d
	15/03/19
	23/03/19
	£249.84
	2
	12

	Setting of the concrete
	3d
	23/03/19
	26/03/19
	------------------------------------------------
	---------------------------------
	------------------------------------------------

	Column
	------------
	-----------
	-----------
	----------------
	-----------
	----------------

	Formwork
(material)
	3d
	----------------------
	----------------------
	£483.84
	----------------------
	--------------------------------

	Formwork
(gang)
	3d
	27/03/19
	29/03/19
	£2,318.40
	5
	24 hours

	Reinforcement (material)
	3d
	---------------------------------
	---------------------------------
	£529.92
	---------------------------------
	------------------------------------------------

	Reinforcement (gang)
	3d
	01/04/19
	03/04/19
	£3,385.44
	7
	24 hours

	Concreting (material)
	3d
	----------------------
	----------------------
	£1,553.76
	----------------------
	--------------------------------

	Concreting (gang)
	3d
	04/04/19
	08/04/19
	£2,998.08
	8
	24 hours

	Cofferdam 1 Installation
	1w
	09/04/19
	15/04/19
	£2,727.61
	3
	120 hours

	Driver
	1w
	09/04/19
	15/04/19
	£825.62
	1
	40 hours

	Chainman
	1w
	09/04/19
	15/04/19
	£649.53
	1
	40 hours

	Laboratory
	1w
	09/04/19
	15/04/19
	£889.96
	1
	40 hours

	Material
	------------
	-----------
	-----------
	£362.50
	-----------
	----------------

	Pier 3
	20d
	16/04/19
	22/05/19
	£22,595.20
	26
	180 hours

	Pilling materials
	1w
	----------------------
	----------------------
	£6,400
	----------------------
	----------------------

	On site engineers pilling
	1w
	16/04/19
	24/04/19
	£1,665.60
	2
	80 hours

	Pile cap material (reinforced concrete)
	------------------------------------------------
	--------------------------------------------
	--------------------------------------------
	£2,677.20
	--------------------------------------------
	--------------------------------------------

	Reinforcement bars
	2d
	25/04/19
	26/04/19
	£333.12
	2
	16 hours

	Pouring of concrete
	1d
	29/04/19
	06/05/19
	£249.84
	2
	12 hours

	Setting of the concrete
	3d
	06/05/19
	09/05/19
	------------------------------------------------
	---------------------------------
	------------------------------------------------

	Column
	------------
	-----------
	-----------
	---------------
	-----------
	----------------

	Formwork
(material)
	3d
	----------------------
	----------------------
	£483.84
	----------------------
	--------------------------------

	Formwork
(gang)
	3d
	10/05/19
	14/05/19
	£2,318.40
	5
	24 hours

	Reinforcement (material)
	3d
	---------------------------------
	---------------------------------
	£529.92
	---------------------------------
	------------------------------------------------

	Reinforcement (gang)
	3d
	15/05/19
	17/05/19
	£3,385.44
	7
	24 hours

	Concreting (material)
	3d
	----------------------
	----------------------
	£1,553.76
	----------------------
	--------------------------------

	Concreting (gang)
	3d
	20/05/19
	22/05/19
	£2,998.08
	8
	24 hours

	Cofferdam 2 Installation
	1w
	28/05/19
	03/06/19
	£2,727.61
	3
	120 hours

	Driver
	1w
	28/05/19
	03/06/19
	£825.62
	1
	40 hours

	Chainman
	1w
	28/05/19
	03/06/19
	£649.53
	1
	40 hours

	Laboratory
	1w
	28/05/19
	03/06/19
	£889.96
	1
	40 hours

	Material
	------------
	-----------
	-----------
	£362.50
	-----------
	----------------

	Pier 4
	20d
	04/06/19
	05/07/19
	£22,595.20
	26
	180 hours

	Pilling materials
	1w
	----------------------
	----------------------
	£6,400
	----------------------
	--------------------------------

	On site engineers pilling
	1w
	04/06/19
	10/06/19
	£1,665.60
	2
	80 hours

	Pile cap material (reinforced concrete)
	------------------------------------------------
	--------------------------------------------
	--------------------------------------------
	£2,677.20
	--------------------------------------------
	----------------------------------------------------------------

	Reinforcement bars
	2d
	11/06/19
	12/06/19
	£333.12
	2
	16

	Pouring of concrete
	1d
	13/06/19
	21/06/19
	£249.84
	2
	12

	Setting of the concrete
	3d
	21/06/19
	24/06/19
	------------------------------------------------
	---------------------------------
	------------------------------------------------

	Column 
	------------
	-----------
	-----------
	----------------
	-----------
	----------------

	Formwork
(material)
	3d
	----------------------
	----------------------
	£483.84
	----------------------
	--------------------------------

	Formwork
(gang)
	3d
	25/06/19
	27/06/19
	£2,318.40
	5
	24 hours

	Reinforcement (material)
	3d
	---------------------------------
	---------------------------------
	£529.92
	---------------------------------
	------------------------------------------------

	Reinforcement (gang)
	3d
	28/06/19
	02/07/19
	£3,385.44
	7
	24 hours

	Concreting (material)
	3d
	----------------------
	----------------------
	£1,553.76
	----------------------
	--------------------------------

	Concreting (gang)
	3d
	03/07/19
	05/07/19
	£2,998.08
	8
	24 hours

	Bearings 
	2d
	10/07/19
	11/07/19
	£5,111.48
	3
	36 hours

	Bearing 1
Material
	------------------------
	----------------------
	----------------------
	£1,110.80
	----------------------
	--------------------------------

	Driver
	3 hours
	10/07/19
	10/07/19
	£42.15
	1
	3 hours

	On site engineers
	3 hours
	10/07/19
	10/07/19
	£124.92
	2
	6 hours

	Bearing 2 material
	------------------------
	----------------------
	----------------------
	£1,110.80
	----------------------
	--------------------------------

	Driver
	3 hours
	10/07/19
	10/07/19
	£42.15
	1
	3 hours

	On site engineer
	3 hours
	10/07/19
	10/07/19
	£124.92
	2
	6 hours

	Bearing 3 material
	------------------------
	----------------------
	----------------------
	£1,110.80
	----------------------
	---------------------------

	Driver
	3 hours
	11/07/19
	11/07/19
	£42.15
	1
	3 hours

	On site engineer
	3 hours
	11/07/19
	11/07/19
	£124.92
	2
	6 hours

	Bearing 4 material
	------------------------
	----------------------
	----------------------
	£1,110.80
	----------------------
	----------------------

	Driver
	3 hours
	11/07/19
	11/07/19
	£42.15
	1
	3 hours

	On site engineer
	3 hours
	11/07/19
	11/07/19
	£124.92
	2
	6 hours

	Composite Deck
	2d
	12/07/19
	15/07/19
	£44,342.84
	5
	60 hours

	Driver 
	2d
	12/07/19
	15/07/19
	£168.48
	1
	12 hours

	On site engineers
	2d
	12/07/19
	15/07/19
	£999.36
	4
	48 hours

	Prefabricated deck and finish
	------------------------------------
	---------------------------------
	---------------------------------
	£40,025
	---------------------------------
	------------------------------------------------

	Parapets
	3d
	16/07/19
	19/07/19
	£3,150
	4
	96


 

OVERALL COST – £217,248.73
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