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1.0 Introduction
This piece will evaluate the construction processes involved in the construction of a flyover bridge that links two parts of an industrial estate. A gantt chart has been produced which outlines the processes involved in the construction of a flyover bridge, which allowed the amount of time and resources used in the project to be evaluated. This is also supported by a work breakdown structure and method statements for three of the major activities involved in the construction process. The use of a gantt chart as a way of planning construction projects is detrimental to the success of a project, as highlighted by Kaming (2010) “The predominant causes of delay are design changes, poor labour productivity and inadequate planning.”. As a gantt chart allows the entire construction process to be planned before construction starts, as well as ways of tracking progress, it is the perfect tool to improve project planning. 
2.0 Cost Report
2.1 Cost Overview
[image: ]
Fig 1 – Cost Overview
The cost overview states the exact amount of money it would cost to construct the flyover bridge, in relation to the resources included in the gantt chart. These resources are comprised of concrete, steel reinforcement bars and steel reinforcement mesh. Additionally, the job roles of labourer, skilled worker, surveyor, structural engineer and service engineer were considered in this overview. £85,924.00 would be viewed as considerably inexpensive in terms of bridge construction, but this figure is not a true representation of the overall cost to construct a flyover bridge, as the gantt chart produced has only focussed on the literal construction of the bridge and does not include some key processes and resources that would be required in a full-scale bridge construction project. 
2.2 Cost Status
[image: ]
Fig 2 – Cost Status
The cost status provides an overview of the costs in relation to each construction phase in the project. This allows one to understand which areas the largest amount of cost is found. The substructure is the greatest cost in the project, which is reasonable as it is also the phase where the most time and resources are used. Also, the specific cost of each phase can be calculated by using the scale on the Y axis. By reading from this, the substructure has a cost of around £39,000,00, which is over half the price of the project itself. 
3.0 Work Overview
[image: ]
Fig 3 – Work Hours
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Fig 4 – Work Breakdown
The above displays the total amount of hours that are to be spent working during the course of the bridge construction. Fig 4 divides the total figure into the construction phases. This shows the greatest number of working hours is during the groundworks, which is interesting as this is not the phase where the greatest costs incurred. The reasoning behind this is a combination of less/inexpensive materials being used and the workers completing the groundworks would be those who are paid less per hour. 
4.0 Resource Overview
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Fig 5 – Working Hours (Tabular) 
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Fig 6 – Working Hours (Bar Chart)
Fig 5 and 6 break down the working hours into the categories of job roles. They show that labourers are heavily relied on, as well as skilled workers. This is understandable as the majority of the workforce are labourers, as well as skilled workers. The low working hours of the surveyor and service engineers is due to the fact that the gantt chart is focussed on the actual construction of the bridge and not the process that occur prior to or after construction. 
[image: ]
Fig 7 – Cost Variance 
Fig 7 allows the expression of the complete resource costs of the project, including the workers. This is significant as it displays the difference in costs when comparing labour and material costs. As expected, the materials are a greater cost than the workforce, which is due to the volume of materials required to construct a flyover bridge. Interestingly, steel reinforcement bars are the greatest cost, which is justified by the amount of reinforcement required in bridge construction.  
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Fig 8 – Comparison of Work and Material Costs
Fig 8 allows a comparison between the cost of labour and material costs in the form of a pie chart. This shows the majority of the costs, precisely £59,500.00, is spent on materials, whereas £26,424.00 has been spent on paying the wages of the workers. 
5.0 Additional Costing Information

[image: ]
Fig 9 – Payment Rates
Fig 9 displays the hourly rates for each job role used in the gantt chart. This is the basis of where the costings for the workforce are derived.  
6.0 Conclusion
To conclude, the total cost of the flyover bridge project, as calculated by the gantt chart, is £85,924.00. The greatest cost for the project is the materials used, specifically the amount of steel reinforcement required. The project itself is expected to last just over 60 weeks, with an allowance of a 20-day curing period after each concrete pour. The bridge from the scenario cost a reported £7.3 million (NPT Council 2015) to construct. This highlights the difference in costs when considering the project as a whole, rather than just the construction processes that this piece focusses on. 
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9.0 Appendices 
9.1 Method Statements
Name: Neath Port Talbot County Borough Council
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Tel: 01639 686868
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	Project/Contract
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	Project Start Date 
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Data Protection Statement
The information and data provided herein shall not be duplicated, disclosed or disseminated by the recipient in whole or in part for any purpose whatsoever without the prior written permission from NPTCBC.


Staff Information Sheet
The following method statement has been developed to provide a safe system of work and must be adhered to at all times, any significant deviation from this system must first be authorised by your manager or safety representative.  Please read the entire sheet before beginning the procedure, if you have any questions please contact your manager or safety representative.

The main hazards to your safety and health are; 
a) Injury from incorrect Manual handling.
b) Injury from slips trips and falls.
c) Contact dermatitis from exposure to wet concrete and dust.
d) Injury from the incorrect actions of other contractors on site.
e) Injury from machine hazards.
f) Injury from the collapse of excavation. 
g) Injury from the destruction of underground utilities

Preventative Measures you must take; 
a) You must be “competent” to carry out the task.
b) You must NOT carry out this task alone.
c) Barriers erected at entrances and around the work area if deemed necessary by the foreman or safety officer to protect tenants.
d) You must not lift beyond your capabilities, get help if necessary.
e) You must read and be familiar with the Safety Data Sheets for concrete which contains first aid, fire fighting, and accidental release measures.
f) Use of a trench box, trench sheets, guard rails and toe boards around the excavation sites.
g) Knowledge of the placement of underground utilities and the exact areas of where the foundations are planned to be constructed. 

Personal Protective Equipment you must wear; 
a) Safety Glasses
b) Dust mask
c) Overalls
d) Gloves
e) Safety boots

Environmental Protection Measures you must take; 
a) You must dispose of waste and spoil to the designated area or skip provided for waste.

Quality Control;
a) Adhere strictly to the following procedure to ensure quality of service
b) If in doubt contact your manager for clarification before proceeding.


Task Description 
This method statement describes the processes involved in the production of pilling foundations that are being constructed to support the flyover bridge. This involves a small excavation of the pilling area, followed by auger boring. Concrete will be pumped through the hollow inside of the auger whilst it is being retracted. Steel reinforcement will be added to the concrete whilst it is in a fluid state. The pile will then be secured with a pile cap on top. 

Excavation of piling area
Control measures; 
· Use of a trench box, trench sheets, guard rails and toe boards around the excavation sites.
· Safe digging procedures to be followed at all times.
· Excavation only to be carried out by those experienced and competent.
· Excavation area to be inspected before works begin and then if in situations where any factor may have affected the strength and stability of the excavated area. 

Pile boring
Control measures;
· Competent person to ensure adequate machinery is used.
· Regular supervision.
· Knowledge of the risk assessment issued for pile boring.
Pile concreting
Control Measures;
· Correct ground sampling has allowed the correct properties required to comply with BRE SD1 protocol for concrete classification.
· Adequate containment by bunding and control by pumping and tanking/settlement tanks as necessary.
· Concreting to be carried out by those competent and experienced. 
Reinforcement cage lowering
Control Measures:
· Safe lowering procedures followed.
· Use of vehicle to carry machinery/materials where applicable.
· Workers to maintain a straight posture and not put themselves under strain.

Staff & Training 
The projects will be carried out by staff from NPTCBC.  All members of staff are experienced, and the range of their qualifications include;
· CSCS Card Certification
· CPCS
· SMSTS
· First Aid At Work
· SSSTS
· ECS
A site manager will be appointed to each contract who will be responsible for quality and safety.  Apprentices and young workers will be supervised and are not allowed to carry out tasks for which they have not been trained

PPE 
All site workers will wear Safety boots Hi Visibility Vests, Hard Hats and protective clothing at all times, other items of PPE such as eye protection, and gloves are available to be worn as and when necessary.

Preparation & Induction
 A risk assessment will be carried out for all tasks which will be discussed with members of staff and the sub-contractors, any queries or concerns will be raised with the contract manager who will ensure it is dealt with.  Staff and sub-contractors will be inducted onto site by the principal contractor and will follow all site rules and safety procedures.




Welfare 
Toilet, washing and refreshment facilities are available in a multiple locations on site, within reasonable distance for workers ease of access, but a safe distance from any areas where work is going to be carried out. 

First Aid 
There will always be a trained first aider on site, equipped with suitable first aid equipment for any injury. In the case of a serious injury, a plan has been put in place in the case of access being needed for an ambulance. An appointed person will always be present, who takes charge is situations where injury has taken place and provide a sufficient outcome (e.g. call ambulance).

Site Access and Egress
Access to the site will only be granted upon the display of a site pass or credentials. Workers are only to carry out work in the timetabled specified hours. The site is clearly segregated from the public, by the means of large fencing, gates and multiple signs stating that this area is a construction site with no public admittance. Gated areas are the only access and exit areas for those on site. 

Material Handling
Materials are to be handled using correct lift and carry procedures. Vehicles should be used to carry materials where applicable. Two-man lifting is recommended for heavy materials. Heavy materials should be carried below the waist. No person should place their body under strain for a significant amount of time when carrying materials. PPE should always be worn when carrying materials, such as gloves and work boots.

The Pilling Process
Step by step procedure
1) Workers are briefed on the task ahead and given guidance on how to carry out the task safely and successfully.
2) Assurance will be given that all permits, tools, materials, equipment and safety precautions have been taken. Access to and from work areas will be assured to be clear and accessible. 
3) Site foreman will ensure that the site is safe for work to commence.
4) Workers will put on personal protective equipment.
5) Start of Works
6) Excavation works are to be carried out on the proposed areas to be piled. Trial pits are to be dug around the areas.
7) Provided that the trial pits were clear, the larger machinery (diggers) can be implemented to excavate the area. 
8) Trench box, trench sheets and other safety measures are to be constructed in the excavation.
9) The exact placement of the pile is to be determined and marked.
10) The auger is to be transported to the correct location. 
11) Auger boring to required depth takes place.
12) Concrete is pumped through the hollow stem of the auger to fill the cavity.
13) The auger is slowing extracted whilst simultaneously pumping concrete. 
14) Immediate installation of the reinforcement cage whilst the concrete is still fluid.
15) The reinforcement cage will be lowered down to the required level and the top of reinforcement will be installed within the tolerances to the approved level at a maximum deviation of 0.15m (as per EN 1536).
16) After hardening of the concrete, the excess concrete is chipped down to the cut-off level as per design.
17) Pile records will be formulated in a table to allow the monitoring of progress to be recorded and reviewed by the contractors and client. 
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Staff Information Sheet
The following method statement has been developed to provide a safe system of work and must be adhered to at all times, any significant deviation from this system must first be authorised by your manager or safety representative.  Please read the entire sheet before beginning the procedure, if you have any questions please contact your manager or safety representative.

The main hazards to your safety and health are;
a) Falling from height
b) Injury from incorrect manual handling.
c) Injury from slips trips and falls.
d) Contact dermatitis from exposure to wet concrete.
e) Injury from machine hazards.

Preventative Measures you must take
a) You must be “competent” to carry out the task.
b) Barriers erected at entrances and around the work area if deemed necessary by the foreman or safety officer to protect tenants.
c) You must not lift beyond your capabilities, get help if necessary.
d) All workers must wear PPE at all times on site.
e) You must read and be familiar with the Safety Data Sheets for concrete which contains first aid, fire-fighting, and accidental release measures.

Personal Protective Equipment you must wear; 
a) Safety Glasses
b) Long clothing fully covering the arms and legs
c) Gloves
d) Safety boots

Environmental Protection Measures you must take; 
a) You must dispose of waste and spoil to the designated area or skip provided for waste.

Quality Control
c) Adhere strictly to the following procedure to ensure quality of service
d) If in doubt contact your manager for clarification before proceeding.


Construction of Bridge Piers
This method statement describes the work process for the construction of reinforced concrete piers. 
Fixing steel grillage reinforcement to the starter bars
Control Measures;
· Any heavy lifting of steel components to be carried using vehicles where applicable.
· Correct posture and lifting procedure for carrying steel components.
· Fixing to be carried out by competent, experienced workers as a failure in this area may cause collapse.
Erecting the vertical formwork for the piers
Control Measures;
· Sufficient working at height precautions taken for any erecting done off ground level.
· Correcting lifting procedure followed for the lifting any heavy formwork.
· Competent use of equipment and machinery to fit the formwork successfully.
· Supervision given to ensure the formwork is placed successfully and is being done so in a safe way.
The pouring of concrete into the formwork
Control Measures;
· full-cover goggles or safety glasses with side shields to be worn to protect eyes.
· Full PPE is to be worn with no exposed skin.
· Any skin that encounters concrete is to be washed immediately. 
· The safe procedure for pouring concrete outlined in the briefing is to be adhered to, which the competent supervisor will be ensuring. 
Removing the formwork
Control Measures;
· Skin in contact with concrete to be washed immediately.
· Any removal done at height to follow safe working at height procedures. 
· Competent, experienced workers to remove formwork as excessive force used to remove the formwork can damage the concrete, effecting its stability. 

Curing the concrete
Control Measures;
· Workers to remain a safe distance from concrete when it is being cured as it may not have hardened to a point where it can support the weight of a worker.
· Curing procedure outlined in the briefing to be adhered to.
· Supervision by a competent person to ensure the correct curing procedure is being followed and workers are curing at a safe distance from drying concrete. 
Providing an F4 finish to all exposed faces
Control Measures;
· Any exposed faces that are to be finished at height require the following of the working at height procedures outlined in the briefing. 
· Supervision when providing a finish at height. 


Staff & Training 
The projects will be carried out by staff from NPTCBC.  All members of staff are experienced and hold the following qualifications; All members of staff are experienced, and the range of their qualifications include;
•	CSCS Card Certification
•	CPCS
•	SMSTS
•	First Aid At Work
•	SSSTS
•	ECS
A site manager will be appointed to each contract who will be responsible for quality and safety.  Apprentices and young workers will be supervised and are not allowed to carry out tasks for which they have not been trained

PPE 
All site workers will wear Safety boots Hi Visibility Vests, Hard Hats and protective clothing at all times, other items of PPE such as eye protection, and gloves are available to be worn as and when necessary. Specialist eye protection is available for works with concrete. 

Preparation & Induction 
A risk assessment will be carried out for all tasks which will be discussed with members of staff and the sub-contractors, any queries or concerns will be raised with the contract manager who will ensure it is dealt with.  Staff and sub-contractors will be inducted onto site by the principal contractor and will follow all site rules and safety procedures.

Welfare 
Toilet, washing and refreshment facilities are available in multiple locations on site, within reasonable distance for workers ease of access, but a safe distance from any areas where work is going to be carried out.

First Aid 
There will always be a trained first aider on site, equipped with suitable first aid equipment for any injury. In the case of a serious injury, a plan has been put in place in the case of access being needed for an ambulance. An appointed person will always be present, who takes charge is situations where injury has taken place and provide a sufficient outcome (e.g. call ambulance).

Site Access and Egress
Access to the site will only be granted upon the display of a site pass or credentials. Workers are only to carry out work in the timetabled specified hours. The site is clearly segregated from the public, by the means of large fencing, gates and multiple signs stating that this area is a construction site with no public admittance. Gated areas are the only access and exit areas for those on site. 

Material Handling
Materials are to be handled using correct lift and carry procedures. Vehicles should be used to carry materials where applicable. Two-man lifting is recommended for heavy materials. Heavy materials should be carried below the waist. No person should place their body under strain for a significant amount of time when carrying materials. PPE should always be worn when carrying materials, such as gloves and work boots.

Step by step procedure

1) The construction team are briefed on the tasks they are expected to complete today. This includes detailing as to which machinery and equipment should be used, a rough timeframe for works and advice on how to safely complete the required tasks.
2) Assurance will be given that all permits, tools, materials, equipment and safety precautions have been taken. Access to and from work areas will be assured to be clear and accessible. 
3) Site foreman will ensure that the site is safe for work to commence.
4) Workers will put on Personal Protective Equipment. 

5) Pre-checks of the required machinery will commence.
6) Start of works 
7) Steel grillage reinforcement is fitted to the starter bars protruding from the pile work completed before hand. 
8) Tying wire used to tie the end of these bars together.
9) The vertical formwork used to form the piers will need to be constructed.
10) The formwork will then need to be fitted vertically into the correct position for the pier to be constructed. 
11) Concrete can then be poured into the formwork. 
12) The concrete should be left to solidify. 
13) The formwork can then be carefully removed. 
14) The concrete curing process will then begin.
15) Concrete at exposed faces will be treated with an F4 finish. 
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Staff Information Sheet
The following method statement has been developed to provide a safe system of work and must be adhered to at all times, any significant deviation from this system must first be authorised by your manager or safety representative.  Please read the entire sheet before beginning the procedure, if you have any questions please contact your manager or safety representative.

The main hazards to your safety and health are; 
h) Injury from incorrect Manual handling.
i) Injury from slips trips and falls.
j) Injury from the incorrect actions of other contractors on site.
k) Injury from machine hazards.
l) Injury from the collision with overhead utilities
m) Injury from the incorrect use of heavy load machinery

Preventative Measures you must take; 
h) You must be “competent” to carry out the task.
i) Barriers erected at entrances and around the work area if deemed necessary by the foreman or safety officer to protect tenants.
j) You must not lift beyond your capabilities, get help if necessary.
k) Knowledge of the placement of overhead utilities.
l) Understanding of safe lifting procedures

Personal Protective Equipment you must wear; 
f) Safety Glasses
g) Dust mask
h) Overalls
i) Gloves
j) Safety boots

Environmental Protection Measures you must take; 
a) You must dispose of waste and spoil to the designated area or skip provided for waste.

Quality Control;
e) Adhere strictly to the following procedure to ensure quality of service.
f) If in doubt contact your manager for clarification before proceeding.


Task Description 
This method statement describes the process for the fitting of the deck of the bridge. The deck has been manufactured off-site and it to be transported to the site and fitted as follows. 
Desired components are brought from off-site storage and placed on site, ready to be fitted.
Control Measures;
· Components are to be placed in the areas specified by the construction plan detailed in the briefing at the start of the working day.
· Knowledge of the location of components is known by all workers, reducing the likelihood of collisions.
· Where applicable, components should be transported using vehicles. 
· Heavy components should not be carried by workers.
The main longitudinal girders are fabricated from the plate. 
Control measures;
· Use of the correct lifting equipment/machinery as stated in the construction plan.
· Those operating the lifting equipment/machinery must possess the correct credentials.
· Workers are aware of areas of which the heavy lifting is occurring, meaning they will be a safe distance from these areas. 
· All lifting is supervised by a competent person.  
Cross girders are fitted to the main girders at the desired span. 
Control Measures;
· Fitters are following the correct working from height procedures.
· Fitters are competent and experienced. 
· Fitters are supervised at all times by a competent person.
Deck panels are aligned with the shear pockets and mechanical shear connectors, to be set in place. 
Control Measures
· Transport of the deck panels is completed as outlined in the construction plan, using the correct vehicles and machinery.
· The task of lifting and moving the panels are completed by those competent and experienced with the right credentials to operate relevant equipment/machinery. 
The shear pockets are filled with grout.
Control Measures;
· Grouting strategy as outlined in the briefing is to be followed.
· Grouting is to be supervised by a competent person.
· Grouting is to be carried out only by those competent to do so. 
· All PPE is to be worn. 
Levelling bolts used to fix deck to desired profile.
Control Measures;
· The decisions as to the position of levelling bolts will have to be discussed amongst relevant engineers before any are fitted. 
· Fittings are done under supervision of a competent person. 
· Those fitting must be competent enough to do so. 
Deck is to be treated and services fitted.
Control Measures;
· Services fit by those qualified to fit electrical services.
· Treatment of the deck to be supervised by a competent person. 
· Treatment procedure to be followed as specified in the briefing. 

Staff & Training 
The projects will be carried out by staff from NPTCBC.  All members of staff are experienced, and the range of their qualifications include;
· CSCS Card Certification
· CPCS
· SMSTS
· First Aid At Work
· SSSTS
· ECS
A site manager will be appointed to each contract who will be responsible for quality and safety.  Apprentices and young workers will be supervised and are not allowed to carry out tasks for which they have not been trained

PPE 
All site workers will wear Safety boots Hi Visibility Vests, Hard Hats and protective clothing at all times, other items of PPE such as eye protection, and gloves are available to be worn as and when necessary.

Preparation & Induction 
A risk assessment will be carried out for all tasks which will be discussed with members of staff and the sub-contractors, any queries or concerns will be raised with the contract manager who will ensure it is dealt with.  Staff and sub-contractors will be inducted onto site by the principal contractor and will follow all site rules and safety procedures.

Welfare 
Toilet, washing and refreshment facilities are available in multiple locations on site, within reasonable distance for workers ease of access, but a safe distance from any areas where work is going to be carried out. 

First Aid 
[bookmark: _Hlk39490056]There will always be a trained first aider on site, equipped with suitable first aid equipment for any injury. In the case of a serious injury, a plan has been put in place in the case of access being needed for an ambulance. An appointed person will always be present, who takes charge is situations where injury has taken place and provide a sufficient outcome (e.g. call ambulance).

[bookmark: _Hlk39490102]Site Access and Egress
Access to the site will only be granted upon the display of a site pass or credentials. Workers are only to carry out work in the timetabled specified hours. The site is clearly segregated from the public, by the means of large fencing, gates and multiple signs stating that this area is a construction site with no public admittance. Gated areas are the only access and exit areas for those on site. 

Material Handling
Materials are to be handled using correct lift and carry procedures. Vehicles should be used to carry materials where applicable. Two-man lifting is recommended for heavy materials. Heavy materials should be carried below the waist. No person should place their body under strain for a significant amount of time when carrying materials. PPE should always be worn when carrying materials, such as gloves and work boots.

Construction of the Deck Process.

Step by step procedure

1) All of the required components for the construction of the bridge deck are transported from storage and brought to the area of the site of which they are going to be used. 
2) Workers attend a briefing of the tasks that are to be achieved on the given day, to be made aware of the safe working procedures and given a timeframe of when the work is going to be carried out. 
3) Workers put on all the required PPE.
4) Equipment and machinery are pre-checked before use. 
5) The site foreman ensures that the site is safe for work to commence.
*Due to the proximity of overhead powerlines, the use of large cranes is restricted. Alternatives proposed to be used on site include; small, mobile crane, telehandlers and modular transporters. *
Start of works. 
6) The main girders for the longitude of the bridge are lifted from their place on site to their required position, on top of the plates fixed to the piers. 
7) The cross girders are transported from their place on site and lifted ready to be fitted to the main girders. 
8) Cross girders are attached to the main girders at regular intervals, using bolting and intermediate transverse web stiffeners. 
9) The complete desired span of the bridge is completed using this main and cross girder process.
10) The deck panels are transported from their storage on site to the desired area for their fitting.
11) The deck panels are lifted and lowered with the shear pockets aligned with the mechanical shear connectors.
12) Service inserts are aligned correctly before any filling is permitted.  
13) As the shear pocks are connected, they are filled with grout. 
14) Levelling bolts are used to fix the deck to the desired profile.
15) Process is continued until all deck panels are fitted. 
16) The deck is then treated to become water resistant.
17) Services can then be fitted in the desired places. 



9.2 Work Breakdown Structure
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