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Introduction

	For Assignment 2 of Project Planning for Construction I have elected to pursue Option 2. This is to ‘assume that NPTCBC has received planning consent for a bridge to link two halves of an industrial estate’ (Assignment 2 (2020)). In order to explore the programming and planning measures associated with this scheme. This assignment/report will consist of the below points and why they are important in terms of programming and project control.
· A detailed Work Breakdown Structure
· Construction Method Statement (3 will be produced for 3 of the main activities found in the Work Breakdown Structure).
· A Gantt Chart showing projected time and a Critical Path
· Explanation/Analysis of the Gantt Chart in relation to one of the below;
· Time
· Cost
· Resources
A brief evaluation will also be produced exploring the points discussed as well as exploring the effectiveness of the Gantt chart.


Work Breakdown Structure (WBS)

	Work breakdown structures (WBS) can take many forms, some can be made from lists, while others can favour a more diagrammatic approach. Cooke and Williams (2009, pp113) suggests WBS ‘is a key tool…which is used to subdivide the project into manageable packages’. The WBS are usually built up on 3 layers, each of the layers subdivides the previous point further, allowing a deeper breakdown, ‘Level 0 is the project level, Levels 1 and 2, etc., are subdivisions of the project’ (Cooke and Williams (2009, pp113).
In relation to the construction of the NPTCBC Bridge please see below for the breakdown structure. The WBS will be displayed in a list format. The WBS would then in its current format be used by the project manager, who would then use Level 0 as the main title, level 1 as subtitles and level 2 as the points to plot time and resources against in the creation of a programme of works. 
Please see below for the WBS for the NPTCBC Bridge Construction.
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	Level 0
	Level 1
	Level 2

	
	
	1.1 Site Clearance/Access

	
	
	1.2 Welfare Set Up

	
	1. Site Set Up
	1.3 Material Delivery (Phase 1)

	
	
	1.4 Plant Arrival

	
	
	1.5 CAT Scan/Site Set Out

	
	
	2.1 Excavation

	
	2.Piling
	2.2 Piling

	
	
	2.3 Pile Cap Formation

	
	
	3.0 Steel Reinforcement

	
	3.Bridge Support Structure 
	3.1 Formwork

	
	
	3.2 Casting

	
	
	4.1 Module 1 Installed

	NPTCBC Bridge
	4.Bridge Sections 
	4.2 Module 2 Installed

	
	
	4.3 Module 3 Installed

	
	
	4.4 Module 4 Installed

	
	5.Embankment Construction
	5.1 Material Delivery (Phase 2)

	
	
	5.2 Backfilling of Material

	
	
	6.1 Subbase Installed

	
	
	6.2 Drainage Installed

	
	
	6.3 Street Lighting Installed

	
	6.Highways Construction
	6.4 Kerb Line Installed

	
	
	6.5 Binder Course Installed

	
	
	6.6 Surface Course Installed

	
	
	6.7 Fencing Installed

	
	
	
	7.1 Road Markings

	
	7.Finishing
	7.2 Top Soil/Grass Seeing

	
	
	7.3 Site Clearance



Method Statements
	The WBS will also assist the contractor or project manager in the creation of Method Statements, as the WBS will highlight any special actions, (in this case installation of the bridge spans/modules could be considered as a special requirement), and will give indications towards the construction processes that will be used. As Cooke and Williams (2009, pp221-232) indicates there are 3 distinct types of method statement;
· Pre Tender Method Statements
· Construction Method Statements
· Safety Method Statements 
Further suggested by Cooke and Williams (2009, pp221) it is ‘common practice to combine the construction and safety method statement…into a single document’. From the above WBS I will be producing method statements in relation to the 3 activities below;
1. Piling
2. Bridge Module Installation
3. Highways Construction
Due to the nature of these and the lack of utility information and risk assessments, it is impossible to produce site specific safety method statements, as such Construction Method Statements will be produced that will have some provision for safety at work (i.e. PPE).
Please see Appendix A for the method statements outlined above.


Programme of Works - Gantt Chart

According to Cooke and Williams (2009, pp143) there are a wide range of ‘programming techniques…available to the clients project manager or …contractor’s planner’. These can take many forms, however the most commonly found format for a programme of works is a Gantt Chart, as these ‘were the first scientific attempt to consider work scheduling against time’ (Cooke and Williams (2009, pp143). These Gantt charts can give a good indication of the length of the project, and the logical sequence in which it will be carried out.
	However a basic Gantt chart can have some disadvantages, that make it hard to control, Cooke and Williams (2009, pp146) suggests they do not clearly link or show dependency on other projects, which can in turn make it difficult to manage. A way of overcoming this is to develop a linked Gantt Chart. For the construction industry there are several programs that can be used, however the most common are MS Project or Power Project. In the creation of the Gantt Chart I had neither of these programmes available, as such I needed to produce this from Excel, which highlighted several issues which will be discussed in the evaluation.
	For Gantt Chart that has been produced from expanding the Work Based Structure please see Appendix B. The Green cell shows the Critical Path through the programme of works.

Gantt chart Analysis and Explanation

In order to produce a Programme of Works there are several considerations that need to be made, such as ensuring that the programme of works is as accrete as possible in relation to time/duration of works, in order to achieve this as stated by Cooke and Williams (2009, pp201) ‘The planner often rely on his own experience to assess the sequence of work’. From the sequence of work displayed in the Gantt chart, and several of the sections within, the duration has been informed by my personal experience working in the Civil Engineering industry.
	These include the site set up, finishing and highway works. The rest I have tried to get additional information in order to create informed decisions. Full explanations can be found below;
Piling
a. Pile Installation - From the drawing D30168/PA/0008 the total amount of Piling is counted at 48 concrete piles.  Using the information available at (https://www.mkpiling.co.uk/piling_faq%27s_-_piling_specialists-_piling_contractors/3, no date) it states that Drop Weight rigs can install driven Precast Concrete piles at a rate of 5-10 per day.  I have selected 6 Piles per day. This produces a total installation time for Piling of 8 days. Adding on a small amount of extra time once again due to the location of the Token Track it would not be unreasonable to increase this to 10 days.
b. Pile Caps – By using 1 day each of the pile caps to be cast, then another for the concrete to cure, it will produce a length of 2 days per cap, since there are 5 Caps this would result in a total of 10 days to complete the Pile Caps.
Bridge Modules/Spans
a. The bridge modules would be installed by the operators of the modular transporters and only fixed on to the bridge supports by the qualified workers on site. Due to the nature of the transporters it is reasonable for a bridge section to be installed per day, since there are 4 sections this would take a total of 4 days. I have however allowed for a lead time to fill that week, as there is a chance that module 2 could be delivered before module 1 etc.
Highways Construction – Due to working in Highways construction and the small amount of information that explains the amount of Subbase, or Tarmac that can be installed by an experienced contractor I have produced the durations biased of my own experiences. These explanations can be found below;
a. Subbase/Road Base – Typically these would be laid and consolidated to a specified depth. This information was not included in the drawing. However in my experience subbase can be installed at roughly 100m2 per day, since the area of the road/carriageway including the bridge is 915m2, it will take approximately 10 days for a single crew to lay the subbase. Since I have proposed to use 2 crews this would be halved to 5 days.
b. Drainage – There is no information included on the drawings to suggest drainage facilities, however a good estimation is 4 days, as this would allow for the installation of ducting and trench works with the inclusion of gullies, or could be integrated into kerbing if using specialist drainage facilities such as Beany Kerb.
c. Kerbing – Estimating from experience that a crew can install 50m of kerb per day, with the total length of kerbing required on the bridge being 81.3m, and 2 sides needing to be kerbed, the total length of kerbing will now be 162.6m. Divide this by 50m produces a total of 3.246 for 1 crew. Using 2 crews to install the kerbs as the road would not be open at this point would allow it to be completed in 2 days. To allow for some time should delays occur I’ve added in 1 extra day taking the total to 3 days.
d. Binder and Surfacing Course – From experience these can be installed much faster than subbase, however due to the lack of information on the drawing of the actual area that would need to be installed, I have elected to use the same length of time as the subbase, as such this will take 5 days each.

From the Gantt Chart provided in Appendix B, and the above points, it would be expected that the NPTCBC bridge, as shown in the drawing D30168/PA/0008 would take a total of 14 Weeks to build, a total of 68 Working days.

Resources

A Gantt chart normally produced in MS Project or Power Project has the capabilities to include a resource chart within its programming. In order to give a projection for the total resources required I have chosen to develop labour hours. As such I have assumed that the crews that would be on site would be made up of the below, and would in turn be paid the below rates in accordance with SPONS Civil Engineering (AECOM (2020)).
· Experienced Craftsman (Craft Rate) = £12.70ph
· Experienced Craftsman (Skill Level 1) = 12.06ph
· Labourer (Skill Level 4) = 10.27ph
· Labour (Skill Level 4) = 10.27ph
Assuming the above rates for a single gang these would be doubled in order to include both Gang A and Gang B, Using the Resource element on the Programme of works it is possible to produce a Resource Chart. Please see attached file in Appendix C. This will show the total projected labour hours for the project, as well as the total projected labour cost for each gang based on the areas in which they are working. However, due to the inclusion of Piling and the use of the modular transporters, these would be subcontracted out to specialist firms, as such this would be included in a Bill of Quantities as a separate Quote.


Evaluation

	Good and effective project planning is essential for project management. The project manager/contractor would often use the WBS as an aid for further programming. As shown above the WBS structure is normally 3 Levels, however it is possible to expand this further and further until it becomes a step by step in order to complete a project. However, as suggested in Cooke and Williams (2009, pp134) it can be argued that at this point the document would become too large and complex, and would as a result loose its effectiveness, especially in relation to a large Civil Engineering project.
	The creation of the Gantt Chart is the main focus of the WBS, as this will allow the project manager to programme and deal with complex situations before work begins on site, (e.g Piling near token bridge, installation of bridge modules/spans). It is not normally used in order to price up or estimate the cost of the project, this would be done through the use of a Bill of Quantities, which would normally be informed by the Programme of works, (durations). However, the Gantt Chart can be used in order to show labour hours, which will give the contractor an indication of cost, and allow the contractor to ensure that labour and plant is used effectively from one site to another (e.g dumper truck only being on site when needed, then moving to another site instead of standing).

	While shown in Appendix B it is possible to create a Programme of Works (Gantt Chart) within excel, using the cells and assigning a certain length of time, this is not the most effective or efficient means of producing the information and has several disadvantages.
	When producing a programme, some actions undertaken on site can be completed concurrently, or with a small delay, (i.e. Pile Installation and Pile Cap Formation). This is known as Lead and Lag. While this can be done in excel it is difficult to show the Lead or Lag. Also the production of the Linked element is all but impossible, due to the cellular nature of excel, which is what makes the programme efficient in other areas (accounting), it prevents the cells from being linked without extensive knowledge of the functions of excel. Due to this if certain dates are altered, say on a site where a delivery is late (i.e. Material Delivery or Modular Transport) this would require the whole chart to be altered, which due to the issue outlined above would require extensive work, alteration to excel, which is time consuming. It is important to note that the Programme of Works is a living document, and must reflect changes on site as they occur, as such the programme must be easily altered, especially with new BIM Working practices.
	Managing resources through excel, while once again possible to accomplish, requires additional time and resources, which in today’s busy Civil Engineering industry is time that is needed elsewhere. It is due to these reasons and others, programmes such as Microsoft Project and Power Project were created in order to allow Linked Gantt Charts to be completed and resources managed more efficiently.
	In conclusion, effective project management through the correct usage of a Work Breakdown Structure Is essential, as this document informs the project manager or contractor on the method of construction, which would be used in both the Method Statement, and programme of works. All of these documents is an essential and important process in effective project management and control.
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