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1. Introduction
Construction projects are often planned with strict time and cost limits. The complex nature of many projects often provokes unprecedented occurrences that threaten to impact the project’s completion date, which may in turn result in the project exceeding budget. It is therefore clear that project control is vital in achieving success in terms of cost, time and quality. Construction programmes are created by gathering data to predict cost and timeframes of individual tasks, before analysing how the tasks can be programmed together to form the most efficient sequence of events. 
Time and resources required at each stage of the construction programme can be represented in Gannt charts, which can be used to help project planners to make decisions to effectively manage the project. Programmes are useful in calculating changes to the project’s cash flow if there are ever alterations to the programme. Additionally, the programme may be used to monitor progress and employ proactive measures to identify potential future risks and re-assess the schedules frequently. Ballesteros-Perez et al (2017) demonstrate that programmes can be used to good effect to deal with the consequences of unexpected delays that are likely to occur due to the long timeframe, volume of resources required, and complexity of many construction projects. 

2. Performance issues within the construction industry
2.1.  Productivity and its link to collaboration
Globally, the construction industry has shown to be underperforming in terms of productivity growth when compared to the overall economy. A report for the McKinsey Global Institute by Barbosa et al (2017a) found that the construction industry has a problem with improving productivity that seems to be intractable. However, Barbosa et al (2017b) indicate that many case studies have shown that when interests between clients and contractors are aligned and aimed at well-defined outcomes, projects are more likely to meet schedule and cost targets.
Within construction projects, the client and principal contractor are required to collaborate to achieve a product within a set time and budget. There is often a conflict in interests, with the client’s primary goal of developing a high-quality product at the lowest possible cost, and the contractor’s intention of making profit from the development. This conflict in interests has often resulted in lower productivity, which contributed to encouraging The Latham Report to be written in 1994 with an aim of tackling evident performance issues within the construction industry. Latham described the industry as adversarial and proposed for the industry to move towards adopting a structure of stronger partnering between clients and principal contractors, to support the industry’s improvement in productivity.
Productivity within the construction industry can probably best be described as the rate of output per input, with input including cost and quantity of resources, including hours worked by labor and machinery, and output represented by the final product. According to the CIOB, productivity within the construction industry can be increased in the following three ways:-
· Reduce the inputs to produce the same output
· Increase the output for a given level of inputs
· A mixture of both, which is the most likely path to be sought within the construction industry. (CIOB, 2016)
So it can be said that creating more output for a given input should result in more value for money, either through increased quantity, or improved quality of the final product.
The primary goal for contractors is to complete their projects on time and within budget. However, delays to the construction works often inflate the estimated project costs (Sweis et al, 2008) and, due to the complex nature of many construction projects, unforeseen delays that could potentially impact progress and even completion dates are often experienced. The cause of any delay is an important factor in deciding who is liable for additional cost and time implications that may have risen from it. Often the contractor is at no fault for delays to the programme of works, and so an EOT must be considered. Alternatively, the client and contractor may agree on an incentivisation scheme to accelerate the works to still be completed on time, if viable. 
2.2.  Incentivisation
Incentives can be used to encourage better performance through rewards, with an aim of reducing costs and time, whilst improving or maintaining quality. Cost and time are the two primary interests when considering incentivisation. The contractor’s primary interest is to make profit from the project, and often the client wishes to complete the project within a given date, so financial incentives can certainly be used to improve performance in this sense if that is a viable option. However, cash incentives to speed up the works are not always a viable option. 
Case studies on incentive schemes by Richmond-Coggan (2001) included that of a new power station under construction to provide power to the National Grid. The programme of works was significantly delayed and so the client introduced cash incentives in an attempt to encourage the contractor to accelerate the works and meet original time targets by procuring a higher standard of resources in order to increase the rates of output. It eventually became evident that the revised target, despite the cash incentive offered, was unrealistic, and the project finished 5 months late. This case study makes it evident that it is therefore important to evaluate whether a cash incentive to encourage acceleration is viable based on realistic targets, before offering one.
Research by Hughes et al (2012) found that there were varying opinions on what success is represented by, and how it is measured, on different projects studied in South Wales. This is an indication that incentive schemes should vary and be specific to the project. Their research did however highlight the importance of agreeing a pain/gain share, and how doing so could improve trust between parties and align the interests and objectives of the client and contractor, which is important in improving performance and productivity. Splitting risk and reward between the parties can result in a joining of interests to complete the project as efficiently as possible, hence forming a stronger partnering relationship between the client and principal contractor.

3. Programme Analysis
3.1 Gannt Chart
The software used to produce the Gannt chart for our project was Microsoft Project. Appendix A shows the Gannt chart produced to plan out the construction sequence of the new library, Y Fforwm. The Gannt chart provides a description of the duration and types of resources required for each individual task throughout the project. Each bar on the Gannt chart represents the duration of each task. It shows each task’s anticipated start and end date, along with a list of resources required for that task. The percentage of each task that has been completed can be logged as the project advances, to help monitor progress. This programme can provide an effective aid for project control by simplifying the planning processes throughout the term. 
3.2 Time
The Tracking Gannt focuses on the project and task durations. It displays a baseline, which represents the original programme schedule, and automatically calculates and displays the project’s critical path based on individual tasks and their predecessors and successors. Should any unprecedented delays occur to a task along the critical path, the Tracking Gannt can be easily adjusted to suit, and the overall delay to the completion date can be evaluated through comparison with the baseline. A calendar is also provided, listing the tasks set to be carried out on each date, along with each task’s expected duration. The calendar and Tracking Gannt provide useful tools for planning future schedules, for example pre-ordering materials for a future task, to ensure that they are available and on site when required.
3.3 Resources
The resource sheet provides a list of resources, in this case the different roles of site operatives, along with their rate of pay. The quantity of each resource, as well as the rates displayed on this sheet can be easily adjusted, or added to, whenever required. There are many tools on this programme that help manage resources, including the Research Usage and Resource Form tools, which allow us to see the total number of hours required of each resource per day. Table 1 shows a section of information derived from the Resource Usage tool from the Gannt chart in Appendix A, for week commencing 7th September 2020.

	Resource Name

	Task
	M
	T
	W
	T
	F

	Unskilled Labourer
	Concrete Columns and Beams (Frame)
	16h
	16h
	16h
	16h
	16h

	Groundworker
	Main Drainage
	32h

	32h
	32h
	32h
	32h

	Machine Operative
	Main Drainage
	8h

	8h
	8h
	8h
	8h

	Site Manager
	Concrete Columns and Beams (Frame)
	8h
	8h
	8h
	8h
	8h

	Site Engineer
	Main Drainage
	8h

	8h
	8h
	8h
	8h

	Carpenter
	Concrete Columns and Beams (Frame)
	16h
	16h
	16h
	16h
	16h

	Steel Fixer
	Concrete Columns and Beams (Frame)
	16h
	16h
	16h
	16h
	16h

	Forklift Driver
	Main Drainage
	8h
	8h
	8h
	8h
	8h


	Crane Driver
	Concrete Columns and Beams (Frame)
	8h
	8h
	8h
	8h
	8h


Table 1. Resource Usage tool detailing hours required by each 
        resource per day for week commencing 07/09/20.
This tool can be used to determine the number of hours required from each resource per day, also providing a break-down of what tasks the hours are assigned to. For example, 32 groundworker hours are required per day on the main drainage works, which represents three groundworkers working 8 hours per day. These tools determine the number of hours worked by each role of operative on a given task or day, so that the number of different resources expected to be working on site at any one time throughout the project can be easily determined.
The Task Usage chart provides similar details of the types of different resources used on each given task, presented in a similar form to the Gannt chart. It details the total hours worked on each task by each resource, as well as that resource’s expected total hours required for that task. 
The team planner provides a simple evaluation of when each resource will be required, and for what task, which is an important tool for aiding with future planning. Table 2 shows how the resources required during the week commencing 17th August 2020 is presented in the team planner. An example of how this and other resource tools can be used to good use on the project is by allowing for pre-booking sub-contractors well in advance to ensure their availability.

	Resource Name
	M
	T
	W
	T
	F

	Unskilled Laborer
	Concrete Casting
	Main Drainage

	Groundworker
	Concrete Casting
	Main Drainage

	Machine Operative
	
	
	Main Drainage

	Site Manager
	Concrete Casting
	Cure Concrete and Strike Formwork

	Site Engineer
	
	
	Main Drainage

	Carpenter
	
	
	Cure Concrete and Strike Formwork

	Forklift Driver
	
	
	Main Drainage


Table 2. Team planner detailing the tasks and resources required 
          for each day during the week commencing 17/08/20.

3.4 Cost
A list of the rates (£/hour) of each resource is provided in the Resource Sheet. This sheet allows for simple adjustments to be made on the rate of pay for each type of resource, which will automatically adjust the data accordingly throughout the software. The programme can be useful when calculating forecasted expenditure by providing easily accessible information to calculate a break down of costs expected over future periods. For example, taking data from the list of quantities of different resources being used over a given month given in the task usage tool, along with the rate per hour of each resource displayed in the Resource Sheet, it is easy to calculate the expected expenditure for that given month. 
Table 3 gives an breakdown, using the month of May as an example, of how the data in the software can be evaluated to calculate the total expenditure required over that period. The programme also breaks down the number of hours expected to be worked by each resource on each task during a given term. For example, the number of hours required on each task by the site manager during the month of May is shown in Table 4.


	Job Title
	Hours
	Rate (£/hour)
	Cost (£)

	Site Manager
	144
	30
	4320

	Groundworker
	72
	12
	864

	Machine Operative
	72
	15
	1080

	Forklift Driver
	40
	12
	480

	Site Engineer
	24
	30
	720

	Plumber
	24
	16
	384

	Electrician
	24
	16
	384

	
	
	
	

	
	
	Total Cost:
	£8232


Table 3. Hours worked and expenditure throughout May

	Task
	Hours

	Trial Holes
	16

	Trial Hole Analysis
	80

	Obtain Building Permits
	40

	Construct Temporary Roads
	8

	
	

	Total
	144


Table 4. Site manager hours assigned to different tasks throughout May

The software also warns when resources have been double-booked, for example assigning a site manager to multiple tasks that coincide, such as superstructure works and drainage works. This prevents over-estimating the costs of individual resources, and hence prevents over-estimating the overall project cost. Should additional resources be required, for example to try to accelerate the construction project to meet deadlines, the adjustments can be inputted into the software’s system, and cost implications of doing so can be easily evaluated.

4. Programme delay
An unprecedented two-week strike by the local concrete company is set to commence on Monday 3rd August 2020, which coincides with the first day of our anticipated first concrete pour on site. Appendix B shows the revised programme after a constraint was added to represent the concrete strike, preventing the task from commencing until the strike was complete. Appendix B indicates the effect this strike will have on the overall programme and hence the completion date. As can be seen from comparison between the baseline and the amended task bars of the revised Tracking Gannt, the strike will result in a delay in the commencement of the concrete casting on site by 14 days to Monday 17th August 2020, which in turn will delay the end completion date by 14 days, due to the activity being on the critical path of the project’s programme. The original programme given in Appendix A showed the project to be completed on the 6th September 2021, however the strike will have a direct impact by delaying this completion date to the 20th September 2021, possibly extending into the beginning of the new university term.
The strike by the local concrete company is neither the client’s nor the contractor’s fault, so it is deemed a non-culpable delay, meaning that the contractor’s works are delayed through no fault of their own. This delay scenario is therefore an excusable delay in which the client is liable, and hence an EOT must be considered (Alnaas et al, 2014). Alternatively, cash incentives may be a suitable option to remain on programme through the use of alternative resources, in which compensation may be sought to recuperate the costs required to implement the acceleration measures.
The client has requested for us to calculate the additional cost of receiving concrete from an alternative supplier located further away. An alternative concrete plant located further away from the site can supply concrete for an additional 10p per cubic meter. The concrete pour anticipated for that day was for a total of 1000m3, the analysis of the cost of bringing it in from the alternative concrete plant is set out in Table 5.

	Volume of Concrete
	Additional cost/m3
	Total Additional Cost

	1000m3
	£0.10
	£100


Table 5. Additional cost analysis of using an alternative concrete supplier

It is clear from the results of table 5 that the additional cost of bringing concrete from the alternative supplier is minor in comparison to the project’s overall expenditure, and a small price to pay for accelerating the project by two week to maintain schedule. A two-week delay to the works over this period would incur costs from standing time for labor, machinery and site preliminaries, which would amount to a greater value than that of obtaining concrete from the alternative supplier. It is therefore my advice to the client that the alternative supplier is used to maintain programme schedule.

5. Conclusion
As demonstrated in chapter 3, Gannt charts can provide useful information and tools to provide significant assistance to project and programme control. They make planning and organising easier throughout the project’s duration, and help evaluate the impact of delays on time, resources and the cost of projects, so that a more proactive approach to resolving project issues can be adopted.
The strike that is set to be undertaken by the local concrete company is expected to delay the project’s completion date by 14 days. As detailed in the analysis in Table 3 of Chapter 4, the option of using an alternative concrete supplier to remain on programme will cost the client an additional £100, a minor expenditure that will provide the opportunity for  the construction project to maintain its tight schedule of time. It must be noted that the complexity of the project leaves many opportunities for additional future delays, so it is of interest to attempt to maintain schedule whenever possible. A decision and agreement between the client and contractor on how to execute a solution to this delay should be made as soon as possible to prevent further unnecessary delay and continue progressing forward. A prompt decision that interests both the client and contractor would help to continue to maintain a positive working relationship, the benefits of such should result in an improvement in project performance.
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