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[bookmark: _Toc15075874]Introduction
The aim of this report is to demonstrate how work force distribution can be optimised to avoid peaks and troughs of resource demand following initial workforce requirement planning. 
This project tries to explain the Resource optimization in construction project. In this study the main resources in construction project like manpower, Material, Equipment and time are explained in general. This study outlines the various possible approaches to optimize the construction resources starting from design to till commissioning stage of the project. Apart from usual resource optimization in Manpower, Material, Equipment and Time, this has been carried out from client’s perspective, so the changes have been made in terms of Manpower deployment as vendor deployment, Material as Client material, Design optimization and Construction Techniques optimization. At the end, one can realize there is no limit for the degree of Resource Optimization in Construction Industry. All these efforts have been made to insist the importance of Time – Cost Relativity which is the essence of Resource Optimization.
This repot should detail how resourcing is key to a scheme and helps bring programmes in on time.
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Resource optimization is the set of processes and methods to match the available resources (human, machinery, financial) with the needs of the organization in order to achieve established goals. Optimization consists in achieving desired results within a set timeframe and budget with minimum usage of the resources themselves. The need to optimize resources is particularly evident when the organization’s demands tend to saturate and/or exceed the resources currently available. When a company is managed using a systemic approach, resource optimization is strictly linked to the concept of constraint and a systemic vision of the company. Indeed, without a systemic vision of the company we are unable to identify the global effectiveness of resource allocation and we run the risk of using resources available mainly to respond to emergencies that daily occur in the various parts of the organization.
An efficient use of resources to carry out a project requires us to:
· Have a shared vision of the global goal to be achieved.
· Eliminate multitasking (increased effectiveness in the tasks)
· Identify the constraint (the critical path) and protect it with a buffer of time (thus protecting the project from variation)
· Carefully manage the operational phases of the project (capitalize on time gained)
· Carry out a statistical analysis of the project buffer consumption using Statistical Process Control 
In project management, resources are required to carry out the project tasks. They can be people, equipment, facilities, funding, or anything else capable of definition (usually other than labour) required for the completion of a project activity. The lack of a resource will therefore be a constraint on the completion of the project activity. Resources may be storable or non-storable. Storable resources remain available unless depleted by usage and may be replenished by project tasks which produce them. Non-storable resources must be renewed for each time period, even if not used in previous time periods.
Resource Management Plan
· Access to the up-to-date project plan with clear definition of the different phases of work and activity scheduling.
· Understanding the types of resources that are needed.
· Understanding the availability and optimum utilisation of resources.
· Understanding the potential for developing resources for new uses.
· Understanding of the lead time required to ensure that resources are available when needed.
· The ability to redeploy resources if works need to be accelerated, or if works are completed.
· Ability for managers to simulate and test different scenarios.
· Re-evaluation and re-calculation as decisions change.
· Real-time resource utilisation tracking.
· Resource allocations can be assessed and approved quickly online.
· Access to real-time information via mobile device.
· Online collaboration between sites, offices, partners, subcontractors, and so on.



Resource Balancing:
Resource Balancing is a process that gives an idea about availability of enough resources to perform the activities in the chosen project according to the plan. During resource balancing, an activity is only scheduled to occur when its resource demands are met. To accomplish this, tasks may be delayed resolving conflicts related to resource availability. The resources in a project can be smoothened and levelled. 1.1 Resource Levelling The network technique focuses on time element and assumes that unlimited resources are available for assigning to the activities to satisfy the time schedule. But when resources are limited, the “critical path” and “slack” lose their significance. Activity may be delayed due to non-availability of resources as well as due to change in the sequence of tasks. The process of distribution of available resources to meet the objectives of various activities constituting a project is called “Resource Allocation” or “Resource Loading”. This is done in a way so that the project completion schedule is least affected. The act of taking a project with people assigned to a bunch of tasks and making it so that they don't have to work overtime is called Resource Levelling. Step 1: Allocate resources serially in time. That is, start with the first time-period (e.g. 1st day, 1 st week etc.) and schedule all activities possible with the available resources. Then move on to the next time-period and repeat the same. Step 2: When several activities are assigned for the same resources, give preference to the activities with least slack. Step 3: Reschedule non-critical activities if possible, so as to free resources for the critical activities. In this process, originally non-critical activities may become critical and the completion time of the project may be stretched. Critical path, i.e. a path comprising of activities with zero slack may not remain “critical” in strict sense of the term. After completing resource levelling, resource smoothing may be carried out for further optimization of the problem. Resource smoothing does not change the duration of the project; it only works on the non-critical activities.

Types of Resource levelling 
Delaying the task If a resource is not available for a given task, the given task would be delayed. The software would first perform the activity which is given higher priority in the software. By default, the software’s give the same priority to all tasks. The priority for all the tasks may be assigned at the time of preparation of the schedule structure. To control which tasks, take precedence over other tasks, user can set project priorities, so that if the user is working with a common pool of resources among multiple projects, the right projects and tasks take precedence. 
Splitting Certain types of work may be interrupted in between execution, instead of listing these tasks as two separate activities; the given task may be split in two or more segments. But it is a well-known fact that when resources must switch tasks or projects mid-stream, they lose time as they have to re-orient themselves to the work. 
Overtime: 
The given resources may have to work overtime in order to complete the given work. They are paid more wages than that for the standard work hours which is specified by Work Overtime factor. This can level the resources only up to a certain extent and not beyond that. 

Resource Smoothing: 
Resource smoothing: It is a technique used to adjust the activities of the schedule model. It ensures that the requirements for the allocated resource on the project do not go beyond or exceed the pre-defined resource limits. Thus, the project’s critical path remains the same thus the completion date may not be delayed.
[image: ]
After smoothing process is complete, the impact it has got on the project cost is evaluated. Resource smoothing having been carried out for the project and its impact on the project cost been analysed, has given a better scope for proper management of the resources, which in deed has given better scope to establish control over the entire project. However, resource smoothing assumes that there are surplus resources available, which isn’t the scenario under practical conditions. There is always a constraint on the availability of resources under most situations. Thus, in order to take this crucial factor into consideration in the management of resources, the process of resource levelling comes in handy, providing better means for managing the resources. In resource levelling, since there is only limited supply, under worst cases, the critical path gets affected, resulting in an increase in the project duration. However, in situations where there the supply of resources is limited, levelling proves to be advantageous by reducing the idling of resources that constitute the project. In addition, the wastage in project cost due to idling can be effectively reduced when levelling process has been carried out.



Accelerating 
Acceleration is the process of speeding up the work of a contractor so that a particular activity, or the project as a whole, can be completed before the date required under the contract. Generally, it is the client that requires the acceleration of construction work. A client might require that a building is handed over earlier than is set out in the contract or, where  the contractor has been allowed an extensions of time, may require completion earlier than the revised completion date. This is referred to as 'directed acceleration'. Where the contractor incurs additional costs as a result of this sort of acceleration, it can result in a claims against the client. Typically, the contractor does not have to prove the works were actually completed more quickly than originally agreed, just that they made a reasonable attempt to do so and that the attempt resulted in additional costs. Acceleration of the works may also be undertaken by the contractor voluntarily, if, for example, they wish to; move on to another project, mitigate inefficiencies and delays that may have been incurred, or to save on costs. They may also be motivated by bonuses awarded for early completion. However, if acceleration is undertaken voluntarily, the contractor will not be able to claim additional costs from the client. 
Construction resources might include:
· Products and materials.
· Construction plant, tools and equipment.
· Human resources.
· Space and facilities.
· Subcontractors.
· Finance.

[bookmark: _Toc15075876]Case Study
Site location is in the centre of Swansea, off the A4067 Oystermouth Road located between Dunvant PI and Bathurst St.[image: ]
UWTSD, tasked with a project to build a new 9 storey set of flats with a basement carpark.  The Project will consist of a basement for parking, ground floor with reception and spa area, then 9 storey apartments.
[image: ]
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This is a large scale project so it was broken down into main scope areas.
Main Parts of Project:
1. Site Set up including Road Divisions and Access to Site.
2. Excavation of ground & Pilling
3. Structural Concrete & instalment of Concrete Beams
4. Installing Ramp and access into Basement
5. Installing crane pads & delivery of crane
6. Main aspects of building.
[bookmark: _Toc535509933][image: ]As site will get bigger throughout the project, managing work stream, site and materials can take its effect. Making sure you have you enough space for everyone on site and all materials, as you don’t want and delays as it will be very costly.
Below is a Programme of works via Gantt Charts.

The Gantt chart above that has been formed for this project, where the smiley faces are milestones, blue arrows are show Finish to start (FS), Green arrows show: Midway to Start (MS) , and Orange arrows are Start to start (SS) (Nolan, 2019). 
[image: ]
[image: ]Continuation of Gantt chart, where the smiley faces are milestones and activity number corresponds with Figure 3. Blue arrows are show Finish to start (FS), Green arrows show: Midway to Start (MS), and Orange arrows are Start to start (SS) (Nolan, 2019).


Continuation of Gantt Chart, the Gantt chart where the activity numbers correspond with figure 3, where the smiley faces are milestones, blue arrows are show Finish to start (FS), Green arrows show: Midway to Start (MS) , and Orange arrows are Start to Start (SS) (Nolan, 2019).



[bookmark: _Toc15075877]Conclusion
Resource optimisation can be a really successful way of keeping control of your programme, workforce, materials and other major factors on a construction scheme. If done correct it can also help bring down cost factors with in the project to. But on other hand if not done correctly it will put time and cost onto the project and could also incur fines. 
If done right, during the project you can easily take workforce off one area if work was on stop or for unforeseen circumstances could not move any further forward, and allow them to work on a different part of the scheme and not lose any time over the project finish date and not incur any fines.
When it goes wrong it can cause a lot of issues from money to delays. If you incur a delay you may well have to put back delivery of stock materials or equipment, machinery to do certain jobs. Depending how long this is pushed back, the site manager can easily forget to reorder or asked for redelivery. This would incur major delays and cost problems with the potential to put the scheme over its duration.

If the balance is right and resource optimization is done correctly for work force and cost, then the project should run smoothly with the duration time target hit on the right date. It is an effective way of looking after your scheme and making sure everything flows and falls into place.  This would allow the workforce to move from each job within the scheme with no uncertainness about cost or materials. 
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