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[bookmark: _Toc527647734]ABSTRACT
In the mining engineering companies, effective equipment maintenance strategy has been considered as integral component in achieving sustainable mining and production systems.  Maintenance in a broader term is a business function that serves and supports the primary process in an organization. This study explored the effective ways of applying project management principles to equipment maintenance in Ghana using Chirano Gold Mine Limited as a case study. The study was carried out along the tenets of a preliminary literature review and followed by a survey using a structured questionnaire. Fifty six (56) questionnaire were distributed by purposive sampling, and 50 completed questionnaires representing 89% were considered valid for the analysis. The data collected were analyzed using Relative Importance Index (RII). The study reveals that, Intervention and execution strategy, Risk management, Time management, Scope management, Communication management, Cost management, Quality management, Human resource management, Measurement and accountability, Formulating the project team, Integration management, Organizational alignment and Procurement management are the major project management principles that can be employed to equipment management. Considering the challenges in order of extremity, respondents indicated that, Inadequate Skills for the Maintenance Management, Undefined Equipment Output, Ambiguous Contingency Plans, Lack of Manager’s Engagement and Improper Risk Management are the major challenges to applying project management principles to equipment management. Further, a number of Effective or best ways in applying project management principles to equipment maintenance were suggested which includes; establishing maintenance management procedures, Divide the maintenance plan of the equipment into tasks, Estimating resources and creating a resource plan of the equipment etc.
Keywords: Project, management; maintenance; equipment; Principles.
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[bookmark: _Toc527647742]1.1 Background of the Study
In the mining engineering companies, effective equipment maintenance strategy has been considered as integral component in achieving sustainable mining and production systems (Peng et al. 2010). Maintenance in a broader term is a business function that serves and supports the primary process in an organization. The British Standard glossary of terms used in terotechnology (1993) define maintenance as the combination of all technical and associate administrative actions intended to retain an item in, or restore it to, a state in which it can perform its required function. Maintenance has been an expensive and discouraging element of supporting the lifecycle of any given system for many years (Jardine and Tsang, 2005). A research conducted by Adejuyigbe (2006) indicates that nearly 70% of manual equipment are used for production, with 20% semi-automated, and approximately 10% fully automated equipment. According to Danso (2014) due to the lack of planned equipment maintenance, there is always breakdown of equipment particularly on the job in Ghana. The resulting consequences is that meeting the required demand becomes a problem as well as to the required specification, unsatisfactory performance and low profit.  Equipment is an important factor in the mining sector. 
Today, with the increasing complex of electronics and equipment and systems utilized on a daily basis due to advances in technology, there have been many changes in maintenance activities and as a result many maintenance strategies and philosophies in order to reduce cost, improve the availability of machines and equipment systems. Many industries are with the believe that running a particular machine until it fails is the best strategy for effectively utilizing a machine’s life, as this enables the engineering company to fully harness and exploit the machine during its functioning period and eliminates production loss that could have emanated during the maintenance of this machine to increase mineral concentrate productivity (Makinde et al. 2016). According to them, another school of maintenance thought believe that monitoring the machine behaviour occasionally or frequently in order to maintain (repair, adjust or fix) the different subsystems of the machine that are likely fail or damage to avoid complete breakdown of the machine. Equipment breakdown as a result of ineffective maintenance strategies invariably has a considerable impact on the performance of mining projects and companies as a whole, especially to projects contractors with heavy investment in equipment (Prasertrungruang and Hadikusumo, 2009). Efforts to determine the best or efficient strategies for maintaining mining engineering equipment are hardly found. Interestingly, to the best of my knowledge, applying project management principles to equipment maintenance does not exist. A ‘Project’ is defines as a temporary endeavor undertaken to create a unique product or service, temporary means that the project has a definite ending point (similar to equipment which has its useful life and retire age), and unique means that the product or service differs in some distinguishing way for all similar products or service (different equipment types with different operation) (PMI, 2013). The Project Management Institute (PMI) (2013) defines project management as “the application of knowledge, skills, tools, and technique to project activities to meet the project requirement (machine requirement). This is brought to bear through the application and integration of the project management processes of initiation, planning, executing, monitoring and controlling and closing (PMI, 2013). With the complexity of electronics and equipment and systems utilized on a daily basis due to advances in technology practitioners must engage in project management practices for equipment maintenance.  Therefore, equipment maintenance should be studied from a project management perspective.
[bookmark: _Toc527647743]1.2 Problem Statement
According to Mkemai (2011), billions of dollars are spent on equipment maintenance each year around the world, since changes in technology have ushered many changes in the type of machines and equipment needed for operations at mining stations, and at the same time more complex and difficult to control. The resulted consequence is that, equipment maintenance requirements have also changed and advanced (Hall and Daneshmend, 2003). Therefore, the importance of the maintenance function has been greater than before due to its role in maintaining as well as improving availability, performance efficiency, on-time deliveries, safety requirements and overall productivity of plants and equipment (Tahboub, 2011). Different equipment maintenance management system paradigms have evolved, developed and been utilized over the years depending the different mining industries perspectives and orientation to machine maintenance (Makinde et al., 2016). However, presumptions currently made by some maintenance managers of beneficiation machines are not accurate as wrong maintenance strategies (which occurs as a result of shallow maintenance practice and decision) are implemented in the mining industries which Ghana is not an exception. According to Makinde et al. (2016) these shallow decisions are as a result limited understanding of the different equipment maintenance management systems mix. Further, due to the high total losses as a result of maintenance omission or ineffectiveness many practitioners and researchers around the globe have highlighted the potentials of effective equipment maintenance in the mining sector (Dhillon, 2008; Reardon et al., 2014; Kovalev et al., 2014). 
Benjamin Franklin once said that, “the difference between failure and success is the difference doing something almost right and doing something right” this actually means that failure does not only means doing things wrong, but even doing things almost right, this idea has led to admit the best way to maintain equipment through project management principles in the mining sector as well as open new era in thinking that will give value to the mining industry (Najmi, 2011). It gives the impression that radical re-thinking of the conventional equipment maintenance approach to overcome the problematic issues outline above is necessary. In particular, a much broader look in time (full life cycle assessment of the equipment) and space (the equipment in its wider system settings) may have to be taken into consideration to achieve efficient equipment operation on site (Jasinska, 2017). Filling this gap, this study seeks to employ project management principles to equipment maintenance using Chirano gold mine limited as a case study.
[bookmark: _Toc527647744]1.3 Research Questions
The key research questions that employed to facilitate the study are:
1. How can project management principles be applied to equipment maintenance for efficient equipment utilization on construction site?
2. What are the challenges in employing the management principles to equipment maintenance? 
3. What are the effective or best ways in applying project management principles to equipment maintenance?
[bookmark: _Toc527647745]1.4 Aim and Objectives
[bookmark: _Toc527647746]1.4.1 Aim
The aim of the study is to investigate effective ways of applying project management principles to equipment maintenance in Ghana using Chirano Gold Mine Limited as a case study.
1.4.2 Objective
To satisfy the above stated research aim the following objectives were set:
1. To determine project management principles that can be employed to equipment maintenance;
2. To identify the challenges in employing project management principles to equipment maintenance; and 
3. To propose effective approaches in applying project management principles to equipment maintenance.
[bookmark: _Toc527647747]1.5 Research Scope
The study focused on investigating effective ways of applying project management principles to equipment maintenance in Ghana using Chirano Gold Mine Limited as a case study. Chirano Gold Mine Limited is a high-tech and global mining engineering company that is involved in underground and open pit gold mine, with many plant and equipment used in the extraction process.
[bookmark: _Toc527647748]1.6 Research Methodology
The study employed a quantitative research approach. Firstly, a literature review of existing literature was employed to collect data and information related to the research discipline. Based on previous study, a structured questionnaire was formed. A time frame not exceeding two weeks was allowed for the collection of the primary data whiles secondary data from both publish and unpublished sources were collected over the entire period of the study. Descriptive statistics was employed in analysing the quantitative data collected from the questionnaire survey.
[bookmark: _Toc527647749]1.7 Significance of the Study
This study hopes to provide valuable source of information to stakeholders in the mining industry in Ghana about the different maintenance practices used to maintain mining engineering equipment, challenges faced and its prospects as well best strategies for maintaining mining equipment. Also, it would provide information on present trends in maintenance engineering and management for mining companies in Ghana. More importantly, the study would contribute to available literature in the field of plant and equipment maintenance in the mining industry,
[bookmark: _Toc527647750]1.8 Thesis Structure 
The thesis has been arranged into five (5) chapters. The first chapter focused on the background, problem statement, research methods, significance of the research, research aim, the research questions, research objectives and scope of the research. The second chapter comprises the appropriate literature review, which brings clarity to the different maintenance practices used to maintain mining engineering equipment, challenges faced and its prospects as well best strategies for maintaining mining equipment, etc. The third chapter identified and brought together the methodology of the research. The fourth chapter reported on the results of the data and discussion of the results. Lastly, the fifth chapter presented details on the summary of the findings, conclusion and recommendations.
[bookmark: _Toc527647751]CHAPTER TWO
[bookmark: _Toc527647752]LITERATURE REVIEW
[bookmark: _Toc527647753]2.1 Introduction
Project management as indicated by (Crawford, 2005), has risen as a field of training that is being progressively utilized by associations to accomplish the objectives of their business. The interest for project management develops, and there is expanding enthusiasm for project management capability when associations characterize a greater amount of their exercises as project. The work force ability of project management is imperative as they are viewed as affecting project execution and accordingly on business execution majorly (Pinto, 1995). Rendering to a statement made by a senior director: ''the way to extend achievement is to an appropriate project manager'' (Torney 1997). The advancement of benchmarks for project administration information and practice that are for evaluation usage, affirmation and improvement is as a result of the concern for project management capabilities. Advancement of these norms has been subjective to a great extent, in view of the general sentiment of experienced professionals concerning what project work force need to know and what capacity they should have keeping in mind the end goal to be viewed as skilled (Crawford, 2005). The models which depict the necessity for viable execution of project management in the working environment and the individuals who meet the benchmark will thusly perform, or be seen to perform, more successfully than those whose execution does not fulfill the guidelines is the supposition behind the advancement and utilization of project management measures (Crawford, 2005).
 
[bookmark: _Toc527647754]2.2 Project and Project Management
[bookmark: _Toc493104591][bookmark: _Toc527647755]2.2.1 Project
Different scholars and researchers have defined a project differently with an emphasis on its diverse components. Summarizing these definitions, this study considers a project   as: a temporary endeavor undertaken to create a unique product, service, or result (PMI 2013). Temporary means that the project has a beginning and an end. A project likewise has a characterized scope, is compelled by rare assets, and includes different individuals with various aptitudes and, as a rule continuously expounded for the duration of its life cycle. It is a grouping of exceptional, complex, and associated tasks that have one objective which must be finished by a specific timeframe, inside spending plan, and as per specification (Wysocki, 2009)). Alternatively, Klastorin (2004) defines a project is a well-defined set of activities that must be completed in order to achieve the project's goals.  Additionally, a project is a unique and well-defined effort to produce specific results over specific period of time, within budget and under special management in a multifunctional environment.
[bookmark: _Toc527647756]2.2.2 Project Management 
As for the situation for project, distinctive definitions proliferate for project management. Kerzner (2013) characterizes project management "as the preparation, sorting out, coordinating and controlling of organization assets, for a moderately here and now target that has been set up to finish particular objectives and goals". Other authors consider it as the application and joining of present day administration and project administration information, aptitudes, apparatuses and systems to the general arranging, coordinating, planning, and checking and control procedures of a task. Summarizing all other definitions, this research adopts the definition of project management by the Project Management Institute (PMI) defined in the Project Management Body of Knowledge (PMBOK Guide 5th Edition) as: "the utilization of information, abilities, instruments, and systems to project tasks to meet the task necessities" (PMI, 2013). Together, the execution and trait based on the deduction of capability or info, individual and yield skills, represent the different parts of ability that are addressed in the literature and in a more constrained manner in gauges. Estimation requires principles against which such estimation can be made. There are just two parts of ability distinguished in Fig. 2 for which there are perceived project management principles. These are:
1.  Knowledge, represented by bodies of knowledge such as the APM Body of Knowledge (Dixon, 2000), the ICB: IPMA Competence Baseline (Caupin et al., 1999) and PMBOK Guide (PMI, 200) and
2.   Demonstrable performance or use of project management practices, represented by performance-based competency standards such as the Australian National Competency Standards for Project Management and those developed within the United Kingdom’s National Vocational Qualification (NVQ) framework.
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[bookmark: _Toc527531228][bookmark: _Toc527531656]Figure 2.1: Integrated model of competence identifying components of the overall construct.
Source: (Crawford, 2005)   

[bookmark: _Toc527647757]2.3 Project Management Processes
As described in the PMBOK Guide 5th Edition, there are five project management processes including initiating, planning, executing, monitoring and controlling and closing (PMI, 2013). The utilization of learning in projects along these lines requires a compelling administration of these processes. These processes are illustrated and described on page 11 of this document.
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[bookmark: _Toc527531229][bookmark: _Toc527531657]Figure 2.1: Project Management Processes     
Source: PMI, 2013.	
Those activities that are carried out to illustrate another project or another period of a current project by looking for endorsement to begin the project or stage is classified as initiating processes (PMI, 2013).
As well as the processes needed to set up the extent of the task, destination refine, and characterization strategy required to achieve the targets that the project was embraced to accomplish (PMI, 2013).  Processes executed to complete works stated in the plan of project management to fulfill the project conditions (PMI, 2013). This also involves coordinating resources to implement the various plans that would create the products, services, or results of the project or phase. Processes needed to track, survey and manage the advance and execution of task form part of Monitoring and Controlling; areas in which changes to the arrangement are required are distinguished; and start the relating changes (PMI, 2013). The activities undertaken to complete all happenings to formally bring the project or phase to an end is termed as the final processes (PMI, 2013).
[bookmark: _Toc527647758]2.4 Project Implementation/Execution
Generally, the project comes to fruition amid the execution stage. This phase involves the performance of the actual activities that will yield the project result. It is amid this stage the project ends up plainly unmistakable to untouchables. Simply put, the implementation phase is the ‘doing’ phase of the project (Ibid). In the past decades, it was common for many International NGOs to implement their own programmes and projects (Mokbul, 2006). With the passing of time, this changed to one in which local NGOs are identiﬁed to do the implementation whiles the INGOs provide funding, technical and organizational support to these local organizations (Mokbul, 2006). Project implementation however does not happen without obstructions and it is impossible to foresee all the problems that will arise during implementation. However, researchers have identified some impediments to project implementation such as resources, and capabilities, poor communication, insufficient coordination, unawareness or misunderstanding of project, lack of adjusting organizational systems, competing activities, poor reward and remuneration, uncontrollable environmental factors, and poor management support (Abdifatah, 2013).
[bookmark: _Toc527647759]2.5 Project Management Principles
The uniqueness of every project lies in the problems faced during it duration, prioritization of some activities and resources assigned it, the environment in which it operates, and the attitude and style used by the project manager to guide and control project activities. Therefore, the project organizational structure must be designed to fit within that project's operating constraints. Throughout the life cycle of the project the organizational structure implemented may not be the same due to the available resources, changes in priorities, project personnel, laws, and other contingencies. Management must realize that a dynamic state of equilibrium between limited personnel and financial resources and the objectives of the project will be necessary if the project management is to be successful in their particular organization regardless of the project management structure chosen (Adams, 1997). Almost every action inside an association could be named as a project having one of a kind attributes and differing levels of significance to the association. A project is characterized as an arranged endeavor of related exercises to achieve a target that has a start and an end (Hoffer et al., 2002). All projects solve some type of problem, but projects may also be established simply to determine and define feasible alternative solutions to problems. Seven primary characteristics of a project include (Adams, 1997):
1. Objective: Each has a specific goal to reach.
2.   Schedule: Point in time in which they must be accomplished.
3. Complexity: Does the technology exist to achieve the project objectives?
4. Size and Nature of Task: Step-by-step plan of action.
5.  Resources: Labor, personnel, equipment, materials, facilities, etc.
6. Organizational Structure: The 'meshing' of project requirements into the existing organization.
7. Information and Control Systems: These must be structured to handle problems through the typical lines of authority (Principles of Project Management).
Previously, when a company decides to undertake a project effort, they carefully select individuals and assume they will be using some form of project management and assign the project and the "necessary" resources. Little importance was given to Organizational implications. Applying the concept of project management to an existing organization is not easy even though the basic concept is simply. Richard P. Olsen, in his article "Can Project Management Be Defined" defined project management as "…the application of a collection of tools and techniques…to direct the use of diverse resources toward the accomplishment of a unique, complex, one-time task within time, cost, and quality constraints. Each task requires a particular mix of these tools and techniques structured to fit the task environment and life cycle (from conception to completion) of the task" (Adams,1997).
The principles of project management typically include five key phases: initiating the project, planning the project, executing the project, monitoring and closing the project. The above mentioned key phases of project management enable a project team to:
a.	Link project goals and objectives to stakeholder needs.
b.	Focus on customer needs.
c.	Build high-performance project teams.
d.	Work across functional boundaries.
e.	Develop work breakdown structures.
f.	Estimate project costs and schedules.
g.	Meet time constraints.
h.	Calculate risks.
i.	Establish a dependable project control and monitoring system.
[bookmark: _Toc527647760]2.6 Maintenance in the Mining Environment
Maintenance is a business function that serves and supports the primary process in an organization. It is defined as the combination of all technical and associated administrative actions intended to retain an item in, or restore it to, a state in which it can perform its required function. Customer value in terms of profit, time, quality and service adds to the maintenance process (Zhu et al., 2002). Therefore, for manufacturing organization to maintain its competitiveness, maintenance function becomes a necessity (Al-Najjar and Alsyouf, 2004). In a market that requires a high quality to be delivered quickly, a plant which is not well maintained will be at a disadvantage (Cholasuke et al., 2004). The exploration stressed that as enterprise and clients depend on the accessibility, dependability and nature of administration of corporate resources, any bargain in these zones will prompt both diminished incomes and expanded expenses. Bob (2007) announced it cost US industry up to $3.2 billion every year due squandered energy from broken or ineffectively maintained compressed air system. Alsyouf (2006) demonstrated potentiality in a case study, of a perfect situation, to enhance an organization's arrival on investment (ROI) by around 9%. This figure represents an anticipated US$ 8.4 million misfortunes in benefits that is caused by arranged broken time and overall equipment effectiveness (OEE) components. The contribution of maintenance function to lost profit is related straightforwardly to somewhere around 14% of the potential development in ROI, which is because of spontaneous stoppages and terrible quality caused by maintenance- related issues. Be that as it may, upkeep errands are winding up progressively more mind boggling.
Legitimate maintenance and repair are exceptionally essential for any sort of equipment which is subjected to tasks. Safety assurance additionally is a vital parameter to be dealt with when managing operational business element, it is considerably more basic when tasks are related with underground mining creation frameworks because of its condition and space confinements. To enhance wellbeing and creation limit in mining, learning of support procedures is required, and this information ought to have its base in the regions of cooperating variables to maintenance. Watson (1968) introduces a portion of the basic collaborating factors which impacts a mine creation framework's unwavering quality.
[bookmark: _Toc527647761]2.7 Equipment Maintenance
[bookmark: _Hlk524772917]Proper equipment maintenance practices in organizations, particularly mining organizations can add to it overall business execution through their effect on the quality, proficiency and adequacy of an organization's activities. This can improve the organization's aggressiveness, i.e. efficiency favorable circumstances, esteem focal points and long-term productivity (Alsyouf, 2004). The dependability and practicality of production frameworks must be inalienable within the early framework plan and advancement process (Kumar et al., 2007). Blanchard (2004) exhibited that a huge rate (e.g. 70% for a few frameworks) of the aggregate life cycle cost for a given framework is ascribed to working and maintenance exercises. A critical part of this cost originates from the results of choices made amid the early periods of planning and calculated design of the framework.
Notwithstanding, depending on how advantages related to experience from established designs are taken into account, the unwavering quality and viability of equipment at work places can be enhanced. It is likewise critical that the originators are immediately educated about shortcomings identified with new equipment being used, since this empowers them to take appropriate measures to build unwavering quality. Accordingly, the commitment of maintenance department in designing and enhancing production procedures and helping the acquiring division in choosing the correct assembling equipment is viewed as a basic component of maintenance practice. Jonsson (1997) underlined that criticism control circle of maintenance information is important to diminish the existence cycle costs at a beginning period, and implementation of a Deming plan-do-registration cycle (PDCA) is essential to permit nonstop change.
[bookmark: _Toc527647762]2.8 The competence of Maintenance at Mining industry 
The abilities of resources particularly equipment in the maintenance division is viewed as an imperative factor in an effective maintenance program (Kelly, 2006). Capability can be portrayed as a blend of information, aptitudes, capacity, readiness, intrigue and individual qualities. Instructive resources, which can incorporate specialized counsel and in addition preparation, must be accessible and open to workers with recognized necessities (Tsang, 2002). Preparing ought to not be constrained to the exchange of specialized aptitudes and knowledge required for ideal errand execution. It ought to likewise cover nonspecific issues, for example, the business goals particular to the association, critical thinking strategies, and team dynamics (Tsang, 2002). Measures, for example, the capabilities of the maintenance work drive and the level of preparing and HR advancement are thought to be among the basic attributes of maintenance resources (Alsyouf, 2006). Dowlatshahi (2008) showed, in a study led on by a Mexican (i.e. Maquiladore) industry, that the role of assembling administrators was fundamental in the maintenance of machinery. The building divisions did not sufficiently and commandingly partake in the design and investigating exercises of the tasks related with the maintenance department.
For industrial resources value leveraging, investment in equipment maintenance is viewed as an imperative factor. It could be in individuals, preparing or innovation towards the support of gear.  Maintenance is as yet though to be similar as erratic and inevitable cost, i.e an important abhorrence irrespective of the increasing attention to maintenance and its effect on the two enterprises and society. The trouble of seeing the effect of maintenance on organizations’ main concern result, this could be expected to among different reasons (Bob, 2007; Alsyouf, 2007). In an exact investigation conducted in a sample industry according to Pinjala et al. (2006) in Belgium and the Netherlands that quality contenders with further developed assembling innovation use and computerization have more maintenance personnel and spend more on spending plan. Moreover, they possess more proactive maintenance approaches, good arranging and control frameworks, and more decentralized upkeep association structures in contrast with others.
[bookmark: _Toc527647763]2.9 Forms of Equipment Maintenance
Maintenance practices approaches can be grouped into two major divisions namely Preventive Maintenance (PM) and Corrective Maintenance (CM) rendering to EN 13 306 (2001) benchmark. The approach of Preventive can additionally be broken down into condition-based support and maintenance foreordained; this suggests that time or condition-based can influence PM. Maintenance remedial has further be sectionalized into two subgroups which are conceded and quick; the approach of CM which is responsive in nature when contrasted with the proactive type of maintenance which is PM. The duration assumes a noteworthy part in every one of these methodologies (Smith, 2002). The view point of Analyst’s is that if a business substance, for example, the maintenance of an underground mining equipment  division fit best in maintenance system which encounters cost sparing.
[bookmark: _Toc527531230][bookmark: _Toc527531388][image: ]
[bookmark: _Toc527531231][bookmark: _Toc527531658]Figure 2.2: Maintenance overview chart. EN 13 306 (2001)

[bookmark: _Toc527647764]2.9.1 Preventive Maintenance (PM)
The completeness of PM at foreordained interims or as indicated by endorsed principles together with the mean to lessen the likelihood of disappointment or corruption of the working of a thing (EN 13 306, 2001), all preventive management programs are time driven. The maintenance of the item can either be supplanted or depending upon the state of an item be reconditioned. The disappointment rate of the item is its likelihood to bomb over a given timeframe. PM can be separated into condition-based maintenance or foreordained maintenance (Coetzee, 2004).
[bookmark: _Toc527647765]2.9.2 Corrective Maintenance (CM)
The proposal to put an item into a state in which it can play out its required capacity after blame acknowledgement is term as CM (EN 13 306, 2001). The costliest type of maintenance particularly if the maintenance will be done direly because of the fact that no arrangement or coordination can be made is this type of maintenance. Accordingly, the cost for start-up cost and the cost of lost generation can be extensive (Kumar et al., 2010). CM does not include anticipating of disappointment when a thing has a tendency to fall flat. Contingent upon the need of the fizzled item(s) on the working of the framework, maintenance should be possible quickly or conceded. CM is the maintenance procedure applied frequently when it is hard to foresee when an item will fall flat
[bookmark: _Toc527647766]2.9.3 Condition Based Maintenance (CBM)
As per EN 13306, (2001) CBM of an item is PM in view of execution as well as parameter observing and the consequent activities. There is the need for standard to be observe that execution together with parameter checking be planned, consistent or on request. Conditional observation and assessment are the two primary deliberate ways to deal with CBM of thing. In condition monitoring, parameters are estimated to guarantee the performance of maintenance before disappointment and is performed in view of foreordained criteria. Assessment is done at customary interims by a man engaged with maintenance to guarantee that maintenance is executed when required. Through general assessments, estimations or trials, or persistent monitoring, decision can be when it is the ideal opportunity for substitution, service or alterations. The performance of checks can be done in three different ways:
1. The use of subjective senses (sight, hearing, touch, smell and taste)
2. The method of Intermittent or continuous use testing for detecting wear
3. Checking that all function of the equipment works by operating it (Kumar et al., 2010).
[bookmark: _Hlk524782207]Coetzee, (2004) distinguished that when disappointment rate is reliant on working condition as opposed to time, CBM is rather appropriate. An entire program of CBM must incorporate observation and diagnostic technique. The explained systems incorporate vibration checking, acoustic investigation, thermography, motor analysis technique, motor operated valve testing, tribology, process parameter motoring, visual inspection and other non-damaging testing strategies.
[bookmark: _Toc527647767]2.9.4 Total Productive Maintenance (TPM)
The boosting of equipment viability is the expectation of TPM. It comprises of a scope of strategies that are known from maintenance administration experience to be viable in enhancing dependability, quality and generation.  Changing the corporate culture and enhancing work force and plant is an attempt by TPM to enhance an organization. Social change at a plant is a troublesome errand to perform and it includes working in little gatherings, a machine operators strong hold is in the maintenance program, and support from the maintenance division (Willmott and McCarthy, 2000). To build up a "maintenance free" design and to include the participation of all workers to enhance upkeep efficiency are the objectives of the TPM system. The Unique objective of the total productive administration is to "Consistently enhance every single operational condition, inside a creation framework; by empowering the day by day consciousness of the employees" (Nakajima, 1988). Typically, the organization put in advance its primary needs in light of its arrangement, and these needs execution activities should be estimated, so the issue of the need of key execution markers emerge.
The fundamental parameters which for the most part is essential to quantify and add up to framework/plant adequacy and additionally framework/plant profitability, accessibility, cost effectiveness and quality (Moubray, 1997). Estimating equipment adequacy must go past just accessibility or machine uptime. It must factor in all issues linked with equipment execution. The method for equipment adequacy must take a gander at the accessibility, the rate of execution and quality rate. This enables all divisions to be associated with deciding equipment adequacy. The method could be communicated as: Availability x Performance Rate x Quality Rate = OEE. (Moubray, 1997).
[bookmark: _Toc527647768]2.9.5 Predetermined Maintenance (PM)
Foreordained maintenance is done as per set up interims of time or number of units of utilization however without past condition examination (EN 13 306, 2001). All together for PDM execution to be effective, disappointment rate of an item should cause increment as the utilization time of an item causes increments. In this way, the choice for the item maintenance interim ought to be founded on machine hours, age, the recurrence of utilization and the separation voyaged (Coetzee, 2004). As indicated by Mobley (2002) most gatherings of comparable machines will show disappointment rates that can be anticipated in some ways if found the middle value of over a significant lot of time.
[bookmark: _Toc527647769]2.10 Challenges in Employing the Management Principles to Equipment Maintenance
One of the jobs of a project manager is balancing the elements of a complex project which are - time, money, scope and people. The essential step for managing the unexpected obstacles faced by project managers on daily basis is the Project management training (Marchewka, 2014). Here is an outline of 10 topmost project management challenges encountered by project manager when applying to equipment maintenance by helping to put this in perspective according to this study;
[bookmark: _Toc527647770]2.10.1 Undefined Equipment Output
According to (Marchewka, 2014), when output of an equipment is not clearly identified, the maintenance management become inefficient. Equipment being maintained has little chance of succeeding the when upper management cannot agree to or support undefined output. To achieve and communicate clearly, the output from the outset, a project manager ought to ask the right questions.
[bookmark: _Toc527647771]2.10.2 Scope Change
Scope creep is the other name for this change which occurs when maintenance scope is extended beyond its original objectives by the equipment maintenance management. Changes to maintenance scope maybe requested by clients and supervisors, and the evaluation of each request each request is done by a capable project manager in making a choice on how and if to implement it, while discussing the impact on the planned finance and deadlines to all stakeholders (Marchewka, 2014).
[bookmark: _Toc527647772]2.10.3 Inadequate Skills for the Maintenance Management
Managing and maintaining equipment most often needs skills not possess by the project's contributors. Marchewka (2014) made it aware that equipment maintenance-management training assist project leader to be able to decide on their needed competencies, evaluate the equipment and recommend outsourcing, training or hiring additional services.
[bookmark: _Toc527647773]2.10.4 Lack of Accountability
 In achieving project success for leadership qualities to show forth, each member of the team must take responsibility for their roles. Conversely, an equipment can be brought to a complete halt due lack of accountability for the proper maintenance of an equipment. To Finger-point and evade blaming are unproductive, but a common features of flawed management (Marchewka, 2014). An important aspect of ensuring efficient management of equipment is by learning to direct teams toward a common output of an equipment.
[bookmark: _Toc527647774]2.10.5 Improper Risk Management
Another important piece of project management training is learning how to deal with and plan for risk with regards to equipment maintenance. A desirable principle of project management is risk tolerance because equipment may breakdown at any time in the course of production. Assembling information, building trust and knowing the various parts of a project in managing and maintaining equipment which are most likely to veer off course are aspects of the project manager's job (Marchewka, 2014).
[bookmark: _Toc527647775]2.10.6 Ambiguous Contingency Plans 
It's important when managing and maintain equipment to know which path to take in pre-defined "what-if" situations. If contingencies are not identified, an unexpected set of problems can affect the entire equipment (Marchewka, 2014). Requesting others to pin-point likely problem areas can lead to a more gentler and successful maintenance and management of equipment.
[bookmark: _Toc527647776]2.10.7 Poor Communication 
According to (Marchewka, 2014), project managers can provide direction at every step in maintaining equipment in industry, so that the needed expectation is known by each of the team work. Effective interaction with every worker participating in managing and maintaining is crucial to efficient running of an equipment.
1. Project management principles include an emphasis on written and oral communication skills.
1. Proper communication can help increase morale by establishing clear expectations.
1.  Good project managers keep communication and feedback flowing between upper management and team workers.
[bookmark: _Toc527647777]2.10.8 Resource Deprivation
For an effective and efficient running of equipment, sufficient resources must be provided by management. Equipment maintenance and management training demonstrate the definition of needs and obtain up front approval together with helping in assigning and prioritizing resources by project managers to ensure smooth running of equipment (Marchewka, 2014).
[bookmark: _Toc527647778]2.10.9 Lack of Manager’s Engagement
A disinterested team member, client, CEO or vendor can affect the efficient running of an equipment (Marchewka, 2014). To generate engagement to ensure if equipment is working properly expert managers of project interact openly and encourages feedback at every step of the way (Marchewka, 2014).
[bookmark: _Toc527647779] 2.11 Applying Project Management Principles to Equipment Maintenance
There are a number of approaches, methods and activities which organizations can adopt to improve their equipment effectiveness in project management. However, it is recommended that a holistic approach to equipment management is taken, looking overall at project management and the main problems and issues associated with its use with respect to equipment maintenance. Targeting the main problems and issues using the key success factors as a focus could make a significant difference to the equipment maintenance. The uniqueness of every equipment is in types of the issues that arise, the urgencies and resources allocated to its maintenance, the environment in which it operates, and the characteristics and style of the project manager used to direct, control and manage the equipment. Therefore, the design of maintenance structure for equipment maintenance must be to fit within that equipment’s operating constraints. The implemented maintenance structure may differ throughout the span of the equipment as a result of   priorities changes, available resource and other contingencies. Management must appreciate that a dynamic state of evenness between limited personnel and financial resources irrespective of the equipment maintenance management structure chosen and the reason for the project will be necessary if equipment management is to be successful in their particular organization (Adams, 1997). Effective equipment maintenance can be achieved by applying project management principles which include the following five phases:
1. Initiating the project
2. Planning the project, 
3. executing the project,
4. Monitoring and Evaluation, 
5. closing the project
[bookmark: _Toc527647780]2.11.1 Initiation Phase
The project management principle related to the project initiation phase in equipment maintenance include (Hoffer et al., 2002):
1. Establishing the equipment maintenance initiation team. This involves organizing team members to take in charge and assist in carrying out the maintenance activities.
2. Establishing the Equipment maintenance initiation plan. This defines the activities required to manage and maintain the equipment while working to define the goals and scope of the organization.
3.  Establishing maintenance management procedures. Concerned with developing team communication and reporting procedures, job assignments and roles, maintenance change procedure, and how extra resources on the use of the equipment will be handled.
4.  Establishing the maintenance environment and workbook. This deals with focusing on the collection and organization of the tools and resources that will enhance the maintenance and management of equipment.
[bookmark: _Toc527647781]2.11.2 Planning Phase
The project management principles related to the project planning phase can be applied in equipment maintenance in the following ways (Hoffer et al., 2002): 
1. Describing equipment’s scope, alternatives, and feasibility of work. The understanding of the content and complexity of the equipment can also help in ensuring proper maintenance of the equipment. Some relevant questions that should be answered include:
a. What work does the equipment perform?
b. What results are to be achieved?
c. What needs to be done on the equipment?
d. How will the success of the equipment be measured?
2. Divide the maintenance plan of the equipment into tasks. This technique is also known as the work breakdown structure. This step is done to ensure an easy progression between the maintenance tasks on the equipment.
3. Estimating resources and creating a resource plan of the equipment. This helps to gather and arrange resources in the most effective manner to be utilized by the equipment and also to ensure proper maintenance.
4. Developing a preliminary maintenance schedule. In this step, you are to assign time estimates to each activity in the work breakdown structure. From here, you will be able to create the target start and end dates for maintaining an equipment.
5. Developing an equipment maintenance communication plan. The idea here is to outline the communication procedures between management, maintenance team, and other workers.
6. Identifying and assessing risk in relating to maintaining the equipment. The goal here is to identify potential sources of risk and the consequences of those risks.
7. Creating a preliminary budget for carrying out maintenance practice on equipment. The budget should summarize the planned expenses and revenues related to the maintaining and managing an equipment in the organization.
8. Developing a statement of work pertaining to maintenance practices on the equipment. This document will list the work to be done and the expected outcome of the equipment being managed and maintained.
9. Setting a baseline maintenance plan on managing the equipment. This should provide an estimate of the maintenance tasks and resource requirements for maintenance practices on equipment.
[bookmark: _Toc527647782]2.11.3 Execution Phase
The project management principles in the execution phase can be applied to equipment maintenance in the following ways (Hoffer et al., 2002):
1.   Executing the baseline equipment maintenance plan. The job of the maintenance officer is to initiate the execution of maintenance activities, acquire and assign resources, orient and train new team members, keep the equipment maintenance on schedule, and assure the quality of delivery by the equipment.
2.   Monitoring maintenance progress against the baseline equipment maintenance plan. Using Gantt and PERT charts can assist the maintenance manager in doing this.
3. Managing changes to the baseline equipment maintenance plan.
4.  Maintaining the equipment maintenance workbook. Maintaining complete records of all equipment maintenance events is necessary. The equipment maintenance workbook is the primary source of information for maintenance practices on the equipment.
5. Communicating the equipment maintenance status. This means that the entire maintenance plan should be shared with the entire maintenance team and any revisions to the plan should be communicated to all interested parties so that everyone understands how to maintain equipment in the organization.
[bookmark: _Toc527647783]2.11.4 Monitoring and Control Phase
This also relates with the process of managing the processes of maintaining equipment management. This aspect is very critical with the issue of maintenance in the industry, especially the mining sector. Operational conditions or vibration profile are generated by all mechanical equipment in motion (Rashid, 2011). Regardless of speed it is however true that liner motion, reciprocation, or rotation are the mode of operation. The relevance of the analysis of vibration is to all mechanical equipment; its useful tool is the profile analysis for diagnostics, projecting maintenance, and other more uses. This phase is where the forms of maintenance may be capable ensuring proper maintenance of equipment. This is applied by ensuring:
1. Preventive maintenance on managing the equipment.
2. Corrective maintenance of a known fault on the course of managing the equipment.
3. Condition based maintenance.
4. Total productive maintenance.
5. Predetermined maintenance.
[bookmark: _Toc527647784]2.11.5 Closing-Down Phase
The project management principles can be applied in the following ways to ensure efficient maintenance practices (Hoffer et al., 2002):
1. Closing down the maintenance practice plan. In this stage, all interested parties must be notified of the completion of the plan. Also, all document of maintenance together with records should be finalized so that the concluding review of the equipment can be conducted.
2. Post maintenance reviews conducted on the equipment. The strength and weakness of the equipment is the reason for conducting this and also the methods they are engaged in, and the maintenance management process.
3. The final activity is to ensure that the expected output of the equipment is achieved.















[bookmark: _Toc527647785]CHAPTER THREE
[bookmark: _Toc527647786]RESEARCH METHODOLOGY

[bookmark: _Toc527647787]3.1 Introduction
This chapter entails the research methodology applied in answering the research questions of this study. The framework for the collection and analysis of data for this study is explained. In addition, the techniques and instruments for data collection analysis are explored in this chapter.
[bookmark: _Toc527647788]3.2 Scope of the Study
The study focused on investigating effective ways of applying project management principles to equipment maintenance in Ghana using Chirano Gold Mine Limited as a case study. Chirano Gold Mine Limited is a high-tech and global mining engineering company that is involved in underground and open pit gold mine, with many plant and equipment used in the extraction process.
[bookmark: _Toc527647789]3.3 Research Strategy
Research strategy is the general orientation by which this study would be carried out. It provides the resources required to complete the study on time, ensure the design of the study is appropriate to achieve the research objectives and makes sure that the appropriate software to manage and analyse the data is available (Bryman, 2016). Survey research strategy was adopted for this study. Survey research strategy involves the adoption of structured research instrument in collecting responses from a sample in some form or respondent’s bahaviour as observed and defined (Babin and Zikmund, 2015). Survey research strategy is usually connected with the deductive approach. This is popular and common strategy employed in the business and management research strategy (Saunders et al., 2009). Survey research allows the gathering of a large number of data from sizeable population in a high economical way. This is obtained by the usage of questionnaire administered to a sample, these data are standardized, allowing easy comparison (Saunders and Lewis, 2012). The use of Likert scales which are popular methods of collecting information for surveys was employed. Further, the researcher gathered information from respondents through posting some of the questionnaires, emails, and face to face method of data which is the case of a survey research strategy.
[bookmark: _Toc527647790]3.4 Research Design
Saunders et al. (2012) define research design as the general plan of providing mounting answers to the research questions as well as the collection and analysis of the data. Thus, it explains the overall plan of the research. Burns and Grove (2003) added that, it is the general process of undertaking the research. Through a well formulated research design, researchers are able to gain maximum control over several thwarting factors that undermines the validity of the study. According to Creswell and Clark (2017), selecting appropriate research design is based on the nature of research problem or issue being addressed, the experience of the researcher, and the respondents for the study. Two types of research designs are advanced: Descriptive Research Design and Correlational Research Design. Descriptive research design is designed to give a clear picture of a situation as it naturally happens (Burns and Grove, 2003). Thus, situations are usually described using descriptive research design. Profile of persons, situations or events are the basic object of measurement in descriptive research. It is also employed for the justification of current practices, make judgment and to develop theories. This also deals with clarification of the existence of a relationship that exist between two or more aspects of a situation or phenomenon as well as forecast future happenings. This is mostly considered by research questions or hypothesis which specifies the direction and nature of the relationship between the variable being examined. Correlational research design comes in where there is the need to possibly investigate the relationships among variables without trying to influence those variables. However, the degree of relationship between the variables is of much concern. Correlational study deals with measuring two variables and then determining the degree of relationship that exist between them (Christensen et al. 2011). The study employed a descriptive research design to justify the current practices, make judgement and to develop theories. This also deals with clarification of the existence of a relationship that exist between two or more aspects of a situation or phenomenon as well as forecast future happenings.
[bookmark: _Toc527647791]3.5 Research Method
The research method adopted for this study was purely quantitative method, to address the research questions. This strategy provides a quantitative or numeric description of trends, attitudes, or opinion of a population by studying a sample of that population (Creswell, 2009). This study adopted a quantitative research design to examine the objectives. The following are justifications why quantitative research was adopted for this research, gathers accurate data plus study relations between facts as well as relations in agreement with theory, this was done using many data gathering performances as well as analytical methods. Preceding to the prompting of the initial study, a wide-ranging collected works review was embarked on. The literature review shielded extensively on matters constructing rounds in the discipline; particularly a broad synopsis of equipment maintenance and project management, numerous meanings in the discipline and modern works on project management principles that can be employ to equipment maintenance, the challenges in employing the management principles to equipment maintenance and effective or best ways in applying project management principles to equipment maintenance.
[bookmark: _Toc527647792]3.6 Data sources
The researcher employed primary sources of data. The main purpose of the study is to gather info that can be analyzed, to enable interpretation, and aided the investigator to grow unique information such as eye witness accounts, and personal observations. 
[bookmark: _Toc527647793]3.7 Population and sampling size
Chirano Gold Mine Limited is a high-tech and global mining engineering company that is involved in underground and open pit gold mine, with many plant and equipment used in the extraction process. The population of the study consisted of the maintenance staff at the mining sector. Table 3.1 below shows the maintenance staffing at the Chirano Gold mine in Ghana.

	Description
	Personnel

	Maintenance Manager and Assistant
	2  

	Maintenance Foreman
	2  

	Planners
	2  

	Planning Clerk
	2  

	Preventive Maintenance Crew
	8     

	Scoop and Truck Crew
	28 

	Drill and Utility Crew
	12   

	Total
	56 


[bookmark: _Toc528729196]Table 3.1 maintenance staffing at Chirano Gold Mine Limited
Each of the staff is rs`esponsible for certain aspects of the machine maintenance at the mine. Consequently, they are all accountable to the maintenance process. 

[bookmark: _Toc527647794]3.7.1 Sample Size Determination
A census sampling was adopted for this study, where all members at the maintenance department were contacted for information pertaining to the study. The reason been that, these people are familiar with the maintenance activities that goes on at the mining sector. Thus, they were considered reliable for the study.
[bookmark: _Toc527647795]3.8 Questionnaire Design and Development
The questionnaire was designed to be respondent-friendly in order to facilitate the involvement of a lot and in consequence maximize the response rate. The questionnaire was designed using plain language devoid of ‘technical’ words, except where used it was explained to the respondents. Aside the plain language, the questionnaire was deliberately designed to include close-ended questions. The layout and format of the questionnaire were carefully considered as they impact on the response rate. Instructions were given at the beginning of every major part for filling the questionnaire. The questionnaire was in two main sections, Parts A and B. The Part A focused primarily on the demographics of the respondents and as such requested the background information of the respondents. Studies have demonstrated the significance of demographic variables or background information, particularly in quantitative studies. 
The Part B was anchored on the research objectives and as such was based on the literature review in regards to project management principles that can be employ to equipment maintenance, the challenging in employing the management principles to equipment maintenance and effective or best ways in applying project management principles to equipment maintenance.
[bookmark: _Toc527647796]3.9 Data Analysis 
The completed questionnaires were edited to ensure completeness, consistency and readability. Once the data had been checked, they were arranged in a format that enabled easy analysis. The retrieved questionnaire was aggregated into larger units and were processed and entered into the Statistical Packages for Social Sciences (SPSS version 21). The SPSS software was employed to organize the survey findings and to cross-tabulate the relationships between the variables. To elucidate the discussion in this discipline, the data obtained was presented graphically and in tabular form. Information involving the background of respondents are presented in pie charts and bar graphs. Successively, the results are analyzed statistically using Relative Importance Index (RII) to determine the severity. The RII value indicates the relative significance or importance of one factor compared to other variables in the same category. The RII is calculated using the formula:
Relative Importance Index (RII) = 
Where, W = weights given to each factor by the respondents and ranges from 1 to 5, where ‘1’ is                 very low and ‘5’ is very high.
A = the highest weight (i.e. 5 in this study)
N = the total number of respondents
Mean Score Ranking (MSR) was also used to compare sample mean to the known population.


[bookmark: _Toc527647797]CHAPTER FOUR
[bookmark: _Toc527647798]DATA ANALYSIS AND DISCUSSION OF RESULTS
[bookmark: _Toc527647799]4.1 INTRODUCTION
This chapter focuses on organization, structuring and characteristics of the data collected from the field as well as the analysis and interpretations drawn from it to address the key research objectives and questions captioned in chapter one. The results obtained are compared with the relevant literatures and the researcher comments are added. This chapter also presents the results of the analysis and discussions in the form of texts and Tables. The chapter is organized as follows; Background information of Respondents and analysis of dependent variable. 
[bookmark: _Toc527647800]4.2 DATA ANALYSIS
The data analysis was carried out in two parts. The first part concentrated on the background of the respondents which was based on information carried in the section A (general information) of the questionnaire, section B comprises the project management principles that can be employ to equipment maintenance, challenges in employing the management principles to equipment maintenance and effective or best ways in applying project management principles to equipment maintenance.
[bookmark: _Toc527647801]4.3 PRESENTATION OF RESULTS AND DISCUSSIONS 
To give weight to the results of the study the researcher deems it relevant to probe the background of his respondent. On the first part of the analysis, descriptive statistics were obtained on the responses given on the variables in the section A. This involved the frequency and percentage of responses to each of the variables. The questions centered on their position in their firm, experience and level of education. This helped to assess and increase the validity, reliability and precision of the responses and result of the main research. The result is summarized in Table 4.1, 4.2, 4.3 and 4.4
[bookmark: _Toc527647802]4.3.1 Organizational Role
Table 4.1 below shows that Majority of the respondents of the survey were either holding the position of Maintenance Managers, Maintenance Foremen, Facilities Coordinator, Facilities Engineer, Real Estate Manager and Technical Services Manager. Nearly, 4% were Maintenance Managers (N = 2), 4% were Maintenance Foremen (N = 2), 52% were Scoop and Truck Crew (N = 26), 20% were Drill and Utility Crew (N = 10), 12% were Preventive Maintenance Crew (N=6), 4% were Planners (N=2) and 4% were Planning Clerk (N = 2). The respondent position is vital to ensure some degree of reliability of the data. Since they are all working in the maintenance department of the firm, this makes them credible and reliable source of information which is needed for this study.
[bookmark: _Toc528729197]Table 4.1 role in the Maintenance Department
	Item
	Frequency
	Percentage (%)

	Maintenance Manager
	2
	4%

	Maintenance Foreman
	2
	4%

	Scoop and Truck Crew
	26
	52%

	Drill and Utility Crew
	10
	20%

	Preventive Maintenance Crew
	6
	12%

	Planner
	2
	4%

	Planning Clerk
	2
	4%

	Total
	50
	100









               Source: Field Survey, 2018
[bookmark: _Toc527647803]4.3.2 Years of Experience in the Organization
Respondents work experience is presented in Table 4.2. About 20% of the respondents showed that they been in their organization for 5 years and below; different group of approximately 36% have varied experience of 6 to 10 years in the organization. 30% of the respondents’ have also been in the organization for between 11 to 15 years and 14% have worked for over 16 years. Majority of the respondents have maintenance experience which is vital in this case to give some degree of reliability to the data given. The length of experience in the organization of operation is vital to contribute to crucial information on the effective ways of applying project management principles to equipment maintenance. 

[bookmark: _Toc528729198]Table 4.2: Years of Experience in the Organization
	Item
	Frequency
	Percentage (%)

	0 - 5years
	10
	20%

	6 - 10 years
	18
	36%

	11 - 15 years
	15
	30%

	Above 16 years
	7
	14%

	Total
	50
	100


	Source: Field Survey, 2018

[bookmark: _Toc527647804]4.3.3 Working Experience of Respondents in the Construction Industry
The intention of this question was to identify the level of experience of the respondents in the construction industry since how long they have been in the construction industry will affect the quality of the response given. From the table, bulk of the respondents have been in the building industry for more than 6 years representing 88% (N=13+19+12). Approximately, 12% indicated level of less than 5 years’ practice in the building industry. Accordingly, it can be deducted that, they have had a lot of experience in the Ghanaian construction industry and for that matter are capable of giving in-depth information on the issues under discussion. And the balances of a variety of levels of experience will therefore enable a generalized and realistic view as far as this research is concerned.

[bookmark: _Toc528729199]Table 4.3: Working Experience of Respondents in the Construction Industry
	Item
	Frequency
	Percentage (%)

	Less than 5 years
	6
	12%

	6 to 10 years
	13
	26%

	11 to 15 years
	19
	38%

	Above 16 years
	12
	24%

	Total
	50
	100


		       Source: Field Survey, 2018
[bookmark: _Toc527647805]4.3.4. Educational level of respondent
Table 4.4 below shows that Majority of the respondents of the survey were either Holders of PhD, Master’s Degree (MSc, MPhil, and MBA), Bachelor of Science or Higher National Diploma. 2% of the Respondents were holders PhD, 28% are holders of a Master Degree, 52% holds a Bachelor’s Degree, and whiles 18% were holders of Higher National Diploma. The results indicate that majority of the respondents are highly educated and well qualified. The respondents work for well-established firms that have a lot of experience. They also fall within the targeted group the researcher intended to study.
[bookmark: _Toc528729200]Table 4.4 educational level of respondent
	Item
	Frequency
	Percentage (%)

	Higher National Diploma
(HND)
	9
	18%

	Bachelor Degree
	26
	52%

	MBA/MSc/MPhil
	14
	28%

	PhD
	1
	2%

	Total
	50
	100









                            Source: Field Survey, 2018
[bookmark: _Toc527647806]4.4 ANALYSIS AND DISCUSSION OF MAIN OBJECTIVES
[bookmark: _Toc527647807]4.4.1 Project management principles that can be employ to equipment maintenance;
From Table 4.5 below, using relative importance index to determine the Project management principles that can be employed to equipment maintenance, Intervention and execution strategy was rated first with a mean and an RII value of 4.38 and 0.912 respectively. Risk management, Time management, Scope management, Communication management, Cost management, Quality management, Human resource management, Measurement and accountability, Formulating the project team, Integration management, Organizational alignment and Procurement management. Establishing vision and mission of the project and establishing business objective are the least ranked project management principles that can be employ to equipment maintenance. They all had a mean and an RII value greater than 3.50 and 0.600 respectively indicating their relevance to equipment maintenance. 
[bookmark: _Toc527647808]4.4.1.1 Discussion of results 
The analysis of the results on the Project management principles that can be employ to equipment maintenance reveals that, Intervention and execution strategy, Risk management, Time management, Scope management, Communication management are the first five in order of ranking, the project management principles that can be employ to equipment maintenance.   Hoffer et al. (2002) supports that, Intervention and execution strategy is a key project management principle that enables project managers to strategically intervene when there is the need to execute a contingency plan. This can be related to the maintenance of equipment due to the fact that the intervention strategy to be used in the maintenance of equipment will determine the extent of time to be used, the risk which will be involved and the change in scope of ongoing works. Adams (1997) supports the analysis that, Communication management is a key project management principle that can be employed to equipment maintenance. Every organization has a unique structure and its implementation may not be the same structure used throughout the life cycle of the project due to changes in priorities, available resource, project personnel, laws, and other contingencies. Regardless of the project management structure chosen, management must realize that a dynamic state of equilibrium between limited personnel and financial resources and the objectives of the project will be necessary if project management is to be successful in their particular organization. 
The least ranked Project management principles that can be employ to equipment maintenance were; Procurement management, Establishing vision and mission of the project and Establishing business objective. These PM principles has less influence in the maintenance of equipment. These analysis obtained from both respondents and literature clearly shows their importance to equipment management. Therefore, these project management principles when considered in equipment management will go a long way to help in the maintenance of equipment
[bookmark: _Toc528729201]Table 4.5 Project management principles
	No.
	Project management Principles
	Mean
	RII
	Ranking

	1
	Intervention and execution strategy
	4.38
	0.912
	1st

	2
	Risk management	
	4.31
	0.882
	2nd

	3
	Time management
	4.29
	0.901
	3rd

	4
	Scope management
	4.25
	0.872
	4th

	5
	Communication management	
	4.21
	0.885
	5th

	6
	Cost management
	4.33
	0.854
	6th

	7
	Quality management
	4.24
	0.865
	7th

	8
	Human resource management
	4.35
	0.891
	8th

	9
	Measurement and accountability
	4.34
	0.892
	9th

	10
	Formulating the project team
	4.33
	0.893
	10th

	11
	Integration management
	4.30
	0.864
	11th

	12
	Organisational alignment
	4.28
	0.861
	12th

	13
	Procurement management
	4.25
	0.852
	13th

	14
	Establishing vision and mission of the project 
	4.29
	0.826
	14th

	15
	Establishing business objective
	4.12
	0.798
	15th


Source: Field Survey, 2018

[bookmark: _Toc527647809]4.4.2 Challenges in employing the management principles to equipment maintenance.
In determining the challenges in employing the management principles to equipment maintenance, a list of factors (nine factors) were identified from literature and respondents were asked to rate those according to their level of influence of each challenging factor on a five-point Likert scale items. The adopted scale read as follows, 5= extremely challenging; 4=very challenging; 3=moderately challenging; 2=slightly challenging; 1= not at all challenging
In analysing the results of the challenges in employing the management principles to equipment maintenance in Ghana, relative importance index was used. from table 4.6 below, it is interesting to note that all the nine (9) factors seems influential as they had a mean score and an RII value greater than 3.50 and 0.700 respectively. However, considering the challenges in order of extremely challenging, respondents indicated that, Inadequate Skills for the Maintenance Management was rated first with a mean score and RII value 4.38 and 0.912 respectively. This was followed by Undefined Equipment Output, Ambiguous Contingency Plans, Lack of Manager’s Engagement, Improper Risk Management, Scope Change, Resource Deprivation, Poor Communication and Lack of Accountability. They all had a mean score and an RII value greater than 4.00 and 0.700 respectively.
[bookmark: _Toc527647810]4.4.2.1 Discussion of results
The analysis of the results on the Challenges in employing management principles to equipment maintenance reveals that, Inadequate Skills for the Maintenance Management, Undefined, Equipment Output, Ambiguous Contingency Plans, Lack of Manager’s Engagement and Improper Risk Management were the first five challenges as been ranked by the respondents. 
Managing and Maintaining equipment sometimes requires skills that the project's contributors do not possess. Marchewka (2014) made it aware that equipment maintenance-management training can help a project leader determine the needed competencies, assess the equipment and recommend training, outsourcing or hiring additional services.  According to (Marchewka, 2014), when output of an equipment is not clearly identified, the maintenance management become inefficient. When upper management cannot agree to or support undefined output, the equipment being maintained has little chance of succeeding. The project manager must ask the right questions to establish and communicate clear output from the outset.  It's important when managing and maintain equipment to know what direction to take in pre-defined "what-if" scenarios. If contingencies are not identified, the entire equipment can become mired in an unexpected set of problems (Marchewka, 2014). Asking others to identify potential problem areas can lead to a smoother and successful maintenance and management of equipment. A disinterested team member, client, CEO or vendor can affect the efficient running of an equipment (Marchewka, 2014). A skilled project manager communicates openly and encourages feedback at every step to create greater engagement to ensure if equipment is working properly (Marchewka, 2014). Learning to deal with and plan for risk is another important piece of project management training with regards to equipment maintenance. Risk tolerance is typically a desirable project manager principle because equipment may breakdown at any time in the course of production. Gathering input, developing trust and knowing which parts of a project in managing and maintaining equipment are most likely to veer off course are aspects of the project manager's job (Marchewka, 2014). To conclude on the challenges, it is advisable for project managers and equipment maintenance department to carefully identify these challenges so that they can devise strategies to mitigate those challenges. Since these challenges have been well outlined in literature their effects are well speculated as well. Equipment maintenance department should always foresee these challenges and set out strategies to overcome those challenges.    

[bookmark: _Toc528729202]Table 4.6 Challenges in employing management principles to equipment maintenance
	No.
	Challenges
	Mean
	RII
	Ranking

	1
	Inadequate Skills for the Maintenance Management
	4.38
	0.912
	1st

	2
	Undefined Equipment Output
	4.31
	0.882
	2nd

	3
	Ambiguous Contingency Plans
	4.29
	0.901
	3rd

	4
	Lack of Manager’s Engagement
	4.25
	0.872
	4th

	5
	Improper Risk Management
	4.21
	0.885
	5th

	6
	Scope Change
	4.33
	0.854
	6th

	7
	Resource Deprivation
	4.24
	0.865
	7th

	8
	Poor Communication
	4.35
	0.891
	8th

	9
	Lack of Accountability
	4.33
	0.893
	9th


 Source: Field Survey, 2018	




[bookmark: _Toc527647811]4.4.3 Effective application of project management principles to equipment maintenance
On the effective ways in applying project management principles to equipment maintenance, mean scores of 22 measures investigated and their rankings are presented in Tables 4.7 for professional (Maintenance Managers, Maintenance Foremen, Scoop and Truck Crew, Drill and Utility Crew, Preventive Maintenance Crew, Planners and Planning Clerk) working in Chirano Mine Limited in Ghana. Mean scores of almost all effective ways in applying project management principles to equipment maintenance are greater than the neutral value of 3.0, indicating that they are all important for equipment maintenance. It can be seen from the results in Table 4.7 that the highest ranked measure was “establishing maintenance management procedures” with a mean of 4.6667 and a Std. deviation of 0.75605. 

[bookmark: _Toc527647812]4.4.3.1 Discussion of results
The analysis of the results on the Effective application of project management principles to equipment maintenance reveals that, establishing maintenance management procedures, dividing the maintenance plan of the equipment into tasks, estimating resources and creating a resource plan of the equipment, developing a preliminary maintenance schedule and developing a statement of work pertaining to maintenance practices on the equipment are the five major ways to effectively apply PM principles to equipment maintenance. This is supported by Hoffer et al. (2002) who claimed that establishing maintenance management procedures is concerned with developing team communication and reporting procedures, job assignments and roles, maintenance change procedure, and how extra resources on the use of the equipment will be handled. This also relates with the process of managing the processes of maintaining equipment. This aspect is very critical with the issue of maintenance in the industry, especially the mining sector. This ensures that all mechanical equipment in motion generate a vibration profile, or signature that reflects its operating condition (Rashid, 2011). This is true regardless of speed whether the mode of operation is rotation, reciprocation, or liner motion. Vibration analysis is applicable to all mechanical equipment; its profile analysis is a useful tool for predictive maintenance, diagnostics and many other uses. The least ranked measures were, communicating the equipment maintenance status, monitoring maintenance progress against the baseline equipment maintenance plan and setting a baseline maintenance plan on managing the equipment. The standard deviation for all the variables identified was below 1 showing a high degree of agreement within the respondents. This shows that, these variables are major strategies that can help in the application of project management principles to equipment. Project management and equipment maintenance departments are therefore advised to adopt these strategies to enhance the maintenance of equipment.











Table 4.7 Effective ways in applying project management principles to equipment maintenance.

[bookmark: _Toc528729203]Source: Field Survey, 2018
	Effective ways in applying project management principles to equipment maintenance
	Mean 
	Std. Deviation 
	Rank 

	Establishing maintenance management procedures
	4.6667
	.75605
	1st

	Divide the maintenance plan of the equipment into tasks
	4.6523 
	.70034 
	 2nd

	Estimating resources and creating a resource plan of the equipment
	4.6510
	.48305 
	3rd

	Developing a preliminary maintenance schedule
	4.6260
	.49761 
	4th 

	Developing a statement of work pertaining to maintenance practices on the equipment
	4.6190 
	.58959 
	5th 

	Preventive maintenance on managing the equipment
	4.6105 
	.51177 
	6th 

	Developing an equipment maintenance communication plan
	4.5938 
	.60159 
	7th 

	Identifying and assessing risk in relating to maintaining the equipment
	4.5870
	.67834
	8th

	Conducting post maintenance reviews on the equipment
	4.5638 
	.67964 
	9th 

	Corrective maintenance of a known fault on the course of managing the equipment
	4.5602 
	.60159 
	10th 

	The final activity is to ensure that the expected output of the equipment is achieved
	4.5524 
	.92066 
	11th 

	Creating a preliminary budget for carrying out maintenance practice on equipment
	4.5431 
	.56061 
	12th 

	Maintaining the equipment maintenance workbook
	4.4810 
	.74001 
	13th 

	Managing changes to the baseline equipment maintenance plan
	4.3810 
	.80475 
	14th 

	Establishing the maintenance environment and workbook
	3.8344
	.54670
	15th

	Condition based maintenance
	3.7981 
	.88909 
	16th 

	Executing the baseline equipment maintenance plan
	3.7619 
	.43644 
	17th 

	Establishing the equipment maintenance initiation team
	3.7143 
	.46291 
	18th 

	Describing equipment’s scope, alternatives, and feasibility of work
	3.5571 
	.96362 
	19th 

	Communicating the equipment maintenance status
	3.3459
	.65502
	20th

	Monitoring maintenance progress against the baseline equipment maintenance plan
	3.3108
	.45980
	21st

	Setting a baseline maintenance plan on managing the equipment
	3.1006
	.74433
	22nd



[bookmark: _Toc527647813]4.5 Summary of data analysis
The data analysis and discussion of results started by probing the background of the respondents which included: the position of respondents in their firm, educational level and their experience in the construction industry. The results shows that respondents had experience in the construction industry which made them suitable for the study. The objectives in order of the analysis are; Project management principles that can be employ to equipment maintenance, to identify the challenges in employing the management principles to equipment maintenance; and to propose effective or best ways in applying project management principles to equipment maintenance. On the first objective that is, the project management principles that can be employ to equipment maintenance, several principles were identified from literature and respondents were asked to rank them. The responses shows that those principles are essential to equipment maintenance and with that, objective one was achieved. The second objective was to identify the challenges in employing the management principles to equipment maintenance and with that respondents ranked the challenges identified from literature. These challenges are critical to the application of project management principle to equipment maintenance and to conclude on the aim of the study, the last object was also to propose effective or best ways in applying project management principles. The combination of these objectives helped to achieve the aim of the study, that is, to investigate effective ways of applying project management principles to equipment maintenance in Ghana using Chirano Gold Mine Limited as a case study.




[bookmark: _Toc527647814]CHAPTER FIVE
[bookmark: _Toc527647815]SUMMARY OF FINDINGS, CONCLUSION AND RECOMMENDATION

[bookmark: _Toc527647816]5.1 INTRODUCTION
The summary of the key research findings tailored to the proposed research aim and objectives are presented in this chapter. The conclusion, relevance and contributions of this study are also underlined in this chapter. Further, limitations of the research and suggestions for future research directions are provided as well.

5.2 SUMMARY OF FINDINGS
This research was instigated with the primary aim of investigating the effective ways of applying project management principles to equipment maintenance in Ghana using Chirano Gold Mine Limited as a case study. In pursuing this aim, three objectives were set out. The achievement of each of the three research objectives is set out in the following subsections.
[bookmark: _Toc527647817]5.2.1 Project management principles that can be employ to equipment maintenance 
The study reveals that, Intervention and execution strategy, Risk management, Time management, Scope management, Communication management, Cost management, Quality management, Human resource management, Measurement and accountability, Formulating the project team, Integration management, Organizational alignment and Procurement management are the major Project management principles that can be employ to equipment maintenance. These were supported by Adams (1997), Hoffer et al., (2002). Establishing vision and mission of the project and establishing business objective were the least ranked project management principles that can be employ to equipment maintenance. These were also supported by Adams (1997), Hoffer et al., (2002) as established in literature.
[bookmark: _Toc527647818]5.2.2 Challenges in employing the management principles to equipment maintenance
From the study, is interesting to see that a number of challenging factors that hinders the application of project management principles to equipment maintenance using Chirano Mine Limited as a case study. Considering the challenges in order of extremely challenging, respondents indicated that, Inadequate Skills for the Maintenance Management, Undefined Equipment Output, Ambiguous Contingency Plans, Lack of Manager’s Engagement and Improper Risk Management are the major challenges to applying project management principles to equipment management. Other factors like, Scope Change, Resource Deprivation, Poor Communication and Lack of Accountability greatly influence and hinders the application of project management principles to equipment maintenance. The results showed a consistency with other studies such as Marchewka (2014) which made it clear that equipment maintenance-management training can help a project leader determine the needed competencies, assess the equipment and recommend training, outsourcing or hiring additional services. Marchewka (2014) further asserted that, when output of an equipment is not clearly identified, the maintenance management become inefficient. When upper management cannot agree to or support undefined output, the equipment being maintained has little chance of succeeding.  

[bookmark: _Toc527647819]5.2.3 Effective or best ways in applying project management principles to equipment maintenance
The results showed that, establishing maintenance management procedures is very significant in applying project management principles to equipment maintenance. This was followed by dividing the maintenance plan of the equipment into tasks. This is supported by Hoffer et al. (2002) who claimed that establishing maintenance management procedures is Concerned with developing team communication and reporting procedures, job assignments and roles, maintenance change procedure, and how extra resources on the use of the equipment will be handled. Estimating resources and creating a resource plan of the equipment, Developing a preliminary maintenance schedule, Developing a statement of work pertaining to maintenance practices on the equipment, Preventive maintenance on managing the equipment, Developing an equipment maintenance communication plan, Identifying and assessing risk in relating to maintaining the equipment, Conducting post maintenance reviews on the equipment, Corrective maintenance of a known fault on the course of managing the equipment are the other effective ways in applying project management principles to equipment maintenance. The least ranked factor was setting a baseline maintenance plan on managing the equipment.

[bookmark: _Toc527647820]  5.3 CONCLUSION
This study explored the effective ways of applying project management principles to equipment maintenance in Ghana using Chirano Gold Mine Limited as a case study. In attempt to achieve this aim, three objectives were set which includes, determining project management principles that can be employ to equipment maintenance, challenges in employing the management principles to equipment maintenance and effective or best ways in applying project management principles to equipment maintenance. The study reveals that, Intervention and execution strategy, Risk management, Time management, Scope management, Communication management, Cost management, Quality management, Human resource management, Measurement and accountability, Formulating the project team, Integration management, Organizational alignment and Procurement management are the major Project management principles that can be employ to equipment maintenance. Considering the challenges in order of extremely challenging, respondents indicated that, Inadequate Skills for the Maintenance Management, Undefined Equipment Output, Ambiguous Contingency Plans, Lack of Manager’s Engagement and Improper Risk Management are the major challenges to applying project management principles to equipment management. Other factors like, Scope Change, Resource Deprivation, Poor Communication and Lack of Accountability greatly influence and hinders the application of project management principles to equipment maintenance. Other factors like, Scope Change, Resource Deprivation, Poor Communication and Lack of Accountability greatly influence and hinders the application of project management principles to equipment maintenance. Further, a number of effective ways to be apply were proposed by respondents to be important. These includes; establishing maintenance management procedures, dividing the maintenance plan of the equipment into tasks, Estimating resources and creating a resource plan of the equipment, Developing a preliminary maintenance schedule, Developing a statement of work pertaining to maintenance practices on the equipment, Preventive maintenance on managing the equipment, Developing an equipment maintenance communication plan, Identifying and assessing risk in relating to maintaining the equipment, Conducting post maintenance reviews on the equipment, Corrective maintenance of a known fault on the course of managing the equipment are the effective ways in applying project management principles to equipment maintenance. 

[bookmark: _Toc527647821]5.4 RECOMMENDATION 
In view of the findings of this research, the following recommendations are therefore prescribed to support the effective ways of applying project management principles to equipment maintenance in Ghana.
· The company needs to facilitate training to all stakeholders on the application of project management principles that are necessary in equipment management. This would provide knowledge to every individual on the management principles that are applicable to equipment management. 
· Purchasers of Equipment should insist on maintenance manual from manufacturers to aid effective maintenance of equipment. 
· Planning of equipment maintenance needs to be done by a professional person with good exposure of execution of work.
· Project managers must team up with maintenance professionals to ensure effective and efficient maintenance policies implementation.
· Effective planning before selection of any equipment maintenance model will help management to know at what point maintenance needs to be done. 
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QUESTIONNAIRE SURVEY



KWAME NKRUMAH UNIVERSITY OF SCIENCE AND TECHNOLOGY, KUMASI
COLLEGE OF ART AND BUILT ENVIRONMENT
Department of Building Technology

(MSc. Construction Management)

Topic

Applying project management principles to equipment maintenance at Chirano Mine Limited

Dear Sir/Madam
Many thanks for your participation. This questionnaire survey aims to determine how project management principles can be apply to equipment maintenance at chirano mine limited.  Please fill in the questionnaire using the instructions, which will only take you about 10 to 15 minutes. Please be noted that all the information you provide is anonymous and will only be used for academic purpose. Thank you again for your valuable time. If you have any queries, please feel free to contact:

EMMANUEL COFFIE 
Department of Building Technology
KNUST.
Tel: +233244339271
Email: emmanuel.coffie@sandvik.com

Section A: Background Information

1. Please indicate your role in the organization (Maintenance Department)         
         [     ] Maintenance Manager        
         [     ] Maintenance Foreman                    
         [     ] Scoop and Truck Crew
         [     ] Drill and Utility Crew 
         [     ] Preventive Maintenance Crew              
         [     ] Planner   
         [     ] Planning Clerk       

2. Please indicate how long have you been working in your organization.
   [	   ] Less than 5 years
         [	   ] 6 to 10 years
   [	   ] 11 to 15 years
         [	   ] Above 16 years
3. Please indicate how long have you been working in construction industry.
   [	   ] Less than 5 years
         [	   ] 6 to 10 years
   [     ] 11 to 15 years
         [	   ] Above 16 years
4. Please what is your level of education?
   [	   ] Higher National Diploma (HND)
   [	   ] Bachelor Degree
   [	   ] MBA/MSc/MPhil
   [	   ] PhD
              Other (please specify) ……………………….…



Section B: Considering main objectives

6. Project management principles that can be employ to equipment maintenance
In your experience, indicate the degree at which these management principles can be adopted to equipment maintenance by ticking the appropriate boxes.

1= Very important;     2= Important;     3= moderately important;      4= Less important;                              5= Not important
	

	
PROJECT MANAGEMENT PRINCIPLES 
	
Scale view of the respondent

	
	
	1
	2
	3
	4
	5

	
	
	
	
	
	
	

	1
	Time management	
	
	
	
	
	

	2
	Quality management
	
	
	
	
	

	3
	Communication management
	
	
	
	
	

	4
	Integration management
	
	
	
	
	

	5
	Cost management
	
	
	
	
	

	6
	Scope management
	
	
	
	
	

	7
	Human resource management
	
	
	
	
	

	8
	Risk management
	
	
	
	
	

	9
	Procurement management
	
	
	
	
	

	10
	Formulating the project team
	
	
	
	
	

	11
	Intervention and execution strategy
	
	
	
	
	

	12
	Organisational alignment
	
	
	
	
	

	13
	Measurement and accountability
	
	
	
	
	

	14
	Establishing business objective
	
	
	
	
	

	15
	Establishing vision and mission of the project 
	
	
	
	
	

	
	Others (please specify)
	
	
	
	
	

	16
	
	
	
	
	
	

	17
	
	
	
	
	
	

	18
	
	
	
	
	
	

	19
	
	
	
	
	
	




7. Challenges in employing the management principles to equipment maintenance
In your experience, indicate the degree at which these challenges are critical to the employment of project management principle to equipment management by ticking the appropriate boxes.

5= extremely challenging; 4=very challenging; 3=moderately challenging; 2=slightly challenging; 1= not at all challenging 
	

	
Challenges in employing the management principles to  equipment maintenance

	
Scale view of the respondent

	
	
	1
	2
	3
	4
	5

	1
	Undefined Equipment Output
	
	
	
	
	

	2
	Scope Change
	
	
	
	
	

	3
	Inadequate Skills for the Maintenance Management
	
	
	
	
	

	4
	Lack of Accountability
	
	
	
	
	

	5
	Improper Risk Management	
	
	
	
	
	

	6
	Ambiguous Contingency Plans
	
	
	
	
	

	7
	Poor Communication
	
	
	
	
	

	8
	Resource Deprivation
	
	
	
	
	

	9
	Lack of Manager’s Engagement
	
	
	
	
	

	
	Any other, please state and rank
	
	
	
	
	

	10
	
	
	
	
	
	

	11
	
	
	
	
	
	

	12
	
	
	
	
	
	








7. Effective or best ways in applying project management principles to equipment maintenance.
Please kindly rate the following best ways in applying project management principles to equipment maintenance on the scale 1-5. 
5= extremely significant; 4=very significant; 3=moderately significant; 2=slightly significant; 1= not at all significant  
	

	
Effective or best ways in applying project management principles to equipment maintenance

	
Scale view of the respondent

	
	
	1
	2
	3
	4
	5

	1
	Establishing the equipment maintenance initiation team
	
	
	
	
	

	2
	Establishing maintenance management procedures
	
	
	
	
	

	3
	Establishing the maintenance environment and workbook
	
	
	
	
	

	5
	Describing equipment’s scope, alternatives, and feasibility of work
	
	
	
	
	

	6
	Divide the maintenance plan of the equipment into tasks
	
	
	
	
	

	7
	Estimating resources and creating a resource plan of the equipment
	
	
	
	
	

	8
	Developing a preliminary maintenance schedule
	
	
	
	
	

	9
	Developing an equipment maintenance communication plan
	
	
	
	
	

	10
	Identifying and assessing risk in relating to maintaining the equipment
	
	
	
	
	

	11
	Creating a preliminary budget for carrying out maintenance practice on equipment
	
	
	
	
	

	12
	Developing a statement of work pertaining to maintenance practices on the equipment
	
	
	
	
	

	13
	Setting a baseline maintenance plan on managing the equipment
	
	
	
	
	

	14
	Executing the baseline equipment maintenance plan.
	
	
	
	
	

	15
	Monitoring maintenance progress against the baseline equipment maintenance plan
	
	
	
	
	

	16
	Managing changes to the baseline equipment maintenance plan
	
	
	
	
	

	17
	Maintaining the equipment maintenance workbook
	
	
	
	
	

	18
	Communicating the equipment maintenance status
	
	
	
	
	

	19
	Preventive maintenance on managing the equipment
	
	
	
	
	

	20
	Corrective maintenance of a known fault on the course of managing the equipment
	
	
	
	
	

	21
	Closing down the maintenance practice plan
	
	
	
	
	

	22
	Conducting post maintenance reviews on the equipment
	
	
	
	
	

	23
	The final activity is to ensure that the expected output of the equipment is achieved
	
	
	
	
	

	
	Any  other, please specify and rank
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	




THANK YOU 
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