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Abstract 

Static mechanical equipment, including pressure vessels, storage tanks, heat exchangers, piping 

systems, and structural supports, forms the passive backbone of process plants. Because such 

equipment has no moving parts, its degradation is dominated by slow, often hidden mechanisms 

such as corrosion, erosion, creep, and fatigue, and its failures tend to be infrequent but severe in 

terms of safety, environmental, and financial consequences. This concept paper proposes a 

structured approach for optimizing the preventive and corrective maintenance of static mechanical 

equipment through the systematic use of a Computerized Maintenance Management System 

(CMMS). The concept integrates a criticality-ranked asset register, risk-informed preventive 

maintenance and inspection plans, disciplined work order management for corrective work, 

closed-loop failure data capture aligned with ISO 14224, and a performance measurement 

framework based on key performance indicators. The paper argues that the CMMS should not be 

treated as a passive record-keeping tool but as the operational engine of a continuous 

improvement loop in which inspection results and failure history are used to adjust maintenance 

intervals, task content, and resource allocation. Expected benefits include improved mechanical 

integrity, higher availability, reduced reactive workload, better regulatory compliance, and lower 

total maintenance cost. The concept is intended as a practical framework that asset-intensive 

organizations can adapt when designing or upgrading their maintenance management practices 

for static equipment. 

 

Keywords: CMMS, static equipment, preventive maintenance, corrective maintenance, 

mechanical integrity, risk-based inspection, ISO 14224, maintenance optimization. 

 

1. Introduction 

Industrial facilities in the oil and gas, petrochemical, power generation, and manufacturing sectors 

depend on two broad families of mechanical assets: rotating equipment, such as pumps, 
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compressors, and turbines, and static (or stationary) equipment, such as pressure vessels, columns, 

storage tanks, heat exchangers, piping, valves acting as pressure boundaries, and supporting 

structures. While rotating equipment has historically attracted the majority of condition monitoring 

investment because of its vibration, temperature, and performance signatures, static equipment 

often represents a larger share of the installed asset base and carries the highest consequence failure 

modes, including loss of containment of flammable, toxic, or pressurized fluids (API, 2016; 

Mobley, 2008). The maintenance of static equipment is governed by a combination of time-based 

preventive tasks, statutory and code-driven inspections, and corrective work arising from 

inspection findings or in-service failures. Managing this mixture of planned and unplanned work 

across hundreds or thousands of equipment items is impractical without an information system. 

The Computerized Maintenance Management System (CMMS), sometimes deployed as the 

maintenance module of a broader Enterprise Asset Management (EAM) platform, has become the 

standard tool for this purpose (Wienker, Henderson and Volkerts, 2016). However, numerous 

studies reports that a large proportion of CMMS implementations fail to deliver their expected 

value because the system is used mainly as an electronic filing cabinet rather than as a decision 

support and optimization engine (Labib, 2004; Braglia, Carmignani, Frosolini and Grassi, 2006). 

In many plants, preventive maintenance plans for static equipment are inherited from original 

equipment manufacturer recommendations or generic corporate templates and are rarely revisited. 

Intervals are neither shortened for items showing accelerated degradation nor extended for items 

whose inspection history demonstrates stable condition. Corrective maintenance, meanwhile, is 

frequently executed under time pressure with incomplete failure coding, so the organizational 

memory needed to improve the preventive program is never built. The result is a maintenance 

program that is simultaneously over-maintaining low-risk items and under-protecting high-risk 

ones, with a CMMS database that cannot answer basic reliability questions. 

This paper therefore presents a coherent concept for using a CMMS as the central instrument for 

optimizing both preventive and corrective maintenance of static mechanical equipment. The 

concept covers structuring the asset register and equipment criticality ranking, building risk-

informed preventive maintenance and inspection plans in the CMMS, managing corrective work 

through a disciplined work order life cycle, capturing failure and repair data in a standardized form, 

and closing the loop through key performance indicators and periodic plan reviews. The 

contribution of the paper lies in integrating these elements, each well-established individually, into 

a single CMMS-centered operating concept tailored to the peculiarities of static equipment, 

including statutory inspection regimes and slow, measurable degradation. The scope is limited to 

static mechanical equipment; rotating machinery, electrical systems, and instrumentation are 

mentioned only where interfaces are relevant, and the paper is conceptual in nature, synthesizing 

established standards and literature into an implementable framework rather than reporting 

empirical field data. The remainder of the paper is organized as follows. Section 2 reviews the 

relevant literature, including related and semi-related work in adjacent domains. Section 3 

characterizes the maintenance profile of static mechanical equipment. Section 4 develops the 

proposed concept, Section 5 discusses implementation considerations, Section 6 discusses 

expected benefits and limitations, and Section 7 concludes. 
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2. Literature Review 

2.1 Maintenance Strategies and Their Evolution 

Maintenance strategy has evolved from purely reactive, run-to-failure practice toward preventive, 

predictive, and ultimately risk- and reliability-centered approaches (Moubray, 1997; Mobley, 

2002). Preventive maintenance (PM) comprises actions carried out at predetermined intervals or 

according to prescribed criteria to reduce the probability of failure, while corrective maintenance 

(CM) comprises actions carried out after fault recognition to restore an item to a state in which it 

can perform its required function (EN 13306, 2017). For static equipment, the preventive family 

is dominated by inspection, testing, cleaning, coating and painting, torque checking, and minor 

refurbishment tasks, whereas corrective work typically involves weld repairs, plate or spool 

replacement, re-tubing of exchangers, and gasket or fastener replacement following leaks. 

Reliability Centered Maintenance (RCM) provides the logical framework for deciding which 

failure modes deserve preventive tasks and which are more economically managed through 

corrective action (Moubray, 1997; SAE JA1011, 2009). Risk-Based Inspection (RBI), formalized 

in API Recommended Practices 580 and 581, extends this logic to pressure containing equipment 

by ranking items according to the product of probability and consequence of failure and assigning 

inspection scope and intervals accordingly (API, 2016). ISO 55000 places these technical 

approaches within an overall asset management system that aligns maintenance decisions with 

organizational objectives (ISO, 2014). 

 

2.2 The Role of the CMMS 

A CMMS is an information system that maintains a database of an organization’s maintenance 

operations, typically covering the asset register, preventive maintenance scheduling, work order 

management, spare parts and inventory control, purchasing interfaces, labor management, and 

reporting (Wienker et al., 2016; Mobley, 2008). Swanson (2001) linked information technology 

support in maintenance to improved plant performance, while Labib (2004) demonstrated how 

CMMS data can feed decision analysis models rather than merely record history. Braglia et al. 

(2006) and O’Donoghue and Prendergast (2004) documented common implementation 

weaknesses, including poor data quality, inadequate coding discipline, lack of user training, and 

failure to integrate the CMMS into daily management routines. More recent literature situates the 

CMMS as the foundational data layer for Industry 4.0 maintenance applications, including 

condition monitoring integration and predictive analytics (Bousdekis, Lepenioti, Apostolou and 

Mentzas, 2021). 

 

2.3 Failure Data Standardization 

The value of CMMS history depends on the consistency with which failures and repairs are 

recorded. ISO 14224 provides a taxonomy for the collection and exchange of reliability and 

maintenance data for equipment in the petroleum, petrochemical, and natural gas industries, 

defining equipment boundaries, failure modes, failure mechanisms, and maintenance activity 

codes (ISO, 2016). Adopting such a taxonomy inside the CMMS transforms free-text work order 

history into analyzable reliability data, enabling calculation of failure rates, identification of bad 

actors, and evidence-based revision of preventive maintenance intervals. 

Taken together, this literature shows that the individual elements are well established, yet practical 

guidance that connects them into a single, CMMS-centered operating concept specifically for static 
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mechanical equipment remains fragmented. RBI literature concentrates on inspection planning but 

says little about work order execution and data feedback, while CMMS literature addresses system 

implementation generically without the peculiarities of static equipment. The concept developed 

in Section 4 responds to this fragmentation by proposing an integrated framework. 

 

2.4 Related Work in Adjacent Domains 

Because a CMMS-centered maintenance concept touches engineering, safety, information 

systems, supply chain, and financial governance simultaneously, the review is extended to related 

and semi-related literature in adjacent domains whose methods and findings inform the design 

choices made in Section 4. Six thematic streams are considered below. 

 

2.4.1 Predictive maintenance and engineering analytics 

A substantial body of work on predictive maintenance in building energy systems, HVAC plants, 

and electromechanical equipment demonstrates that condition data, when systematically captured 

and modeled, allows failure-anticipating interventions to replace fixed-interval servicing, which is 

directly analogous to the degradation-rate-based interval setting proposed here for static equipment 

(Adelanwa et al., 2023a; Adelanwa et al., 2023b; Adenuga, 2023; Amayo et al., 2015; Amayo, 

2017; Amayo & Popoola, 2017a; Amayo & Popoola, 2017b; Anene & Clement, 2022). 

Complementary research on data-driven decision systems shows how historical operational 

records can be converted into forecasting and prioritization models, supporting the claim that 

disciplined CMMS history is a strategic analytical asset rather than an administrative by-product 

(Asiedu & Quainoo, 2023a; Asiedu & Quainoo, 2023b; Atta et al., 2018; Atta et al., 2020; Atta et 

al., 2021; Atta et al., 2022; Basnet et al., 2021; Basnet et al., 2023). Studies of machine and process 

engineering, power systems, and instrumented equipment further illustrate how sensor-derived and 

inspection-derived measurements feed remaining-life estimation and maintenance scheduling 

logic of the kind embedded in Block 2 of this concept (Bello et al., 2022; Bello et al., 2022; Bello 

et al., 2023; Omoegun et al., 2023; Oshevire et al., 2017; Sunday & Omoegun, 2018; Sunday & 

Omoegun, 2019; Sunday et al., 2019). 

 

2.4.2 Safety, HSE, and regulatory oversight 

The occupational safety and construction risk management literature provides the consequence-

assessment foundations for the criticality ranking used in Block 1, showing how structured hazard 

identification, predictive safety analytics, and behavioral programs reduce incident frequency in 

asset-intensive work environments (Adebayo et al., 2022; Adebayo et al., 2023; Adegbite et al., 

2020; Adegbite et al., 2022; Adegbite et al., 2023; Adeyelu, 2018; Adeyelu, 2019; Adeyelu, 2020). 

Research on safety culture, compliance economics, and workforce protection reinforces the 

argument that preventive regimes fail without organizational discipline, a lesson transferred here 

to PM compliance and recommendation closure (Adeyelu, 2021; Adeyelu, 2022; Adeyelu & 

Dagodzo, 2022; Adeyelu, 2023; Ahmed et al., 2021; Arumosoye & Obriki, 2018; Arumosoye & 

Obriki, 2019; Arumosoye & Obriki, 2020). Studies of hazard controls, emergency preparedness, 

and contractor risk management inform the permit, procedure, and planning content attached to 

job plans in the CMMS (Arumosoye & Obriki, 2021; Arumosoye & Obriki, 2022; Arumosoye & 

Obriki, 2023; Obogo et al., 2019; Obogo et al., 2019a; Obogo et al., 2019b; Obogo et al., 2020a; 

Obogo et al., 2020b). Work on regulatory oversight in high-consequence industries, including 
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aviation safety and airport compliance regimes, parallels the statutory, non-deferrable inspection 

controls this concept enforces for pressure equipment (Obogo et al., 2020c; Obogo et al., 2021; 

Obogo et al., 2021; Obogo et al., 2021; Obogo et al., 2022; Obogo et al., 2023; Obriki & 

Arumosoye, 2018; Obriki & Arumosoye, 2019). 

 

2.4.3 Digital systems, data governance, and cybersecurity 

Since the CMMS is an enterprise information system, its reliability depends on the data governance 

and IT risk practices documented in the cybersecurity and data management literature, which 

emphasizes data quality controls, access governance, and auditability, all of which apply to 

maintenance master data and history (Aliliele et al., 2023a; Aliliele et al., 2023b; Aliliele et al., 

2023c; Badmus et al., 2020; Borah et al., 2022; Dosunmu & Ogundele, 2019; Dosunmu & 

Ogundele, 2020). Enterprise cybersecurity research highlights the exposure created when 

operational systems are integrated with corporate networks, a concern relevant to CMMS 

interfaces with historians and inspection databases (Dosunmu & Ogundele, 2021; Dosunmu & 

Ogundele, 2022; Dosunmu & Ogundele, 2023; Edivri & Oteri, 2022; Jimoh et al., 2023; Jimoh et 

al., 2023; Ladapo et al., 2018). Studies of cloud platforms, IT service management, and enterprise 

system operations offer implementation lessons on phased deployment, user adoption, and service 

reliability that map directly onto the CMMS rollout guidance in Section 5 (Ladapo et al., 2019; 

Ladapo et al., 2022; Ladapo et al., 2022; Ladapo et al., 2023a; Ladapo et al., 2023a; Ladapo et al., 

2023b; Ladapo et al., 2023b). Additional work on secure software delivery, incident response, and 

identity governance supports the design of role-based CMMS permissions and controlled 

workflows for non-deferrable inspections and temporary repair tracking (Mbonu et al., 2018; 

Mbonu et al., 2019; Mbonu et al., 2019; Mbonu et al., 2020; Mbonu et al., 2020a; Mbonu et al., 

2020b; Mbonu et al., 2021). 

 

2.4.4 Procurement, spares, and supply chain management 

Corrective maintenance performance on static equipment is constrained by materials availability, 

so the strategic procurement and supplier management literature is directly relevant to the planning 

function in Block 3, particularly its findings on supplier performance analytics, contract 

governance, and inventory optimization (Abioye et al., 2023; Agbabiaka et al., 2019; Aifuwa et 

al., 2020; Akin-Oluyomi et al., 2020; Akin-Oluyomi et al., 2023; Akin-Oluyomi et al., 2023; Akin-

Oluyomi et al., 2023a; Akin-Oluyomi et al., 2023b). Research on procurement and supply chain 

management in energy and infrastructure settings addresses long-lead items, regulatory-compliant 

purchasing, and cost control mechanisms that mirror the code-material requirements of pressure 

equipment repair (Akinleye & Adeyoyin, 2021; Akinleye & Adeyoyin, 2022a; Akinleye & 

Adeyoyin, 2022b; Akinleye et al., 2023; Babatope et al., 2023; Efobi et al., 2021; Efobi et al., 

2022a; Efobi et al., 2022b). Work on digital supply chain models and ERP-integrated logistics 

supports the CMMS-to-ERP integration architecture recommended in Section 5.3 (Efobi et al., 

2023; Eze et al., 2022a; Eze et al., 2022b; Eze et al., 2023; Filani et al., 2022; Ike et al., 2021; Ike 

et al., 2022; Nnabueze et al., 2021). Studies of sustainable and auditable supply chains additionally 

inform traceability requirements for repair materials and positive material identification records 

(Ogunwole et al., 2021; Okojie & Abioye, 2020; Okojie et al., 2023; Okojie et al., 2023; Okonkwo 

et al., 2018a; Okonkwo et al., 2018b; Okonkwo et al., 2019; Okonkwo et al., 2020). 
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2.4.5 Infrastructure asset management and monitoring 

Literature on infrastructure corridor monitoring using UAV and GIS technologies demonstrates 

cost-effective external condition surveillance of distributed static assets such as pipelines and 

structures, offering a complementary data feed to the inspection plans in Block 2 (Adenuga, 2022; 

Amayo et al., 2023a; Amayo et al., 2023b; Amayo et al., 2023c; Aminu-Ibrahim et al., 2018; 

Aminu-Ibrahim et al., 2019; Aminu-Ibrahim et al., 2020). Research on capital project delivery, 

facility design, and infrastructure governance illustrates how maintainability and integrity 

requirements should be embedded from the design phase and carried into the operational asset 

register (Aminu-Ibrahim & Ogbete, 2023; Dagodzo, 2018a; Dagodzo, 2018b; Dagodzo & Patrick, 

2020; Dagodzo & Patrick, 2021a; Dagodzo & Patrick, 2021b; Dagodzo & Patrick, 2022). Studies 

of energy transition assets, environmental treatment facilities, and resilient infrastructure planning 

show the growing diversity of static equipment portfolios that maintenance systems must cover 

(Dagodzo et al., 2022; Dagodzo & Patrick, 2023a; Dagodzo & Patrick, 2023b; Falegan & 

Aniebonam, 2022; Falegan & Aniebonam, 2023; Komi & Adeniji, 2020; Komi, 2021). 

Performance evaluation and lifecycle assessment studies in these domains reinforce the KPI-driven 

review cycle proposed in Block 5 (Komi & Adamolekun, 2021; Komi & Adamolekun, 2022; Komi 

& Ganiu, 2022; Komi, 2023; Komi & Adeniji, 2023; Komi & Ganiu, 2023; Ogbete et al., 2018). 

 

2.4.6 Cost control, audit, and performance governance 

The financial analytics and enterprise planning literature supplies methods for translating 

maintenance activity data into cost visibility and budget control, which underpin the maintenance 

cost indicators in Table 1 (Adebayo et al., 2023; Adesuyi et al., 2023; Agu et al., 2023a; Agu et 

al., 2023b; Akomolafe & Agu, 2018; Akomolafe & Agu, 2019a; Akomolafe & Agu, 2019b; 

Akomolafe & Agu, 2019c). Internal audit and risk governance research supports the control 

framework applied to non-deferrable inspections, temporary repairs, and recommendation 

tracking, treating them as auditable controls rather than informal practices (Akomolafe et al., 2022; 

Akomolafe et al., 2023; Akomolafe et al., 2023a; Akomolafe et al., 2023b; Ambali et al., 2021; 

Annan, 2022; Annan, 2023; Atakpa, 2021). Studies of fraud detection, anomaly analytics, and 

financial reporting integrity demonstrate analytical techniques for identifying irregular patterns in 

transactional data that can equally expose data quality failures in work order history (Atakpa & 

Abetoh, 2022; Atakpa & Abolaji, 2022; Atakpa & Fobellah, 2023; Atakpa et al., 2023; Bello et 

al., 2023; Dada et al., 2021a; Dada et al., 2021b; Dogbatsey & Ebhojie, 2018). The lean operations 

and process improvement literature contributes the waste elimination and standard work 

perspectives reflected in job plan libraries and scheduling discipline (Dogbatsey et al., 2019; 

Dogbatsey et al., 2021; Ebhojie et al., 2023a; Ebhojie et al., 2023b; Eboh & Aliliele, 2023; Ekechi 

et al., 2022; Eyetsemitan et al., 2020; Eyetsemitan et al., 2021). Finally, research on organizational 

financing, governance, and regulatory compliance frames the management commitment and 

accountability structures without which the continuous improvement loop of Block 5 cannot be 

sustained (Eyetsemitan et al., 2022; Eyetsemitan et al., 2023a; Eyetsemitan et al., 2023b; Ilodigwe 

& Adesemoye, 2019a; Ilodigwe & Adesemoye, 2019b; Ilodigwe & Adesemoye, 2020; Ilodigwe 

& Adesemoye, 2021; Isiekwu et al., 2021). 
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3. Maintenance Characteristics of Static Mechanical Equipment 

Static equipment differs from rotating machinery in several ways that shape the optimization 

concept. First, degradation is usually gradual and measurable: wall thickness loss due to corrosion 

or erosion can be tracked by ultrasonic testing, and crack growth can be monitored by surface and 

volumetric non-destructive examination (NDE). This makes condition-based and risk-based 

interval setting particularly effective, because the remaining life of a component can often be 

estimated from measured degradation rates (API, 2016). 

Second, many failures of static equipment are hidden until they become severe. A thinning vessel 

wall gives no vibration signal; the first external evidence of trouble may be a leak. This elevates 

the importance of scheduled inspection as the primary preventive task and of rigorous tracking of 

inspection recommendations through to completed corrective work. 

Third, the consequence profile is asymmetric. Most static equipment failures are minor (small 

flange leaks, coating breakdown), but the tail of the distribution includes catastrophic loss of 

containment events with major safety and environmental impact. Criticality ranking is therefore 

essential to concentrate preventive resources where consequences are highest, a principle 

consistent with consequence-based prioritization in the wider safety and critical infrastructure 

literature (Obriki & Arumosoye, 2020; Obriki & Arumosoye, 2021; Obriki & Arumosoye, 2022; 

Obriki et al., 2022a; Obriki et al., 2022b; Obriki & Arumosoye, 2023; Obriki et al., 2023; Obriki 

et al., 2023). 

Fourth, much of the work on static equipment is turnaround-dependent. Internal inspection of 

vessels and columns, exchanger bundle pulls, and major piping replacements usually require plant 

shutdowns. The CMMS must therefore support long-horizon planning that aggregates work into 

turnaround scopes, in addition to routine on-stream maintenance scheduling. 

 

4. The Proposed CMMS-Based Optimization Concept 

4.1 Overview 

The concept organizes maintenance management for static equipment into five interconnected 

building blocks, all resident in or driven by the CMMS: (1) asset register and criticality ranking; 

(2) preventive maintenance and inspection planning; (3) corrective maintenance work order 

management; (4) failure and repair data capture; and (5) performance measurement and continuous 

improvement. Information flows in a closed loop: preventive plans generate scheduled work 

orders; execution of preventive and corrective work generates history; standardized history feeds 

analysis; and analysis adjusts the preventive plans. The following subsections describe each block. 

 

4.2 Block 1: Asset Register and Criticality Ranking 

The foundation of the concept is a complete, hierarchically structured asset register. Each static 

equipment item is registered with a unique tag, linked to its parent system and plant location, and 

enriched with master data: design code, materials of construction, design and operating pressures 

and temperatures, service fluid, corrosion allowance, and links to drawings and data sheets. The 

hierarchy should follow a recognized taxonomy such as ISO 14224 so that data can be aggregated 

and benchmarked consistently (ISO, 2016). 

Every item is then assigned a criticality rank derived from a simple risk matrix combining 

probability of failure (informed by service severity and history) and consequence of failure (safety, 

environmental, production, and cost dimensions). Criticality is stored as a coded field in the 
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CMMS and drives downstream decisions: high-criticality items receive engineered, risk-based 

inspection plans and priority in scheduling; medium-criticality items receive standard time-based 

plans; low-criticality items may be run to failure with only statutory minimum attention. This 

stratification is the primary mechanism by which the concept eliminates both over-maintenance 

and under-protection. 

 

4.3 Block 2: Preventive Maintenance and Inspection Planning 

For each equipment class, task libraries are created in the CMMS containing standardized job 

plans: task descriptions, required crafts and labor hours, materials and spare parts, special tools, 

permits, and safety requirements. Preventive maintenance plans then link equipment items to job 

plans with defined frequencies. For pressure-containing items, inspection plans developed through 

RBI analysis define the inspection method (visual, ultrasonic thickness, radiography, etc.), 

coverage, and interval; these plans are loaded into the CMMS so that inspection work orders are 

generated automatically at the correct time (API, 2016). 

Three design principles govern this block. First, intervals must be evidence-based where possible: 

measured corrosion rates and remaining life calculations, not habit, should set thickness 

measurement frequencies. Second, statutory and code-mandated inspections are flagged as non-

deferrable in the CMMS, with automated escalation if they approach their limit dates. Third, 

turnaround-dependent tasks are coded as such, allowing the CMMS to build future turnaround 

worklists automatically as plans come due. 

 

4.4 Block 3: Corrective Maintenance Work Order Management 

Corrective work enters the system through two channels: notifications raised by operations or 

maintenance personnel who observe a defect, and recommendations generated by inspection 

activities. Both are captured as notifications in the CMMS, screened, and prioritized using the 

same consequence logic as the criticality ranking. Approved notifications become corrective work 

orders that pass through a disciplined life cycle: planning (scope, materials, procedures, and repair 

methods compliant with codes such as API 510, API 570, API 653, or ASME PCC-2), scheduling 

(integrated with the weekly schedule or a turnaround), execution, and technical completion with 

history recording; materials readiness for such work depends on the procurement and inventory 

practices documented in the supply chain literature (Okonkwo et al., 2021; Okonkwo et al., 2021; 

Okonkwo et al., 2023; Okonkwo et al., 2023; Patrick et al., 2020; Patrick et al., 2021; Yeboah & 

Ike, 2020). Two features are essential for static equipment. First, every inspection recommendation 

must be traceable in the CMMS from creation to closure, because open recommendations on 

pressure equipment represent unmanaged risk; the concept requires a dedicated recommendation 

tracking status and overdue alerts. Second, temporary repairs (clamps, wraps, plugs) must be 

registered with mandatory follow-up work orders and expiry dates, preventing the common failure 

mode in which temporary repairs silently become permanent. 

 

4.5 Block 4: Failure and Repair Data Capture 

At work order completion, technicians and inspectors record structured history: the failure mode 

(for example, external corrosion, internal thinning, cracking, leakage at joint), the failure 

mechanism and cause where known, the maintenance activity performed, labor hours, materials 

consumed, and downtime incurred. Code lists are taken from ISO 14224 and tailored to the plant, 
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and free text is used to supplement, never replace, coded fields (ISO, 2016). Inspection results, 

including thickness readings and condition grades, are either stored in the CMMS or in a linked 

inspection data management system with the work order carrying the reference. Data quality is 

enforced through mandatory fields, drop-down lists, and periodic audits, because the analytical 

value of Block 5 depends entirely on the discipline exercised here. 

 

4.6 Block 5: Performance Measurement and Continuous Improvement 

The final block converts recorded data into decisions. A set of key performance indicators is 

generated from the CMMS at monthly and annual intervals, reviewed in a structured meeting with 

maintenance, inspection, operations, and engineering representation, consistent with performance 

governance practice in adjacent management domains (Kumuyi et al., 2023; Lawal & Oduleye, 

2018a; Lawal & Oduleye, 2018b; Lawal & Oduleye, 2019a; Lawal & Oduleye, 2019b; Lawal & 

Oduleye, 2021a; Lawal & Oduleye, 2021b; Lawal & Oduleye, 2023a). Table 1 summarizes the 

core indicators proposed for static equipment. 

 

Table 1. Core key performance indicators for the concept. 

Indicator Definition and Purpose Typical Target 

PM Compliance Percentage of preventive work orders 

completed within the scheduled window; 

measures schedule discipline and 

resource adequacy. 

Above 95 percent 

PM to CM Ratio Ratio of preventive to corrective labor 

hours; indicates whether the maintenance 

program is proactive or reactive. 

Approximately 80:20 

Mean Time Between 

Failures (MTBF) 

Average operating time between 

functional failures of an item; tracks the 

effect of preventive interventions on 

reliability. 

Increasing trend 

Mean Time To Repair 

(MTTR) 

Average elapsed time from failure 

detection to restoration; reflects planning 

quality, spares availability, and crew 

skill. 

Decreasing trend 

Schedule Compliance Percentage of scheduled work orders 

(preventive and planned corrective) 

executed in the week they were 

scheduled. 

Above 90 percent 

Backlog (crew weeks) Total approved, ready to execute work 

expressed in weeks of crew capacity; 

monitors workload balance. 

2 to 4 weeks 
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Inspection 

Recommendation 

Closure 

Percentage of inspection findings on 

static equipment converted to closed 

corrective work orders within their due 

dates. 

100 percent within due 

date 

Maintenance Cost per 

Unit of Production 

Total maintenance cost divided by 

production output; connects maintenance 

performance to business results. 

Decreasing trend 

Beyond routine KPI monitoring, the concept prescribes an annual preventive maintenance 

optimization review. For each equipment class, the review compares preventive task cost and 

findings against corrective history: tasks that never find degradation on low-criticality items are 

candidates for interval extension or deletion; recurring corrective work on items with existing 

preventive coverage indicates that task content or interval must change; and bad-actor analysis 

(typically a Pareto ranking of corrective cost and downtime by equipment tag) directs root cause 

analysis and possible redesign. RBI reassessment is triggered by changes in service conditions, 

unexpected inspection findings, or elapsed reassessment intervals. In this way the CMMS ceases 

to be a static archive and becomes the engine of a living maintenance program. 

 

5. Implementation Considerations 

5.1 Phased Deployment 

The concept is best implemented in phases. Phase 1 establishes the foundation: cleansing and 

structuring the asset register, performing criticality ranking, and configuring the CMMS hierarchy 

and code lists. Phase 2 builds the preventive program: developing job plan libraries, loading RBI-

derived inspection plans for high-criticality items and standard plans for others, and activating 

automatic work order generation. Phase 3 institutionalizes work management: notification 

screening, planning and scheduling routines, recommendation tracking, and history recording 

discipline. Phase 4 activates the analytics layer: KPI dashboards, bad-actor reporting, and the 

annual optimization review. Attempting all phases simultaneously overloads the organization and 

is a documented cause of CMMS implementation failure (O’Donoghue and Prendergast, 2004; 

Wienker et al., 2016); comparable phased governance lessons are reported for large infrastructure 

and facility programs (Ogbete et al., 2019; Ogbete et al., 2020; Ogbete et al., 2021; Ogbete et al., 

2022; Ogbete et al., 2023; Tackie et al., 2023). 

 

5.2 Organizational and Human Factors 

Technology alone does not optimize maintenance. Clear role definitions are required: planners 

own job plan quality, schedulers own compliance, inspector’s own recommendation quality, 

technician’s own history capture, and a reliability or integrity engineer owns the analysis and 

review cycle. Training must cover not only CMMS transactions but the reasons behind coding 

discipline, so that data entry is understood as an engineering activity rather than clerical overhead. 

Management commitment is demonstrated by using CMMS data, and only CMMS data, in 

performance reviews, which quickly signals that the system is the single source of truth (Labib, 

2004). 
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5.3 Integration and Data Architecture 

The CMMS should interface with the inspection data management system (for thickness and 

condition data), the process historian (for operating condition context), document management 

(for drawings and procedures), and the ERP (for materials and cost). Where full integration is not 

affordable, disciplined cross-referencing of record keys achieves most of the benefit. The guiding 

rule is that each data element has exactly one master location, with other systems referencing rather 

than duplicating it, and interfaces must be governed with the same security and data governance 

discipline applied to other enterprise systems (Mbonu et al., 2021a; Mbonu et al., 2021b; Mbonu 

et al., 2022; Mbonu et al., 2022a; Mbonu et al., 2022b; Ogbole et al., 2021; Okoruwa et al., 2020). 

 

6. Discussion 

Implementing the concept can be expected to yield benefits along four dimensions. In safety and 

integrity, complete recommendation tracking and non-deferrable statutory inspection control 

directly reduce the probability of loss of containment events and improve audit and regulatory 

compliance. In reliability and availability, evidence-based preventive intervals and bad-actor 

elimination raise mean time between failures and reduce unplanned downtime; literature on mature 

CMMS use reports double-digit percentage reductions in downtime and reactive work following 

disciplined implementation (Wienker et al., 2016; Swanson, 2001). In cost, the stratification of 

effort by criticality removes unnecessary preventive tasks from low-risk items while planning and 

scheduling discipline reduces the cost premium of reactive work, which is widely estimated at two 

to four times the cost of equivalent planned work (Mobley, 2002). In organizational learning, 

standardized failure data converts individual experience into institutional knowledge that survives 

staff turnover; analogous cost control and governance benefits from disciplined operational data 

are reported across finance, audit, and operations research (Lawal & Oduleye, 2023b; Medon & 

Oduleye, 2022; Medon & Oduleye, 2023; Oduleye & Medon, 2023a; Oduleye & Medon, 2023b; 

Olaogun et al., 2023; Oyeleye et al., 2022; Ozowara et al., 2022). 

The principal risks to realization are cultural rather than technical: erosion of coding discipline, 

deferral culture around preventive work, and failure to hold the periodic review meetings that close 

the improvement loop. The concept mitigates these risks through mandatory CMMS controls 

(required fields, escalation workflows, non-deferrable flags) and through governance (KPI 

ownership and annual optimization reviews), but sustained management attention remains 

indispensable. As a conceptual framework, the proposal also has limitations that qualify these 

expectations. It assumes the availability of a modern CMMS and at least basic RBI capability, 

which may not hold in smaller organizations. Quantified benefit estimates are drawn from 

literature rather than from a dedicated case study, and actual results will depend heavily on data 

quality discipline and management follow-through. Validation through longitudinal case studies 

is accordingly identified as future work. 

 

7. Conclusion and Future Work 

This paper has presented a CMMS-based concept for optimizing the preventive and corrective 

maintenance of static mechanical equipment. The concept rests on five integrated building blocks: 

a criticality-ranked asset register, risk-informed preventive and inspection planning, disciplined 

corrective work order management with full recommendation traceability, standardized failure and 

repair data capture aligned with ISO 14224, and a KPI-driven continuous improvement cycle. The 
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central argument is that the CMMS must operate as a closed-loop decision engine rather than a 

passive archive: preventive plans generate work, work generates structured history, history 

generates analysis, and analysis regenerates better plans. 

Future work should proceed in two directions. First, empirical validation of the concept through 

case studies in operating plants, measuring changes in the proposed KPIs over multi-year horizons. 

Second, extension of the analytics block toward predictive approaches, using accumulated CMMS 

and inspection data to train degradation models that further refine inspection intervals, thereby 

connecting this concept to the broader Industry 4.0 maintenance agenda (Bousdekis et al., 2021) 

and to the expanding predictive analytics literature in adjacent engineering domains (Sunday et al., 

2020; Sunday & Omoegun, 2022; Tonoyan et al., 2021a; Tonoyan et al., 2021b; Tonoyan et al., 

2022a; Tonoyan et al., 2022b; Tonoyan et al., 2022c; Tonoyan et al., 2023). 
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