PROPOSING A BUILDING MAINTENANCE MANAGEMENT FRAMEWORK TO INCREASE THE USEFUL LIFESPAN OF BUILDINGS IN NIGERIA

ABSTRACT
This integrative literature review proposes a building maintenance management framework designed to increase the useful lifespan of buildings in Nigeria, where premature deterioration, structural failure, and a prevailing build-neglect-rebuild paradigm have produced one of the world's most severe building-maintenance crises. Guided by Whittemore & Knafl's (2005) integrative review method and reported against PRISMA 2020 standards,  Scopus, Web of Science, Google Scholar, and region-specific databases were systematically searched for peer-reviewed articles, theses, and institutional reports published between January 2010 and April 2026. Of 1,287 records identified, 61 sources met the inclusion criteria. Quality was appraised with the Mixed Methods Appraisal Tool. Thematic synthesis was used to integrate quantitative, qualitative, and theoretical evidence. Five themes emerged: (1) the scale and drivers of building deterioration in Nigeria; (2) existing maintenance management frameworks and their limited applicability to Nigeria; (3) maintenance strategies and their differential impact on building lifespan, with reliability-centered maintenance producing the greatest extension; (4) technological innovations including BIM, digital twins, and CMMS, whose adoption in Nigeria remains nascent; and (5) the regulatory and institutional landscape, marked by a National Building Code that lacks enforcement capacity. A five-layer framework was also proposed: regulatory, strategic, operational, technological, and cultural transformation. This review proposes a theoretically grounded, context-specific maintenance management framework for Nigeria. The phased framework provides policymakers, facility managers, and regulatory bodies with a structured pathway from current reactive practice toward predictive, lifespan-optimised maintenance management.
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[bookmark: _Toc100000]1. Introduction
On 1 November 2021, a 21-storey building under construction on Gerard Road in Ikoyi, Lagos, collapsed without warning, killing approximately 52 people while trapping countless other victims under the collapsed structure (Nduku & Maina, 2023). That single event compressed decades of neglect into a few seconds, exposing a critical reality: Nigeria's buildings are failing at an alarming rate, and the country lacks the maintenance management infrastructure to arrest the decline. 
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Figure 1: 21-Storey Building Collapse in Lagos (Editorial Board, 2021)

Between 1974 and 2024, the Building Collapse Prevention Guild (2024) recorded over 1,000 collapse incidents across 27 of Nigeria's 36 states and the Federal Capital Territory, claiming more than 1,000 lives. Lagos State alone accounted for 167 reported cases between 2000 and 2021, of which 78.4 percent involved residential buildings. These figures represent a systemic failure to manage the built environment in a country whose housing deficit is estimated at between 14 million and 28 million units depending on methodology, with the World Bank's Adequate Housing Index placing it at approximately 15.56 million units as of 2019 (World Bank, 2021).
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Figure 2: Residential Building Collapse in Nigeria (BusinessDay, 2024)

For this study, several key terms require clarification at the outset, as the literature uses them inconsistently. Design life refers to the period during which a building is intended by its designer to perform its intended function under normal maintenance, typically 50 to 100 years for concrete-framed structures (BSI, 2017). Useful lifespan, sometimes termed building useful life, denotes the actual period during which a building continues to perform at an acceptable level of safety, serviceability, and habitability, regardless of its design intent (CCPIA, 2023). Economic useful life is the period during which the building generates economic returns that exceed its operating and maintenance costs (Ismail & Adebayo, 2023). These distinctions matter because a building may reach the end of its economic useful life well before its design life, or it may exceed its design life through effective maintenance while still performing adequately. This review focuses on useful lifespan as the primary outcome variable because it captures the real-world performance of buildings rather than their theoretical potential.
In developed economies, proactive and preventive maintenance frameworks routinely ensure that buildings achieve or exceed their design life. In Nigeria, however, studies indicate that many buildings deteriorate to critical condition within 15 to 25 years of construction (Ichendu & Irimiagha, 2024), representing a loss of 50 to 75 percent of potential useful life. The dominant paradigm has been described as build-neglect-rebuild, a cycle in which new construction is prioritised while existing assets are allowed to decay until demolition or catastrophic failure becomes the only recourse (Pacific Region Infrastructure Facility [PRIF], 2013). The cost of deferred maintenance under this paradigm is estimated to be three to five times the cost of timely preventive intervention (PRIF, 2013).
Research on building maintenance in Nigeria has expanded considerably over the past two decades. Adenuga, Odusami & Faremi (2007) established that cultural attitudes toward maintenance, characterised by reactive rather than proactive approaches, were the primary determinant of maintenance outcomes in public hospital buildings in Lagos State. Olusola & Adesina (2022) reviewed 117 articles on culture in maintenance management of public buildings and concluded that the majority of buildings studied in developing countries are dilapidated or abandoned. Babatunde et al. (2023) developed a maintenance management framework for municipal buildings in developing economies, published by Routledge. Ismail & Adebayo (2023) proposed a building maintenance management framework based on life cycle costing to increase the useful life of buildings. Obarisiagbon et al. (2026) investigated problematic issues in building maintenance in Nigeria, finding that organisational inefficiencies and data management failures were systemic obstacles. Despite this growing body of work, the literature remains fragmented: studies examine individual factors, single building typologies, or isolated maintenance strategies without integrating the technical, economic, organisational, cultural, and regulatory dimensions into a unified, context-appropriate framework.
Three specific gaps persist. First, a synthesis gap: studies examine maintenance culture, funding constraints, and technical deficiencies in isolation, leaving a need to synthesize their interaction into an integrated model (Olusola & Adesina, 2022; Obarisiagbon et al., 2026). Second, a contextual gap: existing frameworks developed in Western or Asia-Pacific settings cannot be directly adopted in Nigeria without modification, as cultural, institutional, and economic contexts differ fundamentally (Babatunde et al., 2023; Ichendu & Irimiagha, 2024). Third, a methodological gap: the field is dominated by cross-sectional surveys and case studies of individual institutions, leaving the longitudinal dynamics of building deterioration and the comparative effectiveness of maintenance strategies poorly quantified (Adenuga, 2012; Yusuf & Shafii, 2024).
The purpose of this integrative literature review is to propose a building maintenance management framework to increase the useful lifespan of buildings in Nigeria by synthesising quantitative, qualitative, and theoretical evidence across these fragmented domains. Four research questions guide the review: (RQ1) What factors drive the premature deterioration of buildings in Nigeria, and how do they interact? (RQ2) What maintenance management frameworks and models exist, and how applicable are they to the Nigerian context? (RQ3) What maintenance strategies and technological innovations show the strongest evidence for extending building useful lifespan? (RQ4) What components should constitute a building maintenance management framework to increase the useful lifespan of buildings in Nigeria, and what theoretical architecture should structure those components? The paper proceeds through a PRISMA-guided methods section, a thematic synthesis of results, a discussion that proposes a theoretically grounded five-layer framework, and a conclusion that identifies the contribution and its implications.
[bookmark: _Toc100001]2. Methods
[bookmark: _Toc100002]2.1 Review Design and Protocol
This review follows Whittemore & Knafl's (2005) framework for integrative reviews, which permits the inclusion of diverse methodological types (quantitative, qualitative, and theoretical) to build a fuller picture than any single method allows. The framework proceeds through five stages: problem identification, literature search, data evaluation, data analysis, and presentation. Reporting follows the PRISMA 2020 statement (Page et al., 2021), adapted for the integrative design. No protocol was registered with PROSPERO, as integrative reviews fall outside its scope; the search strategy was, however, documented in advance and is reported in full below.
[bookmark: _Toc100003]2.2 Search Strategy
Four databases were searched: Scopus and Web of Science for disciplinary breadth, Google Scholar for grey literature and region-specific publications, and the African Journals Online (AJOL) platform for African scholarship often absent from international indices. The search covered the period from January 2010 to April 2026, capturing the post-2006 National Building Code landscape in Nigeria. An initial scoping search refined the keywords, producing the final Boolean string:
("building maintenance" OR "facility maintenance" OR "building maintenance management" OR "maintenance framework") AND ("Nigeria" OR "developing countries" OR "Sub-Saharan Africa") AND ("useful life" OR "lifespan" OR "building deterioration" OR "building collapse" OR "lifecycle" OR "life cycle cost")
Reference lists of included studies were hand-searched for additional records, and citation tracking was used to identify relevant subsequent work. Grey literature sources included theses from Nigerian university repositories, reports from the Building Collapse Prevention Guild, World Bank working papers, and policy documents from the Federal Ministry of Housing and Urban Development.
[bookmark: _Toc100004]

2.3 Inclusion and Exclusion Criteria
Table 1: Inclusion and Exclusion Criteria with Justifications
	Criterion
	Inclusion
	Exclusion
	Justification

	Timeframe
	January 2010 to April 2026
	Pre-2010 publications
	Captures the post-NBC (2006) regulatory landscape

	Document type
	Peer-reviewed articles, theses, institutional reports
	Books, editorials, newspaper articles
	Ensures evidence has undergone some form of review

	Language
	English-language publications
	Non-English publications
	Stated as a limitation; may bias toward anglophone research

	Geography
	Nigeria as primary focus; developing-country contexts for comparison
	Studies set exclusively in developed economies without transferrable insight
	Framework must be context-specific; developed-country studies offer limited transferability

	Phenomenon
	Building maintenance management, deterioration, lifespan, frameworks
	New construction only; real estate pricing; architectural design
	Review focuses on maintenance and lifespan, not design or market dynamics
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2.4 Selection Process
The initial search yielded 1,287 records across all databases (Scopus: 342; Web of Science: 289; Google Scholar: 412; AJOL: 244). After removing 312 duplicates, 975 records were screened on title and abstract, excluding 742 that did not address the core phenomenon of building maintenance management in relation to lifespan or deterioration. The remaining 233 full texts were assessed for eligibility; a further 172 were excluded with reasons recorded (see Appendix B). Sixty-one studies and grey-literature sources entered the synthesis. The selection process is presented in the PRISMA flow diagram (Figure 3).
Since this was primarily a single-reviewer review, a second reader independently screened a random 20 percent subset (n = 195), achieving an inter-rater agreement of Cohen's kappa = 0.84, indicating substantial agreement. This single-reviewer design constitutes a significant methodological limitation: while screening reliability was partially verified, data extraction and thematic synthesis were conducted by a single reviewer without independent verification, which may affect the reliability of the interpretive findings. The implications of this limitation are discussed in Section 4.4.
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Figure 3: PRISMA 2020 Flow Diagram Showing Study Selection Process

[bookmark: _Toc100006]2.5 Quality Appraisal
Quality was appraised using the Mixed Methods Appraisal Tool (MMAT; Hong et al., 2018), which handles quantitative, qualitative, and mixed designs in a single instrument. Each study was rated on two screening criteria and up to five design-specific criteria, with an overall quality score of 25, 50, 75, or 100 percent. Studies scoring below 50 percent were excluded. Of the 61 included sources, 14 (23 percent) scored 100 percent, 28 (46 percent) scored 75 percent, and 19 (31 percent) scored 50 percent. Quality scores informed the weighting of evidence in the synthesis but did not trigger automatic exclusion above the 50-percent threshold, consistent with integrative review practice (Whittemore & Knafl, 2005).
It is important to note that the MMAT was designed primarily for empirical research studies (quantitative, qualitative, and mixed methods). Grey literature sources such as institutional reports, theses, and practitioner-oriented publications were appraised using the same instrument, with the screening criteria adapted to assess transparency of methodology, clarity of data sources, and coherence of conclusions. Commercial vendor websites and marketing materials were excluded during the screening phase because they typically do not meet the MMAT's screening criteria for methodological transparency; their data points, where retained, are used only for contextual illustration and are clearly flagged as non-peer-reviewed evidence. A supplementary table presenting MMAT scores for all included sources is provided in Appendix A.
[bookmark: _Toc100007]2.6 Data Extraction and Synthesis
Data were extracted on a standardised form capturing author, year, design, setting and sample, theoretical framework, the variables or constructs examined, the key findings, and, where available, quantitative results relevant to building lifespan outcomes. Thematic synthesis was used to integrate the evidence: line-by-line coding of findings produced descriptive themes, which were then organised into analytical themes answering the research questions (Thomas & Harden, 2008). A thematic matrix mapping authors against themes was constructed to ensure that the synthesis represented the full range of evidence rather than relying on the most frequently cited sources.
[bookmark: _Toc100008]3. Results
[bookmark: _Toc100009]3.1 Study Characteristics
The 61 included sources comprised 34 peer-reviewed journal articles (56 percent), 11 theses and dissertations (18 percent), 8 institutional reports (13 percent), and 8 conference proceedings and book chapters (13 percent). Publication dates ranged from 2010 to 2025, with output accelerating markedly after 2018: 42 studies (69 percent) were published between 2018 and 2025, suggesting growing scholarly attention to the problem. Geographically, 38 studies (62 percent) were set primarily in Nigeria, 12 (20 percent) in other developing countries (Malaysia, Ghana, South Africa, New Zealand), and 11 (18 percent) addressed international or multi-country contexts. Methodologically, the corpus was dominated by cross-sectional surveys (27 studies, 44 percent), followed by qualitative case studies (14, 23 percent), mixed-methods designs (10, 16 percent), and theoretical or conceptual papers (10, 16 percent). No longitudinal or experimental studies were identified, confirming a significant methodological gap in the evidence base.
Table 2: Characteristics of Included Studies (N = 61)
	Characteristic
	Category
	n
	%

	Publication type
	Journal article
	34
	56

	
	Thesis/dissertation
	11
	18

	
	Institutional report
	8
	13

	
	Conference/book chapter
	8
	13

	Publication year
	2010-2017
	19
	31

	
	2018-2025
	42
	69

	Geographic focus
	Nigeria
	38
	62

	
	Other developing countries
	12
	20

	
	International/multi-country
	11
	18

	Methodology
	Cross-sectional survey
	27
	44

	
	Qualitative case study
	14
	23

	
	Mixed methods
	10
	16

	
	Theoretical/conceptual
	10
	16


[bookmark: _Toc100010]3.2 Theme 1: Scale and Drivers of Building Deterioration in Nigeria
[bookmark: _Toc100011]3.2.1 The Scale of Structural Failure
The evidence consistently documents an accelerating rate of building collapse in Nigeria. The Building Collapse Prevention Guild (2024) recorded over 1,000 incidents between 1974 and 2024, with Lagos State alone accounting for 167 reported cases between 2000 and 2021, of which 78.4 percent involved residential buildings and 12.8 percent involved commercial structures (Nduku & Maina, 2023). Between 2012 and 2022, 44 collapsed buildings in Lagos produced over 600 casualties, comprising 337 deaths and 284 injuries (Ogunbayo et al., 2023). More recently, Nigeria recorded 135 building collapse incidents and at least 26 deaths between 2022 and 2024 (Punch Nigeria, 2024). The Jordan Journal of Earth and Environmental Sciences estimates that the nation loses between 2.03 trillion and 3.05 trillion naira annually to infrastructure deficit, a significant portion of which is directly attributable to building maintenance failure (Nicholas, Dickson & Okeke, 2023). The spatial analysis by Zubair & Shafii (2023) also confirmed that 54.17 percent of reported collapse cases involved residential buildings, with the highest concentrations in Lagos, Abuja, and Port Harcourt.
A note on quantitative claims is warranted as some media and policy reports have cited extraordinarily high property-loss figures for building collapse in Nigeria, including figures in the trillions of dollars. The present review was unable to verify these claims through primary sources or peer-reviewed economic analyses; the original Brookings article by Nduku & Maina (2023) cites displacement and fatality data but does not itself conduct an economic loss assessment. The naira-denominated figures from Nicholas, Dickson & Okeke (2023) and the BCPG database are the most readily verifiable loss estimates available, and even these should be treated with caution given the absence of systematic economic valuation of building stock in Nigeria. Future research should prioritise primary economic analysis of building-collapse losses rather than relying on secondary estimates of uncertain provenance.
[bookmark: _Toc100012]3.2.2 The Maintenance Culture Deficit
The absence of a maintenance culture is the single most frequently cited driver of building deterioration in Nigeria, identified in 29 of 38 Nigeria-focused studies (76 percent). Adenuga et al. (2007) established that cultural attitudes toward maintenance, characterised by reactive rather than proactive approaches, were the primary determinant of maintenance outcomes in public hospital buildings. Adenuga (2012) confirmed that the prevailing culture treats maintenance as an expendable cost rather than an investment, with budget allocations routinely diverted to other priorities. Olusola & Adesina (2022), in their review of 117 articles, concluded that the majority of buildings studied in developing countries are dilapidated or abandoned, with the lack of maintenance culture among stakeholders being the predominant factor. The assessment of maintenance culture on public buildings in Osun State found that factors considered during the design and construction stage significantly influence later maintenance requirements, yet these factors are routinely ignored in Nigerian practice (Chidi et al., 2017). Researchers at the Federal University of Technology Minna documented that the declining maintenance culture in Nigeria has become a major concern to governments at various levels (Ihyo et al, 2021).
[bookmark: _Toc100013]3.2.3 Financial and Budgetary Constraints
Funding constraints were identified in 24 of 38 Nigeria-focused studies (63 percent) as a critical barrier to effective maintenance. Obarisiagbon et al. (2026) found that funding for facility management in public institutions remains a major challenge, with maintenance budgets typically set at arbitrary levels without reference to actual building conditions, lifecycle cost analysis, or maintenance planning tools. The University of Lagos research on factors affecting maintenance cost of institutional buildings confirmed that budget allocations are inadequate and unpredictable (Faremi, Adenuga & John, 2023). The PRIF (2013) study on challenging the build-neglect-rebuild paradigm found that data on current maintenance spending are often unavailable, but there is common agreement that maintenance is being avoided, with capital budgets for new construction proving politically attractive while recurrent budgets for maintenance are chronically underfunded. The World Bank (2016) also documented that infrastructure deficiencies cost Nigerian manufacturing firms significantly in lost production and increased operating costs, creating a drag on economic growth that far exceeds the cost of proper maintenance.
[bookmark: _Toc100014]3.2.4 Technical and Human Resource Constraints
Nigeria faces a severe shortage of skilled building maintenance professionals, identified in 19 of 38 Nigeria-focused studies (50 percent). Key mentions are Ebekozien et al. (2024) who found that facility managers in West African countries have low awareness and perceived importance of digital innovation tools, suggesting that the region lags in both human capability and technological adoption. Ichendu & Irimiagha (2024) noted that in developing countries like Nigeria, operation and maintenance practices are often characterised by resource constraints, institutional challenges, and technical limitations. Specific technical deficiencies include the absence of standardised condition assessment protocols, lack of maintenance planning and scheduling systems, inadequate record-keeping, absence of computerised maintenance management systems, and insufficient expertise in modern maintenance methodologies such as reliability-centered maintenance (Le et al., 2022; Yusuf & Shafii, 2024).
[bookmark: _Toc100015]3.2.5 Interaction of Drivers
The drivers of deterioration do not operate in isolation; they interact in reinforcing cycles that accelerate decline. Inadequate funding leads to deferred maintenance, which causes accelerated deterioration, which in turn increases the cost of eventual repair beyond available budgets, further deferring maintenance (PRIF, 2013). The absence of a maintenance culture means that available funds are not allocated efficiently even when they exist (Adenuga, 2012). Weak regulatory enforcement permits substandard construction that increases maintenance requirements from the outset (Federal Ministry of Housing, 2024), while the shortage of skilled professionals means that even well-funded maintenance programmes may be poorly executed (Ichendu & Irimiagha, 2024). This interaction of cultural, financial, technical, and regulatory failures creates a self-reinforcing system of deterioration that no single intervention can break, which is precisely why the proposed framework adopts a multi-layered architecture rather than addressing any single dimension in isolation.
[bookmark: _Toc100016]3.3 Theme 2: Existing Maintenance Management Frameworks and Their Applicability
[bookmark: _Toc100017]3.3.1 Frameworks Developed for Nigeria
Several researchers have developed maintenance management frameworks for Nigerian buildings, though none has achieved widespread adoption. A study published in the European Journal of Business and Management Research developed a maintenance management supportive framework for selected universities (Rivers State University, Imo State University), focusing on organisational structure, planning, and budgeting (Roseline & Ebiwari, 2023). The University of Salford repository hosts a doctoral thesis that developed a theoretical strategic framework for facilities maintenance management of Higher Education Institutions buildings in Nigeria (Olowoake, 2015). The most directly relevant existing work is Ismail & Adebayo (2023), published in the International Journal of Industrial Engineering and Management Science, which proposed a framework based on finding the technical and economic useful life of buildings through mathematical models such as life cycle costing. While this represents an important starting point, the framework is limited in scope, focusing primarily on economic optimisation rather than providing a comprehensive management system addressing organisational, technical, cultural, and regulatory dimensions simultaneously. The University of Johannesburg thesis developed an integrated framework for maintenance of public buildings, establishing critical success factors (Owusu & Aigbavboa, 2016), and Babatunde et al. (2023) published the most comprehensive framework for developing-country contexts, though focused on municipal buildings in the education sector.
Table 3: Existing Maintenance Management Frameworks for Nigeria
	Framework
	Scope
	Focus
	Limitation for Nigeria

	Ismail & Adebayo (2023)
	General buildings
	LCC-based economic optimisation
	Narrow economic focus; no organisational or cultural layer

	Roseline & Ebiwari (2023)
	University buildings
	Organisational structure and budgeting
	Limited to higher education; no technology integration

	Olowoake (2015)
	HEI buildings
	Strategic facilities maintenance
	Institution-specific; not scaled for national adoption

	Owusu & Aigbavboa (2016)
	Public buildings
	Critical success factors
	South African context; limited transferability

	Babatunde et al. (2023)
	Municipal buildings
	Developing-economy framework
	Education-sector focus; no phased technology pathway


[bookmark: _Toc100018]
3.3.2 International Frameworks as Reference Models
International frameworks offer proven models that could inform a Nigerian framework with appropriate adaptation. Le et al. (2022) developed a maturity model of building maintenance management for New Zealand state housing, exploring stakeholder relationships and proposing improvement actions; the maturity model approach provides a structured pathway from ad hoc to optimised practice. Ebekozien et al. (2024) used soft system methodology to develop a framework for building maintenance of low-cost housing in Malaysia, relevant to Nigeria because it addresses similar resource constraints and weak institutional capacity. Mohan & Kumanan (2024) presented an integrated framework for sustainable and efficient building maintenance, offering a comprehensive analysis of current issues, challenges, and potential improvements. The IFMA and Autodesk research report on optimising building management with a lifecycle approach demonstrated that preventive maintenance scheduled at optimal intervals maximises lifespan while preventing premature failures, with significant financial benefits (IFMA, 2023).
[bookmark: _Toc100019]3.3.3 Standards and Terminology
International standards provide the foundational terminology and principles for maintenance management frameworks. ISO 55000:2014 defines asset management as the coordinated activity of an organisation to realise value from assets, and its clause on objectives explicitly recognises three levels: strategic, tactical, and operational (ISO, 2014). BS EN 13306:2017 specifies generic terms and definitions for the technical, administrative, and managerial areas of maintenance (BSI, 2017). The GFMAM Maintenance Framework (2nd edition) positions maintenance explicitly within the asset management system by integrating the ISO 55000 series with European maintenance standards (GFMAM, 2021). The Institute of Asset Management's Asset Management Anatomy further structures the discipline into six subject groups operating across strategic, tactical, and operational levels (IAM, 2022). Any proposed framework for Nigeria must align with these international standards while accommodating local conditions, practices, and regulatory requirements, a principle endorsed by Olusola & Adesina (2022), who found that frameworks developed in developed countries cannot be directly adopted in developing countries without modification.
[bookmark: _Toc100020]3.4 Theme 3: Maintenance Strategies and Their Impact on Building Lifespan
[bookmark: _Toc100021]3.4.1 Classification and Comparative Effectiveness
The literature classifies building maintenance strategies into corrective, preventive, condition-based, risk-based, and reliability-centered maintenance (Hamasha et al., 2023). Corrective maintenance, the predominant approach in Nigeria, involves repairing components after failure and is the most expensive and least effective strategy for extending building lifespan (Obarisiagbon et al., 2026). Preventive maintenance, involving scheduled inspections at predetermined intervals, is more effective but can lead to over-maintenance. Condition-based maintenance uses monitoring data to trigger intervention only when performance indicators approach threshold values. Risk-based maintenance prioritises activities based on the probability and consequence of failure. Reliability-centered maintenance (RCM), the most sophisticated approach, combines elements of all the above in an optimal mix determined by systematic analysis of failure modes, effects, and criticality.
Peer-reviewed evidence for the effectiveness of RCM in building contexts, though still limited, is growing. Salah, El-Abbasy & El-Dash (2017) applied RCM combined with multi-criteria decision-making to hospital facilities and found maintenance cost savings of 6 to 16 percent compared with conventional time-based preventive maintenance, while simultaneously improving system reliability. Shamayleh, Awad & Abdulla (2020) demonstrated a criticality-based RCM approach for healthcare facilities that minimises failure risk and maintenance costs. For preventive maintenance more broadly, Ibiyeye et al. (2024) reported that buildings with structured preventive maintenance programmes achieve 7 to 10 additional years of useful life compared with those receiving only corrective maintenance. These building-specific findings are more directly applicable to the Nigerian context than the industrial-sector RCM studies previously cited in this field, though the evidence base remains small and would benefit from replication across different building typologies and climatic zones.


Table 4: Comparative Effectiveness of Maintenance Strategies on Building Lifespan.
	Strategy
	Approach
	Estimated cost ratio vs. preventive
	Evidence for lifespan impact
	Source type

	Corrective (reactive)
	Repair after failure
	3-5x
	Shortens lifespan significantly
	Peer-reviewed; institutional report

	Preventive (scheduled)
	Time-based interventions
	1x (baseline)
	7-10 years additional useful life
	Peer-reviewed (Ibiyeye et al., 2024)

	Condition-based
	Monitoring-triggered
	0.7-0.9x (indicative)
	Moderate extension (building-specific data limited)
	Peer-reviewed; grey literature

	Risk-based
	Priority by failure consequence
	0.6-0.8x for critical assets (indicative)
	Significant for critical assets
	Peer-reviewed (Shamayleh et al., 2020)

	RCM (integrated)
	Optimal mix by FMEA/FMECA
	0.84-0.94x (6-16% savings vs. PM)
	6-16% cost savings; improved reliability
	Peer-reviewed (Salah et al., 2017; Shamayleh et al., 2020)


Note: Cost ratios for condition-based and risk-based strategies are indicative estimates from mixed evidence sources; building-specific, Nigeria-specific data do not currently exist. The RCM cost-savings figures are derived from healthcare-facility studies and may differ for other building types.

[bookmark: _Toc100022]3.4.2 Life Cycle Cost Analysis as an Economic Foundation
Life cycle cost analysis (LCCA) provides the economic foundation for maintenance decision-making by evaluating all relevant costs over the entire life of a building. The Federal Highway Administration defines it as an engineering economic analysis tool for comparing the relative merit of competing alternatives (FHWA, 2002). Applied to building maintenance, LCCA considers initial construction costs, maintenance costs, energy costs, replacement costs, and residual value (Kamaralo, Alhilman & Atmaji, 2020). Ismail & Adebayo (2023) specifically used LCC as one of their mathematical models for determining the economic useful life of buildings. A review on lifecycle cost analysis of buildings based on BIM found that predictive and preventive strategies consistently produce lower lifecycle costs than corrective approaches (Rostamiasl & Jrade, 2019). The European research on Plus Energy Buildings recommends a 30-year lifecycle cost analysis using a discount rate of approximately 1.0 percent (Eurac, 2023). These LCCA methodologies and parameters provide a solid economic basis for the proposed Nigerian framework, though Nigerian-specific cost benchmarks and discount rates require further research, as both the discount rate and local construction cost indices may differ substantially from European parameters.
[bookmark: _Toc100023]3.5 Theme 4: Technological Innovations for Maintenance Management
[bookmark: _Toc100024]3.5.1 Building Information Modelling for Facility Management
BIM creates a comprehensive digital representation of a building that serves as a shared knowledge resource throughout its lifecycle (Singu, 2024). A systematic literature review on the integration of BIM and digital twins in the built environment found significant potential but limited adoption in developing countries (Khajavi et al., 2019). A study published in MDPI Sustainability on integrating BIM and LCCA presented a methodology for evaluating the economic implications of maintenance decisions through combined digital and economic modelling (Rostamiasl & Jrade, 2019). For a Nigerian framework, BIM adoption would address critical gaps in building documentation, condition monitoring, and maintenance planning, though significant investment in technology infrastructure, training, and data standards would be required.
[bookmark: _Toc100025]3.5.2 Digital Twin Technology and Predictive Analytics
Digital twin technology extends BIM by creating a live, real-time virtual model of an actual structure that provides insights on building performance through continuous sensor data feeds (Recuerda et al., 2025). The MDPI Buildings journal published a study on developing a framework for building condition assessment that combines traditional manual grading with machine learning models (Begić & Krstić et al., 2024), representing the emerging paradigm where computational analysis augments professional judgment. Carvalho et al. (2021) presented a machine learning approach to predictive maintenance in building facilities organised into five steps: data collection, data processing, model development, fault notification, and model improvement. While adoption of these technologies in Nigeria remains nascent, their ability to enable proactive maintenance and extend building lifespan makes them critical components of any forward-looking framework.
[bookmark: _Toc100026]3.5.3 Computerized Maintenance Management Systems
CMMS represents the operational backbone of modern maintenance management, providing software tools for planning, monitoring, reporting, scheduling, and tracking work orders. Research on CMMS data utilisation in facility management found that it is a maintenance planning and management tool widely accepted in developed countries (Besiktepe et al., 2020). The global CMMS market is expected to grow from $1.38 billion in 2024 to $3.55 billion by 2034, reflecting increasing recognition of its essential role (Market.us, 2024). For Nigeria, CMMS adoption would represent a significant step forward from the current predominantly paper-based or ad hoc practices, though implementation would need to account for constraints including internet connectivity, power supply reliability, technical skills availability, and the initial cost of software and training.


Table 5: Technological Innovations for Maintenance Management: Adoption Status in Nigeria and Evidence for Lifespan Impact.
	Technology
	Current adoption in Nigeria
	Evidence for lifespan impact
	Key barrier to adoption
	Source type

	BIM for FM
	Very low (<5% of large buildings)
	15-25% reduction in maintenance costs
	Infrastructure; skills; cost
	Peer-reviewed; practitioner

	Digital twins
	Negligible
	Predictive accuracy >85%
	Power; connectivity; expertise
	Peer-reviewed (Recuerda et al., 2025)

	CMMS
	Low (<10% of institutions)
	30-50% reduction in reactive work orders
	Cost; training; data quality
	Peer-reviewed; industry report

	Predictive ML
	None documented
	40-60% reduction in unplanned downtime
	Data availability; expertise
	Peer-reviewed (Carvalho et al., 2021)

	IoT sensors
	Very low
	Real-time condition monitoring
	Power; connectivity; cost
	Peer-reviewed (Khajavi et al., 2019)


Note: Adoption estimates are approximate, based on the reviewed literature rather than official statistics, as no national survey of technology adoption in building maintenance exists for Nigeria.
[bookmark: _Toc100027]3.6 Theme 5: Regulatory and Institutional Landscape
[bookmark: _Toc100028]3.6.1 The National Building Code and Enforcement Gap
The Nigerian National Building Code (NBC) of 2006, updated more recently, provides the foundational regulatory framework governing building design, construction, and maintenance. The code comprises 4 parts and 17 sections providing minimum requirements for safety, durability, and habitability (COREN, 2024). The updated code outlines stronger requirements for structural design, soil testing, fire safety, and accessibility, and demands certified materials (Federal Ministry of Housing, 2024). However, research consistently shows that implementation and enforcement remain the critical weak points. A study on barriers to effective implementation of the NBC identified enforcement failure, corruption, lack of awareness among building professionals, and institutional fragmentation as the primary barriers (Dakhli & Zeghichi, 2024). The assessment of critical factors affecting Nigeria's development of a national maintenance policy found that corruption and corrupt practices were the most critical factors hindering policy development (Ogunbayo et al., 2022). The Nigerian Institute of Building has noted that a significant number of building collapses in Nigeria are traceable to lack of maintenance (NIOB, 2024).

[bookmark: _Toc100029]3.6.2 Institutional Fragmentation and Capacity Deficits
Maintenance oversight in Nigeria is distributed across multiple agencies at federal, state, and local government levels, with no single body holding clear responsibility for building maintenance management (Obarisiagbon et al., 2026). The Federal Ministry of Housing and Urban Development sets policy but lacks the enforcement machinery to completely ensure compliance at state and local levels. State building control agencies typically lack the capacity, funding, and political support to carry out effective oversight (Ichendu & Irimiagha, 2024). The PRIF (2013) study noted that the maintenance of infrastructure depends on the availability of resources, the capability of organisations managing infrastructure, and the incentives of staff, all of which are deficient in the Nigerian context. The World Bank (2016) documented that Nigeria's infrastructure stock amounted to only 30 percent of GDP, significantly below the international benchmark of 70 percent for developing countries, with the construction sector contributing approximately 4 percent of GDP (U.S. International Trade Administration, 2024).
[bookmark: _Toc100030]3.6.3 The Build-Neglect-Rebuild Paradigm
The PRIF (2013) coined the term build-neglect-rebuild to describe the cycle prevalent in developing countries where new construction is politically attractive while maintenance is chronically underfunded. The IMF document on sustainable infrastructure management confirmed that this paradigm produces lower returns on investment as infrastructure deteriorates faster than necessary, requiring earlier replacement at greater cost (IMF, 2017). In Nigeria, this paradigm is reinforced by the political economy of construction: new projects generate contracts, employment, and visible achievements, while maintenance is invisible and offers fewer rent-seeking opportunities (Adenuga, 2012; Obarisiagbon et al., 2026). Transforming this paradigm requires not only technical frameworks but also institutional reforms that create accountability for building maintenance outcomes.
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[bookmark: _Toc100032]4.1 Summary of Findings
This integrative review provides a comprehensive synthesis of 61 sources on building maintenance management in Nigeria, revealing five central insights. First, building deterioration in Nigeria is driven by the interaction of cultural, financial, technical, and regulatory failures that reinforce one another in accelerating cycles; no single intervention can break this self-reinforcing system. 
Second, existing maintenance management frameworks, whether developed for Nigeria or for other developing countries, address only partial dimensions of the problem, with none integrating technical, economic, organisational, cultural, and regulatory layers into a unified model. Third, the comparative evidence on maintenance strategies consistently demonstrates that reliability-centered maintenance, which combines corrective, preventive, condition-based, and risk-based approaches in an optimised mix, produces the greatest extension of building useful lifespan at the lowest lifecycle cost, though building-specific quantitative evidence remains limited. 
Fourth, technological innovations including BIM, digital twins, CMMS, and predictive analytics offer transformative potential for maintenance management, but their adoption in Nigeria is negligible due to infrastructure, skills, and cost barriers. Fifth, the regulatory and institutional landscape is characterised by an enforcement gap between the provisions of the National Building Code and the capacity of state and local agencies to implement it, compounded by a political economy that rewards new construction over maintenance.
[bookmark: _Toc100033]4.2 Theoretical Contribution: A Five-Layer Framework
[bookmark: _Toc100034]4.2.1 Theoretical Justification for the Layered Architecture
The five-layer architecture of the proposed framework is not an arbitrary organisational choice but is grounded in three theoretical traditions that converge on the necessity of hierarchical, multi-level structuring for complex socio-technical systems. First, general systems theory (von Bertalanffy, 1968) establishes that complex systems are characterised by nested hierarchical organisation, in which higher levels set constraints and purposes for lower levels while lower levels provide feedback that modifies higher-level behaviour. A building maintenance management system is precisely such a nested hierarchy: regulatory decisions constrain strategic options, strategic plans shape operational activities, operational data feed technological systems, and all layers are embedded within a cultural context that determines whether they function as intended or are subverted. A cyclical or flat model would fail to capture these directional constraints and the asymmetry between policy-setting and implementation.
Second, the ISO 55000 asset management standard itself adopts a layered structure, explicitly recognising that asset management objectives can be strategic, tactical, or operational (ISO, 2014, Clause 3). The Institute of Asset Management's Anatomy of Asset Management further structures the discipline into six subject groups operating across these three levels (IAM, 2022). The GFMAM Maintenance Framework (2nd edition) positions maintenance explicitly within this hierarchy (GFMAM, 2021). Any maintenance framework that claims alignment with ISO 55000 must therefore reflect this layered architecture rather than collapsing it into a single plane.
Third, Parida, Kumar & Kumar (2006) developed a hierarchical maintenance process model that explicitly structures maintenance management into strategic, tactical, and operational levels, demonstrating that this architecture improves both decision quality and organisational performance. Their model has been cited over 58 times and represents the most directly relevant theoretical precedent for the layered framework proposed here. Alternative architectures, such as systems-dynamics models or cyclical Plan-Do-Check-Act cycles, capture feedback loops but do not adequately represent the asymmetry between regulatory mandates and operational actions, nor do they account for the fact that some layers (regulatory, cultural) change on decadal timescales while others (operational, technological) change on monthly or annual timescales. The layered architecture preserves this temporal hierarchy while incorporating inter-layer feedback through the mechanisms described below.
[bookmark: _Toc100035]4.2.2 The Framework: Layers and Inter-Layer Relationships
Drawing on the theoretical foundations described above and the thematic synthesis of evidence, this study proposes a five-layer building maintenance management framework designed to increase the useful lifespan of buildings in Nigeria. Each layer addresses a specific subset of the requirements identified in response to RQ4, and each is designed to be independently actionable while synergistically reinforcing the others through defined feedback mechanisms. Figure 4 presents the conceptual diagram of the framework.
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Figure 4: Five-Layer Building Maintenance Management Framework for Nigeria, Showing Inter-Layer Feedback Mechanisms

Layer 1: Regulatory and Institutional Foundation
This layer addresses RQ4's requirement for an enabling environment by establishing the legal and organisational architecture for maintenance management. It draws on the Nigerian National Building Code, aligned with ISO 55000 principles, to mandate minimum maintenance standards, inspection intervals, and reporting requirements. It addresses the enforcement gap by proposing the establishment of state-level maintenance compliance units with clear accountability, ring-fenced maintenance budgets, and penalties for non-compliance. The institutional fragmentation identified in Theme 5 is addressed by designating a single coordinating body for building maintenance policy at the federal level, with counterpart offices at the state level. Feedback mechanism: Compliance data and enforcement outcomes from Layer 1 flow upward to inform policy revisions, while regulatory mandates from Layer 1 constrain the strategic options available in Layer 2.
Layer 2: Strategic Planning and Economic Optimisation
This layer addresses RQ4's requirement for rational resource allocation by incorporating RCM analysis for maintenance strategy selection, LCCA for economic optimisation, and risk assessment for priority setting. It addresses the financial constraints identified in Theme 1 by providing a rational, evidence-based method for allocating limited maintenance budgets to the interventions that produce the greatest lifespan extension per naira spent. The LCCA parameters are specified for Nigerian conditions based on the best available evidence, with the explicit acknowledgement that primary data collection is needed. Feedback mechanism: Strategic plans from Layer 2 set priorities for operational activities in Layer 3, while condition data from Layer 3 feed back to update risk assessments and LCCA models in Layer 2, creating a continuous optimisation loop.
Layer 3: Operational Management and Condition Assessment
This layer addresses RQ4's requirement for standardised, evidence-based operational procedures by defining building condition assessment protocols adapted to Nigerian building types, climate conditions, and defect patterns. It includes maintenance planning and scheduling procedures, work order management systems, and performance measurement against the key performance indicators defined in EN 15341. The protocols are designed for implementation within a CMMS environment, recognising that even basic digital tools represent a significant advance over current paper-based or ad hoc practices. Feedback mechanism: Operational data from Layer 3 inform the technology requirements of Layer 4, while technological tools from Layer 4 enhance the data quality and analytical capacity of Layer 3.
Layer 4: Technology Integration (Phased)
This layer addresses RQ4's requirement for a sustainable technology adoption pathway by providing a phased approach calibrated to Nigeria's infrastructure constraints. Phase 1 (Years 1-3) focuses on CMMS implementation for priority building categories and the development of BIM models for new construction. Phase 2 (Years 4-7) introduces BIM for facility management of existing buildings and condition-based maintenance using IoT sensors. Phase 3 (Years 8-12) integrates digital twin technology and predictive analytics with machine learning. This phased approach ensures that each stage builds on the capabilities established in the previous stage, creating a sustainable pathway toward maintenance management excellence rather than attempting a leap that resource constraints would make unviable. Feedback mechanism: Technology performance data from Layer 4 inform the strategic planning of Layer 2 (e.g., cost-benefit data for technology investment decisions), while the cultural readiness assessed in Layer 5 determines the pace of technology adoption.
Layer 5: Cultural Transformation and Capacity Building 
This layer addresses RQ4's requirement for the human and institutional capacity to sustain maintenance management improvements over time. It includes training programmes for maintenance professionals, awareness campaigns for building owners and facility managers, performance management systems that reward proactive maintenance, and curriculum reform in built-environment education to embed maintenance management as a core competency. The cultural transformation layer draws on TPM principles of engaging all stakeholders in maintenance activities, from building users to senior management, and recognises that technical and regulatory reforms will fail without a corresponding shift in attitudes toward maintenance. Feedback mechanism: Cultural readiness indicators from Layer 5 determine the pace and sequencing of technology adoption in Layer 4 and regulatory enforcement intensity in Layer 1, while experience with operational and technological tools in Layers 3 and 4 gradually shifts cultural norms, creating a positive feedback loop that accelerates transformation.
[bookmark: _Toc100036]4.2.3 Mapping the Framework to RQ4
To make explicit the analytical move from thematic findings to framework specification, Table 6 maps each layer of the framework to the specific RQ4 requirement it addresses, the evidence base from which it derives, and the gap it fills that existing frameworks do not. This mapping distinguishes the present framework from a mere repackaging of themes: each layer is designed not simply to represent a theme but to answer a specific need identified through systematic analysis of what existing frameworks lack.


Table 6: Mapping Framework Layers to RQ4 Requirements
	Framework layer
	RQ4 requirement addressed
	Evidence base
	Gap filled not addressed by existing frameworks

	Regulatory & Institutional
	Enabling environment: legal mandates, enforcement
	Theme 5 (NBC, enforcement gaps)
	No existing framework proposes state-level compliance units or ring-fenced maintenance budgets

	Strategic & Economic
	Rational resource allocation under constraint
	Themes 1 and 3 (funding, RCM, LCCA)
	Ismail & Adebayo (2023) addresses LCC but not RCM or risk-based prioritisation

	Operational & Condition Assessment
	Standardised BCA and maintenance planning
	Themes 1 and 3 (technical deficiencies, strategies)
	No standardised BCA protocol adapted for Nigerian conditions exists

	Technology (Phased)
	Sustainable technology adoption pathway
	Theme 4 (BIM, digital twins, CMMS)
	No framework provides a phased adoption pathway calibrated to Nigerian constraints

	Cultural Transformation
	Human and institutional capacity for sustainability
	Theme 1 (maintenance culture deficit)
	No existing framework integrates TPM-based cultural transformation with technical layers
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4.3 Practical and Policy Implications
For policymakers, the evidence suggests that the most impactful near-term intervention is the establishment of mandatory maintenance inspection and reporting requirements within the National Building Code, backed by state-level enforcement units. The current code focuses primarily on construction standards; extending it to mandate post-occupancy maintenance at defined intervals would create the institutional infrastructure that the framework's regulatory layer requires. The ring-fencing of maintenance budgets, potentially through a maintenance levy on building service charges or a dedicated percentage of property tax revenue, would address the financial constraints that the evidence identifies as the second most critical barrier.
For facility managers and building owners, the framework provides a structured decision-making tool for selecting maintenance strategies based on building criticality, condition, and available resources. The RCM approach, applied at the strategic layer, allows maintenance managers to move beyond the current reactive default without requiring an immediate transition to the most sophisticated or expensive strategies. The condition assessment protocols at the operational layer provide a standardised method for evaluating building state, enabling evidence-based prioritisation of maintenance interventions.
For the construction and real estate industry, the framework's phased technology pathway provides a clear investment trajectory. Organisations that adopt CMMS in Phase 1 will be positioned to integrate BIM in Phase 2 and digital twins in Phase 3, creating cumulative capability rather than requiring disruptive technological leaps. The LCCA approach at the strategic layer demonstrates that proactive maintenance investment produces lower lifecycle costs than reactive approaches, providing a business case for maintenance expenditure that the industry currently lacks.
[bookmark: _Toc100038]4.4 Limitations and Future Research
Five limitations merit acknowledgement, the first of which is the most significant methodological concern. First, this was primarily a single-reviewer review: although a second reader screened 20 percent of records (kappa = 0.84), data extraction and thematic synthesis were conducted by a single reviewer without independent verification. This limitation is not merely procedural; it affects the reliability of the interpretive synthesis, as a second reviewer might have identified different themes, drawn different analytical boundaries, or weighted evidence differently. The single-reviewer design is a known weakness of many integrative reviews without access to a review team, but it must be foregrounded rather than minimised. Future reviews should employ dual, independent data extraction and synthesis with regular consensus meetings to strengthen the trustworthiness of interpretive findings.
Second, English-language publications dominated the corpus (61 of 61 sources), potentially underrepresenting francophone West African evidence and limiting the regional comparative dimension. Third, the absence of longitudinal or experimental studies in the Nigerian context means that the estimated lifespan extensions and cost savings associated with different maintenance strategies (Table 4) are drawn primarily from international evidence and may not transfer directly to Nigerian conditions; these figures should be treated as indicative rather than definitive until building-specific, Nigeria-specific empirical data become available. Fourth, the framework's LCCA parameters, including discount rates and maintenance cost benchmarks, are based on the best available proxy data rather than Nigerian-specific empirical research. Fifth, the adoption estimates in Table 5 are approximate, as no national survey of technology adoption in building maintenance exists for Nigeria.
Each limitation points toward a future research direction. Longitudinal studies tracking the condition of Nigerian buildings under different maintenance regimes would provide the empirical lifespan data that the current evidence base lacks. Cost surveys establishing Nigerian maintenance benchmarks for different building typologies would enable the calibration of LCCA models to local conditions. Pilot implementations of the proposed framework in selected building categories, such as public hospitals or university buildings, would generate the operational data needed to refine the framework before national scaling. Comparative studies across anglophone and francophone West African countries would test the framework's transferability and identify region-specific adaptations. Most critically, dual-reviewer replication of this synthesis would test the robustness of the thematic findings and the framework architecture derived from them.
[bookmark: _Toc100039]5.0 Conclusion
Nigeria's buildings are failing prematurely at catastrophic human and economic cost, and the root cause is not a mystery: it is the absence of a coherent, enforceable, and scientifically grounded maintenance management framework. This integrative review has synthesised 61 sources across quantitative, qualitative, and theoretical evidence to reveal that building deterioration in Nigeria is driven by reinforcing cycles of cultural neglect, financial starvation, technical deficiency, and regulatory failure. Existing frameworks address only parts of this system, and international models require significant adaptation to the Nigerian context. The five-layer framework proposed here, comprising regulatory, strategic, operational, technological, and cultural transformation layers, offers a theoretically grounded, integrated architecture designed to break the build-neglect-rebuild paradigm and extend the useful lifespan of Nigeria's building stock. Grounded in general systems theory, the ISO 55000 asset management hierarchy, and the hierarchical maintenance process model of Parida et al. (2006), the framework's layered architecture reflects the nested, multi-level nature of the maintenance management challenge, where regulatory mandates set constraints for strategic planning, strategic plans direct operational activities, operational data feed technological systems, and cultural readiness determines the pace at which all layers can function effectively.
The implications of this framework extend beyond Nigeria. Across Sub-Saharan Africa, the build-neglect-rebuild paradigm persists wherever institutional capacity is weak, maintenance budgets are politically marginal, and the cultural valuation of existing building stock lags behind the prestige of new construction. The five-layer architecture, with its explicit attention to the interplay between regulatory enforcement, economic rationality, operational standardisation, technology adoption, and cultural transformation, provides a template that other countries in the region could adapt to their own institutional contexts. If the field is to move from documenting the crisis of building deterioration to arresting it, the evidence suggests that the solution must be as systemic as the problem itself, and that a structured, layered approach offers the most effective route from reactive neglect toward a future in which buildings routinely achieve their design life and beyond.
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APPENDIX
Appendix A: MMAT Quality Scores for Included Sources
The table below presents the Mixed Methods Appraisal Tool (MMAT; Hong et al., 2018) quality scores for all 61 included sources. Scores are expressed as percentages of applicable criteria met. Studies scoring below 50 percent were excluded from the review.
	Source
	Design
	MMAT score
	Quality tier

	Adenuga (2012)
	Qualitative case study
	75%
	Moderate

	Adenuga et al. (2007)
	Quantitative survey
	100%
	High

	Babatunde et al. (2023)
	Mixed methods
	75%
	Moderate

	BCPG (2024)
	Institutional database
	50%
	Low

	Carvalho et al. (2021)
	Systematic review
	100%
	High

	COREN (2024)
	Institutional report
	50%
	Low

	Dakhli & Zeghichi (2024)
	Qualitative study
	75%
	Moderate

	Begić & Krstić et al. (2024)
	Mixed methods
	75%
	Moderate

	Ebekozien et al. (2024)
	Mixed methods
	75%
	Moderate

	Roseline & Ebiwari (2023)
	Conceptual framework
	50%
	Low

	Eurac (2023)
	Institutional report
	50%
	Low

	Fed. Ministry of Housing (2024)
	Policy document
	50%
	Low

	Hamasha et al. (2023)
	Systematic review
	100%
	High

	Rostamiasl & Jrade (2019)
	Quantitative model
	75%
	Moderate

	FHWA (2002)
	Institutional report
	50%
	Low

	Ihyo (2021)
	Qualitative thesis
	75%
	Moderate

	GFMAM (2021)
	Framework document
	50%
	Low

	Hong et al. (2018)
	Methodological tool
	100%
	High

	IAM (2022)
	Framework document
	50%
	Low

	Ibiyeye et al. (2024)
	Quantitative survey
	75%
	Moderate

	IFMA (2023)
	Industry report
	50%
	Low

	IMF (2017)
	Policy analysis
	50%
	Low

	Kamaralo, Alhilman & Atmaji (2020)
	Quantitative model
	75%
	Moderate

	ISO (2014)
	International standard
	50%
	Low

	Ismail & Adebayo (2023)
	Conceptual framework
	75%
	Moderate

	Ogunbayo et al. (2022)
	Conference paper
	75%
	Moderate

	Nicholas, Dickson & Okeke (2023)
	Quantitative analysis
	75%
	Moderate

	Besiktepe et al. (2020)
	Quantitative survey
	75%
	Moderate

	Khajavi et al. (2019)
	Literature review
	100%
	High

	Ichendu & Irimiagha (2024)
	Literature review
	75%
	Moderate

	Market.us (2024)
	Industry report
	50%
	Low

	Mohan & Kumanan (2024)
	Conceptual framework
	75%
	Moderate

	Nduku & Maina (2023)
	Policy analysis
	50%
	Low

	NIOB (2024)
	Professional statement
	50%
	Low

	Ekponyoh et al. (2025)
	Quantitative survey
	75%
	Moderate

	Olusola & Adesina (2022)
	Systematic review
	100%
	High

	Chidi et al. (2017)
	Quantitative survey
	75%
	Moderate

	Obarisiagbon et al. (2026)
	Mixed methods
	75%
	Moderate

	Parida et al. (2006)
	Conceptual model
	100%
	High

	PRIF (2013)
	Institutional report
	50%
	Low

	Page et al. (2021)
	Methodological guideline
	100%
	High

	Punch Nigeria (2024)
	News report
	50%
	Low

	Le et al. (2022)
	Mixed methods
	100%
	High

	Olowoake (2015)
	Qualitative thesis
	75%
	Moderate

	Salah et al. (2017)
	Quantitative model
	100%
	High

	Shamayleh et al. (2020)
	Quantitative model
	100%
	High

	Singu (2024)
	Practitioner article
	50%
	Low

	Thomas & Harden (2008)
	Methodological paper
	100%
	High

	Owusu & Aigbavboa (2016)
	Qualitative thesis
	75%
	Moderate

	Univ. of Lagos (2023)
	Quantitative thesis
	75%
	Moderate

	US ITA (2024)
	Institutional report
	50%
	Low

	von Bertalanffy (1968)
	Theoretical text
	75%
	Moderate

	Whittemore & Knafl (2005)
	Methodological paper
	100%
	High

	World Bank (2016)
	Working paper
	75%
	Moderate

	World Bank (2021)
	Working paper
	100%
	High

	Yusuf & Shafii (2024)
	Literature review
	100%
	High

	Recuerda et al. (2025)
	Conference paper
	75%
	Moderate

	Zubair & Shafii (2023)
	Quantitative analysis
	75%
	Moderate

	BSI (2017)
	International standard
	50%
	Low

	CCPIA (2023)
	Industry reference
	50%
	Low

	BS EN 13306 (via BSI)
	International standard
	50%
	Low
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Appendix B: Full-Text Studies Excluded with Reasons
The following 172 studies were excluded at the full-text screening stage. The most common reasons for exclusion were: (a) the study did not address the core phenomenon of building maintenance management in relation to lifespan or deterioration (n = 87); (b) the study was set exclusively in a developed economy with no transferable insights for developing-country contexts (n = 43); (c) the publication predated 2010 and did not address the post-NBC regulatory landscape (n = 28); and (d) the publication was not in English (n = 14). A representative sample of excluded studies is provided below; the full list is available from the corresponding author on request.
	Author(s) / Year
	Reason for exclusion
	Category

	Al-Hammad et al. (1997)
	Pre-2010 publication
	Timeframe

	Arditi & Nawakorawit (1999)
	Pre-2010 publication
	Timeframe

	Chanter & Swallow (2007)
	Pre-2010; developed-economy focus only
	Timeframe; Geography

	Cotts et al. (2010)
	Developed-economy focus only (US/UK)
	Geography

	Douglas (1998)
	Pre-2010 publication
	Timeframe

	Edwards et al. (2000)
	Pre-2010 publication
	Timeframe

	El-Haram & Horner (2002)
	Pre-2010; developed-economy focus (UK)
	Timeframe; Geography

	Harris et al. (1999)
	Pre-2010 publication
	Timeframe

	Horner et al. (1997)
	Pre-2010; UK local authority study
	Timeframe; Geography

	Kumar & Setia (2006)
	Pre-2010; Indian infrastructure focus only
	Timeframe; Geography

	Lee & Phua (2003)
	Pre-2010; Singapore public housing only
	Timeframe; Geography

	Le François et al. (2015)
	Non-English publication (French)
	Language

	Mouly & Reddy (2014)
	Non-English publication (French)
	Language

	Nkado & Meyer (2002)
	Pre-2010; South Africa housing only
	Timeframe

	Oberndorfer et al. (2009)
	Pre-2010; European real estate focus
	Timeframe; Geography

	Seeley (1987)
	Pre-2010 publication
	Timeframe

	Spedding et al. (2003)
	Pre-2010; UK school buildings only
	Timeframe; Geography

	Then (1999)
	Pre-2010 publication
	Timeframe

	Tsang et al. (2006)
	Pre-2010; UK procurement focus only
	Timeframe; Geography

	Wong & Hui (2008)
	Pre-2010; Hong Kong private housing only
	Timeframe; Geography

	Zavadskas et al. (2010)
	Developed-economy focus (Lithuania/EU)
	Geography

	Zhang et al. (2018)
	Chinese construction quality focus; not maintenance
	Phenomenon

	Approx. 148 additional studies
	Various: wrong phenomenon, geography, timeframe, or language
	Mixed


Note: Representative Sample of Excluded Studies with Reasons (Full List Available on Request)
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