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Abstract

Infrastructure assets represent one of the most valuable public investments, requiring effective
maintenance strategies to ensure their operational reliability, sustainability, and long—term
performance. Traditional maintenance approaches often rely on corrective actions or fixed
maintenance schedules, which may result in increased operational costs, unexpected failures,
and inefficient resource utilization. Consequently, performance-based preventive
maintenance has emerged as an advanced maintenance management approach that
integrates performance indicators, asset condition monitoring, and data-driven decision—
making to enhance maintenance effectiveness.

This study aims to evaluate the effectiveness of performance-based preventive maintenance
systems and examine their impact on improving maintenance management efficiency in
infrastructure projects. Specifically, the research investigates the influence of performance-
based planning, maintenance execution efficiency, resource utilization, digital transformation,
and asset performance on the overall effectiveness of maintenance management.

A quantitative research methodology was adopted using a descriptive—analytical approach.
Data were collected through a structured questionnaire distributed to professionals involved
in infrastructure maintenance and asset management. The questionnaire consisted of six
major dimensions covering performance-based planning, maintenance execution, resource
efficiency, digital transformation and decision support, asset performance, and overall system
evaluation. The collected data were analyzed using appropriate statistical techniques,
including descriptive statistics, reliability analysis (Cronbach’s Alpha), Pearson correlation
analysis, and multiple linear regression.

The findings indicate that performance-based preventive maintenance significantly contributes
to improving maintenance planning, optimizing resource allocation, reducing equipment
failures, enhancing asset reliability, and increasing operational efficiency. Furthermore, the
study highlights the critical role of digital technologies, including Computerized Maintenance
Management Systems (CMMS), Key Performance Indicators (KPIs), and data—driven decision
support systems, in strengthening maintenance management practices. The results also
demonstrate a statistically significant positive relationship between the implementation of
performance—-based maintenance systems and the efficiency of infrastructure maintenance
management.

Based on the findings, the study recommends adopting integrated performance-based

maintenance frameworks aligned with ISO 55000 Asset Management standards, expanding
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the implementation of digital maintenance management systems, developing standardized
performance indicators for infrastructure maintenance projects, and promoting predictive
maintenance technologies supported by artificial intelligence and Internet of Things (loT)
applications.

Keywords: Performance-Based Maintenance, Preventive Maintenance, Asset Management,
Infrastructure Projects, Maintenance Management, Key Performance Indicators (KPls), ISO
55000, Digital Transformation, Computerized Maintenance Management System (CMMS),

Asset Performance.

Keywords:

Performance-Based Maintenance, Preventive Maintenance, Infrastructure Asset
Management, Maintenance Performance Evaluation, Key Performance Indicators (KPIs), ISO

55000, Reliability—Centered Maintenance (RCM), Digital Twin, Computerized Maintenance
Management System (CMMS), Life Cycle Cost (LCC).
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