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ABSTRAK

Penelitian ini bertujuan untuk menganalisis pengaruh penerapan Condition-Based
Maintenance (CBM) terhadap kinerja alat berat pada industri pertambangan
batubara, serta menilai peran moderasi dari kondisi lingkungan operasional dan
kompetensi sumber daya manusia (SDM). Latar belakang penelitian ini berangkat
dari tingginya tingkat downtime alat berat yang berdampak langsung terhadap
efisiensi operasional dan potensi kerugian finansial yang signifikan di sektor
pertambangan. CBM dipandang sebagai strategi pemeliharaan prediktif yang
menggunakan sensor dan teknologi IoT untuk mendeteksi potensi kerusakan secara
real-time, sehingga dapat meminimalisir downtime tidak terduga. Penelitian ini
menggunakan pendekatan kuantitatif dengan metode Structural Equation
Modeling — Partial Least Squnares (SEM-PLS) yang melibatkan 207 responden
dari industri kontraktor pertambangan. Hasil penelitian menunjukkan bahwa CBM
berpengaruh positif signifikan terhadap kinerja alat berat. Selain itu, kondisi
lingkungan operasional dan kompetensi SDM terbukti memperkuat pengaruh CBM
terhadap peningkatan kinerja. Penelitian ini memberikan kontribusi teoritis berupa
pengembangan model integratif CBM dan faktor moderasi serta rekomendasi
praktis untuk optimalisasi strategi pemeliharaan berbasis kondisi pada lingkungan
operasional ekstrem. Variabel endogen Heavy Equipment Performance yang
menunjukan variabilitas Predictive Data Analysis, Maintenance Actions Proactive,
Supporting Technology, Operational Environment Conditions dan Human
Resource Competency memiliki dampak sebesar 0.723 atau setara 72.3% pada
Heavy Equipment Performance. Dan nilai SRMR (Standardized Root Mean Square
Residual) adalah 0.033 menunjukkan kecocokan model yang sangat baik.

Kata Kunci: Condition-Based Maintenance (CBM), Kinerja Alat Berat, Kondisi

Lingkungan Operasional, Kompetensi Sumber Daya Manusia, Industri
Pertambangan, SEM-PLS.
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ABSTRACT

This study aims to analyze the influence of Condition-Based Maintenance (CBM)
on the performance of heavy equipment in the coal mining industry, while also
assessing the moderating roles of operational environmental conditions and human
resource (HR) competencies. The research is motivated by the high level of
equipment downtime, which directly impacts operational efficiency and leads to
substantial financial losses in mining operations. CBM is considered a predictive
maintenance strategy that utilizes sensors and JoT technology to detect potential
failures in real-time, thereby minimizing unexpected downtime. A quantitative
approach was employed using Structural Equation Modeling — Partial Least
Squares (SEM-PLS) with 207 respondents from mining contractor companies.
The results indicate that CBM has a significant positive effect on equipment
performance. Furthermore, operational environmental conditions and HR
competencies were proven to strengthen the effect of CBM on performance
improvement. This research contributes theoretically by developing an integrative
model of CBM and moderating factors, and offers practical recommendations for
optimizing condition-based maintenance strategies in extreme operational
environments. Endogenous variables of Heavy Equipment Performance that show
the variability of Predictive Data Analysis, Proactive Maintenance Actions,
Supporting Technology, Operational Environment Conditions and Human
Resource Competence have an impact of 0.723 or equivalent to 72.3% on Heavy
Equipment Performance. And the SRMR (Standardized Root Mean Square
Residual) value is 0.033 indicating a very good model fit.

Keywords: Condition-Based Maintenance (CBM), Heavy Equipment
Performance, Operational Environmental Conditions, Human Resource
Competency, Mining Industry, SEM-PLS.
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