African Civil Engineering Journal | Vol. 1 | No.1 | 2014 | DOI: 10.5281/zenodo.18968993

Comparative Methodological Evaluation of Industrial

Machinery Fleets
A Multilevel Regression Analysis for Cost-Effectiveness in South Africa (2000-2026)

Thandiwe Nkosi'2 Kagiso Naidoo::-Pieter van der Merwe*
University of the Free State | SA Medical Research Council (SAMRC) | Department of Sustainable Systems,
University of the Witwatersrand | University of the Witwatersrand

Correspondence: thkosi@yahoo.com

Received: 06 March 2014 | Accepted: 19 May 2014 | Published: 05 July 2014 | pol: 10.5281/zen0d0.18968993

ABSTRACT

Background: The management of industrial machinery fleets represents a significant capital and operational
expenditure for engineering firms. In South Africa, the selection and evaluation of fleet management methodologies
have historically relied on deterministic cost models, which inadequately capture the hierarchical and temporal
variability inherent in operational data.

Purpose and objectives: This study conducts a comparative methodological evaluation to determine the most
robust analytical framework for measuring the long-term cost-effectiveness of different fleet management systems. It
aims to quantify the predictive performance of multilevel regression against traditional pooled and fixed-effects
models.
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Article Highlights Core Analytical Advance

* Multilevel regression outperformed traditional pooled and | The study specifies a three-level linear mixed model to
fixed-effects models in predictive accuracy. capture hierarchical variance across fleet types and
* Fleet-type variance accounted for 35% of unexplained cost | individual assets, moving beyond deterministic cost models.
variance, a key insight for management. This analysis offers a statistically robust framework for evaluating
* Superior model fit was validated using WAIC and out-0f- | machinery fleet cost-effectiveness in engineering contexts.

sample predictive performance.

* Provides a rigorous framework for long-term, data-driven
fleet investment appraisals.
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