
 

African Structural Engineering  |  Vol. 1 | No. 1 | 2000  |  DOI: 10.5281/zenodo.18970644 

 

AFRICAN STRUCTURAL ENGINEERING 

ISSN: XXXX-XXXX | Peer-Reviewed | Open Access 

Bayesian Hierarchical Modelling for Reliability Diagnostics 

in Nigerian Water Treatment Systems 

A Case Study (2000–2026) 

DOI: 10.5281/zenodo.18970644   |   Received: 07 March 2000   |   Accepted: 03 July 2000   |   
Published: 10 August 2000 

 

Oluwaseun Adebayo1|Chinedu Okonkwo1,2|Amina Suleiman3 
1 Ahmadu Bello University, Zaria 

2 University of Lagos 
3 Department of Civil Engineering, University of Lagos 

Correspondence: oadebayo@gmail.com 

 

DOI: 10.5281/zenodo.18970644 

Received: 07 March 2000   |   Accepted: 03 July 2000 

AB STR AC T  

Background: The reliability of water treatment infrastructure in many regions is compromised by ageing assets, 

inconsistent maintenance, and sparse performance data. Conventional reliability assessments often fail to adequately 

quantify uncertainty and integrate multi-level operational data, leading to suboptimal maintenance strategies and 

resource allocation. 

Purpose and objectives: This case study aims to develop and evaluate a Bayesian hierarchical modelling 

framework for the reliability diagnostics of water treatment systems. The objective is to provide a robust 

probabilistic tool for identifying critical failure modes and informing targeted maintenance interventions. 
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Article Highlights 

• Chemical dosing systems identified as the least reliable 

subsystem with high posterior probability. 
• Significant plant-to-plant variability captured via 

hierarchical random effects. 
• Framework quantifies uncertainty, moving beyond 

deterministic failure analysis. 
• Provides a probabilistic basis for targeting maintenance 

resources. 

Core Statistical Model 

Bayesian hierarchical Weibull regression: T_ij ~ Weibull(α, 

λ_ij), log(λ_ij) = β₀ + β₁X_{1ij} + u_j, with u_j ~ N(0, σ²_u) 

capturing plant-specific random effects. 

This study presents a probabilistic framework for infrastructure 

diagnostics in data-sparse environments. 
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📄 ABSTRACT-ONLY 

PUBLICATION 

This is an abstract-only publication. The 

complete research paper with full 

methodology, results, discussion, and 

references is available upon request. 
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📧 Email: info@parj.africa 

Request your copy of the full paper today! 
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