Vol. 8, No. 3, 2025, PP: 45-55 ISSN: 3092-7609

\6 / Journal of Engineering Management and Digital R

JEMDT

Wi 35§ kg S0 i

Transformation jé@g@

Homepage: https://Jonarbset.ir -

Original Research Article

Developing Optimization Algorithms for Resource Allocation in Large-
Scale Engineering Projects Considering Ergonomic and Safety

Considerations

Afshin Ghaderian *! "=, Sadegh Beiranvand 2

1- Department of Management, Shahid Chamran University of Ahvaz, Khuzestan, Iran. (Corresponding Author)
2- Department of Management, Lorestan University, Lorestan, Iran.

ARTICLE INFO

ABSTRACT

Avrticle History

Date Received: 8 May 2025

Date Revised: 2 August 2025
Date Accepted: 23 August 2025
Date published: 19 November 2025

Keywords

Resource Allocation,
Optimization,
Metaheuristic Algorithms,
Ergonomics,

Project Management.

Corresponding Author Email:
Afshin_ghaderian1366@gmail.com

This research aims to develop and present novel optimization algorithms for
resource allocation in large-scale engineering projects, with a specific emphasis
on integrating ergonomic and safety considerations into the decision-making
process. Due to their scale, complexity, and massive resource requirements, large
engineering projects face numerous challenges in optimizing the allocation of
resources (such as human resources, equipment, budget, and time). Neglecting
critical factors such as ergonomics (human comfort and efficiency) and safety
(prevention of accidents and occupational hazards) can lead to reduced
productivity, increased costs, project delays, and, most importantly, physical and
psychological harm to employees, as well as financial and reputational damage to
the organization. In this study, the resource allocation problem, including
ergonomic and safety constraints, is first formulated using mathematical modeling.
Subsequently, extended metaheuristic algorithms—including the Multi-Objective
Non-dominated Sorting Genetic Algorithm (NSGA-Il) and Ant Colony
Optimization (ACO), which were modified to simultaneously account for various
performance criteria (e.g., cost minimization, productivity maximization,
improvement of ergonomic indices, and safety risk reduction)—were implemented
and evaluated. The findings demonstrate the superior performance of the proposed
algorithms compared to traditional resource allocation methods; results indicate
an average reduction of 10-15% in task completion time, a 5-10% increase in
labor productivity, significant improvements in ergonomic indicators (such as
RULA and NIOSH Lifting Equation), and a 2-5% reduction in safety risks. The
results of this research provide an operational framework for project managers to
conduct resource allocation in a more comprehensive and sustainable manner.
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