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ABSTRACT

Introduction: The present study was conducted with the objectives of identifying the human and
organizational factors contributing to a drum fall accident, classifying these contributing factors based
on the Human Factors Analysis and Classification System (HFACS) framework, and prioritizing safety
recommendations using Multi-Criteria Decision-Making (MCDM) techniques.

Material and Methods: The HFACS technique was initially applied across its four levels to determine
the human and organizational factors involved in the HP drum fall accident from a rotator within a
manufacturing industry. Subsequently, the proposed safety recommendations were prioritized using the
Best-Worst Method (BWM) and Technique for Order Preference by Similarity to Ideal Solution (TOPSIS),
based on four criteria: effectiveness, initial cost, reliability, and maintainability.

Results: The contributing factors identified in this study included inattention to the longitudinal movement
of the drum during rotation on the rotator, as well as non-compliance with the rotator’s loading capacity
relative to its mechanical strength and associated equipment (HFACS Level 1); failure to conduct a
design risk assessment to identify critical points related to structural balance and stability (HFACS Level
2); non-adherence to the manufacturing sequence (HFACS Level 3); and the omission of a mechanical
locking system for the rotator on the rail and failure to use certified rotating equipment with specified
capacities (HFACS Level 4). The three safety recommendations identified with the highest priority were
“using certified rotating equipment with specified capacity limits (relative closeness coefficient = 0.822)",
“adhering to the standard drum fabrication sequence (0.749)”, and “the on-site presence of a supervisor
or foreman (0.698)”".

Conclusion: The ultimate objective of safety management systems is to propose corrective safety
measures based on findings from accident analysis. Implementing safety recommendations as a structured
framework not only prevents accident occurrence but also establishes protective layers that mitigate the
recurrence of similar accidents in the future.

Keywords: Accident, Human Factors Analysis and Classification System (HFACS), Safety recommendations,
Organizational factors.
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1. INTRODUCTION

Accidents and their underlying causes remain a
central focus of safety and human factors research
worldwide. It is now widely accepted that accidents
represent a complex systemic phenomenon,
meaning causal factors exist and interact across
all levels of complex socio-technical systems.
Acknowledging that human understanding of
accidents is incomplete, and it is expected that
accidents will continue to occur is not necessarily
a function of poor investigation but reflects the
inherent and evolving complexity of how accidents
happen. Consequently, the methods used for
accident analysis are crucial for understanding root
causes and identifying areas for systemic safety
improvement.

The role of human factors in accidents is
undeniable. However, the approach to investigating
these factors varies. The Human Factors Analysis
and Classification System (HFACS) has proven
particularly useful across various domains.
HFACS, applied in industries like aviation, mining,
and healthcare, is built upon a foundational model
that describes four levels of human error, each
originating from 1) unsafe acts, 2) preconditions
for unsafe acts, 3) unsafe supervision, and 4)
organizational influences. HFACS operationalizes
this model by providing a detailed structure with
causal categories at each level, moving beyond
simply blaming the individual at the sharp end.

The analysis process begins at Level 1 by
identifying unsafe acts, such as skill-based
errors, decision-making errors, and perceptual
errors, as well as violations. Level 2 involves
the preconditions for these acts, including
factors related to the operator’s condition,
environmental factors, and personnel factors.
Level 3 examines unsafe supervision, such as
inadequate supervision. Finally, Level 4 investigates
organizational influences, seeking failures in
resource management, organizational climate,
and organizational processes. Research suggests
that effective countermeasures must be based on
a comprehensive framework that includes these
higher-level factors like organizational culture and
workplace design.

The ultimate objective of safety management
systems is to develop corrective and compensatory
measures in this domain. One approach for deriving
safety interventions and recommendations involves
considering the relationships between failure
pathways and proposing corresponding corrective
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actions based on input from practitioners and
end-users. The objective of such methods is to
ensure comprehensive coverage of various failure
types and safety interventions through systematic
allocation of countermeasures to each contributing
factor.

Safety professionals often have differing
perspectives on the importance of various safety
recommendations and their performance. To
reconcile these diverse viewpoints and select the
most suitable recommendations, Multi-Criteria
Decision-Making (MCDM) methods are highly
suitable. These methods are designed to handle
problems involving uncertainty and multiple, often
conflicting, criteria.

Heavy  industries,  particularly  boiler
manufacturing, are high-risk environments due
to complex activities and hazardous operational
processes. Despite significant safety advancements,
high-consequence accidents remain a serious
challenge. Therefore, this study was conducted
with the following objectives: (1) to identify the
human and organizational factors contributing to
a HP drum fall accident, (2) to classify these causal
factors using the HFACS framework, and (3) to
prioritize proposed safety recommendations using
an MCDM technique.

2. MATERIAL AND METHODS

This study employed the HFACS to investigate
a HP drum fall accident within a boiler
manufacturing industry. The process involved
identifying causal factors across all four levels:
unsafe acts (including errors—perceptual, skill-
based, and decision-making—as well as routine
and  exceptional violations);  preconditions
for unsafe acts (encompassing environmental
factors, condition of operators, and personnel
factors); unsafe supervision (including inadequate
supervision, planning inappropriate operations,
failure to correct known problems, and supervisory
violations); and organizational influence (involving
resource management, organizational climate, and
organizational processes).

Evaluating safety recommendations is a
manageable task in retrospective accident
analysis where a specific event sequence has
already occurred. In this study, based on prior
research and established criteria for assessing
safety recommendations, four key criteria
were selected to evaluate the proposed safety
recommendations: (1) effectiveness, (2) initial cost,
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(3) reliability, and (4) maintainability.

Based on the findings derived from the
HFACS method, 20 safety recommendations were
identified and proposed for accident prevention in
the present study. To prioritize the identified safety
recommendations, a structured MCDM approach
was used. In Best-Worst Method (BWM) method,
experts only compare the most important (Best)
criterion and the least important (Worst) criterion
to all other criteria, significantly streamlining
the data collection process. This method was
used to determine the relative weights of the four
criteria (effectiveness, initial cost, reliability, and
maintainability) based on input from domain
experts.

The Technique for Order Preference by
Similarity to Ideal Solution (TOPSIS) was then
employed to rank the safety recommendations.
The core principle of TOPSIS is that the optimal
alternative should have the shortest distance from
the positive ideal solution and the greatest distance
from the negative-ideal solution. The TOPSIS
procedure was applied to establish a final priority
ranking of the proposed safety recommendations.

3. RESULTS AND DISCUSSION

The analysis identified several contributory
factors for the accident. Contributing factors
included the non-compliance with the rotator’s
loading capacity relative to the mechanical
strength of its frame and associated equipment,
coupled with a failure to ensure uniform load
distribution between the drive and idler sections
of the rotator.

Furthermore, significant supervisory and
procedural failures were determined. ‘This
encompassed inadequate supervision, planning
inappropriate operation, failure to correct known
problem, and supervisory violations. Additional
contributory factors were the absence of precise
markings, non-adherence to the standard tank
fabrication sequence, and the lack of a formal
standard operating procedure. Deficiencies in
technical execution were also prominent, namely
the failure to conduct precise inspections of the
rotator’s connections and related equipment, the
absence of a standard procedure for accurately
determining the diameter, length, and center of
gravity of selected drum prior to operational use,
and the failure to utilize a specialized and properly
trained workforce.

In this study, five industrial experts participated

[ DOW!

in the criteria weighting process using the
BWM. The results of the safety recommendation
prioritization revealed that using certified rotating
equipment with specified capacity (possessing
inspection certification), with a closeness coefficient
of 0.822, constitutes the most critical safety
recommendation. Furthermore, adhering to the
standard tank fabrication sequence and the on-site
presence of a supervisor or foreman, with closeness
coefficients of 0.749 and 0.698, respectively, were
ranked second and third. In contrast, the protective
layers for the load monitoring system and precise
marking were positioned at the lowest ranks. Other
safety recommendations, such as tank deviation
monitoring and automatic rotator shutdown
system, standard operating procedures, and the
standard procedure for accurately determining
drum diameter, length, and center of gravity, were
placed in intermediate ranks.

4. CONCLUSIONS

The application of the HFACS technique to
the drum fall accident from a rotator in a boiler
manufacturing industry identified causal and
contributory factors across all system level. These
contributing factors included skill-based errors,
perceptual errors, and routine violations at Level
1; shortcomings in the technological environment,
coordination, and planning at Level 2; inadequate
supervision, planning inappropriate operation,
failure to correct known problems, and supervisory
violations at Level 3; as well as deficiencies in
organizational climate, organizational processes,
and resource management at Level 4.

Subsequently, industrial expert judgment
and the HFACS findings converged to identify
critical ~ safety recommendations for the
accident prevention. These include the use of
certified rotating equipment with specified
capacity limits, adherence to the standard drum
fabrication sequence, and the on-site presence of
a supervisor. Furthermore, other essential safety
recommendations are the implementation of a
standard procedure for accurately determining
tank diameter, length, and center of gravity prior
to operation, coupled with ensuring a uniform load
distribution between the drive and idler sections of
the rotator.
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