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Abstract: Although over the years, technical systems
(equipment) have been evolving, most of the occurrences
in the aviation industry, namely in the ground-handling
area, are related to human error, constituting a neglected
topic in aviation safety. Since one works 24 h a day and
7days a week in the aviation industry, the shift work
system is the most viable and (only) option to solve this
problem, making fatigue an important and quite signifi-
cant safety issue. Currently, the performance and alert-
ness of ramp workers continue to be negatively affected
by fatigue, increasing the risk of accidents/incidents. In
this sense, the overall objective of this study was to estab-
lish and propose a first attempt to develop a Fatigue
Management System, designed to prevent ramp workers
from performing their tasks when fatigued and to take
appropriate mitigation actions to minimize the conse-
quences of fatigue caused by shift work. Despite not
being exhaustive, this approach may also provide good
guidance for future research in this field since fatigue is
not associated with sleep disorders only.
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1 Introduction

Over the years, aviation services have been growing,
despite external shocks such as increase in fuel prices
and rise in taxes associated with aircraft operation [1,2].
This growth has caused increased congestion at airports,
and consequently increased concerns about the safety of
ground operations (ground handling, GH).

Fatigue is a known risk factor in all aspects of trans-
portation safety, especially in aviation. For aviation to be
safe, fatigue must be managed throughout the entire
aviation system, from aircraft crew members, to air traffic
controllers, to ramp workers [3].

It is known that the Federal Aviation Administration
(FAA) has implemented new rules to manage pilot fatigue;
however, there are no federal or industry standards for
ramp operations [3]. It can be stated that ramp workers
are a neglected sector of the safety circle in the aviation
industry. The lack of complete data, concerning accidents/
incidents that have occurred on the ground, hampers the
effort to improve safety in airport ramp areas [4]. Airport
ramps, or aprons, are busy and dangerous places; they are
confined areas in which aircraft, vehicles, and people are
in constant motion. To make matters worse, employee
turnover is high due to shift work, training provided may
be irregular, and standard operating procedures may be
non-existent or ignored.

Through the analysis of the information included in
the IATA (International Air Transport Association) Safety
Reports [5-9] about accidents and ground damage occur-
ring between 2016 and 2020, it was found that ramp acci-
dents account for about 10% of all accidents. In turn,
through a search conducted in the ASRS (Aviation Safety
Reporting System) database [10], 35 cases of ground
events caused by fatigue, reported between 2016 and
2021, were obtained.

In this sense, the general objective of this work is to
understand how to prevent and manage the negative impact
that fatigue has on the performance of ramp workers.

Over the years and with the evolution of technology,
it has been found that the majority (about 80%) of
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accidents/incidents come from human errors and only
20% are caused by technical failures [11].

These numbers are alarming, so any progress in this
field can have a significant impact on improving flight
safety. In the aviation industry, operations can cause a
considerable number of errors as it involves human
activity and therefore a large proportion of human factors
(HF) [12]. The human component is the most flexible and
adaptable part of the aviation system, yet it is the most
vulnerable to influences that can negatively affect its per-
formance [13].

The study of HF involves the application of scientific
knowledge about the body and mind to better understand
human capabilities and limitations, and to achieve the
best possible fit between people and the systems in which
they operate [14].

HF cover all external factors that can be associated
with human limitations and that can later lead to human
error [14]. In this sense, HF can provide answers to the
“why” of the inevitable human error in aviation, to be
able to prevent or mitigate it [12].

According to International Civil Aviation Organization
(ICAO), fatigue can be defined as a physiological state of
reduced mental or physical performance capacity resulting
from loss of sleep, prolonged wakefulness, circadian
phase, and/or workload (mental and/or physical activity)
that may impair alertness and a person’s ability to perform
safety-related operational tasks [15].

In other words, fatigue may be described as a com-
plex state characterized by lack of alertness and reduced
mental and physical performance, often accompanied by
drowsiness, and can be observed in changes in perfor-
mance, including increased reaction time, attention
lapses, reduced speed of cognitive tasks, reduced situa-
tional awareness, and decreased motivation. Self-perceived
levels of fatigue are often lower than observed decreases in
performance [16,17].

There are two main types of fatigue: physical and
mental. Physical fatigue is related to the inability to exert
force with the muscles at the level that would be expected.
It can be a general (whole body) fatigue or be confined to
specific muscle groups. It usually arises because of phy-
sical exercise or sleep loss and can often cause mental/
cognitive fatigue [18]. Mental fatigue, which may include
drowsiness, concerns a general decrease in attention and
the ability to perform complex or even quite simple tasks
with usual efficiency. It usually results from the loss or
interruption of the normal sleep pattern and is therefore
a major concern for ramp workers, who are often
required to work early in the morning or late at night
(shift work) [18].
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The causes, symptoms, and effects/consequences of
fatigue can be summarized in the following diagram
(Figure 1).

GH company employees (ramp workers) are on the front
line when it comes to the safety of flight operations. They are
the first to intervene in the aircraft when it arrives at an
airport, prepare it for its flight, and are the last to observe
it from the outside before takeoff, i.e., they are placed at the
first and last observation point for flight safety [22].

Therefore, they must have the proper reflexes, the
necessary knowledge, and an appropriate attitude. While
some of these characteristics are acquired with experience,
others are obtained mainly through communication,
training, and awareness of safety and accident/incident
prevention [23].

The work performed by ramp operators requires some
energy, in that it requires physical strength, while lifting
and moving baggage and cargo of different weights,
shapes, and sizes [24].

During the transfer of baggage between vehicles and
aircraft compartments, these workers are subject to fre-
quent lifting and working in awkward body postures [25],
i.e., pushing and moving loaded trailers, and stowing
baggage and cargo, often in inappropriate positions in
limited spaces [26].

In addition to these factors, because the work is out-
doors most of the time, the ramp workers are also exposed
to weather (temperature variations, wind, and visibility)
and occupational noise [24]. Physical factors related to
the execution of the required tasks, such as strength,
height, reach, vision, and hearing, are significant and
affect individual performance and can contribute to
fatigue, creating the necessary conditions for opera-
tional errors to occur [23].

In addition to physical fatigue, this work also bur-
dens workers mentally. Unpredictable schedules (caused
by changes in flight schedules), stress (caused by the
need for attention to multiple activities simultaneously),
shift work, and cognitive ergonomic problems signifi-
cantly influence the health and safety of ramp operators
[27]. In this sense, in the workplace, human physical
differences should be considered, as well as individual
tolerances for variations in temperature, pressure, light,
noise, and time of day [23].

GH operations are characterized by the need to ensure
continuity of service, and ramp workers and other airside
workers are faced with irregular schedules that interfere
with the normal sleep/wake cycles that allow for nighttime
sleep and daytime work [28].

Individuals may suffer, to a greater or lesser degree,
from a range of symptoms caused by shift work,
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Figure 1: Causes, symptoms, and effects of fatigue. Source: own elaboration based on previous studies [19-21].
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characterized by feelings of fatigue, sleepiness, insomnia,
and reduced attention span and performance, with sleep
being the main altered function (decreased in both quan-
tity and quality) [29]. In the case of night shifts, daytime
sleep is disturbed due to the difficulty in falling asleep
during the rising phase of body temperature and unfavor-
able environmental conditions (light and noise), and is
therefore more fragmented and disturbed losing some of
its restorative properties. Such long-term conditions can
not only give rise to permanent sleep disturbances but also
cause chronic fatigue [30].

The health problems associated with this type of
worker also include heart problems, gastrointestinal
problems, and metabolic changes. Therefore, shift
work must be seen as one of many risk factors favoring
the development of health problems, which are likely
to become visible after long-term exposure [30]. In this
sense, any organization whose employees work in
a shift system, i.e., in a constant alteration of the
sleep/wake cycle due to changing schedules, should
pay special attention to fatigue in the workplace in
order to try to prevent the occurrence of accidents/inci-
dents [31].

The performance of GH activities is an important part
of the civil aviation flight cycle. In this regard, the proper
functioning of an organization’s safety management is
critical, which depends on the safety culture and plays
a decisive role in minimizing the risk of small-scale (e.g.,
minor damage to aircraft, equipment, and baggage) and
large-scale accidents/incidents [32]. It is believed that the
success of an organization’s safety management depends
largely on the existing safety culture.

Safety culture is a set of values, behaviors, and atti-
tudes concerning safety issues, shared by all members
and at all levels of the organization [33]. In a good safety
culture, the effects of HF, namely fatigue, on GH opera-
tions are recognized and training is provided to manage it
in order to prevent it from arising during the execution of
a task and that the risks that may occur are mitigated as
much as possible [34].

2 Fatigue Management System
(FMS) for ramp workers

The risk of fatigue is inherent in any work schedule
regime that involves shift work, long working hours, irre-
gular schedules, and work that is physically or mentally
demanding, repetitive, or requires high vigilance [35]. It
can be said that the risk factor to be addressed in this
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article is shift work (night work, insufficient rest breaks,
altered sleep/wake cycle, irregular schedules) and the
risk is the occurrence of fatigue.

There is no single approach to fatigue management
and no single strategy will eliminate the threat of fatigue
in the workplace. The main challenge associated with
fatigue management is to recognize that these manage-
ment interventions have technical, social, and cultural
implications. Managing these consequences in accor-
dance with regulatory, organizational, and individual
requirements is imperative to the success of any Fatigue
Risk Management System (FRMS) [17].

According to ICAO, fatigue management refers to the
methods by which aviation service providers and opera-
tional staff address the safety implications of fatigue on
the organization [36], consisting of planning and control-
ling the work environment to minimize, as far as reason-
ably practicable, the adverse effects of fatigue on alertness
and individual performance. It also includes strategies to
reduce the likelihood of individuals being fatigued in the
workplace [37], through the process of identifying and
assessing fatigue risks, determining what they are and
how to mitigate them [38].

In this process, it is essential that organizations
ensure that any individuals, especially those performing
safety-related tasks, are sufficiently alert. Managing fatigue
is everyone’s responsibility; both individuals and organiza-
tions have an obligation to take steps to prevent, manage,
and mitigate the effects of fatigue so that it does not result in
a safety hazard [39].

The best approach to fatigue management is the
FRMS approach as it represents an opportunity to use
advances in scientific knowledge to improve safety, use
resources more efficiently, and increase operational flex-
ibility. There is increasing doubt about the effectiveness
of rigid prescriptive regulations to mitigate fatigue as
they usually do not consider its complexity.

FRMS is defined by ICAO as being “a data-driven means
of continuous oversight and management of fatigue-related
safety risks, based on scientific principles and knowledge as
well as operational experience that aims to ensure that rele-
vant personnel perform at appropriate levels of alertness”
[15, p. 47].

An FRMS consists of organizational methods and
procedures to control the risk of fatigue in aviation opera-
tions. It is part of a repetitive process of performance
improvement, promoting continuous improvement in safety
by identifying and addressing fatigue factors over time and
changing physiological and operational circumstances. It
also combines scheduled assessment, operational data col-
lection, continuous and systematic analysis, and mitigation
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of both proactive and reactive fatigue through information
provided by scientific fatigue studies [16].

The goal of FRMS is to manage, supervise, and miti-
gate the effects of fatigue to improve workers’ alertness
and reduce errors caused by its presence [16], i.e., it aims
to decrease the adverse consequences of fatigue on health,
safety, and individual performance [3].

FRMSs go beyond simply managing the fatigue levels
of transport operators; they also seek to address the
safety risk that fatigued workers pose to themselves and
others in the workplace. They provide a flexible and
proactive approach to risk management adapted to the
specific operational context rather than the prescriptive
approach of forcing all operations into a single regulatory
framework [37]. By measuring the actual risk of fatigue
and developing adapted mitigation measures within an
organized safety system, an FMS can identify a wide
range of fatigue causes and provide multiple defenses
to combat it [40]. The following will present some advan-
tages and disadvantages associated with FMSs.
Advantages [40,41]:

e Greater awareness and understanding of fatigue:
workers are better able to understand the importance of
fatigue and what countermeasures can be used to combat
it, resulting in a perceptible increase in safety;

e Operational flexibility: the workload can differ from
the prescriptive limits, as long as it is appropriate to
the job and the individual’s capabilities;

e Increased productivity: better use of the workers’
skills, leading to increased productivity and effi-
ciency of operations, and consequently the viability
of the organization;

e Less complex: easier to use relative to prescriptive
limits;

e Clearer sharing of responsibility for fatigue: concerns
associated with fatigue are clearly defined and are
inherent throughout the organization;

e Scientific basis for fatigue management: fatigue mod-
eling software enables a strong scientific background;

e Improved fatigue management skills: individuals have
an easier time detecting fatigue symptoms, in them-
selves and in others, resulting in a significant evolu-
tion of performance and judgment, promoting better
fatigue management.

Disadvantages [38,40]:
¢ Poor understanding and low employee engagement:
due to the time-consuming nature of continuing
education;
e Difficulties with the fatigue modeling software: doubts
about its viability and reliability;
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o Increased administrative workload: increased workload
in setting up and maintaining the FMS, particularly
in terms of policy development;

o Increased legal exposure.

e Lack of understanding of the costs and resources
required: both the regulator and the organization
may not fully understand how to develop, implement,
and operate an FMS in order for it to be effective;

e Difficulty of acceptance: the transition from a pre-
scriptive approach to a results-based culture can be
difficult, as it requires substantial changes in an
organization’s attitude and policy.

Overall, the benefits of an FMS far outweigh the costs
of implementation and administration. A strong FMS,
based on best practices, has significant advantages for
the organization, employees, stakeholders, and regula-
tors [33].

Any FMS must address the unique needs of the
operation in which it is to be implemented. It must be
integrated into normal operations, and it must encourage
the active participation of all stakeholders. It is therefore
necessary to develop a culture in the organization where
everyone accepts that fatigue is a barrier to excellence
in safe production and well-being, and that everyone
needs to work together to overcome this obstacle. In
this regard, it is important that a comprehensive approach
is taken to expose the issue of fatigue on airport apron
boards [35].

This FMS proposal for ramp workers is based on
the application of several levels of defense, based on
an analysis of the factors that promote fatigue and the
application of practical mitigation alternatives, in order
to prevent fatigue and fatigue-induced errors from pro-
gressing to a degree that allows accidents/incidents [37],
which are summarized in the map in Figure 2.

Once mitigation strategies have been implemented,
they should be supervised and reviewed to ensure that
they continue to effectively manage and control fatigue.
Consideration should be given for implementing trial per-
iods for any new work schedules and encouraging workers
to provide feedback on their effectiveness. To determine
how often this process occurs, the level of risk (as described
in the fatigue risk management map, Figure 2) should be
considered, with high-risk hazards requiring more frequent
assessments [42].

As with any management system, an FMS requires
periodic audit to evaluate its effectiveness and to achieve
continuous improvement. An FMS is usually audited
annually or according to the existing audit schedule for
other safety management systems. The objective is to
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Step 1: Hazard Identification

Identify the potential hazards
and risks in the workplace. The
following are some factors that
contribute to fatigue. Consider
these factors in the context of
your specific workplace or
industry.

Step 2: Risk assessment

For a better comprehension of risk assessment, a
general level of risk is indicated for each hazard along
arrow guides. When assessing risk, it is important to
consider the interaction between risk factors that may
influence the level of risk. Also take into account the
specific workplace/industry circumstances that may
influence it.
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Step 3: Risk control

When a hazard factor is assessed as
medium/high risk, consider implementing
control measures/mitigation strategies.

Factors that contribute to
Fatigue

Work Scheduling

1. Working Hours

1.1. Average weekly hours

1.2. Total hours over a three-
month period

1.3. Daily working hours

1.4. Daily working hours and work-
related travel, including commuting

1.5. Work Scheduling

2. Shift work

2.1. Shift length

2.2. Shift Time

2.3. Shift Rotation Type

2.4. Variable shifts

3. Night Work

3.1. End of shift (for those who
work 8 hours or more)

3.2. Consecutive night shifts

Overall risk indicator for factors contributing

to fatigue
Lower Risk Higher Risk
35—-40 Hours 48 Hours 56 Hours
624 Hours
9 Hours 12 Hours
10 Hours 13 Hours
Regular and Unpredictable, irregular and
predictable overtime hours
Lower Risk Higher Risk
10 Hours 13 Hours
Day Shift Afternoon Night Shift
Shift
Forward rotation ~ Backward rotation Slower
(morning, (night/evening/ rotation
afternoon, night) morning) (weekly)
13 Hour
Period
Lower Risk Higher Risk
After 10pm and
before 6am
9 Hours 10 Hours 12 Hours

6 or more 8-hour shifts
5 or more 10-hour shifts
4 or more 12-hour shifts

Control Measures / Mitigation Strategies

Control es should be developed for
the identified risk factor, including:

1. Reduce the number of safety-critical tasks in
the (WOCL) periods between 2am and 6am.

2. Shift structuring, so that work demands are
higher in the middle of the shift and lower at the
end.

3. Use of forward rotation systems (day-
evening-night).

4. Designing the schedule to provide adequate
sleep opportunity.

5. Checking the actual time worked against the
assigned schedule and identifying if excessive
hours are being worked.

Control measures should be developed for the
identified risk factor, including:

1. Consider the opportunity for sleep where
workers are required to work on-call after a
normal shift or on days off.

2. Avoid quick shift changes, such as ending at
11 pm and starting again at 7 am.

3. Use of forward rotation systems (day-
evening-night).

4. Allocate shift and night workers consecutive
days off to allow at least two full nights' rest,
including some weekends.

Control measures should be developed for the
identified risk factor, including:

1. Plan work schedules, without placing
excessive demands on workers.

2. Minimize the number of consecutive night
shifts.

3. Avoid overtime assignment after night
shifts.

Figure 2: Fatigue risk management map for ramp workers. Source: own elaboration, based on previous studies [35,41,42].
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4. Breaks

4.1. Rest period after a sequence
of night shifts

4.2. Frequency of breaks during
work

4.3. Recovery time / sleep
opportunity between work periods

Job Demands

1. Repetition (physical and/or
mental)

2. Mental

3. Physical

Environmental Conditions

1. Exposure to noise

2. Exposure to extreme
temperatures

Individual Factors and Lifestyle

1. Quantity and quality of sleep

2. Health and well-being

3. Social Life

4. Family Responsibilities

5. Other work commitments
(for example, having a second
job)

Figure 2: (Continued)

Lower Risk

48 Hours

Adequate and
regular breaks

Adequate time for
leisure activities,
including sleeping

Lower Risk

Variable demand
during the work
period

Minimal physically
demanding work

Lower Risk

Short-term
exposure or low
noise levels

Short period of
exposure

Lower Risk

Night Sleep
8 Hours of sleep
in 24 hours

Adequate time to
fulfill
responsibilities

No other work
commitments

Higher Risk

Less than 48 Hours

Few or no breaks

Inadequate time for
leisure activities,
including sleeping

Higher Risk

Highly repetitive, highly
concentrated work that is
demanding over an
extended period of time

Highly physically
demanding work that
results in muscle fatigue

Higher Risk

Long-term
exposure or high
noise levels

Long period of
exposure

Higher Risk

Daytime Sleep
6 Hours of sleep
in 24 hours

Poor diet
Recent illness
Sleep disorders

Influence of alcohol,
illicit substances or
amount of sleep

Inadequate time to
fulfill
responsibilities

Additional work
commitments (second
job)

Fatigue management in ramp workers

Control measures should be developed for the
identified risk factor, including:

1. Ensure that workers have and take adequate
and regular breaks for rest periods, eating and
hydration.

2. Include rest periods in the work schedule and
nap periods if necessary.

3. Appropriate design of work schedules to
allow good quality sleep and enough recovery
time between work days or shifts.

Control measures should be developed for the
identified risk factor, including:

1. Ensure that adequate machinery and
equipment is installed so that it can be used in
the workplace.

2. Design tasks to reduce or eliminate repetitive
or monotonous work, sustained mental or
physical effort, or overly complex tasks.

3. Introduce job rotation to limit the
accumulation of mental and physical fatigue.

Control measures should be developed for the
identified risk factor, including:

1. Install fit-for-purpose (low noise) equipment,
for example headphones with a microphone, for
better communication.

2. Install heating systems in cold work
environments or provide access to ventilated
areas. Provision of appropriate clothing.

3. Check if it is necessary, different types of
equipment for different shifts and tasks, for
example, sunglasses during the day and
reflectors at night.

4. Provide and maintain a well-lit, safe and
secure workplace.

Control measures should be developed for the
identified risk factor, including:

1. Designing shift schedules that allow workers to
meet their work and personal commitments.

2. Develop a fitness for work policy and
consider implementing health and physical
and/or mental fitness programs.
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identify potential changes to the FMS that may be required
to reflect organizational developments and to ensure that
it still conforms to the latest and best industry practices.
An audit seeks to establish whether fatigue risk is being
managed effectively and whether the FMS is actually oper-
ating successfully [41].

The success of an FMS will depend on management
commitment and the allocation of appropriate resources
[43]. The development and implementation of an FMS
requires a lot of work, commitment, and dedication, but
when it is well designed and tailored to address the spe-
cific circumstances of a particular industry (in this case,
ramp workers), the benefits it can bring to the organiza-
tion and the workforce can be significant [41].

3 Discussion

Considering that fatigue is a subjective, multicausal, mul-
tifactorial phenomenon whose genesis and expression
involve physical, cognitive, and emotional aspects, mea-
sures to decrease its impact on flight operations can be
understood between preventive strategies and opera-
tional countermeasures.

Although duty-hour restrictions have long been in
effect for pilots and flight attendants, there are currently
no limitations on the number of hours that ramp workers
and other airport ground personnel that operate on the
airport airside can work consecutively or in a 24-h period.

As regard to flight crew members, Article 8(1) of
Commission Regulation (EU) No. 965/2012 of October 5,
2012 [44] laying down the technical requirements and
administrative procedures for air operations, as amended,
provides that for commercial air transport operations per-
formed with aircraft, Subpart FTL of its Annex III intro-
duced by Commission Regulation (EU) No. 83/2014 of
January 29, 2014, on flight and duty time limitations and
rest requirements shall apply.

Very recently, Decree-Law No. 25/2022 of March
15 [45] established the flight and duty-time limitations
and rest requirements for mobile civil aviation per-
sonnel. This decree-law also establishes the penalty system
applicable to violations of the rules in subpart FTL of
Annex III of Commission Regulation (EU) No. 965/2012 of
October 5, 2012, as amended, which establishes the tech-
nical requirements and administrative procedures for air
operations.

This regulation, limiting flight time and thus seek-
ing to prevent exposure to fatigue, only to mobile civil
aviation personnel, does not guarantee that it can be
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prevented completely and has no equivalent for ground
operations personnel.

Commission Regulation (EU) No. 139/2014 of February
12, 2014, establishes requirements and administrative pro-
cedures concerning aerodromes, showing how all tasks
should be performed, i.e., requirements applicable to autho-
rities (Aerodromes) — Annex II, organizations (Aerodrome
Operators) — Annex IIl, and operations (Aerodromes) —
Annex IV are presented [46].

Annex II sets out the requirements applicable to com-
petent authorities involved in the certification and super-
vision of aerodromes, aerodrome operators, and apron
management service providers.

Annex III sets out the requirements to be followed
by aerodrome operators and apron management service
providers.

In turn, Annex IV sets out the requirements that must
be met during operations at aerodromes.

After reading this regulation it was found that there is
no incompatibility with the implementation of an FMS,
i.e., if the resources are sufficient and/or acceptable, then
the requirements will be met.

Interestingly, in ADR.OPS.B.010 of this Regulation,
the acceptable means of compliance and guidance mate-
rial GM1 ADR.OPS.B.010 (a)(4), approved by Decision
2020/009/R of the Executive Director of the European
Union Aviation Safety Agency, in accordance with
Regulation (EU) 2018/1139 states that “rescue and fire-
fighting personnel potentially required to act in aviation
emergencies must demonstrate that they have the med-
ical fitness to perform their duties satisfactorily, taking
into account the type of activity. without evidence of
unjustifiable fatigue.”

In this sense, if an FMS is introduced in an organiza-
tion with the objective of minimizing and preventing the
effects caused by fatigue, thus improving health condi-
tions and operational safety, it can be concluded that there
is no collision/conformity with the rules and requirements
established in Regulation (EU) No. 139/2014.

For program evaluation and output analysis, a com-
bination/comparison between work organization (work
schedules) and a fatigue-rating scale is preferable, rather
than the analysis of voluntary reports of fatigue alone, so
that one has a better understanding of what time of day
and at what type of time did workers feel most fatigued
mentally and physically.

For this purpose, we recommend the use of an inte-
grative computerized biomathematical model with the
Fatigue Assessment Scale (FAS) [47] and work schedules.
These data can be cross-referenced with accident and
incident reports and will also allow identify vulnerable
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individuals most at risk for adverse health and safety
outcomes.

4 Conclusion

Aviation is embedded in the high-risk industries and is
significantly affected by fatigue, especially regarding opera-
tional safety and individual performance. Due to the high
competition in the aviation industry, the risk of fatigue-
related accidents/incidents is likely to increase in the future,
and airlines are likely to increase the working hours of
pilots, air traffic controllers, and ramp workers in order to
optimize productivity. An effective management strategy to
manage fatigue issues is therefore essential. In this sense, it
was decided that the main objective of the present work
would be to understand how to prevent and manage the
negative impact that fatigue, resulting from shift work,
exerts on the performance of ramp workers.

It was concluded that for the population under study
(ramp workers), the main factor contributing to the increased
risk of fatigue is the type of work, from routine aircraft rota-
tion and respective GH to line maintenance interventions,
scheduled or unscheduled, which requires problem solving
under great time pressure, since the aircraft needs to be pre-
pared as quickly as possible so that it can continue flying as
per schedule. All this activity, which must be done 24h a
day, determines a shift work system, and what comes with it,
i.e., night work, insufficient rest breaks, altered sleep/wake
cycle, and irregular schedules.

The development of the FMS for Ramp Workers was
based on the application of various levels of defense and
on an analysis of the factors that promote fatigue and the
application of alternative mitigation practices, in order to
prevent fatigue and the errors induced by it, from pro-
gressing to a degree that allows accidents/incidents.
These include the provision of education, training and
coaching, optimization of sleep opportunities, nap per-
iods, rest breaks, recovery sleep, work organization (shift
design guidelines), voluntary fatigue reports, and imple-
mentation of an FAS.

It was also found that there is no incompatibility of
Regulation (EU) No. 139/2014 with the implementation of
an FMS for airport workers.

This type of model has never been applied to airside
airport workers, so no comparison can be made. One of
the main conclusions that can be drawn from the com-
pletion of this work is that although the development and
implementation of an FMS requires a lot of work, com-
mitment, and dedication, when it is well designed and
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adapted to deal with the specific circumstances of a given
sector (in this case, ramp workers), the benefits it can
bring to the organization and the workforce can be
significant.

Funding information: No funds, nor any sort of payment,
were received.

Author contributions: All authors read and contributed
with their knowledge to the writing of the paper.

Conflict of interest: The authors declare no conflict of
interest.

Data availability statement: All data generated or analyzed
during this study are included in this article. Further enqui-
ries can be directed to the corresponding author.

References

[1] Airbus. Global Market Forecast - Cities, Airports & Aircraft:
2019-203; 2019.

[2] Reis C, Mestre C, Canhao H. Prevalence of fatigue in a group of
airline pilots. Aviat Sp Env Med. 2013;84:828-33. doi: 10.
3357/ASEM.3548.2013.

[3] Czeisler CA, Barger LK. ACRP problem statement 17-04-05:
Fatigue management for ramp workers. ACRP. Washington,
DC; 2016.

[4] United States Government Accountability Office. Aviation and
Runway and ramp safety. Sustained efforts to address lea-
dership, technology and other challenges need to reduce
accidents and incidents. Rep No GAO-08-29 Rep to Congr
Requesters Washingt, DC; 2007. https://www.gao.gov/
products/gao-08-29 (accessed March 8, 2022).

[5] IATA. Safety Report: 2016. Montreal, International Air
Transport Association; 2017.

[6] IATA. Safety Report: 2017. Montreal, International Air
Transport Association; 2018.

[7] IATA. Safety Report: 2018. Montreal, International Air
Transport Association; 2019.

[8] IATA. Safety Report: 2019. Montreal, International Air
Transport Association; 2020.

[9] IATA. Safety Report: 2020. Montreal, International Air

Transport Association; 2021.

ASRS. Database Online: Aviation Safety Reporting System n.d.

http://asrs.arc.nasa.gov/search/database.html (accessed

March 30, 2022).

[11] Rankin W. “MEDA Investigation Process.” AERO QTR_02; 2007.

[12] Gomes F. Factores Humanos em Manutenc¢do de Aeronaves.

Universidade da Beira Interior; 2010.

CAA. CAP 719: Fundamental Human Factors Concepts. First

Edit; 2002.

Civil Aviation Safety Authority Australia. Safety Behaviours:

Human Factors for Engineers Resource Guide; 2013.

(10]

(13]

(14]


https://doi.org/10.3357/ASEM.3548.2013
https://doi.org/10.3357/ASEM.3548.2013
https://www.gao.gov/products/gao-08-29
https://www.gao.gov/products/gao-08-29
http://asrs.arc.nasa.gov/search/database.html

10

(15]

(16]

(17]

(18]

(19]

[20

(21]

[22]

[23]

[24]

[25]

[26]

(27]

(28]

[29]

(30]

(31]

— Carlota Morais et al.

IFALPA - |ATA - ICAO. Fatigue Management Guide for Airline
Operators; 2015.

FAA. Advisory Circular: Fatigue Risk Management Systems for
Aviation Safety; 2013.

Hiquet D. Evaluation of a fatigue management programme for
airport workers; 2021.

SKYbrary. Fatigue n.d. https://www.skybrary.aero/index.php/
Fatigue (accessed March 3, 2022).

Goker Z. Fatigue in the aviation: An overview of the measure-
ments and countermeasures. ] Aviat. 2018;2:185-94. doi: 10.
30518/jav.451741.

Kandera B, Skultéty F, MesaroZova K. Consequences of flight
crew fatigue on the safety of civil aviation. Transp Res
Procedia. 2019;43:278-89. doi: 10.1016/j.trpro.2019.12.043.
Hobbs A, Avers K, Hiles J. Fatigue risk management in aviation
maintenance: current best practices and Potential Future
Countermeasures. Washington, DC: Office of Aerospace
Medicine; 2011.

Dupin S, Thiebaut T, Turcot N. Ground handling and flight
Safety: Basics, Best Practices and Awareness-Raising. France:
Civil Aviation Technical Center; 2015.

Durmaz V, Yazgan E, Kucuk Yilmaz A. Ergonomic risk factors in
ground handling operations to improve corporate perfor-
mance. Int J Aviat Sci Technol. 2021;2:82-90. doi: 10.23890/
ijast.vm02is02.0205.

Dos Santos JW, Monteiro LF. Avaliagdo das condig¢des de tra-
balho de agentes de bagagem e operadores de rampa de um
Aeroporto Brasileiro. Rev Gestdo Ind. 2017;13:38-56. doi: 10.
3895/gi.vi3n1.5021.

Wahlstrom ), Bergsten E, Trask C, Mathiassen SE, Jackson J,
Forsman M. Full-Shift trunk and upper arm postures and
movements among aircraft baggage handlers. Ann Occup Hyg.
2016;60:977-90. doi: 10.1093/annhyg/mew043.

Bergsten EL, Mathiassen SE, Vingard E. Psychosocial work
factors and musculoskeletal pain: A cross-sectional study
among swedish flight baggage handlers. Biomed Res Int.
2015;2015. doi: 10.1155/2015/798042.

Polvi M. Ground handling staff’s health and Safety At Helsinki
Airport. PhD thesis, Tampere University; 2020.

FAA. Advisory Circular: Basics of Aviation Fatigue; 2010.
Wright KP, Bogan RK, Wyatt JK. Shift work and the assessment
and management of shift work disorder (SWD). Sleep Med Rev.
2013;17:41-54. doi: 10.1016/j.smrv.2012.02.002.

Wise JA, Hopkin VD, Garlang D). Handbook of Aviation Human
Factors. 2nd edn. Boca Raton, Florida, EUA: CRC Press Taylor &
Francis Group; 2010

Torres Y, Nadeau S, Morency F. Study of fatigue and workload
among aircraft de-icing technicians. Occup Erg.
2016;13:79-90. doi: 10.3233/0ER-160240.

(32]

(33]
(34]

(35]

(36]

(37]

[38

(39]

[40

(41]

[42

=
»

(44]

(45]

(46

(47]

DE GRUYTER

Ek A, Akselsson R. Aviation on the ground: safety culture in a
ground handling company. Int J Aviat Psychol. 2007;17:59-76.
doi: 10.1080/10508410709336937.

ICAOQ. Doc 10121, Manual on Ground Handling; 2019.

Balk AD, Bossenbroek JW. Aircraft ground handling and human
factors A comparative study of the perceptions by ramp staff
and management. Amsterdam: NLR Air Transport Safety
Institute; 2010.

Theron WJ, Van Heerden GM]. Fatigue knowledge-a new lever in
safety management. | South Afr Inst Min Metall. 2011;111:1-10.
ICAO. Fatigue Management n.d. https://www.icao.int/safety/
fatiguemanagement/Pages/default.aspx (accessed April 20,
2022).

Gander P, Hartley L, Powell D, Cabon P, Hitchcock E, Mills A,
et al. Fatigue risk management: Organizational factors at the
regulatory and industry/company level. Accid Anal Prev.
2011;43:573-90. doi: 10.1016/j.aap.2009.11.007.
Bourgeois-Bougrine S. The illusion of aircrews’ fatigue risk
control. Transp Res Interdiscip Perspect. 2020;4:1-7. doi: 10.
1016/j.trip.2020.100104.

Civil Aviation Authority of New Zealand. Fatigue risk
management n.d. https://www.aviation.govt.nz/safety/
human-factors/fatigue-risk-management/(accessed April 20,
2022).

Fourie C, Holmes A, Bourgeois-Bourgogne S, Hilditch C,
Jackson P. Fatigue risk management systems: a review of the
literature. London: Department for Transport; 2010.

Energy Institute L. Managing Fatigue Using a Fatigue Risk
Management Plan (FRMP); 2014.

Safe Work Australia. Guide For Managing the Risk of Fatigue at
Work. 2013.

IFALPA. Fatigue Risk Management Systems (FRMS): Overview
& Guidance; 2021.

Commission Regulation (EU) No 965/2012 of 5 October 2012
laying down technical requirements and administrative
procedures related to air operations pursuant to Regulation
(EC) No 216/2008 of the European Parliament and of

the Council. Official Journal of the European Union 296,
25.10.2012

Presidency of the Council of Ministers. Decree Law No. 25/
2022 of 15 of mars. Portuguese Republic Journal 2022.
Commission Delegated Regulation (EU) 2022/208 of 14
December 2021 amending Regulation (EU) No 139/2014 as
regards the requirements for all-weather operations (Text with
EEA relevance) Official Journal of the European Union 35,
17.2.2022.

HJ Michielsen, ) De Vries, GL Van Heck. Psychometric qualities
of a brief self-rated fatigue measure. ] Psychosom Res.
2003;54:345-52. doi: 10.1016/50022-3999(02)00392-6.


https://www.skybrary.aero/index.php/Fatigue
https://www.skybrary.aero/index.php/Fatigue
https://doi.org/10.30518/jav.451741
https://doi.org/10.30518/jav.451741
https://doi.org/10.1016/j.trpro.2019.12.043
https://doi.org/10.23890/ijast.vm02is02.0205
https://doi.org/10.23890/ijast.vm02is02.0205
https://doi.org/10.3895/gi.v13n1.5021
https://doi.org/10.3895/gi.v13n1.5021
https://doi.org/10.1093/annhyg/mew043
https://doi.org/10.1155/2015/798042
https://doi.org/10.1016/j.smrv.2012.02.002
https://doi.org/10.3233/OER-160240
https://doi.org/10.1080/10508410709336937
https://www.icao.int/safety/fatiguemanagement/Pages/default.aspx
https://www.icao.int/safety/fatiguemanagement/Pages/default.aspx
https://doi.org/10.1016/j.aap.2009.11.007
https://doi.org/10.1016/j.trip.2020.100104
https://doi.org/10.1016/j.trip.2020.100104
https://www.aviation.govt.nz/safety/human-factors/fatigue-risk-management/
https://www.aviation.govt.nz/safety/human-factors/fatigue-risk-management/
https://doi.org/10.1016/S0022-3999(02)00392-6

	1 Introduction
	2 Fatigue Management System (FMS) for ramp workers
	3 Discussion
	4 Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


