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Abstract.
BACKGROUND: Ergonomics in design is intended to close the gap between what is designed and the real work. This study
discusses the creation of technical ergonomics requirements for the basic design stage of workshops on offshore platforms.
OBJECTIVE: This paper intends to show how the ergonomics discipline contributes to integrating knowledge on the real
work of the maintenance crew with the design.
METHODS: This case study uses procedures, data collection, and analysis guided by the Ergonomics of the Activity’s (EA)
theoretical framework, focused on design projects.
RESULTS: The results show how ergonomics contributed to a better understanding of maintenance work, as well as how this
knowledge was integrated into the project design. This occurred both through the construction of a new layout and equipment
list, and through the development of technical specifications. These products enable greater operational efficiency, reductions
in the costs of alterations in the next stages of the project, and improvement in working conditions.
CONCLUSIONS: This work points to the need for new studies on platform maintenance work, in addition to studies that
deepen the debate on consolidating ergonomics practice in design projects.
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1. Introduction

Most ergonomics actions in companies are still
restricted to anthropometric and physiological data.
It is common to come across the lack of knowledge
about ergonomics practice in a design situation [1–3].
Therefore, many times ergonomists are requested to
act only to furniture heights, parameters for chairs
purchasing, among others. In these cases, knowl-
edge about work is not effectively incorporated into
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projects. Whereas, Ergonomic Work Analysis (EWA)
is an efficient approach in recovering operational
experience for the construction of design parameters
[1, 4]. This approach studies the activity from the
observation of the worker in real work situations.

The design process of oil platforms has a specific
organization, often guided by technology-centered
criteria [4, 5]. And one of the difficulties identified in
design projects is the gap between what is designed
and the crews’ real work [1]. This is the hiatus in
which ergonomics can be inserted as a design disci-
pline.

In projects of continuous process industry,
Ergonomics and Engineering can be complementary,
acting together in the technological development pro-
cess [6]. According to Duarte [6], the anticipation of
future problems based on knowledge of real work has
become a strategic dimension. For ergonomics, the
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main object of analysis and questioning is the activ-
ity, from which the ergonomist validates his action
[1].

This study is based on the ergonomics team’s
participation in the basic design of new offshore plat-
forms [7, 8]. At this stage of the project, the creation
of technical specifications for the hull and topside
areas of the platform were directed to ergonomics.
An earlier version of this paper appeared in Mercado
et al. [7].

This creation of ergonomics technical specifi-
cations involves challenges, such as transforming
knowledge about real work into information that
can be used by designers [6, 9–12]. According to
Conceição et al. [10], technical specifications can be
considered an intermediary interface between design-
ers and knowledge about usage.

The purpose of this paper is to show and discuss the
creation process of technical ergonomic requirements
for workshops. In this context, this study also intends
to show how the discipline of ergonomics integrated
knowledge on the maintenance crew’s real work into
the technical documents.

2. Method

This research consists of a case study of qualita-
tive and exploratory approach with procedures for
data collection and analysis guided by the theoretical
framework of the Ergonomics of the Activity [1, 2,
13] focused on design projects.

For this theoretical framework work analysis was
performed in reference situations, which are work
situations that present functions or characteristics
similar to those desirable in the future project [1, 14].
This framework also proposes the use of intermediate
objects to assist in the communication, anticipation of
results, and recording the history of project decisions
[10, 15].

The following stages were carried out to meet
the proposition of the theoretical background [13]:
a) demand analysis; b) analysis of the organiza-
tional, technical, economic, and social environmental
aspects; c) analysis of the work activities in the ref-
erence situations; and d) validation of the study and
recommendations to improve the work.

The survey was conducted in a Brazilian energy
company from 2018 to 2020 [7, 8]. Ethical proce-
dures that guide ergonomics practice and follow the
code of ethics established by the Brazilian Associa-
tion of Ergonomics [16] were used, and the following

precautions were taken:

- Research subjects were previously informed
about the study and agreed to their participation,

- The company’s management formally autho-
rized the study, and

- Names and certain information were kept confi-
dential and not reported.

The data was analyzed using primary and sec-
ondary sources of record. The primary source
analysis was based on project records and notes from
reference situations analysis. The project records
contain minutes of internal and external meetings,
as well as notes on project development and inter-
views with basic design stage designers. In parallel,
the reference situations records include notes about
on board work and interviews with workers. To com-
plement, the secondary source analysis refers to the
Brazilian regulatory standards, the company’s data
regarding the reference situations and the project, and
the ergonomic analysis reports of previous projects.
These analyses allowed the participation in techni-
cal discussions with the project disciplines and the
development of documents.

The data provided by the company were: techni-
cal specifications of other disciplines, basic design
reports and guidelines, equipment list, blueprints,
reports of other reference situations, descriptive
memorials, and checklists for design review. Also,
the data provided by reference situations included:
description of the maritime unit, description of acci-
dents, organization charts, and People on Board list
(POB).

For the integration of the knowledge of real work
into the new platforms design, the researchers of this
work participated directly in the creation of specifi-
cations. Several meetings were held to develop the
design and create the specifications, among which
five were exclusively aimed to discuss workshop
documents such as layout, equipment list, and tech-
nical specifications. These meetings were held with
representatives of the architecture, operation, and
maintenance teams, among others.

The first one took place before the first visit
to the reference situations and was attended by
the ergonomics team (including the researchers and
company ergonomists), the architecture team, and
platform maintenance supervisors. The architecture
team presented the workshop equipment list and
updated layout (digital and printed) for the design
discussion at that meeting. As a follow-up, a new
version of the workshop equipment list and layout
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Table 1
Visits made in reference situations

Reference situation Visit period

Platform A November 2 to 4, 2018
Platform B May 17 to 20, 2019
Platform B July 8 to 11, 2019
Platform A July 19 to 21, 2019
Platform A August 8 to 11, 2019
Platform A September 3 to 6, 2019
Platform B September 2 to 6, 2019
Platform B November 11 to 14, 2019
Platform C December 8 to 15, 2019
Platform C January 12 to 16, 2020
Platform A March 7 to 10, 2020
Platform D March 14 to 17, 2020

Source: Authors (2021).

was issued. Subsequent meetings were interspersed
with visits to reference situations.

Besides these meetings with specific themes, other
moments of interaction with designers also con-
tributed to exchanging knowledge and information
on the maintenance crew’s work, such as the Design
Review (DR) event and other periodic meetings. In
both meetings and DR sessions, intermediate objects
were used, such as 2D plans (printed and digital),
workshop equipment lists, and the 3D model.

2.1. Analysis in the reference situations

For the work activity analysis in the platform’s dif-
ferent environments, 12 visits were made to the 4
platforms selected as reference situations, as shown
in Table 1. The platforms were selected because they
have characteristics similar to the future project. This
paper will only cover data relating to the activities of
maintenance crews.

Pre-boarding meetings were conducted before
each visit. Such meetings were held via video-
conference with the onshore manager and offshore
leadership. The objectives were to collect informa-
tion about the current operation of the unit, to request
unit documents, and to present the researchers’ action
plan to the leadership.

As guided by the EWA methodology, during the
initial visits, researchers seek to understand the
general operation of the unit and of the platform
maintenance workshops. As the studies progressed,
the most critical aspects were selected for discussion,
from which more detailed investigations were devel-
oped. This process took into account the necessary
changes for the design of the future installation.

In general, the visits to reference situations
included: interviews with maintenance supervisors

and coordinators, participation in daily safety meet-
ings and shift changes, and analysis of maintenance
team’s activities, both within and outside workshops.

In addition, during visits to the workshops, the
following intermediate objects were used: blueprints
of the basic design workshops (in A3 format) and
equipment list.

In the first visit to a reference situation, an analysis
of the general operation of the unit was conducted,
including a visit to workshops and maintenance
teams. Interviews were conducted with the platform
manager, coordinators, supervisors and maintenance
technicians. In the second visit, besides interviews
with maintenance technicians about typical work
situations, the workshop blueprints and the list of
equipment were used as intermediary objects for dis-
cussion with these workers.

After the second visit, collected information was
discussed internally with the ergonomics team. And
then, taken to the architecture team (responsible
for both layout and maintenance equipment list). In
this process, four meetings were held exclusively
for treatment of these obtained data onboard. As
a result of these meetings, new versions of these
documents were generated, which were taken to
several subsequent visits to reference situations, in
order to be validated with maintenance technicians,
coordinators, supervisors from different units and
maintenance crews.

In summary, this process generated a constant
reformulation of documents. The information was
collected, through work observation, interviews, and
confrontations with workers, and returned for new
meetings. This interchange between field and the
design situation, as well as the feedback flow of
information supported the design decisions-making
process.

As a result of this participation in the project,
contributions were generated for the new layout,
equipment list and technical specifications, which are
presented below.

3. Results

The results show how the participation of
ergonomics, based on the understanding of the main-
tenance team’s work, can contribute to the following
aspects: reduction of project change costs; increased
efficiency in the next stages of the project, improved
working conditions for operators of future units.
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Fig. 1. Type of technical specifications for workshops.

In this project, specifically, the actions that con-
tributed to this objective included: the creation of
ergonomics technical specifications, contributions to
technical specifications from other disciplines, defi-
nition of new layouts and validation of the equipment
list.

3.1. Ergonomics technical specifications

Altogether, 50 specifications were created for the
workshop chapter of the ergonomics technical spec-
ifications document. These specifications can be
categorized in 6 main groups (Fig. 1): 6 on initial con-
ditions; 17 on layout, furniture, and equipment of the
set of workshops; 12 specific to the mechanical work-
shop; 7 specific to the instrumentation workshop, 4
specific to the electrical workshop; 3 for the boiler-
room; and 1 for the PSV workshop. The details of
some of these specifications will be presented as an
example.

• Maintenance supervisors’ office

The supervisors’ work routine includes daily
checking of the planned services and contacting field
operators to issue a work permit.

In the reference situations, mechanical, electrical
and instrumentation workshops, as well as the ware-
house, are located on the first level of the engine room.
They are located close together, but in different envi-
ronments. In addition to the office environments for
supervisors, the workshops have workstations with

computers for maintenance technicians to perform
administrative activities.

In one of the units, however, it was observed that
supervisors do not occupy their offices, located in
the workshops. They have their work stations in
the main office of the platform, which is located a
few levels above the workshops. According to these
supervisors, it was a management decision taken in
order to integrate all these professionals in the same
room, and to facilitate the decision-making process.
Nonetheless, they claim that, despite improving com-
munication between leaders from different areas, it
makes internal communication with the maintenance
teams difficult, as well as the organization of activities
with them.

This corroborated the decision to maintain, in
the current project, the supervisors’ offices in the
workshop environment, close to their respective
teams. This proximity favors team decision-making,
thus increasing the agility of actions taken and the
efficiency and productivity of the platform as a
whole.

• Workshops’ location

Reference situations analysis shows that one of the
main difficulties observed in the workshops refers to
their location. In addition to not having a restroom,
they are also difficult to access, especially for frequent
displacements and carrying tools. It is necessary to
descend two stairs with a steep slope to access the
workshop area. This great inclination is due to adap-
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Fig. 2. Plant information system.

tations generated due to the use of an existing ship
for constructing the platform.

As the basic design in progress doesn’t foresee the
reuse of another ship hull, it was not necessary to
specifically recommend the access stairs for the work-
shops. Regardless, a recommendation to improve the
handrail was reported to the reference situation lead-
ership, with the purpose of reducing the risk of falls.

In the initial conditions of the technical speci-
fications for workshops, it was recommended that
workshops, warehouse and tool shop shall be located
close to each other, considering the common use of
cargo handling resources.

These specifications were inserted in order to con-
tribute to improve the effectiveness of actions in these
environments, aiming at better working time effi-
ciency of offshore maintenance teams, in addition to
reducing the risk of illnesses generated by excessive
displacement, as currently occurs in units in opera-
tion.

• Monitoring screens

Upon analyzing the maintenance crew’s work,
it was observed that it involves activities beyond
just maintenance itself. The crew’s duties include
the operation of equipment that guarantee the hull’s
operation, such as air conditioning and ventilation
systems, water and sewage systems, electrical instal-
lations, etc.

Initially, the idea was that the information from
these equipment and systems would be monitored by

a control room operator - a few levels above the work-
shops - who should transfer the information to the
maintenance team.

However, after the construction of the units, all
platforms installed screens (plant information system
- PI) in the workshops for monitoring and controlling
the equipment / systems that are the responsibility of
the maintenance team (Fig. 2).

The exhibition of this control system was not
foreseen in the project and was improvised by the
maintenance operators. Hence, a technical specifica-
tion was created recommending the installation of
screens in the workshops with an equipment mon-
itoring system, such as in the control room. This
specification aims to contribute both to greater effi-
ciency and to greater process safety, considering the
improvement in the control management of these
equipment.

• Support areas for maintenance teams

The analysis of the reference situations highlighted
that the activities of the maintenance teams occur
both in the workshops and in other areas of the plat-
form. Repair activities that cannot be performed in the
process area are conducted in the workshops, which
are also used to administrative and system monitor-
ing activities related to filling out reports, scheduling
activities, etc.

The ergonomics analysis of maintenance activities
led ergonomists to identify difficulties related to the
lack of support benches for technicians in the process
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area. Although some platforms have already installed
some benches in specific points of the platform, they
still do not have the necessary tools to meet mainte-
nance demands.

Therefore, the workers created the strategy of using
an individual backpack with essential tools, so each
operator has custody of their tools. This backpack
weighs up to 10 kg, so they are exposed to great phys-
ical effort due to this load transportation, despite the
fact that they have minimized the displacement.

Therefore, in this basic design, it was recom-
mended the supply of support benches (containing
basic maintenance tools) in the process area. It was
also recommended that workshops were located on
the main deck to provide greater flexibility in solving
problems and to reduce displacements.

3.2. Contributions to other disciplines’ technical
specifications

As mentioned in the previous items, in addition to
workshops, the maintenance crews also work in other
platform areas, such as the battery room.

During the work analysis, it was observed that the
type of battery influences the maintenance frequency
and, consequently, the access to the battery banks.
Thus, the first premise of the design was to consider
the type of battery that should be used and, based on
this definition, provide sufficient space for its main-
tenance and operation, such as access for filling and
density measurement of the batteries. There should
also be space to allow for the movement of trolleys
for battery removal and exchange, as well as load han-
dling devices that consider the type of handle, weight,
and dimensions of each unit to be exchanged.

The ergonomic specifications for battery rooms are
examples of contributions that had to be transferred
to the technical specifications of other disciplines due
to the bidding process and distribution of documents
to the vendors in further stages of the project.

These specifications for battery rooms were
inserted in the electric technical documentation,
because the work by the contracted company -
responsible for the construction and assembly project
of the battery room - is based on the electric technical
specification.

3.3. Definition of new layouts and validation of
the equipment list

Regarding layout of the workshops, significant dif-
ferences were observed among the platforms visited.

Fig. 3. Bench against the bulkhead.

Those differences included, for instance, the arrange-
ment of equipment, hoist and monorail position,
and maintenance workbenches aspects, as described
below.

One of the units had a larger workbench com-
pared to the others, which facilitated the maintenance
activities. Furthermore, its location was central in
the workshop space, which allowed more than one
worker to work simultaneously on it and favored the
placement of equipment and parts on it.

In other units, the benches were positioned against
the bulkhead (Fig. 3), and the technicians needed to
move the equipment on the workbench to repair it.

In relation to the equipment arrangement, the
mechanical lathe of some reference situations was
not positioned aligned to the monorail track. This
arrangement makes the cargo handling activity dif-
ficult, or even impossible in certain cases. The
equipment proximity, both in relation to each other or
to the bulkhead, results in difficulties for technicians
to repair large and/or heavy parts in these machines.

The difficulties arising from the positioning of the
equipment influence the performance of the team’s
work, impacting the following aspects: the quality
of the final service; task execution time and staff
availability; and risk of accidents.

In another unit, it was observed that there were
two presses located in the mechanical workshop, one
being a hydraulic press and the other, an electric one.
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Fig. 4. Disproportionate hoist to the workbench.

The electric press was positioned close to the bulk-
head and shelf, in a way that made it impossible to
carry out the activity. Therefore, only the hydraulic
press is used, although they have reported that the
electric one has better performance.

As a result, the specification created concerned the
physical arrangement of workshop equipment. Thus,
it was specified that the equipment’s positioning must
consider the size of the parts that will be used on
them, and therefore, equipment must be at a minimum
distance of 1 m from any obstacles.

Also, it has been noted that in one of the units the
hoist of the maintenance workshop is disproportion-
ate to the workbench (Fig. 4).

Thus, when moving large equipment, operators
found it difficult to lift them high enough to place
them on the bench, due to the little space available
for this maneuver. Faced with this difficulty, some
parts have already had to be maintained on the floor.
Furthermore, according to the supervisor, the hoist
has a capacity much greater than that needed for the
workshop. Therefore, it is necessary to consider both
the equipment to be maintained in each workshop, as
well as the capacity of the hoist and its distance from
the workbench.

In the electrical workshop, it was observed that the
monorail was not directed to the test bench, which
makes it difficult to move the parts to be maintained.

Fig. 5. Workshop preliminary layout.

Another problem observed was the presence of
unused equipment, which takes up unnecessary space
in the environment, as is the case with the calender
machine. Some workers also mentioned that “this
(calender machine) comes on every platform and
nobody uses it”. This reinforces the need to review
the equipment list in future stages of the project, aim-
ing to reduce costs in the project and provide a more
adequate and organized space for the performance of
the work of these teams.

• Layout and equipment list analysis results

These analyses supported the definition of techni-
cal specifications and direct changes in the layout of
the workshops, based on discussions with the archi-
tecture discipline. Figure 5 shows the preliminary
layout of the workshops, as proposed at the begin-
ning of the project, on 05/13/2019. Figure 6 shows the
final layout of the workshops in the end of the basic
design stage, on 04/15/2020, after the modifications
proposed by the ergonomics team.

As mentioned above, some modifications identi-
fied in the Fig. 6 are:
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Fig. 6. Workshops’ layout after changes.

- Changing position of the lathe (item “A”) in the
mechanical workshop, in order to facilitate inte-
gration with the monorail;

- In both layouts, the maintenance workbench
(item “B”) is located in the center of the shop. In
the analysis in reference situations, users con-
firmed that this would be the most favorable
position for working;

- Inclusion of monorail (item “C”) in the electri-
cal workshop for handling equipment of greater
weight and/or volume;

- Installation of screens (item “D”) in all work-
shops to monitor PI parameters;

- The grinding machine equipment was removed,
to give adequate space to use the hydraulic press
and milling machine equipment (item “E”).

4. Discussion

The participation of ergonomics provided reflec-
tions on the maintenance work and the contribution
of ergonomics and design dynamics. There was the
integration of users and designers, by creating dis-

cussion forums that encompassed different rationales
and stakeholders of the project. This process sought
to bridge the gap between real work and the design,
based on the reference situations analyses.

This distance was emphasized in the following
speech, which is a consensus among reference sit-
uations workers: “all design concepts were made to
produce, not to operate (. . . ) the person who designed
it, seems to me that has no idea what is done here”.

The issue mentioned in such statement can give
rise to design inconsistencies that may impact the
performance of activities, the integrity of the unit and
equipment, the safety of the process and the health of
workers [11].

In this project, the ergonomics team’s initial
demand was to deliver specifications for the offshore
platform areas. However, the knowledge acquired
on the work did not only translate into the creation
of ergonomics technical specifications. Part of this
knowledge was also used to contribute to the techni-
cal specifications of other disciplines, in addition to
creating layouts and equipment lists.

The chapters addressing technical specifications
were previously structured by the project manage-
ment team, so the specifications’ presentation was
divided according to the platforms’ environments,
including the workshop. The contributions related to
the maintenance crew’s work were inserted mainly in
this chapter.

However, the development of this research allowed
us to elucidate that the maintenance crew’s work is not
restricted to these areas, as maintenance work is done
throughout the platform, it also includes administra-
tive and equipment operation activities. Therefore,
in addition to the workshops’ specifications, contri-
butions to support maintenance activities beyond the
workshops’ area have also been added, such as to
provide support points for the maintenance crew in
the operational area (Fig. 7). This requirement aims
to contribute to reducing displacements to workshops
and increase problem-solving efficiency.

The analysis of the maintenance crew’s work rat-
ified that the knowledge generated goes beyond the
technical documents created. It includes new ways
of thinking about the project dynamics itself, with
greater integration between the disciplines involved.
The knowledge about work performed in the ref-
erence situations was the basis for requirements
presented to designers. It supported the technical
decision-making process of the project, which will
influence the working conditions on future platforms,
its integrity, productivity, reduction of maintenance
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Fig. 7. Outcomes for the project.

stoppages and design changes expenses, and reduc-
tion of work leave [6, 9].

In the basic design phase, ergonomics’ specifica-
tions depend on the possibility of anticipating design
decisions. Depending on the level of anticipation,
direct specifications can be created, as in the case of
the workshop equipment arrangement. In other sit-
uations, the specifications depend on future design
decisions and are placed as assumptions/constraints
to assist designers in the next steps, such as the battery
room example.

Thus, ergonomics’ participation does not exhaust
the knowledge on the best work practices; instead, it
provides elements that increase the margin of maneu-
ver of both the designer of the next phases and the
worker of the future units. Coutarel, Daniellou e
Dugué [17] state that “the notion of room for maneu-
ver allows us to recover what is offered to the operator,
in terms of operating flexibility of operating modes
or imposition of constraints, when present during the
stages concerning the fabrication of future work facil-
ities”.

These conditions do not replace the need for
ergonomists in future stages, alongside design engi-
neers, nor do they disregard the need for spaces for
debate and continuous dialogue between the various
disciplines. They only provide basic guidelines for
the work dimension to be considered in decisions
from the early stages of the project, reducing the
need for biomechanical efforts, difficulties related to
access, the risk of accidents and difficulties in carry-
ing out activities [6, 18–20].

To sum up, the participation of ergonomics during
the construction of the new facilities, in the project
execution phase, is also relevant so that ergonomics

decisions are incorporated into all stages of the
project, up to the operation of the offshore units
[18–20].

5. Conclusion

This work presented the integration of ergonomics
in an offshore basic platform design, its collaboration
with the maintenance crew’s future work, and its con-
straints. Ergonomics studies in the basic design stage
contributes to costs reduction related to future design
changes.

The recognition of the ergonomist as a project
stakeholder has not yet been consolidated, however,
this study highlighted how the knowledge about work
- generated by ergonomics - supports the project.

The ergonomic discipline’s demand is usually
directed to contributions related to worker’s health
and safety, disregarding their skills to improve
the execution of activities and productivity. This
disparity was evidenced in the technical specifica-
tions construction, where recommendations were not
restricted to the workshop environment, extrapolating
to other areas of the platform where the maintenance
crew also works.

This paper elucidated the possibilities of contribu-
tion of ergonomics beyond demands related to health
and safety, besides pointing out a cognitive work and
an organizational dimension, which is still difficult to
be explained and incorporated into design decisions,
especially in the basic design stage.

The documents delivered by the ergonomics team
reinforced aspects of its development dynamics. As
observed in the calender machine example, equip-
ment lists are often replicated from one project to
another without updating. Nevertheless, the revision
of this document must occur in each new project, both
in partnership with other disciplines, and according
to the specifics of the future work.

As each design stage involves new decision-
making, at different levels, the accumulation of
knowledge about the real work - through the role of
the ergonomist - must be considered at all these stages
[18–20]. Furthermore, it is suggested that both cog-
nitive work and organizational dimension be further
researched, to take it into the projects’ context.

The limits imposed on this work, including the
availability of places onboard for analysis in ref-
erence situations, should be considered. Also, the
discussion was restricted to the maintenance crew
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of the units’ operational department, without con-
sidering the work of the outsourced crews and other
departments.

Further analysis of offshore maintenance work is
required to encompass other crews and see how the
design of other areas of the platform impacts the
maintenance crew’s work. It is recommended the con-
tinuation of ergonomics participation in future project
stages, as well as further researches based on this par-
ticipation. Hence, this work points to the need for
new studies on platform maintenance work and the
consolidation of ergonomics practice in projects.
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tions d’usage: Proposition méthodologique pour conduite de
projet. Activités. 2012;9(2):22-47. DOI:10.4000/activites.
314

[7] Mercado MP, Leite PBC, Marins CP, Tinoco F, Duarte
FJCM. The Practice of Ergonomics in the Creation of
Technical Specifications for Offshore Platform Projects In:
Lecture Notes in Networks and Systems. 1 ed.: Springer
International Publishing, 2021, pp. 217-22.

[8] Marins CP, Leite PBC, Mercado MP, Garotti LV, Duarte
FJCM. Constructing the Place of Ergonomics as a Design
Discipline: The Case of the Basic Design of Oil Platforms
In: Lecture Notes in Networks and Systems.1 ed.: Springer
International Publishing, 2021, pp. 196-200.

[9] Lima F, Duarte F. Integrando a ergonomia ao projeto de
engenharia: Especificações ergonômicas e configurações de
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