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Objective
Companies focus to improve the safety performance of
their artefacts during designing machines and installing
manufacturing systems
Our objective is to propose a method to formulate and
evaluate ergonomic information (particularly those related
to arduous working conditions) and to use them in design
process.
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State of the Art
➢ Design from a technical point of view [3][4] is no longer
sufficient to design an efficient system [5][6].
➢ In this sense, the concept of integrated prevention has
been defined and presented in numerous articles [7]-[13].

➢ In these works authors proposed framework to consider
standard data about user safety and some parameters of
hazardous situation , however missing Arduous Working
Conditions.
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Labor Code and Components of Arduous
Working Conditions
➢ Since 2016 in France the labor law LA121-3-1,
related to Arduous Working Conditions , entered
into force with identification of major 10 risk
factors .
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Labor Code and Components of Arduous Working
Conditions…
• 10 risk factors are provided for by the Labor Code:L4121-3-1
Marked physical constraints
➢ Manual handling of loads
➢ Awkward postures defined as forced positions of the joints
➢ Mechanical vibrations
Aggressive physical environment
➢ Activities carried out in hyperbaric environment (high pressure)
➢ Hazardous chemical agents, including dust and fumes
➢ Extreme temperatures
➢ Noise
Rhythms of work
➢ Night work under certain conditions
➢ Work in successive alternating teams (shift work in 3 x 8, 2 x 12…)
➢ Repetitive work
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Methodology Proposed in Literature
➢Top-down framework by integrating three level
“Function-task-behavior” propose by Sun.
➢There is no specific focus on how these
requirements could be identified, set out and
evaluated to know if they are integrable in design
processes.
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The Sun top-down framework by integrating three level “Function-task-behavior”
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Criteria Considered in Our Method
•

•
•
•
•

We considered how to identify, through this field study,
the data, parameters, factors, etc. necessary to take into
account the arduous working conditions from the design
phase.
Meet the legal obligation, according to the article L41213-1 of the French Labor Art (Code).
Preserving the health and safety of workers.
Contribute to improve the performance of the system.
Improve and strengthen social relations.
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Findings from the Company
In comparison with the arduous working condition factors, the
following risks are selected. In the partner company only, the
following factors were identified. The other factors do not exist in this
business. For example, there is only one work shift and no night shift.
TABLE I. IDENTIFIED RISKS

Raw Material Flow

Milling Workshop

Significant Risks
Thermal environment
Noise
Energy
Fire explosions
Contact with other users
Awkward postures
Driving equipment
Mechanical Vibration
Manual handling
Noise
Awkward postures
Manual handling
Working Organization
External intervention
Mechanical vibrations
Hazardous chemical
material

TABLE II. RISKS RELATED TO ARDUOUS
WORKING CONDITIONS

Raw Material
Flow

Significant Risks
Noise
Awkward postures
Mechanical Vibration

Milling
Workshop
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Manual handling
Noise
Awkward postures
Manual handling
Mechanical vibrations
Hazardous chemical Product

Evaluation of arduous working conditions factor
during raw material flow

The following arduous working condition factors
are evaluated.

Noise
Awkward postures
Mechanical Vibration
Manual handling
Hazardous chemical agents
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Noise Evaluation Step

1

Working in noising environment
Yes

3No

4

5

Not Arduous

Noise exposure level ≥ 81 dB (A)
No

Sound pressure level ≥ 130 dB (C)

Yes
At least 600 hours per year
No
Yes

Yes

No

Not Arduous

At least 120 per year

Arduous

Yes
Arduous
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No

Not Arduous

Awkward postures Evaluation

1

2

Presence when
pushing material onto
the conveyor
We measured the
different positions
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Mechanical vibration Evaluation

1

2

3

The overall duration of use of some machines
does not exceed the thresholds per person
exposed because several operators use it.
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Manual Handling Evaluation

1

2

3

4

The operator has to push the long rods of material onto
the forklift which is not very suitable because a lot of effort
is needed to move the materials.
For pushing the material onto the conveyor, this is very
difficult due to the poor condition of the conveyor
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Hazardous chemical agents

1

2

3

4

5

The assessment is based on the ND 2233
method and is a common language for doctors,
CARSAT, and the labor inspectorate.
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Discussion
➢ Our industrial partner is a constructor of paper machines.
➢ We did our analysis for them at a workshop of one of their
clients.
➢ Their objective was to optimize the performance of their
artefact in improving not only the user safety by reducing the
dangerous conditions and dangerous zones in very short term
(operating term) ,but also, by considering the very long-term
dangerous factors, like those of arduous working conditions.
➢ Our work helped them evaluate these factors for the next
generation of machines.
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Conclusion
➢ Finding literature gap regarding method concerning the
arduous working conditions .
➢ We identified and evaluated some arduous working
conditions factors in existing systems.
➢ Then, we proposed to the designer to integrate them in our
partner company design process and refine his/her decisions
and choices.
➢ We found that considering the materials used and the
organisation of work in the design is possible and makes
compliance with standards easier.
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Future Perspective
➢ In future work, will propose an evaluation of the
identified relevant parameters. Also, other areas will be
analyzed in other contexts of use to propose a global and
more complete approach in order to provide designers
with a method considering all field data related to use
conditions, but also propose a method to integrate the
identified parameters into the design process.
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Thank You

21 / 18

References
[1]Law, “Labor Code.” [Online]. Available: https://www.legifrance.gouv.fr/codes/article_lc/LEGIARTI000023032092/2021-0311/.
[3]G. Pahl and W. Beitz, “Engineering design: a systematic approach (2d) Springer-Verlag.” London, 1996.
[4]W. B. Rouse and W. J. Cody, “On the design of man-machine systems Principles, practices and prospects,” Automatica,
vol. 24, no. 2, pp. 227–238, 1988.
[5]D. Zhou, J. Chen, C. Lv, and Q. Cao, “A method for integrating ergonomics analysis into maintainability design in a virtual
environment,” Int. J. Ind. Ergon., vol. 54, pp. 154–163, 2016.
[6]X. Sun, R. Houssin, J. Renaud, and M. Gardoni, “Towards a human factors and ergonomics integration framework in the
early product design phase: Function-Task-Behaviour,” Int. J. Prod. Res., vol. 7543, pp. 1–13, 2018, doi:
10.1080/00207543.2018.1437287.
[7]NF EN ISO 12100 and CEN, “Safety of machinery: General principles for design, Risk assessment and risk reduction,”
Bruxelles, p. 93p, 2010.
[8]A. C. Falck and M. Rosenqvist, “What are the obstacles and needs of proactive ergonomics measures at early product
development stages?–An interview study in five Swedish companies,” Int. J. Ind. Ergon., vol. 42, no. 5, pp. 406–415, 2012.
[9]D. E. 2006/42/CE, “Directive 2006/42/CE : 9.6.2006, Official Journal of the European Union, L157/24, Directive 2006/42/EC
of the european parliament and of the council of 17 may 2006.” .
[10]J. Hoyos-Ruiz, J. F. Martínez-Cadavid, G. Osorio-Gómez, and R. Mejía-Gutiérrez, “Implementation of ergonomic aspects
throughout the engineering design process: human-artefact-context analysis,” Int. J. Interact. Des. Manuf., vol. 11, no. 2, pp.
263–277, 2017.
[11]R. Ghemraoui, L. Mathieu, and N. Tricot, “Design method for systematic safety integration,” CIRP Ann., vol. 58, no. 1, pp.
161–164, 2009.
[12]M. Remiel , P. Martin, B. Daille-Lefevre, A. Etienne, J. Marsot, and A. Siadat, “Safety of machinery: requirement
specification based on functional need and work situations analysis,” 2017.
[13]N. de Galvez, J. Marsot, P. Martin, A. Siadat, and A. Etienne, “EZID: A new approach to hazard identification during the
design process by analysing energy transfers,” Saf. Sci., vol. 95, pp. 1–14, 2017.
[14]P. Martin et al., “New issues for workers safety in the factory of the future,” in Advances on Mechanics, Design
Engineering and Manufacturing II, Springer, 2019, pp. 402–411.
[15]Legifrance, “Laborcode.” [Online]. Available:
https://www.legifrance.gouv.fr/codes/article_lc/LEGIARTI000029336807/2021-04-16/.

22 / 18

