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Abstract. The underground mining activity is regarded as one of the activities that cause most accidents, deaths and illnesses
in the world, highlighting the coal mines. This study examined how ergonomics principles can help improve this environment,
reduce the number of accidents and occupational diseases, train and empower workers and leaders and humanize the activities
of the duty cycle of an underground mine. For this, it was developed a conceptual model of safety managing and health at work
for the underground mining through the incorporation of ergonomics principles in the Occupational Safety and Health Man-
agement System and OHSAS 18001 (2007). The elaboration of the model was based on analysis of the environments and stag-

es of work in underground mines and the PDCA cycle to ensure continuous improvement.
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1. Introduction

Every year, thousands of miners die in accidents in
the underground mining. There are several causes for
the occurrence of accidents, including releases of
toxic gases, collapse of the mines openings, coal
dust explosions, floods, or from mechanical errors by
misuse or malfunction of the mine equipment
(DHILLON, 2010).

Confirming the issue, ILO (2009) states millions
of people work in mining activities in an informal
way, without labor protection or health insurance,
which contributes to rising rates of accidents in this
sector. It also reports the working conditions in the
mining sector are poor, for an industry that employs
about 1% of the workforce in the world and that,
however, records the amount of 8% of fatal accidents

Homer (2009) describes that according to the
information from the State Administration of Work
Safety (SAWS) People's Republic of China and the
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China Labor Bulletin the deaths of workers in
Chinese mines were 5,798 in 2000, 5,670 in 2001;
6,995 in 2002; 6,434 in 2003; 6,027 in 2004; 5,986 in
2005; 4,746 in 2006 and 1,066 deaths in the first
quarter of 2007.

Thus, the statements of the ILO (2009), Grayson et
al. (2009), Homer (2009) and Dhillon (2010) and
statistics consolidate the problems of work safety in
the underground mining.

The work practices in the underground mining are
changing and therefore the risk exposures for
workers are also changing. Longer displacements,
fatigue and overload, mental fatigue, intermittent
heavy physical work, little variation of the task,
sedentary work in fixed postures and vibration in the
body, besides the problems with aging, all pose risks
to health and safety of workers underground.
However, these aspects are not yet recognized, as
they should, by the mining companies as potential
causes of poor health and safety in the mining
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industry (McPHEE, 2004; SCHUTTE, 2005, and
PLAMODON et al. 2006).

Companies in the face of new challenges due to
increased international competition should consider
that the ergonomics actions in the concept and
respective workplaces can support the productivity
and quality, and promote the health of their workers.
The management often focuses on productivity,
quality and economic profit, while the issues of work
environment, sometimes, tend to be neglected
(TORNSTROM, 2008).

However, despite the emergence of proposals for
improvements and changes to the underground mines
in recent years, they are still not satisfactory,
especially by the reports and statistics presented,
where underground mining still figures among the
activities that cause most accidents, deaths and
occupational diseases in the world.

In this scenario, the questions of Raman (2005) are
still relevant, in the following questions: Are we
doing enough in the underground mine safety? If the
answer is yes, why are the results not reflected in the
statistics? What are the indicators we have to assure
that what we are doing is not only suitable but also
effective? Finally, what else can we do to implement
the philosophy of continuous improvement, and learn
from the experience of other high-risk industries?

2. Method

The conceptual model developed was structured
through the incorporation of ergonomics principles in
OSHMS OHSAS 18001 (2007), based on the
investigations of the underground mines activities
and environment and the relationship between
ergonomics, underground mining and work safety.
The characterization of the underground mine and the
relationship of ergonomics to the workplace safety
and underground mining are described below.

2.1. Characterization of Underground Mine:
Environment and Activities

The underground mine covers the work undertaken
within the earth, either mechanized or manual,
characterized by the mandatory presence of the
worker in the underground environment, in order to
promote the opening of the mine and ore extraction.

In this context, Donoghue (2004) considers the
underground mining as a hard occupation and prone
to injuries and illnesses that require further analysis
and assessments on issues such as noise-induced

hearing loss, ergonomics, respiratory diseases,
security system work and risk management.

The works in the underground mining operations
have a basic cycle, which according to Hartman and
Mutmansky (2002) and Hustrulid (2001) involve the
steps of drilling, disassemble, scaling, loading and
transportation  of the dismantled material,
containment of the ceiling and walls of mine and
finally the crew of itself with water, energy,
compressed air and ventilation. In this context, one
can represent the duty cycle of an underground mine
through the steps in Figure 1.
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Figure 1 — Duty Cycle Stages of the Underground Mine

In the stage of drilling the rock drills are used
manually or assembled on equipment, known as
jumbo. The holes and the explosive charges follow a
project called the fire plan, which according to Roy
(2005) is the scaling of the number and location of
holes in the mine, and their explosive charges and
sequence of initiation of collapse.

The rock drilling activity requires: physical effort
of the worker to assemble and dismantle the local
infrastructure and operate the manual drilling and on
equipment; standing posture during the execution of
work, mental burden of perception, attention,
knowledge and quick decisions to position and make
the holes in the rock and see quarry buffer which
may collapse.

In scaling stage the operation sums up to knock
down the quarry buffer on the ceiling and walls of
the mine, which can be done either manually or
mechanically with the aid of equipment called scaler.
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Almeida (2004), Faria (2008) and Duzgun and
Einstein (2004) consider this stage the toughest, the
most dangerous and cause of major accidents

The manual activity of scaling demands a high
physical effort to handle the lever and drop the
blocks, along with a high upper limb posture for long
periods. It is also required to have a perception of the
underground environment and the right decisions
through the high risk of accident presented by blocks
of rock collapse of the ceiling and walls of the mine.

According to Tatiya (2005) the production cycle of
an underground mine is completed with the
altogether stages of loading and transport, carried out
by loaders and lowered trucks. At this stage the
dismantled material at front work of the mine is
loaded and transported either by truck or by its own
loaders.

In this context Foster and Burton (2006), Eger et
al. (2004) and Godwin et al. (2007) comment on the
position and visibility of operators of LHD loaders
(Load Dump Haulp) used in underground mines
describing the difficulties operators have to see
people, objects or hazards around the machine, due to
the blind spots and reduced line of sight in the
underground environment.

Attentive and perceptual issues in these stages are
essential to operate LHD loaders and drive lowered
trucks due to the physical arrangements of equipment,
by confinement and visibility of the environment.

The ceiling and walls support of the mine is
realized through the rock mass containments with
tether anchorage, canvas, wood crankshaft or shoring
aiming to improve the conditions and the work
environment (BROWN AND BRADY, 2004).

The activities of rock excavation underground
promote a structural imbalance in rock mass, which
seeks to find a new equilibrium, producing for this:
moving of Dblock in plans of geological
discontinuities; deformation and tights on the roofs
and sides of the excavated area; peeling of roof and
side (quarry buffer); mechanical breakdown of roofs
and sides of the excavation (TROTTER,;
KOPESCHNY, 1997).

This stage requires a physical and mental burden,
through efforts and postures to make holes and
placement of contain artifacts, along with the
widespread perception, attention and quick decision
to perform the containments of the ceiling and walls,
which are considered as local high risk of rock blocks
collapse.

After holding the ceiling and walls of the mine, it
is held the crew of the front work, which sums up to
the networks assemble: energy, water, compressed

air, and ventilation needed for further work. These
works are similar in terms of physical and mental
demand for drilling rock and containment of the mine.

2.2. Ergonomics, Work Safety and Risk Prevention

According to Niu (2009), ergonomics has been an
important part in safety of work and it is considered a
field that integrates knowledge from the human
science to answer the needs of jobs, systems,
products and environments. The author also stresses
that the ergonomics goal is especially to optimize the
comfort of the worker as well as his health, safety
and efficiency.

The application of ergonomics principles had
proven success in improving performance,
productivity, competitiveness, safety and health in
most professional industries. It can also be argued
that, throughout history, both practical and scientific
research and applications of ergonomics have had a
beneficial impact on health, safety and welfare of
human society (Smith, 2009).

According to Falzon (2007), the specificity of
ergonomics is the tension between its two goals; one
is centered into the organization that can be seized
under different dimensions: efficiency, productivity,
reliability and quality, and the other one is people-
oriented and it is concerned to safety, health, comfort
and satisfaction.

In the descriptions based on Niu (2009), Smith
(2009) and Falzon (2007) the approach to
ergonomics is made of a wide way within the
organization, trying to relate the issues of ergonomics
with the worker in a systemic manner, making clear
the relationship with job security and opportunities
for improving working environments and processes.

In this sense, EWA is important to the safety and
risk assessment, because it reflects the reality of work,
where, according to Vidal (2003), the ergonomics
analysis is quantitative and qualitative which allows
the description and interpretation of what happens in
the reality of the focused activity.

The list of risks with EWA is well characterized
by Falzon (2007), when he describes that for the
conditions of exposure to risks that arise through the
activity of work to be shown, it is necessary to
mobilize EWA.

Depending on the methodology of EWA, it is clear
that in making the diagnosis, the chances of
preventing occupational health risks become greater,
due to the work environment has gone through a
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thorough analysis of its physical, cognitive and

organizational characteristics (ARRUDA et al., 2007).

In Maggi (2006) and Daniellou’s view (2001), the
guidelines of the European Community put the work
analysis in a mandatory and prior form, as a way to
prevent and avoid risks in the workplace.

It is in this precautionary context that EWA will
act in the proposed conceptual model.

2.3. The Ergonomics Relationship with the
Underground Mining Activities

Schutte (2005) describes that ergonomics is
applied in a limited scale in the mining industry of
South Africa; despite the fact the application of
ergonomics principles can make significant
contributions to risk management and occupational
health and safety.

McPhee (2009) points out that Australia has made
steady progress in the application of ergonomics in
mining over the past 10 years. However, he points
out there is still a lack of understanding about the
contribution of ergonomics in organizational concept
and management. To avoid these conditions, it is
necessary the ergonomics to evolve and become
more integrated into the overall management of
systems safety.

In this context, James (2009) presents the
following considerations about the involvement of
ergonomics in the work of the underground mining:

— Monitoring the performance of mining projects
in the areas of ergonomics and reducing security
risks has been unsatisfactory, and efforts are in-
effective;

— The lack of enforcement of basic safety and er-
gonomics principles remains worrying;

— The workplace is still far from ideal, with many
cases of poor work conditions;

— While the mining industry appears to be com-
mitted to alleviating many of these problems,
there is still much work to be done to implement
and evaluate the safety and ergonomics;

— Security is generally regarded as an important
project evaluator, but the basic ergonomics is
applied only to a very limited extent in the min-
ing area;

— One of the major obstacle has been the lack of
structure and coordination of efforts to imple-
ment the ergonomics and as a result, no strategy

for the implementation of programs has been
implemented in the mines;

— The application of ergonomics principles can
play an important role in reducing workplace
hazards and improve the design of work which
will benefit workers of all ages and experience
levels.

Mayton et al. (2003) and Kittusamy (2005)
describe the equipment of cargo and transport in the
underground mines expose individuals to the whole
body vibration. Despite the exposure to mechanical
shocks affecting the health, safety and comfort of the
worker as well as his efficiency and performance, the
designs of seats were not priority in the projects of
the vehicles for many years.

In approaching of the procedures for manual
handling of loads and materials in the mines, Stewart
et al. (2005) and Limerick ef al. (2007) comment the
manipulation of materials in the underground mine
remains the category with the greatest potential for
accidents and injuries, and mechanization and
training activity of the worker are two methods that
can help prevent these events.

The fatigue and attentive issues in underground
workings are observed in Donoghue’s work (2004),
where he says that most underground mines operates
24 hours a day, 7 days a week, in shifts, the fatigue in
relation to the shifts has been the subject of
considerable research in mining, because they create
deficiencies in sleeping, causing disturbances in the
performance of cognitive and motor system,
especially among drivers.

In this context, Ferguson ef al. (2010) describe the
amount of sleep obtained between work shifts is
influenced by many factors, including the duration of
work and rest, the calendar period of relative rest to
the endogenous circadian cycle and personal choices
on the use of working time.

3. Results

The conceptual model presented below was
developed based on the investigations of the
underground mines environment and ergonomics
principles, and has five items, where the former
refers to policies of OSH and the others refer to the
stages of planning, implementation, verification and
analysis, as shown in Figure 2.
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DEFINITION OF SECURITY AND HEALTH POLICY AT WORK

[ Ergonomics Principles

Ergonomics Principles

Critical Analysis Stage by
Management

Verification Stage:

1. Monitoring and measurement of
the performance;

2. Evaluation of the attendance to
the legal requirements and
others;

3. Investigation of incidents, non-
compliance, corrective and
preventive actions;

4. Control of registers;

Internal auditing.

o
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Figure 2 — Conceptual Model of OSHM to Underground Mining
(Adapted from OHSAS 18.001(2007))

3.1. Definition of the OSH Policy

The organization's top management must define
and authorize the OSH policy of underground mine
and ensure that, within the defined scope of its
OHSMS, the politics, among other aspects, is
appropriate to the nature and scale of the risks of the
underground mine, and presents the ergonomics
principles included in their organizational culture and
OSH.

3.2. Planning Stage

At this stage of the model it will be established
objectives and processes necessary to achieve the
results of environmental improvement and reduction
of the underground mine accidents, according to the
OHS defined policy, through the following: hazard
identification, risk assessment and determination
controls, legal and other requirements, objectives and
programs.
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The methodology the organization must used in
order to hazard identification and risk assessment in
the underground mine will be the Ergonomics Work
Analysis — EWA - to be proactive and provide
subsidies  for identifying, prioritizing the
documentation of the risks as well as for the
application of controls, as it is suitable.

To ensure the goals of the underground mine OSH
will be achieved, the organization must establish
programs based on the ergonomics of awareness and
participation, and organizational ergonomics.

Programs assembled with the ergonomics of
awareness, the workers will be skilled and trained to
identify and solve security issues and health
problems at work in the underground mine.

In the programs assembled with organizational
ergonomics principles the following precepts will be
used: system optimization of the underground mine;
the organization of the work cycle in the
underground mine; quality management in the
underground mine; and the management of resources.

3.3. Implementation and Operational Stage

This stage will be responsible for doing what was
planned and implement the processes through the
following: resources,  roles, responsibility,
accountability and authority, competence, training
and awareness, communication, participation and
consultation, documentation, document and operating
controls, and preparedness and response to
emergencies.

In relation to competence and training the
organization must identify the needs of training
through EWA, the OSH risks associated with the
underground mine and its OSHMS.

The competence of workers in underground mines
should be ensured through training and awareness
that must be performed with the support of
ergonomics awareness and participatory, as well as
physical and cognitive ergonomics.

To develop the item documentation, the
organization should consider the need for a document
management system, which should be aided by the
principles of organizational ergonomics, specifically
those related to optimization of organizational
structure and processes.

The organization must determine those operations
and activities that are associated with the dangers of
the underground mine and identified by EWA, where
the implementation of controls is necessary to
manage the risks of the underground mine.

For operations and activities of the underground
mine, the organization must implement and maintain
operational controls, once it is applicable to the
stages and activities of the duty cycle of the
underground mine, as defined by EWA, and
approaches to physical and cognitive ergonomics.

For emergency issues the organization must use
the principles of cognitive and awareness ergonomics
as well, to train workers in situations of high stress
and mental burden, to take decisions in emergencies
such as: fire, explosion, flood, landslide and other
fatal accidents within the underground mine.

3.4. Verification Stage

In this stage it will be verified whether the safety
and ergonomics actions happened as they were
planned. It will be responsible for monitoring and
measuring the work processes of the underground
mine in relation to OSH policy and objectives, legal
requirements and results reporting. This check will
be made through the following steps: monitoring and
performance measurement, evaluation of care and
other legal requirements, incident investigation, non-
compliance, corrective and preventive actions,
control and internal audit records.

The procedures to monitor the OSH performance
should be made through EWA checking, along with
the OSH approaches and ergonomics actions,
involving physical, cognitive and organizational
ergonomics principles, in places where there has
been implementing controls.

The incident investigation must be based on
conception, corrective, awareness and participatory
ergonomic principles, beyond the diagnosis of EWA
for the stages of the duty cycle of the underground
mine.

The treatment of non-compliance through the
implementation of corrective and preventive actions
must be based on conception, corrective, awareness
and participatory ergonomic principles, beyond the
diagnosis of EWA for the stages of the duty cycle of
the underground mine.

3.5. Critical Analysis Stage by the High Management

The organization must ensure that the review of
senior management is also done based on ergonomics
principles, especially on the analysis and diagnosis
established by EWA on the stages of duty cycle of
the underground mine.
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4. Discussion

The model proposes a way to evaluate the
environments and stages of the duty cycle of the
underground mines through the ergonomic
principles, especially regarding to: ergonomic
analysis of the environments, resolution of problems
related to safety and health of the worker, verification
of adopted solutions, capacity and training for
identification, recognition and correction of risks,
participation and employee involvement in solving
OSH and ergonomic problems, and analysis of
mental burden, stress and knowledge for decision
making, which maintain a close relationship and a
commitment to the improvement of the working
environment and to the worker’s safety and health.

The study results show that the performance of
workers in the underground mines in unsuitable
environments, dark, damp, with forced ventilation
and dangers of explosions and landslides, and high
mental workload and stress, contribute to the
maintenance of high rates of accidents and deaths
and that even existing OSHMS applications,
development of standards and regulations for the
underground mines, they still continue to show
exceptionally high rates of accidents, including fatal
ones, according to Dhillon (2010), Homer (2009),
ILO (2009), and Grayson (2009).

5. Conclusions

This study was developed from the concerns about
the environment and the level of accidents in the
underground mines, and the inefficiency of OSHMS
for this activity.

It was identified in the investigation that
ergonomic principles are appropriate and relevant to
the concerns of the study because they can
contribute, through their incorporation into the
OSHMS, to redeem the values of OSH and aspects of
an underground mine.

Thus, one can consider that the incorporation of
ergonomic principles in the organizational culture
will play an important role in understanding the
OSHM context of this organization.

The model is shown as a valid tool for identifying
risks and hazards through the EWA, showing
consistency in the explanation of the results against
organizational dilemmas that the underground mines
face.

The effective response from the underground
mining companies in a matter of OSH will remain

seriously affected while one continues to overlook:
the underground working environment, the physical,
cognitive and organizational work conditions in the
underground mines, the management approaches of
the OSHMS; the participation of the ergonomic
principles in the environments and stages of the duty
cycle in the underground mine; the allocation of
responsibilities; training and qualification; employee
involvement with the problems of mine; and the high
management commitment.

The study estimates that the professional
environment of underground mining companies to
perform the work aiming to reduce the loss of lives,
physical and mental injury is to happen by the
adoption of an OSHMS, focusing on the ergonomics.

Thus, the expected result is that this adoption
means a qualitative leap of organizational innovation,
impacting on all levels, motivating the high
management and employees around the risk
prevention and reduction of accidents in the
underground mines, with positive performance of the
organization.
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