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ABSTRACT

In previous research is stated that the most common cause of accidents and/or inci-
dents in dumpers’ operation is human error. Due that fact, the aim of this paper is
directed towards preventing accidents and/or incidents in dumper operations that
originate from the operator’s error and which could be mitigated by the ergonomic
adjustment of the workplace. Specifically, the purpose of this study is to utilize arti-
ficial neural networks in order predict the probability of incidents and accidents on
the basis of dumper operators’ workplace ergonomic intervention. In this research
the sample of 1800 data was collected and 40 dumper operators participated, who, in
addition to their personal data gave answers to 14 survey questions. The obtained data
were statistically processed and according on the responses that the dumper operators
gave to the questions regarding workplace ergonomic adjustment, the most significant
difficulties that they face were identified. The key research results indicate the possi-
bility of predicting accidents and/or incidents based on poor ergonomic design of the
seat, which appeared as the main cause of the reduction in the quality of the working
conditions of dumper operators.
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INTRODUCTION

Mining as a long recognized high-risk sector still has a relatively high rates
of fatalities and injuries according to accident statistics (Noraishah Ismail
et al., 2021). Additionally, the effects of post-mining accidents have a negative
impact on the environment and landscape change (Bian et al., 2010; Mirzaei
Aliabadi et al., 2020; Noraishah Ismail et al., 2021).

Accidents in mining industry are caused mainly by operator’s faults and
human faults jointly (Kumar et al., 2014). Over 90% of mining accidents
reportedly involve human error due to the lack of ergonomic consideration in
the design of mining machinery and equipment (Foster et al., 2004; Simpson
et al., 2009). Certain authors add that risk-taking behaviour of dumper
drivers is influenced by situational circumstances, such as site safety regu-
lations or the actions of other workers, as well as a general culture that puts
productivity over safety (Bohm et al., 2010).

Ergonomic concerns, evidently, have frequently been disregarded in the
past when designing mining equipment. Issues like poor control design and
placement, difficult entry and egress, and inaccurate population stereo-
types not only have an impact on safety directly, but also on efficiency
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and performance standards (Foster et al., 2004). Evidently, mining has paid
considerably less attention to and implemented ergonomics less than other
sectors, such manufacturing (Dempsey et al., 2018).

The dumper vehicle is essential for carrying out material handling activities
in the mining industry (Ramar et al., 2023) and they are the primary cause
of fatal accidents at both construction and mining sites (Bohm et al., 2012;
Duarte et al., 2021). According to earlier studies, the vast majority of these
incidents are caused by the operator’s behaviour (Bohm et al., 2012). More
than 50% of absences for medical reasons are attributable to musculoskeletal
issues as a result of these challenging and dynamic environments, and there
are no set guidelines that apply to everyone (Apud, 2012). Also, it is well
known about positive effects of participative ergonomics application in terms
of workers’ increased productivity and comfort (Leber et al., 2018; Vink
et al., 2006).

Due those facts, the aim of this paper is to investigate the causes of the
occurrence of undesired events (accidents and/or incidents) among dumper
operators that originate from the ergonomic adjustment of the workplace
to the needs of dumper operators and can lead to the occurrence of human
error (e.g. poor visibility, vibrations, noise, air pollution by exhaust gases,
maladjusted controls, lack of lumbar support, etc.). The goal of the research
is to understand the influencing factors on the occurrence of human error
among dumper operators, which originate from the ergonomic adjustment of
the workplace, to prevent future unwanted events (accidents and/or incidents)
on this heavy machinery.

The paper is structured as follows: an overview of previous research in
order to investigate the key factors that influence an ergonomically adjusted
workplace for dumper operators, generation of a survey questionnaire, data
analysis: descriptive statistics and trained artificial neural network to forecast
the likelihood of an accident by analysing the operator’s feedback pertain-
ing to the ergonomics of the cabin seat„ and drawing conclusions about
the potential for better ergonomic adjustment of the dumper operator’s
workplace.

PREVIOUS RESEARCH

Although dampers are primary cause of accidents in mining industry, with a
human error as the most frequent reason of accidents, there is not enough
attention paid to ergonomics issues there.

Mandal and Srivastava (2010) evidenced that operators of dumpers are
subject to whole-body vibration and in terms of root mean square accel-
eration, with magnitude along the prominent Z-axis ranged from 0.644 to
1.82 m/s2 and consequently with low back pain (85%), neck (37.5%), shoul-
der (30%), and ankle (37.83%) pain and lower quality of life. Upadhyay
et al. (2022) add that the majority of dumper operators were taking awkward
postures and 58–74% of them were subjected to high and medium levels of
musculoskeletal disorders. Ramar et al. (2023) investigated the dumper oper-
ator discomfort during operations such as material-loading, loaded-travel,
material-unloading and unloaded-travel, and found that study population is
more likely to have neck pain and back pain due to the demand for a large
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number of operation cycles and proposed to optimize the performance of seat
design by using computational learning technique support vector machine
classifier.

Kunar et al. (2021) claim that according to data gathered for the RULA
and REBA assessments, the actions carried out by dumper drivers put them
at a high risk of injuring their muscles and skeleton, and the inappropriate
position they assume when loading and unloading could have an adverse
effect on their wrists and neck. Kar et al. (2023) also pay attention to postural
risk of dumper operators and their findings showed that 20% of the driving
postures used by dumper operators are associated with a medium risk of
musculoskeletal diseases at work. Eger et al. (2008) analysed dumper mining
vehicles and found that operators drove with their necks rotated greater than
40 degree over 89% of the time.

Mandal et al. (2020) show analysis of seat vibrations of two different types
of dumpers in opencast mines and include the six operators in their study.
Village et al. (1989) included in their study 11 vehicles and 8 dumper oper-
ators and found that driving full and empty was faster than mucking and
dumping in the x and z directions and exceed the ISO exposure limit for
health or safety. Therefore, while developing future exposure standards for
dumper operators, it is important to take into account the role that non-
neutral working postures and whole-body exposure play in the development
of musculoskeletal injuries.

It is evident that research in the field of this paper is rare. Also, sample
sizes in all previously mentioned studies were small, beside study Mandal
and Sristava (2010), so future research on larger samples, containing over 30
operators in the sample, is needed.

METHODOLOGY AND RESULTS

Spasojevic Brkic et al. (2023) proposed the 39-item checklist, which is based
on prior research, and demonstrated the validity of its using 102 transport,
construction, and mining machines as a sample. These machines included
cranes, excavators, bucket wheel excavators, bulldozers, loaders, graders,
backhoe loaders, trenchers, dumpers, and scrapers.

The aforementioned list was used in the research and 40 dumper opera-
tors were surveyed in order to collect data on the ergonomic adjustment of
the workplace to their needs. Table 1 provides descriptive statistics of the
research sample.

Table 1. Descriptive statistics of the research sample.

Age (years) Height (cm) Weight (kg) Work experience
(years)

Age of the
machine (years)

Mean value 36.33 178.35 90.33 11.93 5.93
Standard deviation 8.53 5.45 17.57 10.03 3.85
Median 36.00 178.00 86.50 10.00 6.00
Maximum 54.00 188.00 135.00 38.00 12.00
Minimum 19.00 166.00 60.00 1.00 1.00
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In order to see the age pyramid of the sampled dumper operators, age
groups were generated and a normal distribution can be observed in the
research sample, Figure 1a. A similar distribution is also present in the
pyramid according to the height of the dumper operators, Figure 1b.

Figure 1: a) Age pyramid of dumper operators b) the height of dumper operators.

Normal distributions, represented with (1) by age and height of dumper
operators indicate that we a relevant research sample regarding these vari-
ables, which can provide us with reliable results when examining the depen-
dence between the factors of ergonomic adjustment of the workplace to the
needs of dumper operators and the aforementioned variables.
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Regarding the pyramid of distribution by variables, the weight of the
dumper operators and the years of work experience of the dumper opera-
tors, no normal distribution was recorded, Figure 2a and 2b. Regarding the
weight of dumper operators, we have deviations in the category over 110 kg,
that is, more dumper operators with excessive body weight, while with years
of work experience we have an exponential dependence, represented with
(2), which indicates a greater representation of dumper operators with fewer
years of work experience.

In total, the sample included 40 dumpers (each examinee gave answers
for his work machine). Generating the graph of the age distribution of the
machines age also shows an exponential dependence, which speaks in favour
of the fact that the research sample is represented mostly by newer generation
machines, Figure 3.
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Figure 2: a) Weight of the operators b) years of dumper operators’ work experience.

Figure 3: The age of the dumper truck.

Results of survey showed, that questions with lowest percent of positive
answers are questions related to seat rotation and armrests and they can
be considered primary factors in the investigation of the ergonomic adjust-
ment of the dumper operators’ workplace. Additional conclusions refer to the
absence of objections to vibrations, temperature in the cabin, poor visibility,
which can be related to the age of the observed dumpers (average age of the
machines is 5.93 years). Poor working conditions originating from organi-
zational factors are also one of the important conclusions of the research.
Results are shown in Table 2.

Table 2. Ranked factors of unfavourable working conditions of dumper operators.

Question Percentage share of the
observed factor

The seat cannot be rotated 92.50%
There are no armrests 85.00%
Frequent absences from work due to poor working
conditions

85.00%

The armrests are not adjustable 80.00%
The armrests are not at the right height 80.00%
Machine failures occur due to human error or
organizational factors

62.50%



54 Papić et al.

Furthermore, a trained artificial neural network was utilized to forecast the
likelihood of an accident by analysing the operator’s feedback pertaining to
the ergonomics of the cabin seat. Table 3 lists the questions that the operators
responded to.

The training dataset consisted of 80% of the obtained data, while 10%
was allocated for validation and the remaining 10% was reserved for testing
purposes. Used network has one hidden layer with 12 neurons. The neural
network underwent training for a total of 16 epochs. Notably, the 10th epoch
yielded the best validation performance, as depicted in Figure 4.

Table 3. Questions used as input to the artificial neural network.

Question

Is the seat height adjustable?
Can the seat be adjusted horizontally?
Is the seat set at the correct height?
Does the seat have back support?
Does the seat have lumbar support?
Are there armrests?
Are the armrests adjustable?
Are the armrests placed at the appropriate height?
Do you feel vibrations through the seat?
Do you feel vibrations from the equipment through the floor?
Do you feel vibrations from the equipment through the control devices?
Is the seat firmly attached to the sub cabin?
Can the seat be reclined?
Can the seat rotate?

Figure 4: Neural network performances.
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Regarding the outcomes, they are quite favorable. Training accuracy is
93.8%, validation 100%, and test 75%, resulting in an overall training accu-
racy of 92.5% on the dataset used. The data within the green diagonal of
the confusion matrix represents instances that were correctly classified by
the neural network. Conversely, the red regions outside the diagonal indicate
cases that were misclassified by the neural network (Figure 5). Additionally,
it is important to note that in the confusion matrix, a value of 1 indicates the
presence of the possibility of an accident/incident occurring.

Figure 5: Confusion matrices.

CONCLUSION

Previous research show that the occurrence of human error among dumper
operators often originates from the absence of ergonomic adjustment of the
workplace and that this topic is very current and unexplored.

In the presented research, a large sample of 40 surveyed dumper opera-
tors belonging to different age groups and with different work experience
was considered. The research used a survey instrument that contained 14
questions that covered the key influencing factors on the quality of the
working conditions related to cabin seat of dumper operators in order to
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prevent possibility of accidents/incidents at the workplace caused by poor
seat ergonomics.

The study revealed that the average age of dumper operator is 36.33 years
old, and their height is 178.35 centimetres. In addition, despite the fact that
their average weight is 90.33 kg, these body measurements, unlike the oth-
ers which followed a Gaussian distribution, regardless of the average value
indicate that there are a large number of operators who are overweight and
weigh more than 110 kg. Furthermore, the vast majority of operators have
less than ten years of experience in this domain. Regarding the machinery,
most dumpers have less than 10 years.

Given that the results of the research showed that the questions to which
the respondents had the worst answers related to the seat in the cabin, as
well as the armrest, an artificial neural network was trained that predicts the
possibility of accidents/incidents based on 14 different answers related to the
seat and armrests. The correct classification of 92.5% of the data indicates a
high prediction accuracy of predicting possible accidents/incidents.

The research conclusions point to the need for further research into an
ergonomically adjusted workspace for dumper operators in terms of the
possibility of overcoming the identified problems in further anthropomet-
ric studies and by applying modern information technologies such as the
installation of sensors, monitoring and similar solutions.

A limitation of this study is the sample size, and additional data collection
is ongoing. The proposal for further research is to gather additional data to
make the analysis even more reliable, and perhaps examine other types of
mining machines and determine if similar problems occur with them.
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