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Abstract: An occupational risk assessment is one of the main processes to assure a
safe and healthy workplace. It was shown, that this process is particularly important in
the cause of industrial enterprises, in which the number of accidents is the largest. In
these enterprises, one of the most often practiced methods is the PN-N-18002 method.
However, it was concluded this method has some limitations. They concern the way of
assessing the risks in the traditional number scale, which is less precise than the fuzzy
triangular number (using in FAHP). Therefore, the aim is to improve the process of
assessment in industrial enterprises by integrated the PN-N-18002 method with the
FAHP method (Fuzzy Analytic Hierarchy Process). The test of the proposed method
was made for three machine operator positions used to aggregate extraction in one of
the Podkarpacie enterprises. These positions were: loader operator (L-34), digger
operator (CAT 323), dredge operator (300/250 KREBS 10/8). The concept of the
method was to identify in a precise way what is the greatest extent danger to the
operators of these workplaces. It was shown, that it is the work at height. It was
concluded, that this method can be practice to risk assessment of other workplaces,
among others from industrial enterprises. The originality is the integrated risk
assessment method (PN-N-18002) with the fuzzy multicriteria decision method (FAHP)
as part of achieving the precise results of risk assessment.

Keywords: risk assessment, production engineering, mechanical engineering, fuzzy
analytic hierarchy process, PN-N-18002

1. INTRODUCTION

Effective business management refers to carrying out an occupational risk assessment
that contributes to productive work while ensuring a safe workplace (Wozny et al.,
2016). A review of the literature on the subject indicates that occupational risk was
assessed using methods applicable only to risk assessment, i.e. Risk Score (Harabas
and Klimecka-Tatar, 2017; Saja et al., 2013) or the PN-N-18002 method (Duda and
Juzek, 2018). Also, the occupation risk assessments were made by methods which are
connecting the identification of the risk and their assessment, i.e. Event Tree Analysis
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(ETA) or Fault Tree Analysis (FTA) (Krause, 2011, Wozny and Pacana, 2013). Also, as
part of the occupational risk assessment, the actions were taken, which the aim was
improving this assessment. For example, Aagedal et al. (2002) proposed models
supporting the realization of individual stages of occupational risk assessment and
reporting the obtained results. In a turn of work (Karkoszka, 2009) it was presented the
method which has application to meeting the legal requirements of the health and safety
assessment and also was used the Event Tree Analysis as part of improving this
process. Another example is an article of Karkoszka and Szewieczek (2007) in which
the risk assessment was integrated with the context of different methods, for example:
estimating of incompatibilities in a quality management system, management of
environment or Health and Safety. Additionally, it was shown, that occupation risk
assessment was carried out with the classical numeral scale, which is generating vague
evaluations and thus imprecise results (Chen et al., 2020; Krishankumar et al., 2020;
Siwiec, Bednarova and Pacana, 2020). After a review of selected literature items, it was
concluded, that this aspect was not analyzed so far. Therefore, it was considered a
research gap, and it was considered justified to improve the occupational risk
assessment by eliminating the ambiguity of the assessments awarded in the process
of risk assessment at the workplace.

It was assumed that the Fuzzy Analytic Hierarchy Process (FAHP or Fuzzy AHP) would
be effective for this purpose (Solangi et al., 2020; Pacana et al., 2020; Pacana et al.,
2018). This method, as shown by the authors of articles (for example Gil and Gonzalez-
Rodriguez, 2012), supports reducing the aforementioned ambiguities in assessments,
by transforming the assessments in classical number scale on the triangular fuzzy
numbers (Chang, 1996; Siwiec et al., 2020). Therefore, it was considered that using the
FAHP to reduce the ambiguities in the stage of occupational risk assessment is
legitimate. In a turn of the context of occupational risk assessment, the largest number
of accidents in work in Poland in the 2019 year were noted in enterprises from the
industrial sector (28,212 accidents). Another example for which one of the largest
numbers of accidents was recorded (i.e. 2,407 accidents) was, according to the GUS
(Statistic Poland), the mining and quarrying section (GUS, 2020; Siwiec et al., 2019).
In the mentioned industrial enterprises (and mining and quarrying section) one of the
most often practice methods of occupational risk assessment is the PN-N-18002
method (Duda and Juzek, 2018). Therefore, legitimate is improving the occupational
risk assessment performed by the PN-N-18002 method in the context of industrial
enterprises. In view of it, the aim was to improve the process of assessment in industrial
enterprises by integrated the PN-N-18002 method with the FAHP method (Fuzzy
Analytic Hierarchy Process). The test of proposed integrated methods was made based
on occupation risk assessment for three workplaces in one of Podkarpacie aggregate
mining enterprises.

2. METHODOLOGY OF RESEARCH

As part of improving the occupation risk assessment in industrial enterprises, the
method of occupation risk assessment PN-N-18002 was used, and then this method
was integrated with the Fuzzy Analytic Hierarchy Process (Fuzzy AHP). The PN-N-
18002 method belongs to series of PN-N-18000 standards of occupational health and
safety (Karkoszka, 2009) and its main application is an occupational risk assessment
on workplaces (Bajdur and Idzikowski, 2012; Wozny and Pacana, 2013). In a turn, the
FAHP method is one of the most often practice multicriteria decision methods, which
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allows for reducing inconsistencies in the assessments of decision-makers (Siwiec et
al., 2020). The process of realization of the method is shown in 5 main steps.

The first step of the method is to choose the workplaces to occupation risk assessment
according to the PN-N-18002 method. The choice depends on the individual
preferences of the entity using the method. The second step of the method is to make
the occupation risk assessment for the chosen workplace using the PN-N-18002
method. The way of making the PN-N-18002 method is shown for example literature
i.e. (PN-N-18002:2011; Szklarzyk et al., 2016). After the occupation risk assessment
by the PN-N-18002 method is made, it is possible to integrate the results with the FAHP
method. It is shown in the next stage. The third step of the method is to transform the
obtained occupational risk assessments on the triangular fuzzy numbers preferred by
Saaty scale, i.e. 1-9, 1-7 or 1-5 (Siwiec et al., 2020). The choice of a set of scales
depends on the individual preferences of the entity using the method. The fourth step
of the method is to use the FAHP method. In this aim, initially, it is necessary to prepare
the fuzzy matrix of pairwise comparisons A = [dT]] which concerns the unclear
assessments in the process of occupational risk assessments. Then on the diagonal,
there are always triangular values of the fuzzy number equal to (1, 1, 1), while above
the diagonal are the values of pairwise comparisons, and under the diagonal their
reciprocal values. In the case of comparing several positions, a joint decision matrix
should be created, according to the authors of the work (Tsai et al., 2020). The clear
weights are successively calculated from the fuzzy matrix of pairwise comparisons (1)
(Mir and Padma, 2016; Siwiec et al., 2020):
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To achieve (TL,X7L,M/) is necessary to fuzzy addition M/(j =1,2,...,m) the
values of matrix (2) (Mir and Padma, 2016; Siwiec et al., 2020):
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The reciprocal of the vector is (3) (Mir and Padma, 2016):
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Subsequently, the smallest degree of possibility is calculated (4) (Mir and Padma, 2016;
Siwiec et al., 2020):
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Then assuming that (5) (Mir and Padma, 2016):
V(My = My, M,,..., M) =V[(M = M)]and V [(M = M)] = minV [(M = M;)] 5)
assumed that: d'(A;) = minV(S; = Sy) for k=1,2,...,n; k# i
it is possible to define the vector as (6), and the normalized vector is (7) (Mir and Padma,
2016):

W' =(d'(41),d'(4;),...,d" (A4x))" (6)
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W = (d(A,),d(4,),...,d(4A,)T (7

In the proposed method, the maximum value of the normalized vector relates to the
greatest source of hazard at the analyzed workplace. The fifth stage is to identify the
root of the largest danger in the analyzed workplace and making adequate improvement
actions.

3. RESULTS

To test of proposed method the three machine operators stations, which were used in
process of extraction of aggregates in one of Podkarpacie opencast enterprises. These
were the positions of loader operator (£-34), excavator operator (323) and dredge
operator (300/250 KREBS 10/8). The motivation of choice of these positions was the
biggest values of assessments of occupational risk which were obtained from all of the
positions by the PN-N-18002 method. Also, these machines had a key share in the
aggregate extraction process. For example, the excavator operator CAT 323 and the
loader operator £-34, dig and load aggregate for means of transport, and also it scoops
and moves the lump of aggregate or top layer of earth. In a turn, the dredge operator
300/250 KREBS 10/8, extracts aggregate working in a water body. The aim was to
determine which source of risk is the greatest threat to the life and health of employees
working in the positions selected for the analysis. The results of occupational risk
assessment by PN-N-18002 for the operator of an excavator (E), dredgers (D) and
loader (L) is shown in Table 1.

Table 1
The results of occupational risk assessment by PN-N-18002
Risk Total
Source of . categor oints in
threat Threat Protection adogteg t?]e group
L E L|E|D
Applied noise reduction measures 4 3
below 85 dB (A)
Noise NDN exceeding, noise above 85
. during dB, hearing protectors used
Machines plant Noise above 85 dB - hearing 4138 |4
inspection | protectors are not used ) )
Equivalent level Ato sound L [dB] | 76.4 | 71.5
Multiplicity 0.14 | 0.04
General vibration 0.380 | 0.145
Machines. Multiplicity 0.47 |0.18
production | Vibration | No mechanical vibrations 1.02 |- 4 |2 |4
process Local vibration 0.36 | -
Multiplicity of the limit value OEL 4 -
. Possibility of overfilling diesel fuel | 3 3
Production | Petroleum — .
process vapors No_ oil spill possible . - - 3 |3 |3
Failure to apply security - -
I.EIec.tric . Applied efficient fire protection 4 2
lighting of | Electric 4 |2 |24
the shock Applied efficient fire protection - -
workplace
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Use of personal protective
equipment against falls from a 5 5
height 5 |5 |5
Failure to use personal protective
equipment

Work in Use of facilities and auxiliary
forced Fatigue equipment 4 |14 |4
position Failure to use auxiliary equipment | 4 4
Possibility of hitting with moving
parts of the machine (no guards)
Hazards related to sharp and
protruding parts

Hazards related to the movement
of people and equipment 4 4 4 14 |3
(drowning)

Hit, Fall, Hazards related to the physical
Slip properties of the material (weight,
sharp edges, slippery surfaces,
etc.)

Electric shock hazard Inadequate 5 5
electrical installation

Threat in work in open space 6 6
Burn hazard 1 1
Risk of a person falling 4 4

sum of points in Il step of PN-N-18002 method | 47 | 41 | 45
Source: Unpublished materials of the aggregate mining plant located in Podkarpacie.

Work at Fall from
height a height

Machines,
stationary
and
auxiliary
tools

AR N
WL N
AR N

According to the occupation risk assessment by PN-N-18002 it was shown a small
threat at analyzed workplaces, i.e.. loader operator £-34 (4.36 points), excavator
operator 323 (3.39 points) and dredge operator 300/250 KREBS 10/8 (4.57 points).
Because the assessments obtained for identified categories of risk at analyzed
workplaces were similar, the legitimate was reducing the threat source analysis to a
combined decision matrix (Table 2).

Table 2

An combined decision matrix
Symbol Source of threat I m; w;j
T1 Machines 2.00 3.63 5.00
T2 Machines. production process 1.00 3.17 5.00
T3 Production process 2.00 3.00 4.00
T4 Electric lighting of the workplace 1.00 3.17 5.00
T5 Work at height 4.00 5.00 6.00
T6 Work in forced position 3.00 4.00 5.00
T7 Machines. stationary and auxiliary tools 1.00 2.32 7.00

Source: own study

Subsequently, a pairwise comparison matrix was created based on the combined
decision matrix. The sum of the values for each row and the relative value of the fuzzy
weight were successively calculated (Table 3).
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Table 3
Fragment of the pairwise comparison matrix and the results of the relative value of the fuzzy
weight
Source of Relative value of the
threat T T2 s 1y ey fuzzy weight
T1 1.0;1.0;1.0 |20;1.1;1.0 |9.17;7.70; 6.80 0.17;0.14; 0.10
T2 0.5;0.9;1.0 |1.0;1.0;1.0 | 4.58;6.37;6.80 0.08; 0.12; 0.10
T3 1.0;0.8;0.8 | 2.0;0.9;0.8 | 8.92;6.40;5.60 0.16; 0.11; 0.08
T4 0.5;0.9;1.0 |1.0;1.0;1.0 |4.58;6.73;6.80 0.08; 0.12; 0.10
T5 2.0;1.4;1.2 |4.0;1.6;1.2 | 18.33;10.60;8.16 | 0.34;0.19;0.12
T6 15;1.1;1.0 |3.0;1.3;1.0 | 14.33;9.39;9.16 0.26; 0.18; 0.13
T7 0.5;0.6;14 |1.0;0.7;1.4 |833;7.61;11.21 0.15; 0.14; 0.16
n m
Z Z M 68.25; 55.70; 54.53 | 1.25; 1.00; 0.80
i=1 j=1
1
m Mij 0.02; 0.02; 0.01

Source: own study

Then, using the formulas (4-7) the normalized vector was calculated, and next the
greatest root cause of the threat for the analyzed workplace was specified. Then, the
results of the calculations are shown in Table 4.

Table 4
Results of calculation by the FAHP method
Tl T2 T3 T4 T5
T1=T2 | 100 | T2=T1 |0.00 | T3=2T1 0.00 | T4=2T1 0.00 | T5=2T1 | 1.00
T12T3 | 1.00 | T22T3 |1.00 | T3=2T2 0.00 | T4=2T2 1.00 | T52T2 | 1.00
T12T4 | 1.00 | T22T4 |1.00 | T3=2T4 0.00 | T4=2T3 1.00 | T52T3 | 1.00
T1=T5 | 000 | T2=T5 | 0.00 | T3=2T5 0.00 | T4=T5 0.00 | T5=2T4 | 1.00
T1=T6 | 0.00 [ T2=2T6 | 0.00 | T3=2T6 0.00 | T4=T6 0.00 | T52T6 | 1.00
T1=T7 | 100 | T2=T7 |0.00 | T3=T7 0.00 | T4=T7 0.00 | T5=2T7 | 1.00
Min. 0.00 | Min. 0.00 | Min. 0.00 | Min. 0.00 | Min. 1.00
T6 T7 Results
T6=T1 | 1.00 | T7=T1 | 0.00
T6=2T2 | 100 | T7=2T2 | 1.00
T6=T3 | 1.00 | T7=T3 | 1.00
T6=2T4 | 100 | T7=2T4 | 1.00
T6=T5 | 0.00 | T7=T5 | 0.00
T6=T7 | 1.00 | T7=T6 | 0.00
Min. 0.00 | Min. 0.00 | MAX=1.00=T5
Source: own study

W’ =1[0.00; 0.00; 0.00; 0.00; 1.00; 0.00; 0.00]

SW’ =1.00

Wn’ = [0.00; 0.00; 0.00; 0.00; 1.00; 0.00; 0.00]

After the calculation of integrated methods of PN-N-18002 and FAHP was made, it was
shown that the largest threat on the loader operator, excavator operator and dredge
operator was work at height (i.e. T5).

4. DISCUSSION AND CONCLUSION
Providing a safe and healthy workplace is realized among others by making an
occupation risk assessment. In particular it is important in the cause of industrial
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enterprises, in which the number of accidents is the greatest. It was shown, that the
method of occupational risk assessment, which is the most often used in mentioned
industrial enterprises, is the PN-N-18002 method. However, this method was not
improved in the context of achieving the precise results of the assessment. This was
considered a research gap. Therefore, the aim is to improve the process of assessment
in industrial enterprises by integrated the PN-N-18002 method with the FAHP method
(Fuzzy Analytic Hierarchy Process).

The test of the proposed method was made for three machines, i.e.: loader operator (-
34), excavator operator (323) and dredge operator (300/250 KREBS 10/8). These
machines were used to process of extraction of aggregates in one of Podkarpacie
opencast enterprises. By integrated the methods of PN-N-18002 and the FAHP
method, a precise indication of the source of threats was made, which is the greatest
danger to the operators of the analyzed workstations. It was shown, that it is the work
at height. It was concluded, that integration of the method of occupation risk
assessment with the multicriteria decision method is effective and allows for precise
making the risk assessment, and at the same time, it will contribute to increase the
safety of life and health of employees. Furthermore, it was concluded, that this method
can be practice to risk assessment of other workplaces, among others from industrial
enterprises.
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