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mmmm Number of insured having occupational disease

s Number of fatal accident at work 20 21 24 27 4
w—— Number of fatal occupational diseases 0 0 0 0 0
== Number of insured having work accident by incapacity days 20274 19573 16520 13446 12041

Fig. 1 The last five years of work accidents and occupational diseases figures of Turkey's textile production industry (SGK Statistics, 2015 to
2019)
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Table 2 Description of ORA parameters

Risk parameter Parameter description Reference

Occurrence (O) The probability of the hazard Gul et al. (2020); Bashan et al. (2020a),
Bashan et al. (2020b)

Frequency (F) Exposure factor Gul et al. (2021)

Severity (S) The seriousness (consequence) of the hazard Gul et al. (2020); Bashan et al. (2020a),
Bashan et al. (2020b)

Detectability (D) The ability to detect the hazard before the impact of the effect is Gul et al. (2020): Bashan et al. (2020a),

realized Bashan et al. (2020b)
Cost (C) Percentage of the total annual budget fixed by the company for  Di Bona et al. (2018)

OHS measures

Sensitivity to PPE non- To what extent the use of personal protective equipment can Grassi et al. (2009)
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Step (- 2
31 Determine the best and worst criterion
- - J
Step 1 [ Determining the criteria to be evaluated ) i
Step fe Compare the best criterion with other B
(" Creating a survey in a form suitable for 3.2 criteria J
Step 2 & BWM assessment S l
i Step [ Compare other criteria with the worst R
(" Calculation of criterion weights based on ) 3.3 aiierion /
Sep S & expert evaluations 4 , v
L  Step Take the two vectors as inputs in the BWM )
J . 34 and conduct the computations from
. probabilistic perspective 3

Fig. 2 Implementation steps in Bayesian BWM
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INPUT |

| OUTPUT ]

Description of ORA context and selection criteria for OH
experts

Design of expert team

H Expert team consisting of five experts

Filled questionnaire from five OHS experts H

Bayesian BWM implantation

detectability, cost, sensitivity to PPE non-utilization

Weghts of five risk parameters: occurrence, frequency, severity, |

l Filled questionnaire from five OHS experts H

VIKOR implantation

Credal ranking graph for risk parameters I

H Ranking result of each hazard (A total of 53 hazards) I

e Weight values from Bayesian BWM
e Weight values from original BWM

Comparative study

o Result of original BWM + VIKOR implementations
e Result of Bayesian BWM +VIKOR with different ‘v values

Fig. 3 INPUT-PROCESS-OUTPUT demonstration of the holistic approach
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Table 1 Description of experts

participating in the ORA team s Educational Stage g

Expert-1 Mechanical Engineer (OHS expert, Certificate B) Master of Science 40
Expert-2 Textile Engineer (OHS expert, Certificate B) PhD 48
Expert-3 Mechatronic Engineer (OHS expert, Certificate B) Master of Science 37
Expert-4 Production Engineer (Production Line Manager) Master of Science 49
Expert-5 Mechanical Engineer (OHS expert, Certificate A) PhD )
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Table 3 Final risk parameter weights obtained from Bayesian BWM

Risk parameter Weight Rank
Occurrence 0.142 5
Frequency 0.192 3
Severity 0.248 1
Detectability 0.163 1
Cost 0.051 6
Sensitivity to PPE non-utilization 0.203 2
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Might well be expected

3 Quite possible

3 Unusual but possible

1 Only remotely possible

0.5 Conceivable but very unlikely
0.2 Practically impossible

0.1 Virtually impossible
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Detnionot S

0.5

Continuous (Hourly}
Frequent (Daily)
Occasional (Weekly)
Unusnal (Monthly)
Rare (A few per vear)

Very rare (Yearly)

40

Catastrophic (Many fatalities or $107 damage)
Disaster (Few fatalities or $10° damage)

Very serious (Fatality or $10° damage)
Serious (Serious injury or $10° damage)
Important (Disability or $10° damage)

Noticeable (Minor first aid accident or $10% damage)

T —— I ———

Maximum

Absolutely high
Higher than low

Lower than high

Numerical value Definition of «Sensitivity to
PPE non-utilizations

5

4

3

2

1

Absolutely low

0.5 Negligible

Y\

()

Absolutely impossible
Too far

Far

Very low

Low

Moderately
Moderately high

High

Very high

Almost certain

91%-100%

81%-90%

71%-80%

61%-70%

51%-60%

41%-50%

31%-40%

21%-30%

11%-20%

1%-10%
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Hazard Risk parameter Hazard Risk parameter
0 F S D o SNP 0 F S D C SNP
Hazard-1 48 2 8 5 5 28 Hazard-28 1.8 22 18.4 2.8 48 32
Hazard-2 28 18 46 48 34 22 Hazard-29 2 22 11.8 2.2 38 34
Hazard-3 26 12 52 22 2 42 Hazard-30 2 03] 8.6 24 36 34
Hazard-4 17 1 64 24 38 44 Hazard-31 3.6 2.8 13.6 2.4 38 38
Hazard-5 21 I8 35 2 2 4 Hazard-32 1.5 1.2 11.8 3 42 38
Hazard-6 38 22 47 I8 28 4 Hazard-33 3 2 4.6 54 32 22
Hazard-7 34 2 52 22 28 4 Hazard-34 3 26 6.2 48 3 22
Hazard-8 2 28 54 DO WD 28 Hazard-35 4.2 2.8 7 5.6 3 36
Hazard-9 48 48 38 32 54 26 Hazard-36 2.6 1.2 3 5.8 2 1
Hazard-10 22 22 86 44 34 28 Hazard-37 4.2 1.8 3 2.8 32 2.8
Hazard-11 1.8 44 38 44 48 138 Hazard-38 3 1.6 3 %8 26 34
Hazard-12 36 42 46 56 26 1 Hazard-39 1.8 1.4 5.4 34 34 36
Hazard-13 2.6 3.6 6.2 48 3.6 1.4 Hazard-40 14 1.6 54 38 4.8 3.6
Hazard-14 1 1.4 34 6 1.4 1.6 Hazard-41 2.6 24 6.2 1.8 38 34
Hazard-15 2.6 2.6 6.2 3 2.8 2.6 Hazard-42 2.6 1.6 3.8 1.8 2.8 3.8
Hazard-16 09 07 22 62 18 14 Hazard-43 4.2 25 6.2 1.2 36 5
Hazard-17 36 38 3 44 3 24 Hazard-44 1.8 1.6 6.2 1.8 36 38
Hazard-18 18 14 3 329 28 2 Hazard-45 3 1 4.6 2.8 28 34
Hazard-19 26 2 134 38 9 2.6 Hazard-46 1.2 2 35 3.2 46 24
Hazard-20 25 12 86 3 66 34 Hazard47 14 1 7.8 48 38 2.8
Hazard-21 26 2 102 3 38 34 Hazard-48 3 1.6 5.4 3.2 36 3
Hazard-22 18 11 118 24 38 38 Hazard49 3 12 10.2 24 32 36
Hazard-23 3.6 1.8 11.8 2.8 3.6 4 Hazard-50 2.6 1 7 24 3 3
Ol i 5 Sl eolaul L Hazard-24 26 26 7 34 28 44  Hazard-51 38 1.7 35 2.2 5.6 3.6
D (oo dwls bl )l o sae (lulis IS Hazard-25 3 32, 38 3220 28 38 Hazard-52 4.4 09 25 1.2 52 38
. . Hazard-26 18 14 54 42 32 38 Hazard-53 3 1.8 13.4 38 5.8 34
7B Sl odel Sews 4 039 Jpur sl ) Hazard27 32 06 46 56 22 28  Weight 0142  0.192 0248  0.164 0051 0204

00,5 Lol 1, el

Bold inidicates weight values obtained from Bayesian BWM
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[able 5 Results of VIKOR-
specific indexes (S, R & Q)

Hazard S R Q Hazard S R Q
Hazard-1 0.504 0.209 0.416 Hazard-28 0.632 0.183 0.479
Hazard-2 0.668 0.238 0.766 Hazard-29 0.670 0.209 0.645
Hazard-3 0.509 0.164 0.230 Hazard-30 0.678 0.222 0.712
Hazard-4 0.469 0.173 0.213 Hazard-31 0.550 0.202 0.449
Hazard-5 0.585 0.138 0.220 Hazard-32 0.683 0.209 0.664
Hazard-6 0.455 0.144 0.069 Hazard-33 0.634 0.238 0.719
Hazard-7 0.446 0.131 0.000 Hazard-34 0.621 0.232 0.674
Hazard-8 0.695 0.235 0.790 Hazard-35 0.468 0.229 0.448
Hazard-9 0474 0.242 0.511 Hazard-36 0.751 0.245 0.908
Hazard-10 0.638 0.222 0.656 Hazard-37 0.660 0.245 0.783
Hazard-11 0.609 0.242 0.698 Hazard-38 0.688 0.245 0.822
Hazard-12 0.572 0.238 0.633 Hazard-39 0.694 0.235 0.788
Hazard-13 0.625 0.232 0.680 Hazard-40 0.672 0.235 0.759
Hazard-14 0.767 0.243 0.924 Hazard-41 0.675 0.232 0.748
Hazard-15 0.677 0.232 0.751 Hazard-42 0.710 0.242 0.838
Hazard-16 0.807 0.248 1.000 Hazard-43 0.565 0.232 0.597
Hazard-17 0.561 0.245 0.645 Hazard-44 0.722 0.232 0.813
Hazard-18 0.797 0.245 0.973 Hazard-45 0.707 0.238 0.820
Hazard-19 0.647 0.203 0.586 Hazard-46 0.625 0.132 0.255
Hazard-20 0.657 0.222 0.682 Hazard-47 0.708 0.226 0.767
Hazard-21 0.637 0.216 0.628 Hazard-48 0.676 0.235 0.764
Hazard-22 0.700 0.209 0.688 Hazard-49 0.675 0.216 0.679
Hazard-23 0.582 0.209 0.523 Hazard-50 0.744 0.229 0.830
Hazard-24 0.569 0.229 0.587 Hazard-51 0.506 0.141 0.128
Hazard-25 0.577 0.242 0.653 Hazard-52 0.588 0.178 0.397
Hazard-26 0.659 0.235 0.740 Hazard-53 0.573 0.203 0.484
Hazard-27 0.663 0.238 0.759
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Rank
5
3
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4
6
2

Weight
0.149
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Table 6 Risk parameter weights obtained from classical BWM

Sensitivity to PPE non-utilization
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