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ABSTRACT

The European Union's regulations on safety and health at work originate from

the European Framework Directive 89/391 / EEC (Council Directive of 12 June 1989), 

in which the main aim is to introduce preventive measures that will promote awareness 

through specific activities for enhancing the occupational safety and health of 

employees in the workplace, guided by general principles for prevention of the

occupational risks. The Constitution of the Republic of North Macedonia, in particular 

Article 32, paragraph 1 clearly states that "Everyone has the right to work, free choice 

of employment, safety at work and material security during temporary 

unemployment".

The main purpose of the doctoral dissertation research is the creation of a 

reference model for ranking the level of implementation of occupational safety and 

health systems. The purpose of this model is to give the opportunity of benchmarking 

between the legal entities on the occupational safety and health and to enable the 

development of a new approach with the ultimate goal of contribution to reducing 

workplace accidents. The final result, the created model, contribute for reducing the 

lost working time of the legal entity as a result of occupational injuries and increases 

the employee productivity and competitive advantage through continuous 

improvement. The conceptual model is developed on the base of an analysis of existing 

scientific and research literature and OSH legislation in RNM.

risk indicators, divided into 14 groups is developed, with the application of the Delphi 

method and reaching the consensus of 32 experts. Each indicator is defined by a weight 

factor rated by the panel of experts on the base of its impact on reducing the time lost 

by the occupational injuries. In the verification process the model is verified through 

its application in a statistically relevant sample of large companies in manufacturing 

industry, with quantified results for the level of implementation of their occupational 

safety and health systems.

Keywords: occupational safety and health, performance measurement, occupational 

safety and health management systems, occupational injuries
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18001:2007 Occupational health and safety assessment series

OHSAS18001:2007 ISO 14001:2004 ISO 9001:2000

- - 0
0.1
0.2
0.3

0.4

1 1 1
1.1
1.2

2 2 2

3 3 3

4 OH&S 4 4

4.1 4.1 4.1
5.5

5.5.1



- - 38 -

OHSAS18001:2007 ISO 14001:2004 ISO 9001:2000

4.2 4.2 5.1

5.3

8.5.1

4.3 4.3 5.4

4.3.1 4.3.1 5.2

7.2.1

7.2.2

4.3.2 4.3.2 5.2
7.2.1

4.3.3 4.3.3 5.4.1

5.4.2

8.5.1

4.4.1 4.4.1 5.1

5.5.1
5.5.2

6.1

6.3

4.4.2 4.4.2 6.2.1



- - 39 -

2.2.3. ISO 45001

22.000



- - 40 -

•

•

•

2018 

:

-



- - 41 -

14001.

• ;

•

;

• ;

•

;



- - 42 -

•

;

• ;

• ;

•

2.2 ISO 
45001:2018

to improve OHS

management system – master thesis, UKIM Faculty of Mechanical Engineering 

Skopje, Republic of North Macedonia.
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1. 7 88%

2. 6 75%

3. 4 50%

4. 4 50%

5. 3 38%

6. 3 38%

7. 2 25%

8. 2 25%

9. 2 25%

10. 2 25%

11. 1 13%

12. 1 13%

13. 1 13%

14. 1 13%

15. 1 13%

16. 1 13%
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3.6 :

.

Balanced Scorecard
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2.8

2.9

2.10

3.11

3.12

3.13

3.14

1.1

1.2

1.3

1.4

1.5

1.6

1.7

5.18

5.19

5.20

5.21

5.22

6.23

6.24

6.25

6.26

2.
/

3.

1.

5.

6.
,

2.8.2
2.8.1

2.9.1

2.10.1

3.11.1
3.11.2
3.11.3
3.11.4

3.12.1
3.12.2

3.13.1

3.14.1

1.1.1
1.1.2
1.1.3

1.2.1

1.3.1

1.4.1

1.5.1

1.6.1

1.7.1

5.18.1
5.18.2

5.19.1

5.20.1

5.22.1

5.21.1
5.21.2
5.21.3

6.23.1
6.23.2
6.23.3
6.23.4
6.23.5

1.1.4
1.1.5

5.21.4

6.24.1
6.24.2

6.25.1
6.25.2
6.25.3

6.26.1

4.15

4.16

4.17

4. 

4.15.1

4.16.2

4.17.1

4.17.5

4.16.1

4.17.2
4.17.3
4.17.4

3.6
(1)
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7.27

7.28

7.29

7.30

7.31

8.32

8.33

8.34

9.35

9.36

10.37

10.38

10.39

12.43

12.44

12.45

12.46

11.40

11.41

11.42

13.47

13.48

13.49

14.50

7.

8.

9.

10.

11.
,

12.

13.

14.
     

     

8.33.1

8.33.5

8.33.2
8.33.3
8.33.4

8.32.1

12.45.1
12.45.2
12.45.3
12.45.4
12.45.5

8.34.1

9.35.1
9.35.2

9.36.1
9.36.2
9.36.3
9.36.4

10.38.1
10.38.2

10.37.1
10.37.2

10.39.1
10.39.2
10.39.3

11.40.1
11.40.2
11.40.3

11.41.1
11.41.2
11.41.3

11.42.1
11.42.2
11.42.3

12.43.1
12.43.2

12.44.1
12.44.2

12.46.1
12.46.2

13.47.1
13.47.2
13.47.3
13.47.4

13.48.1
13.48.2

13.49.1
13.49.2
13.49.3

14.50.1
14.50.2
14.50.3

7.27.1

7.28.1
7.28.2
7.28.3
7.28.4
7.28.5
7.28.6
7.28.7
7.28.8

7.29.1

7.30.1

7.31.1

3.6
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3.6

6

4 7
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4.

-

,

. 

.

4.1

I.

II.

III.

IV.

V.
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4.1
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3.6

-

. 
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4.1.

,

Sandford 2007, Pill 1971, Veltri 1985, Delbecq et al. 1975, Murphy et al. 1998, Linstone 

-

. 

,
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,

E., 1996)“.
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-

-

,

-

-

Hahn, E. 2000).

- ,

-

-

,

,
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,

,

-

- ,

,

,

,

1990).

,

,
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-

,

, ,

,
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Hasson 

.
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4.1.1.

. 

+

D. L. 1972).“

-

;

;

;

;

;

;

;

;

.
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•

;

•

•

,

et al. 1998);

•

1999);

•

;

•

;

•

;

• .

-
, - ,

, ,

• ,

;

• ;

•

;
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•

.

,

• (Franklin, K.K. and Hart, J.K., 2007),

,

,

•

•

,

,

•

,

•
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• Lang (1995), ,

• ,

,

,

,

„

, ,

“
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,

Ludwig (1994),

,

„

“

(Cunliffe, 2002). 

-

- ,

,

,

•

•
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•

,

,

, -

, 

,

,

Dalkey and Helmer (1963), ,

“. 

,
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,

Thomas 1991).
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4.2.

,

, 4.2

,

,

, 

4.2
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,

-

,
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,

,

,

,

and Ziglio, E., 1996). 

–

,

,

-

-

,

,
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, , „

“ (Adler, M. 
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1.

;

2.

;

3. ;

4.

;

5. ;

6. ;

7.

;

8. ;

9.

;

10.

.

, ,

,

, , , 

, .

,
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?
(

)

„ “

4.3

Habibi, A., Sarafrazi, A. and Izadyar, S., 2014. Delphi technique theoretical 
framework in qualitative research. The International Journal of Engineering and Science, 

3(4), pp.8-13.

4.3
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,

,

(2004),

-driven sampling“,

,

-

4.4.
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?
( )

4.4
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,

,
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64

 

4.2.1.

,

. 

,
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• ;

•
.

(1975)

; ;

;

;

,

,

Rogers Lopez (2002),
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5

;

;

,

,
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(Martino 

1993). ,

,

1. -

2. -

3. -

,

,

Ludwig (1994), „

“.
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,

, 
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,

,

,

,

80
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,

,

,

,

(Malone, D.C., et al., 2004.), 

(Kelly, K.P. et al. 2005. and 

Meadows, A.B., et al. 2005).

Delbecq (1975),

,

. Delbecq (1975),

,

,
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,

, 

,

:

1.

;

2. ;

3.
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,

,

.

4.1.

4.1

1.

ECTS)

2.
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3.

4.

5.
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7.

8.
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5.

,

,

,

.
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,

,

,

. 

,

,

, ,

,

5.1

, ,

,

,

,

,
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.

5.1

1.

1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

1.7.

2.

2.8.

2.9.

2.10.

3.

3.11.

3.12.

3.13.

3.14.

4

4.15.

4.16.

4.17.

5
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5.18.

5.19.

5.20.

5.21.

5.22.

6

6.23.

6.24.

6.25.

6.26.

7

7.27.

7.28.

7.29.

7.30.

7.31.

8

8.32.
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8.33.

8.34.

9

9.35.

9.36.

10

10.37.

10.38.

10.39.

11

11.40.

11.41.

11.42.

12

12.43.

12.44.

12.45.

12.46.

13

13.47.

13.48.

13.49.

14

14.50.
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5.1.

,

,

,

,

1.

2.

3.

4. –

5.

6.

1.

;

;

);
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;

;

.

2.

:

;

;

.

:

;

;

–

;

.

;

;

;

.
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.

5.1.1.
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4.1

-

.  

–

.

5.1

0 20 40 60 80 100

41

56

86
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,

( 5.1)

,

,

,

,

,
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5.1.2.

,

,

,

,

,

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.



- - 174 -

. 

,

,

. 

,

– .

,

- ,

,

, -3, -2, -1, 

,

. 
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,

,

,

- , 

, ,

,

,

0 -

1 -

2 -

3 -

4 -

5 -

-

,

(

5.2
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5.2

10.

10.37.

10.37.1.

10.37.2.

10.38.

10.38.1.

10.38.2.

10.39.

10.39.1.

10.39.2.

10.39.3.



- - 177 -

,

,

,

,

, ,

,

,

. ,
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= =    
             [5.1]

5.2 -

-

-

-

i

Qi = P25 . i

i - i) -
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5.2

ormal distributions normal?. The British Journal for the 

Philosophy of Science, 65(3), pp.621-649.

=  ,         12     ,      4  
=  ,         

    ,      4                            [5.2]

= 3 13 + 1 
                          [5.3]
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[0, 1]. 5.3,   
5.3

-

poduzetnike. Golden mark

0,0 – 0,1 0,1 – 0,2 0,2 – 0,3 0,3 – 0,5 0,5 – 1,0

=  × 100 [%]                                                                                                                                             [5. 4]
5.4

- poduzetnike. 

Golden mark

[%] 0 – 10 10 – 30 30 – 50 50 – 70
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5.4.

5.5

5.5

Q1 Q3 [%]
1.1. 3 4 0,14 29%

1.2. 3 5 0,25 31%

1.3. 3 5 0,25 21%

1.4. 3 5 0,25 22%

1.5. 3 4,25 0,17 34%

1.6. 3 4,25 0,17 29%

1.7. 4 5 0,11 18%

2.8. 3 4,25 0,17 27%

2.9. 4 5 0,11 16%

2.10. 2 4 0,33 33%

3.11. 4 5 0,11 18%

3.12. 4 5 0,11 19%

3.13. 4 5 0,11 18%

3.14. 3 4 0,14 21%

4.15. 3 5 0,25 24%
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Q1 Q3 [%]
4.16. 3 5 0,25 23%

4.17. 3 5 0,25 21%

5.18. 3 4 0,14 37%

5.19. 3 5 0,25 29%

5.20. 3,75 5 0,14 21%

5.21. 3,75 5 0,14 24%

5.22. 3 4 0,14 22%

6.23. 3 5 0,25 25%

6.24. 3 4,25 0,17 27%

6.25. 3 5 0,25 24%

6.26. 3 4 0,14 36%

7.27. 3 5 0,25 26%

7.28. 3 5 0,25 22%

7.29. 3,75 5 0,14 20%

7.30. 3 5 0,25 29%

7.31. 3 5 0,25 22%

8.32. 3 5 0,25 21%

8.33. 3 4,25 0,17 20%

8.34. 3 4 0,14 22%

9.35. 3 4 0,14 21%

9.36. 3 5 0,25 19%

10.37. 4 5 0,11 21%

10.38. 4 5 0,11 17%

10.39. 4 5 0,11 18%

11.40. 3 4 0,14 25%

11.41. 3 4 0,14 22%

11.42. 3 4 0,14 25%

12.43. 3 5 0,25 25%

12.44. 3,75 5 0,14 22%

12.45. 3 4,25 0,17 26%

12.46. 4 5 0,11 21%



- - 183 -

Q1 Q3 [%]
13.47. 3 5 0,25 22%

13.48. 3 4 0,14 27%

13.49. 3 4,25 0,17 25%

14.50. 3 4 0,14 20%= 0,18 = 24%

= 0,18.

5.3

= 24%

5.4

.

5.1.3.

,
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,

. 

„ “

(Ludwig,

,

,

1997).

,

- ,

,

,

,

, ,

,

,

,
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– .

. 

, “ ,

, .

,

,

, ,

,

, ,

,
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Rowe 

, ,

. 

,

,

,

, :

5.6.

5.6

Q1 Q3 [%]
1.1. 3 4 0,14 17%

1.2. 4 4 0,00 13%

1.3. 4 4,5 0,06 15%

1.4. 4 4,5 0,06 12%

1.5. 4 4,5 0,06 15%

1.6. 4 4 0,00 13%

1.7. 4 5 0,11 12%

2.8. 4 5 0,11 19%

2.9. 4 5 0,11 11%
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Q1 Q3 [%]
2.10. 3 3 0,00 28%

3.11. 5 5 0,00 12%

3.12. 4 5 0,11 13%

3.13. 4 4,5 0,06 12%

3.14. 4 4 0,00 14%

4.15. 4 4 0,00 10%

4.16. 4 4,5 0,06 13%

4.17. 4 5 0,11 15%

5.18. 3 4 0,14 19%

5.19. 4 4 0,00 16%

5.20. 4 4,5 0,06 10%

5.21. 4 5 0,11 12%

5.22. 4 4 0,00 16%

6.23. 4 4,5 0,06 14%

6.24. 4 4,5 0,06 14%

6.25. 4 5 0,11 17%

6.26. 4 4 0,00 15%

7.27. 4 5 0,11 19%

7.28. 4,5 5 0,05 13%

7.29. 4 5 0,11 14%

7.30. 4 4 0,00 15%

7.31. 4 4 0,00 13%

8.32. 4 4 0,00 15%

8.33. 4 4 0,00 14%

8.34. 4 4 0,00 13%

9.35. 4 4 0,00 10%

9.36. 4 5 0,11 15%

10.37. 5 5 0,00 12%

10.38. 5 5 0,00 9%

10.39. 4 5 0,11 12%

11.40. 3,5 4 0,07 17%
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Q1 Q3 [%]
11.41. 4 4 0,00 15%

11.42. 4 4 0,00 16%

12.43. 4 4 0,00 11%

12.44. 4 5 0,11 12%

12.45. 4 4,5 0,06 16%

12.46. 4 4,5 0,06 12%

13.47. 4 4 0,00 15%

13.48. 3 4 0,14 17%

13.49. 3 4 0,14 16%

14.50. 3,5 4 0,07 14%= 0,05 = 14%

5.3

 = 0,05 5.6

(Lyon, A., 2013),

,

,

, 32 ,

= 14%

5.4,
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5.2.

5.3

,

,

,

5.3,

,

,

,

,

,
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4.15

4.16

4.17

2.8

2.9

2.10

3.11

3.12

3.13

3.14

1.1

1.2

1.3

1.4

1.5

1.6

1.7

5.18

5.19

5.20

5.21

5.22

6.23

6.24

6.25

6.26

7.27

7.28

7.29

7.30

7.31

8.32

8.33

8.34

9.35

9.36

10.37

10.38

10.39

12.43

12.44

12.45

12.46

11.40

11.41

11.42

13.47

13.48

13.49

14.50

4. 

2.
/

3.

1.

5.

6.
,

7.

8.

9.

10.

11.
,

12.

13.

14.
     

     

2,06
2,25
2,45

2,52
2,43
2,36

1,94
1,72
1,99
1,40

1,17
1,09
1,08
1,00
1,07
1,06
1,06

1,22
1,42
1,50
1,54
1,35

1,84
1,81
1,81
1,69

1,54
1,61
1,54
1,43
1,44

2,32
2,39
2,28

3,64
3,77

2,69
2,78
2,67

2,19
2,36
2,19

1,84
1,89
1,76
1,87

2,32
2,01
2,10

6,56

54-60

61 - 75

76-90

91 - 100

100
6,76

7,31

7,04

7,53

7,02

7,14

7,56

6,98

7,42

8,14

6,74

7,35

6,43

6,56

5.3
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,

,

,

,

,

,

,

:
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(Walters, D. and Wadsworth, E., 2016).

,

,

,

,

,

,

,

, ,

,

,

, ,

,
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,

,

.

-

,

5.7

5.7

1 7,53

1.1. 1,17

1.2. 1,09

1.3. 1,08

1.4. 1,00

1.5. 1,07

1.6. 1,06

1.7. 1,06
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2 7,31

2.8. 2,52

2.9. 2,43

2.10. 2,36

3 7,04

3.11. 1,94

3.12. 1,72

3.13. 1,99

3.14. 1,40

4 6,76

4.15. 2,06

4.16. 2,25

4.17. 2,45

5 7,03

   5.18 1,22

5.19 1,42

5.20 1,50

5.21 1,54

5.22 1,35

6 7,14
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6.23. 1,84

6.24. 1,81

6.25. 1,81

6.26. 1,69

7 7,56

7.27. 1,54

7.28. 1,61

7.29. 1,54

7.30. 1,43

7.31. 1,44

8 6,98

8.32. 2,32

8.33. 2,39

8.34. 2,28

9 7,42
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9.35. 3,64

9.36. 3,77

10 8,14

10.37. 2,69

10.38. 2,78

10.39. 2,67

11 6,74

11.40. 2,19

11.41. 2,36

11.42. 2,19

12 7,35

12.43. 1,84

12.44.
„NEAR MISS“ 

1,89

12.45. 1,76

12.46. 1,87

13 6,43

13.47. 2,32

13.48. 2,01

13.49. 2,10

14 6,56

14.50. 6,56

100,00
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,

,

,

, 

. 

, ,

,

54 - –

61 - –

76- – 0

91 - -

5.7

,

.
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6.

,

,

,

,

. 

,

Andreevski, I., 2008).

,

. 
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,

, . 

, ,

,

,

,

,

,

,

, R2, 

,

Lost time injury
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– 1990,

Lost time injury frequency rates 

,

OSHA,

Lost Workday Rate (

Dart Rate. LTI 

,

,

•

• ,

LTIFR ,

.

=              × 1.000.000 
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,

.

.

,

LTIFR. ,

,

6.1 .
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6.1 LTIFR 

www.shshandlingsolutions.com

Occupational Health and Safety Agency

,

- -

0,62

0,81

1,40

1,60

1,63

2,08

2,18

2,27

2,43

2,49

2,60

2,73

3,08

4,30

0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0

…

…

…

…

…

…

…
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.

LTIFR,

,

, .

,

.

d0

t v

t dt = d0 + vt

(Montgomery, D.C. 

and Runger, G.C., 2014).



- - 205 -

y x

y x)

y

x

x y
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( , ) 

Y x X

                                       ( | ) = + .                                                       [6.1]      
Y

x Y

Y,  :
                                                = + + .                                                               [6.2]

Y

Y

x  
Y.

n–( , ), ( , ), … , ( , ). 6.2
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–1855),  

( 6.2.).

6.2

                                                            = + + ,        i=1,2,…,n,                            

:

                                               = = ( ) .                                

, . 
L

= 2 ( ) = 0,

  = 2 ( ) = 0.
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:    = ,           
[6.3]                 

                                     = ( ) .                          [6.4]

                                                                    = + .

:          = + + ,           i=1,2,…,n,=
i- .

[6.4]

                                                         = ( ) = ( )                   

                                               = ( )( ) ( ) .        

= . 

                                                  = = ( ) ,= = ( ) = .                        

   = .

p –

p –
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, 

. 

: = 0: 0 ( | ) = +
Y e X X

Y

X Y.

X Y. 

Y x

X.  X :                                                                     = + ,                                                      [6.5]

. = 5

. . 
: =

: = = 1 + 1 + ( )
. , 

:

2(0, )N



- - 210 -

1 + 1 + ( )
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13.47.2.
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