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EVALUATION OF SECTORS IN CONTEXT OF RISKS CAUSED 
BY OCCUPATIONAL ACCIDENTS WITH FUZZY MULTI-

CRITERIA DECISION-MAKING METHODS 

ABSTRACT 

Unfortunately, occupational accidents encountered in production and service 

processes that started with the industrial revolution and continue until today cannot be 

completely prevented. When the causes of occupational accidents are examined, it is 

seen that the causes arising from environmental conditions and employees have a 

significant place in the total occupational accidents. This shows that, in fact, many 

work accidents can be eliminated or at least their effects can be minimized with simple 

precautions to be taken or rules to be followed. However, when we look at the 

occupational accidents that have occurred in recent years and have caused many people 

to die, it has been determined that the occupational accidents in question differ from 

sector to sector. For this reason, one of the main starting points of this study is the 

question of whether occupational accident risks, which cause outputs that may result 

in serious death or injury in some sectors, pose the same level of danger in another 

sector. Within the scope of this thesis study, firstly the concept of work accident and 

the causes of work accident were discussed, and then the risk factors causing work 

accidents were revealed in the direction of comprehensive literature review and expert 

opinions. After the identification of these risk factors, the distribution of occupational 

accidents in Turkey according to sectors was examined and it was decided which 

sectors to focus on. In the last part, which aims to evaluate the effects and results of 

the determined occupational accident risks on the basis of sectors, an evaluation was 

made by making use of Fuzzy Multi-Criteria Decision Making methods, which allows 

to analyze the effects of more than one risk factor. When the outputs are examined, it 

has been determined that the construction sector is the sector most affected by the risks 

that cause work accidents in the context of the selected sectors, followed by the metal 

/ manufacturing and mining sectors, respectively. 

Keywords: Work Accident, Occupational Health and Safety, Multi Criteria Decision 

Making, Fuzzy AHP, Fuzzy TOPSIS 
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 [1]. 

 

beraberinde 

teknolojiye,  makinelere ve hammaddeye  insana 

isteyen tkilemektedir. 

beraberinde getirmektedir [2].  

 

bedensel, ruhsal, sosyal iyilik 

n  [3].  



2

 
 

[4].  

-sistem nedenli 

kazalar [5].  

 

[6]. 

 [7]. 

 Yetersiz koruyucu (ekipman, platform)  

  

  

  

  

  

  

  

  

  

  

  

 

 

lebilir [7]. 

  

  



3

 
 

 

getirmek 

  

  

 anmak 

  

  

  

  

 [6].  

1.1

[8].  

 etmektedir. 

 [8]. 

 

 



4

 
 

ki 

 [9].  

 Tablo 1.1  2020 

alan SGK verilerinden 

durum . 

Tablo 1.1    [8]. 

 
 

Erkek  Toplam 

01-
faaliyetleri 154 0 154 

02-  13 0 13 

03-  6 0 6 

04-  21 0 21 

05-  13 0 13 

06-  32 0 32 

07-  17 3 20 

08-  14 3 17 

09-  10 0 10 

10-  14 0 14 

11-  13 1 14 

12-  33 0 33 

13-Ana metal sanayii 32 0 32 

14-  29 0 29 

15-  10 3 13 

16-  25 0 25 

17-  7 0 7 

18-  19 0 19 



5

 
 

19-  198 0 198 

20-  98 0 98 

21-  209 0 209 

22-  22 0 22 

23-  34 1 35 

24-  50 0 50 

25-  27 5 32 

Toplam  1.100 16 1.116 

b

 

 

1 Pareto analizi 

 mevcut durumun ortaya 

sonra da bu alan  

tez 



6

 
 

 hem subjektif hem objektif veriler sentezlenerek uzman 

mevcut 

 

 

 birlikte 3 fark  

 

riterli Karar V  

Bunlar dir.  

 

 

in gen

yer 

 

ise ile birlikte ileride 

 



7

 
 

 , uzman karar verici  

B ok Kriterli Karar Verme 

 

  

 

 

  



8

 
 

2 

TARAMASI 

 

. 

 

 

[4] 

-

 

[10] -

n sonucunda elde ettikleri verileri 

kaza 

nde meydana gelen 

 k 

  al  

[11] -

 . 

sonucunda, imalat sistemlerindeki kazalara 



9

 
 

 

 Daha sonra 

 

 

[12] 

i; 

 ise 

  

[13] 

 

  

[2] 

 

 

 

r. -
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[14] 

rak 

.  sistemin, 

 risklerini 

(FCM) ve MOORA   

.  ve risk 

. Daha sonra karar matris

 daki klasik 

 

[15] 

en kazalar

ni 

, istatistiki verilerin 

ve 

 

[16] 2004-  meydana gelen ve 

nda yer alan 

 lerdir. Daha sonra 

tersanelerdeki 

 d

; 

maruz kalma,  
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sonucunda  tersanelerinde meydana gelen  

sonucunda   

 

[17] 

0-

r.  -

say  

k  . 

[18] Portekizde 

bulunan 

yolu . 

 vak

teknesinde  

[19] m

 

 

Veri toplama tekni
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[20] e  imalat  meydana gel

 

-

kiyi incelemeyi 

Analizler sonucunda  

nin 

meydana 

gel ile bu 

riskin 

 

[21]  

alanma nedenlerini . 

olarak anket 

 olarak belirlenirken

  (>%60) 

.  

[22] 

FEAHP  

lerdir. ise 

 

[23] ikeleri 



13

 
 

 Elde 

 

[24] -2014 

lerdir. 

 

 

[25] 

-

Finlandiya, Polonya, 

 

[26] 

 

nket, 



14
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NEDENLER  

 

Tablo 3.1 de 

 

Tablo 3.1  [5] 

    Madencilik  
2013  24%  16%  11%  7%  
2014  23%  17%  7%  21%  
2015  25%  23%  14%  4%  
2016  22%  20%  13%  4%  
2017  23%  19%  13%  5%  
2018  23%  24%  12%  3%  
2019  24%  13%  14%  3%  

 .  

  

ilerin en tehlikeli ve 

 



16

 
 

ir. 

3-  

 

  [27]. 

 

3.1.2. Metal   

Demir- 

 demir- 

 az 

 da 

k, bilgisayar 



17

 
 

ilgilidir

[28]. 

 

 

3.1.3. Madencilik  

te

 

 

makinelerin periyo
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[29]. 

 

lme

ta

 

e Nedenleri 

 3 ana kategoride ele 

 

rden ve uzman 

[12], [30] [32]. 

den  

 

 



19

 
 

 : 

-

bir yer tutmaktad

 

: 

etkinlikle

irilirler.  

: 

ge

 

: 

 nedenle 

 

 : 
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ndan  Nedenler 

rda hem 

kayn [31];  

D  Malzeme K : 

risk boyutu analiz edilecektir.  

: 

 

 

 

 

Ekipm  : 

  

: 
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Personelden  

[27];  

oyutu 

 

: 

 

: 

 

: 



22

 
 

m 

 

: 

konusu kriter 

 

 

 

Tablo 3.2  

Ana 

Kriter 

Alt Kriter Alt 

Kriter 

Kodu 

Alternatif 

1 

(A1) 

Alternatif 

2 

(A2) 

Alternatif 

3 

(A3) 

d
en

 
 (

Y
) 

 

 

Y1 

 

 

 

Takip Sisteminin 

 

Y2 

Etkin Denetimin 

 

Y3 
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Y4 

 

Y5 

 N
ed

en
le

r 
 Malzeme  

 

 

 

 

 

 

Makine Koruyu 

 

 

 
 

(P
) 

 

 

Sorumluluk Bilinci 
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Yetersiz Mesleki 

 

 

 



25

 
 

 

MATERYAL VE       

Analitik 

son olarak da alternatiflerin 

4.1  tedir.  

problemin 

 

 

Daha sonra ise 

 

 



26

1



27

 
 

 [33]. Birden fazla 

 

edilebile   

 [34]. Bu 

AHP  

 

[35]. :  

Karar Verici:  ve mevcuttaki 

. 

Karar vericinin ula  

Alternatifler: 

vericilerce ar  
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Kriterler:  

 

 Nerdeyse mi ile 

 

t karar vericiler ta

 

alternatifin bir 

[36]. 

4.1  

 [37]. 

 

 

2  



29

 
 

4.2  

   

 [38]: 

       (17) 

 

4.3  (  

An i 

 belirsizlik ve 

ma

 

Analitik Hiyerar tir. Keskin de

[39].  

4.3.1  

( ,  , ,  ,  

[40]. 

                                                                        (4.1) 

konusu d
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 . 

Tablo 4.1  [41] 

Net 

 

 

  

1  (E) (1,1,1) (1/1,1/1,1/1) 

3   (1,3,5) (1/5,1/3,1/1) 

5   (3,5,7) (1/7,1/5,1/3) 

7   (5,7,9) (1/9,1/7,1/5) 

9   (7,9,9) (1/9,1/9,1/7) 

2 

 

  

(1,2,3) (1/3,1/2,1/1) 

4 (3,4,5) (1/5,1/4,1/3) 

6 (5,6,7) (1/7,1/6,1/5) 

8 (7,8,9) (1/9,1/8,1/7) 

 

4.3.2 Y  kullanan Buckley (1985)  

 

1. : Dilsel 

riter ve alt kriterlerin 

 belirlen  turulur ve  

 r [6]. 

                 (4.2) 

2.  

                    (4.3) 

3.  . 
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                 (4.4) 

4.  

               (4.5) 

5.    

             (4.6) 

6. M = (l,w,u  4.7  ki gibi 

 

                                 (4.7) 

7.  d    edilen 

4.18  

                   (4.8) 

4.5   

 

hem nitel hem d

[42]. 

 

: N tane uzman karar vericiden  

ler  ve 

iterler  
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Kriterlerin  Tablo 4.2

 

Tablo 4.2  [43] 

Dilsel 

 

  

1   (0,1,2) 

2  (D) (1,2,3) 

3  (OD) (2,3.5,5) 

4 Orta (O) (4,5,6) 

5  (BY) (5,6.5,8) 

6  (Y) (7,8,9) 

7   (8,9,10) 

 

 N tane karar ;  

 : K   

 : Kriter  

                       (4.9) 

                                   (4.10) 

 ,  ) 

,   

 

                         (4.11) 

 

Burada    dilsel ifadelerdir.  = (  ,  ,  )   = ( 1, 2, 3  
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5. matrisi normalize edilir. Normalize karar matrisi       ile 

lir.  

                          (4.12) 

                          (4.13) 

 

 

 

                                  (4.14)  

 =                                                                (4.15) 

 

  

(FPIS,              

           

                         (4.16) 

 

                           (4.17) 

 

 Her bir alternatifin F i= m olmak 

  

v  

                         (4.18) 

 

                            (4.19) 

 

  

 i m  
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                           (4.20) 

 

  



35

 
 

 

UYGULAMA 

alternatiflerin belirlenmesidir. 

 

 

 

S
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 d  

    

 Tablo 5.1  

 
Nedenler (Y) 

Nedenler (IE) 
Nedenler ( ) 

Nedenler (Y) 
E   

 
 E  

K
 

  E 

 

 Tablo 5.2  

 
Nedenler (Y) 

Nedenler (IE) 
 

Nedenler (Y) 
(1,1,1) (1/5,1/3,1/1) (1/7,1/5,1/3) 

(IE) 
(1,3,5) (1,1,1) (1/7,1/5,1/3) 

 
(3,5,7) (3,5,7) (1,1,1) 

 

3
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Tablo 5.3  
 

  ri  

Nedenler (Y) 
0,305 0,405 0,693 

(IE) 
0,522 0,843 1,185 

 
2,08 2,924 3,659 

Toplam  2,908 4,172 5,538 

-1. Kuvveti 0,344 0,240 0,181 

Artan Kuvvet 
 

0,181 0,240 0,344 

 

 te 
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Tablo 5.4   

  wi  

Nedenler (Y) 
0,052 0,097 0,238 

Nedenler 
(IE) 

0,094 0,202 0,407 

 
0,375 0,700 1,258 

 

 
  ve Tablo  

 

 

 

 

 

 

Tablo 5.5   

 Mi Ni 

Nedenler (Y) 
0,130 0,114 

 
0,234 0,205 

 
0,778 0,681 
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Tablo 5.6  

  Y1 Y2 Y3 Y4 Y5 

Y1 (1,1,1) (1/5, 1/3, 1/1) (1/9, 1/7, 1/5) (1/7, 1/5, 1/3) (1/7, 1/5, 1/3) 

Y2   (1,1,1) (1/7, 1/6, 1/5) (1/5, 1/3, 1/1) (1/5, 1/4, 1/3) 

Y3     (1,1,1) (3, 5, 7) (1, 3, 5) 

Y4       (1,1,1) (1/7, 1/5, 1/3) 

Y5         (1,1,1) 
 

inin 

 ve Tablo 5.7 e  
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Tablo 5.7 
 

  ri  

Y1 0,214 0,286 0,467 

Y2 0,356 0,530 0,803 

Y3 2,371 3,630 4,663 

Y4 0,572 0,903 1,312 

Y5 1,401 2,016 3,005 

Toplam 4,915 7,364 10,250 

-1. Kuvveti 0,203 0,136 0,098 

 0,098 0,136 0,203 

 

Alt Kriterl  ve Tablo 

5.8   

 

 

 

 

  

 

Tablo 5.8 a  

  wi  

Y1 0,021 0,039 0,095 

Y2 0,035 0,072 0,163 

Y3 0,231 0,493 0,949 

Y4 0,056 0,123 0,267 

Y5 0,137 0,274 0,611 
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Alt Kriterlerin durul

5.9 da  

 

  

  

  

  

  

 

Tablo 5.9 
 

 Mi Ni 

Y1 0,052 0,043 

Y2 0,090 0,076 

Y3 0,558 0,469 

Y4 0,148 0,125 

Y5 0,341 0,287 

 

  Tablo 
.  

Tablo 5.10   

  E1 E2 E3 E4 
E1 (1,1,1) (1, 2, 3) (1/5, 1/3, 1/1) (3, 5, 7) 
E2   (1,1,1) (1/7, 1/5, 1/3) (1, 3, 5) 
E3    (1,1,1) (7, 8, 9) 
E4       (1,1,1) 

 

kili inin 

 ve Tablo 5.11 e  
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Tablo 5.11  
 

  ri  

E1 0,880 1,351 2,141 

E2 0,467 0,740 1,136 

E3 2,141 3,310 4,213 

E4 0,237 0,302 0,467 

Toplam 3,725 5,703 7,957 

-1. Kuvveti 0,268 0,175 0,126 

 0,126 0,175 0,268 

 

Alt Kriterl  ve Tablo 

5.12   
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Tablo 5.12   

  wi  

E1 0,111 0,237 0,575 

E2 0,059 0,130 0,305 

E3 0,269 0,580 1,131 

E4 0,030 0,053 0,125 

 

Alt Kriterlerin durul

5.13  

 

  

  

  

  

 

Tablo 5.13   

 Mi Ni 

E1 0,307 0,256 

E2 0,164 0,137 

E3 0,660 0,549 

E4 0,069 0,058 
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Tablo 

 

Tablo 5.14   

  1 2 3 4 5 

1 (1,1,1) (3, 5, 7) (1, 3, 5) (5, 7, 9) (1/5, 1/3, 1/1) 

2   (1,1,1) (1/5, 1/3, 1) (1, 3, 5) (1/7, 1/5, 1/3) 

3     (1,1,1) (1, 3, 5) (1/5, 1/3, 1/1) 

4       (1,1,1) (1/9, 1/9, 1/7) 

5         (1,1,1) 

 

inin 

 ve Tablo 5.15 e  
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Tablo 5.15  
 

  ri  

1 1,246 2,036 3,160 

2 0,333 0,525 0,889 

3 0,525 1,000 1,904 

4 0,218 0,281 0,491 

5 1,838 3,323 4,360 

Toplam 4,160 7,166 10,803 

-1. Kuvveti 0,240 0,140 0,093 

 0,093 0,140 0,240 

 

Alt Kriterl  ve Tablo 

5.16 a  

 

 

 

 

  

 

Tablo 5.16   

  wi  

1 0,115 0,284 0,760 

2 0,031 0,073 0,214 

3 0,049 0,140 0,458 

4 0,020 0,039 0,118 

5 0,170 0,464 1,048 
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Alt Kriterlerin durul

5.17  

 

  

  

  

  

  

 

Tablo 5.17  
 

 Mi Ni 

1 0,386 0,291 

2 0,106 0,080 

3 0,215 0,162 

4 0,059 0,045 

5 0,561 0,422 

  

Alt kriterleri

D 18 e 

 

 

                                                                   (5.1)          
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Tablo 5.18 a ait sonuc tablosu  

Ana 

Kriterler 

 Alt 

Kriterler 

Yerel 

A  

Global 

A  

 

Y 0,114 

Y1 0,043 0,005 14 

Y2 0,076 0,009 13 

Y3 0,469 0,053 6 

Y4 0,125 0,014 11 

Y5 0,287 0,033 8 

E 0,205 

E1 0,256 0,053 7 

E2 0,137 0,028 10 

E3 0,549 0,113 3 

E4 0,058 0,012 12 

 0,681 

1 0,291 0,198 2 

2 0,080 0,054 5 

3 0,162 0,110 4 

4 0,045 0,030 9 

5 0,422 0,288 1 

 

1  
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1  

 

 

 

  

yer alan dilsel  verileri kullan arak her bir 

alternatif ,  kriterlere dilsel olarak derecelendirilerek Tablo 

5.19   Tablo 5.20 e 

. uzman 3 karar vericinin dilsel olarak ifade ettikleri 

olarak Tablo 5.21   

0,000 0,050 0,100 0,150 0,200 0,250 0,300 0,350

Y1

Y2

Y3

Y4

Y5

E1

E2

E3

E4

Y1 Y2 Y3 Y4 Y5 E1 E2 E3 E4
Seri1 0,005 0,009 0,053 0,014 0,033 0,053 0,028 0,113 0,012 0,198 0,054 0,110 0,030 0,288
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Denklem 4.1

 

 

 

 

 

22  

Tablo 5.22  

 
A1 A2 A3 

lr1 mr1 ur1 lr2 mr2 ur2 lr3 mr3 ur3 

Y1 0,027 0,110 0,192 0,411 0,493 0,576 0,630 0,713 0,795 

Y2 0,593 0,696 0,800 0,296 0,400 0,504 0,119 0,222 0,326 

Y3 0,056 0,140 0,224 0,560 0,658 0,756 0,392 0,504 0,616 

Y4 0,483 0,559 0,635 0,178 0,267 0,356 0,508 0,597 0,686 

Y5 0,271 0,376 0,482 0,662 0,752 0,843 0,060 0,150 0,241 

E1 0,128 0,205 0,281 0,562 0,639 0,716 0,486 0,562 0,639 

E2 0,057 0,142 0,228 0,569 0,669 0,769 0,399 0,498 0,598 

E3 0,361 0,458 0,555 0,471 0,569 0,666 0,250 0,374 0,499 

E4 0,339 0,423 0,508 0,508 0,621 0,734 0,226 0,339 0,451 

1 0,512 0,602 0,691 0,128 0,205 0,282 0,486 0,576 0,666 
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2 0,339 0,423 0,508 0,508 0,621 0,734 0,226 0,339 0,451 

3 0,512 0,602 0,691 0,128 0,205 0,282 0,486 0,576 0,666 

4 0,564 0,663 0,762 0,282 0,381 0,480 0,169 0,296 0,423 

5 0,333 0,422 0,512 0,435 0,525 0,614 0,230 0,346 0,461 

 

  Tablo 

5.23 d 15 ile 
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Tablo 5.23   

 A1 A2 A3 

w w w 

Y1 0,000 0,000 0,004 0,000 0,001 0,013 0,000 0,002 0,018 

Y2 0,001 0,004 0,031 0,000 0,002 0,019 0,000 0,001 0,012 

Y3 0,000 0,006 0,050 0,007 0,031 0,170 0,005 0,024 0,139 

Y4 0,001 0,006 0,040 0,000 0,003 0,022 0,001 0,007 0,043 

Y5 0,002 0,010 0,070 0,005 0,020 0,122 0,000 0,004 0,035 

E1 0,001 0,009 0,065 0,005 0,030 0,167 0,005 0,027 0,150 

E2 0,000 0,003 0,028 0,003 0,017 0,095 0,002 0,013 0,074 

E3 0,009 0,053 0,255 0,012 0,066 0,307 0,006 0,044 0,230 

E4 0,000 0,004 0,026 0,001 0,006 0,037 0,000 0,003 0,023 

1 0,022 0,119 0,660 0,005 0,040 0,269 0,021 0,114 0,636 

2 0,003 0,021 0,136 0,006 0,032 0,197 0,002 0,017 0,121 

3 0,009 0,059 0,398 0,002 0,020 0,162 0,009 0,056 0,383 

4 0,006 0,034 0,205 0,003 0,019 0,129 0,002 0,015 0,113 

5 0,006 0,041 0,294 0,008 0,051 0,353 0,004 0,033 0,265 

 

Denklem 4.18 +), ve Denklem 4.19 

5.24 ve 

Tablo 5.25  
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Tablo 5.24  

  

 

Tablo 5.25 Negatif  

  

 

 

4.18 ve Denklem 4.1  

Denklem 4.20  Tablo 5.24 de .  

 

  

  

0,293  
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Tablo 5.24

A1 A2 A3

D+ 0,1841 0,3082 0,2376

D- 0,2937 0,2263 0,2856

CCI 0,6146 0,4234 0,5459

2 + ve D-

2

makine / imala

etmektedir. 

0,1841

0,3082

0,2376
0,2937

0,2263

0,2856

0,6146

0,4234

0,5459

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

F1 F2 F3

D+ D- CCI
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 6 

 

edilmesiydi. 

 

sonucunda ana krit

 

, 

 

unda elde edilen 
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makine/imalat, maden) belirlenen 

 

. Ancak bizim 

 Makine/  Madencilik olarak  

 

 

 

istatistik

 

alizleri ile 

kar
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