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Abstract

In addition to being an important social problem, occupational accidents also cause significant economic losses
for businesses. Around 4% of the total economic resources in the world are lost due to work accidents and
occupational diseases. The proposed method aims to determine the risk priorities of the departments with the
TOPSIS method by using the "Risk Potential”, "Accident Frequency Rate", "Accident Severity Rate" and "Average
Cost Per Occupational Accident” parameters. In this direction, the proposed method creates a risk map according
to the period covered by the department activities in the total workflow. Since expert decisions are effective in the
evaluation of the "Risk Potential" parameter, a fuzzy approach was preferred in order to minimize subjectivity.
Other methods applied are computationally independent of expert judgments. A sample application was carried
out with the proposed method and the steps of the method were tested in practice. There is no analysis method in
the literature that focuses on the economic effects of occupational accidents on businesses by focusing on the
occurrence of accidents and the costs that will occur after the accident. In this direction, it is thought that the
proposed model will fill an important gap in the literature.
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Oz

Is kazalari 6nemli bir toplumsal sorun olmasimin yani sira isletmeler icin énemli ekonomik kayiplara da neden
olmaktadur. Is kazalarimn tazmini icin Sosyal Giivenlik Kurumu ve dolayisiyla iilke ekonomisi énemli maliyetlerle
karst karsiya kalmaktadir. Diinyadaki toplam ekonomik kaynaklarin yaklasik %4' i iy kazalart ve meslek
hastaliklar: nedeniyle kaybolmaktadir. Onerilen yéntem, “Risk Potansiyeli”, “Kaza Siklik Oram”, “Kaza Agirlik
Orani” ve “Is Kazasi Basina Ortalama Maliyet” parametrelerini kullanarak béliimlerin risk onceliklerini TOPSIS
yontemi ile belirlemeyi amaglamaktadir. Bu dogrultuda énerilen yontem, departman faaliyetlerinin toplam is akisi
icerisinde kapsadigi alana gore bir risk haritasi olusturmaktadir. “Risk Potansiyeli” parametresinin
degerlendirilmesinde uzman kararlart etkili oldugu icin siibjektifligi en aza indirgemek amaciyla bulanik bir
yaklasim tercih edilmistir. Uygulanan diger yontemler, uzman kararlarindan bagimsiz hesaplamalardir. Onerilen
yéntem ile ornek bir uygulama gerceklestirilmis ve yéntemin adimlari uygulamali olarak test edilmistir.
Literatiirde kazalarin meydana gelmesi ve kaza sonrasinda olusacak maliyetlere odaklanarak is kazalarinin
isletmeler iizerindeki ekonomik etkilerine odaklanan bir analiz yontemi bulunmamaktadr. Bu dogrultuda onerilen
modelin literatiirde 6nemli bir boslugu dolduracag diisiiniilmektedir. Ayrica farkli parametreler eklenerek veya
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mevcut parametreler degistirilerek modelin farkli uygulama alanlarina entegre edilebilecegi ve bu ydniiyle
onerilen modelin yeni gelistirilecek modellere referans niteliginde olacag diigiiniilmektedir.

Anahtar Kelimeler: Is Kazalari, Ekonomi, Risk Analizi, Maliyet Analizi, Is Saghgi ve Giivenligi

1. Introduction

Occupational accidents are a global problem in terms of their effects. The World Labor Organization
defines an occupational accident as “an unplanned unexpected event that causes specific harm or injury”
(ILO, 1983). In addition to the loss of life worldwide, it is estimated that approximately 4% of all
material resources are lost due to work accidents and occupational diseases (Giilliioglu and Taggin,
2018). In line with the recorded data, our country ranks 3rd in the world in terms of occupational
accidents and 1st in Europe (Ceylan, 2011).

Occupational health and safety is all of the methodical studies carried out in order to investigate and
prevent the dangers, damages and disruptions arising from the working conditions in the workplace, to
the employees, machinery and facilities or to the production. Occupational health and safety is a planned
and regular set of measures in itself, and although its priority is to protect people, it also includes the
prevention of deterioration or damage to production elements in the workplace. The basis of
occupational health and safety is to protect workers from work accidents and occupational diseases and
to provide a healthy working environment, as well as ensure the safety of the enterprise and the
continuity of its operation (Rikhardsson, 2004).

Occupational accidents primarily affect employee and their relationships. The harm to humans is
naturally much ahead of the economic factors. This situation often prevents the calculation of the real
values of the costs of work accidents to the business. Occupational accidents are an important socio-
economic problem that causes great costs to businesses and therefore negatively affects the economic
parameters of countries (Ucan and Ucan, 2021).

The costs that arise as a result of occupational accidents can be handled in two groups direct and indirect
costs. Indirect costs are expected to be 4-10 times higher than direct costs. Direct costs of work accidents
are first aid, ambulance and treatment expenses, temporary or permanent incapacity and death payments,
material and moral compensation paid to the worker or their relatives, and compensations paid to
insurance. Indirect costs are the cost incurred as a result of stopping production after the accident, the
cost of the overtime required by the accident, the cost of the wages paid to the arrangements made after
the accident, the cost of post-accident visitors and staff investigating the accident and time spent on
grounds such as claims for compensation, reflections of demoralization and anxiety in other employees
and the cost of effort and time spent to eliminate them, administrative fines, the cost incurred as a result
of the decrease in the productivity of the worker who has had a work accident after returning to work,
time and expenses for training and adaptation of the new worker, and uninsured treatment costs (Bekar
et. al., 2017).

Occupational accidents also have negative effects on the productivity of employees. It is thought that
correct risk management and effectively designed occupational health and safety practices will increase
the productivity of employees and thus provide significant economic contributions to businesses
(Karamik and Seker, 2016). The individual productivity of the employees increases the productivity of
the enterprises, and the efficiency of the enterprises has a positive effect on the economic development
of the countries. This is an example of organizational efficiency in a chain order (Unsar, 2004).
Occupational health and safety risk analyses are carried out proactively to prevent occupational
accidents, but in conventional applications, the costs of work accidents are not included in the analysis
in principle (Boyle, 2002; Cinar and Cebi, 2022). However, for effective risk management, analysis and
optimization methods are suggested in the literature to reduce the costs of precautions and accidents
(Cinar and Ugurlu, 2019).

Prevention or reduction of occupational accidents has an important effect on both the protection of the
living conditions of the employees, the reduction of labour and production losses and the prevention of
damage to the country's economy. Therefore, it is vital to identify risks and take necessary precautions
before an accident occurs. For this reason, risk analysts evaluate the qualitative and quantitative data
they have obtained as a result of measurement and observation with various analysis methods and aim
to ensure a safe operation in the working environment with various measures to eliminate the negativities
they have determined (Ozkilig, 2005).
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The aim of this study is to express the magnitude of occupational accident risks from a socioeconomic
point of view by considering the costs of work accidents to businesses and the factors that affect them.
In this direction, a risk assessment model that combines the parameters that determine the economic
effects of occupational accidents and classical risk assessment principles in the literature has been
proposed.

2. Method

"The Interdepartmental Risk Mapping" method aims to determine the risk priorities of the departments
with the TOPSIS method by using the "Risk Potential”, "Accident Frequency Rate", "Accident Severity
Rate" and "Average Cost Per Occupational Accident" parameters. In this direction, proposed method
creates a risk map according to the period covered by the department activities in the total workflow.
Since expert decisions are effective in the evaluation of the "Risk Potential" parameter, a fuzzy approach
was preferred in order to minimize subjectivity. Other methods applied are computationally independent
of expert judgments. The flow chart containing the steps of the proposed method is given in Figure 1.
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Figure 1. The Flow Chart of the Proposed Approach

2.1. Weighting of Risk Potentials

In this step, departments are compared with each other according to their risk potential. In this
comparison, the risk factors of the activities carried out in the department are kept in the foreground.
This step is the only stage where expert evaluations are effective. The expert performing the evaluation
creates the pairwise comparison matrix in Equation 1 by using the fuzzy numbers corresponding to the
linguistic expressions in Table 1 (Hsieh et.al., 2004).
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Table 1. Linguistic Scale and Fuzzy Numbers

Linguistic Scales Fuzzy Numbers
Almost Equal Risk Potential (1,1,3)
Slightly More Risk Potential (1,3,5
More Risk Potential (3,5,7)
High - Risk Potential (5,7,9)
Very High - Risk Potential (7,9,9)
~1 X12 - Z(m
A )
Zn1 Xpz - 1

According to the comparison matrix created, fuzzy weights are calculated using Equations 2 and 3. In
Equation 2, T; shows the geometric mean value of the i result that may occur as a result of the risk,
compared to the other results, and in Equation 3, W; shows the weight of the i department (Buckley,
1985; Chen and Hwang, 1992).

fi= G ® X ®..Q Xin)'/™ (2)
Wi=1 Q@ + fh+ -+ Fp)™ @)
Since the obtained values are fuzzy numbers, the defuzzification process is performed using Equation

4. Then, the relative weight values of each department are calculated by applying Equation 5 and the
weights of each department are determined for the "Risk Potential" parameter (Cinar and Cebi, 2020).
Wi _ (Wit Wim+Wiy)

wi = = 4)

n o n o
2:]'=1VV]' Zj:le

RP, = —— (5)

i=1 Wi

2.2. Calculation of Accident Frequency Rates

Accident Frequency Rate (AFR); is calculated with the formula given in Equation 6 using the Number
of Employees (NOE), Working Days Per Year (WDY), Working Hours Per Day (WHD), Total Loss of
Working Days (TLWD) and Number of Occupational Accidents (NOA) parameters. As a result of this
calculation, it is determined how many work accidents occur in each million working hours. This
calculation method, which is normally applied to the enterprises totally, is applied separately, assuming
each department is independent in the proposed method. After calculating the AFR values of each
department, the relative AFR weights for each department are determined by Equation 7 (Aritan and
Ataman, 2017).

NOA;
AFR; = [(NOE;* WDY;)— TLWD;] * WHD; * 1000000 (6)
AFR;
AFR, i 7
! ?=1AFRi ( )

2.3. Calculation of Accident Severity Rates

Accident Frequency Rate (AFR); is calculated with the formula given in Equation 8 using the Number
of Employees (NOE), Working Days Per Year (WDY), Total Loss of Working Days (TLWD) and Loss
of Working Days Due to Occupational Accidents (LWDOA) parameters. As a result of this calculation,
the number of days lost due to work accidents is determined for each thousand working days. This
calculation method, which is normally applied to enterprises totally, is applied separately, assuming that
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each department is independent of the proposed method. After calculating the ASR values of each
section, the relative ASR weights for each section are determined by Equation 9 (Soltanzadeh et.al.,
2016).

LWDOA;

ASR; = TR0~ woyy- towpy 1000 (8)
ASR;
ASR; = s ©)

2.4. Calculation of Average Costs Per Occupational Accident

The costs of occupational health and safety practices are not considered in general judgment since life
safety is in question. However, each occupational accident has indirect costs such as labor losses, work
stopped until safety is achieved, and equipment damage. These costs affect the tolerability of existing
risks. For this reason, in this step, unit costs of occupational accidents occurring in each department are
included in the system. Average Cost per Occupational Accident (ACOA) values are determined for
each department, as given in Equation 10, using the Number of Occupational Accidents (NOA) and
Total Cost of Occupational Accident (TCOA) parameters. Then the relative weights are obtained by
applying Equation 11.

TCOA;

ACOA; = (5= (10)
ACOA;

ACOA, = ———2i 11

! L ACOA; (11)

2.5. Determining the Risk Priorities of the Departments

The parameters table (Table 2) is created in order to create the decision matrix in the classical TOPSIS
method to be applied using the data obtained up to this step.

Table 2. Parameters Table for Decision Matrix

Wi Wrp Warr Wasr Wacoa
D;j RP; AFR; ASR; ACOA;
D1 RP; AFR; ASR; ACOA;
D- RP> AFR; ASR; ACOA;
Ds RP3 AFR; ASR3 ACOA;
Dn RPy AFR, ASR; ACOA,

In Table 2, D; refers to departments and Wi refers to parameter weights to be used in the next steps. The
data in the shaded area in the table are placed in the matrix in the order in which they are found. The
generated decision matrix is normalized using Equation 12 (Zulgarnain et.al., 2020.).

_ X
Xy = YL AT (12)
After the decision matrix is normalized, it is weighted by applying Equation 13 with parameter weights
(Pavic and Novoselac, 2013).

The ideal solutions for each parameter column in the weighted normalized decision matrix are
determined using Equations 14 and 15. Since the proposed method is based on risk prioritization and all
parameters have a positive effect on risk formation, the ideal solution of all parameters is determined as
maximum values (Papathanasiou and Ploskas, 2018).
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V5 = max, Vy (14)
Vi = min, Vy (15)
The distances to the ideal and negative ideal points are calculated by applying the “Euclidean Distance
Formulas” given in Equations 16 and 17 (Sa, 2013).

SHo= (X (V= VY2 (16)
STo= (X (V= V)AHY? 17)

After determining the distances to the ideal points, Equation 18 is applied to calculate the Risk Priority
Level (RPL) for each department (Hwang and Yoon, 1981). The linguistic scale corresponding to the
score ranges are given in Table 3.

Si

RPLi = &5

(18)

Table 3. Linguistic Scale of the Risk Priority Level

0,60 <RPL; < 0,80 High H

0,40 <RPLi< 0,60 Middle M

2.6. Creating the Risk Maps According to the Duration

In this step, risk maps are created on the graphs in the Microsoft Excel program by using the Total
Working Days (TWD) of the departments and the calculated risk priority levels of the departments.
Equations 19 and 20 are used to calculate the "Duration (D)" parameter. In this direction, interpretations
can be made regarding the total risk levels of the enterprises according to the total areas covered by the
risk levels in the entire enterprise.

TWD; = (NOE=x*WDY) — TLWD (19)
_ TWD;

Di = I TWD; (20)

3. Application

In an enterprise consisting of 5 departments, for each department Number of Employees (NOE), Total
Loss of Working Days (TLWD), Number of Occupational Accidents (NOA), Loss of Working Days
Due to Occupational Accidents (LWDOA) and Total Cost of Occupational Accident ( TCOA)
parameters were determined. In addition, it is known that there are 365 days of work in a year in this
enterprise and the normal working time of an employee is 7.5 hours in a day. The data are given in Table
4,

Table 4. Application Data

NOE TLWD NOA LWDOA TCOA
A 297 40618 67 396 17240
B 301 39221 91 272 14520
C 186 29940 34 162 4260
D 144 22213 29 102 2750
E 72 10724 18 28 690
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3.1. Weighting of Risk Potentials

In order to identify risk potentials, a comparison matrix based on pairwise comparison was created with
expert evaluations as given in Equation 1. The created binary comparison matrix is given in Table 5.
Then, by applying Equations 2, 3, 4 and 5, the relative weights given in Table 6 expressing the risk
potentials were obtained.

Table 5. Comparison Matrix
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A

B

1,00

1,00

1,00

1,00

3,00

5,00 | 3,00

5,00

7,00

3,00

5,00

7,00 | 7,00

9,00 | 9,00

0,20

0,33

1,00

1,00

1,00

1,00 | 1,00

3,00

5,00

1,00

3,00

5,00 3,00

5,00 | 7,00

0,14

0,20

0,33

0,20

0,33

1,00 | 1,00

1,00

1,00

1,00

1,00

3,00 1,00

3,00 | 5,00

0,14

0,20

0,33

0,20

0,33

1,00 | 0,33

1,00

1,00

1,00

1,00

1,00 | 1,00

1,00 | 3,00

m| 9| O @ >

0,11

0,11

0,14

0,14

0,20

0,33]0,20

0,33

1,00

0,33

1,00

1,00 | 1,00

1,00 | 1,00

Table 6. Weighted Risk Potentials

Wi

RP;

0,22

0,52 1,08

0,61

0,48

0,09

0,24 0,65

0,33

0,26

0,05

0,10 0,32

0,16

0,12

0,04

0,08 0,23

0,12

0,09

0,02

0,05 0,13

0,07

0,05

3.2. Calculation of Accident Frequency Rates

The accident frequency rates were obtained by applying Equations 6 and 7 for each department. The
relative accident frequency rates obtained are given in Table 7.

Table 7. Accident Frequency Rates

NOE | WDY | WHD | TLWD | NOA AFR Ri{gté"e
A 297 365 75 | 40618 67 131,79 0,19
B 301 365 75 | 39221 o1 171,75 0,24
C 186 365 75 | 29940 34 119,46 0,17
D 144 365 75 | 22213 29 127,42 0,18
E 72 365 75 | 10724 18 154,28 0,22

3.3. Calculation of Accident Severity Rates

The accident severity rates were obtained by applying Equations 8 and 9 for each department. The
relative accident severity rates obtained are given in Table 8.
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Table 8. Accident Severity Rates
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NOE WDY | TLWD | LWDOA | ASR R:'f;g"e
A 297 365 40618 288 4,25 0.27
B 301 365 39221 252 3,57 0.23
C 186 365 29940 122 321 0,21
D 144 365 22213 82 2,70 0.17
E 72 365 10724 28 1,80 0,12

3.4. Calculation of Average Costs Per Occupational Accident

In this step, average costs per occupational accidents occurring in each department are calculated by

applying Equations 10 and 11. Relative weights are given in Table 9.

Table 9. Average Costs Per Occupational Accident

NOA TCOA ACOA 'ie(':act)'xe
A 67 17240 25731 0,38
B o1 14520 159,56 0,24
C 34 4260 125,29 0,19
D 29 2750 94,83 0,14
E 18 690 38,33 0,06

3.5. Determining the Risk Priorities of the Departments

By using the data obtained up to this step, the decision matrix in the TOPSIS method to be applied for
risk prioritization was created. Parameter weights were determined as 0.30 for Risk Potential (RP), 0.25
for Accident Frequency Rate (AFR) and Accident Severity Rate (ASR), and 0.20 for Average Cost of

Occupational Accidents (ACOA). The Parameters Table for Decision Matrix are given in Table 10.

Table 10. Parameters Table for Decision Matrix

Wi 0,3 0,25 0,25 0,2
RP AFR ASR ACOA
A 0,48 0,19 0,27 0,38
B 0,26 0,24 0,23 0,24
C 0,12 0,17 0,21 0,19
D 0,09 0,18 0,17 0,14
E 0,05 0,22 0,12 0,06

The created decision matrix was normalized using Equation 12. The normalized decision matrix is given
in Table 11. Then, the weighted normalized decision matrix was obtained by using Equation 13 with

parameter weights and given in Table 12.
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Table 11. Normalized Decision Matrix

RP AFR ASR ACOA
A 0,84 0,41 0,59 0,75
B 0,45 0,54 0,50 0,46
C 0,22 0,38 0,45 0,37
D 0,16 0,40 0,38 0,28
E 0,09 0,49 0,25 0,11

Table 12. Weighted Normalized Decision Matrix

RP AFR ASR ACOA
A 0,25 0,10 0,15 0,15
B 0,14 0,13 0,12 0,09
C 0,07 0,09 0,11 0,07
D 0,05 0,10 0,09 0,06
E 0,03 0,12 0,06 0,02

Positive and negative ideal solution points were determined by applying Equations 14 and 15 to the data
in the weighted normalized decision matrix. Ideal solution points are given in Table 13.

Table 13. Ideal Solution Points
V* 0,25 0,13 0,15 0,15
\Ya 0,03 0,09 0,06 0,02

The distances to the positive and negative ideal solution points were determined by applying the
Euclidean distance formulas in Equations 16 and 17 for each department. Then, the risk priority levels
were calculated by applying Equation 18 and given in Table 14.

Table 14. Risk Priority Levels

Si S RPL;
A 0,03 0,27 0,90
B 0,13 0,15 0,53
C 0,21 0,08 0,27
D 0,23 0,05 0,18
E 0,27 0,03 0,09

To create the graphs, firstly, the duration parameter was calculated using Equations 19 and 20 and given
in Table 15.
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Table 15. Durations

NOE WDY TLWD TWD D
A 297 365 40618 67787 0,30
B 301 365 39221 70644 0,32
C 186 365 29940 37950 0,17
D 144 365 22213 30347 0,14
E 72 365 10724 15556 0,07

Coloured linguistic terms corresponding to risk priorities by durations are given in Table 16. In Table
17, the areas covered by each priority statement as a whole are determined.

Table 16. Coloured Linguistic Terms

D RPL
A 0,30 0,90
B 0,32 0,53
C 0,17 0,27
D 0,14 0,18
E 0,07 0,09

Table 17. Covered Areas by the Priority Levels

0,30

0

M 0,32

0,17

0,21

In the last step, based on the data in Table 16, a pie chart was created according to the durations and the
risk priority levels covered by each department and given in Figure 2. Then, “The Total Risk Priority
Level Map” was created with the data in Table 17 and given in Figure 3.
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Figure 2. Interdepartmental Risk Priority Levels Diagram

Figure 3. Total Risk Priority Levels Map
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4, Conclusion

In this study, in which the economic negative effects of occupational accidents on businesses are
discussed and the magnitude of risks is characterized from this point of view, a new analysis model has
been proposed in the literature.

Conventional risk analyses focus on the probability of an occupational accident risk occurring and, in
case of realization, the extent of damage to the employee, or in other words, its severity. The financial
risks of occupational accidents to the business are directly proportional to the damage to the employee.
Therefore, it can also be a reference for classical risk analysis applications.

When only the effect of occupational accidents on the employee is considered, all indirect costs as a
result of the accident are neglected. In addition, accidents that do not harm the employee and are
described as near misses in the literature often cause material damage when they occur. However, the
harm not done to the employee is always neglected in classical analysis. Considering work accidents
only as a cost will not reflect the safety risk analysis correctly.

The proposed model offers a comprehensive analysis of both occupational safety and operating costs by
combining the risk potential in the working environment, occupational accidents occurring in a certain
time period, the labor lost due to these accidents and the unit costs of the accidents. The costs that will
occur depend on the realization of work accidents and the magnitude of the violence is explained by the
economic effect. When businesses apply the proposed model, they will be able to determine both the
risk of an occupational accident and the financial burden it will create in case it occurs.

Considering that occupational accidents have not only social but also economic effects, it is more
appropriate to describe them as a socio-economic problem. As with all other analysis techniques,
analyzing only financial or only safety risks does not provide an assessment of the entire enterprise.
Since the proposed analysis model deals with these two parameters in relation, it is thought to fill an
important gap in the literature. In addition, since the scope of the analysis can be expanded by adding
different parameters, it will be an important reference for future studies.
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Genis Ozet

Is kazalar, etkileri agisindan kiiresel bir sorundur. Diinya Calisma Orgiitii, is kazasin1 “belirli bir zarara
veya yaralanmaya neden olan, planlanmamis, beklenmeyen bir olay” olarak tanimlamaktadir (ILO,
1983). Diinya ¢apindaki can kayiplarinin yani sira is kazalart ve meslek hastaliklari nedeniyle tiim maddi
kaynaklarin yaklasik %4'lniin kayboldugu tahmin edilmektedir. Kaydedilen veriler dogrultusunda
iilkemiz is kazalar1 ac¢isindan diinyada 3., Avrupa'da 1. sirada yer almaktadir. Is kazalar1 oncelikle
calisani ve iliskilerini etkiler. Insana verdigi zarar dogal olarak ekonomik faktorlerin cok oniindedir. Bu
durum ¢ogu zaman is kazalarinin isletmeye olan maliyetlerinin gercek degerlerinin hesaplanmasini
engellemektedir. Is kazalar, isletmelere biiyilk maliyetlere neden olan ve dolayisiyla iilkelerin
ekonomik parametrelerini olumsuz etkileyen 6nemli bir sosyoekonomik sorundur. Is kazalarini dnlemek
amaciyla is saglhigi ve giivenligi risk analizleri proaktif olarak yapilmakta ancak klasik uygulamalarda
prensip olarak is kazalarmin maliyetleri analizlere dahil edilmemektedir. Bu ¢alismanin amaci, is
kazalarmin isletmelere maliyeti ve etkileyen faktorler dikkate alinarak is kazasi risklerinin bityiikliigiinii
sosyoekonomik acgidan ortaya koymaktir. Bu dogrultuda literatiirde is kazalarinin ekonomik etkilerini
belirleyen parametreler ile klasik risk degerlendirme ilkelerini birlestiren bir risk degerlendirme modeli
Onerilmistir.

Onerilen model, "Risk Potansiyeli", "Kaza Siklik Oram", "Kaza Agirlik Oran1" ve "Is Kazas1 Basina
Ortalama Maliyet" parametrelerini kullanarak bdéliimlerin risk onceliklerini TOPSIS yontemi ile
belirlemeyi amaglar. Bu dogrultuda 6nerilen yontem, departman faaliyetlerinin toplam is akis1 icerisinde
kapsadigr alana goére bir risk haritasi olusturmaktadir. “Risk Potansiyeli” parametresinin
degerlendirilmesinde uzman kararlari etkili oldugu icin siibjektifligi en aza indirgemek adina bulanik
bir yaklasim tercih edilmistir. Uygulanan diger yontemler, uzman kararlarindan bagimsiz
hesaplamalardir. Modelin ilk adiminda departmanlar risk potansiyellerine gore birbirleriyle
karsilagtirtlir. Bu karsilagtirmada departmanda ylriitiilen faaliyetlerin risk faktorleri 6n planda
tutulmaktadir. Bu adim, uzman degerlendirmelerinin etkili oldugu tek agamadir. Analizler i¢in bulanik
analitik hiyerarsi prosesinin iliskilendirme ve yontem adimlar1 uygulamr. fkinci adimda her bir
departman igin kaza siklik oranlar1 belirlenir. Hesaplamalar sonucunda her bir departmanda bir milyon
calisma saatinde kac is kazas1 gerceklestigi belirlenir. Ugiincii adimda ker bir departman icin kaza agirhik
oranlart belirlenir. Hesaplamalar sonucunda her bir departmanda bin c¢alisma giiniinde is kazalar
nedeniyle kag¢ giinliik is glinii kaybinin oldugu belirlenir. Dordiincti adimda, is kazasi bagina igletmeye
olan maliyetler her bir departman i¢in hesaplanir. Tiim elde edilen veriler igin agirliklar belirlenerek ¢cok
kriterli karar verme tekniklerinden TOPSIS yonteminin adimlar1 uygulanir ve her bir departmanin risk
diizeyleri belirlenir. Belirlenen risk skorlarina gore departmanlar arasi risk haritalar1 olusturur. Onerilen
analiz modeli i¢in 6rnek bir uygulama gergeklestirerek yontemin adimlari test edilmistir.
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Is kazalarinin isletmeler iizerindeki ekonomik olumsuz etkilerinin ele alindig1 ve risk biiyiikliiklerinin
bu bakis acisiyla karakterize edildigi bu caligma ile literatiire yeni bir analiz modeli Onerilmistir.
Konvansiyonel risk analizleri, bir is kazasi riskinin meydana gelme olasiligina ve gerceklesmesi
durumunda galisanin ugradig: zararin boyutuna, yani siddetine odaklanir. Is kazalarinin isletmeye olan
finansal riskleri, calisana verdigi zararla dogru orantilidir. Bu nedenle klasik risk analizi uygulamalari
icin de referans olabilir. Sadece is kazalarinin ¢aligan iizerindeki etkisi diistintildiigiinde, kaza sonucu
olusan tiim dolayli maliyetler ihmal edilmektedir. Ayrica calisana zarar vermeyen ve literatiirde ramak
kala olarak nitelendirilen kazalar meydana geldiklerinde siklikla maddi hasara yol agmaktadir. Ancak
klasik analizde ¢alisana verilmeyen zarar her zaman g6z ardi edilir.

Is kazalarimi sadece bir maliyet olarak degerlendirmek risk analizini dogru bir sekilde yansitmaz.
Onerilen model, galisma ortamindaki risk potansiyeli, belirli bir zaman diliminde meydana gelen is
kazalari, bu kazalar nedeniyle kaybedilen isgiicli ve kazalarin birim maliyetlerini birlestirerek hem is
giivenligi hem de igletme maliyetleri i¢in kapsamli bir analiz sunmaktadir. Olusacak maliyetler is
kazalarmin gergeklesmesine baghidir ve siddetin biiyiikliigii ekonomik etkisiyle aciklanmaktadir.
Isletmeler 6nerilen modeli uyguladiklart zaman hem is kazasi riskini hem de meydana gelmesi
durumunda yaratacag1 mali yiikii belirleyebileceklerdir. Is kazalarinin sadece sosyal degil ekonomik
etkilerinin de oldugu diisiiniildiiglinde, onlar1 sosyoekonomik bir sorun olarak tanimlamak daha dogru
olacaktir. Diger tiim analiz tekniklerinde oldugu gibi, sadece finansal veya sadece giivenlik risklerinin
analiz edilmesi, isletmenin tamammin degerlendirilmesini saglamaz. Onerilen analiz modelinin bu iki
parametreyi iligkili olarak ele almasi nedeniyle literatiirdeki Onemli bir boslugu dolduracagi
diisiiniilmektedir. Ayrica farkli parametreler eklenerek analizin kapsami genisletilebileceginden sonraki
caligmalar i¢in 6nemli bir referans olacaktir.
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