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Abstract: The basis of activities in Occupational Health and Safetid%Dis risk assessment in the workplace. Risk assessment
allows the execution of OHS activities within a plan. Thekiag of activities in this plan is done according to the riskue. As
this plan may require 3-4 years or more, on condition thattieulation of the plan is correct, sources may be usedteféde The
guidelines regarding the risk assessment task are outlipedtional and international regulations. How is the riakue calculated?
Many methods have been developed for the calculation ofiskevalue. It can be calculated correctly by proper caléoradf the risk
component.This component has often been reported in ératlitre and limited to the value of probability and sevehitytudies in the
literature, due to the risk value generally being calculdig safety experts? who use a narrow assessment scaletsbggproach,
there is a possibility that some risks will share the samewvadue with each other. In this study, a new artificial-ragien probability
value calculation model, which was developed on the basi€fal data arranged according to the laws of Heinrich, waggsed to
both expand this narrow scale and prevent subjectivity. grbposed model and the classical probability assessmpnbagh used in
the literature was integrated and applied to a factory, lthatbeen operating for many years with various workshostrenresults
were compared.

Keywords: Risk assessment, Probability Value, Safety Managemeitifjofal Neural Network

1 Introduction The origin of the term risk is the french word risque.
The 1SO 31000 (2009) / ISO Guide 73:2002 definition of
In workplaces, many studies have been done and methodssk is the 'effect of uncertainty on objectives’. The
have been developed to provide these productViy [ objective of OHS activities is health and health and safety
These methods developed for the effective and efficienbf emp|0yees_ According to the definition of oxford
operation of the system ignore the most important factorenglish dictionary, risk is (Exposure to) the possibilify o
of the system. That factor is human. Employees|oss, injury, or other adverse or unwelcome circumstance;
dependence of workplace, love of job and motivation isa chance or situation involving such a possibility. There is
the most important component of productivity.As a mattera close relationship between risk and probability. The
of course, the most important factor providing humansmore accurate the predictions regarding the future are, the
happiness and motivation is his/her health and jobpetter risks can be managed and kept under control. The
security. Health and security is basic need and nothingyreater the uncertainty about a subject, the harder it is to
(promotion, participation to management and highercontrol. Safety management has dramatically increased in
salaries) can compensate them. Occupational accidentfportance in recent years, as companies and institutions
and diseases emerge because of the deficiencies in healialized the social and environmental impact of injuries at
and safety issues. They cause some  bigwork. Moreover, the consistency of the problem of safety
non-productiveness. The only solution and prevention forin workplaces is emphasized by the statistics reported by

them is to eliminate or decrease the risks at a reasonabl@evera| institutions (Nationa| Safety Council, 2004;
level.
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Health and Safety Executive, 2005a). As a consequencgarameters have recently been added to risk assessment
safety management problems are today addressed Hy).
companies, mainly for two reasons. Firstly, industry is In recent years, many risk assessment qualitative,
moving towards a revaluation of human factor by basingquantitative and hybrid methods have been developed and
its decisional policies on ethical grounds. To this extent,applied to different sectord §] ,
human factor is not only considered as a productive When we examine the studies in the literature, a
element but ever more the central factor of productivity. detailed study on the direct calculation of the probability
Secondly, modern regulations of an industrialized statevalue was not found. In fact, before calculation of risk, it
impose the adoption of policies to tackle safety issuesis necessary to find out whether there is risk. The value
[2]. revealing the presence of risk is the probability value. The

The most important stage of safety management igorobability of risk is assessed in a particular scale. s thi
risk assessment. In this context, all hazardous activitiescale, the closer the probability value is to zero, the
which are potential causes of injuring workers are smaller the presence of risk is. This study will focus only
primarily identified. Later, the level of risk is calculated on calculating the value of probability. It is very difficult
The data indicating the level of risk are known as the Riskfor an expert who aims at assessing the risk to calculate
Priority Number (RPN). An action plan is created with the probability value. The expert who conducts risk
this RPN value. Risks are sorted by RPN value in theassessment determines this probability value subjegtivel
action plan. Starting from the highest risk, preventive by also considering the precautions taken. Probability is
actions are initiated. If the action plan is created equipped with several sub-parameters even though it is
incorrectly, companies may waste their resourcesnotimmediately noticed. That is, the probability value is
significantly. influenced by many sub-parameters. In this present study,

The RPN can be calculated by this formula it will be shown what those parameters are and how the
probability value is calculated with those parameters. The
"probability score” concept will be introduced instead of
the assessment of probability value with the help of a
scale. The determination of these parameters and how to
calculate the probability value with the help of these
parameters are focused on in this study. The probability
score” concept will be proposed instead of probability
values assessment with the help of a scale.

A model suggestion to estimate the probability value
in occupational health and safety risk assessment, based

. . on Artificial Neural Networks (ANNSs), is proposed.
Generally, the probability and magnitude values areanNs have recently been used a lot, especially in

calculated based on experts subjective approach. estimation work. The proposed model is in fact an

Due to the narrowness of the rating scale, some riskgstimation work. To accomplish the estimation work with
share the same RPN value. This situation makes it difficultanN a data set of inputs and outputs are needed. What
to plan. the input data should be is determined by the person

Different combinations of risk assessment on theperforming the work. It is also able to do this kind of
parameter can lead to an identical risk index even though\/ork’ but perhaps the most Cha||enging part is to collect
they have completely different meanings. For examplethe necessary data.To obtain the data in this study
risk with a high probability and low magnitude, and risk involved considerable difficulties.
with a low probability and high magnitude could be  ANN has been applied for accident, risk, and safety
classified at the same RPN value. issues and their estimation in many different areas. These

Assessment uses only two parameters; therefore, thinclude the following: traffic safety analysisf] , fire
risk of other major issues influencing risk (i.e. safety assessmentd], prediction as to the likelihood of
environmental impacts, measures) are ignored. the type of vessel accidentdq , employment of the

Limits on the risk assessment are mentioned abovestatistics of bulk carrier loss to predict overall risk] ,

An important methodology has been developed to resolvéhe application of a neural network for ship domain
those related limits. The failure mode, effects andassessment1f], use in analyzing vessel accidents for
criticality analysis (FMECA) which was developed for pattern recognition19], the incorporation of an ANN

the maintenance of industrial plants has been used imnto a risk estimation model2[)] ,test case based risk
many different areas3[4,5,6,7] .This methodology is predictions using artificial neural networks for
very similar to risk assessment. It utilizes a criticality navigational safetyq1] , classifying industrial jobs in
index and the RPN, computed via the probability, terms of risk of low back disorder22].

magnitude and delectability of the considered failure  The rest of the work is divided as follows. The
mode. This method is used by many researchers t@roposed model and the parameters to be used are
overcome the related limits8]9,10,11,12].Different  described in Section 2. Information about the workplace

RPN= P« M 1)

Today, this formula is the most widely used one by
companies. RPN is the mathematical index, P is
Probability (Probability of accident occurring) and M is
the Magnitude of injury(Expected loss in the case of the
accident.).

Although this formula is simple and easily applicable,
it has the following limitations:
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in which the proposed model is to be applied, application  The five collected sub-parameter values of risks will

of the model, and the results obtained are presented ibe used as input data to the ANN. The probability score

Section 3. Finally, the evaluation and discussion of thewill be used as output data to the ANN and the ANN will

results obtained are presented in Section 4. be trained. Finally, in order to make the model applicable,
parameter coefficients will be found through regression
analysis (Fig.2.)

2 Proposed Model

We will focus on determining the probability value
closest to the real situation in this article. Risk assessme
is usually carried out at the workplace by one or two
experts. The probability and magnitude values to be
estimated are not actually values that can be determined
easily. Scales, which were developed in order to facilitate
the experts task, actually make it more difficult as the
purpose of risk assessment is to create a hierarchy of risks
and take preventive actions in accordance with the
hierarchy. However, narrow scales lead to calculations
sharing the same risk value. For example, a 5x5 scale can
produce only 14 different values. If there are 300 risks in i . . -~
a workplace, a value corresponds to about 20 risks. So, in _ This new probability value is called the "probability
this case, which risk should be given priority and againstScore".
which risk should preventive actions be taken? Thisisone The parameters used in the article and their
aspect of the matter. The other is to what extent the valuegescriptions are given below.
successfully represent the real situation. The magnitude
of injury value can only partly be estimated accurately.
However, it is difficult to say the same for the probability -
value. It is very difficult to determine the probability 2.1 Pure Probability
value in advance. The best method to estimate the
probability value is to make use of past records. To thisan expert aiming to assess this parameter needs to ask the
end, accident and incident records must be well kept for ayuestion:
long period of time. Nowadays, due to the constant  gypposing that no action is taken regarding this
renewal of workplaces, it is not possible for the vast activity, what is the percentage possibility of an accident
majority of businesses to have access to data COveringccyrring in a year? For example, suppose that there is no
such a long time. To obtain the required data inmachine maintenance, early warning system, supervisory
accordance with the real situation of the probability value easyres etc.. Someone assessing this parameter must
an establishment must have thg following characteristic: gygjuate the possibility of an accident as if no preventive
The workplace must continue to operate for a long measure has been taken.
time Accident and incident records must be kept for along The evaluation score used for this parameter and the

time or If accident and incident data are collected thro“ghscores used in the literature3 24,25 26,27 are as
interviews with workers, it is necessary that workers bego; oo iopie T

working there for a long time.
In this study five sub-parameters will be utilized to
determine the probability value closest to the real
situation (Fig. 1). A new probability value will be 2.2 Frequency
obtained through these five sub-parameters.

This new probability value is called the "probability )
score”. To assess this parameter, the expert has to answer the

following question:

How often is this study carried out?

This parameter is added for the following reasons:

Each job is not performed made at the same

frequency in the workplace. Some tasks, such as
maintenance, are carried out only once a year. Some
tasks, such as manufacturing, are performed day. The
accident risk of these tasks cannot be identical.

) = i The evaluation score is shown for this parameter in
Fig. 1: Probability score evaluation model table2:

Fig. 2: General structure of the proposed model
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Table 1: Terms, ranking and corresponding frequencies (per yeagdadent likelihood in literature

Definition Present Gurcanliand | HSE (2003) Raafat Sii and | Sii et al.
Study Mungen(2009 (1995) Wang (2001)
(2002)
Occupational accident is Value 1 Very Low 1 1 1,2,3 1
unlikely but may possible Definition| Verylow | <1 Incredible Almost Very Low
during project lifetime under impossible
special circumstances lllustration <1 | ... <1077 <107 <107 <1078
Likely to happen once during ValL.je. . 2.3 Low 2 2 4 2.3
; o Definition| Low 25 Remote Very Low Low
project lifetime
very low
llustratio 5 | ... 10 5>F>10"" | 10°° 0.25%10°° | 106-1077
..... Reasonably ..... 2 5 4.5
Between low and average low
Definition| ..... 5 | e Reasonably| Reasonably
low low
llustratior] ... | e | e | 0.25%1074 | 104-10°°
Value 45,6 Average 3 3 6 6,7
Occasional accident Definition| Moderate | 10 Unlikely Very Average Average
unlikely
llustration 20 | ... 103>F>10° | 10* 103 102-10°3
Will probably occur in most Vall.Je. . 7’.8 Frequent 4 . 4 . LA
. Definition| High 20 Occasional Unlikely | Reasonably| .....
circumstances
frequent
llustratio] 50 | ... 101>F>103 | 10°3 0,25%10°2 | ......
Value | ..... | ..... 5 5 8,9 8,9
Repeated accidents Definition| ..... | ... Likely Likely Frequent Frequent
lustration ... | ... 10>F>10"1 102 0,12%x10°1 | 1—-101
Expected to occur (very Value 9,10 Highly 6 6 9,10 9.5-10
likely to occur) in most frequent
circumstances in the project| Definition| Very high | >25 Frequent Frequent | Highly Highly
time frequent frequent
lllustratio] >50 | ... F>10 101 0,25%10°1 | >1

Table 2: The evaluation table of the frequency parameter  Table 3: The evaluation table of the number of risk sources

Numerical Linguistic Definition (frequency) parameter

Value Value Numerical Linguistic Definition (number of risks

1 Very low Done several times a year Value Value source/bench)

2,3 low Done several times a month 1 Very low 1

45,6 Moderate Done several times a week 2,3 low 2,3

7,8 High Done several times each day 45,6 Moderate 1ONRS> 4

9,10 Very High Done almost every moment of 7,8 High 20-NRS> 10

the day 9,10 Very High NRS> 20
2.3 Number of risk sources The evaluation score used for this parameter is shown

in table3.

The expert assessing this parameter has to answer the
following question:
In how many benches or studies may this risk appear?, . . .
One of the >r/najor problems in risk gssessmentpi% thezz'A'_PrOteCtlon of machine /tool/device
workplace is ignorance of the actual study. For example, inmaintenance
a workshop, there may be 20 benches engaged in the same
process. In addition, there may be benches that are usetb assess this parameter, the expert has to answer the
less frequently. Now, we need to ask this question: As theollowing questions:
number of risk sources increase, does the probability of Are precautions in place against this risk? Do these
risk increase? Of course, the answer is yes. precautions eliminate this risk or to what extent do they
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Table 4: The evaluation table of protection of machine Table 5: The evaluation table of detectability parameter
maintenance parameter Numerical Linguistic Definition (frequency)
Numerical Linguistic Definition (protection Value Value
Value Value machine/tool/device 1 Very High Detectability of potential cause
maintenance) of the error and the following
1 Very high The effect of maintenance is error is very high
very high for probability of 2,3 High Detectability of potential cause
accident of the error and the following
2,3 High The effect of maintenance is error is high
high for probability of accident. 45,6 Moderate Detectability of potential cause
45,6 Moderate The effect of maintenance is of the error and the following
moderate for probability of error is moderate
accident. 7.8 low Detectability of potential cause
7,8 Low The effect of maintenance is of the error and the following
low for probability of accident. error is low
9,10 Very low The effect of maintenance is 9,10 Very low Detectability of potential cause
very low for probability of of the error and the following
accident. error is very low

reduce the risk? Sometimes, risks may stem from thébecomes difficult when previous data are missing. The
bench. With regular maintenance to benches, the risks cafost important problem encountered in the course of this
be completely eliminated. Therefore, after taking of this Study was obtaining records of major accidents, minor
parameter into account, it is possible to see that riskaccidents, and incidents / near misses since such a study
probability decreases to an acceptable level. Thiscan only be conducted with the help of accident records
parameter is used to calculate the risk value directly bykept for a long period of time.
Grassi et al. 2] as this parameters direct effect on the
probability value was evaluated. However, they used this
parameter in a different way as Sensitivity to maintenance3.1 Workplace
non-execution.
The evaluation score used for this parameter is showrThe proposed model is applied in a complex workplace.
in table<. The fact that there are different workshops and risk
groups in the workplace studied makes it possible to use
findings in wider areas. In our study, 385 people are
i employed in the workplace, which includes 17 different
2.5 Detectability workshops and 374 risks (tab&- The workplace is a
state-owned factory, for this reason, it was easy to obtain
st accident records. Moreover, circulation of workers

Can | determine th for th hanges very little in state-owned factories so knowledge
an 1 pre-aeterminé (ne reasons for the émergence Ok ;, ~ijents (near misses) was obtained via surveys

this risk? Can | realize th'ese reasons? If the reason forth‘éonducted among senior workers. The workplace has
occurrence of a hazard is easy to recognize, It Is easy tg .o operating for nearly 60 years. The collected data
prevent the ha;ard as well. This parameter is usgd Qover the last 30 years. As the field of activity of the

calculate the risk value for a long period of time workplace has not changed since its establishment, the

(FME.A'FMECA)' However,  in al! studies, it WaS collected data are homogeneous. Otherwise, this work
considered as a parameter that directly determines th(éOulol not have been done

risk. As previously recognized causes of accidents are Classical risk assessment was carried out at the

prevented,.t.he number of accidents is reduced. IndlreCtIy\’/vorkplace. A 5x5 matrix was used in the risk assessment.
the probability value decreases.

. . . When we examine the table of statistics of workplace
__The evaluation score used for this parameter is shNOWryigyq ‘it can be seen that there are many risks sharing the
in Tables. same risk value(tabl@}. In this case, some serious
problems may appear in planning.

To assess this parameter, an expert has to answer t
following questions:

3 Case study
3.2 Probability score
One of the most important problems in occupational and
safety actions in the world is the habit of not keeping Many accidents and incidents occur in the workplace.
records. Estimating future accidents/incidents therefor When calculating the number of accidents and incidents
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Table 6: The information table of complex workplace

No  Name of workshop Number of risks
1 Vehicle disassembly 18 Major
2 First wash 10 Accident
3 Vehicle blast 14
4 Vehicle mechanical parts 22
revamping 29
5 Vehicle assembly 19 Minor Accident
6 Electric-hydraulic part revamping 21
7 Dyehouselow 19
8 Engine-transmission disassembly 19
9 Engine assembly 18 300
10  Carpenter workshop 27 Incident (Near miss)
11 Machine maintenance and repair 25
12 Welding 27
13 Foundry 37 Fig. 3: Heinrich Pyramid 28]
14 Spare parts manufacturing 27
workshop( lathes, milling, drilling)
15 Rubber parts manufacturing 21
16 Metal plating . 35 the number of accidents and incidents and the sum of
17 Non-destructive testing 15 their result. Are the numerical values mentioned in this
rule, which is known as 1-29-300 rule, correct? For
example, do a mine, a carpentry business, a construction
Table 7: Workplace risk assessment statistics firm or milk processing factory have the same values? Is
Risk Value Number of Risks % the definition of major accident the same for all? The
probability prediction model that we propose can be
2 4 11 applied to all kinds of workshops where any production is
3 6 1.6 carried out. The study was conducted in the 17 different
4 6 1.6 workshops shown in Table 6 and the definitions of major
S 1 0.3 accidents, minor accidents and event definitions are as
6 43 11.5 follows:
8 27 72 Major accidents: accidents that require 10 days or
9 91 24.3
10 15 4.0 morelleave, . -
12 72 193 Minor accidents: accidents that cause the employee to
15 32 8.6 take leave of less than 10 days, injure the employee in
16 57 15.2 some way and lead to functional impairment accidents for
20 12 3.2 the materials,
25 8 2.1 Incidents (near misses): accidents that do not injure
374 100 the employee, but come close to doing so damage the

material which, however, still keeps functioning and
requires no adjustment,

According to these definitions, 169 major accidents,
(near misses) of a risk, is it correct to summarize them1,689 minor accidents and 11,594 incidents (near misses)
classically? Is it correct to consider all of the accidents i related to 374 risks occurred in the workplace.
the same category? Of course not. Then, how should the When compared with the 1-29-300 rule, the new rule
different terms be summarized and evaluated? To thiecomes 1-10-68.
end, the Heinrich pyramid?g] will be used. If major accidents, minor accidents and incidents are

The heinrich pyramid (Fig. 3) is utilized for the Wweighted based on this rule, the weights will be as follows
calculation of the probability score. The heinrich pyramid (Table8). When these weights are detirmined assuming
can be briefly explained as follows: if, in a workplace, minor accidents weight is 1 and the two other calculated
300 incidents (near misses) happen, 29 minor and on&ccordingly.
major accident happen. Is this always the case? In our The probability score is calculated by multiplying
opinion, it is not. Definitions of minor-major accidents these weights with the number of major accidents, minor
and incidents are very important. This topic will be accidents and incidents. For example,
discussed in the case study. If 1 major accident, 4 minor accidents and 25 incidents

However, here we can say that major accidents, minooccurred in the last 30 years at a risky activity,
accidents and incidents are weighted. The probability  Probability Score: 29 x major accidents + 1 x minor
score will be obtained by multiplying these weights by accident + 0.10 x incidents (Heinrich)
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Table 8: Weights of major/minor accidents and incidents (near
misses)

Major Minor Incident
accident  accident
Heinrich 29 1 0.1
Proposed model 10 1 105

Fig. 5: Probability score (real situation)-Probability score
(Regression) results

Fig. 4: Neural network figure of the proposed model

- ) . . Fig. 6: Probability score (real situation)-Probability score
Probability Score: 10 x major accidents + 1 x minor (Regression)

accident + 0.15 x incidents (Proposed model)
Probability Score (Heinrich) : 35.5
Probability Score (Proposed model) :17.75

0.72 at test data. The others result is 0,93. Due to the
success of the proposed model, the following actions has
3.3 Evaluation with artificial neural networks  been carried out using proposed model. Tabtgves the
40 of the 74 results of the proposed model.
Analysis of the input and output of artificial neural
networks and the computing power of the degree of
relationship between them is very high. For this reason, i : :
this study, in order to calculate the strength of thens'4 Regression analysis

relationship between the proposed 5 sub-parameters with - _ .
probability score, artificial neural networks are utilized The artificial neural network works like a black box. It is

(Fig.4) not clear how it finds the results. Thus, it is difficult or

The MATLAB program is utilized for evaluating the impossible to explain how decisions were made based on
data. ANN was trained by the Levenberg-Marquardtthe output of the network. Regression analysis was
backpropagation algoritm. It was previously mentionedpPerformed in order for the experts to use the proposed
that 374 risks were identified in the workplace. Of thesemodel to determine the coefficients of the 5
data 300 were used for training and 74 for testing. Thesub-parameters. The determined coefficient values are
number of iterations was 100. given in Table10

Input data (PP,F,NRS,PMM,D) given to the neural  The correlation between the old method and the new
network output that the probability scores of the Heinrich method with the actual situation actually explains a lot of
and proposed model were calculated separately. Th&ings.
correlation value of the results of the Heinrich model is ~ While the correlation is very high between the
0.72 and the proposed models result is 0.93. The nexprobability score (ANN) and probability score (real
actions (regression analysis) were carried out based oasituation), the correlation is relatively low between
the proposed model (probability score calculation model).probability score (Regression) and probability scorel(rea
The results of the proposed model are presented irsituation). The probability value (Classic model)
table9. correlation value is very different (Tablell). The

Five different input data sets were entered into thecoefficients of parameters can be defined by other
artificial neural network model. Probability score that methods than regression analysis. The relationship
calculated by the Heinrich model and proposed modelbetween probability score (real situation) and probapilit
was entered as output data. Two models are rurscore (Regression)can be seen in Fig. 5 and Fig.6.
separately. Correlation value between the results that Briefly, this model has the potential to play a leading
calculated by Heinrich’s model and the real situation isrole in the determination of measures to be taken.
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Table 9: Res

ults
—

Table 10: Coefficents of 5 sub-parameters

| Protection of machine maintenancg

Probability score (real situation)

Probability score (ANN)

Probability score (Regression)

© 0~ o o wN k| Sorting (Probability score-regressipn)
o BN Sorting (Classical model)

Pure Frequency Number Protection  Detectability
probability of risk  of machine

source maintenance
0.9143  0.3473 1.6581 1.4812 -0.5039

Table 11: Correlation value with probability score (real situation)

Probability Probability score Probability value
score (ANN) (Regression) (Classical model)
0.9143 0.3473 1.6581

o
e)
o
=
T
o
%
8 R
3 L
z < E
'_g 2 > S
> 4= = >
3 2 2 g =
s $ 3 5 8
¢ T E 2 g
S & S o 2
o uw =2 o a
7 10 10 10 2 3 31.75 3556 33.31
7 7 7 10 2 3 28 35.28 29.38
8 10 7 10 2 3 39 42.68 29.25 4C lusi
3 2 7 10 2 4 13.75 15.39 27.46 onclusions
26 6 9 6 10 2 3 305 3206 26.11
59 5 7 4 10 2 3 1275 20.64 2257 There are millions of workplaces in the world and more
63 6 10 4 10 2 3 24 26.24 2245 or less some risks can be seen in each workplace. The
4 8 1 1 10 2 3 1425 1717 2243 prevention of these risks is possible with a good risk
3 10 10 8 5 8 4 415 3956 2231 management. These workplaces need experts that can
10 30 2 10 6 10 2 3 14 1893 2211 mgnage such risks. On the other hand, experts must
11 10 6 5 2 10 2 3 185 16.72 20.87 (etermine properly realization probabiliies and the
1217 7 6 1 10 2 3 105 172 19.77 possible losses or risks. This is possible with experience
ii gi ; g i 18 g g ﬁg i%ig ig'gg in time. It is not so easy to increase the level of expertise
1568 6 2 1 9 3 2 109 1114 1827 of these many experts. So, providing easy methods to
: : : experts as in classical risk analysis does not bring benefit
16 25 6 8 4 7 3 3 195 1568 182 . L9
but harm because the evaluations are done subjectively. In
17 53 8 8 1 9 4 3 115 19.05 1751 . . . .
fact, precautions will be taken with high costs for the
18 43 3 2 1 10 3 3 75 793 17 . . . . :
19 45 6 3 1 9 5 3 15 1254 1691 [isks that might not occur; no precautions will be takgn
20 37 5 7 1 10 4 3 17.25 13.83 16.6 [orthe ones that might occur and unpleasant events might
21 705 3 1 9 4 2 95 1023 165 constantly occur. There are many studies related to risk
22 60 7 9 1 9 4 3 185 16.89 1625 assessment in Occupational Health and Safety. Few
23 71 7 10 1 9 4 2 1525 173 159 parameters are used in these studies. It is important to use
24 66 3 10 5 8 7 2 13.75 16.77 15.88 simple risk assessment methods that can be understood
25 41 5 7 1 10 6 3 7.25 1457 1559 and implemented by everyone. However, it should be
26 65 4 7 1 10 5 2 105 12.24 15.18 noted that the purpose of these studies is human health
27 33 3 9 1 10 2 3 85 10.18 15.08 and the protection of life. Additionally, the measures that
28 50 7 4 1 7 5 3 135 109 1452 need to be taken during and after studies of risk analysis
29 227 8 1 7 4 3 165 1212 13.63 can be very expensive. Therefore, more detailed studies
30 6 1 3 1 10 6 3 O 6.97 1332 gre vital for companies. For this reason, it is very
31. 245 8 1 8 4 3 95 1042 1329 mportantto determine the risk value so that it is as close
32 67 7 8 2 6 6 2 15 1288 128 g the real value as possible. The most permanent way to
3.9 9 7 3 3 5 4 109 1126 127 prevent this is to reduce the subjectivity. Especially
%4 573 3 1 8 5 3 75 637 1269 probability parameter includes an uncertainty. Resolving
3 20 8 9 3 4 5 3 27 12.53 12.57 . . . - . -
3 2 9 8 3 3 5 4 1145 1183 12.35 this uncertainty is possible only with finding
: y : sub-parameters/reasons  causing  occurrence  and
37 42 2 5 1 8 3 3 O 531 12.09 . P - . .
identifying the relations between them. An increase in the
38 69 3 6 2 7 6 2 145 73 1132 b f sub t 1 all t onlv all ¢
39233 7 1 9 8 3 105 996 1127 number of sub-parameters will allow not only all aspects
40 22 3 8 1 7 3 3 75 614 104g Of the current situation to.be recorded but also thg
measures to be determined in a clearer and more precise
manner. This study offers an effective and practicable risk
analysis method for the experts. It has proven with the
data of workplace which has been studied. As a
continuation of this work, it can be evaluated with
intuitive methods by increasing the number of parameters
which cause the events that cause physical injuries.
(© 2016 NSP
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