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Estimation of Fatal Risks of Road Construction Workers
in Occupational Accidents

Yol ingaat iscilerinin is Kazalarina Bagl Oliim Risklerinin Tahmini

Atiye BiLiM "', Osman Nuri CELIK

ABSTRACT
Millions of people die every year because of fatal work accidents and diseases. When the accident rates of the
construction industry in the world are analyzed, it is seen that these rates support the hazard situation of the
sector. The construction sector is important for developing countries, but it also has a significant share, espe-
cially in fatal work accidents. Risks in the construction sector vary according to the project. Work accidents
occurring in road construction have a significant share in the construction sector. In this study, 14910 work
accident data in road constructions between 2013-2016 years are examined for Turkey. The parameters affect-
ing the severity of the accident in the sector were determined. A score table was created in which road workers
could determine their fatal risk. Thus, the results that contribute to the selection of employees suitable for the
job and the adaptation process of the employee were derived.
Keywords: Construction, Fatal accidents, Road construction, Occupational safety, Work accidents.

OZET

Oliimciil is kazalari ve hastaliklari nedeniyle her y1l milyonlarca insan 6lmektedir. Diinyadaki ingaat sektoriiniin
kaza oranlar incelendiginde, sektériin tehlike net bir sekilde goriilmektedir. Insaat sektorii gelismekte olan
iilkeler icin 6nemli olmakla birlikte, 6liimlii is kazalarinda da énemli bir paya sahiptir. insaat sektériindeki risk-
ler projeye gore degisiklik gostermektedir. Yol yapiminda meydana gelen is kazalari insaat sektoriinde 6nemli
bir paya sahiptir. Bu calismada, Tiirkiye 2013-2016 yillar1 arasinda yol insaatlarinda gergeklesen 14910 is ka-
zas1 verisi analiz edilmistir. ilk olarak insaat sektériinde kaza siddetini etkileyen parametreler belirlenmistir.
Yol ingaatlarinda c¢alisan is¢ilerin is kazasina maruz kaldiginda, dliim riski seviyelerini tahmin eden bir skor
tablosu gelistirilmistir. Boylece, isverenlerin ise uygun ¢alisan secimi ve ¢alisanin ise uyum siirecine katki sag-
layan sonuglar tiiretilmistir.
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I. INTRODUCTION

Work accidents, deaths, and injuries related to these
accidents are at a worrying level globally. Work accidents
are among the most significant health hazards in industries
and are associated with high mortality, morbidity, spiritual
damage, and economic losses in the world. Work accidents
bring direct and indirect health services and economic bur-
dens for communities. An accident causes physical, social,
economic, and spiritual damages [1, 2]. Work accidents
both significantly impact human integrity and impose high
costs for a social security system [3]. The economic burden
of insufficient occupational safety and health practices is
estimated to be 4 % of global Gross Domestic Product

each year [4].

The construction sector is complicated in terms of
working conditions. The construction industry is dynamic
and dangerous due to construction workplaces and labor [5
-7]. Construction sites are often identified as unsafe and
dangerous places [8, 9] Each construction project varies,
and each type of project (eg a road or bridge) has its char-
acteristics such as operating performance methods, materi-
als, and construction techniques [10]. Variability of con-
struction activities, variety of equipment causes uncon-
trolled human errors [11]. Therefore, work accident rates

are quite high in this sector.

Considering the distribution of accidents resulting in
an incapacity for three days and more in the EU by various
sectors, it is seen that the construction sector is the first in
all sectors [12]. According to EU-28 countries, the con-
struction sector accounts for 11.3% of non-fatal work acci-
dents and 20.1% of fatal work accidents. It is located in

first place in the sectors for fatal work accidents [13].

Occupational safety is a problem to be considered for
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all construction sites. However, not all construction sites
have the same type of hazards and accidents. In general,
there are infinitely diverse and completely unidentifiable
hazards and risks in the construction industry, and unique
prevention methods must be taken and implemented ac-

cording to the type of building to eliminate the risks [14].

Studies on road safety lacks due to the variety of con-
struction and worksite environments [15]. The safety of
road workspaces has been a public concern for many years,
and great efforts have been made to alleviate traffic acci-
dents in the work area [16-19]. Road works are difficult to
isolate from the public, which blocks effective occupational
health and safety controls [20]. Understanding the charac-
teristics and underlying causes of accidents in road work
areas is critical in developing effective safety measures in
these areas [16]. Numerical values play an essential role in
determining and evaluating the hazards in construction
sites. Every work in the construction area should be exam-
ined with the workers to minimize workplace accidents

and identify hazards correctly [21].

In the literature, risk assessment techniques used in
assessing current hazards and risks in the workplace and
taking precautions are classified into three categories as
quantitative, qualitative, and mixed [22]. In the quantita-
tive method, while the numerical values are given to the
severity of the risk and the probability of the risk to occur,
descriptive values such as low, high, and very high are used
in the risk calculation in the qualitative method [23].
However, the mixed method includes both qualitative and

quantitative methods.

There is no suitable risk analysis method for all work-
places. Occupational health and safety (OHS) experts will
select the Risk Analysis method that will be most suitable

for the workplace [24]. Risk analysis for sectors should not
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be only based on the personal perceptions of OSH experts.
In this sense, academic studies are precious. Creating an
objective and general risk assessment table for the sectors,
supported by scientific facts, based on experienced work
accidents, will be the most important step towards reduc-
ing work accidents. At the same time, these created tables
will be an important guide for the OHS experts. In this
study, the work accidents that occurred in road construc-
tions and the workers exposed to the accident were ana-
lyzed, hazard and risk factors were identified for the sector.
Equality is derived from which the worker can determine
the risk of fatal if an accident occurs by utilizing workers'
characteristics and working environment features in road
construction. Workers in this sector will be able to identify

their possibility of fatal accidents with this equality.

II. MATERIAL AND METHODS

Successful strategies for accident prevention will de-
pend on the effective analysis of work accidents and coop-
eration with workers. By investigating root causes, danger-

ous conditions and unsafe behaviors can be identified [25].

Statistical data are important for the prevention of
work accidents and a starting point for safety at work [26].
Analysis of work accident records provides a helpful way to
identify patterns in accidents in professional populations.
Work accidents are complex events in which many factors
influence causality, and their prevention is only possible by
analyzing past events and interpreting statistical results
accurately [27]. Data on work accidents should be analyzed
carefully because it is important to determine the priorities
of occupational safety policies and get valuable tips [28]. If
the causes of work accidents are known, the priority of
possible prevention will be determined. Also, if there is any
deficiency of the laws, they will contribute to the closure of

these defects.

The share of total work-related accidents in Turkey in
the construction sector for 2016 is 15.6%, while its share
in fatal work accidents is 35.3%. So, about one-third of
fatal work accidents in Turkey (1/3) are realized in the

construction industry [29].

The construction sector in Turkey consists of three sub-
activities (Table 1). The construction activity where fatal
work accidents occurred most frequently was the non-
building construction, including road constructions. For
this reason, a detailed analysis of fatal work accidents is

needed for this sector.

Table 1. Fatality work accident rates of construction
sub-activity groups by 2012-2016.

Classification of *Accident Incidence Rate

Economic Years A
Activity 2012 2013 2014 2015 2016 ©  o'°8¢
Building

Construction 12.37 11.49 21.88 18.87 20.01 16.92
Non-building

Construction 2096 31.12 42.23 34.01 3524 32.71
Specialized

Construction 14.06 259 28.08 31.50 39.23 23.09
Activities

* Number of work accidents per 100000 workers

Statistics of work accidents in Turkey are recorded by
the Social Security Institution (SSI). Between 2013 and
2016, 14910 work accidents occurred in road construc-
tions (Table 2). As seen in Table 2, both fatal and injured
work accidents in the sector, unfortunately, tend to in-

crease.

Table 2. Number of fatal and injured work accidents in
road constructions.

Work accidents in Years
) Total
road constructions 2013 2014 2015 2016
Fatal 63 57 74 86 280
Injured 2677 3081 3748 5124 14630
Total 2740 3138 3822 5210 14910
91
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This study aims to analyze 14910 work accidents oc-
curring in the sector, to determine the factors affecting the
accident severity (fatal or injury), and then to analyze 280
fatal work accident data in the light of these factors and to

determine the fatal risk level of each worker in the sector.

14910 work accident data between 2013 and 2016 in
road constructions were requested from SSI and provided.
The information in the work accident notification form is
organized and divided into categories as an independent
variable. The selection of the independent variables was
made considering the univariate frequency analysis and

cross-tabulation results.

A dependent variable is a variable affected by other

variables when the value of other variables changes. In an

Table 3. Independent variables.

Independent

variables Category of independent variables

illiterate
Primary education
High School and above

Education status

Managers

Professionals

Technicians and associate professionals
Occupation groups Clerical support, Service and sales workers

Craft and related trades workers

Plant and machine operators, and assemblers

Elementary occupations

<18
18-30
30-40
> 40

Age

Widowed
Divorced
Single
Married

Marital status

<1year
1-10 year
10-20 year
>20 year

Experience

OHS Training

OHS education No OHS training

Industrial site, workshop, factory
Office

Underground

Highway, transportation vehicles
Construction site

Working place

Natural elements

Hand tools

Construction materials
Machinery and equipment
Vehicle

Worked material

92

event examined, the affected variable is the dependent vari-
able. Variables whose value is determined according to
random conditions, which change independently and
affect the change of other variables, are called independent

variables [30].

In this study, accident severity (fatal or injury) was
chosen as the dependent variable. Independent variables

defined in the study are given in Table 3.

The categorically defined data set was transferred to the
SPSS program and analyzed statistically using cross-

tabulation analysis.

The cross-tabulation analysis is defined as the analysis
of two categorical variables (nominal or ordinal) simultane-
ously to determine whether there is an experimental rela-
tionship between them [31]. One of the aims of this study
is to identify the independent variables related to the sever-
ity of the accident. Therefore, in this study, binary analysis
was performed between the dependent variable and each
independent variable defined with the help of cross-

tabulation analysis.

Cross-tabulation is a form of a matrix with a categorical
variable in rows and a categorical variable in columns. For
example, if it is desired to perform a binary analysis to in-
terpret the relationship between a variable with A catego-
ries and another variable with B categories, cross-tabulation
is performed with a matrix with A x B numbers. Each cell
shows the frequency observed to the researcher, giving the
frequency distribution of how one variable is distributed

across each category in the other variable [32].

After cross-tabulation is established and frequency dis-
tribution in the cells occurs, the second step is to question
the relationship between the variables. Pearson chi-square
test is one of the tests used to interpret this relationship

successfully [33]. The Pearson chi-square test compares the
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expected values with those observed if there was no rela-
tionship between the two variables [34]. In other words,
the Pearson chi-square test is used to define the importance

of the relationship between variables [35].

Several assumptions must be met before performing the
Pearson chi-square test. For the test to be meaningful, each
case must be in a cell in the cross-tabulation. The crosstab
may have a maximum of 20% of cells with an expected
frequency of less than 5; expected frequencies below 1 are

unacceptable [36].

If the assumptions are met, the chi-square value can be

calculated using Equation 1.

X2=Zn _(0i —E)? (1)
i=1  E

O= frequency observed
E= Expected frequency
n= Number of samples

Pearson chi-square test hypothesizes that the variables
in the row and column can be independent or dependent.
The zero-hypothesis formulated within the scope of the

study is as follows;

Hoy= There is no relationship between the independent

variable and the dependent variable (accident severity).

H,= There is a relationship between the independent

variable and the dependent variable (accident severity).

After calculating the Pearson chi-square value, the p-
value (which represents the significance of the chi-square
value) based on this value should also be calculated, taking
into account the degree of latitude. P-value is the probabil-
ity value used to determine how the observed value devi-
ates from the expected value by chance. Generally, if the P-

value is less than 0.05, H, hypothesis is rejected, and it is

assumed that there is a relationship between the variables.

The degree of latitude is calculated with Equation 2.
df=(Number of columns-1)x(Number of rows-1) (2)

As a result of the cross-tabulation analysis, it was found

that the variables of;

. Education

U Occupation

° Age

. Marital status
. Experience

o OHS training and
o The place of the accident

o The material causing the accident significantly
affected the severity of the accident.

The independent variable with the highest degree of

impact is determined as the worked material (Table 4).

Table 4. Cross tabulation analysis results.

Independent variables Pearson's X? (df), p

Education status X*(2) = 20.034 P=0.018
Occupation groups X*(6) =35.772 P=0.000
Age X*(3) =79.697 P=0.000
Marital status X*(3) =14.229 P=0.005
Experience X*(3) =54.825 P=0.000
OHS education X*(1) =33.139 P=0.000
Working place X*(4) =97.670 P=0.000
Worked material X?(4) =128.713 P=0.000

Quantitative risk assessment methods use numerical
methods to calculate risk. In quantitative risk analysis,
numerical values are given to values such as the probability
of a dangerous event, the effect of the hazard, and mathe-
matical and logical methods process these values, and the
risk value is found [23]. That is, the risk value can be calcu-

lated with the formula in Equation 3.
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Risk = Possibility of a Hazard Event x Impact of Hazard (3)

280 fatal work accidents occurring in road construc-
tions between 2013 and 2016 were examined in terms of
independent variables that were found to impact the severi-
ty of accidents. The frequencies of each variable were deter-
mined according to the subcategories given in the tables.
The subcategory with the highest frequency value was as-
sumed to be 100, and coefficient values were calculated for
the others by the proportioning method. For these varia-
bles, the impact value was determined according to the
Pearson chi-square values obtained from the cross-
tabulation analysis (Table 5). According to the results, for

the fatal risk, Table 5 was created below.

To calculate the fatal risk score, the frequency of that
category is multiplied by the impact value of that category.
This process is done for each category, and the results are

added. Equation 4 is derived as follows.

Fatal Risk Score = Education Status Frequency x 0.04
+ Occupation Groups Frequency x 0.08 + Age Fre-
quency x 0.17+ Marital Status Frequency x 0.03 +
Experience Frequency x 0.12 + OHS Education Fre-
quency x 0.07 + Working Place Frequency x 0.21 +
Working Material Frequency x 0.28 4)

Fatal risk scores were calculated for each of the 280

fatal accident data. Table 6 was created according to score

Table 5. Probability and impact value of variables to determine fatal risk.

Risk criteria Subcategories Frequency Impact Value (%)
Illiterate 0
Education status High School and above 33 4
Elementary school 100
Managers 1
Professionals 9
Clerical support, Service and sales workers 9
Occupation groups Technicians and associate professionals 21 8
Craft and related trades workers 85
Elementary occupations 96
Plant and machine operators, and assemblers 100
<18 0
18-30 40
hee 30-40 42 17
>40 100
Widow 0
. Divorced 7
Marital status Single 27 3
Married 100
<1year 5
. 10-20 year 37
Experience 1-10 year 60 12
>20 year 100
. OHS education 0
CLSEdiatn Non-OHS education 14 7
Industrial site, workshop, factory 2
Office 2
Working place Underground 21
Highway, transportation vehicles 53
Construction site 100
Natural elements 4
Hand tools 4
Working material Construction materials 15 28
Machinery and equipment 29
Vehicle 100

94
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distributions. Thus, it is possible to determine the fatal risk
level. Workers with a fatal risk score of 60 or higher were
identified in the high-risk group, workers with a score of
40-60 were in the medium-risk group, and workers with a

score of less than 40 were in the low-risk group [37].

Table 6. Fatal risk scores of workers.

Fatal risk score Fatal risk level Risk priority
>60 High 1
40-60 Medium 2
<40 Low 3

Equality 4 and Table 6 were created due to four-year
work accident data analysis, tested on new work accident
data. For this purpose, 91 fatal work accident data in 2017
in road constructions were provided from SSI. The fatal
risk score of each worker was calculated. As a result of the
calculations, it was concluded that 88% of the fatal work
accidents in the sector were in the high and medium risk
group (Figure 1). In other words, the estimated power of
the derived equation is 88%, which means that if protec-
tive measures were taken for the workers in the high and
medium risk group by applying the derived equation on
the workers and determining their risk scores, 88% of the

work accidents in the sector would have been prevented.

Figure 1. Workers' fatality risk scores according to
equation 4 by the year 2017.
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III. RESULTS

The construction industry in the world has an im-
portant share especially in the number of fatal work acci-
dents. Risks in the construction sector differ according to
the project. The share of total work accidents in Turkey in
the construction sector for 2016 is 15.6%, the share of
fatal work accidents is 35.3%. So, about one-third of fatal
work accidents in Turkey (1/3) are realized in the con-
struction industry. The construction activity where fatal
work accidents occur most is "Nonbuilding Construction,”
which includes road construction. Therefore, the need for a
detailed examination of work accidents in this sector has

emerged for occupational safety.

Data of 14910 work accidents that occurred in road
constructions between 2013 and 2016 were analyzed. It
has been determined that the educational status, occupa-
tion, age, marital status, experience, OHS training of the
worker, the location of the accident, and the working ma-
terial causing the accident significantly affected the severity
of the accident. The variable that most affected accident

severity was determined as the working material.

280 fatal accidents occurred in the four years. When
these fatal accidents in road constructions between 2013-
2016 were examined in line with the parameters deter-
mined to affect the severity of the accident, it was con-
cluded that the occupational group in which the fatal acci-
dent occurs is 'Plant and machine operators, assemblers'.
Fatal accidents are the highest among workers aged 40 and
over, married workers, and workers with more than 20
years of experience. It was observed that the number of
fatal accidents increased as the age and experience of work-
ers increased. The material causing the fatal accidents was
the vehicles. Fatal accidents related to machinery and

equipment took place secondly.
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A fatal risk score equation was derived for road con-
struction workers by using work and worker characteristics.
Enterprises will be able to determine whether they have
workers with a high risk of fatal. They will also consider
this situation in risk analysis. It will be very beneficial for

the sector in order to prevent fatal work accidents.

IV. CONCLUSIONS

The critical point in occupational safety is to take pre-
cautions before a work accident occurs. Therefore, this fatal
risk score equation allows the sector to produce proactive
solutions for occupational safety. Even the workers in the
industry can easily use this equality and determine their
fatal risk. Thus, workers with high risk will continue to
work more carefully and precisely. Enterprises will also
know the fatal risk of each worker if their current employ-
ment is in a work accident. It will contribute significantly
to the planning of the control and improvement precau-

tions.

In terms of enterprises, it also provides security in the
selection of new workers. For example, if the worker plans
to hire a machine operator, a younger worker can be re-
cruited, as the impact of the age factor on accident severity

has been identified, resulting in a low fatal risk.

Equality reflects the state of the sector, as it has been
achieved by investigating work accidents. The data ob-
tained from the study are free from personal thought or
perception and are completely based on scientific supports.
Therefore, OHS experts will have made a more realistic
risk analysis by adding the workers' risk levels to their risk
analyses. Safety precautions will take priority in workers
who have high-risk levels. The equality of fatal risk score
achieved in the study aims to contribute to both enterpris-
es and the country's economy by reducing fatal work acci-

dents in the sector.

96
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The proactive approach to risk analysis in OHS is based
on the principle of predicting risks, reducing them, or
eliminating them before a work accident has occurred. The
fatal risk equality derived from the study will also provide
the opportunity to produce proactive solutions for the
sector. The workers in the sector will have the chance to
determine own fatal risk levels with this method easily.
Companies can easily calculate these scoring values for
their workers and determine whether they have workers at
risk of fatal in a work accident and if so, they can deter-
mine the risk levels of these workers and develop protec-
tion policies for them. Thus, they can reduce the probabil-
ity of a fatal work accident. Not only environmental fac-
tors taken into consideration when performing risk analyz-
es, but also whereas the demographic characteristics of the
workers in the sector are effective in work accidents. There-
fore, considering these factors, the risk assessment will be

more realistic and proactive.

Although the equality developed as a result of the study
is for road constructions, the methodologies realized in this
study can be applied to different sectors, and similar equa-
tions can be derived for other sectors. It will also enable

improvements in occupational safety policies for sectors.
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