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Abstract: The construction sector is known to have the highest risks of occupational accidents. A
rationale for this high occurrence of occupational risks can be related to legislative requirements
to enforce safe construction practices within this sector. Within the context of excavation works in
Turkey, this study investigates the leading risks for any compliance shortfalls and ultimately presents
recommendations to mitigate occupational accidents” occurrences during excavation works in the
construction sector. Based on a quantitative methodology, a closed-ended survey consisting of 35
questions and based on legislative requirements was applied to project managers in the construction
industry, such as site supervisors, occupational safety experts, auditors, and control personnel. A
sample size of 277 responses was found to have stability and validity through a reliability analysis
and an exploratory factor analysis, and was used for testing statistical significance via cross-tabulation
analysis and chi-square tests. The findings revealed that the major deviation of safety in excavation
works from legislative requirements is executing works during adverse weather conditions. Moreover,
it was also noteworthy that protective curtains did not surround the excavation sites, and most of the
employees encountered ground slippage during excavation work. Therefore, the findings revealed
preliminary research that will contribute positively to providing incentives for a focus on and
development of relevant security and technical measures. It also provided information to protect the
safety and welfare of the workers involved in excavation works. Finally, though these findings may
be considered context-specific, this research can be used for comparative purposes for similar studies
into the safety practices of excavation works in different countries, where generalized findings can be
later derived to inform academia and practice.

Keywords: excavation works; occupational accidents; construction sector; occupational safety;
survey analysis

1. Introduction

When the statistics on occupational accidents and diseases conducted by the Social
Security Institution over the years are analyzed, it is observed that most fatal occupational
accidents occur in the construction sector [1]. The construction sector, which is one of the
cornerstones of working life in Turkey, as in the whole world, is one of the sectors with the
highest risk of encountering negative situations among all sectors for many reasons. These
reasons can be listed as the fact that the workers are generally unskilled and uneducated, a
wide variety of jobs are carried out together in terms of the work volume, the work area is
dispersed and large, the rate of subcontracting is high, etc. [2]. Although the increase in
legal regulations and inspections in Turkey in recent years has enabled concrete steps to be
taken, the construction machinery, tools, and equipment used in the construction sector
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continue to pose a danger to both employees and the environment [3]. Especially in cases
where occupational health and safety measures are not taken or are inadequate, problems
arising from these machines can lead to serious negative situations. Safe Work Australia [4]
reported that most of the fatal accidents caused by machinery involve events preventable
by safety measures.

Excavation works are among the construction works in which machinery is used most
frequently. Excavation works play a fundamental role in many construction projects. There
are many types of excavation, depending on the work area and the nature of the work.
Free excavations; underground excavations; dam and hydroelectric power plant excava-
tions; road excavations; tunnel excavations; stripping, cleaning, and shaping excavations;
and channel excavations are just some of these excavation types [5]. The biggest risk in
excavation works is the formation of cave-ins [6]. In addition, to correct and improve the
existing situation in excavation works where many occupational accidents with fatalities or
injuries may occur, Turkey has made the necessary legal arrangements and ensures their
implementation and inspection. The Occupational Health and Safety Law, which came
into force on 1 January 2013, is the most important step taken on this issue [7]. This law,
which imposes very serious responsibilities on employers and employees, has paved the
way for very comprehensive legal regulations to take serious measures in the construction
sector. The regulation on occupational health and safety in construction works, which was
also issued within the scope of this law, imposes various responsibilities on employees and
employers in many areas such as the measures to be taken before starting excavation works
and the issues to be considered during the work [8]. Overall, it can be said that excavation
work is one of the most challenging and dangerous activities in the sector [9]. For this
reason, if precautions in the procedure are not taken during excavation works, negative
situations may arise that may lead to serious dangers. These negative situations can be
listed as collapses or cave-ins, workers falling into the excavation or trench area, material
or equipment falling on workers in the excavation area, flooding of the excavation area,
the potential for damage to or the collapse of the surrounding structures, the presence of
hazardous and harmful gases, and damage to underground facilities such as water lines,
cables, etc. [10,11].

As a guide to frame the health, safety, and environmental risks in excavation works,
Koksal’s [10] and Rampuri’s [11] list of risky events that may occur during excavation
works can be summarized into three risk categories [12]. Known risks are typically localized
risks that are easily identified in the risk identification process. Known risks are actively
managed as part of daily work operations and are created by the actual work package.
Typical known risks in excavation works are collapses or cave-ins, the fall of workers into
the excavation or trench area, the fall of materials or equipment on workers in the excavation
area, and the potential for damage to or the collapse of the surrounding structures. Known
unknown risks are another class of risks that can be both predicted and foreseeable, such as
the presence of hazardous and harmful gases, underground service utilities, flooding, and
groundwater. Unknown risks are risk events that cannot be easily predicted, such as force
majeure events [12]. Classifying risks into easily identifiable categories allows the safety
team to develop an effective response plan and mitigation strategy in the planning stage of
the construction works. When risks are not planned for and managed carefully and with
urgency, serious injuries can occur, leading to loss of life and a failed project embroiled in
legal disputes.

A collapse is a sudden loosening and shifting of material in the excavation area,
resulting in workers and equipment being trapped under the excavated material, causing
significant loss of life and property [5]. Occupational Safety and Health Administration
(OSHA) statistics have confirmed this information and also show that when compared
with general construction work, excavation-related fatalities are about twice as high [13].
Plog et. al. [14] stated that 384 construction workers died from excavation-related injuries
in the United States of America (USA) from 1992 to 2002. Similarly, statistics for the
USA’s private construction industries from 2003 to 2011 show that 287 workers were
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killed due to excavation collapses [15]. In Turkey, it was shown that 285 workers lost
their lives due to collapse and crushing among the sector-based causes of occupational
accidents in 2019 [16,17]. These data show that a number of employees are either killed
or injured every year [18]. As a result, it raises curiosity as to what extent the principles
of regulation that meet certain criteria are complied with in construction areas. For this
reason, this study aimed to examine occupational safety practices in excavation works
during construction activities, taking into account the legislative and regulatory conditions
in Turkey. This study’s findings can be presented as preliminary research to determine
the current conditions and areas open to improvement. Additionally, it can serve as a
comparison study in both national and international scientific research. To achieve this
aim, the remainder of this study is structured into four sections. Section 2 provides a
focused overview of the literature on the dominant scholarship influencing this study’s
narrow scope, including occupational safety risks in the construction sector in Turkey,
safety practices, and excavation works. Section 3 provides the research methodology,
building upon the post-positivist lens for this study and providing a framework guiding
the method adopted. In Section 4 (Findings and Discussion), the findings from the survey
and the implications of contemporary construction practices are discussed in relation to the
law and regulations. The final section concludes this study and provides suggestions to
improve compliance with legislative requirements and reduce the accidents and loss of life
associated with excavation works.

2. Literature Review

Although the scope of occupational health and safety is universal, occupational health
and safety may differ in terms of the laws, regulations, and practices of countries [18].
When studies covering occupational safety in the construction sector in Turkey were exam-
ined, very few studies were encountered specifically on occupational safety in excavation
works in construction. Kale and Eskisar [19] examined the report details of 92 accidents
that occurred during excavation works. Afanuh et al. [20] drew attention to the preven-
tion of worker fatalities due to cave-ins caused by trenching and excavation activities.
Rees [21] mentioned that trenches and excavation works in civil engineering or building
projects involve risks and investigated deaths and injuries. McCann [22] examined the
Bureau of Labor Statistics Fatal Occupational Injury Census of 253 fatalities related to
work machines at construction sites in excavation works between 1992 and 2002. Giircanl
and Miingen [23] suggested a new occupational safety risk analysis method with fuzzy
sets for occupational safety in construction in Turkey and the world. Basaga et al. [18]
researched the effectiveness of occupational health and safety training for construction
workers in Turkey. Uzun [24] conducted an occupational safety risk assessment on the use
of construction machinery in construction. Aydogan and Riistii [25] studied occupational
health and safety in the construction sector in terms of field surveillance and work equip-
ment. Aktuna and Aktuna [26] surveyed 83 construction workers in their study examining
occupational health and safety practices in the construction industry. Arslan [27] studied
a sample health safety plan in hydroelectric power plant construction. She mentioned
that excavation works should be carried out in a planned manner under the supervision
of an expert and with all safety precautions. Korkmaz [28] mentioned excavation works,
excavation slopes, and protective systems in excavation in the study “Occupational safety
in 11 step-in construction works”.

3. Research Methodology

This research is quantitative in its nature and adopts a post-positivist theoretical
paradigm to evaluate the causal relationships between events and perceptions [29]. This
approach treats reality in a flexible way, independent of the phenomenon under investiga-
tion. To achieve this, a closed-ended questionnaire tool was used to gather primary data
from primary stakeholders involved in the process of construction excavation works. The
flowchart in Figure 1 summarizes the research methodology involved in this study.
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Figure 1. Research methodology flowchart.

In this study, legislation related to excavation works in Turkey was examined in detail,
and, in this context, a survey form was developed by compiling the principles regarding
field practices [7,8,30,31]. The survey form, consisting of a total of 35 questions, was
prepared systematically via the descriptive-scan type with expert advice and provided the
opportunity to see the current situation regarding the implementation of the regulation
in the field. The survey form first included a general section consisting of 10 questions
to obtain information about the employees’ job description, working hours, educational
status, information on occupational health and safety, current field information, whether
they have had a work accident, and, if so, the reasons. Afterward, it contained a second
section consisting of 25 questions with two choices (yes and no), developed by examining
the legislation regarding occupational safety practices in excavation works in Turkey. The
reason why two-choice questions were preferred is that employees either comply with the
legislation requirements or they do not. The survey form was answered by the construction
site supervisor, occupational safety specialist, auditor, or control staff responsible for
projects working in the Gaziantep and Kilis provinces of Turkey and the private sector.
These personnel, consisting of civil engineers, architects, construction technicians, building
inspection technicians, and occupational safety experts, have the authority to ensure and
enforce regulations through their job descriptions [32,33].

Within the scope of this study, a survey was administered through individual distribu-
tion to project managers working on different projects. Ethical consent was first requested
from employees prior to participating in the survey. All participants were informed of the
aims and use of the survey, and participation was an entirely voluntary exercise. Partici-
pants were notified that there were 35 questions in the survey form and told to make a single
choice or one answer per question. To improve the data’s validity, only 100% completed
surveys were selected for analysis. Incomplete surveys were excluded from the evaluation
to reduce unwanted variability in the results that could skew the construct validity and
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reliability of the findings [12]. Then the completed surveys of a total of 277 employees were
collated, organized, and transferred into the SPSS Version 220© statistical data program.
Both descriptive and inferential statistical tests were completed using this statistical tool.
Frequency analyses were conducted to determine the frequency of observations and the
percentage distribution of the data. To appreciate how the variables are correlated, cross-
tabulation analysis was performed on the data to quantitatively derive the trends of one
or more variables with the results of another variable. The chi-square test was also used
to check whether the results of the cross-tabulation analysis were statistically significant.
The researchers tested for statistical significance, traditionally understood by the use of the
probability or p-value, to determine whether, in the results, there was evidence that the
sample had an effect on the population. The alpha value, «, or critical value, is another
statistic used to indicate the boundaries of whether the p-value is significant or not. The
value of p < o = 0.05 was accepted as statistical significance. In addition, reliability and
exploratory factor analyses were performed to indicate the stability and validity of the
measured values.

4. Findings and Discussions

This section includes the findings and evaluations of the survey study on occupational
safety in excavation works obtained with the statistical data analysis program SPSS Version
22. The findings of the survey have been evaluated in two subsections, which are the
findings of the frequency analysis and the findings of cross-tabulation and chi-square
analyses. In this study, the Cronbach’s alpha («) value was found to be 0.854 as a result of
the reliability analysis of the two-choice evaluation series with the SPSS 22 program. In the
literature, « > 0.8 is regarded as high (good) reliability [34,35]. Thus, the high consistency
and reliability of the evaluated results were confirmed [36,37].

Exploratory factor analysis (EFA) was conducted to explain whether the measurement
tool used reflects the characteristic to be measured. For this, principal components and
direct oblique rotation methods were used. This is because principal components are
the most frequently and easily used method in practice [38], and direct oblique rotation
is thought to show a relationship between the questions [39]. First, the suitability of
the dataset for factor analysis was assessed by the Kaiser-Meyer—Olkin (KMO) test and
Bartlett’s sphericity test [40,41]. The KMO value was 0.782, which showed that the dataset
was suitable for EFA. The fact that the KMO value was greater than 0.5 indicated that the
dataset’s size was sufficient for factor analysis [42,43]. Moreover, if this value is between
0.7 < KMO < 0.8, it is classified as “good enough” [44-46]. As a result of Bartlett’s test, x>
(300) = 2702.657; p < 0.05. These findings show that the correlation between questions suits
EFA [41,42].

As a result of EFA, it was determined that the part of the occupational safety survey
in construction excavation works consisting of 25 questions, evaluated according to the
principles of regulation, consisted of a seven-factor structure, and these seven factors
constituted 63.245% of the total variance. As a result, the scale of this section could explain
63.245% of the features to be measured. In the literature, studies in which the cumulative
variance does not fall below 50% are considered sufficient [44,47-50]. Therefore, the
magnitude of the explained variance demonstrates the validity of the information obtained
from the scale. In addition, while the first factor explains 26.888% of the features that could
be measured with this scale, the second factor explains 8.804%, the third factor explains
7.098%, the fourth factor explains 6.202%, the fifth factor explains 5.786%, the sixth factor
explains 4.401%, and the seventh factor explains 4.065%. Table 1 shows the distribution of
the questions according to factors and their factor loadings.
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Table 1. Direct oblique rotated factor loading matrix from the exploratory factor analysis.

Factors
1 2 3 4 5 6 7

Q1 0.631

Q2 0.798

Q3 0.670  0.412

Q4 0.390 0.378

Q5 0.791

Q6 0.382 0.502

Q7 0.780

Q8 0.740

Q9 0.734

Q10 0.660

Q11 0312 —0.485 0.375

Q12 0.487 —0.331

Q13 —0.472 —0.308

Q14 —0.762

Q15 —0.920

Q16 0.705

Q17 0.352 —0.340

Q18 0.379 0.486

Q19 0.693

Q20 0.385 0.532

Q21 0.665

Q22 —0.846

Q23 —0.866

Q24 0.598

Q25 0.450

Eigenvalues 6722 2201 1775 1551 1446 1.100 1.016

Variance explained (%) 26.888 8.804 7.098 6202 5786 4.401 4.065
Total variance explained = %63.245

Questions

As seen in Table 1, Factor 1 consists of nine questions, Factor 2 consists of four
questions, Factor 3 consists of five questions, Factor 4 consists of two questions, Factor 5
consists of four questions, Factor 6 consists of six questions and Factor 7 consists of five
questions. Factor loadings took values between —0.920 and 0.798. Factor loadings can take
values between —1 and +1 [51]. These values are coefficients that explain the relationship
of the question with the factor. Loadings closer to —1 or +1 indicate that the relationship
between the question and the factor is higher, while loadings closer to 0 indicate that it is
weaker [52]. In the literature, factor loadings above 0.30 in absolute value are considered
significant [47,53,54]. Negatively signed factors express an inverse relationship between the
factor and the question or variable [52,53]. It can be seen that the questions forming Factors
1,2,4,5, and 6 contributed in a positive direction, and the questions forming Factors 3
(except Q3) and 7 contributed in a negative direction.

4.1. Frequency Analysis

Frequency analyses were conducted to present detailed information on the responses
of the 277 employees who participated in the survey. Frequency distributions for the first
part of the survey are given with graphics. The answers to the two-choice questions are
presented in Table 2.
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Table 2. Frequency analysis results for two-choice questions prepared for the evaluation of the

relevant application principles.

Frequency Percent
Questions Regulation Principles
Yes No Yes No
Following Law No. 6331, the employer must give
Q1. Does the project you work on aPEroprsatS instrt.lcti.orfs toTemPIQ}legs within t}'letscﬁpe] tohf
have occupational health and 260 17 939 61 d P r;) ec lonc{).r.map, es.h O mamtain appropria el ea
safety instructions? and sa ety.con itions in the COI’IS.tI'LICthIl area, employees
must take into account the warnings and instructions of
their coordinators [7].
Q2. Is there a pointer trained on the In cases where the operator’s field of vision is limited, a
subject to guide the operator during 217 60 783 21.7 pointer who is trained on the subject is assigned to guide
excavation work? the operator [8].
Work equipment is chosen based on the type, size, shape,
and other physical characteristics of the load to be lifted. In
Q3. Are there any situations where addition, when the specified lower and upper safety limit
the capacity of the work machine is 205 72 740 26.0 points or the area limiting the movement of the equipment
strained during excavation work? are exceeded, it must be ensured that there are safety
devices that are activated in cases of use above their
capacity [8].
Q4. Are there maneuvering, parking Maneuvering, parking, and movement areas of machines
areas, and movement areas for ) . . . .
: . s 253 24 913 87  and vehicles used in excavation and material transportation
machinery and vehicles within the .
. are determined [8].
excavation area?
Q5. Were the necessary permissions Obtaining a building permit (construction certificate) from
obtained from the relevant 270 7 975 25 the municipality or special provincial administrations
institutions and organizations before ' ' (governorships) for all buildings within the scope of Zoning
the excavation works began? Law No. 3194 is mandatory [30].
Q6. Have the locations of
underground cables, water, sewage, Before starting excavation work, the locations of
natural gas, and other distribution 256 21 924 7.6 underground cables, gas pipes, water, sewage, and other
systems been determined before distribution systems are determined [8].
starting the excavation?
Q?7. Have the soil conditions and For all kinds of work equipment, the solidity of the ground
structure of the excavation area and 263 4 o949 51 ©°n which it is installed or in motion is checked. Work
its surroundings been examined ’ ’ cannot be started without making sure of the solidity of the
before starting the excavation work? ground and balancing and stabilizing it when necessary [8].
Q8. If the ground profile in the
excavation area is variable, have
ground surveys been carried out 242 35 874 12.6 Within the scope of the soil survey, both field tests and
according to the most unfavorable laboratory tests should be carried out according to the soil
ground conditions? types. In areas where the soil profile is very variable,
Q9. Were there any dangers such as analyses should be made according to the most unfavorable
shifting of the ground, for.mation of 127 150 458 542 grognd condition in the region represented by the designed
soft pocket areas, etc. during the section [31].
excavation work?
Q10. In slope excavations, are the
grou.nd structure and prqurhes 251 26 906 94 Inexcavations, appropriate slope angles are determined by
considered when Qetermlnlng the taking into account the ground structure, climatic
slope angle and height of ﬂ.le slopes? conditions, tremors that may occur near the excavation area,
Q11. Are there any p .rotectn./e surrounding water resources, and overload forces.
systems such as §hor1ng, shields, 198 79 715 285 Additionally, appropriate statically calculated supports and
etc. against the .nSk of collapse sets are used. The excavation surfaces, slope, and height of
during excavation? the supports are selected by the structure, durability, and
Q12. If so, h'ave the gr‘f(‘m@ structure working methods of the ground [8].
and properties been taken into 2 55 801 199

account in the design of these
protective systems?
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Table 2. Cont.

Frequency Percent
Questions Regulation Principles
Yes No Yes No
Q13. Has it been investigated It should be investigated whether the excavation will affect
whether the excavation will affect the 224 53 809 19.1 adjacent structures and, if there is a possibility, necessary
surrounding structures? precautions are taken before the excavation begins [8].
Q14. Has the area around the
excavation been surrounded by steel
sheets or curtains with a heightofat 194 83  70.0 30.0 To prevent unauthorized people from entering the
least 2 m to prevent unauthorized excavation pit, steel sheet panels must surround it with a
persons from entering? height of at least 2 m, and the necessary occupational safety
Q15. If it is surrounded, are there Warning Sigl’lS are hung on these panels [31]
necessary occupational safety 217 60 783 217
warnings and warning signs on the ’ ’
steel sheets or curtains?
Q16. Are appropriate and safe routes .
provided fgrp W(i‘kers to enter and 250 27 903 97 Safe ways to enter and exit the work area must be
. . provided [8].
exit the excavation area?
In excavations deeper than 150 cm carried out outdoors and
. in foundation and channel excavations carried out at any
Q17. Have the necessary precautions depth K in the f £ dieeing the bott f the sid
been taken to prevent the side walls epth, workin e forh of digging the hotton of the side
P lapsine i i d 242 35 87.4 12.6 surfaces as a strip and collapsing them from above should
rom collapsing in excavations deeper s .
than 1.50 m? prevented. In addition, necessary precautions should be
taken to prevent the side walls of the channels from
collapsing [8].
Q18. Have a sufficient number of Hand stairs of sufficient strength, with steps made of
stairs been placed for the workers to 297 50 819 181 non-slip material or covered with non-slip material, should
go up and down the excavation area ’ ’ be used, according to the work being done and, if available,
in excavations deeper than 1.50 m? the national standards [8].
Q19. Is there sufficient distance There should be sufficient distance between the excavated
between the excavated material and material removed from the excavation area and the edge of
the edge of the excavation to prevent 249 28 899 10.1 the excavation, and if there is a risk of the excavated
it from sliding into the excavation material flowing into the excavation area, appropriate
area of the earthwork? barriers should be used [8].
Q20. Do you take into account Employees are protected from weather conditions that may
the weather and environmental 254 23 91.7 83 adversely affect their health and safety. In addition, work
conditions before and ’ ’ cannot be carried out in workplaces exposed to strong
during excavation? winds without taking the necessary safety precautions [8].
Q21. Have you carried out
excavation work in cases of heavy 111 166 40.1 599 Excavation works are not carried out during rainfall [8].
rain, frost, and snow?
Q22. Has any work been carried out
to prevent water accumulation in the 212 65 76,5 235 During excavation works, appropriate precautions must be
excavation area? taken against falling materials or objects, the danger of
Q23. If water is likely to accumulate floods, and people falling [8].
in the e>.<cavation area, have . 212 65 765 235
precautions been taken to drain
this water?
Q24. Is the necessary personal
protective equipment (dust mask, The employer is obliged to keep personal protective
headphones, protective helmet, shoes, 234 43 845 145 equipment following national standards and ensure its use
glasses, etc.) used during by employees [8].
excavation work?
0Q25. Have precautions been taken to
help workers reach a safe place in 231 146 8B4 166 Employees must be ensured to reach a safe place in case of

case of danger (collapse, fire, flood,
natural gas leaks, etc.)?

fires, flashes, explosions, floods, or collapses [8].




Safety 2024, 10, 87

9 of 22

The distribution of the surveyed employees according to the types of projects in
their working areas is shown in Figure 2. Accordingly, the largest percentage of the
respondents are those working in building—residential projects (55.2%). It has been
shown, in a study by Giilltioglu and Giilltioglu, that 64% of those working in the sector
work in building construction [55]. This type of project is followed by others with 10.8%
and technical infrastructure (sewerage, water, electricity, natural gas) with 9.7%. These
project types are followed by environmental planning/landscape and canals, bridges, or
tunnels (6.5%); highways/railways and social facilities (shopping malls, hotels, etc.) (4.0%);
and retaining/stabilization structures (3.2%). Figure 3 shows the level of education of
those working as site supervisors, occupational safety specialists, auditors, or control staff
responsible for the project. Of the 277 employees who participated in the survey, 191 hold
license degrees, 49 hold Masters’ degrees, 32 hold associate degrees, and 5 hold high school
degrees. It can be seen that the majority of the participants are at license and Masters’ level
(86.7%).

mTechnical
infrastructure
HRoad/railway
JBuilding-residential
mEnvironmental
planning/landscape

jCanaIs, bridges or
tunnels

HSocial facilities
mRetaining

structures
Jother

Figure 2. Project type.

High
.school

Associate
.degrees

[CLicense

Master
degrees

Figure 3. Educational status.

Figure 4 shows that 87.7% of the employees have knowledge related to Occupational
Health and Safety Law No. 6331 [7]. Figure 5 shows that while 81.2% of the employees have
previously received training on occupational health and safety, 18.8% have not received
training. Construction works are classified as very hazardous. According to Law No.
6331 [7], the employer is obliged to organize training activities for employees, covering a
minimum level of issues repeatedly, according to the hazard class, taking into account the
nature of the job and the employees. These results may indicate that some employers have
failed to fulfil their legal obligation to provide training to employees.
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Figure 4. Employees’ information about Occupational Health and Safety Law No. 6331.

Myes
HNo

Figure 5. Training of employees on occupational health and safety.

Figure 6 shows that 16.6% of the employees stated that they had encountered occupa-
tional accidents, while 83.4% stated that they had not encountered occupational accidents.
Amirah et al. [56] stated that safety behavior and safety culture have a positive effect
on preventing or reducing accidents in the workplace. Figure 7 shows the occupational
accident results of 46 employees who had previously experienced an occupational accident
(16.6%). When Figure 7 is examined, it is seen that the rate of minor injury accidents is
high. Eight employees encountered serious injuries, and eight employees encountered fatal
accidents. There was only one employee who encountered limb loss in an accident.

Hyes
BnNo

Figure 6. Cases of encountering work accidents.

Figure 8 shows the results for the daily working hours of the employees. In total,
65.3% of the employees surveyed worked 8-9 h a day. It is observed that 20.6% of the
employees worked 10-11 h, 10.1% worked 6-7 h, and 4.0% worked 12 h or more. In the
Labor Act of Turkey Law No. 4857 [57], normal weekly working hours are defined as a
maximum of 45 h. If an evaluation is made for those who worked at least 5 days a week
and 10-11 h, it can be calculated that the employees worked a minimum of 50 h. In light
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of this information, it can be said that 34.7% of employees worked overtime beyond the
maximum 45 h limitation of the law. Workers working overtime in construction sites and
who lack adequate training and precautions regarding occupational health and safety can
trigger occupational accidents [58]. Figure 9 shows the results of the responses of the
employees regarding the water content of the soil in the excavation areas. While 74.7% of
the employees stated that they worked on dry soil, regarding the water content of the soil,
10.8% (30 employees) stated that they had no information, 13.0% of the employees worked
on wet/moist soil, and 1.4% on peatland and swamp soil.

N

Frequency

-

Fatal Accident Serious Minor
accident with loss injury injury
of limb

Figure 7. Results of occupational accidents.

200

-
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hours hours

Figure 8. Average daily working hours.
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200
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S 150
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o
& 100
50
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Dry soil Peatland Wet/moist | have no
and swamp  soil  information
soil

Figure 9. Water content of the soil in the excavation area.
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Figure 10 shows the causes of the accidents of the employees who encountered acci-
dents. The highest cause was given as “other” by 12 employees. Subsequently, 11 employees
stated that they encountered accidents such as deterioration of excavation stability and
collapse, and another 11 employees encountered accidents such as material falling on the
worker. Occupational accidents caused by workers falling into the excavation area were
reported by five employees, and accidents caused by contact with electricity, natural gas, or
water pipes in the ground were reported by four employees. One employee encountered
an accident that occurred when the excavation area was affected by the surrounding struc-
tures. It can be said that 45.65% of the total 46 employees who encountered an accident
encountered an occupational accident due to excavation work. Metinsoy and Miingen [59]
determined that excavation works were weak in terms of occupational safety, with 69.4%.
They stated that most of the injuries were the result of soil collapse. Socias-Morales et al. [60]
showed that ground irregularities, uneven ground cracks, ditches, and holes contribute to
the causes of slips, trips, or falls of workers.

Other

Traffic accidenl‘.

Excavation area affected by_:l
surrounding structures

Contact with electrical, natural gas_|
or water pipes on the ground

Material falling on workers

Workers falling into the excavation-
area

Deterioration of excavation stability_|
- Collapse

T

T
0 5 10 15
Frequency

Figure 10. Causation of accidents.

Figure 11 shows the responses of the employees regarding the type of excavation work
they perform. In total, 55.6% of the employees are engaged in foundation excavation; 13.4%
in other types of excavation; 12.6% in infrastructure, trench, and canal excavation; 8.3% in
road works; 6.9% in leveling excavation; and 3.2% in demolition operations.

Foundation
excavation
Infrastructure,
trench and
= canal
excavations
Leveling
excavation
Road works
[)Demolition
operations
B other

Figure 11. Types of excavation.
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When Table 2 is examined, it can be seen that there are some noteworthy frequency
and percentage values. In total, 74.0% of the employees answered “yes” to situations where
the capacity of the work machines was strained during excavation works. Work machines
should be selected with the best features and engine power depending on the ground and
land conditions. At the same time, they should operate with high efficiency [61]. In such
cases, the excavation height, slope, and land details can be reviewed and updated with the
appropriate work machine. While 87.4% of the surveyed employees stated that ground
surveys had been carried out according to the most unfavorable ground conditions, 45.8%
of the employees stated that they encountered dangers such as ground slipping, soft pocket
areas forming, etc. during excavation works. If ground surveys have been carried out in
the excavation area, the behavior of the ground during the excavation should be known. In
cases where the ground properties are soft, loose rock or are likely to collapse, appropriate
interventions should be developed in advance. It is necessary to create protective systems in
the excavation area and thus reduce potential dangers [9]. Another question asked whether
there were protective systems such as shoring, shields, etc. against the risk of collapse
in the excavation. While 71.5% of the employees stated that there is a protective system,
28.5% stated that there is no protective system. The regulation refers to the determination
of ground surveys in excavations with the qualities and quantities that best represent the
field area, and the calculation and implementation of slopes, supports, or sets to ensure the
stability of the excavations [8,31].

To the question of whether the excavation area and its surroundings have been sur-
rounded by curtains at least 2 m high to prevent unauthorized people from entering, 70%
answered “yes” and 30% answered “no”. If the area is surrounded by curtains, 78.3% an-
swered “yes” and 21.7% answered “no” to the question of whether there are the necessary
occupational safety warning signs. It can be inferred from this result that although there
are certain occupational safety warnings and signs around the excavation, the excavation
area is not surrounded to prevent unauthorized access. Excavation areas should be sur-
rounded by barriers, curtains, or guardrails to prevent workers from slipping and falling.
Unauthorized persons should be prevented from entering the excavation areas, and no
unauthorized entries and exits should be made. Furthermore, necessary warning, caution,
and prohibition signs should be placed in the excavation area [5,8]. While the 254 employ-
ees who participated in the survey stated that they take the weather and environmental
conditions into consideration before and during the excavation, 111 employees indicated
that they had carried out excavation work in cases of heavy rain, frost, and snow. Adverse
weather conditions can cause an unexpected deterioration in the excavation’s stability [62].
When heavy rainfall occurs, the process of infiltration and seepage in low-permeability
cohesive soils can be facilitated and increase the risk of the excavation’s failure [63]. In
another related question, 23.5% of the employees stated that no work was carried out to
prevent water accumulation in the excavation area.

4.2. Cross Tables and Chi-Square Analyses

Cross-tabulation analysis was used to compare the results of one variable with the
results of another variable from the data obtained from the survey. Whether there was a
statistically significant relationship between the two compared variables was determined
by the chi-square test. Tables 3-10 present the cross-tabulation and chi-square results.

Table 3 shows the results of the cross-tabulation analysis for the questions “Have you
received training in occupational health and safety before?” and “Have you ever encoun-
tered an occupational accident before?” concerning the educational level of the employees.
When Table 3 is examined, it is seen that 68.9% of those who have previously received
training on occupational health and safety are at the license level. The 49 employees who
participated in the survey have received Masters’ degree education. Of those who received
Masters’ degree education, 85.7% stated that they had previously received training in occu-
pational health and safety. However, it is seen that the highest percentage of employees
who encounter accidents are Masters” degree graduates, with 30.61%. Basaga et al. [18]
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have shown the opposite of this. It can be stated that the results are related to the fre-
quencies of the education levels of the employees. While there is no significant correlation
between the level of education and receiving training on occupational health and safety
before (0.101 > 0.05), there is a significant correlation between those who have/have not
had occupational accidents before (0.021 < 0.05).

Table 3. Cross-tabulation of the education level of employees on occupational health and safety issues
and occupational accidents.

Have You Received Any Training Have You Ever Encountered

in Occupational Health and an Occupational Accident
Safety Before? Before?
Yes No Yes No
Count 2 3 0 5
High school

% 0.9% 5.8% 0.0% 2.2%

Associate Count 26 6 6 26
What is your degree % 11.6% 11.5% 13.0% 11.3%

education 1evel7 Count 155 36 25 166

License

% 68.9% 69.2% 54.3% 71.9%

Count 42 7 15 34

Master’s degree
% 18.7% 13.5% 32.6% 14.7%
Chi-square relationships (p-value) 0.101 0.021

Table 4 explains the situations where the capacity of the construction equipment is
strained or not strained in adverse weather and environmental conditions. In case of heavy
rain, frost, and snow, 88.3% of employees who carried out excavation work had difficulty in
excavation work, while 11.7% did not. In heavy rain, frost, and snow, 64.5% of employees
who do not do excavation work have encountered situations where the work machine was
forced. However, 72.8% of employees who took the weather and environmental conditions
into account before and during the excavation encountered a situation where the capacity
of the work machine was strained. According to these relationships, it can be concluded
that the work machine should be selected by foreseeing difficult working conditions and
land characteristics in excavation works. While there is a significant relationship between
the capacity of the work machine in excavation works and excavation works in cases of
heavy rain, frost, and snow (0.000 < 0.05), there is no significant relationship between
consideration of the weather and environmental conditions in excavation (0.139 > 0.05).

Table 4. Cross-tabulation of questions related to whether the capacity of the work machine is stressed
or not, and weather and environmental conditions.

Do You Take into Account the
Weather and Environmental
Conditions before and
during Excavation?

Have You Done Excavation
Work in Case of Heavy Rain,
Frost, and Snow?

Yes No Yes No
. . Count 98 107 185 20
Are there any situations Yes
where the capacity of the work % 88.3% 64.5% 72.8% 87.0%
machine is strained during Count 13 59 69 3
excavation work? No
% 11.7% 35.5% 27.2% 13.0%

Chi-square relationships (p-value) 0.000 0.139
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Table 5 provides a cross-tabulation of the accident causes of those who encountered
occupational accidents by project type. In total, 100% of the employees who stated “other”
as the highest cause of occupational accidents worked in the building — residential project
type. Zengin [64] stated that in the construction sector, most occupational accidents occur
in building construction. Occupational accidents in the case of deterioration of excavation
stability and collapse have been observed in different project types. Occupational accidents
caused by workers falling into the excavation area occurred in 60% of building — residential
projects and 40% in “other” projects. In building — residential projects, occupational
accidents occurred from all accident causes except traffic accidents. There is a statistically
significant relationship between the cause of the accident and the type of project worked
on (0.002 < 0.05).

Table 5. Cross-tabulation of project types and accidents’ causes.

Causes of Accidents for Those Who Encountered Occupational Accidents

Deterioration Workers Material Contact with Effect of Traffic
of Excavation Falling into Falling on the Surrounding Accident Other
Stability the Excavation = Workers  Infrastructure Structures
Count 2 0 0 1 0 0 0
Technical infrastructure
o % 18.2% 0.0% 0.0% 25.0% 0.0% 0.0% 0.0%
c
© Count 2 0 0 0 0 1 0
= Road/railway
g % 18.2% 0.0% 0.0% 0.0% 0.0% 50.0% 0.0%
Tl
S o ~ Count 1 3 7 1 1 0 12
-  Building - residential
= % 9.1% 60.0% 63.6% 25.0% 100.0% 0.0% 100.0%
2 Count 0 0 1 0 0 0 0
> Landscape
E‘ % 0.0% 0.0% 9.1% 0.0% 0.0% 0.0% 0.0%
) Count 3 0 1 1 0 1 0
o Canal, bridge, etc.
5 % 27.3% 0.0% 9.1% 25.0% 0.0% 50.0% 0.0%
& Count 2 0 2 1 0 0 0
2 Social facilities
@ % 18.2% 0.0% 18.2% 25.0% 0.0% 0.0% 0.0%
2 o Count 1 0 0 0 0 0 0
= Retammg structures
& % 9.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
= Count 0 2 0 0 0 0 0
Other
% 0.0% 40.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Chi-square relationships (p-value) 0.002
Table 6. Cross-tabulation of movement areas within the excavation area, with distance from the
excavation edge and safe exits in case of danger.
Have Precautions been Taken Is There Sufficient Distance between
to Help Workers Reach a Safe the Excavation and the Edge of the
place in Case of Danger Excavation to Prevent It from Sliding
(Collapse, Fire, Flood, Natural into the Excavation Area of
Gas Leaks, etc.)? the Earthwork?
Yes No Yes No
Are there maneuvering, Y Count 221 32 234 19
. es
parking areas, and % 95.7% 69.6% 94.0% 67.9%
movement areas for
machinery and vehicles Count 10 14 15 9
iy . No
within the excavation area? % 4.3% 30.4% 6.0% 32.1%

Chi-square relationships (p-value) 0.000 0.000
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Table 7. Cross-tabulation of protective systems and occupational safety of workers in excavation

works deeper than 1.5 m.

Are There Any Protective
Systems Such as Shoring,
Shields, Etc. Against the Risk
of Collapse at the Excavation?

Have a Sufficient Number of Stairs
Been Placed for the Workers to Go up
and Down the Excavation Area in
Excavations Deeper than 1.50 m?

Yes No Yes No
Have the necessary Count 186 56 216 26
precautions been taken to Yes o 93.9% 70.9% 95.2% 52.0%
prevent the side walls from
collapsing in excavations No Count 12 23 11 24
deeper than 1.50 m? % 6.1% 29.1% 4.8% 48.0%

Chi-square relationships (p-value) 0.000

0.000

Table 8. Cross-tabulation of soil water content status with soil conditions and ground surveys.

Have the Soil Conditions and
Structure of the Excavation
Area and Its Surroundings

Been Examined before

Starting the Excavation Work?

If the Ground Profile in the
Excavation Area Is Variable, Have
Ground Surveys Been Carried Out

According to the Most Unfavorable
Ground Conditions?

Yes No Yes No
Count 197 10 187 20
Dry soil
% 74.9% 71.4% 77.3% 57.1%
What is the Peatland and Count 4 0 4 0
water content of swamp soil % 1.5% 0.0% 1.7% 0.0%
the soil in the
excavation area? Wet/moist soil Count 36 0 32 4
% 13.7% 0.0% 13.2% 11.4%
I have no Count 26 4 19 11
information % 9.9% 28.6% 7.9% 31.4%

Chi-square relationships (p-value) 0.092

0.000

Table 9. Cross-tabulation of the formation of soft pocket zones by examining the soil conditions and
structure, and ground surveys of the excavation area and its surroundings.

Have the Soil Conditions and
Structure of the Excavation
Area and Its Surroundings

Been Examined before

Starting the Excavation Work?

If the Ground Profile in the
Excavation Area Is Variable, Have
Ground Surveys Been Carried Out

According to the Most Unfavorable
Ground Conditions?

Yes No Yes No
Were there any dangers v Count 119 8 113 14
such as shifting of the e % 45.2% 57.1% 46.7% 40.0%
ground, formation of soft
pocket areas, etc. during No Count 144 6 129 21
the excavation work? % 54.8% 42.9% 53.3% 60.0%

Chi-square relationships (p-value) 0.384

0.458
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Table 10. Cross-tabulation of questions based on occupational health and safety instructions and prac-

tices.
Is the Necessary Personal
Are Appropriate and Safe Protective Equipment Is There a Pointer Trained
Routes Provided for (Dust Mask, Headphones,  on the Subject to Guide
Workers to Enter and Exit  Protective Helmet, Shoes, the Operator during
the Excavation Area? Glasses, etc.) Used during Excavation Work?
Excavation Work?
Yes No Yes No Yes No
Does the project Count 246 14 229 31 215 45
you work on have % 98.4% 51.9% 97.9% 72.1% 99.1% 75.0%
occupational
health and safety Count 4 13 5 12 2 15
instructions? % 1.6% 48.1% 2.1% 27.9% 0.9% 25.0%
Chi-square relationships (p-value) 0.000 0.000 0.000

Table 6 presents a cross-tabulation of the questions on workers” access to a safe place
in case of danger and the distance from the earthwork and the edge of the excavation to
the maneuvering, parking, and movement areas of machinery and vehicles within the
excavation area. In total, 95.7% of those who have taken measures for employees to reach
a safe place stated that machines and vehicles have movement areas. Similarly, 94.0%
of those who stated that there is sufficient distance at the edge of the excavation so that
the earthwork does not slide into the excavation area also stated that there is space for
movement for machinery and vehicles. On the other hand, 15 employees stated that there
is sufficient distance at the edge of the excavation to prevent the earthwork from sliding
into the excavation area but they stated that there is no movement space for work machines.
When Table 5 is examined, it is seen that the pairwise cross-tabulation analyses are related
in terms of chi-square values (0.000 < 0.05).

Table 7 presents a cross-tabulation of the questions related to ensuring excavation and
occupational safety for excavation works deeper than 1.5 m. While 93.9% of the employees
who stated that there is a protective system in the excavation stated that measures are
taken to prevent the side walls from collapsing in excavation works deeper than 1.5 m,
6.1% stated that no measures are taken. The 56 employees who responded that there is no
protective system in the excavation stated that measures are taken to prevent the side walls
from collapsing during deep excavation works. Twelve employees stated that there is a
protective system against the risk of collapse in the excavation, but no precautions are taken
to prevent the side walls from collapsing in excavations deeper than 1.5 m. Twenty-four
employees stated that there are no safe ways for employees to get to and from the excavation
site in excavations deeper than 1.5 m and that no precautions are taken to prevent the
side walls from collapsing during deep excavations. For excavations deeper than 1.5 m,
measures should be taken to prevent the risk of the ground collapsing by using protective
systems such as slopes or supports and sets [8,65]. An adequate number of stairs and safe
methods must be provided for employees to ascend and descend in the excavation area.
Otherwise, it may be difficult for the employees to reach the work area, and the possibility
of occupational accidents may increase. Déjus and Antucheviciené [66] stated in their study
that protective system applications that are not compatible with the projected/standard
values may cause injury or death to workers. In the results of the chi-square analysis,
the relationship between two different variables was found to be statistically significant
(0.000 < 0.05).

Table 8 presents the cross-tabulation of the examination of the excavation site and
its surroundings in terms of soil conditions, properties, and ground surveys with the
water content of the soil in the excavation area. When Table 8 is examined, it is observed
that 26 employees stated that the soil conditions and structure of the excavation area
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and its surroundings were examined before the excavation works started, while they had
no information about the water content of the soil in the excavation area. Similarly, the
19 employees who stated that ground surveys were carried out at the excavation area had
no information on the water content of the soil at the excavation area. Moreover, 71.4%
of the employees who stated that the soil conditions and structure of the excavation area
and its surroundings had not been examined before the excavation works started had
information about the water content of the soil in the excavation area. It is observed that
68.5% of the employees who stated that ground surveys had not been carried out in the
excavation area had information about the water content of the soil. While the relationship
between ground surveys based on the most unfavorable situation in the excavation area
and the water content of the soil in the excavation area is statistically significant (0.000
< 0.05), examination of the soil conditions and structure of the excavation area and its
surroundings is statistically insignificant (0.092 > 0.05).

When the results of the frequency analysis in Table 2 are analyzed, it is observed that
there are 127 employees (45.8%) who stated that they encountered dangers such as slipping
of the ground, formation of soft pocket areas, etc. during excavation works. For this reason,
a cross-tabulation of the examination of the excavation area and its surroundings in terms
of the soil conditions, structure, and ground surveys has been prepared for the formation of
soft pocket zones. Table 9 presents the relationship of the relevant variables. When Table 9 is
examined, 54.8% of the employees who stated that the excavation area and its surroundings
were examined in terms of soil conditions and structure did not encounter soft pocket
formation, while 45.2% have encountered soft pocket formation. Of the 127 employees who
experienced risks such as slipping of the ground in the excavation area and the formation
of soft pocket areas, only 8 employees stated that the excavation area was not examined in
terms of soil conditions and structure. In addition, 14 of 127 employees stated that ground
surveys were not carried out in the excavation area. Examining the excavation area and its
surroundings in terms of soil conditions, structure, and ground surveys has no significant
relationship with the formation of soft pocket areas (0.384 > 0.05 and 0.458 > 0.05).

Table 10 provides a cross-tabulation of questions regarding occupational health and
safety regulations and practices. When Table 9 is analyzed, 98.4% of the employees stated
that safe routes have been provided for entering and exiting the excavation site. There are
97.9% of employees who stated that individual protection has been used, and 99.1% of
employees stated that there is a pointer trained in the excavation area. These employees also
stated that the project has occupational health and safety instructions. It is observed that
the 17 employees who stated that the project does not have occupational health and safety
instructions answered “no” to the questions on safe routes for entering and exits, individual
protection, and trained pointers at rates of 76.47%, 70.6%, and 88.2%, respectively. There is
a statistically significant relationship between the variables (0.000 < 0.05). Emphasizing the
importance of the use of personal protective equipment to workers on construction sites
and periodically providing practical training and supervision can increase the frequency of
their use [7,64]. Additionally, because excavator operators have a visually and physically
challenging working environment, continuous alertness and concentration are needed for
safe navigation [67].

5. Conclusions and Suggestions

In this study, a survey consisting of 35 questions was applied to 277 employees
to evaluate occupational safety practices in construction excavation works according to
the relevant regulations in Turkey. The employees who filled out the survey included
construction site supervisors, occupational safety specialists, auditors, or control staff
responsible for projects in the Gaziantep and Kilis provinces of Turkey, because they
have the authority to ensure and enforce the relevant regulations, according to their job
descriptions. Based on the responses, some deficiencies in the implementation of the issues
included in the relevant regulations in the field were found.
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It can be stated that the employees responsible for the project are carrying out exca-
vation works that do not comply with the provisions of the relevant regulation and its
annexes. Because when Table 2 is examined, it is seen that there is a deviation of 5.1%
or more between each legislative requirement and the related question (except Q5). This
result shows that there is a minimum of 5.1% negligence. Although it is clearly stated
in the relevant legislation, the greatest deviation of 40% was found for the execution of
excavation works during adverse weather conditions. In addition, it can be concluded
that some notification or control issues that are the responsibility of the employer are not
provided effectively and for the purpose. These results may indicate that the occupational
safety system in excavation works is not yet fully established. It is therefore clear that there
is a need for proactive and high-quality improvement of occupational safety in excavation
works. This study makes positive contributions to encouraging relevant security and tech-
nical measures that can be focused on and improved. It is also recommended that training
on technical infrastructure knowledge and occupational health and safety be increased,
and that authorities develop improvements based on safety and control measures. Future
studies are also recommended to compare legal requirements in different locations and
reveal if the adequacy of the measurement tool can be correlated with the confirmatory
factor analysis.
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