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Abstract: The construction industry is one of the most hazardous industries in many countries.
Many studies have asserted that industrial accidents could be prevented by eliminating their root
causes. However, given that accident occurrence processes are considerably complex and often
invisible, it is difficult to identify and eliminate the root causes. Based on this recognition, this paper
aims to analyze the causality of construction accidents on the basis of direct causes that are classified
into unsafe actions (UA) and unsafe conditions (UC). A logistic regression is applied to examine
associations between UAs and UCs and their significances in triggering construction accidents.
Then, a Delphi method is applied to determine the relationships between direct and root causes
of construction accidents. This study contributes to an improved understanding of the complex
causal process of construction accidents, which is a necessary stepping-stone to prevent construction
accidents. Meanwhile, only one-to-one combinations of UCs and UAs are considered in this paper.
Thus, follow-up studies to examine the impact of one-to-many or many-to-many combinations
are needed.
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1. Introduction

The construction industry has long been recognized as one of the most hazardous industries in
many countries [1,2]. As of 2016, the construction industry accounted for 19% of the total industrial
deaths in the United States, and worldwide, the construction industry was found to have a higher
fatality rate than other industries [3]. According to a Korea Occupational Safety and Health Agency
(KOSHA) report [4], the construction industry accounted for 29.6% of all industries in Korea and the
mortality rate of the construction industry (1.90 mortalities per 10,000 workers) was more than the
mortality rate of the UK (1.37 mortalities per 10,000 workers). In this regard, numerous researchers
have proposed various causation models (e.g., the domino theory, the accident root causes tracing
model, etc.) to identify and eliminate the causes of construction accidents [1,5]. These models identified
the major causes of accidents but they had a limitation in considering accidents that occurred by
independent causes. However, given that most accidents arise due to many interrelated factors, it is
difficult to determine one independent cause of each accident [1,6]. According to a report [7] issued by
Japan’s Ministry of Health, Labor, and Welfare, 81.3% of accidents were caused by combinations of
unsafe acts (UAs) and unsafe conditions (UCs), while the remaining 18.7% occurred due to either an
UA or an UC only. The US National Security Council (USNSC) [8] also reported that the probability of
accident occurrence caused by both UAs and UCs is higher than the probability that they will cause
accidents independently.
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Based on this recognition, this paper aims to analyze causality of fatal accidents in the construction
industry in order to better understand the overall relationship between accidents and their direct
and root causes. To achieve this aim, correlations of UAs and UCs are analyzed in this paper to
identify significant combinations that have a high correlation between UAs and UCs. Then, a logistic
regression is applied in order to investigate relationships between the identified combinations and
accidents. In addition, a Delphi method is applied with seven safety managers in order to determine
the relationship between direct and root causes. To prevent confusion, this paper defines that UAs
and UCs are included in the direct causes that cause accidents directly, and root causes cause direct
causes according to the domino theory of Heinrich [6]. Additionally, to focus on the relationship
between the accident, the direct causes, and the root causes, this paper did not cover the environmental
characteristics of each construction project that could affect the accidents, such as types of construction,
their size, etc.

2. Literature Review

Heinrich [6] asserted that deficiencies of human behavior, which are influenced by social and
environmental factors, might lead to the direct cause, the accident itself, and the resulting injuries.
Thus, it has been suggested to devote management and organizational effort to reducing root causes
based on the belief that the root causes are one of the fundamental underlying factors in accident
causation [9,10]. Weaver [11] claimed that understanding the root causes is one of the important factors
in preventing accidents. Following this, some theoretical models have been developed and applied to
case studies in order to trace the root causes of accidents [5,12]. In addition to this, Laukkanen [13]
highlighted the importance of safety training and systems for preventing root causes.

On the other hand, some studies, particularly in construction, have focused on direct causes, rather
than root causes. These studies mostly analyzed UAs and UCs and then proposed safety measures for
preventing accidents. For example, Haslam et al. [14] explored factors contributing to injuries that
occurred in airport construction projects. They classified major risk factors, including human factors
(e.g., inappropriate acts, safety infractions, being in a hurry, inexperience, lack of skills) and condition
factors (e.g., weather, terrain, poor lighting, walking surfaces). Chi et al. [15] analyzed electrical
fatalities in Taiwan’s construction industry and determined that the major causes of fatal electrical
accidents were improperly installed, defective, or damaged tools and equipment; poor work practices;
careless worker contact with equipment or energized power lines; the improper use of personal
protective equipment (PPE); and unsafe working conditions. Chi et al. [16] also recognized that UAs
are one of the major causes of accidents when they are combined with UCs on a construction site.

In addition, other accident studies have striven to determine the most common types of accidents in
the construction industry by analyzing historical accident data. Chietal. [17] developed a coding system
to facilitate the categorization of fatal falls according to fall location, individual factors, and company
size to determine the importance of contributing factors. Dong et al. [18] evaluated deaths resulting
from fall injuries among Hispanic construction workers in the United States. Winge et al. [19] identified
frequent accident types, the accident sequence, and barrier failures using samples of 176 construction
accidents in Norway. Fabiano et al. [20] analyzed the historical accident data in Italian industry and
found out that there is a cyclic trend in fatal accidents. Unsar et al. [21] examined the results of
occupational accidents in Turkey in order to identify the causes of occupational accidents. These
studies have successfully identified major causes of accidents, but they are limited in considering
only independent causes in accident occurrence. Thus, these studies have not fully considered the
relationships among the steps in an accident’s process, which are necessary to understand the complex
causalities of construction accidents.

3. Methodology

In this paper the author tried to apply appropriate methodologies considering the paper’s aim and
the structure of the data collected. The authors adopted the methodologies for analyzing nominal data
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because the data was configured based on the presence of accidents. Therefore, the major combinations
of UAs and UCs were identified in this paper by conducting a chi-square test and a lambda analysis to
measure the existence and extent of a correlation between UAs and UCs, respectively. To understand
the causal process of major combinations and accidents, the authors conducted a logistic regression,
which could indicate the effect of UAs and UCs on accidents. In addition, the Delphi process was
intended in this paper to complement the limits of the data in determining the relationship between
major combinations and the root causes. Figure 1 shows a research framework summarizing the
methodologies and steps conducted in this paper.
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Figure 1. Research Framework.

4. Combinations of UAs and UCs

4.1. Data Collection and Classification Standard

The authors collected 675 cases of fatal construction accidents reported by KOSHA from 2007
to 2013 to conduct a correlation between UAs and UCs. The 675 cases were organized in the
form of a report describing the date, time, personnel, location, and general causes of each accident.
A classification standard of UAs and UCs defined by KOSHA was used to analyze and classify the
causes of the accidents. The KOSHA classification defines 11 types of UA and 8 types of UC. However,
it is difficult to directly apply the existing general standard to the construction industry because this
standard is developed in order to cover all industries including the construction industry. Therefore,
the general standard has some difficulties in characterizing fatal construction accidents. For example,
the “place where there is a danger of falling” specified in UA 1 (i.e., approach to dangerous place) is
not concrete, and the “hazardous jobs” specified in UC 6 (i.e., defect of production process) is unclear.
Thus, the existing general standards were redefined in this paper to better address the characteristics
of fatal construction accidents. Table 1 shows the modified standards used for classifying direct causes
of construction accidents in this paper.

Table 1. Modified standards defining UAs and UCs.

ID Description Operational Definition

Redefinition of dangerous place (e.g., place where it is

UA1L Approach to dangerous place meaningless to wear protection)
. Removing a function or shutdown
UA2 Removal of safety devices (adopted from KOSHA)
Assumption of all sites where workers are equipped
UA3 Wrong use of protection with helmet and safety belt are. In the case of fatal

falling under 10m, without using safety helmet

UA 4 Wrong use of equipment Redefinition of equipment (e.g., except of protection)
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Table 1. Cont.

ID Description Operational Definition

Repair, refueling, welding, cleaning, etc. of the

UAS Repair of equipment in motion machine in operation (adopted from KOSHA)
. . Speeding or slow operation of a machine
UA6 Failure of speed control of equipment (adopted from KOSHA)
Lack of safety measures when handling firearms,
UA7 Careless handling of dangerous substance explosives, combustibles, and weight
(adopted from KOSHA)
Load becoming undone while the machine is being
UAS8 Neglecting unsafe condition operated or poor clearance of the load
(adopted from KOSHA)
Unsafe posture or unnecessary movement
UA9 Unsafe movement (adopted from KOSHA)
UA 10 Defect of supervision Addition of details (e.g., n9t following specifications,
absence of signaler, etc.)
UA 1l Others Unable to classify as above (adopted from KOSHA)
uci Defect of material Add1t.10n of details (e.g., de.terloratlon of material, poor
maintenance, wrong design, faulty assembly, etc.)
uc2 Defect of safety devices Regulation of examples of safety devices
(e.g., safety net, guard net, etc.)
ucs Defect of protection Regulation of examples of safety devices

(e.g., safety helmet, safety belt, isolative tool, etc.)

Addition of details (e.g., place where there is a
uc4 Defect of work place possibility of falling, collapse, being caught between
items, stumbling, electric shock)

ucCs Defect of working environment Regulation of unsuitable temperature and humidity
Uce Defect of production process Addition (?f details (e.g:, flammable work,
explosion work, weight work, etc.)
L Boundary area unknown or missing
uc7 Defect of warning sign (adopted from KOSHA)
ucs Others Unable to classify as above (adopted from KOSHA)

4.2. Correlation Analysis

This study analyzed which UAs and UCs were the most common causes of accidents among
the 11 UAs and the 8 UCs by case, based on the premise that most accidents arise when an UA is
combined with an UC. To identify combinations of UAs and UC 675 cases of fatal accidents in the
construction industry were collected and analyzed. While near-misses are an important component in
the better understanding and management of construction accidents, the authors unfortunately did
not include near-misses in the analysis because KOSHA only reported the actual accidents. Based
on the classification in Table 1, accident examination reports of 675 cases were carefully investigated
with safety managers, and one major UA and one major UC were identified for explaining the direct
causes of each accident. All 675 cases analyzed in this study were classified by an UC and an UA.
Of course, there might have been more than one UA and more than one UC in the triggering of an
accident. However, considering that the main objective of this paper was to identify some significant
combinations of UAs and UCs, only one-to-one combinations of UCs and UAs was considered in
this paper. In addition, it is practically ineffective to investigate all the insignificant combinations for
identifying the causality of construction accidents.

Table 2 shows the frequency of accidents caused by combinations of the various UAs and UCs.
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Table 2. Frequency analysis of UAs and UCs.

ucC4 uc2 ucC1 ucCs ucCe uc? UcCs5 ucC3 Total

UA3 63 122 25 12 7 2 2 2 235
UA1 38 36 50 3 0 3 1 3 134
UA 10 69 1 7 16 5 14 3 0 115
UAT11 6 14 32 2 1 0 1 1 57
UA 4 6 2 14 10 9 2 0 0 43
UA6 13 3 3 8 0 2 1 0 30
UA9 2 8 0 8 0 0 0 0 18
UA7 0 0 3 0 12 0 0 0 15
UA 8 5 0 5 2 1 0 0 0 13
UAS5 1 1 0 2 3 0 1 0 8

UA2 2 2 1 2 0 0 0 0 7

Total 205 189 140 65 38 23 9 6 675

For determining direct causes, it was effective to figure out significant combinations that had a
high correlation between the 11 UAs and 8 UCs. In order to identify the significant combinations,
a chi-square test was conducted in this paper, which could measure the correlation between the UAs
and UCs. Then, a lambda analysis was conducted in this paper in order to determine the coupling
degree of the variables; the degree of lambda is a criterion to identify how strong a correlation of
nominal variables is by estimating the value of two variables in both directions. Generally, the value
of Lambda is between 0 and 1, and the closer the value is to 1, the more cohesive the variables
are considered.

An analysis of the chi-square test at the 0.01 significance level was conducted in this paper. Because
a cell whose expected frequency is less than five is 20% of the whole for conducting a chi-square test,
combinations that did not satisfy the condition were excluded in this paper. Combinations that were
satisfied with the significance level of the chi-square test were targeted for lambda analysis. The results
are presented in Table 3.

Table 3. Chi-square and lambda tests of UA and UC (0 < A < 1).

ucC4 uc2 ucC1 ucCs ucCe uc7? uUcCs5 UucCs3
UA3 0.288 ***  0.57 **  (0.212***  (0.074 *** N/A N/A N/A N/A
UA1 0.226 ***  0.217 ***  0.359 *** N/A N/A N/A N/A N/A
UA 10 0.405 ***  0.007 **  0.056 ***  0.185 *** N/A 0.201 *** N/A N/A
UA11 N/A N/A 0.315 *** N/A N/A N/A N/A N/A
UA 4 N/A N/A 0.151 **  (0.198 ***  0.217 *** N/A N/A N/A
UA®6 N/A N/A 0.035**  0.168 *** N/A N/A N/A N/A
UA9 N/A N/A N/A N/A N/A N/A N/A N/A
UA7 N/A N/A 0.039 *** N/A 0.453 *** N/A N/A N/A
UAS8 N/A N/A 0.065 *** N/A N/A N/A N/A N/A
UAS5 N/A N/A 0.042 *** N/A N/A N/A N/A N/A
UA2 N/A N/A 0.013 *** N/A N/A N/A N/A N/A

Note: *** p < 0.01, N/A; Not available for lambda analysis because of expected frequency.

Investigating combinations that have high correlation among the UAs and UCs was more effective
than merely examining the frequency of each UA and UC for determining an association between
them, which was identified through the difference between the result of a frequency analysis (Table 2)
and the result of a correlation analysis (Table 3). For example, the degree of lambda of a combination
made up of UC 4 and UA 3, which have a relatively high frequency among UCs and UAs, was 0.288,
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which had a relatively low coherence, whereas the degree of lambda of a combination composed of UC
6 and UA 7, with a low frequency, had a relatively high coherence.

As a result of the chi-square test, combinations that did not meet the 0.01 significance level were
excluded through the lambda analysis. Lambda analysis was only conducted on 23 combinations that
were satisfied with the 0.01 significance level. It was noted that there was meaningful correlation of two
variables if the lambda of the combinations was higher than 0.2, which might be considered a criterion
of significant correlation. Consequently, this study could deductl1 major combinations whose accident
frequency was 69.6% of the total accidents (Table 4). The combination with the greatest correlation
among the eight combinations was UC 2-UA 3, whose lambda value was 0.57. That combination
was followed by UC6-UC7, UC 4-UA 10, UC4-UA3, UC1-UA1, UC4-UA1, UC2-UA1, UC1-UA11,
UC6-UA4, UC1-UA3, and UC7-UA10.

Table 4. Combinations of UAs and UCs with a high correlation.

Combinations of UAs and UCs Number of Accidents
UC2 (Defect of safety device) and UA3 (Wrong use of protection) 122 (18.1%)
UC4 (Dangerous place) and UA10 (Defect of supervision) 69 (10.2%)
UC4 (Dangerous place) and UA3 (Wrong use of protection) 63 (9.3%)
UC1 (Defect of material) and UA1 (Approach to dangerous place) 50 (7.4%)
UC4 (Dangerous place) and UA1 (Approach to dangerous place) 38 (5.6%)
UC2 (Defect of safety device) and UA1 (Approach to dangerous place) 36 (5.3%)
UC1 (Defect of material) and UA11 (Others) 32 (4.7%)
UC1 (Defect of material) and UA3 (Wrong use of protection) 25 (3.7%)
UCY7 (Defect of warning sign) and UA10 (Defect of supervision) 14 (2.1%)
UC6 (Defect of production process) and UA7 (Careless handling of 12 (1.8%)
dangerous substance)

UC6 (Defect of production process) and UA4 (Wrong use of equipment) 9 (1.3%)
Total 470 (69.6%)

In sequence, the relationship between an accident, a direct cause, and the root causes is investigated
in this paper, and then finally a causal process of accidents in the construction industry is described
using the eleven deducted combinations.

5. Causal Process of Fatal Accidents

5.1. Relationship between a Direct Cause and an Accident

Based on the findings in Table 4, the authors identified a relationship between accidents and the
direct cause. Major construction types and accident types caused by the eleven significant combinations
were investigated in this study and then the relationships were analyzed in detail. In the case of
Korea, the most common accident type among all accidents in the construction industry was falling,
followed by collapse, being caught between items, stumbling, and electric shock, and the most common
construction type during which accidents occur was finishing work, followed by reinforced concrete
work, steel structural work, earth work, equipment work, and temporary work [4].

In sequence, a logistic regression was conducted in this study, which is suitable in cases where the
dependent variable is nominal, to determine a relationship between accidents and the direct cause.
In a logistic regression model, the independent variable forms a linear relationship with the dependent
variables after the log transformation.

A data set was established through the additional analysis for conducting the logistic regression.
The dependent variable was “type of accident” (such as falling, collapse, being caught between items,
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stumbling, or electric shock) and the independent variables were UCs and UAs. For example, in the
case of figuring out a relationship between falling and direct causes that are combinations of UCs and
UAs, where falling might occur by UC 2 and UA 3, a dependent variable was defined as 1, and an
independent variable was set as 2 and 3. Otherwise, if other types of accidents might happen by UC
4 and UA 10, the dependent variable was identified as 0, and an independent variable was set as
4 and 10.

Using the entire dataset, the logistic regression model was built in SPSS 19.0 to estimate the
probability of falling accidents based on UCs and UAs, which are independent variables, and Table 5
summarizes the results of the logistic regression. The result of logistic regression described how
much influence combinations of UCs and UAs have on each type of accident, which can enable the
investigation of a relationship between an accident and a direct cause. Table 5 shows UC 1, UC2, UA 1,
UA 3, UA 4, and UA 9 had an influence on a falling accident at a 95% confidence level. UC 2 (a defect
of a safety device) and UA 3 (incorrect use of protection), whose standardized coefficients (B) were 3.3
and 4.436, respectively, had the biggest effect on falling.

Table 5. Result of logistic regression regarding falling.

Case B S.E, Wals Sig. Exp(B)
Unsafe Condition 68.703 0.000
ucC1 1.47 0.464 10.056 0.002 4.351
uc?2 3.3 0.505 42.658 0.000 27.104
ucs3 1.136 1.140 0.993 0.319 3.113
uc4 0.672 0.44 2.329 0.127 1.958
ucs 1.462 0.919 2.532 0.112 4.316
ucCe6 —-0.814 0.737 1.222 0.269 0.443
ucrz -0.325 0.87 0.139 0.709 0.723
Unsafe Action 128.001 0.000

UA1 0.988 0.387 6.532 0.011 2.687
UA2 1.207 0.985 1.501 0.221 3.344
UA3 4.436 0.49 82.077 0.000 84.469
UA 4 1.312 0.515 6.489 0.011 3.712
UAS5 1.091 1.082 1.016 0.313 2,977
UA 6 0.702 0.609 1.332 0.248 2.018
UA7 —-18.420  9739.283 0.000 0.998 0.000
UAS 0.77 0.766 1.011 0.315 2.160
UA9 1.736 0.738 5.702 0.017 5.827
UA 10 0.272 0.490 0.307 0.579 1.312
Constant —-2.858 0.543 27.698 0.000 0.057

Using the results of logistic regression, Equation (1) estimates the conditional probability of falling
caused by combinations between UC and UA on condition that both the UC and the UA occur [22].

Probability = 1/(1 4 ¢~ (BetBa+C)) 1)

where B, is the standardized coefficient of UC causing falling; B4 is the standardized coefficient of UA
causing falling; and C is a constant of the equation.

Only the probability caused by the eleven combinations that were previously judged as having
coherence between UA and UC were considered in this paper. As the result of logistic regression
with falling and direct causes (Table 5), the possible combinations of UCs and UAs meeting the
confidence level were UC1-UA1, UC1-UA3, UC2-UA1, and UC2-UA3 among the 11 major combinations.
The probability of falling caused by the combinations is presented in Table 6. UC 2-UA 3 strongly
influenced the probability of falling, which means fatal falling occurred frequently when workers
misused protection in environments lacking safety equipment. This was followed by UC 1-UA 3,
UC 2-UA 1, and UC 1-UA 1 as the main causes of falling. Similarly, the probability between other
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types of accidents and direct causes were calculated. The processes and results of these analyses
(Table 6) could indicate the relationship between the accidents and the combination of UCs and UAs,
i.e., the direct causes.

Table 6. Probability of fatal falling for each combination.

UuC1 ucC2 ucCs3 ucC4 UuCs5 ucCe uc? ucCs
UA1 0.401 0.807 0.324 0.232 0.400 0.064 0.100 0.134
UA2 0.455 0.839 0.374 0.273 0.453 0.078 0.122 0.161
UA3 0.955 0.992 0.938 0.905 0.954 0.682 0.778 0.829
UA 4 0.481 0.852 0.399 0.294 0.479 0.086 0.133 0.176
UAS5 0.426 0.822 0.347 0.251 0.424 0.070 0.110 0.146
UA6 0.335 0.758 0.265 0.185 0.333 0.049 0.077 0.104
UA7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
UAS8 0.350 0.771 0.278 0.195 0.348 0.052 0.082 0.110
UA9 0.593 0.901 0.510 0.396 0.591 0.129 0.195 0.251
UA 10 0.247 0.671 0.190 0.128 0.245 0.032 0.052 0.070
UA11 0.200 0.609 0.152 0.101 0.198 0.025 0.040 0.054

5.2. Relationship between a Direct Cause and a Root Cause

It was also necessary to determine a relationship between the direct cause and the root cause
to investigate the causality of construction accidents. There is very little numerical data on the
relationship between root cause and direct cause, and the relationship is not simple [23]. Therefore,
the Delphi method was used in this paper because it requires much experience and know-how in
safety management in order to analyze it. The Delphi method is an interactive process for proper
decision-making that involves collecting the judgments of experts using a series of questionnaires
intersected with feedback [24]. The questionnaires are designed to focus on problems, solutions,
or forecasts. Each subsequent questionnaire is developed based on the results of the previous
questionnaire [25]. It is a very flexible tool that permits the reaching of a consensus through successive
stages of questionnaire and feedback.

A survey for the Delphi method was conducted thanks to blind-copy electronic mail, which was
used to send the survey to experts in safety management in order to save time and expense for both
the surveyor and the experts. The Delphi survey group size appears to be very different across the
literature. However, it is often recommended to have a group of between 7 and 18 participants to draw
some relevant conclusions and, at the same time, avoid difficulty in reaching consensus among the
experts [24]. Therefore, a Delphi method was used in this paper with seven safety managers who have
more than 10 years of experience (see Table 7).

Table 7. Summary of experts.

No. Experience (Years) Career

Expert 1 14 Construction Manager
Expert 2 13 General Contractor
Expert 3 11 General Contractor
Expert 4 10 General Contractor
Expert 5 10 Construction Manager
Expert 6 12 Construction Manager
Expert 7 16 Public Officer

Some studies identified the root causes of accidents as follows: a lack of proper training;
safety equipment not provided; deficient enforcement of safety measures; unsafe equipment, method,
or conditions; poor attitude to safety; and isolated deviation from prescribed behavior [26,27]. However,
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the existing root causes needed to be modified to suit the situation in the Korean construction industry,
as the root causes can generally vary depending on the social atmosphere and the environment.
Therefore, the major root causes that cause fundamental problems in the construction industry were
deduced in this paper using a primary open-ended question.

The results are presented in Table 8, which presents seven major root causes of accidents in the
Korean construction industry.

Table 8. Major root causes of accidents in the construction industry.

Items Description
Root cause 1 Lack of manger’s safety consciousness
Root cause 2 Shortage of safety management cost
Root cause 3 Lack of education about safety
Root cause 4 Insufficient construction period
Root cause 5 Unsuitable and too common safety measures
Root cause 6 Worker’s excessive work
Root cause 7 Shortage of safety climate

In this paper, the statistical analysis of round 1 and round 2 correspond to the results expressed
in the discussion paragraph. It must be noted that the results of round 1 and round 2 were the
same because the synthesis and proposition that was done after round 1 satisfied all of the experts.
As a consequence no change was made between the answers of round 1 and round 2. An overall
relationship between direct causes and root causes was determined by using closed-ended questions
(round 1). In this step, experts were asked to identify major accident cases caused by the eleven
combinations defined earlier. Then, the authors selected the root causes that were judged the cause
of each combination. This made it possible to investigate the potential relationship between a direct
cause and a root cause. Finally, another closed-ended question (round 2) was asked in order to confirm
the identified relationships from the experts. Prior to asking the last question, the results of their
answers for the previous question were shared and discussed with the experts in order to reach a
consensus between the experts. The overall results are relevant as the interrogation of seven experts
makes them trustworthy.

The relationships between direct causes and root causes derived from the questions were shown
in Figure 2. According to Figure 1, the experts judged the most consequential root cause to be root
cause 1, influencing several combinations made up of UCs and UAs, followed by root causes 2, 3,
and 4. However, they did not judge the other root causes as producing an effect on the direct causes.
The researcher found it was especially unexpected that root cause 5 was excluded from the results.
When interpreting the results of the relationship between root causes and direct causes, accidents
would occur by direct causes, such as the defect of a safety device (UC 2), the approach to a dangerous
place (UA 1), a dangerous place (UC 4), and the wrong use of protection (UA 3), if the construction
period is insufficient.
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Figure 2. Relationship between direct causes and root causes.

5.3. Identification of Causal Process of Fatal Accidents

10 0of 13

A connection between accidents and a direct cause was determine din this paper using a chi-square
test and logistic regression, and then a relationship between a direct cause and a root cause was
determined using the Delphi method. In this section, the investigation and analysis of the causal
process of fatal accidents in the construction industry is described. It is practicable to investigate the

causal process by arranging the two relationships studied earlier based on direct cause.

In the results depicted in Figure 3, the size of the circle represents the degree of danger at each
step, and the thickness of the arrow indicates the degree of connection between the circles. From
Figure 3, it is possible to recognize that the process of accident occurrence is significantly complex,
which means that it is extremely difficult to determine proper root causes by simply analyzing accident
cases without also investigating the causal process to prevent accidents in the construction industry.
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Figure 3. Causal process of fatal accidents in the construction.
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According to the causal process established in this study, the primary root cause leading to
fundamental problems was root cause 1 (lack of manger’s safety consciousness), followed by root
cause 4 (insufficient construction period), and root cause 3 (lack of education about safety). These
results were in line with previous studies such as Toole et al.’s [24] selection of “lack of proper training”
and “poor attitude toward safety” or Choudhry et al.’s [26] findings of “perceived risk” and “safety
orientation and training” as the main root causes. In addition, the results of this study show that
the combination of UC2-UA3 and root cause 1 was the most influential. The combination UC2-UA3
caused by root cause 3 affected falling significantly, and UC4-UA3 caused by root cause 4 had the most

7

influence on collapse.

It is necessary to consider root causes by construction types because each root cause has a different
influence in different construction scenarios. Therefore, the researcher examined major root causes in
the context of different construction types.

Temporary work: Because most subcontracting groups hired for temporary work are usually
smaller and more financially insecure than other subcontracting groups, they often do not have the
wherewithal to educate their workers about safety. This makes managing temporary workers more
difficult, and their lack of education about safety is a major root cause of temporary work.

Earth work: Most earth work is conducted in uncertain environments, which leads to numerous
changes of plans. When managers control these changes, they usually consider schedules or cost
to be the highest priority, which can cause serious problems. Thus, the lack of a manager’s safety
consciousness is judged as a major root cause in earth-work accidents.

Frame work, concrete work, and steel work: According to safety experts, the safety education level
of workers in frame work, as well as reinforced-concrete work and steel structural work, is commonly
poor because these types have the highest percentage of day workers and foreign workers among all
construction types. Lack of familiarity with an ever-changing crew as well as language barriers and
communication issues may be the basis for why the lack of education about safety is considered to be a
major root cause.

Finishing work: Many projects are commonly conducted with insufficient budgets and completion
schedules because of an overheated bid market, which greatly influences finishing work, which is
postproduction. Thus, as workers of finishing work are often pressed for time, they make mistakes or
take unsafe actions in the middle of their work. For this reason, rushing to complete a job on schedule
is considered a root cause of accidents in finishing work.

Equipment work: Finally, equipment work is widely recognized as a comparatively safe
construction type. Ironically, as workers in equipment work are more educated about their work
and have sufficient knowledge of it, their expertise occasionally causes managers to be insensitive to
safety and negligently supervise their workers. Therefore, the lack of a manager’s safety consciousness
is judged as a major root cause of equipment work. In addition, the ratio of accidents caused by
the 11 major combinations has not decreased significantly since 2007 (see Table 9). Especially an
observation of the trend of accidents by each combination reveals that the ratio of accidents caused by
some combinations, such as UC 4-UA 3, UC 1-UA 11, and UC 1-UA 3, has a rising trend, as shown
in Table 9.

Table 9. Trend of probability of accidents by 11 major combinations.

Combinations 2007 2008 2009 2010~2013
UC2-UA3 30% 35% 24% 15%
UC6-UA7 4% 1% 1% 2%
UC4-UA10 11% 9% 9% 9%
UC4-UA3 7% 22% 21% 13%
UC1-UA1 9% 3% 8% 8%

UC4-UA1 7% 3% 4% 11%
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Table 9. Cont.

Combinations 2007 2008 2009 2010~2013
UC2-UA1 13% 5% 3% 8%
UC1-UA11 6% 4% 10% 11%
UC6-UA4 1% 1% 1% 1%
UC1-UA3 4% 5% 6% 10%
UC7-UA10 1% 3% 2% 4%
Total 93% 91% 89% 92%

6. Conclusions

The construction industry is one of the most hazardous industries in many countries. Many
studies have asserted that industrial accidents could be prevented by eliminating their root causes.
However, given that accident occurrence processes are considerably complex and often invisible,
it is difficult to identify and eliminate the root causes. Based on this recognition, this paper aims to
analyze the causality of construction accidents on the basis of direct causes that are classified into
UAs and UCs. A logistic regression was applied to examine associations between UAs and UCs
and their significances in triggering construction accidents. Then, a Delphi method was applied to
determine the relationships between direct and root causes of construction accidents. The results of
this paper showed that the primary root cause leading to fundamental problems was root cause 1
(lack of manger’s safety consciousness), followed by root cause 4 (insufficient construction period),
and root cause 3 (lack of education about safety). In addition, the combination of UC2-UA3 and root
cause 1 was the most influential. The combination of UC2-UAS3 caused by root cause 3 affected falling
significantly, and UC4-UA3 caused by root cause 4 had the most influence on collapse.

This paper contributes to an improved understanding of the complex causal process of construction
accidents, ultimately preventing and/or minimizing fatal accidents in construction. Because the
combination of causes that cause accidents directly can be identified through the causal process
presented in this paper, effective safety measures to prevent accidents can be established, and recognizing
the root causes that cause the critical direct causes will be fundamentally beneficial in preventing
accidents in the construction industry. Furthermore, the use of the proposed process would enable
practitioners to explore prudent alternatives to eliminate root causes.

Meanwhile, fatal accident data from Korean industry over a 7-year period was analyzed in this
paper in order to propose the causal process. Thus, further studies on the basis of more long-term
data would ensure the objectivity of the process. In addition, only one-to-one combinations of UCs
and UAs were considered in this paper. To this end, the authors are conducting a follow-up study to
examine the impact of one-to-many or many-to-many combinations.
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