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Abstract: The purpose of this study is to analyze the results of construction accidents occurred from
2011 to 2015 in Korea. The annual reports from the Ministry of Employment and Labor, Korea
(MOEL), and the annual reports from the Statistics Korea were used for the analysis in this study.
The gender, age, company size and accident types were chosen as a category to analyze the trend of
various occupational accidents. In order to analyze the characteristics of construction accidents,
incidence rates (IRs) and mortality rates (MRs) were calculated. Further, T-tests and ANOVA
analysis were performed to discover the relationships among IRs, MRs, and chosen categories. Male
workers’ IRs and MRs were significantly higher than those of female workers. Construction workers
over 40 years of age suffered the most from occupational injuries. In terms of company size, as
company size increases, both IRs and MRs tended to decrease. Occupational injuries caused by falls
were higher than other accident types each year. This paper will be able to provide information on
occupational accidents for establishing strategies to reduce the accident rate in construction sectors
of Korea.
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1. Introduction

Industrial occupational accidents cause permanent disabilities, deaths, and work delays; in fact,
each of these has long-term negative impacts on the economy, employers, employees, and their
families. Thus, occupational accidents are a serious global public health issue [1]. The industrial
occupational accidents are influenced by a wide range of factors such as personal, business, and social
variables. Chang and Tsai [2] showed an association between the employment growth rate and
severity of injuries in the Taiwan manufacturing industry. Similarly, Fabiano et al. [3] found
affiliation between the economic cycle and incidence rates in the Italian industry. Dong et al. [4]
discovered that out of many types of fatal injuries in the U.S. construction industry, there is a
correlation between falls from the roof and economic cycles. Lin et al. [5] conducted a study to identify
the difference in incidence rates according to gender. Some researchers analyzed the relationship
between day [6], time [7], and occupational injuries. Accident analysis is helpful to identify main
factors contributing to incidence rates as well as to develop occupational accidents prevention
programs. Dodsworth et al. [8] analyzed relationship to a significant association between
organizational culture and occupational injuries. They suggested relative risk ranking method for
effective risk management in industry. Many studies have been published focusing on the correlation
between different industries and their incidence rates. Usnar and Sut [9] presented that occupational
fatalities of the construction industry were much higher than in any other industry in Turkey from
2000 to 2005. Fabiano et al. [10] analyzed trends in the rates of occupational injuries in Italian
industries from 2000 to 2004. Their study showed that, among other industries, the building industry
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is one of the highest risk sectors in Italy. Additionally, Macedo and Silva [11] presented that the
numbers of fatal accidents of the construction industry are highest compared to other industries of
Portugal. Construction is a hazardous industry in which occupational accidents occur frequently [12].
Therefore, there have been many studies to investigative factors to prevent accidents.

For example, Jackson and Loomis [13] analyzed the occupational fatality trends of the
construction industry in North Carolina (USA) from 1978 to 1994. Colak et al. [14] evaluated the
characteristics of occupational injuries for construction employees in the Kocaeli Province (Turkey),
suggesting that small companies should be checked more systematically and should be encouraged
to properly train their workers with regard to safety. Cheng et al. [15] focused on analyzing the
accident patterns of small construction enterprises in Taiwan and discovered that most of the
accidents in small construction companies occurred in non-governmental projects with contract
prices below 5 million NTD (New Taiwan Dollars). Suarez-Cebador et al. [16] conducted a study
regarding the characteristics of construction accidents in Spain caused by electrical contact. In
addition, recently, many articles covering the various topics dealing with the prevention of
construction accidents have been published [17,18]. Similarly, in Korea’s construction industry, an
occupational accident is an important issue. According to Korea’s Ministry of Employment and Labor
(MOEL) annual report in 2015, 25,132 workers (fatalities, 493) from construction accidents required
more than 4 days of medical care and incident rates of Korea’s construction industry remained the
highest from 2012 to 2015 (only superseded by manufacturing sector in 2011) [19]. Mortality rates of
construction stayed the highest among all the other economic sectors from 2011 to 2015, yet it
remained a major concern of Korea government. Therefore, there is a need to observe occupational
accident trends so that policies and laws can be reformed for the construction industry of Korea. The
aim of this study is to evaluate the characteristics of construction accidents in Korea and to gain
insight into construction accidents. For this purpose, the following study analyzed the trend of
industrial accidents to explore the relationship among the various occupational accident factors from
2011 to 2015. This paper is able to provide information on occupational accidents for establishing
strategies to reduce the accident rate in construction sectors of Korea.

2. Materials and Methods

2.1. Data Sources

The accident data during the period of 2011 to 2015 have been analyzed and evaluated in terms
of various criteria’s. In recent years, Korea has improved the provisions of safety standards, risk
forecasting, accident reporting, and other facets through improvement or development of laws and
regulations. In this study, the statistical yearbooks regarding the status of industrial accidents
regularly published by the Ministry of Employment and Labor (MOEL) were used for the analysis [19].
MOEL is law-based administration, responsible for the establishing and coordinating employment,
labor policies, labor standards, occupational safety, and health to name a few. Being a public
institution MOEL has been annually gathering and releasing comprehensive data on the total number
of occupational accidents in Korea. It is mandatory for each registered enterprise to report every
accident to the involved local or provincial governments. From these bodies, MOEL collects all data,
the accidents data gathered by MOEL include occupational injuries for those that require medical
treatment over 4 days or those who were deceased. The periodic reports published by MOEL include
reported occupational accidents in the construction sector as well. In Korea, the industrial accident
insurance system was initially enacted in 1963, when the modernization of industry began in earnest.
In accordance with the enforcement ordinance of the industrial accident compensation insurance act
in July 2000, industrial accident insurance was implemented in all workplaces with one or more
workers. Industrial accident compensation insurance is a necessary insurance program by which the
nation ensures the post-accidental livelihood of employees and their families. The total number of
construction workers were based on the yearbooks of analysis of industrial accidents by the MOEL
and the annual report on the economically active population survey by statistics Korea [20].
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2.2. Data Analysis
The analytical method used in this study follows the procedure as described:

(i) Occupational injuries were classified into two different groups—total injuries (fatal and non-
fatal) and fatal injuries.

(i) The study variables were selected in order to analyze in terms of various concepts related to
occupational injuries in the construction sector. These study variables were classified into four
groups: (a) gender, (b) age (c) company size, and (d) accident type. In the total datasets of
recorded accidents in the construction industry of Korea, there are 118,532 occupational injuries
and 2663 fatal injuries from 2011 to 2015.

(iii) The two occupational injury rates (incidence and mortality rates) were calculated for trend
analysis of construction industrial accidents in Korea. In this case, instead of worked hours
which represent actual exposed time from the hazard, the number of injuries to the number of
workers were used. The incidence rates were calculated as the number of injuries per 100
workers employed in the construction industry. Gender, age, company size, and accident types-
specific mortality rates were calculated as fatalities per 100,000 workers.

Total number of occupation injuries per category 107
X

IRs (incid tes) =
s (incidence rates) Total number of workers per category

Total number of fatal occupation injuries per category 105
X

MR talit t =
s (mortality rates) Total number of workers per category

(iv) Significant differences between the gender groups were compared statistically using T-tests. The
other groups were compared using ANOVA tests and further compared between individual
categories using the post-hoc tests. p-values below 0.05 were considered statistically significant.

(v) Finally, the authors analyzed and evaluated trends of a total number of occupational injuries in
the construction sector of Korea from 2011 to 2015. In this study, the statistical analysis was
carried out using SPSS (Statistical Package for Social Sciences) version 21.

3. Results

3.1. Frequency Analysis of Occupational Injuries

Table 1 describes the number of workers, occupational injuries, and fatal injuries in Korea’s
construction industry from 2011 to 2015. There is an overall increasing trend in the number of
companies and workers in the construction industry since 2013. During the study period, the mean
number of workers in the construction industry is 3,009,810, while mean occupational injuries and
fatal occupational injuries are 23,957 and 561. The total number of occupational injuries in Korea’s
construction industry increased from 2011 to 2014. The incidence rates increased from 2011 to 2013,
but have been decreasing since 2014. From the same table, a number of fatal occupational injuries
have shown a fluctuation, decreasing and increasing from 2011 to 2015. The mortality rates in Korea’s
construction industry started to decrease after 2013. In Korea’s construction industry, the number of
companies and workers showed the lowest in 2013. On the other hand, both incidence and mortality
rates (IRs = 0.92/100 workers, MRs = 22.09/100,000 workers) showed the highest figure in 2013. In
addition, the incidence and mortality rates in Korea’s construction industry sharply decreased from
2013 to 2014.

Table 1. The number of occupational injuries in construction sector in Korea from 2011 to 2015.

. Total OlIs * Total FOIs **
Year Companies (n) Workers (n) Numbers (n) IRs *** Numbers (n) MRs ****
2011 283,861 3,087,131 22,782 0.74 621 20.12
2012 217,316 2,786,587 23,349 0.84 496 17.80
2013 216,320 2,566,832 23,600 0.92 567 22.09
2014 329,061 3,249,687 23,669 0.73 486 14.96

2015 380,944 3,358,813 25,132 0.75 493 14.68
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Mean 309,107 3,009,810 23,957 - 561 -

* Ols: occupational injuries; ** FOIs: fatal occupational injuries; *** IRs: incidence rates; *** MRs:

mortality rates.

Table 2 describes the number of occupational injuries in respect to gender, age, company size,
and accident type from 2011 to 2015. In the case of gender, the total number of Ols of male workers
increased from 2011 to 2015. The total number of female workers” OlIs has shown a fluctuation,
increasing and decreasing from 2011 to 2015. The number of female worker’s Ols and FOIs were
much lower than those of male workers in the study period. Over 95% of the total number of Ols and
FOIs were male workers’ injuries. The age group was divided into five categories. The trend analysis
of occupational injuries in the construction industry shows that workers with ages of <29 showed the
lowest number of Ols and FOIs from 2011 to 2015. In contrary, the highest number of Ols and FOlIs
occurs in the age group of 50-59. From 2011 to 2015, there is an overall decreasing trend in the number
of Ols and FOlIs for age groups of 30-39 and 40-49. On the other hand, the increasing trends of Ols
in the 50-59 and >60 age groups are dominant. Most of the Ols and FOIs in Korea’s construction
industry belong to the age groups of over 40. The size of the company is the number of workers. In
total, nine categories of companies were defined depending on the total number of workers employed
in the company. Analysis of Ols and FOlIs in the construction industry shows that the company with
<5 workers recorded the highest number of occupational injuries. Contrarily, the companies with
more than 1000 workers showed the lowest injury numbers among all the other company size groups.
The second highest number of injuries group is the company with 10-29 workers, followed by the
group of 5-9 employees. There is an overall increasing trend in the number of Ols for a company
with 10-29 workers since 2013. From 2011 to 2015, there is an overall decreasing trend in the number
of FOIs for a company with 5-9 workers. Results of the analysis indicated that companies with more
workers are more likely to decrease numbers of occupational injuries. In total, ten subgroups of
accidents were defined based on the different nature of accidents. The highest number of Ols and
FOlIs in the construction industry occurred by “fall from a higher level,” and the second highest
number showed by “fall on the same level.” Thus, the “fall” type as a whole in Korea’s construction
industry is the most dominant factor for the injuries. The number of Ols for those who “fall from a
higher level,” were “struck by objects excluding falling objects,” and were “cut” have all been
increasing since 2013. The number of Ols and FOIs of types “narrowness” and “cut” decreased from
2013 to 2015.

Table 2. The total number of OlIs and FOIs in Korea’s construction industry from 2011 to 2015.

Category OIs FOIs
2011 2012 2013 2014 2015 2011 2012 2013 2014 2015
Gender
Male 22,213 22,776 23,050 23,081 24,600 612 493 561 475 486
Female 569 573 550 588 532 9 3 6 11 7
Age
<29 411 388 388 403 422 20 8 8 12 8
30-39 2199 2020 1856 1724 1718 59 43 36 29 39
40-49 6379 6248 5992 5698 5551 146 135 128 103 116
50-59 9277 9763 9925 9821 10,485 235 189 241 202 178
Over 60 4516 4926 5439 6023 6953 161 121 154 140 152
Unknown - 4 - - 3 - - - - -
Company size
<5 workers 8549 8014 9340 8358 10,054 186 149 192 148 172
5-9 4638 4780 4015 4529 4467 74 72 54 55 46
10-29 5037 5673 5091 5162 5458 113 98 95 86 100
30-49 1628 1808 1709 1899 1871 52 33 52 39 33
50-99 1329 1474 1561 1601 1427 58 48 62 43 49
100-299 1045 1026 1213 1278 1147 69 64 73 59 53
300499 271 304 322 362 328 29 10 19 29 16
500-999 229 202 259 331 238 20 13 14 21 13
Over 1000 146 68 90 149 142 20 9 6 6 11

Accident type
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Fall from a higher level 7489 7734 7682 7908 8259 311 248 266 256 257
Fall on the same level 4191 4081 431 4146 4360 32 27 35 29 28
Struck by objects excluding g, g9 1763 2045 219 2 41 36 35 46
falling objects

Struck by falling objects 3123 3226 3024 3002 3168 33 35 45 29 28
collapse 452 11 468 308 327 50 31 3 29 27
Narrowness 1856 1952 2006 1960 1958 23 20 19 15 12

Cut 1912 2145 2106 2218 2625 1 3 - - 3

Electric shock 176 188 176 144 138 2 20 15 14 9
Explosion//fire 136 188 139 162 148 “ 14 15 7 11
Others 1530 1604 1805 1776 1930 113 57 100 72 72

OlIs = occupational injuries; FOIs = fatal occupational injuries.

3.2. Analysis of Incidence and Mortality Rates

Table 3 depicted the trend of IRs and MRs in respect to gender, age, company size, and accident
type for the study period. When we consider gender, IRs and MRs of the male workers are much
higher relative to female workers. Initially, IRs for male workers increased from 2011 to 2013 then it
decreased until 2015. On the other hand, generally, the MRs of male workers decreased from 2011 to
2015 with an exception of 2013. In 2013, male workers’ MRs was higher than other years of this study.
Comparatively, the IR trend of female workers generally decreased in the period of 2013-2015 with
the highest value in the year of 2013, and MRs for female workers was the highest in 2014. In the case
of age, among all the age groups, the highest number of IRs and MRs occurred in workers >60 years
old, followed by workers aged 50-59. The IRs of workers >60 initially increased until 2013 then
decreased until 2015. Apart from this, there was a decrease in MRs of the age group of >60 from 2011
to 2015, with the highest value in the year of 2011. Similarly, the IRs and MRs of the 50-59 age group
also decreased for the study period with some notable exceptions. In addition, the IRs and MRs for
the age groups <29, 30-39, and 4049 generally decreased from 2011 to 2015. However, 2013 showed
the higher IRs for all three groups, while for age group <29 and 30-39, much higher MRs were
observed for 2011. Moreover, for the age group of 40-49 significantly higher MRs were depicted in
2013. The highest amounts of IRs and MRs were found in companies with <5 workers followed by
the 5-9 workers company size. The IRs for <5 workers company size was initially increased until 2013
then lessened till 2015, but the overall trend was slightly decreased from 2011 to 2015. For the MRs of
<5 workers, there was a reduction over the study period, an exception can be observed for the year
of 2013. Over the study period, the IRs and MRs of the 5-9 workers group followed a decreasing
trend, about 50% was observed in the MRs. IRs of 300-499, 500-999, and over 1000 remained almost
constant, on the contrary, MRs of these groups were constantly decreased over the study period.
Generally, IRs and MRs of 10-29, 3049, and 50-99 decreased from 2011 to 2015. For the 100-299
workers, the IRs remained almost constant and MRs decreased over the study period. IRs and MRs
for the groups of accident type have also been illustrated in Table 3. The highest indices of IRs, as
well as MRs, involved “falls from a higher level,” followed by “falls on the same level” type. The
third highest indices of IRs and MRs were involved being “struck by falling objects.” For “falls from
a higher level” and “struck by objects excluding falling objects,” general trends of IRs increased until
2013 and started to decrease until 2015, but the overall trend remained almost constant. Meanwhile,
MRs of falls from a higher level decreased over the study period; contrarily, the MRs of being struck
by objects, excluding falling objects, increased from 2011 to 2015. IRs for falls on the same level
slightly decreased, and MRs of this group decreased from 2011 to 2015. IRs of all the other groups,
except for cuts, either decreased or remained constant with some variation over the years, while the
IRs of cuts increased during the study period. MRs of being struck by falling objects, collapses,
narrowness, electric shock explosion, and other incidences decreased substantially. However, there
was a considerable increase in the MRs of cuts.
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Table 3. The IRs and MRs in Korea’s construction industry from 2011 to 2015.

C IRs MRs
ategory 2011 2012 2013 2014 2015 2011 2012 2013 2014 2015
Gender
Male 0.79 089 098 078 080 2176 1929 2374 1596 15.80
Female 021 025 027 022 019 327 130 294 403 247
Age
<29 0.18 018 022 018 021 858 379 458 550 405
30-39 0.34 036 038 030 030 899 775 742 501 687
40-49 0.61 067 069 054 052 1387 1438 1480 976 10.83
50-59 1.02 116 125 095 093 2586 2240 3035 1945 1573
Over 60 191 207 219 168 178 6808 5079 62.08 39.05 38.88
Company size
<5 workers 2.85 357 413 250 281 6263 6633 8497 4419 4807
59 2.07 232 194 176 169 3307 3394 2614 2139 17.39
10-29 124 142 132 098 099 2774 2454 2454 1636 18.18
30-49 0.80 091 087 070 072 2546 1654 2637 1438 12.68
50-99 0.48 057 062 047 043 2099 1862 2453 1267 1491
100-299 0.20 020 025 021 020 1299 1276 1519 991  9.29
300-499 0.10 012 013 012 011 1045 389 752 947 519
500-999 0.07 007 010 011 008 579 457 546 670 418
Over 1000 0.03 001 003 005 003 38 197 195 196 270
Accident type

Fall from a higher level 0.24 0.28 0.30 024 025 1007 890 1036 7.88 7.65
Fall on the same level 0.14 0.15 0.17 0.13 0.13 1.04 097 136 089 0.83
Struck by objects
excluding falling objects
Struck by falling objects 0.10 0.12 0.12 0.09 0.09 1.07 126 175 089 0.83

0.06 0.07 0.07 0.06  0.07 0.71 147 140 1.08 137

Collapse 0.01 0.01 0.02 0.01 0.01 1.62 111 140 0.89 0.80
Narrowness 0.06 0.07 0.08 0.06  0.06 0.75 072 074 046 036
Cut 0.06 0.08 0.08 0.07  0.08 0.03 0.11 - - 0.09
Electric shock 0.01 0.01 0.01 0.00  0.00 0.71 072 058 043 027
Explosion//fire 0.00 0.01 0.01 0.00  0.00 0.45 050 058 022 033
Others 0.05 0.06 0.07 0.05 0.06 3.66 205 390 222 214

3.3. Result of T-Test and ANOVA Analysis

A T-test and ANOVA analysis were conducted to compare the significant association with each
category for incidence and mortality rates. The results are shown in Tables 4 and 5. There was a
significant difference in IRs on gender at the p <0.001 level. The IRs of male workers’ (mean = 0.848,
SD = 0.086) were much higher than female workers’ (mean = 0.228, SD = 0.032). In addition, the age
(F=175.206, p <0.001), company size (F =90.832, p <0.001), and accident types (F =193.144, p <0.001)
of construction workers were significantly different in IRs. Post-hoc comparisons indicated that the
<29 age group (mean = 0.194, SD = 0.019) and 30-39 age group (mean = 0.336, SD = 0.036) were lower
than the >60 age group (mean = 1.926, SD = 0.208). The highest IRs occurred in the >60 age group
(mean = 1.926, SD = 0.208), while the <29 age group appeared to be the lowest (mean = 0.194, SD =
0.019). From the results of the relationship between the company size and the IRs, the incident rates
increased as the company size decreased. The company size with over 1000 workers showed the
lowest rate (mean = 0.03, SD = 0.014), while the company size with less than 5 workers showed the
highest (mean =3.172, SD = 0.663). From the analysis of accident type, fall from a higher level (mean
=0.262, SD =0.027) were much higher than fall on the same level (mean = 0.144, SD = 0.017).
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Table 4. Result of T-test and ANOVA analysis (incidence rates).

7 of 12

No.

Category Mean (SD) 0775 3) @ 6) 6 @) ©) ©) 10)

Gender (t=15.135, p <0.001)

(1) Male 0.848 (0.086)

(2) Female 0.228 (0.032)
Age (F=175.206, p < 0.001)

(1) <29 0.194 (0.019) - * * * **

(2) 30-39 0336 (0.036) * - * * =

(3) 4049 0.606 (0.076) * * - * =

(4) 50-59 1.062+0.138 * * * . *

(5) Over 60 1.926+£0.208 ** * w * _

Company size (F =90.832, p <0.001)

(1) <5 workers 3.172 (0.663) - L
(2)5-9 1.956 (0.252) I
(3) 10-29 1.190 (0.198) * * - * %k k%
(4) 3049 0.800 (0.091) * * e
(5) 50-99 0.514 (0.078) * * * * . x x % %
(6) 100-299 0.212 (0.021) * * * * x ok ek o
(7) 300-499 0.116 (0.011) * * * * * * _ o
(8) 500-999 0.086 (0.018) * * * ® x _—
(9) Over 1000 0.030 (0.014) * * * ¢t x ek e x
Accident type (F =193.144, p <0.001)
(1) Fall from a higher level 0.262 (0.027) - * ¢ o oEe B b bk ek ok
(2) Fall on the same level 0.144 (0.017) * - * L A
(3) Struck by objects excluding falling objects ~ 0.066 (0.005) * * - * ** *% %k
(4) Struck by falling objects 0.104 (0.015) ** * oo % L
(5) Collapse 0.012 (0.004) ** * * * ¢ *
(6) Narrowness 0.066 (0.009) ** * ok S
(7) Cut 0.074 (0.009) ** * o oo
(8) Electric shock 0.006 (0.005) ** ** *x % Boowe ot
(9) Explosion//fire 0.004 (0.005) ** **+ x* xx Bk oo
(10) Others 0.058 (0.075) ** * ok oo

* Indicates a significant difference, p-value < 0.05; ** Indicates a significant difference, p-value < 0.001.

The analysis results confirm that the gender (t = 10.114, p < 0.001), age (F = 41.507, p < 0.001),
company size (F =33.349, p <0.001), and accident types (F = 122.069, p <0.001) of construction workers
were significantly different with MRs. Compared to female workers’ (mean =2.802, SD =1.014) MRs,
those of male workers (mean = 19.310, SD = 3.506) were approximately seven times higher. Similar to
previous IRs, the highest MRs occurred in the >60 age group (mean = 51.7760, SD = 13.240) while <29
years group appeared to be the lowest (mean = 5.30, SD = 1.947). From the results of the relationship
between the company size and the MRs, the company size with over 1000 workers showed the lowest
rate (mean = 2.48, SD = 0.815) while the company size with less than 5 workers showed the highest
(mean =61.238, SD =16.241). From the analysis of accident type, fall from a higher level (mean =8.972,
SD =1.233) showed the highest mean value.

Table 5. Result of T-test and ANOVA analysis (Mortality rates).

No.
Category Mean D) 5775 3) @ ) 6 0) ® ©) 10
Gender (t=10.114, p <0.001)
(1) Male 19.310 (3.506)
(2) Female 2.802 (1.014)

Age (F = 41.507, p < 0.001)
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(1) <29 5300 (1.947) -
(2) 30-39 7.208 (1.454) -
(3) 4049 12.728 (2.277) * *
(4) 50-59 22758 (5.651) * *
(5) Over 60 51.776(13.240) * *

Company size (F = 33.349, p <0.001)

(1) <5 workers

61.238(16.241)

(2) 59 26.586 (7.477) -
(3) 10-29 22272 (4.793) *
(4) 3049 19.086 (6.390) *
(5) 50-99 18.344 (4.726) *
(6) 100-299 12.028 (2.421) *
(7) 300-499 7.304 2.773) * *
(8) 500-999 5.340 (1.001) * *
(9) Over 1000 2480 (0.815) * *
Accident type (F = 122.069, p <0.001)
(1) Fall from a higher level 8972(1.233) - * * o x Foox E XX
(2) Fall on the same level 1.018 (0.207) * - * *
(3) Struck by objects excluding falling objects 1.206 (0.315) * - * *
(4) Struck by falling objects 1.160 (0.370)  * - *
(5) Collapse 1.164 (0.344) * - *
(6) Narrowness 0.606 (0.183) * - F
(7) Cut 0.046 (0.051) * * * * * * . x x X
(8) Electric shock 0.542 (0.192) * - *
(9) Explosion//fire 0.416 (0.142) * * * * -
(10) Others 2.794 (0.906) * R

* indicates a significant difference, p-value < 0.05; ** indicates a significant difference, p-value < 0.001.

4. Discussion

In this paper, we analyzed the trend of occupational injuries that occurred in Korea’s
construction industry from 2011 to 2015. The analysis results of construction workers’ genders
indicate that the male workers (mean; IRs = 0.848/100 workers, MRs = 19.310/100,000 workers) were
more likely to suffer from occupational accidents than female workers (mean; IRs = 0.228/100
workers, MRs = 2.802/100,000 workers). According to Lin et al. [5], in Taiwan construction, male
workers (31.8/100,000 workers) had almost 1.8 times higher mortality rates than female workers
(17.2/100,000 workers). Lipscomb et al. [21] presented the rates of treated injuries from the emergency
department in U.S. construction sector were significantly higher among male workers (230/10,000
full-time workers) than that of female workers (65/10,000 full-time workers). In addition, male
workers showed a high percentage (more than 90%) of injuries in several studies including frequency
survey of occupational injuries [22-26]. Males are more likely to be employed in outdoor jobs or
dangerous tasks compared to females [24,26]. These differences arise from the possibility that the
construction industry is a male-dominated industry, yet research on the construction accidents due
to gender differences are still lacking. Tables 4 and 5 shows that, as workers age, IRs (mean; <29 =
0.194, 30-39 = 0.336, 4049 = 0.606, 50-59 = 1.602, >60 = 1.926/100 workers) and MRs (mean; <29 =
0.5.300, 30-39 = 7.208, 40-49 = 12.728, 50-59 = 22.758, >60 = 52.776/100,000 workers) increase in Korea’s
construction industry. Similarly, Arquillos et al. [27] and Dumark et al. [25] reported that the severity
of an accident increase as the age of the construction worker increases. Generally, older workers are
more likely to be injured compared to younger workers because of their declining mental and
physical abilities [12,28]. With older workers becoming more prevalent within the construction
industry, there is a growing need for the health and safety of such workers. Due to physical
limitations of the aged group, which comprises more than a half of the total workers, the safety
regulations should be revised. Tables 4 and 5 indicate that occupational injuries for the companies
with <5 workers (mean; IRs = 3.172/100 workers, MRs = 61.238/100,000 workers) are more likely to
occupational and fatal injuries. Generally, in most countries, because the large-sized construction
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companies invest more in safety management than small construction enterprises do, small-sized
construction companies suffer more accidents than large-sized construction companies do [15,29,30].
In addition, workers for small construction companies tend to use old equipment and devices that
lack safety measures or ways to prevent injury. It is difficult to ensure internal knowledge regarding
safety management for small companies, which have limited budgets for systematic safety measure
[31]. It is thus necessary to develop approaches for worker health and safety for small construction
companies. For small construction enterprises, it is important to focus on simple and economic
solutions [32]. In addition, the workers with a short service period rarely receive instructions
regarding the prevention of occupational accidents. For this reason, construction workers are more
likely to experience occupational injuries when they have a lack of education and work experience
[31,33]. Safety and health education are important elements that can reduce the frequency of
occupational injuries and diseases [34-36]. Such safety and health education include topics such as
confined space entry, working under extreme weather, traffic control, and various types of
occupational accident prevention [36]. Tables 4 and 5 shows the trend of occupational injuries in
Korea’s construction industry according to accident types. Among the accidents, fall (mean; IRs =
0.262/100 workers, MRs =8.972/100,000 workers) represent the most common accident types in Korea.
Similarly, the most frequent accident types in the Iranian construction industry are falls or slips
(47.2%) [22]. In Turkey, 52.9% of non-fatal accidents and 54.1% of fatal accidents were due to falls
[37]. In the construction industry, falls are the leading cause of serious injuries and fatalities [38].
According to a study by Haslam et al. [33], fall accidents could be the result of the inappropriate
usage of safety equipment and poor communication within the work team. In addition, fall from a
higher level is more likely to occur when construction workers perform hazardous tasks, and the
work complexity may divert workers’ attention at significant heights, potentially leading to
accidental falling [38]. In order to prevent falling, Ling et al. [39] recommended that it be mandatory
for workers to put on anti-fall equipment and set up an anchorage point before work. Table 6
compares the MRs of Korea’s construction industry with that of U.S. from 2011 to 2015 [40]. From
2011 to 2015, MRs in Korea’s construction industry is 1.5 or 2 times more than the MRs in the U.S.
construction industry for the years of 2011 and 2015. During 2013 to 2015, the MRs in the U.S.
construction industry shows an upward trend, with minimum MRs at 2013 and maximums in the
year 2015. On the contrary, the MRs in Korea’s construction industry follows a decreasing trend in
the same period. It indicates the consistent efforts of Korea’s construction industry to improve
construction safety.

Table 6. Mortality rates in construction industry (U.S. and Korea).

Category 2011 2012 2013 2014 2015
U.S. 9.1 9.9 9.7 9.8 10.1
Korea  20.12 17.80 22.09 1496 14.68

5. Conclusions

This study is related to the trend analysis of the occupational and fatal injuries in Korea’s
construction industry from 2011 to 2015, using the incidence rate and mortality rate. T-tests and
ANOVA analysis were conducted to compare the significant association with each category for
incidence and mortality rates. The results confirm that the gender, age, company size, and accident
types of construction workers were significantly different in incidence rates and mortality rates.
Compared to female workers, male workers’ IRs were approximately four times higher (male
workers” mean = (0.848, female workers” mean = 0.228), and male workers” MRs were almost seven
times higher than that of female workers’ (male workers” mean = 19.310, female workers’ mean =
2.802). Relatively, a high number of incidence and mortality rates are associated with the workers of
>40 years of age. Occupational injuries of companies over 1000 employees were lower than that of
small-sized companies, while most of the construction accidents occurred in the companies with <5
workers. Like other countries, “falls from a higher level” and “falls on the same level” are the leading
types of accidents covering more than half of the proportion of construction sites. In addition, IRs
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and MRs related to falls are higher than those of any other accident type. Therefore, for establishing
strategies to reduce the accident rate in the construction sector, the Korean government should focus
on male workers >40 years of age in small- to medium-scale companies. Additionally, a special
consideration should be given to falling at construction sites.

6. Limitation and Future Research

Limitations of this study are as follows: (i) As the source of data used for analyzing the trends
of construction accidents, those industrial accident victims who received at least 4 days of medical
care benefits were only counted; thus, the workers who received less than 4 days of medical care were
not considered in this analysis. This may contribute to lower the total number of incidence rates. (ii)
In addition, at the time of bidding in Korea, pre-qualification assessment includes accident rates;
therefore, it is possible for some companies to hide their incidence records, which ultimately can
influence the total number of accident rates in the construction field.

Some factors should be studied more in-depth in future research to obtain a better solution. For
example, in this study, only total incidence rates were analyzed. However, for establishing effective
strategies to reduce the accident rate in the construction field, the accident rates according to
construction types need to be analyzed.
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