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Abstract: This study analyzed the trend of construction accidents focused on the small-scale con-
struction sites and the correlation between the ratios of official inspection by government and total 
fatality injuries per 10,000 people (TFR) by construction size in Korea. The method is to analyze 
statistical data for the construction accidents and official safety inspection system. In construction, 
accidents rate and TFR are recently increasing unlike other industries. In addition, the smaller the 
scale of construction sites, the higher the TFR, and vice versa. The smaller the scale of construction 
sites, the greater the degree of difference in the TFR for each year, and vice versa. In small-scale 
construction sites, which have amounted less than $273,000 (£231,000), approximately 45.7% of 
deaths occurred on sites between $36,400 (£30,800) and $182,000 (£154,000). The ratio of inspection, 
which represents the ratio of official inspection proportion to site share, is in inverse proportion to 
the TFR by construction size. As the ratio approached zero, TFR became higher, and the higher the 
ratio, the lower TFR since the official inspection was mainly carried out in medium and large-scale 
construction sites. To get an effect of official inspection, the focus of official inspection should move 
onto the small-scale construction site.

Key words: Construction accident, Small-scale construction site, Official inspection, Fatal injuries,  
Inspection ratio

Introduction

Construction industry has become one of the most 
hazardous industries in the history of industry all over 
the world1–12). According to the industrial accident report 
recently published by the Ministry of Employment and 
Labor (MOEL) of Korea, the industrial accident rate for 
the overall industry declined from 0.77% in 2006 to 0.5% 
in 2016, while that for the construction industry showed 
an increasing trend from 0.72% in 2006 to 0.84% in 2016. 

In this paper, the accident rate represents the number 
of workers with work-related illness or injury per 100 
workers. The death rate owing to industrial accidents in 
the construction industry in Korea is the highest; the total 
number of deaths from industrial accidents in the construc-
tion industry in Korea from 2012 to 2016 was 2,596 (520 
deaths a year on average) which accounts for 31.42% of 
all deaths from industrial accidents, according to statistics 
produced by the MOEL13).

A total of 1,021,738 construction sites existed as 
of 2015 in Korea. Among them, the number of small-
scale construction sites (with a budget of up to $273,000 
(£231,000)) was 785,355, which constitutes a high 
proportion at 77%. It is these small-sized construction 
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projects that are most prone to industrial accidents in the 
construction industry14–19). Despite diverse endeavors to 
prevent industrial accidents, small-scale construction sites 
have experienced a consistent increase in the number of 
industrial accidents. Therefore, it is clear that the number 
of industrial accidents in the overall construction industry 
will not be reduced without curtailing the number of in-
dustrial accidents in small-scale construction sites.

Research on small-scale construction sites has revealed 
that technical support for such construction sites is ef-
fective in preventing industrial accidents in Korea. Even 
though it is crucial for government to build channels for 
offering the necessary technical support to them20), the 
government generally has focused on large-scale con-
struction sites more than small-scale construction sites. If 
accidents occur simultaneously at large-scale construction 
sites and small-scale construction sites, the media tends 
to deal more with accidents at large-scale construction 
sites. Because of exposure to large-scale construction site 
repeated by the media, the public will likely neglect ac-
cidents happening at small scale construction sites21, 22). 
For this reason, attention has been focused on large-scale 
construction sites rather than solving small-scale construc-
tion sites’ problems, and the government repeated mainly 
to respond the accidents of large-scale construction sites.

In Korea, as a way to prevent accidental deaths in the 
construction industry, mandatory regulations on occupa-
tional health and safety should be carried out according to 
the site size. Safety and health regulations on construction 
sites primarily focus on medium-scale (projects with a 
budget of $273,000 (£231,000)–$10.91 million (£9.23 
million)) and large-scale (projects with a budget exceeding 
$10.91 million (£9.23 million)) construction projects. The 
regulations mandate large-scale construction projects to 
employ a dedicated and qualified safety manager, while 
medium-scale construction projects are obliged to receive 
technical guidance from specialized institutions. However, 
small-scale construction projects are not bound to have 
a safety manager during the construction or to receive 
technical guidance. Only a few of them avail technical 
guidance and support with government budget through 
technical support projects assigned by the government to 
be implemented by private organizations23).

When it comes to the prevention of industrial accidents 
in the construction field, on-site supervision plays a crucial 
role24–27). Hopkins argued that the on-site safety supervi-
sor at construction sites should be able to make decisions 
on the acceptable level of safety based on professional 
knowledge and expertise without being subject to any 

regulation, and that the occurrence of an industrial acci-
dent at construction sites is determined by the existence of 
a safety supervisor28). Niskanen claimed that construction 
safety supervision must be actively implemented, as the 
activities of occupational safety and health institutions and 
safety inspectors are effective in preventing industrial ac-
cidents in the construction field29).

In Korea, official inspectors who belong to MOEL 
regularly (and sometimes irregularly) have conducted su-
pervision of the safety and health management system in 
construction sites to prevent accident. Official inspection 
carried out according to inspection plans established by 
branches of MOEL for sites where serious accidents occur 
or accidents can occur frequently. And, official inspec-
tion can be performed for all construction sites regardless 
of construction size. However, in case of small-scale 
construction sites, there are some limitations to carry out 
official inspection because of various reasons such as con-
struction inspection budget, organization, etc. As a result, 
small sites are being neglected as blind spots.

Thus, it is necessary to examine whether the Korean 
government’s official safety inspection system is appropri-
ately implemented or not for reducing industrial accident 
in small-scale construction sites. This study analyzed the 
correlation between the ratios of inspection and fatality 
injuries per 10,000 people by construction size in order 
to investigate the appropriateness of the current official 
inspection system. Using the data from MOEL, main 
accident statistics for construction sites were compared 
according to the site size. Then, occupancy ratio of in-
spection to occupancy ratio of number of workplace by 
construction size and fatality injuries per 10,000 workers 
were calculated.

Subjects and Methods

Small-scale construction sites
Construction site size was classified into three group 

by the construction budget in order to examine construc-
tion accident characteristics and official safety inspection 
system; large-scale construction site, medium-scale 
construction site, and small-scale construction site. First of 
all, large-scale construction site means the site that should 
employ a dedicated and qualified safety manager. Sec-
ondly, medium-scale construction site covers construction 
sites that should be obliged to receive technical guidance 
from specialized institutions. Finally, small-scale construc-
tion site, which does not have both a safety manager and 
technical guidance, is considered. In addition, the small-
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scale construction site was subdivided into some groups 
according to construction budget.

· Small-scale construction sites (with a budget of up to 
$273,000 (£231,000))

· Medium-scale construction sites (projects with a 
budget of $273,000 (£231,000)–$10.91 million (£9.23 
million))

· Large-scale construction sites (projects with a budget 
exceeding $10.91 million (£9.23 million))

Data analysis for construction accidents
The Korean government publishes the annual report 

of official statistics of industrial accidents13). This report 
shows statistical data for work-related injury and illness, 
which was approved for occupational injury and illnesses 
requiring medical care for more than 4 d and reported to 
Korea Workers’ Compensation & Welfare Service. The 
statistical data consists of the number of workers, injured 
and diseased workers, death workers, industrial accident 
rate, fatality rate, frequency rate, and severity rate, etc. 
In addition, the data are classified into business scale by 
industrial type, accident type, the number of workers, sex, 
age, region, etc. In this study, the annual changes of main 
accident data and detailed construction data according to 
construction size were compared by extracting the official 
data from the report during recent 10 yr (2007–2016).

Firstly, the annual changes in the industrial accident 
rate, fatality rate, frequency rate, and severity rate of 
industrial accidents among overall industry, manufacturing 
industry, and construction industry were investigated to 
show seriousness of the construction industry accident. 
The accident fatality was divided into the accident fatality 
rate (AFR) and total fatality rate (TFR). TFR takes into 
account the deaths from both industrial diseases and work 
accidents, while the AFR considers only deaths directly 
related with industrial work accidents. Frequency rate 
means number of accidents per 1 million hours, which is 
an index of how often industrial accidents occur and indi-
cates the frequency of industrial accidents taking place in 
each industry. Severity rate of industrial accidents means 
total working loss days per 1,000 h.

Detailed analysis for construction accidents by 
construction size of budget

The detailed analysis for small-scale construction 
sites was performed by size of construction budget. The 
industrial accident statistics of construction projects with 
different scales of project budget, particularly focusing on 
small-scale construction sites, were analyzed by examining 

the number of industrial injuries and deaths from source 
data of MOEL. The official data of industrial accidents13) 
are based on the classification of construction projects 
determined by the number of workers in order to comply 
with the classification criteria for other industries. How-
ever, the obligation of employment of a dedicated safety 
manager and reception of technical guidance is mainly 
determined based on the classification of the amount of 
project budget. Thus, the source data of MOEL from 2012 
to 2016, which do not open to the public, investigated 
instead of annual report for industrial accidents in order 
to calculate the accident statistics according to the size of 
construction budget.

Analysis of official inspection system
There is no duty for employing a health and safety man-

ager or adopting technical help in small-scale construction 
sites, and business owners without an awareness of health 
and safety are not implementing proper safety manage-
ment measures. Only, the MOEL regularly (and some-
times irregularly) dispatches official safety management 
inspectors to these small-scale construction sites where 
they carry out accident prevention activities. To suggest 
the improvement of official inspection, this study analyzed 
official safety inspection system which was done in 2015. 
The ratio of guidance and supervision relative to the num-
ber of sites by size was calculated, then the correlation 
between the ratio of official inspection by construction 
size and fatality ration was compared.

Results

Construction accident statistics in Korea
In order to identify the trend in the occurrence of 

industrial accidents in Korea, the trend of changes in the 
accident rate, fatality rate, frequency rate, and severity rate 
of industrial accidents in the overall industry, manufactur-
ing industry, and construction industry were demonstrated 
in Figs. 1 and 2. The industrial accident rates in the overall 
industry and manufacturing industry in Korea have shown 
a consistently decreasing trend from 2007 (Fig. 1A). On 
the contrary, the rate for the construction industry showed 
an increasing trend until 2013, and recorded the highest 
rate at 0.92% in 2013. Thereafter, the rate sharply declined 
in 2014, although recently, it demonstrated an increasing 
trend again.

Total fatality rate (TFR) showed a decreasing trend 
in overall industry and manufacturing industry, while 
the construction industry represented fluctuating trend 
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(Fig. 1A). The rate for the construction industry was the 
highest at 2.21 in 2013, and thereafter, it drastically de-

clined by 1.47 times from the rate in 2013, to 1.5 in 2014. 
However, recently, the fatality rate in the construction 

Fig. 1.   Changes of industrial accident rate and fatality rate in Korea.  (A) Accident 
rate and total fatality rate, (B) Comparison of total fatality rate (TFR) and acci-
dent fatality rate (AFR).

Fig. 2.   Changes in the trend of frequency rate and severity rate.
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industry has demonstrated an increasing trend as shown in 
previous research30).

The accident fatality rate (AFR) including only indus-
trial work accidents and TFR for the past 10 yr were com-
pared in Fig. 1B. AFR of the construction field was gener-
ally higher than the rate of the overall industry. The TFR 
of the manufacturing industry maintained a similar level 
from 2007 to 2010, and thereafter, sharply declined from 
2011 to record a figure lower by 1.8 times than that in 
2016. The AFR in the construction industry was generally 
higher than that of the overall industry. In the construction 
field, the TFR is only 1.11 times higher than the AFR on 
average, while the TFR in the manufacturing field is 1.69 
times higher than the AFR.

The frequency rate injury in the overall industry and 
manufacturing industry in Korea has shown a consis-
tently decreasing trend (Fig. 2). However, the rate in the 
construction industry continuously increased until 2013 
to reach the highest figure at 4.96 in 2013; subsequently, 
the rate decreased to 4.05 in 2014, although recently, it 
has been showing an increasing trend again. Analysis 
on the severity rate of industrial accidents in the manu-
facturing industry and construction industry for the past 

10 yr showed a change in the level of severity rate in the 
industrial accidents in the manufacturing and construction 
industries in 2011 (Fig. 2). Until 2011, the severity rate of 
industrial accidents in the construction industry was lower 
than that of the manufacturing industry. However, since 
2011, the rate in the construction field has been higher 
than that in the manufacturing field. Notably, the severity 
rate in the construction industry was higher by 1.5 times 
than that in the manufacturing industry in 2013.

Analysis of accident in small-scale construction site
TFR of construction projects with different scales from 

2012 to 2016 were surveyed and analyzed in order to 
identify the occurrence of industrial accidents at small-
scale construction sites. Figure 3 displays the TFR of 
construction projects with different scales. Among small-
scale, medium-scale, and large-scale construction sites, the 
small-scale construction site represents the highest TFR, 
where followed by medium-scale site and then by large-
scale site. The TFR for construction projects with $10.91 
million (£9.23 million) or greater budget (large-scale 
construction site) were generally lower than the rates of 
the overall construction industry.

Fig. 3.   TFR of construction projects with different construction scales.
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Figure 3 also shows detailed TFR in small-scale con-
struction sites, classified as contracts of less than $273,000 
(£231,000). The results revealed that the TFR on small-
scale construction sites has fallen sharply since 2013, 
but has recently shifted to an increasing trend in 2016. 
Meanwhile, sites between $18,200 (£15,400) and $36,400 
(£30,800) showed the highest TFR, whereas those between 
$182,000 (£154,000) and $273,000 (£231,000) showed 
the lowest in small-scale construction sites. The TFR on 
sites between $36,400 (£30,800) and $91,000 (£77,000) 
increased the most by 1.87 times from 2015 to 2016.

Detail analysis of accident characteristics in small-scale 
construction projects

Table 1 shows the number of accident deaths and the 
number of construction sites in small-scale construction 
with construction sizes of less than $273,000 (£231,000) 
between 2014 and 2016. The frequency of accidental 
deaths per site showed that the majority of deaths, 221, 
or 45.7% of the total, occurred on sites with contracts 
between $36,400 (£30,800) and $182,000 (£154,000). 
For the accident type, falls accounted for approximately 
67%, which is a considerable proportion. When the falling 
accidents on small sites were analyzed by place, the larg-
est number occurred in temporary structures (75 deaths), 
followed by roofs (71 deaths). Thus, temporary structures 
and roofs together cause approximately 50% of all deaths.

Analysis of the status of official inspection systems for 
small-scale construction sites

Figure 4A shows results for the ratio of sites receiving 
official inspection to the number of sites by size surveyed 
in 2015 to find out the status of construction site inspec-
tion. The results show that 552,974 small-scale construc-

tion sites less than $36,400 (£30,800) accounted for 
approximately 58% of all sites, which is a high proportion. 
However, only 0.03% of construction sites with a budget 
less than $36,400 (£30,800) received the official inspec-
tion. On the other hand, there are 9,282 construction sites 
bigger than $10.91 million (£9.23 million), which is ap-
proximately 60 times less than the number of small-scale 
sites, but the ratio of inspection is 29.6%. Table 2 and Fig. 
4B show the correlation between ratio of inspection and 
TFR. The ratio of inspection denotes the ratio of official 
inspection proportion to site share by construction size. 
The site less than $36,400 (£30,800) has the highest TFR 
of 3.78 and the lowest ratio of official inspection share to 
site share. However, the large-scale construction with the 
lowest TFR of 1.05 represents the highest ratio of 2.889.

Discussion

The trend of accident statistics shows that the accidents 
in construction industry are recently increasing unlike 
other industries. Same to other countries, the accident rate 
and TFR in construction industry are higher than overall 
industry and manufacturing industry. By examining the 
frequency rate, industrial accidents occur more frequently 
in the construction industry, contrary to the decreasing 
trend of industrial accidents in the overall industry and 
manufacturing industry. In addition, industrial accidents 
occurring in the construction field can cause greater dam-
age than those taking place in the manufacturing industry. 
Thus, more attention should be paid to construction safety 
management even though Korean government is focusing 
on reducing the construction accidents, recently. When ex-
amining the difference between the TFR and AFR, deaths 
of workers in construction industry are more closely 

Table 1.   Analysis of deaths in small-scale construction (2014–2016)

Number of deaths by construction size Accident type Places of falling accidents

Classification
Number 
of deaths

Number of 
project sites

Classification
Number of 

deaths
Places

Number of 
deaths

≤$9,100 68 234,232 Fall 290 Temporary structures 75
$9,100–$18,200 35 136,949 Struck by falling object 26 Roofs 71
$18,200–$36,400 87 92,380 Pressed by moving object or vehicle 25 End part of structure 33
$36,400–$91,000 112 142,383 Hit by object or vehicle 23 Stairs and ladder 29
$91,000–$182,000 109 104,983 Collapse 18 Facility 22
$182,000–$273,000 73 64,242 Electricity 15 Opening 25
Total 484 775,169 Fire and explosions 6 Others 35

Other 32 Total 290
Total 435
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related with accidents taking place while working rather 
than with diseases.

The high accident and death rate in the construction 
industry indicate a misunderstanding of the main causes, 

together with inadequate and incorrectly targeted ac-
cident prevention measures. Therefore, it is important that 
identifying the nature of the accidents by classifying the 
construction sites by size and understanding their actual 

Fig. 4.   Relation between inspection ratio and fatality rate by construction size. (A) 
Ratio of site receiving official inspection by construction size, (B) Ratios of official 
inspection proportion to site share and TFR by construction size.

Table 2.   Relation between site share and official inspection share by construction size

Classification Site share (a) Official inspection share (b) Ratio (b/a)

≤$36,400 51.2 0.1 0.002
$36,400–$91,000 12.6 13.2 1.048
$91,000–$273,000 13.1 23.5 1.794
$273,000–$1.82 million 10.7 30.8 2.879
$1.82 million–$10.91 million 2.6 7.0 2.692
>$10.91 million 0.9 2.6 2.889
Not classified 8.9 17.8 2.000
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status for having a great influence on reducing the accident 
rates. From the results of TRF by construction size, it is 
found that the smaller the scale of construction sites, the 
higher the TFR, and vice versa. Furthermore, the smaller 
the scale of construction sites, the greater the degree of 
difference in the TFR for each year, and vice versa. Such 
difference is believed to arise because small-scale con-
struction projects are sensitive to even small changes from 
external or internal regulation on safety management, as 
they are usually not legally subject to safety management, 
and thus, safety management at such construction sites is 
not properly performed.

On the contrary, large-scale construction sites are 
legally mandated to perform safety management and 
subject to implementation of safety management system, 
including employment of a dedicated safety manager. For 
this reason, the degree of difference in their TFR is small, 
as they are not significantly affected by external safety 
management regulations and inspections. Concentrating 
on small-scale construction sites with a budget of up to 
$273,000 (£231,000) for accident prevention activities is 
expected to significantly contribute to reducing the overall 
accidents in the construction industry.

In small-scale construction sites with sizes of less 
than $273,000 (£231,000), approximately 30% of deaths 
occurred on sites smaller than $9,100 (£7,700), and 
45.7% on sites between $36,400 (£30,800) and $182,000 
(£154,000). Therefore, accidental death prevention activi-
ties for small construction sites should focus on these. In 
addition, accident prevention activities focused on falls on 
small construction sites would be highly effective in re-
ducing the number of deaths31, 32). Regardless of site size, 
legal measures taken to ensure that workers are proficient 
in safety management while working at height would help 
prevent fatal falls.

Some countries strictly enforce safety regulations on all 
construction sites regardless of size. In France, a profes-
sional body for accident prevention in construction and 
public works has been established for prevention of ac-
cidents in the construction industry due to the high occur-
rence and severity of occupational accidents and diseases. 
In Germany, the technical inspectors guide and supervise 
all construction sites in their jurisdiction regardless of 
size. The inspectors autonomously determine their site 
visit schedule. When they visit a site, they also provide 
technical support through consultation simultaneously 
with supervision in most cases. Small construction sites 
post contact information for site managers and suppliers 
by work type so that inspectors can easily meet site work-

ers as needed. On the contrary, in Korea, safety-related 
legal measures are applied depending on the construction 
contract size. Among accident prevention methods, official 
inspections by government can be carried out regardless of 
the site size.

Official inspections by government are mainly dis-
patched to large-scale construction sites. The analysis 
results for the official inspection done in 2015 revealed 
that only 0.03% sites among sites smaller than $36,400 
(£30,800) was received official inspection even though 
they accounted approximately 58% of all sites. On the oth-
er hand, the number of sites $10.91 million (£9.23 million) 
or larger was approximately 60 times smaller; the official 
inspection was carried out 29.6% sites, which is higher 
by approximately 986 times than that of the small sites. 
As the construction size increased, the ratio of receiving 
official inspection, while the number of construction site 
decreased.

When calculating the ratio of inspection, which the ratio 
of official inspection proportion to site share, the ratio is 
in inverse proportion to the TFR by construction size. As 
the ratio approached zero, TFR became higher, and the 
higher the ratio, the lower TFR. It can be understood that 
either the official inspection was excessively focused on 
the medium and large-scale construction site with lower 
TFR or the official inspection reduced the TFR. However, 
in fact, the official inspection was emphasized in medium 
and large-scale construction sites. To get an effect of of-
ficial inspection, the official inspection should be focused 
on small-scale construction sites; the curve of ratio will be 
similar to the TFR curve or flat curve at least.
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