
Citation: Bang, S.; Jeong, J.; Lee, J.;

Jeong, J.; Soh, J. Evaluation of

Accident Risk Level Based on

Construction Cost, Size and Facility

Type. Sustainability 2023, 15, 1565.

https://doi.org/10.3390/su15021565

Academic Editor: Humberto Varum

Received: 13 December 2022

Revised: 11 January 2023

Accepted: 11 January 2023

Published: 13 January 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Evaluation of Accident Risk Level Based on Construction Cost,
Size and Facility Type
Saemi Bang 1, Jaewook Jeong 1,* , Jaehyun Lee 2 , Jaemin Jeong 1 and Jayho Soh 3

1 Department of Safety Engineering, Seoul National University of Science and Technology,
232 Gongneung-ro, Nowon-gu, Seoul 01811, Republic of Korea

2 Department of Architecture, Honam University, Gwangju 62399, Republic of Korea
3 Hyundai Engineering and Construction, 75, Yulgok-ro, Jongno-gu, Seoul 03058, Republic of Korea
* Correspondence: jaewook.jeong@seoultech.ac.kr; Tel.: +82-2-970-6381

Abstract: Compared with other industries such as manufacturing, the construction industry has a
higher danger of fatalities. In Korea, the risk level in the construction industry is managed using the
fatality rate per 10,000 construction workers. However, this statistic is lacking in determining the
exact risk level because it does not consider the exact number of workers and fails to reflect the specific
characteristics of the construction industry. In this study, the fatality rate is deduced by considering
the facility type and the project size based on total cost. From the results obtained, considering the
facility type, “Assembly” is seen to be the most dangerous facility type. Considering the project
size based on total cost, “Less than 0.008 billion dollars” is the most dangerous construction scale.
Considering both the facility type and the project size based on total cost, it was confirmed that the
overall fatality rate could exceed the fatality rate respective to each facility type and project size.
Using the proposed method, it is possible to determine the quantitative risk level considering specific
characteristics of the construction industry.

Keywords: construction safety; risk level; fatality rate; facility type; project size based on total cost

1. Introduction

The construction industry has a higher risk of accidents compared with other in-
dustries owing to work at heights, heavy equipment, and interference in various tasks,
resulting in many accidents [1]. Such accidents include falls without safety contraptions,
being trapped under cargo vehicles, and being struck by falling objects. According to the
statistics for occupational fatal accidents in the “2020 Occupational Accident Statistics”
published by the Ministry of Employment and Labor, Korea, there were 458 fatal accidents
in the construction industry in 2020, accounting for about 51.93% of all industrial fatal
accidents [2]. Therefore, to manage the high risk level in the construction industry, it is nec-
essary to accurately calculate the fatality rate in the construction industry and to establish
a safety management plan based on it [3]. However, there are difficulties associated with
the existing risk level calculation method with respect to safety management, as follows.
First, the fatality rate per 10,000 construction workers that is used to indicate risk level in
the construction industry is calculated using the number of fatal accidents and the number
of regular workers. In this case, the number of regular workers is estimated through the
construction cost and labor ratio [3]. As the number of regular workers estimated through
the labor ratio is different from the actual number of workers, it is impossible to accurately
calculate the probability of the occurrence of fatal accidents [4]. Secondly, the fatality rate
per 10,000 construction workers, which is presented in national data as industrial accident
statistics, is presented only for the entire construction industry. However, in the construc-
tion industry, there are different types of major accidents and risk levels for each type of
facility, construction, and work unit [5,6]. In addition, considering the project size based on
total cost, the fatality rate would differ from those of small-size to large-size construction [7].
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For effective safety management, it is necessary to evaluate the risk level whilst considering
both the facility type and the scale of such construction work. In the construction industry,
safety management should be performed based on the specifics of the facility type [8]. For
example, in apartment construction, the main type of construction is reinforced concrete
construction, and most accidents are caused by “falling”. As such, to prevent fatal accidents
and injuries in the construction industry, safety management that considers the major
accident types for each facility is required [6]. In addition, there is a difference in the
frequency of accidents in the construction industry according to construction scale, and
most of the fatal accidents and injuries occur on small-scale construction project sites [9].
Pham et al. [10] proposed the need for safety management according to construction scale
when establishing a safety plan for construction work. As the construction industry has dif-
ferent characteristics, such as facility type and construction scale, it is necessary to calculate
and manage the risk level by considering these parameters. This study aims to provide a
database that can be used by safety managers when establishing safety management plans
by evaluating the risk level according to the facility type as well as according to the project
size based on the total cost of the construction. For this purpose, fatal accidents data and
construction cost data were collected by facility type and project size based on total cost
provided by the Occupational Safety and Health Agency and the National Statistical Office.
By using the collected data, the quantitative fatality rate according to the facility types and
project size was calculated.

2. Literature Review

In several previous studies, the risk level of the construction industry was presented
using statistical methods such as the fatality rate. However, according to the study reported
by Aven and Zio [4], risk analysts will have better results using standard probability
theory rather than trying out alternatives that are harder to understand, and which will
not be logically consistent if they are not equivalent to standard distribution. Therefore,
the number of regular workers estimated through the labor ratio differs from the actual
number of workers. This fatality rate cannot accurately be used to manage the risk level
in the construction industry. On the other hand, it is very important to calculate fatality
losses by considering various aspects of the construction industry, according to the study
reported by Lee et al. [1]. They calculate the risk level in the construction industry using
construction cost rather than the number of regular workers. The project size based on total
cost is subject to being reported for each construction project, and accurate figures can be
calculated every year. In addition, previous studies have the following limitations. First,
there are many risk level assessments for single facilities, but only few studies exist on risk
levels spanning across facilities. Secondly, although the risk level differs depending on the
project size based on total cost, previous studies have insufficient analysis on this parameter,
and there are different methods for defining construction scale. Thirdly, the construction
industry needs to compare risk levels using a probabilistic method rather than a qualitative
method because the established accuracy differs depending on facility and size. Therefore,
the purpose of this study is to evaluate the risk level by considering the facility type and
the size by total cost. Table 1 summarizes previous studies that have calculated the fatality
rate of constructions or which have proposed a risk level management method in terms
of facility type and project size. In previous studies on the “Fatality Rate”, if the risk level
was evaluated in a qualitative way, the subjectivity of the evaluator could be involved
and the evaluation could be somewhat different from reality, so a quantitative evaluation
method was used. In previous studies on the “Facility type”, the causes of the accident
were different, showing that the type of facility should be considered in risk assessment.
Previous studies on the “Construction scale”, show that the risk should be managed by
considering the difference in safety costs invested according to the scale.
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Table 1. Results of literature review.

Note Authors Contents Results

Fatality rate
• Balio and Price [11]
• Chua and Goh [12]

• Risk level using
probabilistic method

• The need for the application
of a statistical methodology

• Necessary to manage the
risk level of the construction
industry by calculating
fatality rate

Facility type

• Kim and Woo [13]
• Park and Paek [14]
• Park [15]
• G. Emre Gurcanli et al. [16]

• Risk assessment for plant
construction using the
FMEA method. FMEA has a
limitation depending
on subjectivity

• Presenting a risk assessment
model for tunnel
construction by analyzing
risk factors considering
construction stage

• Presenting a quantitative
risk assessment model by
analysis of risk
factors considering
construction stage

• Risk assessment for
residential facilities using
matrix method and
Fine-Kinney method

• Analysis risk level according
to the facility type

• Limitation to evaluating the
level of risk for only a single
facility type

Construction scale

• Cho et al. [17]
• Jang and Go [7]
• Tymvios and Gambatese [18]
• Lee [19]

• Presenting construction
safety factors for small- and
medium-sized sites

• Risk assessment counterplan
for small- and medium-sized
construction sites aiming to
perform advanced
safety measures

• The survey conducted on
owner population for
construction safety
considering the facility type
and four different sizes

• Analysis of the policies on
safety management-related
cost-efficiencies

• Analysis risk level according
to the construction cost size

• Limitations of all different
criteria for dividing the
construction cost size

3. Materials and Methods

To calculate the quantitative fatality rate for each facility type and project size based
on total cost of construction work, this study was carried out in three stages, as shown
in Figure 1: (i) data collection and classification; (ii) evaluation of risk level for different
facility types; and (iii) evaluation of risk level for facility type according to project size.

3.1. Data Collection and Classification

To calculate the fatality rate considering the facility type and the project size based on
total cost, data such as the number of fatal accidents and total project costs were collected.
To evaluate the risk level according to the facility type in the construction work, appropriate
data collection is required. Pre-existing construction data was provided by the National
Statistical Office considering the facility type from 2013 to 2019. Thus, in this study, total
project cost data were collected for 7 years from 2013 to 2019 presented by the National
Statistical Office (Korean Statistical Information Service, 2021). In addition, 3828 cases of
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fatal accidents in the construction industry were collected from the Occupational Safety
and Health Agency for the seven-year period from 2013 to 2019 [20].
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It is necessary to classify the appropriate facility type and project size when calculating
the fatality rate considering the project size based on total cost of the facility, using the
number of fatal accidents and the total project cost data collected earlier. First, the pre-
existing data collected by the National Statistical Office is divided into four major categories:
architecture, civil engineering, industrial equipment, and landscaping, and there were
51 types of subdivision works. In this study, 17 types of subdivision works belonging to
the categories “building construction” and “industrial equipment” were reclassified into
10 categories from “Assembly” to “Utility and Miscellaneous” based on the International
Building Code (IBC) building use classification criteria [21]. The IBC standard aims to
identify different levels of life safety risks depending on the use of the building [21]. In
the case of “civil engineering”, it was classified into six categories from “Road” to “Water
Resources” according to the type of structure. In the case of “Landscape Construction”,
all landscaping works were presented in one total project cost dataset, so it could not be
classified in more detail. Hence, it was integrated into one classification and presented as
“Landscape”. As a result, a total of 17 categories were classified, as shown in Table 2.
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Table 2. Classification of facility type.

Number Facility Type

1 Assembly
2 Business
3 Education
4 Factory
5 High Hazard
6 Institutional
7 Mercantile
8 Residential
9 Storage
10 Utility and Miscellaneous
11 Road
12 Bridge
13 Airports and Seaports
14 Tunnel
15 Complex Development
16 Water Resources
17 Landscape

In Article 55, Paragraph 2 of the Labor Standards Act, the size of the construction is
classified according to the number of workers, as shown in Table 3 [22]. These construction
scale criteria are a widely used standard in Korea.

Table 3. Classification of scale on the construction.

Number Scale of the Construction

1 Less than 5 construction workers

2 Not less than 5 and less than 30 construction
workers

3 Not less than 30 and less than 300 construction
workers

4 Not less than 300 construction workers

This study uses the monthly wage of construction workers and the ratio of labor
cost to the number of construction workers and the ratio of labor cost to construction
cost to calculate the size of the construction. The construction size is calculated as an
inverse of the independently classified construction cost scaled to the total cumulative cost
of construction.

In this study, using the monthly wage of construction workers and the ratio of labor
cost to construction cost, the size of the construction according to the number of workers
was inversely calculated as the scale of the construction cost by construction cost. The
project size based on total cost was calculated using Equation (1).

Scale of the construction cost ($) =
(Monthly wage of construction worker × 12 × The number of workers)/(Ratio of the labor cost to revenue)

(1)

Here, for the monthly wage of construction cost and the ratio of the labor cost to
construction cost, the values provided by the Ministry of Employment and Labor of were
used and were, respectively, $3419 and 0.27 [23].

In this study, Equation (1) was used to classify the project size based on total cost
into four categories, ranging from “Less than 0.008 billion dollars” to “Not less than
0.395 billion dollars”, as shown in Table 4. In Table 3, Size 1 is the site with the smallest
scale on construction cost, Size 2 is the site with a medium scale construction cost, Size 3
is the site with a large scale construction cost, and Size 4 is the site with the largest scale
construction cost.
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Table 4. Classification of size on construction cost.

Size Number Project Size Based on Total Cost (Billion Dollars)

Size 1 Less than 0.008
Size 2 Not less than 0.008 and less than 0.040
Size 3 Not less than 0.040 and less than 0.395
Size 4 Not less than 0.395

Note: The exchange rate (KRW/USD) is 1266 won to US$1 (as of 27 April 2022).

The number of fatal accidents and total project cost values collected earlier were reclas-
sified according to project size based on total cost of the facility type. Table 5 presents an
example of the results of classifying “Residential” with the largest number of fatal accidents.

Table 5. Classification example for residential construction.

Size Number

Residential
(from 2013 to 2019)

Number of Fatal
Accidents (Accident)

Total Project Cost
(Billion Dollars)

Size 1 361 19.35
Size 2 107 32.59
Size 3 137 110.44
Size 4 224 184.57

Note: The exchange rate (KRW/USD) is 1266 won to US$1 (as of 27 April 2022).

3.2. Evaluation of Risk Level According to Facility Type

The fatality rate per 10,000 workers, which is one of the methods employed to indi-
cate the risk level of the construction industry in Korea, is calculated using Equation (2)
as follows:

Fatality rate per 10,000 workers (‱) =
(The number of fatal accidents)/(The number of construction workers) × 10,000

(2)

In Equation (2), the number of construction workers can be calculated using annual
construction cost revenue, ratio of labor cost to construction cost revenue, and monthly
wage of construction workers, as in Equation (3).

The number of construction workers =
(Annual construction revenue × Ratio of the labor cost to revenue)/(Monthly wage of construction worker × 12)

(3)

The number of construction workers used for the fatality rate per 10,000 workers is
estimated based on a uniform labor rate, as in Equation (3).

Therefore, it is difficult to calculate the exact number of workers and is unsuitable for
quantitative risk assessment [1]. To solve this problem, a risk assessment method based on
the construction cost can be performed. To evaluate the risk associated with construction
work, Son [24] compared the results of risk assessment based on the number of actual
workers and risk assessment based on the construction cost. The results showed that the
risk evaluation based on construction cost was approximate to the risk evaluation based on
the number of actual workers. Based on these results, a quantitative risk level can be easily
calculated based on the construction cost instead of estimating the risk using the number of
workers in the construction. Lee [19] evaluates the cost effectiveness of accident prevention
by construction size through comparing fatality rates, which are calculated based on the
total project cost, and the number of accidents.
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Therefore, the fatality rate is calculated based on the total project cost instead of the
number of construction workers. The project cost-based fatality rate calculation method
presented in this study is the same as in Equation (4).

FRf (Accident/billion dollars) = Nf/Rf (4)

where FRf is the fatality rate per thousand dollars for each facility type, Nf is the total
number of fatal accidents for each facility type, and Rf is the total construction cost for each
facility type.

If there are no accidents, the probability is calculated with one case.

3.3. Evaluation of Risk Level for Each Facility Type according to Project Size Based on Total Cost

The number of fatal accidents and the total project cost were used to present the fatality
rate for each facility type in construction work. However, the risk level in construction
varies depending on facility type as well as project size based on total cost [19]. Therefore,
this study intends to present the fatality rate considering not only the facility type but also
the project size based on total cost of the facility type.

FRfs (Accident/billion dollars) = Nfs/Rfs (5)

where FRfs is the fatality rate per thousand dollars for each facility type according to project
size, Nfs is the number of fatal accidents for each facility type according to the project size
and scale of the construction cost, and Rfs is the total construction cost for each facility type
according to project size.

4. Results and Discussion
4.1. Analysis of Number of Fatal Accidents and Fatality Rate for Each Facility Type

Before analysis of FRf, the number of fatal accidents and total project cost according to
facility type are presented in Table 6.

Table 6. Analysis of the number of fatal accidents for each facility type.

Number Facility Type Number of
Fatal Accidents

Construction Cost
(Billion Dollars) Rank

1 Assembly 220 14.62 6
2 Business 384 79.71 3
3 Education 108 19.82 10
4 Factory 720 139.17 2
5 High Hazard 92 16.39 12
6 Institutional 77 9.32 13
7 Mercantile 194 36.21 8
8 Residential 829 346.96 1
9 Storage 119 17.53 9
10 Utility and Miscellaneous 250 60.38 5
11 Road 285 63.00 4
12 Bridge 35 8.37 15
13 Airports and Seaports 6 9.44 17
14 Tunnel 22 10.15 16
15 Complex Development 94 24.11 11
16 Water Resources 207 25.20 7
17 Landscape 45 16.36 14

Based on these results, “Residential”, “Factory”, and “Business” had 829 cases, 720 cases,
and 384 cases, respectively, indicating the facility types with the higher number of fatal
accidents. “Airports and Seaports”, “Tunnel”, and “Bridge” had six cases, 22 cases, and
35 cases, respectively, indicating the facility types with a lower number of fatal accidents.
However, the number of workers recorded varies depending on the facility type. Thus, it is
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difficult to determine that the risk level of a facility type is high simply because the number
of fatal accidents is large. Considering these characteristics of the construction industry,
Equation (4) was used to evaluate the fatality rate.

Therefore, FRf was calculated using Equation (4), and the results are shown in Table 7.
From the results of the FRf calculation based on the total project cost of the facility, “As-
sembly”, “Institutional”, and “Water Resources” were at high-risk levels of 15.05 acci-
dents/billion dollars, 8.26 accidents/billion dollars, and 8.21 accidents/billion dollars,
respectively. However, “Airport and Seaport”, “Tunnel”, and “Residential” had low-
risk levels of 0.64 accidents/billion dollars, 2.17 accidents/billion dollars, and 2.39 acci-
dents/billion dollars, respectively. In the case of “Residential”, which showed the highest
risk level in terms of the number of fatal accidents, the third lowest risk level in terms of
probability was observed. Thus, the results of the risk level of a construction project should
be evaluated according to the facility type using a probabilistic method.

Table 7. Analysis of FRf.

Number Facility Type FRf
(Accidents/Billion Dollars) Rank

1 Assembly 15.05 1
2 Business 4.82 9
3 Education 5.45 6
4 Factory 5.17 8
5 High Hazard 5.61 5
6 Institutional 8.26 2
7 Mercantile 5.36 7
8 Residential 2.39 15
9 Storage 6.79 4
10 Utility and Miscellaneous 4.14 12
11 Road 4.52 10
12 Bridge 4.18 11
13 Airports and Seaports 0.64 17
14 Tunnel 2.17 16
15 Complex Development 3.90 13
16 Water Resources 8.21 3
17 Landscape 2.75 14

In this study, we analyzed fatality rate according to project size based on the total cost
of facility type as opposed to fatality rate according to facility type. For the scale standard
for construction cost, four project sizes based on total cost standards presented in Table 4
were used.

In addition, using the FRfs presented in this study, it is possible to compare the risk
level according to facility type and project size based on total cost in the pre-construction
stage such as bidding, planning, and design. Therefore, it is possible to establish a safety
management plan that considers the relative risk level under a limited safety budget.

However, although it is possible to compare the risk levels for each of the 17 facilities
based on the results of this study, it is difficult to accurately compare facility types that
have similar risk levels. In addition, in the case of a facility that performs better than
other facilities, the denominator becomes larger and the FRfs may appear relatively low.
Therefore, in order to establish a safety management plan that considers both average
project cost and FRfs, these two variables were used and presented in Figures 2–5. The
presented quadrant placed FRfs on the Y-axis and the average project cost on the X-axis,
and divided the quadrant using the median to avoid the influence of extreme values of
the facility.
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Figure 5. Comparison analysis between the total project cost and the FRfs for Size 4 construction site.

4.1.1. Analysis of FRfs for Size 1 Construction Site

Table 8 shows the fatality rate at size one sites, and for a more accurate analysis,
Figure 2 shows the quadrants based on the median average project cost of 0.00020 billion
dollars and the median FRfs of 18.66 accidents/billion dollars.

Table 8. FRfs for Size 1 construction site.

Number Facility Type FRfs Rank

1 Assembly 55.81 1
2 Business 27.57 6
3 Education 16.52 10
4 Factory 26.28 7
5 High Hazard 34.92 3
6 Institutional 35.31 2
7 Mercantile 30.84 4
8 Residential 8.66 9
9 Storage 29.56 5
10 Utility and Miscellaneous 12.38 14
11 Road 13.52 12
12 Bridge 11.76 15
13 Airports and Seaports 0.97 17
14 Tunnel 20.26 8
15 Complex Development 13.59 11
16 Water Resources 12.86 13
17 Landscape 7.66 16

The results are as follows. In the case of “Education” and “Residential”, they had a
risk level of 16.52 accidents/billion dollars, 12.38 accidents/billion dollars, and an average
project cost of 0.00020 billion dollars and 0.00029 billion dollars, located on the x-axis
and y-axis median dividing lines, respectively. In the first quadrant, “Assembly” has the
highest risk level of 55.81 accidents/billion dollars, and, in the second quadrant, “High
Hazard” has the highest risk level of 34.92 accidents/billion dollars. If a construction
company carries out “Assembly” and “Water Resources” projects at the same time with
the limited safety management costs, it would be better to invest more safety costs on
“Assembly” construction.

4.1.2. Analysis of FRfs for Size 2 Construction Site

Table 9 shows the FRfs for a Size 2 construction site.
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Table 9. FRfs for size 2 construction site.

Number Facility Type FRfs Rank

1 Assembly 9.22 1
2 Business 4.78 5
3 Education 2.74 11
4 Factory 6.74 2
5 High Hazard 4.60 6
6 Institutional 6.55 3
7 Mercantile 2.46 12
8 Residential 3.28 7
9 Storage 6.20 4
10 Utility and Miscellaneous 1.58 13
11 Road 3.15 9
12 Bridge 1.29 14
13 Airports and Seaports 0.33 17
14 Tunnel 1.01 16
15 Complex Development 3.05 10
16 Water Resources 3.16 8
17 Landscape 1.02 15

Table 9 shows the fatality rate at Size 2 construction sites, and for a more accu-
rate analysis, Figure 3 shows the quadrants based on the median average project cost
of 0.00134 billion dollars and the median FRfs of 3.15 accidents/billion dollars. In the case
of “Bridge” and “Road”, they had a risk level of 1.29 accidents/billion dollars, 3.15 acci-
dents/billion dollars, and an average project cost of 0.00134 dollars and 0.00139 dollars, and
were located on the x-axis and y-axis median dividing line, respectively. In the first quad-
rant, “Institutional” had the highest risk level with 6.55 accidents/billion dollars. Facilities
located in the third and fourth quadrants belonged to civil engineering and landscaping
facilities except for “Education”. If a construction company carries out “Assembly” and
“Water Resources” projects at the same time with limited safety management costs, it would
be better to invest more safety costs on “Assembly”.

4.1.3. Analysis of FRfs for Size 3 Construction Site

Table 10 shows the FRfs for a Size 3 construction site.

Table 10. FRfs for size 3 construction site.

Number Facility Type FRfs Rank

1 Assembly 7.31 2
2 Business 2.88 7
3 Education 3.78 5
4 Factory 3.29 6
5 High Hazard 2.21 9
6 Institutional 5.05 3
7 Mercantile 1.24 14
8 Residential 1.24 13
9 Storage 2.79 8
10 Utility and Miscellaneous 1.03 15
11 Road 1.85 10
12 Bridge 4.02 4
13 Airports and Seaports 0.23 17
14 Tunnel 0.88 16
15 Complex Development 1.78 11
16 Water Resources 14.08 1
17 Landscape 1.26 12

The fatality rate at the Size 3 construction site is presented in Table 10, and for a
more accurate analysis, the quadrants are shown in Figure 4 based on the median aver-
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age project cost of 0.00507 billion dollars and the median FRfs of 2.21 accidents/billion
dollars. In the case of “Utility and Miscellaneous” and “High Hazard”, they had a risk
level of 1.03 accidents/billion dollars and 2.21 accidents/billion dollars, and an average
construction cost of 0.00507 billion dollars and 0.00587 billion dollars and were located on
the x-axis and y-axis median dividing line, respectively. In the first quadrant, “Factory”
had the highest risk level with 3.29 accidents/billion dollars. The construction of civil
engineering and landscaping facilities except “Water Resources” are located at the third
and fourth quadrants. If a construction company carries out “Assembly” and “Water
Resources” projects at the same time with limited safety management costs, it would be
better to invest more safety costs on “Water Resources”. However, FRfs for both projects
are still above average.

4.1.4. Analysis of FRfs for Size 4 Construction Site

Table 11 shows the FRfs for a Size 4 construction site.

Table 11. FRfs for Size 4 construction site.

Number Facility Type FRfs Rank

1 Assembly 8.29 5
2 Business 1.30 13
3 Education 1.68 12
4 Factory 1.17 15
5 High Hazard 3.02 10
6 Institutional 6.91 6
7 Mercantile 2.00 11
8 Residential 1.21 14
9 Storage 0.74 16
10 Utility and Miscellaneous 0.74 17
11 Road 8.44 4
12 Bridge 3.75 9
13 Airports and Seaports 3.83 8
14 Tunnel 4.09 7
15 Complex Development 11.39 3
16 Water Resources 35.03 1
17 Landscape 13.83 2

The fatality rate at the Size 4 construction site is presented in Table 11, and for a more
accurate analysis, the quadrants are shown in Figure 5 based on the median average project
cost of 0.02839 billion dollars and the median FRfs of 3.75 accidents/billion dollars. In the
case of “Institutional” and “Bridge”, they had a risk level of 6.91 accidents/billion dollars,
3.75 accidents/billion dollars, and an average project cost of 0.02839 billion dollars and
0.01483 billion dollars, respectively, and were located on the x-axis and y-axis median di-
viding line, respectively. In the first quadrant, “Water Resources” had the highest risk level
with 35.03 accidents/billion dollars. The construction of civil engineering and landscaping
facilities except “Assembly” are located in the third and fourth quadrants. If a construction
company carries out “Assembly” and “Water Resources” projects at the same time with
limited safety management costs, it would be better to invest more safety costs on “Water
Resources”. It is a recommendation that can be more clearly understood because it carries
a much greater risk than average.

4.2. Discussion

In this study, it was found that the risk level in construction work differs according to
the facility type and project size based on total cost. The practical implications of this study
on FRfs and the project size based on total cost are as follows.

First, for the objectivity of risk level occurrence, the risk level was calculated using
the actual occurrence of accidents and the construction cost. In addition, the risk level was
calculated with consideration of the type of facility and the construction size project to solve
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the cost-effectiveness problem of the safety management cost that may occur because the
safety management cost and safety manager appointment costs are determined according
to the size of the construction.

Secondly, even if the same number of accidents occurred at different sites, the level
of accident occurrence cannot be said to be the same if the scale of the construction is
significantly different. Therefore, the risk level was evaluated by dividing into four sizes.
The average construction cost per construction differs for each facility, and to take this
into account, a method of creating quadrants based on the median was used. The FRfs
and average project cost distribution of the project size based on the total cost of four
sections are shown using a log scale, as shown in Figure 6. According to the results, for an
average construction cost of less than 0.008, the dispersion is small and they are similar,
but the dispersion increases as the construction amount increases. This fatality rate uses
the construction cost as the denominator. Therefore, even for facilities in the same size
section, for high average construction costs, the denominator value used for the fatality
rate increases, resulting in an optimistic result. Correcting this error, the deviation of the
average construction cost should be considered. In the case of small-scale construction,
this problem does not occur because the deviation is small, but it may occur when the
deviation is large, such as with Size 4. In Figure 4, “Airports and Seaports” has a higher
fatality rate than “Factory”. However, it is similar when calculating the expected number
of fatal accidents considering the average construction cost. Therefore, in the case of Size 4,
even if the fatality rate is lower than average, if the average construction cost is high, the
need to strengthen safety management should be considered as with “Factory”.
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The analysis of three facilities with high FRfs in each construction scale section is
as follows.

(1) The “Assembly” facility type typically includes facilities such as art museums, churches,
and performance halls. For the construction of facilities such as museums, there are
many long-span structures, so consideration should also be given to heavy objects
and the safety evaluation of floor vibrations [25]. In the case of “Assembly” facilities,
fall accidents were the main cause of fatal accidents. Therefore, safety management
measures should be taken through the smooth coordination of opinions between field
workers and safety managers to determine risk factors of falling accidents.

(2) “Institutional” facilities typically include hospitals and prisons. In the case of hospital
construction, the design is complicated and diverse owing to not only the functional
elements of the building, but also the space planning of the patient-first, natural
environmental building arrangement, as well as the creation of a healing environment.
Therefore, it is necessary to continuously improve and manage hospital construction,
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where various types of work and operations are complicated, by blocking risks in
advance through thorough risk factor analysis and systematic safety management
activities, and by implementing appropriate countermeasures [25,26].

(3) “High Hazard” refers to facilities that store hazardous substances, such as petrochem-
ical plants. These projects have potential risks such as fire, explosion, and leakage,
and require a high-level safety management system. However, there is no appropriate
qualification standard, and it is conducted arbitrarily by the company. Therefore, it is
necessary to institutionalize the registration standards for the design and supervision
in relation to the installation of hazardous material facilities. In addition, as the chemi-
cal process becomes more complex owing to developments in the industry, there is an
increased amount of risk in handling hazardous substances along with an increased
uncertainty of accidents [27].

(4) In the case of “Factory”, internal facilities and equipment occupy a larger proportion
compared with general buildings, and the composition is complicated. In the case of
the high-tech industry, the standardization and systematization of the construction
information classification system for high-tech factory construction is very low. This
is owing to problems such as the difficulty in classifying the scale, the variety of types
of work, the complexity of construction, and security. Therefore, it is necessary to
collect and analyze data on factory design [28].

(5) In the case of “Water Resources”, projects are largely carried out in the form of river
environment maintenance projects, flood restoration projects, and projects for flood
prevention. Consequently, the rate of traffic accidents caused by large equipment
such as crushed soil or concrete vehicles was higher than that of other facilities [29].
Therefore, it is necessary to secure a route to prevent soil collapse and prevent traffic
accidents during construction.

(6) In the case of “Landscape”, the design of the finished construction is decided prior to
the construction, but the design is frequently changed owing to pressure during the
construction period and the different drawing conditions of the site. For this reason,
“Landscape” facilities were found to be facilities with a high-risk level owing to poor
construction quality [30]. As landscaping construction involves large-scale movement
of materials, it is considered that a safe working environment can be created only
when there is clear communication during design changes.

(7) In the case of “Complex Development”, the rate of traffic accidents is higher than
that of other facilities due to the large scale of the construction, the large amount
of manpower, and the use of large-scale equipment [30]. In addition, in the case of
development for the establishment of an industrial complex, it is necessary to consider
the presence of buried pipes and gas pipes, so it is necessary to ensure safety by
addressing these specific issues in advance.

5. Conclusions

In this study, to solve the problems of current risk level management methods in the
domestic construction industry, a method for calculating fatality rate by considering the
facility type and the construction cost was presented. In addition, the probabilistic risk level
was calculated considering facility type and construction cost in the Korean construction
industry, in order to analyze the relatively dangerous facility types and project sizes based
on total cost.

The results of this study are as follows. First, from calculating the fatality rate by facil-
ity type, “Assembly” was found to have the highest fatality rate at 15.05 accidents/billion
dollars. Secondly, from calculating the accident and fatality rate of facilities according
to construction project size, for Size one and Size two construction sites, the “Assembly”
facility was found to be the facility with the highest risk level, with 55.81 accidents/billion
dollars and 9.22 accidents/billion dollars. In the case of Size 3 and Size 4 construction
sites, the “Water Resources” facility was 14.08 accidents/billion dollars and 35.03 acci-
dents/billion dollars, respectively, indicating that it is a high-risk facility type. Thirdly, a
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graph comparing FRfs and the total project cost was presented as a way of using fatality
rate results by facility type in practice, and 17 facility types were classified based on the
median value to analyze risk level, including the number of established cases.

The safety cost used for safety management or the number of safety managers ap-
pointed are determined according to the size of the construction cost. However, since this
does not reflect the characteristics of the construction industry, there is a high possibility
that costs that do not match the required safety management level of the construction site
will be allocated. Therefore, if risk is evaluated using the results of this study and safety
management expenses are allocated accordingly, more effective safety management will
be possible.

(i) Unlike the manufacturing industry, where the number of laborers is fixed, the number
of laborers in a construction site is unclear, and the appointment of a safety manager
and the cost of safety management are all determined by the construction price.
Therefore, for accurate numerical analysis, the cost-based probability evaluation
presented in this paper is necessary.

(ii) The risk level was calculated by considering the type of facility in consideration of
the proportion of labor costs that vary depending on the type of construction work
and the corresponding level of labor risk. As a result, in general, in small-scale
construction, more safety costs should be invested in construction work, and in the
case of landscape, more safety costs should be invested in large-scale construction.

(iii) Since the subject of applicable laws differs depending on the scale of construction
work, the risk level is evaluated by dividing into four widely used sizes to provide
indicators to evaluate whether appropriate laws are being applied for each section.

The limitations of this study are as follows. In this study, fatality rate was calculated
considering the facility type and the project size based on total cost, but other factors that
could affect the occurrence of fatal accidents, such as unit processes, were not considered.
However, it should be noted that risk levels can be derived and compared in advance using
factors determined in the planning stage prior to construction.
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