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Abstract 

Safety management means managing activities to prevent 

accidents by predicting risk factors in advance. It is involved in 

the entire process of the construction project. The construction 

industry has become bigger and more complicated and thus 

safety management is more important than ever before. 

According to an announcement by Korea’s Ministry of 

Employment and Labor, the number of construction industry 

accident victims increased 6.2% in 2015 in comparison with the 

previous year. The construction industry also had the highest 

increase of deaths in any industry field. The purpose of this 

study is to present quantitative information that can be applied 

to establish reasonable safety management plans by figuring 

out the frequency and intensity of accidents and estimating the 

degree of risk through investigating and analyzing the causes 

of accidents on construction sites. From 2006 to 2015, this 

study estimated the frequency values and intensity values of the 

causes of accidents that occurred on construction sites in Korea 

and classified them as 4M categories; Man, Machine, Media, 

and Management. The result, out of 49 risks for the causes of 

accidents, the degree of risk ‘16’ had the largest proportion with 

30.6%. The degree of risk ‘20’(16.3%) came second, followed 

by the degree of risk ‘4’(14.3%), the degrees of risk ‘8’ and 

‘12’(12.2%), the degree of risk ‘3’(8.2%) and the degree of risk 

‘1’(6.1%). Out of 49 causes of accidents, the risk factors 

requiring priority management which is the degree of risk over 

‘9’, were 28 which accounts for 59.1% of the total. The most 

prominent category among the 4M containing risk factors 

requiring priority management was the category Management. 

17 out of the 26 causes of accidents were risk factors requiring 

priority management. In the case of accidents resulting from the 

category Man, 8 out of 10 were risk factors requiring priority 

management. In the case of the category Machine, there were 2 

out of 6 and for the category Media, there were 2 out of 7. 

According to the results of the study, in the category 

Management, which had the most risk factors requiring priority 

management, it is worth considering improving the 

effectiveness of safety management in order to prevent 

accidents during construction projects. This could be achieved 

through the enhancement of safety management, such as 

deploying additional workers for safety or putting more of an 

emphasis on safety education and so on. 

Keywords: Construction accidents, Safety management, 4M 

Technique, Risk 

 

INTRODUCTION 

The Korean construction industry is world-class in terms of 

technology due to the rapid development of the nation’s 

economy. However, because of the construction industry's 

rapid development, accidents occur frequently due to ignorance 

about safety on construction sites. This results in problems 

causing human, material, and financial loss [1]. According to 

an announcement from the Ministry of Employment and Labor, 

which manages employment policy and labor, the number of 

accident victims in the construction industry in 2015 increased 

6.2% in comparison with the previous year, 2014. The number 

of deaths increased 1.4% in comparison with the previous 

year[2]. The fact that construction accidents have not been 

reduced disproves the effectiveness of the accident prevention 

policies by the government. Overall safety management 

techniques on construction sites have not been successful. [3]. 

The construction industry handles heavy equipment and heavy 

weights much more than other industries and the work is 

implemented by construction subcontractors, which is 

characteristic of the construction industry. In addition, it is 

difficult to systematically and continuously manage 

construction sites since outdoor work, high rise work, and 

variable one-time work must all be accounted for. There are 

various accident risk factors on construction sites and the 

frequency and intensity of accidents occurring are high 

compared to other industries[4]. In order to prevent accidents 

on construction sites the participants directly involved such as 

clients, architects, and general contractors have to secure the 

safety of the construction site by participating in overall safety 

management techniques[5][6]. 
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Safety management refers to management techniques to 

prevent accidents by anticipating risk factors in advance. It is 

involved in the entire process of the construction project[7]. It 

is important to develop a safety management system that will 

be highly effective in reducing workplace disasters. The safety 

management system should rely simply on experienced 

management and post management but it should also be able to 

prevent accidents by eliminating harmful factors and risks by 

identifying potential risks[8]. Therefore, it is necessary to 

estimate the risks of identified risk factors during work and to 

establish countermeasures for improvement of those risks so as 

to achieve effective safety management[9]. However, safety 

management on construction sites focusing on examples of 

accidents and preventive measures as well as risk assessment 

about potential accidents has not yet been implemented[4]. 

This study establishes a risk assessment model that can be 

applied to construction projects. This model increases the 

effectiveness of safety management techniques by identifying 

risk factors requiring priority management through risk 

assessment according to the causes of the accidents. 

Procedures and methods of this study are as follows. 

(1) This study systematizes the risk assessment process and 

plans the risk assessment model. (2) This study applies the 

causes of accidents occurring on construction sites in Korea 

over the past ten years to the risk assessment model and 

identifies the risk factors requiring priority management by 

estimating the degree of risk. (3) This study organizes the study 

results. 

 

Figure 1 Procedures and methods of the study 

 

RISK ASSESSMENT MODEL 

Risk assessment identifies possible risk factors that occur 

during work and establishes countermeasures in order to 

minimize the possibility of an accident while on the job. 

The 4M technique uses risk assessment to classify risk factors 

into four categories: Man, Machine, Media and Management. 

Then, it measures the degree of risk by multiplying the chance 

of an accident by the degree of damage caused by an accident. 

In the 4M technique, the category Man is used to measure 

unsafe behaviors of the workers and to assess the human risk. 

The category Machine is used to assess the physical risk 

generated by unsafe conditions. The category Media is used to 

assess various factors related to the work environment such as 

noise, dust and toxic substances. The category Management is 

used to evaluate the administrative defects that generate 

accidents.  

 

Table 1. Risk factors assessment categories of 4M technique 

4M Categories Contents 

Man Human risk assessment generated by 

unsafe behavior 

Machine Physical risk assessment generated by 

unsafe conditions 

Media Workplace assessment of noise, dust, and 

toxic substances etc. 

Management Evaluation of administrative defects that 

generate accidents 

 

Procedures and methods of risk assessment are as follows. 

Step 1: Identifying risk factor 

Analyze the causes of accidents during construction and 

identify the risk factors. 

Analyze the number of accidents caused by risk factors, the 

type of damage and the degree of damage at the time of the 

accident. 

Step 2: Risk factor classification 

The risk factor identified in Step 1 is classified into the 4M 

categories shown in Table 1 according to the characteristics. 

Step 3: Estimating the degree of risk 

Set the accident occurrence count analyzed in Step 1 as the 

frequency of the accident. Set the type of damage, the extent of 

the damage, the number of deaths, the number of injured parties, 

and the amount of material damage at the time of the accident 

as the intensity of the accident. After this, determine the 

frequency and intensity of the accidents and quantify them to 

assess the degree of risk. 

In this study, the frequency value and the intensity value of the 

accident is set and quantified by the expert consulting on the 

construction safety field. 

Frequency value of the accident: It is set according to the 

number of accidents that have occurred over a ten year period. 

In the case that an accident has happened less than once, the 

value is set as ‘1’. In the case of an accident occurring more 

than 2 times and less than 3 times, it is set as ‘2’. In the case of 

more than 4 times and less than 10 times, it is set as ‘3’. In the 

case of more than 11 times and less than 120 times, it is set as 

‘4’. In the case of more than 120 times, it is set as ‘5’(Table 2). 
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Table 2. Frequency value of the accident 

Frequency 

value 

Number of the accident 

occurrence 

Frequency range 

1 Approximately once 

every 10 years 
0 < 𝑁𝐴 ≤1 

2 Approximately once 

every 5 years 
1 < 𝑁𝐴 ≤ 2 

3 Approximately once 

every 2 years 
2 < 𝑁𝐴 ≤ 3 

4 Approximately once 

every year 
3 < 𝑁𝐴 ≤ 10 

5 Approximately once 

every 6 months 
10 < 𝑁𝐴 ≤ ∞ 

Note: NA = Number of the accidents occurring during the 

frequency set period 

 

Intensity value of the accident: In the case of no human and 

material damage, it is set as ‘1’. In the case of only material 

(financial) damage without occurrence of injury or death, it is 

set as ‘2’. In the case of only injuries, it is set as ‘3’. In the case 

of death, it is set as ‘4’ (Table 3). 

 

Table 3 Intensity value of the accident 

Intensity 

value 
Type of damage 

1 In the case of no human or material damage 

2 
In the case of only material (financial) damage 

without occurrence of injury or death 

3 In the case of only injuries 

4 In the case of death 

 

The degree of risk is measured by multiplying the frequency 

value of the accident by the intensity value of the accident by 

using a formula of the degree of risk shown in Formula (1). 

R = F(1,…,5) x I(1,…,4)                        (1) 

In this, ‘R’ is the degree of risk and ‘F’ is the frequency value 

of the accident. ‘I’ is the intensity value of the accident and 

‘1,2,3,4,5’ is the frequency value of the accident and the 

intensity value of the accident. 

As the measured degree of risk increases, the risk of damage 

also increases. Thus, the measured degree of risk has a higher 

chance of causing an accident when it occurs on construction 

sites. 

 

 

 

Step 4: Identifying risk factors requiring priority 

management 

Identify risk factors requiring priority management by 

determining the highest risk. Assessed degree of risk 

determines whether the risk factors require priority 

management or not. This is done by using the criteria of risk 

level estimation according to the degree of risk as outlined by 

the Korean Occupational Safety and Health Agency shown in 

Table 4[10].  

In the case that the degree of risk is more than ‘9’, it is classified 

as being of considerable risk and requires priority management. 

In this case, the protective safety management plan containing 

the categories Man, Machine, Media and Management would 

be used. 

 

Table 4 Risk level according to the degree of risk 

Degree of risk Risk Level 

1~3 Negligible risk 

4~7 Slight risk 

8 Mild risk 

9~11 Considerable risk 

12~15 Significant risk 

16~20 Unacceptable risk 

 

APPLICATION OF THE RISK ASSESSMENT MODEL 

Identifying risk factor 

The Construction Safety Management Information System 

operated by The Korean government analyzed accident data 

that occurred during construction over a period of 10 years 

from 2006 to 2015. There were 49 causes of accidents over the 

10 year period as shown in Table 5. There were 48 accidents 

caused by ‘Violation of safety regulations and guidelines (A26)’ 

and the number of deaths from this was the highest at 54. The 

amount of material damage caused by ‘Instability of temporary 

structure (A31)’ was the largest with 2 billion and 279 million 

won. 
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Table 5 Causes of accidents and damage caused during construction 

Accident 

Code 

Causes of Accidents Number 

of 

Accidents 

Damages 

Number of 

Deaths 

Number of 

Injured Parties 

Damage Amount 

(Million won) 

A01 Inappropriate use of personal protective equipment 4 1 3 0 

A02 Operation of defective machinery, equipment and tools 2 2 1 0 

A03 Conducting work with inadequate communication 

between supervisors and workers 

1 0 1 5 

A04 Inappropriate instructions from managers to 

construction workers 

2 5 5 0 

A05 Inappropriate structural design for installation of  

machinery, equipment, etc. 

1 0 0 0 

A06 Inappropriate use of machinery and equipment while 

in operation 

15 10 12 210 

A07 Inappropriate plan for machinery and equipment use 1 1 2 0 

A08 Inappropriate use of machinery, equipment and tools 5 3 2 30 

A09 Improper maintenance of machinery, equipment and 

tools 

4 5 1 0 

A10 Failure to assess adverse effects on work caused by 

deterioration due to weather conditions 

3 2 2 302 

A11 Inappropriate method statement 6 7 5 0 

A12 Inappropriate installation plan for safety facilities 2 1 2 0 

A13 Inappropriate use of safety facilities or personal 

protective equipment 

6 5 6 0 

A14 Conducting work in unsafe positions 3 1 1 0 

A15 Inappropriate plan for site deployment such as 

manpower, machinery, equipment etc. 

3 6 21 0 

A16 Inappropriate site deployment of manpower, 

machinery, equipment etc. 

1 1 0 0 

A17 Operation of an inappropriate temporary structure 7 7 6 0 

A18 Inappropriate work plan 44 47 13 0 

A19 Inappropriate entry and exit from workplace 1 1 0 0 

A20 Inappropriate environmental management of 

workplace 

4 3 9 0 

A21 Operating a construction site with inappropriate work 

procedures 

45 39 81 0 

A22 Lack of understanding of designer’s methods and 

procedures 

2 2 6 0 

A23 Unsafe work behavior 4 4 2 1,200 

A24 Creation of alternative design without consideration of 

construction method or construction procedure 

1 1 0 0 

A25 Performing work with physical disabilities 1 0 1 0 

A26 Violation of safety regulations and guidelines 48 54 22 0 

A27 Performing work in a state of non-compliance with 

safety regulations 

4 4 9 0 

A28 Unsafe work conditions caused by inadequate or 

missing safety facilities 

3 1 2 0 
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A29 Inappropriate management of hazardous chemicals or 

toxic substances 

2 4 1 0 

A30 Lack of training and education on manpower needs 1 0 1 0 

A31 Instability of temporary structure 14 19 23 2,279 

A32 Inappropriate structural design of temporary structure 4 2 14 0 

A33 Inappropriate maintenance of temporary structure 7 3 9 0 

A34 Inappropriate loading and handling of materials 1 1 2 0 

A35 Inappropriate control of working system 7 4 17 1,306 

A36 Inappropriate use of working tools 5 0 5 0 

A37 Inadequate communication with workers 1 0 1 0 

A38 Unsafe behavior by workers 21 7 13 0 

A39 Inappropriate control of workplace environment (light, 

noise, temperature, humidity, air etc.) 

1 1 3 66 

A40 Inadequate conditions above ground and underground 17 7 4 1,949 

A41 Unfavorable climate conditions 8 1 0 1,466 

A42 Inadequate topography 1 1 0 0 

A43 Inappropriate control of underground utilities 1 0 0 0 

A44 Inappropriate design of entry structures 1 0 0 0 

A45 Improper judgement of tasks, underestimation or 

overvaluation 

4 3 1 0 

A46 Omission of standard safety work procedures 2 1 1 0 

A47 Performing task while lacking proficiency in the task 7 0 10 70 

A48 Lack of experience designing projects 4 1 0 0 

A49 Inappropriate recognition and assessment of on-site 

risk factors 

13 14 5 0 

 Total 345 287 328 8,883 

 

 

Risk factor classification 

By asking 4 experts in construction safety, the 49 causes of 

accident shown in Table 5 were classified under the 4M 

categories: Man, Machine, Media and Management. If multiple 

4M categories were selected by the experts, then, using the 

characteristics of the accident, the fitting category was 

determined and agreed upon.  

It was analyzed that the causes of the accidents caused by 

Management, as shown in Table 6, were 25 which is the highest 

number of the accidents in any category. Next, 10 accidents 

were caused by Man. Then, it was analyzed that 7 accidents 

were caused by Media and 6 were caused by Machine. The 

highlighted parts( ) in Table 6 are the 4M categories as 

classified by the experts according to the characteristics of the 

accidents. 

The expert B, C and D evaluated ‘Inappropriate use of personal 

protective equipment (A01)’ as accidents caused by Man and 

the expert A evaluated ‘A01’ as accidents caused by Man and 

Management. Because the accidents could result from a large 

number of actions, it was determined that (A01) would be 

classified under the category Man.  

The experts A, C and D evaluated ‘Operation of defective 

machinery, equipment and tools (A02)’ as accidents caused by 

Machine. Expert B evaluated ‘A02’ as accidents caused by 

Management. Because the accidents could result from a large 

number of actions, it was determined that (A02) would be 

classified under the category Machine. 
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Table 6 Data showing the classification of risk factors according to the 4M categories 

Accid-ent Code 4M Caregories (5) 

(1) (2) (3) (4) 

A B C D A B C D A B C D A B C D 

A01                 (1) 

A02                 (2) 

A03                 (2) 

A04                 (4) 

A05                 (2) 

A06                 (2) 

A07                 (2) 

A08                 (2) 

A09                 (4) 

A10                 (4) 

A11                 (4) 

A12                 (4) 

A13                 (4) 

A14                 (1) 

A15                 (4) 

A16                 (4) 

A17                 (4) 

A18                 (4) 

A19                 (4) 

A20                 (4) 

A21                 (4) 

A22                 (3) 

A23                 (1) 

A24                 (3) 

A25                 (1) 

A26                 (4) 

A27                 (1) 

A28                 (1) 

A29                 (3) 

A30                 (4) 

A31                 (4) 

A32                 (4) 

A33                 (4) 

A34                 (4) 

A35                 (4) 

A36                 (4) 

A37                 (4) 

A38                 (1) 

A39                 (3) 

A40                 (3) 

A41                 (3) 
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A42                 (3) 

A43                 (4) 

A44                 (4) 

A45                 (1) 

A46                 (1) 

A47                 (1) 

A48                 (4) 

A49                 (4) 

Note: (1)=Man, (2)=Machine, (3)=Media, (4)=Management, (5)=Classified, A=Expert 1, B=Expert 2, C=Expert 3, D=Expert 4 

 

As shown in Figure 2, Management caused 26 out of 49 

accidents which accounted for 53.1% of accidents. The number 

of accidents caused by Man were 10 (20.4%). The number of 

accidents caused by Media were 7 (14.3%) and the number of 

accidents caused by Machine were 6, which accounted for 12.2% 

of the total.  

 

Figure 2. Result of risk factor classification 

 

Risk Assessment 

The causes of accidents were classified according to the 4M 

categories which were quantified by the frequency value of the 

accident in Table 2 and the intensity value of the accident in 

Table 3. Then, the degree of risk was assessed by substituting 

Formula (1). 

As a result of analyzing the risk distribution of the 49 categories, 

the degree of risk for A33, A35, A38, A40, A41, A45, A48 and 

A49 was ‘20’ as shown in Figure 3, which was the highest 

recorded. The degree of risk for A01, A06, A08, A09, A11, A13, 

A17, A18, A20, A21, A24, A26, A27 and A31 was ‘16’. Next, 

the degree of risk for A10, A14, A15, A28, A36 and A47 was 

‘12’. The degree of risk for A02, A04, A12, A22, A29 and A46 

was ‘8’. The degree of risk for A07, A16, A19, A24, A34, A39 

and A42 was ‘4’. The degree of risk for A30, A37, A43 and 

A44 was ‘3’. The degree of risk for A03, A05 and A25 was ‘1’. 

The risk composition rate of the 49 categories was as follows: 

Degree of risk 16 (30.6%), degree of risk 20 (16.3%), degree of 

risk 4 (14.3%), degrees of risk 8 and 12 (12.2%), degree of risk 

3 (8.2%) and degree of risk 1 (6.1%) in that order. 

 

Figure 3. Risk composition rate 

 

The average degree of risk for each category was as follows: 

Man ‘13.1’, Machine ‘8.7’, Media ‘9.1’ and Management 

‘12.2’. The results show that the average degree of risk caused 

by Man was the highest. 

The risk distribution according to the 4M categories showed 

that the category Man had a degree of risk of 16 which was the 

highest recorded accounting for 40.0%. The 6 risk factors 1, 3, 

4, 8, 16 and 20 caused by Machine had the same rate with 

16.7%. In the category Media, the degree of risk 4 occupied the 

highest rate with 42.9%. In the category Management, which 

included 26 causes of accidents, the degree of risk 16 was the 

highest recorded with 34.6%. 
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Figure 4 Risk composition according to the categories 

 

Table 7 Data of risk factor assessment 

4M 

Categories 

Accident 

Code 

Frequency value of the 

accident 

Intensity value of the 

accident 

Degree of 

risk 

Risk factors requiring priority 

management 

Man A38 5 4 20 ● 

A45 4 4 16 ● 

A27 4 4 16 ● 

A23 4 4 16 ● 

A01 4 4 16 ● 
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A47 4 3 12 ● 

A28 3 4 12 ● 

A14 3 4 12 ● 

A46 2 4 8  

A25 1 3 3  

Average 13.1  

Machine A06 5 4 20 ● 

A08 4 4 16 ● 

A02 2 4 8  

A07 1 4 4  

A03 1 3 3  

A05 1 1 1  

Average 8.7  

Media A40 5 4 20 ● 

A41 4 4 16 ● 

A29 2 4 8  

A22 2 4 8  

A42 1 4 4  

A39 1 4 4  

A24 1 4 4  

Average 9.1  

Management A49 5 4 20 ● 

A31 5 4 20 ● 

A26 5 4 20 ● 

A21 5 4 20 ● 

A18 5 4 20 ● 

A48 4 4 16 ● 

A35 4 4 16 ● 

A33 4 4 16 ● 

A32 4 4 16 ● 

A20 4 4 16 ● 

A17 4 4 16 ● 

A13 4 4 16 ● 

A11 4 4 16 ● 

A09 4 4 16 ● 

A36 4 3 12 ● 

A15 3 4 12 ● 

A10 3 4 12 ● 

A12 2 4 8  

A04 2 4 8  
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A34 1 4 4  

A19 1 4 4  

A16 1 4 4  

A37 1 3 3  

A30 1 3 3  

A44 1 1 1  

A43 1 1 1  

Average 12.2  

CONCLUSION 

Although the Korean construction industry has been carrying 

out a variety of prevention activities in regards to construction 

accidents, it still accounted for about 30% of the total number 

of industrial accidents. There has been no significant 

improvement when compared to the 1990s. The current number 

of accidents show the limitations of the existing methods used 

for prevention of construction accidents. Therefore, it is 

necessary to take a new approach to prevention methods for 

construction accidents [11]. 

This study built a risk assessment model and evaluated the 

degree of risk of accidents during construction to enhance the 

effectiveness of construction management safety. 

The main results of the study are as follows. 

(1) This study analyzed 49 causes of accidents occurring on 

construction sites in Korea from 2006 to 2015 and classified 

them under the 4M categories: Man, Machine, Media and 

Management (Table 6). There were 10 accidents that fell under 

the category Man. These accidents were caused by unsafe 

behavior of the workers. There were 6 accidents that fell under 

the category Machine, which contains physical risks that cause 

unsafe conditions. There were 7 accidents that fell under the 

category Media which contains accidents related to the work 

environment such as noise, dust and toxic substances. Lastly 

there were 26 accidents that fell under the category 

Management, which consists of accidents caused by 

administrative errors. Out of the 49 accidents 53.1% were 

caused by Management so it was determined that protective 

safety management plans need to be more strictly enforced.  

(2) When looking at degree of risk according to the cause of the 

accident, it was determined that the following 8 risk factors 

were responsible for highest number of accidents: 

‘Inappropriate maintenance of temporary structure (A33)’, 

‘Inappropriate control of working system (A35)’, ‘Unsafe 

behavior by workers (A38)’, ‘Inadequate conditions above 

ground and underground(A40)’, ‘Unfavorable climate 

conditions(A41)’, ‘Improper judgement of tasks, 

underestimation or overvaluation (A45)’, ‘Lack of experience 

designing projects (A48)’ and ‘Inappropriate recognition and 

assessment of on-site risk factors (A49)’. 

(3) Looking at the risk composition rate of the 49 accidents, the 

degree of risk ‘16’ accounted for the largest rate with 30.6%. 

Next, the degree of risk 20 accounted for (16.3%), the degree 

of risk 4 (14.3%), the degrees of risk 8 and 12 (12.2%), the 

degree of risk 3 (8.2%) and degree of risk 1 (6.1%) in that order. 

Out of the 49 causes of the accidents, the accidents with risk 

factors requiring priority management (anything with a degree 

of risk over ‘9’) were 28 and they accounted for 59.1% of the 

total (Figure 3). 

(4) Among the 4M categories the category containing the most 

risk factors requiring priority management was Management. 

17 out of 26 accidents were caused by risk factors requiring 

priority management. Looking at accidents falling under the 

category Man, 8 out of 10 were caused by risk factors requiring 

priority management. In the case of the category Machine, 2 

out of the 6 accidents were caused by risk factors requiring 

priority management and for the categoryMedia, 2 out of the 7 

accidents were caused by risk factors requiring priority 

management.  

(5) The results of the study show that in order to prevent 

construction accidents it is necessary to improve management 

techniques. This might include deploying additional workers 

for safety management, strengthening safety education of 

management etc. In addition, it is necessary to control the 

timing, frequency and level of supervision according to the 

degree of risk. It is possible to maximize the efficiency of 

construction safety management techniques by requiring 

intensive management of high risk work. 
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