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ABSTRACT 

The Root Causes of Workplace Accidents on Building Projects Using FTA (Fault Tree Analysis) Method. 

FTA (Fault Tree Analysis) is a technique that can link several event sequences that result in other events. 

The objectives of this research are: to identify OHS risk factors and the quality of human resources in the 

construction of high-rise buildings in the Integrated Sports Psychology Building Project at the State 

University of Surabaya, to evaluate the dominant OHS risk factors and human resources in the construction 

of the Integrated Sports Psychology Building Project at the State University of Surabaya using the Fault 

Tree Analysis Method, and to determine appropriate mitigation actions to address OHS risk factors and the 

quality of human resources in the construction of the Integrated Sports Psychology Building Project at the 

State University of Surabaya using the Fault Tree Analysis Method. This study focuses on identifying the 

risk factors for the quality of human resources as construction workers in building construction projects 

using the Fault Tree Analysis method. This research is descriptive and analytical. The implementation of 

the Smart Automation Workshop building project at the State Polytechnic of Electronics in Surabaya 

involves several health and safety-related risk factors. The results of the study show that these risk factors 

are divided into four categories: Very Small, Small, Moderate, and Large, as well as one special category: 

Very Large. The identified risks include non-compliance with safety procedures, lack of OHS training or 

certification for workers, unsafe working conditions, use of unsafe equipment, worker negligence, and 

inadequate personal protection or safety equipment. To reduce these risks, strict OHS standards and 

regulatory compliance are needed, as well as the use of safe equipment and technology. In addition, careful 

worker selection and training, routine inspection and evaluation, appropriate job placement, and 

competency development are also recommended. Regular maintenance and inspection of concrete molds, 

compliance with construction regulations, and training on new technology are also needed to ensure project 

safety and success. 
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1. Introduction 

Occupational Health and Safety (OHS) is an effort to create safety and protection from various 

risks of accidents and hazards, both physical, mental, and emotional, for workers, companies, 

society, and the environment. Based on Indonesian Law Number 1 of 1970 concerning 

occupational safety and health, every worker has the right to protection for their safety while 

working, improving their welfare, and increasing national production and productivity [1]. 

According to data from the Indonesian Social Security Administration (BPJS) Employment, 2017 

was recorded as the year with the highest number of work accidents in the construction sector due 

to the massive development projects. There were around 1,877 work accidents in the construction 

sector throughout 2017 [2]. Until now, the overall number of work accidents in Indonesia is still 

relatively high. Data from BPJS Employment recorded 114,235 cases of work accidents in 2019 

[3]. Meanwhile, from January-October 2020, this number increased to 177,161 cases of work 

accidents [4]. Surabaya, as the second-largest city in Indonesia, is increasingly becoming more 

significant. This capital of East Java has transformed significantly, making it a target for national 

and multinational companies to realize their business expansion. Infrastructure development in 

Surabaya is also quite rapid. In 2014, the cumulative number of office buildings was 291,262 

square meters, which will increase to 800,000 square meters in the next three years, namely 2015-

2018. This number comes from 19 buildings, and the apartment market in Surabaya is only 12% 

of the number of apartment units in Jakarta, but its growth is so high, namely 142%. The supply 

from 2015 to 2018 is 25,844 units from 27 projects. The Integrated Building Development Project 

of Psychology and Sports at Surabaya State University is a project carried out by PT. Nindya 

Karya. This project is a 7-story building project located on the UNESA Lidah Wetan Surabaya 

Campus. The construction project has a long working time of 400 days, making it prone to risks 

that can hinder project activities. In this case, an important aspect to consider is Occupational 

Health and Safety (OHS) and the quality of human resources as the construction project 

stakeholders. Based on this statement, risk management is needed to prevent unwanted risks [5] 

[6]. This prevention can be done by analyzing and identifying risks and responding to risks that 

have and will occur [7] [8]. Many other methods can be used to identify, measure, and evaluate 

risks in construction projects [9]. These methods include HAZARD, FMEA (Failure Mode Effect 

Analysis), CIA (Confidentiality, Integrity, and Availability), FTA (fault tree analysis), audits, and 

ETA (Event Tree Analysis) [10]. The root cause of work accidents in building projects is analyzed 

using the FTA (Fault Tree Analysis) method [11]. FTA is a technique that can connect several 

event sequences that produce several other events [12]. The results of the research using the FTA 

method obtained agreement on the potential causes of accidents that occurred during the 

transportation of iron to the field, which were then arranged using the FTA method, resulting in 

19 combinations of accident causes. Additionally, this method can also analyze risks more 

detailedly based on the evaluation results. From the previous research results, this research can be 

conducted using the FTA method to determine the risk factors of OHS and the quality of human 

resources in the implementation. 

 

2. Methods 

2.1. Research concept 

The research in this case study is focused on identifying the risk factors of human resource quality 

as construction actors in the building development project using the Fault Tree Analysis (FTA) 

method. This research is descriptive analytical in nature. Descriptive analytical research aims to 

describe and interpret something, such as existing conditions or relationships, prevailing opinions. 
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The research was conducted at the UNESA Sports Psychology Integrated Building Development 

Project. 

 

2.2. Research stages 

1. Risk Identification  

The risk identification stage involves observation, literature study, interviews, and questionnaire 

distribution to obtain variables of human resource quality risk factors. The questionnaire is 

distributed to selected respondents in the population to choose "yes" or "no" answers. If the 

respondent answers "yes," they will be included in the main questionnaire form. Analysis is carried 

out through:  

a. Main questionnaire distribution using valid variables.  

b. Interviews to facilitate respondents in answering.  

c. Risk assessment based on the probability and impact of the risk.  

d. The assessment results are depicted in matrix diagrams based on frequency and impact.  

e. Risk assessment with validity and reliability testing. 

2. Validity and Reliability  

Testing The next step is to conduct validity and reliability analysis, which aims to obtain validation 

results from the questionnaire. The equation used for validity testing is the Pearson equation, which 

measures the linear relationship between two variables and determines the correlation coefficient 

value. For reliability testing, the Cronbach's Alpha method is used with the help of SPSS software. 

A high-risk measurement scale is used for risk probability/frequency and impact measurement, 

which is the Likert scale with a range of numbers from 1 to 5, as follows:  Probability level 

measurement of risk  1 = very rare  2 = rare, 3 = possible, 4 = frequent, 5 = very frequent. 

Impact level measurement of risk (I) , 1 = very small , 2 = small , 3 = moderate , 4 = large , 5 = 

very large For risk level measurement.  

A high-risk measurement scale is used for risk probability/frequency and impact measurement, 

which is the Likert scale with a range of numbers from 1 to 5, as follows: (a) Probability level 

measurement of risk: 1 = very rare, 2 = rare, 3 = possible, 4 = frequent, 5 = very frequent. (b) 

Impact level measurement of risk (I): 1 = very small, 2 = small, 3 = moderate, 4 = large, 5 = very 

large for risk level measurement. 

Then, an analysis is conducted using the Severity Index (SI) method. The purpose of this method 

is to obtain a combination of risk frequency and impact assessments on implementation. After 

obtaining the level of risk probability and impact category values, the next step is to plot these 

values on the frequency and impact matrix. Then, to determine the risk rank, it can be plotted on 

the risk rank matrix. The next analysis is to use the Fault Tree Analysis (FTA) method. The steps 

in working with the FTA method are as follows: Choosing the problem to be analyzed (problem 

definition).  Drawing a graphical model of the FTA method by finding the top event, then drawing 

the next events until the root of the problem or basic event.  Providing a response or answer from 

the FTA fault method (FTA solution), which is various possibilities of risk occurrence. If the risk 

occurs together, it can cause the top event. After that, the combination of events must be 

determined (minimum cut set ranking). 

The steps in determining the combination of events (minimum cut set) are as follows: Modifying 

the FTA logic gate to be OR and AND gates only. Naming each event. Converting the fault tree 

into a Boolean algebra equation. Determining the combination of events or the minimum cut set 

by simplifying the Boolean algebra equation to a simpler equation using Boolean algebra rules. 

To facilitate the research, a flowchart of the research and an FTA method flowchart are prepared. 
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The research flowchart using Fault Tree Analysis method can be seen in Figure 1. 

 

 
Figure 1. Framework of Research 

 

 

3. Results and discussions 

In analyzing the identification of occupational health and safety (OHS) risk factors and human 

resource quality in building construction using the Fault Tree Analysis (FTA) method, the 

identification of risks and analysis of risk causes were conducted on OHS factors and human 

resource quality. To conduct risk analysis with the FTA method, a fault tree diagram was created. 

In the fault tree diagram, risks were identified as unwanted events consisting of several risk factors 

or sub-factors. The research data was obtained through the distribution of questionnaires and 

interviews with respondents, namely the staff of the Smart Automation Workshop Building Project 

at the State Electronics Polytechnic of Surabaya, who were equivalent to construction 

implementers and understood the risks that occurred in project implementation caused by human 

resource quality factors as construction actors. The data obtained consisted of respondent profiles, 

project profiles, occurred risks, frequency of risks, risk impact, risk causes, and risk handling in 

the form of risk response. Before the main questionnaire distribution, a questionnaire was 

distributed to 2 comparison projects aimed at finding significant research variables for validity 

testing. The two comparison projects were the Smart Automation Workshop Building Project at 

the State Electronics Polytechnic of Surabaya and the Integrated Industrial Psychology 

Construction Development Project.  

 

3.1. Validity test 

To test the validity of an instrument using SPSS on a sample, a validity test can be conducted by 

analyzing the correlation between each item in the instrument with the total score of the instrument. 

The validity test is conducted to determine whether a questionnaire is valid for each variable. The 

validity test conducted in this study is presented below: 
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Table 1. Validity Test on Probability Variables. 

Indicator T value T table Description 

A1 0,457 0,3687 Valid 

A2 0,387 0,3687 Valid 

A3 0,784 0,3687 Valid 

A4 0,412 0,3687 Valid 

B1 0,508 0,3687 Valid 

B2 0,433 0,3687 Valid 

B3 0,413 0,3687 Valid 

B4 0,387 0,3687 Valid 

B5 0,752 0,3687 Valid 

C1 0,445 0,3687 Valid 

C2 0,680 0,3687 Valid 

C3 0,381 0,3687 Valid 

C4 0,490 0,3687 Valid 

C5 0,907 0,3687 Valid 

D1 0,420 0,3687 Valid 

D2 0,427 0,3687 Valid 

D3 0,392 0,3687 Valid 

D4 0,804 0,3687 Valid 

D5 0,458 0,3687 Valid 

E1 0,808 0,3687 Valid 

E2 0,701 0,3687 Valid 

E3 0,369 0,3687 Valid 

E4 0,424 0,3687 Valid 

E5 0,387 0,3687 Valid 

 

 

Based on the above output, it can be seen that the value of the Pearson correlation coefficient (r) 

for all questionnaire items is greater than the r table value, indicating that all questionnaire items 

are valid. From the validity testing results in the table above, there were 24 questionnaires that were 

filled out by 20 respondents in this study. One way to determine which questionnaires are valid 

and which are not is to find out the r table value first. The formula for r table is df = N-2, so 20-2 

= 18, and the r table value is 0.3687. From the validity calculation results in the table above, it can 

be seen that for all 20 questionnaires, r hitung > r tabel, indicating that all questionnaires are valid 

because the r hitung value is greater than the r tabel value, which is 0.387 
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Table 2. Validity Test on Risk Variables. 

Indicator T value T tabel Description 

A1 0,404 0,3687 Valid 

A2 0,561 0,3687 Valid 

A3 0,478 0,3687 Valid 

A4 0,448 0,3687 Valid 

B1 0,775 0,3687 Valid 

B2 0,373 0,3687 Valid 

B3 0,381 0,3687 Valid 

B4 0,407 0,3687 Valid 

B5 0,731 0,3687 Valid 

C1 0,424 0,3687 Valid 

C2 0,381 0,3687 Valid 

C3 0,427 0,3687 Valid 

C4 0,511 0,3687 Valid 

C5 0,730 0,3687 Valid 

D1 0,418 0,3687 Valid 

D2 0,394 0,3687 Valid 

D3 0,460 0,3687 Valid 

D4 0,607 0,3687 Valid 

D5 0,781 0,3687 Valid 

E1 0,422 0,3687 Valid 

E2 0,443 0,3687 Valid 

E3 0,427 0,3687 Valid 

E4 0,583 0,3687 Valid 

E5 0,387 0,3687 Valid 

 

 

3.2. Reliability test 

In this study, a reliability test must be conducted to measure the consistency of the questionnaire 

used to measure the influence of variables. Before conducting the reliability test, a decision-

making basis must be established, which is an alpha value of 0.60. A variable is considered reliable 

if its value is greater than >0.70. If it is smaller, the variable being studied cannot be considered 

reliable. Based on the output table above, there are N of items indicating the number of questions, 

which is 24 questions with 2 variables, with a Cronbach's alpha value of 0.942. Based on the 

decision-making basis above, the questionnaire items are reliable because the Cronbach's alpha 

value is >0.70. 

 
Table 3. Reliability Test. 

Reliability Statistics 

Cronbach's Alpha N of Items 

0,912 2 
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3.3. Calculation of Probability and Impact Values Using the Severity Index Method 

The main questionnaire on frequency risk calculation and risk impact calculation used the Likert 

scale method to measure the probability or frequency of risk variables occurring in high-rise 

building projects, as well as the resulting impact. The Likert scale used to measure probability or 

frequency is as follows: 1= very rarely occurs, 2= rarely occurs, 3= may occur, 4= frequently 

occurs, 5= very frequently occurs. After distributing the main questionnaire and obtaining the 

probability and impact values of risk variables in the Smart Automation Workshop Building 

Project - Surabaya State Electronics Polytechnic, an analysis of the results was conducted using 

the Severity Index (SI) method, which aims to obtain a combination of risk probability and impact 

assessments on the implementation of the project. The following is an example of calculating the 

results of the main questionnaire using the Severity Index (SI) method for the variable "Labor 

Risk": out of 20 respondents, 3 respondents stated that the frequency is very rare, 6 respondents 

stated that the frequency is rare, and 7 respondents stated that the frequency is possible to occur. 

 

SI3x1+6*2+0*3+7*4+(5*0)17*5 

SI=53,75% 

(1) 

 

The SI value of 53.75% was obtained for the variable "Labor Risk". Next, the SI value will be 

converted to the assessment scale according to table 4 

 
Table 4. Variables with High Occurrence Frequency and High Values in Risk Project of Smart Automation 

Workshop Building - State Polytechnic of Electronic Engineering Surabaya. 

NO RISK TYPES 
VALUE SI 

(100%) 
CATEGORY 

A2 Shortage of Workers in the Field 56,25 CS 

A4 
Lack of coordination/communication among 

workers or between workers and supervisors 
60 H 

B4 
Lack of training from management to workers 

about occupational safety 
40 R 

B5 
Lack of guidance before carrying out work 

about occupational safety 
54,25 CS 

C3 Collapse of concrete molds 71,58 H 

D4 Field execution not in accordance with planning 75,00 H 

D5 
Implementation schedule not in accordance 

with planning 
67,50 H 

E1 
Educational level has no effect on the quality of 

human resources as construction workers 
65,00 H 

E2 
Job history has no effect on the quality of 

human resources as construction workers 
66,25 H 

E3 

Length of work period has no effect on the 

quality of human resources as construction 

workers 

60,00 H 
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3.4. Dominant Risk Factors in OHS Using FTA Method (Fault Tree Analysis) 

The FTA (Fault Tree Analysis) method is a risk analysis method used to identify the factors that 

cause an event or damage. FTA is used to create a risk causation tree model consisting of basic 

events and causal factors. In this case, FTA is used to identify the OHS factors and the quality of 

human resources that can affect the profitability of the implementation of the Smart Automation 

Workshop Building Project - State Polytechnic of Electronic Engineering Surabaya. 

 

 
Figure 2. FTA Analysis with Human Resource Quality Risk Factors. 

 

 
Figure 3. FTA Analysis with Occupational Health and Safety (OHS) Risk Factors. 
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Based on the second figure, there are five OHS risk factors and five human resource quality risk 

factors identified. Each risk factor is given a risk description, probability, and FTA risk. Probability 

refers to the likelihood of the risk occurring in a specific factor, while FTA risk indicates the 

contribution of the risk factor to the overall risk. 

OHS risk factors  

A. Labor risk  

 A1. Low productivity level of workers: this risk factor has a probability of 2.8 and an FTA 

risk of 7.28. This means that low productivity level of workers contributes significantly to the 

overall risk.  

 A2. Shortage of workers in the field: this risk factor has a probability of 2.15 and an FTA 

risk of 5.375. This means that the shortage of workers in the field contributes significantly to the 

overall risk.  

 A3. Low quality of work in the field: this risk factor has a probability of 2.65 and an FTA 

risk of 7.155. This means that the low quality of work in the field contributes significantly to the 

overall risk.  

 A4. Low coordination/communication among workers as well as workers with their 

superiors: this risk factor has a probability of 2.35 and an FTA risk of 5.405. This means that low 

coordination/communication among workers as well as workers with their superiors contributes 

significantly to the overall risk. 

 

B. Implementation of OHS Management Risk  

 B1. Low health and safety at work (OHS) on the project site due to safety regulations that 

are not implemented in the field: this risk factor has a probability of 2.55 and an FTA risk of 7.14. 

This means that the low health and safety at work (OHS) on the project site due to safety regulations 

that are not implemented in the field contributes significantly to the overall risk. 

 B2. Not using Personal Protective Equipment (helmets, goggles, masks, ear protection, 

body harnesses, gloves, safety shoes) Risk B2 on OHS and human resource quality factors is "Not 

using Personal Protective Equipment (helmets, goggles, masks, ear protection, body harnesses, 

gloves, safety shoes)".  

 To perform risk identification using the FTA method, the steps that can be taken include:  

 Determine the causal factor of the risk. The causal factor in risk B2 is worker non-

compliance with using personal protective equipment.  

 Identify trigger factors that can cause the risk to occur. Triggers in risk B2 include lack of 

socialization about the importance of using personal protective equipment, lack of supervision and 

enforcement of rules regarding the use of personal protective equipment, and inadequate 

availability of personal protective equipment.  

 Determine the possible impacts if the risk occurs. Possible impacts on risk B2 include 

injuries to the head, eyes, face, ears, hands, and feet from sharp, heavy, or thrown objects during 

the construction process.  

 Identify preventive measures that can be taken to prevent the risk from occurring. 

Preventive measures for risk B2 include increasing socialization about the importance of using 

personal protective equipment, improving supervision and enforcement of rules regarding the use 

of personal protective equipment, providing adequate personal protective equipment, and 

conducting training for the correct use of personal protective equipment.  

 Identify mitigation measures that can be taken if the risk has already occurred. Mitigation 

measures for risk  
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B2 include providing first aid to injured victims, temporarily stopping the construction process to 

ensure worker safety, and conducting a reassessment. 

 

 

3.5. Risk mitigation actions 

Risk management using the Risk Reduction Fault Tree Analysis (FTA) method can be 

implemented, as shown in the table below: 

 
Table 5. Dominant Mitigation Strategies 

No. Risk Impact Mitigation 

1 Low productivity level of 

workers 

Decrease in 

project progress 

and increase in 

project cost 

Selecting quality and experienced workforce. 

Increasing motivation of workers through 

incentives and rewards. 

2 Low quality of work on site Potential for 

defects or 

damage to 

buildings  

Selecting quality and experienced workforce. 

Providing adequate training and supervision. 

3 Occupational Health and 

Safety (OHS) Management 

Risk 

Potential for 

workplace 

accidents or 

injuries to 

workers 

Implementing strict HSE standards and 

complying with regulations. Conducting 

routine inspections and evaluations to ensure 

compliance. 

4 Low health and safety 

standards on project sites 

due to non-compliance with 

safety regulations on site 

Potential for 

workplace 

accidents or 

injuries to 

workers 

Conducting training and socialization related 

to occupational safety. Ensuring the 

suitability of personal protective equipment 

(PPE) and its application in the field. 

5 Work that poses a risk of 

occupational accidents 

Potential for 

workplace 

accidents or 

injuries to 

workers 

Implementing strict HSE standards and 

complying with regulations. Using safe 

equipment and technology that meets 

standards. 

6 Collapse of concrete molds Potential for 

project delays 

and cost 

increases 

Conducting periodic maintenance and 

inspections on concrete molds. Using quality 

and durable concrete molds. 

7 Construction 

Implementation Risk 

Potential for 

environmental 

changes and 

legal issues 

related to 

construction 

Implementing appropriate development 

regulations and avoiding construction that 

could potentially damage the environment. 

Ensuring the completeness and compliance of 

permits and documents with regulations. 
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8 Difficulties in using new 

technology (equipment and 

methods) in construction 

and production processes on 

the project 

Construction 

and production 

processes 

hindered, 

project costs 

increased, 

project schedule 

delayed 

Conducting training and introduction to new 

technology for all workers involved in the 

project. Involving technology experts in the 

development and use of new technology. 

Conducting thorough testing of new 

technology before it is used in the field. 

Conducting periodic evaluations of the use of 

new technology and making improvements if 

necessary. 

10 Design changes Changes in 

design can 

affect project 

schedule and 

quality 

Efficient and effective design change 

management. Evaluating the impact of design 

changes on project schedules and quality. 

Strong collaboration between project 

management and design team. 

11 Competency Skill Risk Lack of 

competence and 

skills of workers 

can affect the 

quality of work 

Careful recruitment and selection process. 

Training and development of workers' skills. 

Clear task distribution and responsibilities. 

Routine monitoring and evaluation of 

workers' performance. 

12 Improper job placement Decreased 

productivity and 

work quality, 

fatigue, 

workplace 

accidents 

Placing workers in jobs that match their skills 

and qualifications. Providing training and 

competency development for workers who 

need it to perform their assigned tasks well. 

Ensuring clear and open communication 

between management and workers regarding 

job placement. Conducting periodic 

evaluations and supervision to ensure 

appropriate and effective job placement. 

 

 

4. Conclusion 

The study conducted a risk assessment of the Smart Automation Workshop Building Project - 

Surabaya State Polytechnic and identified several occupational safety and health (OSH) risk 

factors. The risk factors were classified into five categories, including Very Small, Small, Medium, 

Large, and Very Large. The identified OSH risk factors included non-compliance with safety 

procedures, lack of training or certification for workers, unsafe working conditions, use of unsafe 

equipment or machinery, worker carelessness or negligence, and inadequate personal protection or 

safety equipment. In addition, low coordination/communication among workers and between 

workers and their superiors, collapse of concrete molds, implementation not in accordance with the 

plan, and implementation schedule not in accordance with the plan were also identified. The study 

also used Fault Tree Analysis (FTA) to identify the causes of risks to human resource quality, such 

as low quality of work on site, risk of OSH management implementation, and inappropriate job 

placement. To mitigate these risks, the study recommends implementing strict OSH standards that 

comply with existing regulations, selecting qualified and experienced workers, providing adequate 

training and supervision, conducting routine inspections and evaluations to ensure compliance, and 

appropriate job placement based on each worker's skills and qualifications. Furthermore, the study 

suggests regular maintenance and inspection of concrete molds, application of appropriate 

construction regulations, and training and introduction to new technology. 
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