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Abstrak 

The activity of refueling LPG is an activity that has a potential risk of hazards causing occupational diseases and 
accidents. The potential risk of danger cannot be separated from several factors caused by negligence or non-
compliance of workers with K3 procedures. So a risk management is needed as a form of control over potential hazard 
risks. This research uses the Hazard Identification, Risk Assessment, and Risk Control (HIRARC) method with the 
aim of identifying risks, the factors that cause and the impact of these risks. Further analysis is carried out in the form 
of a combination of Fuzzy Bow-tie lean manufacturing framework. The Bow-tie model is designed to consider the 
risk factors that can cause risk with the fault tree, and then the impact of the risk is described in the event tree. Then 
fuzzy analysis is used to calculate the probability of the factors and impacts that occur. And the last one uses a risk 
matrix to determine potential risks. In this study, there are 5 main risks identified with a total of 13 factors and 12 risk 
impacts. The priority risks are at the High Risk level, namely, fire risk and gas exposure risk. Risk at the High Risk 
(priority) level recommends mitigation recommendations in the form of preventive and protective actions. The 
contribution of this research in the academic field, namely how to use the HIRARC method and the fuzzy bow-tie 
analysis in mapping and determining priority risk in a company. Meanwhile, for companies this research can be used 
as a reference to assist companies in controlling and anticipating potential hazards. 
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1. Introduction 

Employee safety and health are important things that need to be considered by the company. One of the 
measures that can be done is the implementation of the Occupational Health and Safety Management System. 
However, in reality, companies often ignore the requirements and regulations in K3. This is because companies do 
not realize how much risk their workforce and company must bear. 

As is common in project implementation and production activities, companies try to avoid additional costs. 
Another factor that is the dominant cause of work accidents in high-risk industries is unsafe work behavior (Astuti, 
2010). The results of the analysis of accidents in the workplace show that 73 percent of them are caused by unsafe 
work behavior factors (Ginting, 2013). In addition, the implementation of K3 itself is not balanced with strict legal 
measures and heavy sanctions, so that project implementation and production processes are carried out by neglecting 
the safety and health of workers. 

LPG Bulk Filling Station which is engaged in filling and distribution of LPG gas located in Kayu Malue, 
Palu City, Central Sulawesi. In line with the launch of the energy use conversion program from kerosene to LPG by 
the government in 2007, the demand for LPG gas has also increased. The increasing level of demand requires SPBE 
companies to increase their production and distribution power. 

The activity of filling LPG gas is a work activity that has potential hazards, the nature and characteristics 
of LPG gas are very dangerous, not only flammability, but also gas exposure to workers. This potential risk cannot be 
separated from the factors that cause risk. If this risk occurs, it will not only affect the company itself but also workers 
and the environment 

To avoid this risk, the LPG gas cylinder filling activity requires a control in the form of preventive and 
protective measures. In order for any action to be necessary, it is necessary to know what factors are the causes and 
impacts of these risks by identifying risks. In this study, the risk identification process was carried out using the Hazard 
Identification Risk Assessment and Control (HIRARC) method. And at the risk analysis stage will be carried out using 
the fuzzy bow-tie analysis. Hazard identification and risk assessment can be used as the basis for preventive measures 
and countermeasures for potential hazards that threaten safety and disturb health. 
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1.1. Objective 
The objective of this research are expected to contribute in controlling the risk of hazards in LPG gas cylinder 

filling activities. This research can also improve work safety for employees and work areas. So that the activity of 
filling LPG gas cylinders can be more optimal. 

 
2. Literature Review 

Risk is a combination of dangerous events that occur within a certain period or situation and result in injury 
or endanger the health of others or damage property or the environment caused by certain events (Joanna, 2016). Risk 
is often associated with an event or events that have the worst possible outcome. Risk management is a life cycle 
concept, and will continue to be active throughout the life cycle of a process or product, and it is a multidisciplinary 
concept because it can cover all levels starting at corporations, government authorities, and local communities (Ian & 
Raghu, 2005). 

The risk management methodology begins with a risk assessment that identifies, characterizes, the likelihood 
of a hazard occurring. Then give a rating on the level of hazard impact and provide a suitable solution (Joanna, 2016). 
The Hazard Identification Risk Assessment and Risk Control (HIRARC) method is one of the methods of 
identification, hazard analysis and risk control techniques used to systematically review processes or operations in a 
system (John Ridley, 2008). 

Bow-tie is a combination of a fault tree and event tree used in the quantitative risk assessment method (Patrick 
T.W., & Guchelaar, H., 2003). The center of the bow-tie diagram is called the top event. Then to the left of the diagram 
is a fault tree representing potential parallels and combinations of causes in sequence. While the right side of the 
diagram represents the potential impact of a top event (Markowski, A.S., Mannan, M.S., & Bigoszewska, A., 2009). 

The main advantage of using bow-tie analysis is ensuring the form of visual illustrations in evaluating and 
analyzing potential risks and hazards and their potential interactions (Sukran Seker, 2009). However, model and data 
uncertainty is very common and generally unavoidable, on fault trees and event trees and the impact on bow-tie 
analysis (Shuang, C., Jinqiu, H., & Laibin, Z., 2016). 

Fuzzy set theory is based on (Zadeh, L.A., 1965) that is, fuzzy set theory is carried out to ensure unclear and 
uncertain information. Fuzzy set theory in probability spaces symbolizes a fuzzy number that is between 0 and 1 for 
the likelihood of a risk. There are several variations of fuzzy number representation such as fuzzy trigonometry and 
fuzzy trapezoid which are commonly used in reliability analysis. 

 
3. Methods 

The methods of this reseach to identificate and evaluate risk is shown in fig.1. It consist of a risk analysis and 
a concequence assessment in terms of building fault tree and an event tree, respectively. Bow-Tie analysis was 
proposed by SHELL Company in the early nineties to analyze the whole scenario of an accident based on Swiss 
Cheese Model (Couronneau, J.C., Tripathi, A. 2003). Fig 2 shows the implementation of Bow-Tie structure. In the 
risk analysis a fuzzy method is applied to convert a natural linguistic expression into a failure probability. In order to 
perform the bow-tie analysis, the risk factors related to each risk are identified. For each risk factor, a fuzzy estimate 
for the probability of occurrence (or the likelihood) of the risk factor and its impact are obtained. Probability of 
likelihood is calculated based on the estimated ratings shown in Table 1. The impact of each risk is also identified. 
Table 2 shows the fuzzy estimates for risk impact. The trigonometric value function for each linguistic variable is 
shown in the formula : 
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Figure 1. Schematic diagram of building a bow-tie model 
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Figure 2. Implementation of Bow-tie structure 

 
 

Table 1. Linguistic variables and fuzzy numbers for risk likelihood 

Likelihood (L) Fuzzy 
numbers 

Charateristic function of 
fuzzy numbers 

Most Likely 0.9 (0.7,0.9,1.0) 
Possible 0.7 (0.5,0.7,0.9) 
Conceivable 0.5 (0.3,0.5,0.7) 
Remote 0.3 (0.1,0.3,0.5) 
Inconceivable 0.1 (0.0,0.1,0.3) 

 
Table 2. Linguistic variables and fuzzy numbers for risk severity 

Severity (S) Fuzzy numbers Charateristic function of 
fuzzy numbers 

Catastrophic 9 (7,9,10) 
Fatal 7 (5,7,9) 
Serious 5 (3,5,7) 
Minor 3 (1,3,5) 
Neglible 1 (0,1,3) 

 
4. Data Collection 

In this study, data collection was carried out by distributing questionnaires to several respondents (Table 3). 
The questionnaire is in the attachment to this study. Respondents in this study are parties who work on the LPG 
refueling process. The number of respondents in filling out this questionnaire were 5 respondents. These respondents 
are categorized according to their position and education; besides that, it aims to emphasize the competence value as 
an expert in accordance with their field. The following is the profile of each respondent. 

 
Table 3. Respondent Profile 

No Expert Age Education Role Work Experience 
1. Expert 1 30 Bachelor Manager 3 Years 
2. Expert 2 35 High School Checker 2 Years 
3. Expert 3 20 High School Supervisor 1 Year 
4. Expert 4 30 Bachelor Technician 1 Year 
5. Expert 5 28 High School Technician 1 Year 
 

Factor 

Factor 

Factor 

Main 
Risk 

Severity 

Severity 

Severity 

Preventive Protective 
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The first step in analyzing the risk of work accidents is to identify the types of risk of work accidents. At the 
LPG refueling station there are 3 steps of activity that are carried out, namely loading, filling, and efficiency of the 
gas cylinder. Risks and hazards are identified based on observation, discussion and brainstorming with predetermined 
experts with reference to the hazard definition based on OHSAS 18001: 2007, namely the source, situation, or action 
that has the potential to injure or get sick. To make it easier to analyze data, a code number is used for each identified 
risk variable. Here is a summary of the variables using code numbers in table 4-5: 

 
Table 4. List of risk factor for LPG refueling activities 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5. List of risk impact of LPG refueling activities 

No Risk Impact No. 
Code 

1 Operator injury Absent from work D11 
Compensation D12 
Medical expenses D13 

2 Fire risk Fire D21 
Explosion D22 

3 Risk of exposure to gas Gas inhalation D31 
The skin is blistered from exposure to 
gas D32 

Gas poisoning D33 
4 Gas leak Losses to the company D41 

Fire D42 
5 Risk of explosion Explosion from pressure and sun 

exposure D51 

Losses to the company D52 
 
Then an assessment of the results of distributing questionnaires to experts is carried out based on the value 

of the fuzzy function in the Likelihood and Severity tables by calculating the aggregate value for both the Likelihood 
and Severity probabilities shown in table 6.Examples of fuzzy aggregate calculation formulas for the likelihood 
probability of risk factors and the severity of risk impacts are as follows : 
 
𝐹𝐹11 = (0.7, 0.9, 1.0), (0.5, 0.7, 0.9), (0.7, 0.9, 1.0), (0.7, 0.9, 1.0), (0.7, 0.9, 1.0)  
𝑃𝑃�𝑖𝑖 = (𝑎𝑎𝑖𝑖 − 𝑐𝑐1𝑖𝑖 , 𝑎𝑎𝑖𝑖 , 𝑎𝑎𝑖𝑖 + 𝑐𝑐2𝑖𝑖)→(0.9 − 0.2, 0.9, 0.9 + 0.1), (0.7 − 0.2, 0.7, 0.7 + 0.2), (0.9 − 0.2, 0.9, 0.9 +
0.1), (0.9 − 0.2, 0.9, 0.9 + 0.1), (0.9 − 0.2, 0.9, 0.9 + 0.1)   

No Risk Factor No. 
Code 

1 Operator injury Does not follow work safety procedures F11 
Lack of care and supervision F12 
Workplace floors are wet and mossy F13 

2 Fire risk Use cellphone during filling and efficacy of 
gas cylinders F21 

Spark from gas cylinder friction F22 
Sparks from electrical equipment F23 

3 Risk of exposure to gas Inadequate personal safety equipment F31 
Nozzle breakdown F32 
The settings on the car tank rotokgek F33 

4 Gas leak The valve in the flow pipe to the tank is not 
open/closed F41 

The valve on the car is closed due to car 
vibrations F42 

5 Risk of explosion Excess pressure on gas tank  F51 
High temperature in the gas tank due to sun 
exposure F52 

Proceedings of the 11th Annual International Conference on Industrial Engineering and Operations Management 
Singapore, March 7-11, 2021

© IEOM Society International 6506



𝐷𝐷1 =  
1
𝑛𝑛

 �𝑐𝑐1𝑖𝑖

𝑛𝑛

𝑖𝑖=1

=
0.2 + 0.2 + 0.2 + 0.2 + 0.2

5
= 0.2,𝑑𝑑2 

=  
1
𝑛𝑛

 �𝑐𝑐1𝑖𝑖

𝑛𝑛

𝑖𝑖=1

=
0.1 + 0.2 + 0.1 + 0.1 + 0.1

5
= 0.12 

𝑏𝑏 =  
min
1≤𝑖𝑖≤𝑛𝑛

𝑎𝑎𝑖𝑖 + max
1≤𝑖𝑖≤𝑛𝑛

𝑎𝑎𝑖𝑖
2

=  
0.7 + 0.9

2
=  0.8 

𝑝𝑝�𝐴𝐴(𝑡𝑡) = (𝑏𝑏 − 𝑑𝑑1, 𝑏𝑏, 𝑏𝑏 + 𝑑𝑑2) = (0.8 − 0.2, 0.8, 0.8 + 0.12) = (0.6,0.8,0.92) 
 

Table 6. Fuzzy aggregate probability likelihood risk factors 

Risk 

Probability 
of the risk 

factor 
likelihood 

Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Aggregate 

R1 F11 ML P ML ML ML (0.6,0.8,0.92) 
F12 C C ML ML ML (0.5,0.7,0.84) 
F13 P C P C P (0.4,0.6,0.8) 

R2 F21 C C C P P (0.4,0.6,0.8) 
F22 R I P P P (0.22,0.4,0.6) 
F23 I I C C C (0.14,0.3,0.5) 

R3 F31 P P P P P (0.5,0.7,0.9) 
F32 C P P P C (0.4,0.6,0.8) 
F33 ML ML ML ML ML (0.7,0.9,1,0) 

R4 F41 R C C R C (0.3,0.5,0.7) 
F42 C P C P P (0.4,0.6,0.8) 

R5 F51 C C I I I (0.14,0.3,0.5) 
F52 C P P P C (0.4,0.6,0.8) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Proceedings of the 11th Annual International Conference on Industrial Engineering and Operations Management 
Singapore, March 7-11, 2021

© IEOM Society International 6507



 
 

Table 7. Fuzzy aggregate probability severity (impact) risk 

Risk Impact Impact 
Probability Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Aggregate 

R1 D11 Impact M M S S M (2,4,6) 
Probability R C C R R (0.3,0.5,0.7) 

D12 Impact N M S S M (0.2,2,4) 
Probability R C C R R (0.2,0.4,0.6) 

D13 Impact N S F F N (1.4,3,5) 
Probability C C R C C (0.2,0.4,0.6) 

R2 D21 Impact F C C C C (6,8,9.2) 
Probability R R R C C (0.2,0.4,0.6) 

D22 Impact C C F C C (6.8.9,2) 
Probability R R R C C (0.2,0.4,0.6) 

R3 D31 Impact S F F S M (3,5,7) 
Probability R C P P R (0.3,0.5,0.7) 

D32 Impact S F C F S (5,7,8.8) 
Probability C C P C P (0.4,0.6,0.8) 

D33 Impact S S F F M (4,6,8) 
Probability C R R P P (0.3,0.5,0.7) 

R4 D41 Impact F F F C S (5,7,8.8) 
Probability R C P C P (0.3,0.5,0.7) 

D42 Impact F C C C C (6,8,9.2) 
Probability R C C P R (0.3,0.5,0.7) 

R5 D51 Impact C F S C C (5,7,8.8) 
Probability R C R C R (0.2,0.4,0.6) 

D52 Impact C F C C C (6,8,9.2) 
Probability R C R R R (0.2,0.4,0.6) 

 
5. Result  

After obtaining the aggregate variables of fuzzy likelihood and severity probability, then the analysis is 
carried out using a bow-tie to analyze the causes, impacts and risk control. Also to find out whether these risk factors 
use Gate OR or Gate AND to determine the total probability of fuzzy likelihood. After making the bow-tie diagram, 
then determine the total likelihood probability and determine the total severity for each identified risk factor using a 
formulation based on (LA Zadeh, 1965), (Faisal Aqlan & Ebrahim Mustafa Ali, 2014), and (Sukran Seker, 2019) 
shown in table 8. In the bow-tie analysis the event tree analysis has gates in the form of "OR gate" and "AND gate". 
To calculate the total probability for each risk factor, the example formulation is as follows: 

 

𝑃𝑃�𝑘𝑘(𝑡𝑡) = �1 −�(1 − 𝑎𝑎𝑖𝑖1)
𝑛𝑛

𝑖𝑖=1

, 1 −�(1 − 𝑎𝑎𝑖𝑖2),
𝑛𝑛

𝑖𝑖=1

1 −�(1 − 𝑎𝑎𝑖𝑖3)
𝑛𝑛

𝑖𝑖=1

� 

= [1 − (1 − 0.6)(1 − 0.5)(1 − 0.4), 1 − (1 − 0.8)(1 − 0.7)(1 − 0.6), 1 − (1 − 0.92)(1 − 0.84)(1 − 0.8) 
= [1 − (0.4)(0.5)(0.6), 1 − (0.2)(0.3)(0.4), 1 − (0.08)(0.16)(0.2)] 
= [1 − 0.12, 1 − 0.024, 1 − 0.025] 
= (0.88, 0,98, 0.97) 

 
And example for AND gate 
 

𝑃𝑃�𝑘𝑘(𝑡𝑡) = ��𝑎𝑎𝑖𝑖1

𝑛𝑛

𝑖𝑖=1

,�𝑎𝑎𝑖𝑖2

𝑛𝑛

𝑖𝑖=1

,�𝑎𝑎𝑖𝑖3

𝑛𝑛

𝑖𝑖=1

,� 

= ((0.14)(0.4), (0.3)(0.6), (0.5)(0.8)) 
= (0.06,0.18,0.4) 
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Table 8. Total Likelihood and Severity Probability 
Risiko Total Probabilitas Likelihood Total Severity 

R1 (0.88,0.98,0.97) (1.3,1.8,5) 
R2 (0.6,0.83,0,96) (6,8,9.2) 
R3 (0.91,0.98,1) (4.5,6.3,8.1) 
R4 (0.58,0.8,0.94) (3.6,7.5,9) 
R5 (0.06,0.18,0.4) (5.5,6.04,9) 

 
Then in the next stage is to defuzzy the fuzzy value on the total likelihood probability and the total severity 

value for each risk. Defuzzification is a process of converting fuzzy values into crisp or more precise values. The aim 
is to make it easier to determine priority risk using defuzzy values on the probability of likelihood and severity. In this 
method the Center of Area (COA) is used to defuzzy the fuzzy values. The crisp output value is obtained by calculating 
the center of symmetry from the bounded area by adding up all the total values of the fuzzy set (Sukran Seker, 2019) 
shown in table 10. To determine the Center of Area, based on (Tsenga, 2016) the following formulations are used: 

𝑋𝑋0 =  
∑ 𝜇𝜇𝐴𝐴(𝑋𝑋0)𝑁𝑁
𝑗𝑗=1 .𝑋𝑋0
∑ 𝜇𝜇𝐴𝐴(𝑋𝑋0)𝑁𝑁
𝑗𝑗=1

 

=
0.88 + 0.98 + 0.97

(1 + 1 + 1)
= 0.94 

 
Table 10. Defuzzification Results for Fuzzy Total Likelihood and Severity Value 

Risk Likelihood Level Severity Level 
R1 0.94 ML 2.7 M 
R2 0.79 P 7.73 F 
R3 0.96 ML 6.3 F 
R4 0.77 P 5.6 S 
R5 0.19 I 6.9 F 

 
After getting the defuzzy results, the next step is to determine the risk matrix and get priority risks. Its 

purpose is to determine the level of a risk at each risk event shown in table 11. The defuzzy results are then converted 
into values based on the likelihood value index and the HIRARC severity table. 
 

Table 11. Risk Matriks 
 Severity (S) 
Likelihood  (L) Neglible Minor Serious Fatal Catastrophic 

Most Likely R1   R3  
Possible   R4 R2  

Conceivable      
Remote      

Inconceivable    R5  
 
5.1. Proposed Improvements 

Suggestion put forward in this study are how the use of this method can be used in companies with a 
larger scale, considering that this study still has limitation and shortcomings that lead to a few expert respondents, and 
not many incident data. 

 
6. Conclusion 

The results of this study can be drawn from several conclusions. First, LPG gas filling activity has 5 main 
risks with 13 risk factors and 12 risk impacts. 2 risks with High Risk levels, namely R2 and R3, then 2 risks with 
Medium Risk, namely R4 and R1, and 1 risk with Low Risk, namely R5. Risks that are at the High Risk level are a 
priority so that the mitigation required is in the form of preventive and protective actions. Then the risks at the Medium 
Risk level also need attention, so mitigation is enough to do with preventive action. Risk with Low Risk is not a 
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concern, because the preventive actions taken by the company are good enough so there is no need for 
recommendations. 
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