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Abstract 

Companies everywhere will face problems. Some of these problems are caused by internal and external 

problems of the Company. These problems can result in small or large losses to the Company. The 

instrument of this research is quantitative research with data study analysis, namely observation and 

literature study. In this study, the Fault Tree Analyst approach will be used. The application of this 

method begins with defining the problem, describing the graphical model, finding the minimum cut set, 

conducting a qualitative analysis, and conducting quantitative analysis. This research is a research 

development of the Enterprise Risk Management method. In previous research, using ERM only focused 

on identifying and evaluating risks through a qualitative approach based on the perception and 

experience of internal stakeholders on potential operational disruptions. However, this study develops 

this method by integrating a quantitative and systematic Fault Tree Analysis (FTA) approach in 

mapping the root causes of delivery inaccuracy. If in the ERM approach the risk is identified in general 

based on the probability-impact matrix, then in the FTA approach, the risk is further traced to the level 

of components and basic events, so as to be able to provide a more detailed picture of the contribution 

of each causative factor. The problems faced in this company focus on risk control related to the 

transportation of product delivery in this company. To strengthen the results of this study, the author 

added recommendations for proposed improvements. The results of the study using Fault Tree show 

that the dominant risks in this company are extreme distribution delays, work accidents that occur 

during work, and damage to transport vehicles. The problems in this study focus on risk control related 

to product delivery transportation. 
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INTRODUCTION 

The company currently operates both as a supplier and customer in Indonesia and 

globally. The company is currently facing a rapidly developing and increasingly complex 

supply chain. Risk management is part of the strategic plan for achieving the company's 

objectives. If risk control is not well organized, it can lead to weak risk management (Safitri 

and Rufaedah, 2020). Another important consideration for the company is understanding the 

factors influencing supply chain efficiency, obstacles, and risk management strategies to 

anticipate risks. Implementing risk management can have a positive impact on companies. Risk 

management is a series of organizational procedures for processing, monitoring, and preventing 

problems that occur within an organization (Pagestuti, 2019) in (Lubis and Imsar, 2022). 

Risks that occur within a company pose unique challenges. These challenges require the 

company to be able to minimize existing risks. A company is considered healthy if it is able to 

manage risks, thereby minimizing or eliminating them (Mellisa, Andono, and 2013). The 

optimization of delivery in meeting inventory requirements must be designed with risk 

management in mind so that all conditions that arise can be minimized. Especially within a 

company, inventory is a vital aspect that must be coordinated to meet its needs at all times. 

According to (Ahmad, Tuli, and Mahmud, 2022), inventory consists of finished goods, raw 
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materials, and goods in process that are processed within the company for various purposes, 

such as production or sales transactions. Within the company's structure, inventory is the most 

frequently misused asset by company personnel. 

Every company implements measures to minimize risks. In minimizing these risks, 

companies not only manage risks, but also conduct research within the company to find 

solutions using the FTA method. A Fault Tree is a research tool used to solve complex 

problems. One way to do this is by breaking down the problem into its largest and smallest 

components. Fault Trees are interconnected by analyzing cause-and-effect relationships, 

enabling companies to understand problems down to their most fundamental level. 

Fault Tree Analyst (FTA) is a way of looking at something where adverse conditions 

associated with system failure are viewed in the context of how it works and its environment 

to understand the probability of the cause of the adverse event occurring. FTA analyzes from 

the largest to the smallest causes. The analysis begins with the initial event, and the specific 

causes can be analyzed in detail. A fault tree illustrates the state of system components (basic 

events) and the relationships between these components and the main event. Logic gates refer 

to diagram symbols that represent these relationships. The logical outcome of a fault is 

determined by the events included in the analysis. (Thomas Pyzdek, 2002:591 in Setyadi, 

2020). 

PT XYZ is a frozen food retail company that has been operating since 2015. The 

company produces nuggets and distributes them to large and small retail stores. The company 

has around five retail stores as customers, spread across both busy and remote areas. The 

delivery time for these nugget products is divided into several operational areas, including 5 

retail stores with a delivery time of 1-2 hours. The high demand from customers has prompted 

the company to establish an efficient and timely delivery system to meet customer requests and 

ensure customer satisfaction. This system was developed to achieve the company's objectives. 

The main activities at PT XYZ are experiencing operational risks. One of the risks 

focused on in this study is related to transportation, which includes delays, accidents, 

transportation costs, and vehicle quality, which are considered important factors affecting 

employee productivity and welfare. The problems faced by this company focus on controlling 

risks related to product delivery transportation.  The dependent variable in this study is 

employee performance (productivity and job satisfaction). The independent variable is 

transportation delays in product delivery. The moderator variable is the company's policy 

regarding employee performance flexibility. 

The problems that occur in the Company are part of an indication of poor internal control. 

Based on field observations, the Company has not been able to identify problems occurring in 

the internal and external environment of the company. Reflecting on the problems that occurred 

at PT XY, it is necessary to conduct a risk analysis that affects the Company so that the 

Company does not experience the impact of these risks related to transportation. Based on the 

identification and analysis of risks currently being studied, the company is focusing on the field 

of goods transportation. The identification and analysis of risks using the Fault Tree Analysis 

(FTA) approach aims to determine the factors causing the risks, identify the stages of failure, 

analyze the sources of risks, and investigate the occurrence of risks along with their efficiency.  

In this study, the author previously analyzed using the ERM method to analyze various 

types of risks faced by the frozen food distribution company PT XYZ. The ERM approach in 

this study mapped the main risks through the stages of identification, assessment, and control 

of risks based on their probability and impact. The results showed that delivery delays and 

workplace accidents were the two dominant risks that directly affected operational efficiency 

and employee welfare. However, the ERM method used in the study had limitations in 

identifying the root causes of risks in depth, as it was more descriptive and qualitative in nature. 
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Given the limitations of previous research, the author developed the ERM method using 

the Fault Tree Analysis (FTA) approach, a quantitative method capable of tracing the cause 

structure of a failure event logically and systematically. Through the FTA method, this study 

not only identifies risks in general but also traces them back to the basic events that are the root 

causes. Thus, the analysis results can provide more in-depth input in developing targeted 

mitigation strategies. The integration of the FTA method as a development of ERM is done so 

that companies not only know which risks are dominant but also know how and why these risks 

occur in detail. Through the structure of the fault tree diagram, companies can evaluate the 

cause-and-effect relationships of various risk factors that influence delivery delays and 

transportation costs, which ultimately impact employee productivity and job satisfaction. 

Although the ERM approach can provide a useful risk map for management, this method 

has limitations in terms of systematically and thoroughly exploring the root causes of risk. 

ERM does not specifically establish logical relationships between complex risk factors, nor can 

it quantitatively present the cause-and-effect pathways of a failure event. In other words, ERM 

is more strategic and descriptive in nature and is not yet sufficiently in-depth to explain how 

and why a risk can occur in a structured manner from the smallest components of the system. 

Given these limitations, this study develops an ERM approach to the Fault Tree Analysis 

(FTA) method. FTA is a systematic, graph-based quantitative analysis method used to trace the 

root causes of a failure event (top event). Through a fault tree diagram, FTA identifies and 

organizes the logical relationships between various causes, from the most basic to the main 

event, using logic gates such as AND and OR. This approach allows researchers and 

practitioners to gain a deeper understanding of the structure of the problem and identify the 

critical points that require the most attention in mitigation efforts. 

By integrating the FTA method as an extension of ERM, this study aims to bridge the 

gap between macro-level risk mapping (ERM) and micro-level, quantitative root cause analysis 

(FTA). FTA can assign probability weights to each basic event and generate a minimal cut set 

that more accurately indicates the combination of risk causes. Through this integration, 

companies not only identify which risks are dangerous but also understand their causal 

pathways and can design more precise, cost-effective, and data-driven mitigation strategies. 

Previous research conducted by Metta Yolanda, Yurida Ekawati, and Sunday Noval 

(2023). The results of the identification showed that there were six types of errors in the 

manufacturing process. They are air bubbles, too thick or not thick enough, broken, double-

folded edges that do not stick, streaked ink, and not fully printed. To analyze and reduce 

product defects, we used the Fault Tree Analysis (FTA) method. After creating a fault tree 

using the FTA method, the factors causing product defects could be identified, including human 

factors, the machines used, the equipment used, and the environment. A study conducted by 

Aryudi Susilo, R. Ismet Rohimat, and Hennie Husniah in 2019. One of the eleven main events 

causing chiller damage is as follows: bearing damage, clutch damage, relay contact damage, 

fuse damage, control device damage, oil shortage, shaft damage, pump damage, heater damage, 

and oil filter damage. Considering the failure effects, failure frequency, and failure control 

techniques, the RPN value is used to prioritize the repairs that must be carried out by 

technicians. We recommend performing preventive maintenance on the chiller, especially to 

detect leaks using a freon detection tool. 

The author's research aims to identify the root causes of problems occurring in the 

operations of PT XYZ and to assess the risks involved. This risk analysis is based on the 

severity or impact of the risk (severity level) and the likelihood of the risk occurring 

(probability level). The identification of risk management measures evaluates the occurrence 

of risks and the efficiency of their management. Based on the background of the issues at hand, 

the author outlines the following problems: What risks might occur at PT XYZ? What is the 
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severity level and likelihood of occurrence of these risks? What is the likelihood of occurrence 

(occurrence rate)? Determining risk mitigation strategies; and, based on the results of the cutset 

data analysis, addressing the outcomes of the risks that occur. 

 

METHOD  

The objective of this study is PT. XYZ. Variables related to transportation risk are the 

subject of this study. This qualitative study determines the transportation risk factors that affect 

employee performance. The dependent variable of this study is employee performance, namely 

productivity and job satisfaction; the independent variables are transportation delays and 

transportation costs; and the moderator variable is company policy on work schedule 

flexibility. The research instrument used is a Fault Tree, which examines the effects occurring 

in this issue. The data collected through field observations includes the types and quantities of 

defects both before and after repairs. After identifying the types of defects that occur, the 

factors that may cause these defects will be analyzed.  

Fault Tree is used to identify sources of defects in a product, including human, material, 

and other factors. The FTA method, also known as fault tree analysis diagram, uses a graphical 

model of various combinations to analyze problems and undesirable conditions in a system 

during a process. Environmental and operational conditions can be used to analyze these 

undesirable conditions (Vesely et al., 1981). Symbols are used in the FTA method (Tang, 

2022). FTA has two basic types of notation: event gates and logic gates. After identifying the 

sources of defects, improvements will be provided to the organization. The purpose of these 

proposed improvements is to avoid failure, so that the number of defective products can be 

reduced in the future. 

 
 

Figure 1 Stages of Problem Solving 

Source: Author's analysis (2024) 

 

This research applies the FTA method in analyzing the scope of the research problem. 

Identification of hazards and analysis of hazards that have occurred. In risk analysis, the risk 

priority value is calculated based on the fault tree that occurs. After identifying the source of 
the defect, improvements will be given to the organization. The purpose of these proposed 

improvements is to avoid failure, so that the number of defective products can be reduced in 

the future. 

 

RESULTS AND DISCUSSION  

The results of the risk analysis conducted at PT. XYZ as a result of business processes 

that did not run in accordance with the company's objectives. Operational risk is the focus of 

this study. Several problems arose as a result of the company's operations. These risks include 

human resource risk, productivity risk, and process risk.  

Initially, incidents were identified by analyzing literature from several journal references. 

The next step was to create indicators that showed the likelihood of risks occurring. Then, 
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indicators were selected by adding or removing several risk indicators that might occur in 

company management.  

The author will present risk identification checksheet data based on defect frequency and 

impact classification: 

 

Table 1. Risk Identification Checklist 

Risk Code Defect 
Check 

sheet Frequency Probability Percentage 

Risk of 

delivery 

delays,  

P1 
Driver 

indiscipline 
IIII 4 0,04 4% 

P2 Vehicle damage IIII 4 0,04 4% 

P3 
Unstructured 

schedule 
IIII 4 0,04 4% 

P4 
Poorly 

organized goods 
III 3 0,03 3% 

P5 Damaged roads III 3 0,03 3% 

D1 
Bad/extreme 

weather 
III 3         0,03 3% 

Risk of 

workplace 

accidents  
P7 

Fatigue due to 

long working 

hours or lack of 

rest. 

III 3 0,03 3% 

P8 

Poor health 

conditions, such 

as dizziness or 

vision problems. 

III 3 0,03 3% 

P9 

Lack of clear 

work safety 

procedures. 

III 3 0,03 3% 

P10 Brake failure IIII 4 0,04 4% 

F1 Damaged truck IIII 4 0,04 4% 

D2 Unlit roads IIII 4 0,04 4% 

Risk of 

transportation 

costs,  
F2 

Lack of 

understanding 

of delivery 

routes 

IIII II 7 0,07 7% 

F3 

Suboptimal 

delivery routes 

leading to 

increased fuel 

costs 

IIII II 7 0,07 7% 

P15 Damaged trucks IIII II 7 0,07 7% 

P16 
Rare routine 

maintenance 
IIII 5 0,05 5% 

Risk of vehicle 

quality  
P17 

No vehicle 

technicians  
IIII 5 0,05 5% 

P18 Damaged trucks IIII 4 0,04 4% 

P19 
Rare routine 

maintenance 
IIII 5 0,05 5% 

F4 
Extreme 

weather 
III 3 0,03 3% 
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P21 Damaged roads III 3 0,03 3% 

Risk of 

management & 

supply chain 

P22 
Incompetent 

PIC 
IIII 4 0,04 4% 

P23 

Poorly 

structured 

schedules 

IIII 4 0,04 4% 

P24 

Changes in 

operational 

policies 

IIII 4 0,04 4% 

Source: Author's processing (2024) 

Fault Tree Analysis 

The fundamental thing to do when performing a Fault Tree analysis is to identify 

potential sources of errors that develop in each subject to be investigated. This is done to find 

out the reasons for the defects, to create a Fault Tree. After analyzing and understanding the 

common causes of defects, each branch of the sequence that forms the fault tree is broken down 

thoroughly until the most basic event is found, also known as the basic event. Each step is 

carried out, detailing the sequence of causes and effects leading to the event described. Specific 

symbols are used to indicate the causes and effects of the event, as outlined in previous 

research. These symbols are used during the fault tree analysis. For each risk subject to be 

analyzed, the following fault tree is used. 

 

 
Figure 4 Fault Tree 

Source: Author's work (2024) 

Cutset Risk Analysis 

To determine the root cause of transportation risks and employee performance, a minimal 

cutset is created in detail in the fault tree for each defect. Boolean algebra can be used to 

simplify or refine complex algorithms into a series of easy-to-understand numerical algorithms. 

This is used in qualitative analysis known as minimal cut set (Widjanarka, 2006). The 

following fault tree analysis provides a minimal cut set. 

Boolean equations 

1. T= T1+T2+T3+T4+T5 
T1=E1+E2+E3+E4 

E1=P1 

E2=P2 

E3=P3+P4 (OR Gate) 

E4=D1+P5 

The equation from the substitution results is as follows: 

T1= P1 + P2 + (P3 + P4) + (D1 + P5) 

 

2. T2=E1+E2+E3+E4 
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E1=P7*P8 (AND gate) 

E2=P10 

E3=P9 

E4=D2 

The equation from the substitution results is as follows: 

T2 = (P7 • P8) + P10 + P9 + D2 

|symbol • state logic AND, whereas + state logic OR| 

 

3. T3=E1+E2+E3 

E1=F1 

E2=P15*P16 (AND gate) 

E3=F2 

The equation from the substitution results is as follows: 

T3 = F1 + (P15 • P16) + F2 

 

4. T4=E1+E2+E3+e4 

E1=P17 

E2=P18 

E3=P19 

E4=F3*P21 (AND Gate) 

The equation from the substitution results is as follows: 

T4 = P17 + P18 + P19 + (F3 • P21) 

 

5. T5=E1+E2+E3 

E1=P22 

E2=P23 

E3=P24 

The equation from the substitution results is as follows: 

T5 = P22 + P23 + P24 

The following is the equation from the substitution results T1 T2 T3 T4 T5 

T = (P1 + P2 + P3 + P4 + D1 + P5) + ((P7 • P8) + P9 + P10 + D2) + (F1 + (P15 • P16) + F2) 

+ (P17 + P18 + P19 + (F3 • P21)) + (P22 + P23 + P24) 

Minimum Cut Set: 

1. {P1} 

2. {P2} 

3. {P3} 

4. {P4} 

5. {D1} 

6. {P5} 

7. {P7, P8} 

8. {P9} 
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9. {P10} 

10. {D2} 

11. {F1} 

12. {P15, P16} 

13. {F2} 

14. {P17} 

15. {P18} 

16. {P19} 

17. {F3, P21} 

18. {P22} 

19. {P23} 

20. {P24} 

The minimum cutset obtained from the processing results using the Boolean method based on 

the results of this study's analysis is 3, where three of them are AND gate combinations, 

namely: 

• {P7, P8} 

• {P15, P16} 

• {F3, P21} 

Boolean Algorithm 

For each risk analyzed using Fault Tree Analyst, the author reinforces the results of this study 

by adding an analysis using the Boolean Algorithm. The analysis is presented below: 

 

 

Steps for calculating risk probability 

1. Risk of Delivery Delays (R1) 

P(R1)=1−(1−X(P1))×(1−X(P2))×(1−X(P3))×(1−X(P4))×(1−X(P5))×(1−X(D1))  

=1-(1-0,03)*(1-0,05)*(1-0,04)*(1-0,02)*(1-0,02)*(1-0,02) 

=0.141 = 14% 

2. Work Accident Risk (R2) 

P(R2)=1−[(1−X(P7))×(1−X(P8))×(1−X(P9))×(1−X(P10))×(1−X(F1))×(1−X(D2)) 

=1-(1-0,03)*(1-0,03)*(1-0,03)*(1-0,04)*(1-0,04)*(1-0,04) 



Ramadani Al Mantinu, Melia Eka Lestiani, Saptono Kusdanu Waskito 
Analysis of Risk Impact on Transportation Costs & Employee Performance 

 

 
Jurnal LOCUS: Penelitian & Pengabdian – Vol 4 No 5 May, 2025   1799 
 

= 0,1925 = (19%) 

3. Transportation Cost Risk (R3) 

P(R3)=1−(1−X(F2))×(1−X(F3))×(1−X(X15))×(1−X(X16))  

=1-(1-0,07)*(1-0,07)*(1-0,07)*(1-0,05) 

= 0.2359 atau (24%) 

4. Vehicle Quality Risk (R4) 

P(R4)=1−(1−P(X17))×(1−P(X18))×(1−P(X19))×(1−P(F4))×(1−P(X21))  

=1-(1-0,05)*(1-0,04)*(1-0,05)*(1-0,03)*(1-0,03) 

= 0.1848 = (18%) 

5. Risk Management & Supply Chain (R5) 

P(R5)=1−(1−X(P22))×(1−X(P23))×(1−X(P24))  

=1-(1-0,04)*(1-0,04)*(1-0,04)  

= 0.1153 = (12%) 
The Boolean analysis results show that each indicator has a risk of occurrence. The risk of delay 

has a percentage of occurrence: 

 

Table 2. Risk Mapping Analysis 
Risk 

Code 
Risk Type 

Cause 

(Indicator) 
Frequency Probability Main Cause 

R3 

Transportation 

Costs (24%) 
F2, F3, P15, 

P16 
7, 7, 7, 5 

7%, 7%, 7%, 

5% 

Inefficient routes, 

damaged trucks, 

infrequent servicing 

R2 
Workplace 

Accidents (19%) 

P7, P8, P9, 

P10, F1, D2 
3,4 3%, 4% 

Brake failure, fatigue, no 

safety SOPs 

R1 

Delivery Delays 

(14%) P1–P5, D1 3,4 2%, 5% 

Driver indiscipline, 

irregular schedules, 

weather 

R4 

Vehicle Quality 

(18%) 
P17–P19, F4, 

P21 
3,5 3%,5% 

Infrequent maintenance, 

extreme weather, 

unavailable technicians 

R5 

Supply Chain & 

Management 

(12%) 

P22–P24 4 4% 

Incompetent PIC, poor 

scheduling, changing 

policies 

Source: Author's compilation (2024) 

 

From this analysis, it was found that there are two risks that require special attention in 

order for the Company's operations to run smoothly. The risk that received risk mitigation was 

workplace accidents with an incidence rate of 19% caused by brake failure, fatigue, and the 

absence of safety SOPs. The highest risk with the highest failure rate is transportation costs, 

accounting for 24% of incidents, caused by inefficient routes, damaged trucks, and infrequent 

maintenance. From the minimum cutset analysis obtained, it was found that there are three 

critical AND GATE combinations:  

• {P7, P8} → Fatigue and poor health cause accidents. 

• {P15, P16} → Damaged trucks and infrequent servicing → high costs. 

• {F3, P21} → poor routes and damaged roads → costs and delays. 
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Risk Mitigation 

The author conducted an analysis and obtained results based on the categories of low 

risk, medium risk, and high risk. From the above categories, the author recommends several 

appropriate steps for handling these risks: 

1. Transportation Risk (24%) 

The following is an analysis related to risk mitigation that occurs in transportation indicators: 

 

Table 3. Transportation Risk Mitigation 

Risk Factors Mitigation Strategies 

Inefficient routes Implementation of GIS and GPS-based route 

management systems 

Damaged trucks Regular service schedules, implementation of 

preventive maintenance 

High fuel costs Optimization of cargo loads and replacement of 

fleets with fuel-efficient vehicles 

Logistics planning Scheduling and consolidation of goods delivery 

systems for volume efficiency 

Source: Author's compilation (2024) 

 

2. Risk of workplace accidents (19%) 

The following is an analysis related to risk mitigation that occurs in occupational accident 

indicators: 

 

Table 4. Work Accident Mitigation 
Risk Factors Mitigation Strategy 

Driver fatigue Balanced work scheduling, adequate rest time 

No safety SOPs Development and dissemination of K3 SOPs, periodic 

training 

Brake failure & vehicle damage Regular brake system checks, vehicle safety audits 

Dark roads Coordination with local agencies for infrastructure 

improvements or alternative routes 

Source: Author's compilation (2024) 

CONCLUSION 

From the results of research at PT. XYZ, several problems were identified through 

analysis using Fault Tree Analysis. The results of the analysis using the Boolean Algorithm 

showed that the highest risk was workplace accidents, with a percentage of 19%, caused by 

fatigue due to long working hours, unroadworthy vehicles (failed brakes, damaged trucks), lack 

of structured safety procedures, and poorly lit roads. The second highest risk is transportation 

costs, with a 24% risk percentage, due to suboptimal route management, infrequent vehicle 

maintenance and damage, and inadequate overall logistics planning. The risk mapping analysis 

using fault tree analysis identified a minimum cut set that explains the root causes of each risk. 

Three key factor combinations (AND Gate) indicate that certain risks will only occur if two or 

more factors occur simultaneously, such as fatigue + health issues, or vehicle damage + 

infrequent maintenance. 

This analysis is reinforced by the addition of risk mitigation. The purpose of adding this 

research instrument is expected to enable the author's article to provide input for the Company 

to address the problems occurring in the Company. The research proposal that the author 

concludes from this research is that occupational accident risks must be immediately addressed 

through safety training, vehicle maintenance, and driver time management. Additionally, for 
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transportation cost risks, the author recommends focusing on route optimization and vehicle 

maintenance. For delivery delay risks, the author suggests improvements through route 

management, better scheduling, and strict supervision. 
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