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Abstract : Incident investigation is one of the most important processes among
various other safety management methods to prevent industrial accidents. Finding the
root causes of accidents, eliminating hazards, and improving safety are the most
important purposes of investigating accidents. During the investigation process, root
cause analysis (RCA) techniques are used to effectively identify RCA. Over the past few
decades, over 30 RCA methods have been developed. These techniques are being
widely used in some industries, such as the nuclear and aircraft industries; however,
most of the RCA techniques require professional knowledge and special training,
making it difficult for safety managers in their respective fields to understand and
apply them. Therefore, managers of general industrial sites are rarely present at the
scene of actual accident investigations, and they cannot contribute much to the
purpose and effectiveness of these investigations. In this study, to address these
issues, we developed an RCA technique to facilitate root cause investigation of
accidents in real-world industrial sites. To develop new technigues, Systematic Cause
Analysis Technique (SCAT), one of the RCA techniques, was used to investigate
incidents in the enterprise over three years. We also utilized feature analysis and
other papers from existing RCA techniques. To verify its effectiveness, the technique
proposed was also applied to the accident case. The technigue developed can easily
identify and analyze the root cause of an accident and help industrial managers. It can
also identify the root cause category where accidents are concentrated and use this
data to establish guidelines for preventing future accidents and, thus, focus on
prioritizing improvement initiatives.
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Table 1. Characteristics of different accident investigation
methods

Training | Levels of Lo I
Method Need” analysis? Application field
Events & causal Novice 14 Occupational accidents
factors charting © across all sectors
Barrier analysis Novice 12
Change analysis Novice 14
Across many industries
Root cause analysis | Specialist 1-4 especially quality
management
Fault tree analysis Expert 12
Influence diagram | Specialist 1-6
Event tree analysis | Specialist 1-3
MORT Expert 24 Nuclear industry
SCAT Specialist 14 Occupational accidents
across all sectors
STEP Novice 1-6
MTO-analysis Specialist/ 14 Nl'lcl'ear,.traﬁic,
expert aviation industry
AEB-method Specialist 1-3 Nuclear industry
TRIPOD Specialist 14 Oil industry
Acci-Map Expert 1-6
Levels of analysis :
1. Work and technological system
2. Staff level 3. Management level 4. Company level

5. Regulators and associations level 6. Government level
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Table 2. Comparison of basic causes category among RCA
methods

RCA method| SCAT | Tap RCA by| 1y, KOSHA| KHNP
Major classify chart | root | ABS code | code
Human factor O|]O| O | O O O
Work environment O |O0| O | O O O
Education/training o | O O O O O
Motivation, performance | O O O O
Communication O | O O O O O
Equipment, tools, material| O O @) O
Leadership o | O O O
Preventive maintenance | O | O O O O
Work procedure O | O O O O O
Design O O O O
Organization O @) O
Risk evaluation O |0 O
G [ D] Cuss |9 "o || et fpf o
Inadequate ’ + Personal ’ + Substandard ’ Unintended
+ System Factors Acts/Practice Harm
+ Standards and and Event And/or
* Compliance || gy « Job/System ||| - Substandard |l P{ Damage
Factors Conditions

Fig. 1. Loss causation model of DNV,
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Table 3. The industry and size of companies applying SCAT
techniques to accident investigations

Sales No. of
No. of account ’
Company Industry L LTI= 3days
employees |_billion won
2018) (2015~2018)
Industrial plant machinery
A manufacturing/construction 7,728 13,893 4
B Constructhn machinery 3.919 57.300 59
manufacturing
C Construction 1,185 1,275 96
Ship engine manufacturing, 824 534 8
Electronic components,
E  |hydraulic parts etc. 4,000 1,900 71
manufacturing
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Table 4. Causes of accident using SCAT method

-1 2 A2 T
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Causes Catero Maior cause of an accident No. of accidents / | Total No. of accidents /
Y Y rate(%) rate(%)
- Failure to identify hazards/risks 99 /30
- Improper position for task 76 / 23
Sub-substandard acts| . Failure to follow procedure/work instruction 32/10 229169
- Failure to secure 2/7
Immediate - Inadequate design preparation, and/or planning 43 /13
causes - Inadequate guards or barriers 30/9
Sub-substandard - Inadequate communications hardware/software/process 27/ 8 164 / 50
conditions - Inadequate safety, health and environment exposures 24 /17
- Inadequate information/data indicators 20/ 6
- Poor house keeping/disorder 20/ 6
- Lack of situational awareness 68 / 21
- Improper attempt to save time or effort 41/ 12
Human factor - Restricted range of body movement 26/ 8 159748
) - Improper supervisory 24 /17
Basic S ;
causes - Inadequate identification and evaluation of loss exposures 45/ 14
- No work procedure 43 /13
Job/System factor | - Inadequate work planning or programming 26 / 8 160 / 48
- Inadequate assessment of loss exposures 23 /17
- Inadequate availability of tools and equipment 23 /7
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Table 5. Comparison of basic cause category through RCA
review

Basic cause category

- Human factors
- Working environment

- Education/Training
RCA . Motlvatlop, Performance
-+ Communication
method . .
review - Equipment, tools, material
- Leadership

- Preventive maintenance
- Work procedure
- Design

- Lack of situational awareness

- Improper attempt to save time or effort

- Restricted range of body movement
SCAT - Improper supervisory

analysis | - Inadequate identification, evaluation of loss exposures
result - No work procedure

- Inadequate work planning or programming

- Inadequate assessment of loss exposures

- Inadequate availability of tools and equipment

- Human errors

Advanced | - Lack of knowledge by inadequate training/education
research | - Improper work order by wrong communication

- Wrong/improper work procedure

Table 6. Root cause matrix

No. Basic causes category Lack | None | Wrong | Good
1 Human factor 1-L 1-N 1-W 1-G
2 | Education/Training 2-L 2-N 2-W 2-G
4 | Communication 4-L 4-N 4w 3-G
5 | Work procedure 5-L 5-N 5-W 4-G
6 | Motivation, performance 6-L 6-N 6-W 6-G
7 Kg}r)l;ngnvironment/House 7L N W .G
8 | Work planning 8-L 8-N 8-W 8-G
9 | Equipment, tools, material 9-L 9-N 9-W 9-G
10 | Leadership 10-L | 10-N | 10-W | 10-G
11 | Preventive maintenance 11-L II-N | 1I-W | 11-G
12 | Design 12-L | 12-N | 12-W | 12G
13 | Risk assessment 13-L 13-N | 13-W | 13-G
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Table 7. Comparison of accident report by civil accident
investigation team and newly developed RCA method

Cause of accident by
Cause of accident by accident report newly developed
RCA method
1. Lack of human factor and poorly constructed 1L
safety doors on platform
2. Input to work by lack of experienced and
. 10-L
unskilled person
3. None of railroad safety manual 5-N
4. Lack of safety and skill training 2-L
5. None of technical standards for the installation SN
of safety doors on platform
6. Increased errors due to poor design and poor
. 12-W
construction
7. Lack/poor communication with railway operators
: 4-wW
due to outsourcing of work
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Table 8. Comparison of accident report by investigation
committee on the participation of the National and newly
developed RCA method

Cause of accident by
Cause of accident by accident report newly developed
RCA method
1. None of standards and regulations for SN
maintenance of safety certification products
2. Ventilation system and ducts of confined space
. 5-L
not inspected
3. Supervisor not following inspection and
o 10-W
verification process
4. Unclear safety management system and process
of all value chain for purchase, inspection, 9-N, 11-N
storage, maintenance etc,
5. Insufficient of emergency action guidelines and
5-L
escape methods
6. Lack of communication between contractors 4-L
7. TBM/JSA not conducted 2-L
8. Unclear implementation of special/regular safety 2L
training for confined space
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