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Analysis of Behavioral Traits in Violation related to LPG Accidents
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'Corresponding Author Abstract @ LPG-related accidents, which account for half of all gas accidents in Korea,
Hyeon Kyo Lim have not shown any sign of decrease over the past decade, partially owing to the lack of
Tel : +82-43-261-2462 effective safety improvement measures. The purpose of this study was to identify the
E-mail : hklim@chungbuk.ac.kr effectiveness of improvement measures by analyzing the traits of accidents in terms of

human factors, and to seek more effective accident prevention strategies. In this study,

Received : October 18, 2022 108 accident cases were collected and analyzed in the aspect of accident characteristics

Revised : December 19, 2022 such as violation type, human factors, and so on. The results showed that the work

Accepted : July 25, 2023 procedures of suppliers and engineers related to LPG accidents seemed to be similar in

outward appearance; however, specific accident causes and unsafe behaviors were
different. Particularly, type and target of violations were different, which could be
visually confirmed by the Principal Component Analysis (PCA) and the Quantification
Techniques (QT). Furthermore, for engineers, insufficient supervision was a major
influencing factor. In conclusion, because the accident characteristics of suppliers and
engineers are different, differentiated accident prevention strategies should be
implemented, which was discussed in this study.
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Table 2. Causes of LPG accidents over recent 5 years”

Type Year o017 2018 2019 2020 2021 c:)es P‘(’f)z;’n
Customer negligence 14 2 11 5 8 40 174
Supplier negligence 2 3 1 1 2 9 39
Construction (by others) - - 1 1 2 4 1.7
Inadequate facilities 19 19 22 20 9 89 387
Product failure (aging) 8 14 9 10 10 51 222
Traffic accident 1 - - - - 1 04
Others 9 8 9 6 4 36 15.7

Total 53 46 53 43 35 230 100.0
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Table 3. Accident distribution by liveware factor (redundant
check allowed)

Supplier Engineer

(66 cases) (42 cases)

Code Casual factor
Cases Portion Cases Portion

m ) @
Al Lack of safety consciousness 65 98.5 39 929
A2 Unqualified worker 1 1.5 3 7.1
A3 Negligence of prior check 46 69.7 13 31.0
A4 Negligence of safety treatment 14 212 21 50.0
A5 Negligence of posterior check 5 7.6 5 119
A6  Insufficient safety knowledge 1 1.5 3 7.1
A7 Omission of prior check 47 712 14 333
A8  Omission of safety measures 14 212 39 929
A9  Errors in Safety measures 3 4.6 4 9.5
Al10  Ignorance of unsafe conditions 3 4.6 14 333
All  Omission of posterior check 9 13.6 25 59.5
Bl Absence of coworkers 59 89.4 24 57.1
B Lack of safety consciousness 5 30 15 357

(coworker)
B3 Unqualified engineer 10 152 0 0.0
BS Negligence of safety treatment 5 3.0 15 357
(coworker)

B6 Negligence of posterior check 10 152 0 00

(ug.eng.er)
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Table 4. Violated rule types (redundant check allowed)

Supplier (66 cases) Engineer (42 cases)

Violation subject

Cases Portion Cases Portion
() (%) () (%)
Social norm 1 1.5 15 35.7
Law 64 97.0 41 97.6
Org. regulation 2 3.0 0 0.0
Safety rules 14 212 36 85.7
Procedure 60 90.9 40 952
Control limit 0 0.0 0 0.0
17
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Table 5. Accident distribution by violation type (redundant
check allowed)

Supplier (66 cases) Engineer (42 cases)

Violation type Cases Portion Cases Portion
) () ) ()
Skip 62 93.9 40 952
Muting function 10 15.2 34 81.0
Risk-taking 5 7.6 0 0.0
Stopgap 3 4.6 4 9.5
Bystanding 2 3.0 16 38.1
Reuse 2 3.0 1 24
Certification 1 1.5 3 7.1
Resistance 0 0.0 0 0.0
Flaunt 0 0.0 0 0.0
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Table 6, Component matrix of PCA (supplier)

Code Casual factor Companent
1 2 3 4 5 6

Al Lack of safety consciousness 5320781 256 -.089 -.035 -.060
A2 Unqualified worker -532 =781 -256 089 .035 .060
A3 Negligence of prior check 786 -406 281 059 -056 -275
A4 Negligence of safety treatment -614 472 199 -070 -129 424
A5 Negligence of posterior check -172 337 -678 -035 281 -205
A6 Insufficient safety knowledge -532 =781 -256 089 .035 .060
A7 Omission of prior check 655 -623 217 084 -048 -263
A8 Omission of safety measures -626 499 136 -018 -109 271
A9 Errors in safety measures -056 179 -472 -092 294 -427
Al0 Ignorance of unsafe conditions -085 168 -286 -082 -227 .59
All Omission of posterior check =232 427 -706 -078 285 -159
Bl Absence of coworkers 79 141 -453 097 -055 110
B2 Lack of safety consciousness (coworker) -479 252 478 -143 124 -205
B3 Unqualified engineer 313 -126 231 429 715 290

BS  Negligence of safety treatment (coworker) -479 252 478 -143 124 -205
B6 Negligence of posterior check (ugenger) 313 -126 231 429 715 290

Cl1 Insufficient safety treatment 249 -328 -202 -364 -591 .045
C2 Facility with potential hazards -406 199 304 503 -265 -285
C3 Insufficient posterior treatments -585 601 -281 .088 .141 -.089
C4 Ignorance of insufficient treatments 536 -593 315 -201 -081 .193
D1 Inappropriate work conditions =307 145 368 -230 063 104
D2 W. environment with check difficulty .162 -059 .046 -014 .118 454
El Insufficient number of workers 79 141 -453 097 -055 110

E2 Insufficient supervision (company)  -721 -230 355 -092 .039 -.036
E3 Insufficient safety training (company) .532 781 256 -089 -035 -.060
E4 Insufficient safety culture (company) 488 642 .038 -099 .007 .130
ES Insufficient mgn’t system (company) .532 781 256 -089 -.035 -.060
E6 Unclear standards/regulations -189 286 -289 438 -311 227
E7 Insufficient facility supervision -038 143 049 884 -283 -.083
E8 Insufficient facility mgn’t system -038 143 049 884 -283 -083
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Table 7, Component matrix of PCA (engineer)

Code Casual factor Compeneat
1 2 3

Al Lack of safety consciousness 175 981 -.003
A2 Unqualified worker -175 -.981 .003
A3 Negligence of prior check 956 .040 -019
A4 Negligence of safety treatment -.680 407 510
A5 Negligence of posterior check -176 094 -762
A6 Insufficient safety knowledge -175 -981 .003
A7 Omission of prior check 918 -.141 -018
A8  Omission of safety measures 241 -.136 178
A9 Errors in safety measures -258 .165 -.502
Al10  Ignorance of unsafe conditions 970 024 -.094
All  Omission of posterior check -790 075 -.031
Bl  Absence of coworkers -.800 484 -.056
B2 Lack of safety consciousness (coworkers) 921 .027 056
B5  Negligence of safety treatment (coworkers) 921 027 056
C2  Facility with potential hazards -.008 029 291
C3  Insufficient posterior treatments -970 -024 .094
C4  Ignorance of insufficient treatments 970 024 -.094
D1 Inappropriate work conditions -.134 075 208
El  Insufficient number of workers -.800 484 -.056
E2  Insufficient supervision (company) -.102 -.885 -117
E3  Insufficient safety training (company) 175 981 -.003
E4  Insufficient safety culture (company) 175 981 -.003
E5  Insufficient mgn’t system (company) 175 981 -.003
E6  Unclear standards/regulations .897 073 .009
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