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Identifying Hazard of Fire Accidents in Domestic Manufacturing
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Revising the Occupational Safety and Health Act led to enacting and revising
related laws and systems, such as placing fire observers in hot workplaces. However,
the operating standards in such cases are still ambiguous. Although fire accidents occur
through multiple and multi-step factors, the hazards of fire accidents have been

identified in this study as individual rather than interrelated factors. The aim has been to
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identify multiple factors of accidents, outlining fire and explosion accidents that recently
occurred in the domestic manufacturing industry. First, major keywords were extracted
through text mining. Then representative accident types were derived by combining the

main keywords through the co-word network analysis to identify the hazards and their
relationships. The representative fire accidents were identified as six types, and their
major hazards were then addressed for improving safety measures using the
identification of hazards in the “Risk Assessment” tool. It is found that various safety
measures, such as professional fire observers’ training and clear placement standards,
are needed. This study will provide useful basic data for revising practical laws and
guidelines for fire accident prevention, system supplementation, safety policy
establishment, and future related research.
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Table 1. Ministry of Employment and Labor Employment and
Labor Statistics, “Status of total industrial accidents—by type
of incidence (Total)” (2009~2018)

Division 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

Manufacturing | 33,001 | 34,071 | 32,294 | 31,666 | 29,432 | 28,649 | 27,011 | 26,142 | 25,333 | 27,377

Construction |20,998 22,504 22,782 23,349 | 23,600 23,669 | 25,132 | 26,570 | 25,649 | 27,686
Transportation
warehouse 4,372 | 4365 | 4,226 | 4,201 | 4,240 | 4,188 | 4,059 | 4,114 | 4,237 | 5,291

communication

Forestry 3,001 | 2,164 | 1,984 | 1,816 | 1,965 | 1,696 | 1,627 | 1,444 | 1,124 | 1,041

Mine 1,114 | 1,082 | 1,103 | 911 | 921 | 1,235 | 1,469 | 1,534 | 1,897 | 2,225

Agriculture 620 | 645 | 575 | 603 | 638 | 621 | 647 | 729 | 555 648

Financial

. 484 | 489 | 429 | 393 | 363 | 337 | 295 | 285 | 312 358
nsurance

Electricity,
Gas and water | 114 85 86 96 7 98 98 103 87 108

supply
Fishing 66 70 77 62 62 81 57 43 59 66

Sum 97,82198,645 93,202 92,256 | 91,824 90,909 | 90,129 90,656 | 89,848 | 102,305

Table 2. Ministry of Employment and Labor Employment and
Labor Statistics, “Status of total industrial accidents—by
occurrence type (Fire)” (2009~2018)

Division 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

Manufacturing | 286 | 203 | 237 | 230 | 177 | 168 | 142 | 156 | 110 | 110

Construction | 81 | 80 | 72 | 118 | 62 | 91 | 82 | 102 | 59 | 107

Transportation
warehouse 14 9 5 5 6 6 6 6 8 3
communication

Forestry 7 3 1 3 3 9 5 7 1 0

Agriculture 0 2 2 3 5 3 8 3 1 4
Mine 2 1 1 0 4 0 1 0 0 0
Electricity,
Gas and water| 1 2 0 1 1 4 3 0 0 1
supply
Financial

insurance

Fishing 2 1 0 0 1 0 0 0 0 0

Etc 103 | 100 | 67 | 8 | 97 | 8 | 71 | 61 | 50 | 109

Sum 497 | 403 | 385 | 449 | 356 | 367 | 318 | 336 | 229 | 334
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Table 3. Ministry of Employment and Labor Employment and
accidents—by

Labor Statistics,
occurrence type (Explosion, Rupture)” (2009~2018)

“Status of

total

industrial

Division 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
Manufacturing | 202 | 175 | 211 | 206 | 189 | 135 | 127 | 96 | 103 | 107
Construction | 91 80 | 49 | 65 | 77 | 71 | 66 | 68 | 49 55
Transportation
warehouse 10 6 7 8 8 4 8 2 5 6
communication
Forestry 3 5 1 2 0 4 1 0 0 0
Agriculture 0 2 1 1 4 3 0 1 6 2
Mine 8 2 1 0 4 2 5 5 5 5
Electricity,
Gas and water| 3 2 0 2 1 2 6 1 0 8
supply
Financial |l g o1 o 1] o
nsurance
Fishing 0 1 0 0 1 0 0 1 0 2
Etc 122 | 99 81 87 | 103 | 60 57 56 41 50
Sum 441 | 373 | 353 | 371 | 388 | 281 | 271 | 230 K 210 | 235
Table 4. National fire agency fire statistical yearbook, “ignition
factors (Total)”, (2009~2018)
Division | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
Carelessness | 22,765 | 17,869 | 20,238 | 20,247 | 19,010 | 21,489 | 23,525 | 22,629 | 23,425 | 20,352
Electrical | 10,787 10,827 | 10,664 | 10,488 | 10,103 | 9,445 | 8,980 | 8,962 | 9,256 | 10471
Mechanical | 3,651 | 4,060 | 4072 | 4261 | 4059 | 4064 | 4511 | 5,187 | 4485 | 4,619
Suspicion of | ) (0 | 5043 | 1762 | 1289 | 1071 | a8 | 795 | S84 | 514 | 470
arson
Gas leak | 212 | 184 | 217 | 170 | 181 | 168 | 146 | 177 | 175 | 211
Chemical | 285 | 288 | 299 | 276 | 322 | 360 | 452 | 625 | 625 | 604
Trafic 621 | 567 | 532 | 576 | 567 | 511 | 520 | 48 | 457 | 505
accident
Other 100 | 507 | se1 | 1,036 | 43 | 866 | 847 | 174 | 284 | 372
mistake fire
Natural 217 | 377 | 38 | 230 | 397 | 243 | 283 | 191 | 250 | 250
Arson 756 | 632 | 488 | 417 | 497 | 478 | 467 | 403 | 383 | 447
Unknown | 4,695 | 4209 | 4356 | 4259 | 3882 | 3,563 | 3.909 | 3995 | 4324 | 4,037
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Table 5. Classification of ignition factors by the National Fire
Agency

Ignition factor Subclassification by ignition factor

-Chemical explosion

-Contact with water of Water-Prohibiting Substance
Chemical factor | -Chemical ignition (diffusion of oil vapor)
-Spontaneous ignition

-Mixed ignition

Traffic accident | -Traffic Accident

-Cigarette butts

-Food is being cooked

-Playing with fire-welding, cutting, polishing
-Embers, flames, fire sources neglect
-Garbage incineration

-Boiling laundry

-Leave close to combustibles

-Buming rice fields and forests

-0Oil handling

-Fireworks

-Natural disaster
-Magnifying glass effect

Carelessness

Natural factors

-Electric leakage, ground fault

-Short circuit due to poor contact
-Short circuit due to insulation aging
-Overload, overcurrent

Electrical factor | -Short circuit due to pressure, damage
-Layer short

-Short circuit by tracking

-Partial disconnection
-UncheckedShort circuit

-Overheating, overloading
-0il, fuel leakage
-Automatic control failure
Mechanical factor | -Manual control failure
-Poor maintenance

-Decrepitude
-Backfire
Gas leak '
(Explosion) -Gas leak(Explosion)
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Accident document collection
+
Data preprocessing
{ <+———— Textmining
Extract key keywords
} ~+——on0—— Co-word network analysis
Cluster Selection

¥

Derivation of representative accident
and types

¥

Risk assessment and evaluation

Fig. 1. Research procedure,
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Document i 0 Q 1

If 2 document i has tern j, then f; is 1, otherwise 0

Co-word matrix=4 = AT x A

Fig. 2. Basic input from of co—word matrix for network
analysis™.
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Fig. 3. Research design.

Table 6. Risk assessment evaluation(Degree of risk)

Degee of risk Management criteria Whether to
allow
1~3 Negrlilsgklble -Maintain current safety measures
Hazerd ring th . - Acceptance
-Hazard requiring the provision o
Insignificant/ edurng P of work
4~8 Rk . safety training
minor risk . o .
-Risk requiring managerial measures
Considerable -Risk requiring safety reduction
9~10 risk measures during planned
maintenance/repair periods
Conditional

-Work after establishing emergency acceptance
temporary safety measures, but Risk

requiring safety measures during
maintenance/repair period

12~15| Grave risk

. . . Not
1620 Unacc'eptable -Risk of 1mn-1ed1ate work stopPage allowed to
risk (Immediate improvement required) work

Table 7. Risk assessment evaluation(Frequency, Intensity)

. Serious I;ebas‘:lczf Outpatient No
Intensity| accident treatment | influence
Frequency treatment
4 3 2 1
More than once 5 20 15 10 5
per day
More than once 4 16 12 3 4
a month
More than once 3 12 9 6 3
a year
More than once 2 ] 6 4 2
every 3 years
More than once 4 3 5 1
every 10 years
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Clusterl (Related to 79 accident summary)

Rank | Keyword | Rank | Keyword
Work
t Hese . clothes
2 | Oxygen T Welding
High- i
Welding
kAL
4 Cutting 9 Sparks
Gas 10 Leak

[Representative accident of keywords with large
node size]

= Chips generated during cutting with a high-speed
cutter are sucked between the motors of the cutter
and cause a fire

= When cutting with an oxygen cutter, welding sparks
fly into the hose and cause a fire

= Weld sparks stick to cutters leaking gas and catch
fire

= Fire with welding sparks from gas leaking from the
cutting machine during breaks

= Work clotheswere ignited by welding sparks while
working by putting oxygen from the cutting machine

in pants to cool off.

= Connecting an oxygen hose to an air vest causes Rank Keyword [Rank Keyword
welding sparks to fly and fire during work.
2 g g 1 | Welding | & Floor
[Accident types through representative accident
analysis] 2 Sparks i Pants
. q . Work

= Fire due to unconfirmed gas leak before, during, and| 3 | | W | 8 Scattered

after work

= Insufficient management of scattered sparks during 4 | Painting | 9 Situation

hot work Weldi

= Fire caused by sparks by inputed oxygen into the air elding
[l vest Y S y Inp! Xyg 5 Embers | 10 machine

Cluster2 (Related to 55 accident summary)

[Representative accident of keywords with large

node size]

= During welding work, the paint canister remaining
after use on the floor caught fire due to sparks

= Sparks blown by the wind during welding in an
outdoor workshop cause a fire in the pants

= A spark from a welding machinewhen the acetoneis
not sealed situation causes a fire

= Scattered embers to work clothes during cutting and
cause fire

= Fire due to grinder operation when oil vapor stays
after painting

[Accident types through representative accident
analysis]

= Fire due to scattering of sparks during hot work

Cluster3 (Related to 54 accident summary)

Cluster4 (Related to 49 accident summary)

Rank |Keywerd| Rank | Keywerd
Work

1 dothes 6 Clothes
Mold .

2 wash T Cutting

3 |Applying| 8 Welding

4 Alcohol 9 Sparks

§ Melting

5 Repair 10 Fimace

[Representative accident of keywords with large
node size]

= Fire on clothes while clearing the mold wash
container on top of the melting furnace

= Fire due to scattering of alcohol in the process of
applying alcohol during melting furnace work

= Alcohol mold wash splashes on clothes during the
painting processs

= Work clothes caught fire due to sparks during
applying glue

= Fire in work clothes due to welding sparks

= Work clothesare set on fire by sparks during cutting
work

= Sparks occur at the same time as welding during

repair work

| |
= Fire due to welding fire during welding work for Rank IKEyWDrdi Rank | Keyword

machine repair

1 Gas 3 Torch
. . . | | s arks(cutti
[Accident types through representative accident 2 Valve N i ng)
analysis] + + ! !
3 |Leakage| 8 Floor

= Fire due to scattering of sparks during hot work
= Fire caused by negligence during work using fire- 4 Hose 9 Sparks

vulnerable materials t -
5 Cutting 10

\machine | Cutting

[Representative accident of keywords with large
node size]

= When working on the cutting machine, while working
on the hose, sparks(cutting) to the gas hose and
caused a fire

= Fire due to gas leakage from gas hose during cutting
= In the process of tapping with a hammer to
disassemble the valve, it ignites with a spark

= The torch valve was opened in the workplace and
gas was leaking, and a fire occurred when the victim
worked

= Ignition due to paint gas accumulated after painting
the previous day during hot work inside the hull

= Recognize a gas leak at the site, notify your
colleagues, and the moment you turn around, the gas
leaked on the floor is ignited

= Fire the momentyou go inside and ignite the
heating torch after checking the straightness

[Accident types through representative accident
analysis]

= Fire due to unconfirmed gas leak before, during, and
after work

= fire due to poor gas hose management (old, upper
work) during hot work

Cluster5 (Related to 41 accident summary)

Cluster6 (Related to 34 accident summary)

|| = When checking the cleaning status of the pressure

Rank Keywerd Rank | Keywerd
1 | Machine| 6 Welding
sparks
2 |Cleaning| 7 Sparks
3 Floar 8 Washing
4 | thinner 9 Embers
static .
] electricity 10 | Removing

[Representative accident of keywords with large
node size]

= While cleaning the machine with thinner, welding
sparks scattered from nearby welding work touched
the thinner on the floor and caught a fire

= Fire due to welding sparks during washing work

= Fire due to sparks in the washing liquid {thinner)
during the oil stain cleaning operation of the machine
= Fire caused by welding embers during the process of
finding and removing a thinner during welding

= Fire by welding near a trash can where a mop that
wiped the floor and machine was collected

= Fire due to sparks caused by static electricity in the
gas remaining in the machine

container, turn on the lighterto check without using Rank !Keyword Rank ‘ Keyword

the explosion-proof LED, and then fire A
1 |Welding| & | Welding
| sparks
[Accident types through representative accident 2 [Connecte 7 ‘ Sparks
|| analysis] | d I
3 Air 8 Hose

= Insufficient management of fire-vulnerable

substances during cleaning/maintenance work 4 Oxygen | 9 Clothes
= Insufficient t of residual d [
nsutficient management of residua gasfvapor an 5 . Vest 10 Givnter

ignition sources before, during, and after work

[Representative accident of keywords with large
node size]

= Fire on clothes while working without knowing that
welding sparks flew during welding work

= Fire due to gasleakage in the hose while using the
oxygen welding machine

= Fire by gas leaking from the hose of the cutter
around the embers scattered during grinder work

= During welding, welding sparks fly from the air vest
connected to oxygen and cause a fire

= A spark was discovered and the air hose melted and
exploded while trying to extinguish it with his feet

[Accident types through representative accident
analysis]

= Fire caused by scattered sparks during hot work

= Fire caused by sparks by inputed oxygen into the air
west

= Fire caused by seattering of nearby sparks when
using an old/leaked gas hose

Fig. 4. Co—word network cluster selection and analysis,

28
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Table 8. Risk assessment result
Evaluation Team
{arget Hot work ' leader J. B. LEE
Evaluati 4M Risk assessment Evaluator T
valuation eam
date 2022.11.11 member K. M. KIM
. Accident | Current Current risk Risk after
Work Risk factors extracted from type | Accident Code improvement
M . . safety Improvement measures
content accident documents analysis | related type measures | Frequ | Inten | Degree No. | Frequ | Inten | Degree
cluster ency | sity | of risk ency | sity |of risk
Machine
-Fire caused by negligence . -Reinforcing safety education
during work using 3 Fl(r):/ilszpl e(ls:l;e:l.}(l)n 4 3 12 | using accident cases FE-1| 2 3 6
fire-vulnerable materials
-Reinforcing supervisory
Man inspection before, during, and
-Fire caused by sparks by . after work
inputed oxygen into the air | 1, 6 | TICEXpl Safety g b, FE2 2 | 4 8
osion | education . .
vest -Reinforcing personnel
standards
E . Safety I .
Material/ E:il(liﬁ‘utaclleg;s/vapor eanrfin ot Fire/Expl education, -u«aj i e ;'lr; olbs erve;t
environm| ;s 5 P onsite | 4 3| 12 ning and deployme FE3 2 |3 6
ental ignition sources before, osion encourage ) ) )
during, and after work ment -Reinforcing safety education
using accident cases
. Safety
-Fire due to unconfirmed gas . : . . .
-Reinf
leak before, during, and afier 1, 4 | Fire/Expl ] education/ g1y, | -Reinforeing supervisory FE4 2 3| 6
X osion | Pre-work inspection before, during, and
wor check after work
-Insufficient management of L2 | Fire/Exol dSafettiy " -Arrangement of fire
Hot scattered sparks during hot < CRXpL educalion’] 5|y o0 | extinguishers and reinforcement| F/E5| 2 | 3 | 6
work 3,6 osion | Pre-work . X
work of firefighting equipment
check
-Reinforcing emergency
training (reflecting reality)
-Reinforcing regulations/
. Safety guidelines such as work
Manage | “Fire due © pocl)r gas hose 4 ¢ | FireExpl education/ . 4 15 permits sl 2 | 3| 6
ment | Mmanagement (old, upper > osion | Pre-work e .
work) during hot work check -Reinforcing workplace 5S
maintenance/management
-Reinforcement of work
manual (work procedure)
-Installation and improvement
of explosion-proof facilities
-Insufficient management of
residual gas/vapor and Fire/Expl |  Safety -Reinforcing safety education
e 5 . : 4 5 20 . . FE7| 1 5 5
ignition sources before, osion | education using accident cases
during, and after work
-Reinforcing supervisory
inspection after work
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