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Abstract : The purpose of this study is to analyze four cases of firefighter burns in
various fire scenes and to find prevention measures to decrease firefighter injuries.
Among the analysis reports prepared by the National Fire Research Institute of Korea
from 2016 to 2020, four burn-related accidents are summarized and the main causes
are conveyed. The four accidents include second-degree burns from using
extinguishers during containment of fires; nine firefighters burned due to re-ignition in
the LPG car repair shop; two firefighters injured with third-degree burns from using
fire extinguishers during life-saving events in residential housing; and injuries from the
radiant heat of the tank BLEVE near the factory fire. These cases are comprehensively
investigated in their respective scenes and analyzed based on the fire site investigation
reports from the fire department and related theoretical explanations of risk for each
accident scene. In the third case study, some experimental research is conducted to
evaluate the risk involved with the use of safety gloves. This is evaluated by reviewing
Fire Tactics and Standard Operational Procedures (SOP) to determine improvements
and recommendations for an efficient firefighting response. Results show that the
main causes of burn accidents are the insufficient use of personal protective
equipment (PPE), such as safety gloves, and the failure to follow firefighting tactics or
SOPs. Through the accident investigation and assessment, it is concluded that to
reduce the frequency of burn accidents, the performance of firefighting equipment,
SOPs, protection tactics, and safety policy systems require improvement.

Key Words : firefighter, fire-burn, firefighter injury, accident investigation, reduction of
accident
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g=c0 T'F, =8.87 kW/m?*

: Heat flux

: A emissivity of stainless steels(Typical, lightly oxidized),
0.4

o : Constant of Stefan-Boltzmann, 5.67 > 10~ k W/m?* K*

T : Kelvin temperature, 1,100 + 273 =1,373 K

Fi» : The view factor, 0.11
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Fig. 5. Evacuating directions of the fifteen number of
firefighters at the re—ignition.

P

1
o
2
F>

N

zmﬁfa sk WaEs 42 EAs)
o HAR O~O fuse wE o
2% spifolglon], H4wA|S W Aol
QUASHE Bolgl] wite] SCBAZ A9l 7]
PPENE Z-g3131 glo], Mo iE SHAo
s st W 4 olch ®3 0]
M7bset kel HgRet 7ke ghsol
o] 5% shke W gl E9rd Ao

&y HJr O

o

2
B

b

Hiodo R HUorlz ro fE xR M
4

g ofsl} #Hlft=7F 22 2
s, IstEo] of 527t ':::'I';'E]— oz Axrt SfEEA
el CCTVEollAl olF s EASHIH:

Fig. 5¢} Fig. 62 37 HEEH, O~ O g¥ds
& i LPG A5 ko= tiujste] O~ =
Ho} sh =7 oS At d3E 7H3Th

AL AL AL D] = AR Fol B
W= Holl= 7EA(FHAD) HAE €
T8 95 Ay F7to|E LPG7} HE&Eo] 98-S &
= SISl o] 2K LPGE] F=2/dol| sidsh= et
Z2gto] AL Y 2AH0R QRTIF vigo A H

14 5 98

140

g Z EPch= AoR & 4= Stk wz—“l";rol
= AZ, 71 dEiolA AaxsetAly
A7} 8.4%¢1 AV o= B uf, o %{4 bl
7P Oq*t”%’% gkl Eol%t& AolaL, LPGH R} a2
SH S WEE A9 sHAY A s

%Oﬂt Am-37] =] 24EHUE Aotk

o] dAm-F7| &3zl HfdEolA =E7F FH
A Qlsbt wo] stddabl AREAS A, 54
A} &zl APH S8 AEolA 0.1~05 mis7}
3 R sl S84 sidow o 2 mud
&R ) g oqAE 7 b weA <
a7} ol gtg Aeoleh. shelo] AlxtEAutA
Agh Ao thuezgo] o o FsARS
ola, o) Au] FZHA Y5 FAL w52
qhof sledo] ghitE o] o]F T 4+ gllE Aolth
shY 2 %BMIH ks S8l AAAE 5t
d AN AES SARIde] ehmE AdEigi7]ol ¢Hd
o =9 A 3“““" 2h31 01311, ol= offollA ¢
o7 AHTTE doltd Aol A QhHRol 3+
=1 HFEA st EVJJJ?‘SH% AR A
o= wehEch

meba AL uhY R0l & ol ud s
AR PG ARFA F2E 7RIy ket
shebo] ARk 2191 012 ol B Baz
olsf dislel st Ao 2 ®elth o8 LPG
Argol 554Ag o8 o}oq LA 5 ol
AL AAIBIoF BHz FHFEG 2717 g Ao
14511:} Eﬁ} A A H]| A0 EA AL LP 7t B2
o] AEohs Tty 27| Lol HRdRS AHgS
= 59 "J%i%%}%ﬂ A3, AP SHAA =
Adstel Hakdo] d 4 Sl= olFA #fd=e] n|
AlAR AR At Abazekar o 4 Qlek

of ok b e
O H1 do o @

lM
[

o .Il%i oM

4

IFO

3.3 AL AR IIl: = ol Tx = 3 ShAb

2017 39 11Y(E) 23:06% A&A] OOF ThA|oh
8 35 3012 Ao R S5 TR 482
Ol IIR TFES g FAER Z4] 29 1RE THA|
of 8 WRE A WA 45 4015014 =
HAE SR diuAlZl 5, 35 3025.9] ofglo] 2
g Aer FEsIth 30250 "Horle =Y
A2} 2 2357 $)5te] 22 YY1, T 302359
23t 2, 30159} 3025 A4l Zu AbRo] o]AF
HAZORTE °F 20 em)s S A4 U= H=2
7} ZFgkE]o] Qhal(House #302, Room 1)©.2 tfju]3}%]
CHFig. 7). ololA Hid I Ad mE=A2 3199

J. Korean Soc. Saf., Vol. 37, No. 6, 2022



Y AYHE F AUTDY SHIALT A 24 17
A AL Veranda Window Window Veranda —
]
g
Living room &
Rt Living room g .
| N Outside
i House - House b
iﬂ #301 #302 C— S
L 1
\ - Door | Room 1
ROOIT 24 oo #
R A
N T=F &=
2
‘é N
Z
B Giate Gate o m: ;é
Kitchen Kitchen Bath g
e Hallway H
Window Veranda Window Veranda

Fig. 8. The personal protection equipments used by the two firefighters,

A e BEAT 3 Frow ¥
o7} 2L )
sk o)A 2,
oA chel 9] PPE A
ofUiek, ks o) Fite] HolA 9)
o] EAE AT 4 Qk A H} -
e, e S0 2% S5 A9 9
=31 3RS Qs A} TAHRE obAATRe] KFIQIA
1 Fnsle] s FUd 4 o AETA
Hig Auste] gAkE *lfﬂﬁ Ae 2k Agst
ek e AP REE 25T §Aska, W7
(=7 : 7FE 20 ¢ /\ﬂi 25 em)Q] 2= 1,000
£ 30T §AA7 F, QAHKype S A7 A7
4 100 am A ele] ol =S QHAAL & AF
YA AT AR B Atk

A
R

U

DO
s

SHROIBES|R|, H|37H H|65, 2022

'KFI Q53T v=2r A72 2717F A4
o2 7A o] Be dasol g 2 AR #
grEfo], ] APE dA7IEEY ofF 28 H= 100
em 7|22 AASAT IYoe s, g B
F A7129] JFA7I(HA)7E A7l A A S
2w 250 21 A7Re] dgao] thEnw,
KFI A8t o 7453 249 Asloleh 1]
stof] At Belch w3 Ao &5 RES
me AEE Hestelit ol B1e HaT A
of gl 271G U] 3 Ao
B9 AR WAoke &
o Sulg v 25 ol thste] 2
SH00%) A7} Eotel L BES 24590k
Fig. 90| &vpeh 43 A9 dila)ek,

01 s, 0 dof el 7
@ migol] gojo

42t A



B
>

(a)
100
—— Firefighting glove(inside)
90— Rescue glove(inside)

80 Outside

@ =
=]

Temperature(°C)

0 50 100 150 200 250 300 350 400
Time(sec.)

Temperature(°C)

——Firefighting slove(inside)

——Rescuc glove(inside)

20 Outside ! 1
70 '

60

50 -

40 ’

30 s

0 30 100 150 200 250 300 350 400

Time(sec.)

Fig. 9. Temperature change inside the gloves according to the heat—exposure time of the safety gloves, (a) the palms of hands (b)

the back of hands.
AES, ALY S BAF AES HHE Zlojn], v
o] A7|& QJe} npEr = BEko 2 x|A|7] 72
Z Fig. 9@ A4 R 25=7h 55 H3A] 50~60T
of =gl o] A%, 150% Huet TRE A
Howy} A7t Z%oﬂ m}a]— kx| 7] AJ&sRe] 3003
AL = Aol LRALHED | 10C g =2
2=7} =t} Fig. 94(b)9] &5 AP A= Sapg R
o} o 2(80 ~ 90°C)7HA] EEslo], A9k, TLRA
L &5 Suigdo] dddsel 5= ¢

&= vk AloJoﬂAﬂl- 1004} 75” —8}045 XOP

A<

1
1
N
c 8o
Q
2
ox b
> o
_\,1
_Ql
e
_V,L
FP
o[ﬂ
m>~
ot
2
_>|:
2

o] 9= 50 ~ 6OC 1501] 1 @%57} %015
U=t BAF Al Th e EHEDY
| = @54 mE gFor FHHk o
AFe AFAIo 275t 2= IS sl
1520 W)L} H| sl B, AAL A2
Z 33} Fof 55T =esinz
0% o) =2y 91% Al o] S 2835 (Bl
= AT} BAF A E(ZQF
55T =dstonz

o] o A
e 4 4 9

o &uig 49t BA xﬂauﬂ g3hel 253% 7t
550l EEshR AL ABTEATDE J0EGH)
B3t Aol 49°CE tehyglek. 58 Foke] A%t A
Y 5 Aol A oudors Woke wat v

N
on. (T
ot
2

ol BN x g% o I 3o
o
N
N
g Xy

—_
[\

=
dihel ST 155 3k ol

2,

o1 gskek
AL A1 el ofshe, Hiel £ 234 162
8| of 204k shelt ko) slgle @ oheh,

By HES 98] &
o2 notel waue Ao
P12 E5 3 Bhe o

142

7Tt

5% 4 qom 8 4BS %ﬁﬁ 2% 3V ol 08
S 9k ABelges I 4 Atk

2 WK 27 SIS
oHg o=, Aol FefRt 7
At 3H4) Sz 2 4 glo
7] SHAFE o A Ad et el dgst _,]A]—
‘]?‘ AR $] e Aeuth(size-up) T]SE

rﬁ

Jﬂ

3.4 AL ARl IV: BESIRY JIAZREE 20 SlAL
2017¢ 9€¥ 21¥4(E) 17:077 771%= OOA| &=
2L} ANEA] B S F 171773t 1
AV el IFTEEAY ATl WA
of XI % 2 17:537% &% W LP7FAE (1.9 ton)
7} Z49KBoiling Liquid Expanding Vapor Explosion,
BLEVE)SHAA] ohgl 9 %At SO 233 31, o
Sl 17g0] F= U2 Akarolw, ARkl vjsi:e
2 (EAH, AAF 21) RIS thFig. 10).
N5LA-S7FA(Liquified Petroleum Gas, LPG)+= &
THCsHg) oLt ‘r“:’]_(cntﬂlo)é FREOE T TIAE A
i]-é‘}(7]§]-6} e _.\7531—) 1——].131 7]—?(-1_9_0 hva Efﬂr
Salsh 8 AP R Helow Holglch LPGO)
292 B4 gt 9 7|5t golaki, 718t 3]
Hep of 28i(FE 7]%) FAA9 vige® Tieteron
N} A] FHT; 7he-0, 53] AAsIEA7F WoK(1.8%)
FEEE SR, Fel f9do] Z 7N 7Rol:
BLEVE= H|GHAHS57| L2 lshdoluy vl
o] W2 At HA(FF)7E 7S A UA 2 A%
g 9ol spA7E WAste) AR A o] ARt
ol =EHW SIHRY =7 Asste] AE Y ¢l

J. Korean Soc. Saf., Vol. 37, No. 6, 2022



Y AYBS 3 AYT
Sto‘r':%e-;:l:k L Storage Tank2
! V=4,699
Exploded
tank

Inputof
source

Outputof PFE

Hirebal
GL

Xg

161‘.

Spent time = 6.24(546sec)

Hiseoball = 61.67(51.6m)

Fig. 11. The model of fire ball for LPG tank and its numerical calculation for the real situations,

]

| AstEa yRo] usdEsen relgsEo
A ylo] B AFOR T WAYZS o

wm, NZA @A, #4973, Fire Ball2 7
/\ 9)\@9,12,13)'

I o

ERE
SrRIRHEP . ol apo] ojet %
5] fire ball9] Z] )27 (Do), <
0|5 Z}z+ AALS}o] fire ballo
72] 100 m A4 o] ch
S & 4 tkFig. 11). 3,
e off W= oflvA9} &

H3ek ) ol Algs)

>~ﬂil

op 1

%
heat flux= 2.09 kW/m’ ¢
TNT G2 oju E3lo|
oA Y TNT F32

SFROIMBIE|R|, H|37H |65, 2022

Jolgtil= 74—
o] ),

=
=2

A7) AAE
book)'”?¢] BLEVE Capacities |3}
3lo] vlwdlt A3l 7tAsa A
AT 23925 kgl 2,000 kg2 713

wlEd uddS
ALL-
E

=B (ERG
sl A

100% 74 A 7}
AR ZhlA] B

143



2

o
S

-0

ES

A

Table 1. The physical properties calculated in the phenomenon of Fire Ball Comparisons

The conditions for Fire Ball
Storage mass of the gas (V)"
The maximum diameter of fire ball (Dp.y)
The continuing time of fire ball (T)
The height of fire ball core (H)

The maximum heat flux (Quay),

at the distance of approximately 100 meter horizontally from fire ball core point

The mass of TNT (W)

The conversion distance by Hopkinson Tristimulus Law (Z)
(Under overpressure)

The prediction of the blast damage

The numerical formula Results of properties

085 PV 2,392.5 kg
6.48M03 81.23 m
0.825M°2 6.24 sec.
0.75 Dy 6167 m

(828 x 1007") / R, 2.00 KWt
where R is Hf,‘y-(’baHQ + X ' ’
AH X W,
ek < W 3) 901.78 k
1000 kafke7vT <" :
R
() 1035 15.86 kP:
o m ( )

Structural damage with a serious level

D On the assumption that the tank with the capacity of 1.9 ton butane was fully filled up; ? d is the density of the butane at 4C, 0.599;
3 Where AHc is the heating value of the explosive material, 12,564 kulkg for LPG; Wc is the weight of the explosive material (kg); 7 is the explosive

efficiency, 0.03.

9 R is the distance from the explosion point; W is the mass of the explosive material (kg)
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