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Abstract

The rapid increase in the production and distribution of electric vehicles (EVs) is driven by the global
policies promoting the adoption of eco-friendly vehicles to regulate greenhouse gas and air pollutant
emissions. As the maritime transport volume of EVs increases, the risk of electric vehicle fires in PCTC is
increasing. A notable incident occurred in 2022 where a cargo area fire on a car carrier ship was caused
by a thermal runaway of lithium-ion batteries in EVs, resulting in the vessel's combustion and sinking due
to the failure of fire-fighting efforts. Such incidents highlight the growing risk of battery fires in the
confined spaces of RO-RO cargo areas. Despite the increasing risk of battery fires in EVs transportation,
there is a lack of research on fire suppression systems, emergency response procedures, and crew training
specifically addressing the fire hazards in confined RO-RO cargo areas. This study aims to investigate the
characteristics and response methods for battery fires in EVs, analyze fire incidents in the cargo areas of
car carrier ships, identify necessary fire suppression equipment for battery fires in confined RO-RO cargo
areas, develop emergency response procedures for crew members, and contribute foundational research
materials for handling fire incidents occurring during the maritime transportation of EVs.

Key words : Fire emergency response, Electric vehicle, Battery fires, Lithium-ion battery(LIB), Ro-Ro ship
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<Table 1> Eco-friendly vehicle export(unit:ea)

year 2020 2021 2022
271,327 404,897 554,019
Total
(100%) (100%) (100%)
HEV 124,503 211,807 284,895
(45.9%) (52.3%) (51.4%)
BEV 119,718 154,014 223,623
(44.1%) (38.0%) (40.4%)
26,065 37,957 45,140
PHE ’ ’ ’
v (9.6%) (9.4%) (8.1%)
1,041 1,119 361
FCE ’ ’
CEV (0.4%) (0.3%) (0.1%)

HEV(Hybrid Electric Vehicle, HEV), BEV(Battery Electric
Electric

Vehicle), PHEV(Plug-in  Hybrid
FCEV(Fuel Cell Electric Vehicle)

Vehicle),

55.4

27.1 285
21.2 22.4
12,5120 o I
26 3.8 4.5
01 o 01 m 00
20 214 224

HEV =gy msmpHpy wsspCpy —€-EA|
[Fig. 1] Eco-friendly vehicle export.
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[Fig. 2] A longitudinal cross-section of PCTC.

Source: YONHAPNEWS/2019.09.09
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<Table 3> IMDG code for electric vehicle
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<Table 4> Specification of minimum standard of
competence in fire prevention and fire
fighting

Minimize the risk of fire and maintain a state of
readiness to respond to emergency situations
involving fire

1. Shipboard fire-fighting organization

2. Location of fire-fighting appliances and emergency
escape routes

. The elements of fire and explosion (the fire triangle)

. Types and sources of ignition

. Flammable materials, fire hazards and spread of fire

. The need for constant vigilance

. Actions to be taken on board ship

. Fire and smoke detection and automatic alarm systems

. Classification of fire and applicable extinguishing agents

source: STCW Code Part A / Section A-VI/1
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<Table 5> Specification of minimum standard of
competence in advanced fire fighting

Control fire-fighting operations aboard ships

1. Fire-fighting procedures at sea and in port, with
particular emphasis on organization, tactics and
command

2. Use of water for fire-extinguishing, the effect
on ship stability, precautions and corrective
procedures

3. Communication and coordination during
fire-fighting operations

4. Ventilation control, including smoke extraction

5. Control of fuel and electrical systems

6. Fire-fighting process hazards (dry distillation,
chemical reactions, boiler uptake fires, etc.)

7. Fire fighting involving dangerous goods

8. Fire precautions and hazards associated with the
storage and handling of materials (paints, etc.)

9. Management and control of injured persons

10. Procedures for coordination with shore-based
fire-fighter

source: STCW Code Part A / Section A-VI/3
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Fire Outbreak

Cut off Ventilation

Initial
Response
(Portable/
Fire
Hydrant

Fire Outbreak

Cut off Ventilation
Checkthe number
of Evacuees

Using a fixed fire-ext.
(Co,fixed fire-ext.)

Checkthe
number of
Evacuees

Usinga fixed fire-ext,
(Coyfixedfire-ext.)

Continuous

cooling and
Monitoring of
fie sites

(after 24hrg)

{The Condition of Partial-Loading >

Continuous cooling
and Monitoring of fie
sites

Openfire area
(after 24hrs)

{The Condition of Full-Loading >

[Fig. 4] Fire emergency response procedure of

PCTC.
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<Table 6> Vehicle space & RO-RO space fixed fireext. Sys.

an unsealed
RO-RO space

An enclosed
RO-RO space

Fixed gas fire- ext. Sys.
Fixed high-expansion
foam fire- ext. Sys. Fixed
water-based fire- ext. Sys.

Fixed water-based
fire- ext. Sys.
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<Table 7> Vehicle space & RO-RO space fixed fire-ext. Sys.

Kind kind of fire-extinguishing system
An enclosed An unsealed
RO-RO space RO-RO space
Fixed  Fixed gas fire- ext. Sys. Fixed

Fixed high-expansion foam
fire- ext. Sys.
Fixed water-based fire- ext. Sys.

water-based
fire- ext. Sys.

Place 1 foam applicator near the entrance
Place at least 2 portable foam, CO2, dry
chemical powder fire-ext.
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[Fig. 5] Principles of charging and discharging LIB.
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. 2ol ee e 4 54
A7 A 991 w17 gle) haka

gt el
o) e A A JFHI Sl wiE e

- 1016 -



H7|1A sfet2E" 7ol e PCTC RO-RO T+ M|} BHEZ]

= e P e 294 $4, 1714 A, iE

g2 E5F 5 ohekst dlel of& shAzF st
L QJTH(Choi et al., 2021). LIBS] & ZF+= 77
27444 o]z, U etel ofs) 1A
gth LIB Ui ot &4 vt 553 4=
o A=A AgE W7|skeHA oA 7t Hel
AR BEHe] LIBE 4 59 AR %l 44
o]th(Park and Choi, 2021). T-&& H¢ wiE 2
= ®Ast Sle A7k 54 v 43
of ¢z wjE]g] W% SEI(Solid Electrolyte

Interface) 7} <23l = WA do] Ak, 2lEol
Aalda} wgate] 7kdAd 717 EAske] wiE
g YFoA 711 7NA7E dhste] o EF
&go] MASTHKim et al,, 2022). TS, Choi et
al(2021)9] A7xe] A& Ay oq/\/\laloﬂ}ql—_
WIXH oItel Hstsls AF A T F
L 631.0C, UHF HI2E 1,3620C7F 54
HO*E} AxHY S LIB Fdo] st A
Agk LEWstE gR1% 4 Qlqlth 183l Kim
et al.(2022)2] 71zt shA] AF o= A= o]
Ast F 6 Foll kAl #/371(663.2T)e =23
o, XPEXMW S 9 el oJE wiE
ol dojxo] wigH Y &
SO7 4% FH 12 F 1
2k, 3xF A4 Fdo] AgH
= AH&3h= A7|A LB &)
] #7188 (vocs)e]l 8 Off-Gas
St Al SN ofyEl )l
54 7k fEel wE 2ak dE H1384
Stk LIB o] Aol 3| Y (Electrolyte)
Aol A TheAde wlg guksi, &4
A SAZE B FE] A8/0] Uk A
S 3Ry wskra 7N AH YEETFL
XA el Ake] B (LiPF6) 2t &2 TF
e x3stu Itk LiPFeE okghe] g3t 27)
T ZEVeEL v E3leavh dAgth
Aald 9 Adsjd Feg =0l 71sE E7kA

(Vented Gas, Off-Gas)oll< vl&t, o€, ofg, 4

AL A o
o> O

°
Lo o

B tiE8s fF A7

27NA), dAserA T 3 571 3HEHE(Volatile
Organic Compounds, VOCs)°] E3t¥|o] glo] 3}
A-F A obyel dafe} B #5544 7t
2~ fEel wE 22k Is) @Al Sld
(Industrial Lithium-Ion Battery Emergency Response
Guide, TESLA, 2022).

S, A7 shAAba 2 Al 1AF 43 #
LIB] AL3sl 7hs/do]l wig- & Zlow A
ATHLee et al, 2017). A7|x %8 LIB 29
F24 HozE gRFRomty uﬂaal

Bosky] flel FEe] He
of 37 ol AX o3t
stAl 24 Al LIB IHTE 23} &

ZsteRA] e FFAA Aspebr] ofF
% Agte] of#Fo] UTHLim et al, 2021).

E
o
SCEN
5= B i
o oo ]

BN ooX MIO

4 N2 Hooox

6. RO-RO 3=

A 0188 AEA AILHE A ¥

o1 Lje] F7|%

S MEA SR A hbe] 3¥H(Lashing)ste] A

Fo] g0z drs Xty vk 1y 3
Ags] & gk A FoE sto] akg vt
LAY A AR EAOE QS SAALLE B
Aetal k. A7Abel| e]F-F A o] JhEA A,
aube] EeFo| o)t o] whystd wiE 2
el ogt Al RS AT 5 glck A3
& AsE el sAle 5 2 91384 elA

A v} 7ol
g A Ew 9340l
Aol shA el o
2IHE & 5 glEe] ARF Aol FA)
WA A A WA FHoz o8 S} 4
A ket sAEAe] o) Weelel 24, 3
A s el skl g A el
; oleh. #A4

14 LIB
o

@ 4
=
N

AH(Choi et al,

O &

- 1017 -



=

of 7Fd&ol g Hola stAFAde] tY]

WERAZIAH (N = 2th) S el 2]
TOR A WEH A A FHel @ 4

o] sk ekEth et Yun et al(2017)9)

FolA o S Qo] Waled shal B A
%-ﬂ AR Eotel BE 24 o} Fled
= s A

o B ool Edshe AR
st wel o) A BWEI} FAF 37 go
24 Fgol/l ¥ §70] 2 woTee B
Wyl & WAL & 5 Uk RORO T4
A3 s A o] WslHelglel A
q %7 Wyl WAFL el A/ A
& Aol 48w we] A Wy A 270
3% o4 Zew QAR olold Aol
il$ Zck AT e At 2ol AFH

FH1 9 AN A sl as
A9l Az Aol S Alh musa

gl
s}
_E,

Atk
S A Y S

PCTCE RO-RO 3HET9E] Al &2
Aspdn] 9 Ad) ZA v ds Al AEe
A Qlrk ey @AY asAdu g sA s
W o2 A7|AF LIBYE 22 FHbgo] =11 3}
A A&Ho] w2 7HAES Aol 48] o8
3l7]ofl= $A|-o] Atk RO-RO T+ LIB 34
o8-S Hal ofel #Zol wAHS Adbsta A
Aeks AlAlERST

7P e w

A9 Oi%j yiel Hell wep A4 w
S71el A 7 ﬂé’rOI Al A glivk e
STCW &oko] Ae 43t wg HALANE
<Table 4>, <Table 5>°f|A] Aruj¥ u}el o] LIB
shAfjell st go] EFEo] A ¢k LIB 3t
Az e 5] gshikgel ojgk A uy7)
7k el g d FFe] o sA-Fd A
Ao fZofl ot 22k APALY T2 $F o]

>&}L:\2
O L)

|

o

AU - 2E - 27| A

(i}

o 28BRE AVAE Fshe
AFss Ao fst 2A QAL AXHEe] LIB
o =4 U sAe] 94, QAL o
z

oA g AR
AupshA) g ogER

Zo et A 98 24 W Fr EAS F
w3 st Fr1HoR AlFgstolol Firh I
g A FAILTAL A T Al S44
&= S8t shA AlvE] Lol wep HAE
d HFE o]Fojx 3 9lrty. UK MCA(Maritime
and Coast guard Agency)ollXl= Auke] A7)} 3}

A KghE e RO vdYE AaE FHst
3 Al dist #7180 FHE AlgsE A
3= XAAMZE 2388k th(Electric Vehicles On
board Passenger RO-RO Ferries MCA
Guidance Note, MGN 653(M), 2021). LIB 3}A=
Z71d-&ol =oAXH wEHY Uy 4 F5o|
o3t thF AR oloAAEE tE FhAje] Blsto]
2713t tigo] Folrg e 4 vk 19
B LB stAe] A shA s g sk
PCTCE= XS LIB A & HAE Tty
TEAUYE 2 E AAsto] Aol digh 714
Tdo] FQasr}

th Ashdn] e A4

A3 A4d RO-RO T4 Ashdu] oA =3t
vkl 7Fo] RO-RO 1ol =9l F4] upe}
117G AspAuE AXeta glom,
Z 997t 7Fss PCTCe 7]¥o] |
Oﬂk— A2 23AE AR 1784
A5k Qlek WH 7t 7ks3 RO-RO
o] 2B (CO)E FHBF 34
of 9% A4 g¥E olgsto] sATHY At
O E=E 15% olgtz FA|sto] adlsfal vt
(FSS Code/Ch.5/2.2.1).

T2 Yuan et al(2021)8] Aol =

Marine

ol

2y
2k

d

LIB 3}

- 1018 -



H7|1A sfet2E" 71l e PCTC RO-RO 7 HMIIAF HE{2| &1 &S <F o+

Aol olatsletarE EFS TpAAl ASMAE AMS
sto] shAlRIEe A ALs Aol Erhe
25 o4 4 9oH, Lim et al(2021)9] LIB 43}

Ao e A2 43 e XA FEe Ao
= A WA dad Adass Yo LB

JAE A4 sakshe A @A o, 7]
) i A e AAAE | B3} 9
% Flstgiont 4714 LB A9 35 42

# 91 zses B} e

ne pr do
)
ol
rf 2 r
o
offl

Egh RO-RO 792 FA A8 0] Ax]5ef9)
2 k2 shtel iy WelFojoltt. WH T3
A FAEAE, 7], A7k g7] BEel
oY TxE wm el stAle] 4 %4

wAsie) LB 27184 g0 =oAd <A
ool AdAe drare] s gakew Qg LIB
A Fbo] WA 4 vy I EE RO-RO
T A7)ak Al B Al 27)8A g8 9
3 23171 D2 sith MCA AFA o= HjE 2
shA Az Sl uiF 2 9 Al i 7)(Off-Gas)
7} Ao 2 RO-RO 79 sy 7hvet 2
CCTVE XAt 3AT9e PAES Hast

v

[¢)

—

oo, AEENIE AHgE] Al At B
e AS W) S8l [Fig 617 2ol AAE
3 =% AHg31E Ansta A

[Fig. 6] Suffocation fire blanket for EVs-fire (source:
hyundai glovis).

A717ke] LB #2 ~dake-Aol 37 ¥oigl
of gyeld 23tAE wiE S Y2 JFA7

7] of# Fxolth APATFAIAE & F A%
o] A3} 34 W Fua 2sFA 2 Ash=
& &%= W] olg& olfolth
Lim et al.(2021)2] AFAFINE <&
o] LIB ¥ W¢] 94 ZF5 A Jshd 2‘}, 3zt
ik AL 01017<1”E 7V &azbAel
& SHAZE EASE LIB ) ool AA
%47_'1- ;_q—%o] ].XL B_J,].ﬁo] _/l\_§]_ Hol—
Atk A HEHolY %4
SOLAS §okell uwet 20161 01€
Adoly Auke- Agoly YA &5 919
AA AHOUE F& 7 AT ST (Water Mist
Lance)S HIXI3}aL ICHSOLAS Ch. [1-2/Reg.10.7.3, Res.
MSC.365(93)), MSC.1/Circ.1472). PCTC®] ©]9} 7
A5 A sto] wig ¥ AEAOIAE Fo] 4
A Fsle A314x A7 F 238t} Kim and
Kim(2018)9] A-elA= 1144 Co, A3HdnE
o] & shAl g7t AHE A9 RO-RO 79|
23 FEIE Arste S Akeeltt o
HiElg] 8] 4 5w 9Jsh gidte] &
Atk 28 Woo and So0(2020)8] <d-ell A
T SRl £44 LBZF el wEE S
do] WA= As I 5 STk 20149
WAEE MV ASEAN EMPIRE & 3FAjAFaLo]
°J3tH, RO-RO -0l = FAkel 9t 23 &
SpAkaALE 7} A727F AR
RO-RO T9ef| A5 A4 st 2 F7H4

457} Bes

Ry

1o 2 m% we ktorle

oz @

[Fig. 7] Water Mist Lance and Hammer.

- 1019 -



2t 2= 3tE AA 7S
@GR 3}E(Cargo Unit) 2 T2 AMES 53k
Auke MSC. 1/Cir. 13539] we} FF == AF

HelolA FlE 3= 8] A (Cargo  Securing
Manual, CSM)E H|A|sloiA] gt} PCTCY| 3h&
A= RO-ROH Cargo Securing Manual®l w2}k
A&st;, §829 4S9 5] CSMoﬂ/ﬂ
&gk Hel WelA He we 7o A%

Y A ghde] Hoigk F3lske] X”HU]":]'
2017 AR o ke HA s 9 9k <
A4 A AulA sl wEw o] A A 7h
P

o % &
o Fua A4 A

.
= uksje] AAg,

ﬂﬁ J<

\ \

[Fig. 8] Vehicle loading and lashing plan of PCTC

source: development for loading optimization and ship
operation safety support service for vehicle

carriers(2017).

oA Aol WA AEAN AR B
W A a3 AQle AW oldn AF

AAZ A7 Fard 927 Atk Kim and
Kim(2018)2] A3 ATAE s=2 wHA Aol
Me 23E 98t R oEgo] glo] 3}
A A F &g s s § g4 Ak

A% vz AHgsHe o] mEAole Fgdth

712 LIB ¥ stAl= sk 27] wiEe]d e
d F3E v Zo] FoHn Fastt 7E
CO, 23z 9 A3lslr]ols LIBY 34
S Aol EAStER &3FA S ARE-SF
7] 918t FzretR st D estt wdk el Yol

B AP Asnfel o B 9% Qe o
LIB #¢] %3 AnE =] 93 heisle At
S

oUuX WHEL wob BAl APHel =
PCTCY SHEFeolA 7R SAE skl Al
Bo] s PEshe At S ek gl

2 ATNAE i AFeE F 4713 e
s oS 3% AN Astel LB syl 5

ZAbshL 71 Aute) shd
ML Aete] BANE

[e)
‘f’st'T:

Alzte] Zéﬂ

n
;5
£
=
ov}
31°i
24
=
= FU
olo
_C:E
N
do
=
)
oX o
fol
=

- 1020 -



H7|1A sfet2E" 71l e PCTC RO-RO 74

N
~

1o > -

)
RS

¥ |d

rO
ol
g
Mo
=
vl
vk
RO
1o
F>
oty
2

1>
ofo N
ok =
toh

N
=
1o P

ko
_0|L
O
=
o
o
)
oy
>
do w4y of
o Y
= b
2o
~

o IR

of A A WA E
2|7} & Q3

(2) A71AF A=A el gk =
gtk RO-RO 792 &% &84S
CSM 7]=o] &&ak= <kl W
== AAsta ok 28v V1€ C

O
ot

jus)
)
S
o,
N
©

2 b
=
rol,

>

~

= L

N

—|_l _

> >~

™

0, =)
—

) fﬁé

[o o B o o @ §2 Nt o

=

w2

ZH H“ﬁ Al 271d-e& 9% sAREE ¢

7 BEo07 osle] ANz e FA|7) S
2 A7 A e A e Ml A
ol MAstoof dtal 43 =TS AMEE] 9

gHsjof gt
A S S W 2 AxE A}
h:} PCTC2 RO-RO 3HE7912] Wy
qstol ol d7iaksh A7)
| A AEjelA el A gl & A
o7} Atk W7 el Ao EAF AF g
] v §E=7 A Al 9%

o7, LIBY 4 %5 & thFsk @
X

getol A9 eHlage AWt

AN
oF %v‘i‘—fﬂ #7&

)
oft
1o
Q
23
it
guf

i fo

&
=N
E
gl

=
M (o

s L

o> o

,d
=
olo
i3
Wi
24
2
=
o
ol

o
<2
=

duke] Aghdv], A =
=Ue] el wet AlEE gk feh 7ol
AASE Ygo] N7 flaEix= HEEA =
A9, SOLAS, STCW ¢k 5 4 7MHo] &
gk ofok gtk o] Aol WA ghA)
= A% VIxATE JfEel & A v

e el o7t gt F5- PCTC 7]
A3 e 9 2], wdde 2Ak

8 N8 ESS AdubellM wAsk= AYIA

Aol th-sskr] Ag F7F A9 AWHA 7

HoIA i) B chee $igt ol

References

Bank of Korea(2022), International Economic Review
No. 2022-4, Global eco-friendly car market trends
and characteristics.

Cho JW and Lee(2016), A Study on the
Improvement for Basic Advance Safety Training
Course Focusing on the Crew’s Fire Fighting
Training, JFMSE 28(2), 417~427.
http://dx.doi.org/10.13000/JFMSE.2016.28.2.417

Choi AY, Lee SH, Part TH and Kim HS(2021),
Comparative Analysis of Real Fires for Electric
Vehicles and Gasoline Vehicles, J. Korean Soc.
Hazard Mitig. 21(6), 119~124.
http://dx.doi.org/10.9798/KOSHAM.2021.21.6.119

Choi JS(2017), Development of loading optimization
and ship operation safety support service for
vehicle carriers, Total Soft bank, s0602-17-1014.

Erol K, Theo N(2006), The Other Car Workers:
Work, Organization and Technology in the Maritime
Car Carrier Industry

International Maritime Dangerous Goods Code(IMDG)
Chapter 3.

International Convention on Standards of Training,
Certification and Watch keeping for Seafarers Code
(STCW) Part A/ Section A-VI/1, Part A/ Section
A-VI/3.

International Convention for the Safety of Life at
Sea(SOLAS) Ch.II-2/Reg.5.2, Reg.7.2, Reg.10.7.3,
Reg.20.6.1.

Kim HS, Lee SH, Kim TD and Choi AY(2022),
Experimental Study on Fire Characteristics of
Adjacent Electric Vehicles, Journal of the Korea
Academia-Industrial  cooperation  Society = 23(4),
343~350.
http://dx.doi.org/10.5762/K AIS.2022.23.4.343

Kim DB and Kim HY(2018), A Perspective on the
Ship Fire Accident Caused by Automobile Fire,
Journal of Korean Maritime Police Science 8(4),
65~77.
https://doi.org/10.30887/LKMPS.2018.8.4.065

Korea Maritime Safety Tribunal(2020), Marine
accident special investigation report, Fire accident

- 1021 -



on the car carrier Auto Banner.

Lim OK, Kang SW, Kwon MJ and Choi JY(2021),
Full-scale Fire Suppression Tests to Analyze the
Effectiveness of Existing Lithium-ion Battery Fire
Response Procedures for Electric Vehicle Fires,
Fire Science and Engineering 35(6), 21~29.
http://dx.doi.org/10.7731/KIFSE.8172e9b4

Lee BJ, Choi GJ, LEE SH and Jeong YM(2017). A
Study on Explosion and Fire Risk of Lithium-lon
and Lithium-Polymer Battery, Journal of Korean
Institute of Communication and Information Science
42(04), 855~861.
http://dx.doi.org/10.7840/kics.2017.42.855

MSC.1/Circ.1275(2008),  Unified Interpretation of
SOLAS Ch. II-2 on the Number and Arrangement
of Portable Fire Extinguishers on Board Ships.

MSC.1/Circ.1353(2010), Revised Guideline For the
Preparation of the Cargo Securing manual.

MSC.1/Circ.1472(2014), Guidelines for the Design,
Performance, Testing and Approval of Mobile
Water Monitors used for the Protection of On -
Deck Cargo areas of Ships Designed and
Constructed to Carry Five or More Tiers of
Containers On or Above the Weather Deck.

Park MW and Choi DM(2021), Experimental Study
on Prevention of Thermal Runaway Propagation in
Pouch-type Lithium-ion Batteries, Fire Science and
Engineering 35(6), 30~36.

2
10
x

k>

o

o

N

=

https://doi.org/10.773 1/KIFSE.6487b16b

S Yuan, C. Chang, S. Yan, P. Zhou, X. Qian, M. Yuan
and K. Liu(2021), A review of fire-extinguishing
agent on suppressing lithium-ion batteries fire
Journal of Energy Chemistry 62, 262~280.
https://doi.org/10.1016/j.jechem

TESLA(2022), Industrial Lithium-lon Battery Emergency
Response Guide for Tesla Industrial Energy
Products including Mega pack and Power pack.

UK Maritime Coastguard Agency(2021), Electric Vehicle
on board Passenger RO-RO Ferries, Marine
Guidance Note MGN 653(M).

Woo JS and So SH(2020), Analysis of Discharge
Characteristics and Fire Risk of Mobile Phone
Batteries according to the Concentration of Salt
Water, Fire Science and Engineering 34(1), 66~71.
http://dx.doi.org/10.7731/KIFSE.2020.1.066

Yun HS, Nam DG and Hwang CH(2017), A
Numerical Study on the Effect of Volume Change
in a Closed Compartment on Maximum Heat
Release Rate, Fire Science and Engineering. 31(5),
19~27.
https://doi.org/10.7731/KIFSE.2017.31.5.019

® Received : 27 September, 2023
e Revised : 31 October, 2023
® Accepted : 06 November, 2023

- 1022 -



	전기차 해상운송량 증가에 따른 PCTC RO-RO 구역 전기차 배터리 화재 대응을 위한 연구
	Abstract
	Ⅰ. 서론
	Ⅱ. 연구 방법
	Ⅲ. 연구 결과
	Ⅳ. 결론
	References


