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Comparative Study on Glass Destruction Patterns under Thermal,

Impact, and Combined Conditions

Ji-Hea Seof, Won-Jong Lee, Jin-Mu Lee, Jung-hyun Yoo
Northern Wide Area Fire Investigation Team 1, Gangwon Fire Headquaters

ABSTRACT

Glass at fire scenes often breaks due to thermal stress or mechanical impact, and in many cases, both
factors act simultaneously—such as heat combined with extinguishing water or physical force. Interpreting
glass breakage based on a single cause is often inadequate. This study investigates the fracture behavior
of different glass types—including float glass, laminated glass, and wired glass—under various conditions
(heat, impact, heat + water, heat + impact). The goal is to identify distinct fracture patterns and improve
the accuracy of fire scene analysis, particularly in determining the origin and cause of fires.

Keywords : Glass, Float glass, Laminated glass, Wired glass, Heat. Impact, Heat-Impact
Combination
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Table 1. Types of Glasses

Category Float Glass Laminated Glass Wired Glass
. Two glass layers bonded | Glass with embedded wire
Structure Single glass pane A
with film mesh
Mechanical Low Similar to float glass Low
Strength
Thermal
Shock Low Medium Low
Resistance
Safety Low Very high Moderate
Behavior in | Easily breaks under high | Film may degrade, but |Glass cracks: wire exposed
Fire heat fragments are retained under heat
Security Low High Low
Common Windows, interiors, Car windshields, Schools, factories,
L burglar-proof or X .
Applications low-cost structures fire-rated openings

soundproof glazing
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Table 2. Glass Failure Mechanism

OVERVIEW OF GLASS FAILURE MECHANISM

GLASS
|
! +
THERMAL IMPACT
FAILURE FAILURE
! :
RAPID EXTERNAL
TEMPERATURE MECHANICAL
CHANGE IMPACT
+ I
INTERMNAL STRESS
THERMAL COMCENTRATION
STRESS = CRACK INITIATION
3 I
CRACK GROWTH CRACK PROPAGATION
AND FRACTURE AND BREAKAGE

I ' l
FAILURE UNDER COMBINED THERMAL
AND IMPACT OR THERMAL AND
EXTINGUISHING WATER CONDITIIONS
4

PRE-WEAKENING BY THERMAL STRESS
— RAPID FAILURE BY IMPACT
!

IRREGULAR FAILURE PATTERNS DUE TO
COMBINED STRESS
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Table 3. Prior Studies

No. Title Written Summary

Distinguish the causes of broken glass
A Study on the from doors or windows when it is found
1 Identification of the Cause| Yong Soo Mun, | beiong originally kept amont the remains
According to the Broken | Ha Sung Kong | on the floor in fire site-through test and
Plane Types of Glass the properties of the vroken plane
including the pattern on the plane.

Distinguished through the characteristics
such as damage caused by water heat
waves, such as destruction and destruction
patterns

A Study on the Shape of
2 Glass Damage due to Hong Ji Ho
Flames and Destruction

Based on the comparison of thermal and
mechanical properties of pane and
3 Research on Identification| Song Ji-Hun | tempered glass, the destruction by hitting,
of Glass Breaking Pattern et al. the destruction by hydrothermal, and the
destruction by waterproofing after a certain
hydrothermal are compared and analyzed.
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Fig. 10 Impact Test on Float Glass
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(g) Broken Shape (h) Edge of Glass (i) Ripple Mark.

Fig. 12 Combined Heat and Impact Test on Float Glass
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(j) Broken Shape (k) Edge of Glass () Ripple Mark.

Fig. 13 Combined Heat and Water-Cooling Test on Float Glass
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Fig. 14 Impact Test on General Glass Laminated Glass
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(d) Broken Shape (e) Center of Glass (f) Edge of Glass

Fig. 15 Heat Test on Laminated Glass
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(g) Broken Shape (h) Center of Glass (i) Center of Glass

Fig. 16 Combined Heat and Impact Test on Laminated Glass.
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Fig. 17 Combined Heat and Water-Cooling Test on Laminated Glass
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(a) Broken Shape (b) Center of Glass (c) Center of Glass

Fig. 18 Impact Test on Wired Glass
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(d) Broken Shape (e) Center of Glass (f) Edge of Glass

Fig. 19 Heat Test on Wired Glass
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Fig. 20 Combined Heat and Impact Test on Wired Glass
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Fig. 21 Combined Heat and Water-Cooling Test on Wired Glass
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A Study on the Determination of Fire Origin Based on Ventilation

Conditions in Buildings

Jae-Uk LeeT, Young-Bo sim, Geon-Uo Jang, Sang-Min sin, Seung-Ju Lee
Northern Wide Area Fire Investigation Team 2, Gangwon Fire Headquaters

ABSTRACT

Openings in buildings, as an essential component of human shelter, play a crucial role in daily
life by enabling ventilation and access. The diversity in the types, locations, and sizes of these
openings leads to varying ventilation conditions, which can significantly influence fire behavior.
Consequently, no two fire scenarios are identical. In fire investigations, accurately determining the
point of origin is a critical element. However, complex ventilation patterns created by different
openings can obscure or mislead origin analysis. This study aims to analyze combustion
characteristics under various ventilation conditions caused by building openings. The ultimate goal is
to provide scientific data that can assist investigators in accurately identifying the point of fire
origin, thereby enhancing the reliability of fire cause determinations.

Keywords : Openings in buildings, Ventilation condition, The Point of fire origin
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oo & ddo] AMgE F8 FHl= th Table 13 &t

Table 1. Experiment Equipment

Purpose of use

Specifications

4K Ultra HD quality
25mm wide-angle
lens
Optical 24-fold zoom

Video recording

32.5MP image sensorr

10-22mm zoom lens Taking pictures

Accurately monitor
heat stress index,
temp, humidity, wind

speed and more

Wind speed
measurement

Division Picture Model name
Video HC-VXF]
Camera
DSLR Canon EOS
Camera 90D
. Kestrel
Anemometer 5500FW
PAES
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Fig. 20 Fire Reproduction Test 2.
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Fig. 21 Fire Reproduction Test 3.

41 A& -zt o

HE Gt 7lge HAS vl ¥ 9AS 91, BE EAS 4Y dezos UWs
= Wohd o] heigel WEE ANste

5% 5 108 A3 A8l D8 kL el s e, WO A% % Ae ofE 54

2 A¥L AWl C 399 20cmx40cm 3719 EUE 17i9RS PR E ZH= X&) Fig
229] ()2} o] H¥kE]l A4 Fi= IAYsHA] Attt

Aa HS AuE 23 Fig. 229 (b)ollA ERIx=o] AHA)oA F2 AarF AF=HUALS
o, AR 3R FEAB)H D FHez] A4 Fi= Fig 229 (0 B (DollFet 2ol Ay
A g¥sket. WeM(B)oflA= ZiFERe] o3t ¥7] 2 HTh= viY W wEt A4t SiEe Y

ojZ|dt AAE TR RAT AW}, HY AEE A5k 24 A2 Ho=r FE] QI3
Q)71¢} Boh= = Aol C FHo YAIeE 20em x40cm?] EYUE 17140 Ealsto] dst
AA)olA AR BHo] BF A 9 o ® M7 9J3F FERL 7] FAo] FAEHA 3t A
o7 woEd & HY FRE 9 fYEHe 37Ie AlHeE AE do =E3iow, old
o} A Rl Akavt BESAEA A AdtEo] A4 gzt dojuA] g2 AoR HAEAS
o Stk

AZE0| 37| R0 M2 WUSIKE T 25 3« 37



SO25L 1N MR 2515 M

(c) Bxperiment 1 — Compartment Room (B). (d) Experiment 1 — Zone (D).

Fig. 22 Fire Reproduction Test 1 - Results.
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A Study on the Combustion Characteristics of Sandwich Panel
Building Fire

Seoung-Min KimT, Cheon-Yong Choi, Eun-Gwan Lee, Sang-Hyeob Lee
Northern Wide Area Fire Investigation Team 3, Gangwon Fire Headquaters

ABSTRACT

Sandwich panels are widely used in logistics warehouses, factories, and refrigeration warehouses due
to their insulation, ease of construction, and reusable properties, but the insulation inside the iron
plate is vulnerable to flames and quickly reaches flashover in case of fire. As a result, it has already
reached its peak before the fire brigade arrives, making it difficult to investigate the fire and
extinguish the fire, and there is a limit to determining the ignition point due to severe damage to the
remaining structure, and there is also a lack of scientific investigation techniques for sandwich panel
fires. Therefore, this study aims to provide basic data that can be used to determine the ignition
point by analyzing the combustion characteristics and patterns in the event of a sandwich panel fire.

Key words : Sandwich panels, Insulation, Iron plates, Patterns
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Fig. 6 Roof and a second
floor.
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Table 2. Equipment used in the experiment

Division Picture Model Name Specifications

Non flame retardant 1mx2m/50T
EPS panel Imx1m/50T

Sandwich
panels

Video Camera 4K Ultra HD Quality 25mm

Set HC-VXFL wide-angle lens
Thermal
Imaging FLIR T420 -20C to 1,200C 'Ternperature
camera Detection
Infrared
thermal o Measurement temperature
imaging Hikmicro BIO range : -20~550C
camera

4.2 4B F

4.2.1 of¥] A
£AH AP BYS A] Ao ASAAHD W SRS SPAEAR 3027 1D 1
Qe AEA ASS BT H Y 29 2 AumolA] B Bgo] Hlsiglon] SN Q)



M =2 A

RAEAS o] T Fol Aol WFEW WAL S8Hel o] tdge] gt Het
93 3719) 2T o|FolAx] got ik Srfrt ool gpgton] el A5} HL.

Fig. 9 Sandwich panel Ignition point. Fig. 10 Inside the sandwich panel.
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Fig. 12 Ignition point A. Fig. 13 Ignition point B.
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Fig. 28 Results of point A of the first experiment.
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(a) An internal steel plate. (b) Interior material. () An external steel plate.

Fig. 29 Results of point B of the first experiment.
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(a) An internal steel plate. (b) Interior material. () An external steel plate.

Fig. 30 Results of point A of the first experiment.
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(a) An internal steel plate. (b) Interior material. () An external steel plate.

Fig. 31 Results of point B of the first experiment.

FHom BAeEE ASAHS Ae oje] FHolA WsHHoR 01T vt da o]

Art. sHANF Hm jEel oF 2 Aol ElsldEE nudRd WA ES WAsH=T|

A4 AR FYo &8 7hsst =Tt 26t ST 5004 AlRtE ] HE wigFo =

7t gk S o] IolA S MR AR WIATE WA gSkEon =7 s3]

Y5 WgA7E &850 shie Seels o] TEEI

o= ol 8= 93 oA Aart oA BhE JHsAE Hlon Hut o]
arsiA| o] e RREct o 3t 5] s,

i

re

¥0, >
B 9 &

=

Fli‘ NG

R

A3 ARelAE FHT B2 Yg Ewlo] ASYST WAlo] BATIOH SHoAL Wt X

Ho= 991d & It thpe] Aa Exo] ApEsgeh
U] AL G A AR A0l Sagiont WIAS A ez 850
Rz Tefell SAO) Sge BEdh] 4% Pgon divt APHIt. AR At 99



MR o2

AR FerEIglont Hukah Mk Alo] Ui F7lo] dot 9| HHAE AgHow At

shRolA ARE kel opfo] Uehith & = 3

o7 Q4 EAo] wulsiAt AlEA] gigkon] ol Fxo] AT Qla THo] gYSolE BT
_1?_

M4 ORE gid EAo] BT Boldo] Ugle.

o =5 BRI FaH R ARt EEo] AEEHI.

o
=)
B
B
mﬂ‘.
'
R
o
o
i
£
=
T

>

(a) The front. (b) The rear side.

e In‘sr;:l steel (f) Interior material. (g) Interior material. (h) Interior material.

(i) Roof steel plate. () Interior materialt. (k) Signs of melting. b Hi;rijmage

Fig. 32 The results of the third experiment.
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Fig. 33 Results of the fourth experiment.
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Fig. 34 Roof-related results of the fourth experiment.
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Study on the fire hazard of dust generated in the casting process

Nam Yoon KimT, Jun Ho Lee, Hu Kyun Kim, Hyun Seon Yu
Central Wide Area Fire Investigation Team 1, Gangwon Fire Headquaters

ABSTRACT

In modern industrial society, the casting process is one of the various and widely used methods.
During the work process, various types of dust are produced until the molten metal is melted and
the desired shape is produced. This dust can be harmful to the health of workers, and it can also
pose a fire risk due to the high temperature of the work process. In this paper, we will analyze
the components of the dust generated during the work process and explain the process through
which it leads to a fire, and furthermore, we will analyze the combustion pattern at the fire scene
to contribute to fire investigation techniques.

Keywords : casting process, dust, combustion pattern

1 M 2

iy

1.1 25%9| HHE
HES =o] Ysle RS TkEo] Y Fx FAHL A ABloA teksH AMREE 34 &
1,400C7H] 27} AFsslal ZAo] APP4b=E o

shtolct. gaf2olA &8 H HE2 A1
s

£ gof A Ao 39 v 1) Aol wek 3y Folerieret wlo] v
Asjed] olAES BYS] ) WA At 4B siEE B 1.ee) Y exd o
o isiAg du 230 10 ex me A Ve Y 3 Foz o

Eqi E} -
3 S 0 6} shcul, o] 5o 2] wet herst Felo SR WA o] =
A ol delo] wel o] B 2 S, TR WA A Ao o

A Aste] A 4] 71de] letskat g

i)
<t
A|m
2,
mln
rlr

1) E-mail:musthappy@korea.kr

64 - TOIBITEA 18



1.2 =LH 20 ARl & ZRIEEIKIE FA 20 OOHAE 2

1.2.1 =2 s AH

U 34 AlE Foht A7 gt 939 st AAET, S Yelort A BE
o], Av| E5 3 WA, FA7] 5ol AR 7P w2 AIE AR|ol= A= HHv|et &
AL B0 et

2 4 B 120 AQE0l 25T, F4 F PAek: B % WA So] ws

"ot o71M 20 Sk= ek o] VAl =Y sz ddHA Hedl, AAdRe gelgle

R 5ol ¥l S Bae

- LRYTE

(H27} 2] 1) 2350 AMIX] 200 ele

222t 3R MR BatiTiClass D Firel) TS B} OEE ICH F9R
=27} wOITIE 22 2 Y TSiL OE AR 2 0jojX|X)

2017 11, 24

ZChatb oICH ZIZIdH| Elﬂ--- xﬁu& HER| 224

= BOASMMY LEEE A2 SEI0 ) oD N Y
& 47) #id) S5 7)#E0[2 YO E?‘E HECL ZIL 21 @F Mt
ASEOME 2B Lf BT & ZTSE BFE0M TT7) T BEHY ..

L

SU OGN M2 2% S WX W Ue DN Hel Fol

[MOZE[E S0 ] A 18 228 27194 4 ? = =dA A SE AR A
ECMoM BT UR JEE 2N F 8 [T

:.:'E e |

N uye=

ELEI2] et AparAb g SIH| B X7 $o] S5 2 tE a2k

FeHEs oy B-F2 (MENT 2S-SR NZY TR T2 8
AR I D ey e 7 X R

5¢ M

Fig. 1 Domestic fire case, 2017~2025

T SN Lidots 2L1O| S Pty E - 65



cLlSE S

1.2.2 OO2H" 3 A

Jh 2022, 12. A(2) SF ZEI O3 BHTH

g BAR: AFEA Beola Bl $ES vt sliolc sh) FLe Shot blast 714l 2
4% 99 B0 508 4D, S B BUE B RS T T e A4S 9
A A v Augr AL BHALT, A7) 59 W5 A B = Aeold KU 29
Rsge §4 el Qi Agolsich FY Wiols AAHOR g Al WS 2]
= *goqwz, 4 9 —’F%QEE Ry 1 e S5t %} 23 AF A hReld @

Fig. 2 A place of Fire Fig. 3 Ignition source(welder)

Lt 2024. 3. 21.(=) ZZE0H Olst BHTH

%2 3799 BHES 2lolo] MER olHolof sht, Zlolo] WE WFOR B4 AHeIH 3
5o ol Hgir). shel B HE LEE o 1400 AFIH), of Je] 2Eo] wolA
BIA] Zo] WSl Fue] 9l 1 29 okl AES] F=o] HomA W Shel.

Fig. 4 A place of Fire Fig. 5 Stacked injection molding



MZE | BRA

2 o=x oz )

2.1 == S39| OloH

== 58

F% 5%(casting process)Z F&olU HlgE ARE 54 FF(mold)oll #= H, SILAIA
Yt BAR AFOIU FEe UEs AR WHolH. ofF 2E Ax ¥4 F spuelAw, o
g = AR Y gt Alm ARl 7RssH, i AdkE 2 4 vk Aol Sl shAE
T T ke 5, 718, 20 24 59 Aol T sl A, V1Al 7R Hiv] A

g7} 3o mHoln, 20| Aj7to] 4AQ¥ k= thdo] 9l

2.2 OOMAE! ZJAL
PIRESEN

FUEAAA T Pz Bukzek 80 (HHAlE] 5-45)

Lt LI
AEA) vaol. W AEL A (Beol2 Aely, WSaolE 5)

2.2.1 A9 34

Fig. 6 Casting work process

T SN Lidols 2L1O| S Pty S - 67



b =2 KHE M0I=
F2& HHE e Afshe & 299 Ada

Lk DI
F=AF A Hol= oM e Eeofl MIEUC]E(Bentonite), HE(Seacoal), AAl H7HA,

2 5 4o Fgo] 8T BY A A%

Ch &2 ATE

A7 AgE EF AfIA EeEelY oledE A, ale mHRt AE

ch X8|
2 2390 AREE EREC] AAE E7F AR ol8ste] FREEE a5l FUEe

i
o
=)
ey

ol

=
e

S
g
SolE 552 237114 A F00 Fa@3hd 559 &&= <F 1,3000)

Ht. =2=015 20, =& 22
SalE S50l FYo UL, AHolE S5 EE2TR olEdtt] Eg Atle HHEAE

2L+ oF 1400)

Ak Shot blast
TAE BHY| dopl= FRY, ARl 52 AASIA &0 R IHste JHEE Vst
o] Shot Ball(+% S4YADE EAbete] EHE 7iESHA Aok 2

O HiZ 0I5 ZiHI0I01
Shot blastoll4 g2l AEFES F ol&ste AHoRI(HF AF2] 2=+ °F 80C)

2.2.2 Shot blast

w
j=
Q
o
73
rr
w
j
=4
o,
K0
kt
o
F{'F
il
1B
e}
=
=
ot
5
i)
=)
)
i
of
=c‘>l:
=
s
12
[\)

S 94 ,0003]9] 1< 3
HoF FAbelal, EAME Shot2 HH QoA E=E FA4EY] #HI FESI] #HE 7ARSH]
npResks Fyoltt. ol ¥ 7RgoZ Qls| Exlo
=3 #H7|Hc}

n_lU.‘.
0%
ol
F{IF
jin)
9,
pack
flo
i)
)
e
I
et
oft
:?l:
H
ji2a)

68 * g

18
fol

AL 1E
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Table 1. MIE safety standards

Mllimrj)nge Sensitivity Danger Management level
(1m] very high Extremely danger Ignition possible with static electricity
1-3 mJ very high very danger Flammable gas level
3-30 mJ high danger static electricity or Mechanical friction
30-100 mJ middle Needs attention Coal, plastic dust level
100-1000 m] low low stability Strong ignition source
> 1000 mJ very low very stability Ignition difficulty
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Fig. 22 Shot blast input Fig. 23 Temperature measure
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Table 3. MIE of additive

Ingredient Minimum ignition energy Note

Bentonite =3,000m]J Non-flammable
Seacoal 30~60m]J High flammable

Paraffin oil =1,000m]J Low flammable
Naphtha 0.2~0.3mJ High flammable
phenol 13mJ Middle flammable

pitch =1,000m]J Low flammable, highviscosity

mineral oil =300m]J Low flammable stable

toluene 0.2~1.0mJ High flammable
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A Study on the Fire Risk of Electric Auxiliary Heater(PTC) of Vehicle

(Based on the Cu20 Growth due to poor Connector contact)

Jae-hyok KimT, Min-seop Kim, Ju-ri Han, Dae-woo Lee, Seong-gwang Choi
Gangwon Fire HeadQuarters wide-area fire investigation in the central region

ABSTRACT

This study was conducted to secure a more specific and objective basis for the cause and
possibility of ignition for a fire that occurred at the connector terminal connected to the electric
auxiliary heater (PTC) of the vehicle during operation. After constructing a DC circuit test set that
can apply a 12V voltage to an electric auxiliary heater (PTC) with the same structure as the
vehicle fire in the tube, the possibility of fire and changes in temperature, voltage, and resistance
were measured due to the growth of Cu2O at the connector contact terminal. As a result of the
experiment, a fire occurred at the connector connection terminal that induced contact failure due to
local heat generation of 200°C to 500°C or higher. A sample of the ignition site was collected and
component analysis through a multimedia image microscope could be performed to confirm the
growth of Cu20. The results of this experiment were provided to the Korea Transportation Safety
Authority's Automobile Safety Research Institute, and based on these results, a technical analysis
will be conducted to determine whether the connector terminal is defective. In addition, this
research paper presents a fire investigation(detection) algorithm to determine the cause of the
vehicle's electric auxiliary heater (PTC) fire, ultimately contributing to the front-line fire investigator
in the field to determine the cause of the ignition.

Keywords : Electric auxiliary heater(PTC), Cu20, Multimedia image microscope, Algorithm

1) E-mail : kotarair@korea.kr

82 - A 28



1 N =2 )

1.1 Q7HHE & =X

FEWSHE Az skl =Wl AsAt 55 = wid S7iete] 20249 T 71 2,630%HH
2 29 2% F 190] HRT FrE A 8 Ao yskA #dA=e] ok E3h 3
WZE A=t ZF A= 202249 4,6677, 20239 4,7257, 20249 4,83174°02 wid F7IEA0l
Atk (Fig. 1)L F7IBIAHEAIARIONA W2 20209 7E] 20247H4] Aol HAyet Ua) o
A 71713 89l 9zt s I @S vEhd 1gzolch

1dk]
by

]
w
B e
I-"" ------ "N A W N 20 30 E WP NN B

Fig. 1 Number of fires caused by vehicle ignition related devices(Total 7,545 cases)[1]
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a.. PTC body heating element b. PTC connector c. PTC & connector(X-ray)

Fig. 3 Electric Auxiliary Heater(Ptc) structure
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3.1.2 @ A4 9 3 Al 2
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a. combustion phenomenon

b. connector connection
terminal

c. red color crystal

Fig. 4 Fire Case 1
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b. connection terminal wiring b. Identifying Arc Traces

Fig. 5 Fire Case 2
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a. ignition point situation b. PTC carbonization situation  c. red color determination

Fig. 6 Fire Case 3
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4.1.2. AgAH]
B AFo)A ALgSH A% AE 9 7| AH|= (Table 1), A8 NE ABE 2 FQ AH|=

(Fig. 7)ol UeRAH.

Table 1. Experimental set and recording equipment

4 8 M E N BEY T

1. PTC ol¥ 28AYE @& 23 1. JlolE|24(GRAPHTEC midi LOOGER GL240)
2. WA A7) 24 2. EerHo] g4 Fr7(EA-300)

3. FBRuA 27 3. X-ray(tvx-imt300CT-L)

4. A=Fg wiEE 24 4. @3 FHe

5. @AY(K type Thermocouple) 5. A g 7Hd2}

6. 2%4 6. Hlge 7hd et

7. BEFHE 437D 7. GEH AEY]

8. kEtY 2 =A14(-200C~1260T) 8. LEE

e

2) circuit breaker
3) fusebox V"

a. Electric Auxiliary Heater (PTC) Experimental Set(PTC 4pin, 5pin)

b. Multimedia Imaging Microscopy(EA-300) c. X-ray(tvx-imt300CT-L)

Fig. 7 Experimental Set and Analytical Equipment
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AR, A=F Aot fAke 129 dH FZHFR 3m, A& 4m, &°] 2m)ol A HiEE
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T3l PTC 3|8 Zeo] w2 wigz] Aot Zoks Bl 5] ¥l wiels] 3737] 20AS
dx|ste] W] tiulete] A& o FHgHY.

=4, @AHO<TS<20000)%] 2= &4 A= 7 FF(FA, A4 H& &}, PIC sl &
Aol AT T AIZF Ao W 2% HIKPTC 3E|(5H) EAA:ch 1, AYE(GH)ch 2, A
HHGH):ch 3, PTC slE(4d) TdA:ch 4, AYE@H):ch 5, ALH(4H):ch 6. AW 2%Z:ch
7) 2 HEHARYZ A D A7 #HlE ST B AR (Fig. 8)°fl YR

A, 12048 &<t PTC slElo] AeE sa0te] AE. 13 NE. 29] 4H[AY Zjolof] o5t &

T, A%, Ak AR zolE Wl ofilsts 4 WA RS gRlgith

-

c. Temperature change
measurement

a. Configuring the PTC circuit b. Multi-tester measurement

Fig. 8 Measurement of temperature, resistance, and current value changes in a normal circuit
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(600W) HEA 2% He 102.8C~121.4T, AYH TA] 2& 9] 38.4C~65.4T, AYA
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Table 2. Set. 1 and set. 2 Temperature change measurements for time by measurement part

T Set. 1 Set. 2 Alies
(min) L1 F{HIEN M X2 7{4IE{2 M2 (ch 7)
(ch 1) (ch 2) (ch 3) (ch 4) (ch 5) (ch 6)

0 27.5 28.3 29.1 26.7 27.3 26.2 25.7
5 119.8 57.8 34.4 112.7 38.4 30.9 25.1
10 130.2 68.3 37.5 102.8 48.6 33.6 259
15 130.6 72.5 41.2 102.9 54.3 34.1 25.8
20 131.7 75.1 40.7 120.9 56.4 36.6 27.2
25 129.1 77.7 41.4 120.7 64.2 38.2 26.5
30 128.6 78.4 42.1 121.4 65.4 40.5 26.5
35 126.6 78.4 42.6 119.4 63.1 42.8 24.4
40 130.4 79.5 46.5 115.2 65.4 44.3 28.2

. P i - -
_—— e e m—

Fig. 9 Set 1 and Set 2 A graph of temperature change over time by measurement part
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ol
SRAIRE A oA] A==

i
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gy
mebd, B AgAA ueht dojelg Qi
14.6V)ellA g3t A77t A S50 &
(PTC) AYE Tx1e] Ebd HE0= QIgh opiIsks A4, S41 IgollA
a7k ot 7RsAol Slrt:
Table 3. Resistance, voltage, and current measurements over time in Set. 1 and Set. 2
T Set. 1 Set. 2
AlIZKmin) M2HQ) HA(V) HF(A) Q) HE(V) HF(A)
0 0.64 13.40 20.80 0.62 13.17 21.25
0.85 12.45 14.58 0.83 12.42 14.92
10 1.00 12.52 12.44 0.97 12.48 12.84
15 1.40 12.66 9.02 1.30 12.54 9.65
20 1.56 12.72 8.18 1.43 12.66 8.84
25 1.80 12.84 7.15 1.66 12.72 7.68
30 1.85 12.86 6.96 1.82 12.81 7.04
35 1.94 12.88 6.65 1.84 12.83 6.98
40 1.98 12.92 6.53 1.91 12.89 6.74
714 Hx SIEHPTC) BEAE ARte]l Agss 257 A5l ueh Ade dsds &
& 9I9lon] o] Qlgh MR TAs] 4vHo] Wobd L7} WolAl: @O 40R F3}
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o % glglom AL YA KA W AFE 325 FATL AT 5 Uik
4.2.3. A9 23 BA
aHldEo] B2 AE. 19 HATLEs} AE. 29 AL Rt Bepd fg 10C~14.1C %7
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Aol Wol &k Afol7} AR Aoz Helth
oA, & AdolA uehd HlolHE dubAog Algo] AX AR W] AU(14.4V~
14.6V)ellA At A77E 25 355 Il AT 2 A Tske s 3 =94 H
240 ofat wet 154 o
X T7IA BA SE(PTC)S) 3t ity ¢t - 93
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4.3, NRES(EE E2F Q0 [IE RIS 34 & 29} &)

4.3.1. Ay

A, PTC sle] 750W2] A4S} A== F& 99 HE B8 #e(@s 79 4= &
F+A A 1007 F 5071, A A 5071 F 257FEE A2 E Fe A8 iR A
5(8,000rpm) TAY)ste] AF otz 9 HJEAY Il ot =7 IS [EsH| {8 Al
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a. Induction of contact terminal vibration b. Connector Incomplete Contact Induction

Fig. 10 Induction of incomplete contact for hydroxylation proliferation
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Table 4. Measurement of temperature change over time

oM 7R E8HE X9 2= (Table 4>, (Fig. 11), <Fig. 12> Yehf

Time Temp1 Temp2 Temp3 Temp4 Tempb Temp6 Temp7
(min) (ch. 1) (ch. 2) (ch. 3) (ch. 4) (ch.5) (ch. 6) (ch.7)
0 25.8 25.1 24.6 25.1 25.2 25.2 23.6
30 114.5 66.2 33.4 111.2 45.3 31.9 24.1
60 116.6 79.6 31.6 107.5 47.6 34.8 25.6
90 121 109.9 32 109.9 55.6 35.2 25.6
120 121.7 128.9 32.4 106.6 55.6 35.2 24.7
150 106.9 201.4 31.3 106.7 40.8 34.1 25
180 105.8 520.8 29.5 105.8 33.6 32.1 25.6

——

(NERRN RAL)

142.9TC

222.1T

CRLN ERNE

520.8C(the highest temperature)

Fig. 12 Measurement of temperature change at ptc connector connection terminal
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a. Fire from connector b. red color determination c. The growth of Cu:0

Fig. 13 Identification of suboxidation by induction of defective contact at connector terminals

Fig. 14 Measurement of resistance with increasing temperature(108 Q2 Pp22.4Q P4.4Q)
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o] RIIZ ¥ AF/L T fUslel WA Tl H3, A BT AANE FAT 5 9
9ick

96 - S BOEA 28



44 NIBEEHEE =3t 22 BRIl ORIRiS d224)

|

4.4.1. A

A, AE. 19 A28 B2 SEETOY AYE F4 wao] st AUAE2EE 34
5 olAlsks AB(IR)S FHIdh
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Jh TI21 ASHR(ORIBIS)0) FIE Hafgt Hat 2
14 Bx SECETO 4 A AYE 9Ael &5 AYS YT AP F2(23.60)
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5 34 HollA 125.509] AgFgte] T
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a. Pre-experimental connector resistance b.Connectors resistance after
0.89) experiment(125.5Q)
Fig. 15 Measurement of change in resistance value of connector terminal contact
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a. Observation of Cu:0 breeding b. Component Analysis

Fig. 16 Observation of the surface of the plot[9]

Ch. ZEIOICIO S& SH0IB(EA-300)9] 20K R Sil E2EE &30t 8224

A% 23 No. 1, 30014 AT o2l Atk AgEo] A&l W74 aRlof 2’ opitslse] A
3, A Aoz #EEY 24 20E (Fig. 17)°] Yt

NO Presumed material Cu 0

1 Copper oxide 73.5% 26.5%
2 Copper 100.0% 100.0%
3 Copper oxide 72.1% 27.9%

Fig. 17 Cuz O Component Analysis(EA-300 : x300)
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Table 4. Summary of Experimental Results
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Fig. 18 Fire Investigation Algorithm(In case of electric auxiliary heater fire of vehicle)
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1. Copper(l) oxide samples were analyzed with EA-300 by the National Fire Research
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Study on the ignition potential of latex products by radiant heat

energy in an environment where heat accumulation is possible

Seung Hun HamT, Jae Seob Han, Sang Man Kim, Chan Jin Kim, So Ra Park
(Gangwon State Fire Headquaters Central Region Fire Investigation)

ABSTRACT

This study experimentally compares the heat accumulation behavior and fire risk characteristics of
natural latex and polyurethane (PU) foams under long-term radiant heat exposure. Specimens of 5
cm and 10cm thickness were exposed to a 1000 W electric heat source, and their internal
temperatures were recorded every 10 seconds for up to 500 minutes. The PU S5Scm specimen
showed a rapid temperature increase, exceeding 75°C within 120 minutes and reaching a peak of
approximately 77 °C. In contrast, the Latex 5cm specimen exhibited a slower but more sustained
temperature rise, peaking at 63 °C around 200 minutes. The 10cm latex specimen showed even
more delayed heating, with temperature rising continuously over 250 minutes. Despite its slower
surface response, natural latex retained heat for a longer period and demonstrated extended internal
thermal storage. These findings highlight a critical distinction in fire behavior : while PU foam is
more prone to early ignition due to its rapid temperature rise, natural latex may pose a greater risk
of delayed ignition in thermally insulated or poorly ventilated environments due to long-term
internal heat accumulation. The study emphasizes the need for fire investigations to consider not
only surface temperature changes but also latent heat buildup inside porous foam materials.

Key words : (D latex (@ Radiant Heat 3 Heat Accumulation @ Fire Hazard

1) E-mail : hamxx@korea.kr
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Fig 7. Characteristics of Latex Materials
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3.2 ECILAE Z(Polyurethane foam) 41| E4

POLYURETHANE

Physical Properties. Chemical Propesties
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Fig 8. Polyurethane foam internal structure Fig 9. Properties of polyurethane materials
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Fig 18. Polyurethane Foam Reproduction Fig 19. Electric stove and polyurethane foam
Experiment Set mattress
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A study on the Combustion Characteristics by Charcoal briquet

Bo Hyeon Kof , Dong Hwan Kim , Eun Seo Park , Joo Yeol An , Seong Je Eo
Eastern Wide Area Fire Investigation Team 1, Gangwon State Fire Headquaters

ABSTRACT

Charcoal briquet have similar combustion characteristics to wooden buildings. However, they have
characteristics such as lower maximum temperature and longer combustion time compared to
wooden buildings. Additionally, Charcoal briquet have no flames in the early stages of combustion
because they are non-chlorinated. Charcoal briquet vary greatly in their maximum temperature and
combustion speed depending on their surroundings.

Key Words : Charcoal briquet, Lower maximum temperature, No flames, Combustion characteristics,
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Table 1. Experimental results(Environment)
First experiment Second experiment
Sortation Center of the iz Edge of the
the upper Center Edge
lower surface lower surface
surface
Highest temperature(C) 740 804.4 740.4 668.6 651.7
Time of arrival(S) 955 1,962 1,979 1,341 2,450
Table 2. Experimental results(Humidity)
Third experiment
Sortation
Center Edge
Highest Spray 523.5 639.8
temperature(C) Rain 563.6 692.6
Time of Spray 901 2,243
arrival(S) Rain 2,802 3,702
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Table 3. Theoretical comparison

Sortation Wooden buildingd) Charcoal briquet
Highest temperature(C) 1,100~1,300 500~800
Combustion duration Time(M) 30 120
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A Study on the Ignition Possibility According to the Environmental
Conditions at the Point of Origin in Electrical Leakage

Ju-Hyeok KimT, Tae-Young Kang, Seong-Jac Hwang, Kyu-ho Kim, Jung-Nyun Kim
Gangwon State Fire Headquarters wide-area fire investigation in the eastern region Team 2

ABSTRACT

The utilization of electricity, which enhances the convenience of daily life and significantly
contributes to scientific and economic advancement, continues to increase. However, improper
handling or misuse of high-risk electrical systems can lead to serious incidents such as electric
shocks and electrical fires. Among the primary causes of such incidents, electrical leakage has been
identified as a critical risk factor. Fires resulting from leakage can originate at any point along the
path between the leakage point and the grounding terminal.

This study aims to experimentally investigate how environmental conditions surrounding potential
ignition points influence the likelihood and characteristics of ignition. By analyzing the ignition and
combustion behavior at the origins of electrical leakage fires and identifying the environmental
factors that may accelerate combustion, the findings of this study are expected to provide valuable
insights for fire investigation methodologies and serve as practical resources for public fire safety

education and awareness.

Keywords : electrical leakage, Ignition point, environmental conditions, Fire investigation.
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Conclusion

- Analysis of experimental results
- Development of preventive measures against electrical
leakage fires

i)

Power saving switch operation experiment

Ignition Potential Experiments Under Various Conditions
® By type of combustible material
(briquette dust, sawdust dust, iron powder, etc.)
@ By galvanized steel plate contact condition
(contact area and resistance variation, etc.)
® Comparative experiment between AC and DC

A theoretical background review Fire case review Review of previous studies
- Definition and mechanism - Review of academic journals

of electrical leakage ) and theses related to

. - 2 fire case
- Examination of general . low-current leakage and
L . analysis N
characteristics of electrical ignition due to
fires high-resistance contact

| |

Research direction and destination

- Analysis of ignition potential under low-current
electrical leakage
- Dentification of key considerations for fire investigation

Fig. 1 The flow of research
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Fig. 2 Typical causes of leakage current
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Fig. 3 Residential electric leakage breaker
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Table 1. MIUAT
No Title Author Main content
The purpose of this study is to analyze the
A Study on the Seungbin | mechanism of electrical leakage and its progression
1 Correlation of Cause Lee to fire through experiments, and to investigate the
Electrical Fires of (Gachon- | correlation between electrical leakage and electrical
Leakag University) | fires by testing insulation resistance and the operation

of leakage breakers.

Research on Improving
Electrical Safety
2 | Management according
to a Case Study of
Leakage Current

Seongbin | This paper proposes practical electrical safety
kim measures to prevent leakage and fire by analyzing

(Chosun- | accident cases and suggesting management

University) | guidelines and protective device installations.
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Fig. 4 Site overview Fig. 5 Ignition location Fig-. 6 Fire origin point
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Fig. 7 Site overview Fig. 8 Ignition location Fig. 9 Fire origin point
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4.1.2 AdEH] 9 A
E Ao ARESE AN E(Experimental set)= Fig 10, 11, 129} 7o, FQ7H](Major

experimental equipment)x= Table 2& #alsly| Hig

1 il h .,..ﬂ'!_'l
Fig. 10 Experimental set Fig. 11 Ground rod F1g 12 DC Power Supply

Table 2. Major experimental equipment

No Experimental set & Recording device No Experimental set & Recording device

1 Electric fan(SIF-14LKDH, 48W) 7 Galvanized steel plate(0.5mm)

2 Flectric Leakage Breaker (ELB) 8 Ground rod, Ground wire

3 Clamp meter(HIOKI CM-4371) 9 DC Power Supply(EX100-6)

4 Digital multimeter(Chekman TK-201) 10 Digital camera(Canon EOS 90D)
5 Thermal imaging camera(IGNIS-H10) 11 Video camera(Panasonic HC-VXF1)
6 | Sample(Briquette dust, Sawdust dust, Iron powder) | - -
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HAAL AC 220V 3204 ol9lFol AxZ E3d) 30mA olste] =4 HAE= 9rsiy A
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2mm 7H=9] AT Afojof] Al FFO AlE(AR B, B 87, AEE FYoka, gsMt 7t
Hgk2 o|8slo] &n wislel AlEo] Abg HEE slT).

il

Fig. 13 Experimental setup Fig. 14 Galvanized steel plate Fig. 15 Thermal imaging camera

a. Briquette dust b. Sawdust dust c. Iron Powder

Fig. 16 Three types of samples

4.2.1 ¥4 AF A¥(19.55mA)

A2 HAE B3 19.55mA2] U4 AFE FET T,
7] ANEE AR & Alolol] Fstal, dsh) ke 285t
g B

Fig. 17 Current value(19.55mA)
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a. Briquette dust b. Sawdust dust c. Iron powder

Fig. 18 Experimental results(state change)

a. Briquette dust b. Sawdust dust c. Iron powder

Fig. 19 Experimental results(maximum temperature)
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Fig. 20 Current value(10.85mA)
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a. Briquette dust b. Sawdust dust c. Iron powder

Fig. 21 Experimental results(state change)

a. Briquette dust b. Sawdust dust c. Iron powder

Fig. 22 Experimental results(maximum temperature)
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Fig. 23 Experimental results(state change)

a. Briquette dust b. Sawdust dust c. Iron powder

Fig. 24 Experimental results(maximum temperature)
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Fig. 26 Experimental results(state change)

a. Briquette dust b. Sawdust dust c. Iron powder

Fig. 27 Experimental results(maximum temperature)
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Study on Fire Occurrence Possibility by Primary and

Secondary Solar Radiation Concentration

Jinyoung Choit, Jeseung Park, Jeongseop Kim, Hwirim Choi, Juyeol Lee
Seolak Wide Area Fire Investigation Team 1, Gangwon State Fire Headquaters

ABSTRACT

This study examines the potential for fire ignition resulting from both primary and secondary
concentration of solar radiation, focusing on how reflective or refractive surfaces intensify sunlight
and create localized heating capable of igniting combustible materials.

Key Words : Solar concentration, Primary concentration, Secondary concentration, Solar radiation,
Refractive surfaces.

1 M B

1.1 9i70] Hy

A AEBY AF 5 vloRd PRBOIN REl, AL, ISuT 22
gol Z7Hel wet B WSWY) o o ATk B FReD
NPEOR 17 A4 23} Wolek M RS o) AT & Ak

13} A2 22 89, 38 B, 4= 5 9 722 o8 Hopgel 54 Agow A%
FEe WYL iRtk w27 W4 1450 Hol gl U129 WA TEEolt
7he AXEA Th] Sk AR Bge T,
W AP BHA S 2R JliEe] AL 2l FHH 12
gloml, AR S= ololl At HuET Uk Tt eeRd W Sk 2]
1A Se18 Qlolt Wl Wetdo] £AjsA o] thEe] €9l 3ol oldx, £ A9 vl

N2 EY AR A
9tk olefat s A

| )

a:)

mt o, o
&
r

4

T
4
o

15 d.

N

it
4

N

1) E-malil : cjyl354@korea.kr

162 - YA 18



4o HREPG UE U908 09Ht AR WAtk 53 13 W] wE sk 2y of
AUz 4B delet ZASAR, 23 A50] W2 o B4 dUST Ak B4 B
AL 05| REI Aot

geh 2 At gl 134 9L 24 Pol sle g 5 gk 24T dAUES o)
A APHOR FHSIL, o] WE Ak PO BHS A e BEE Utk ol 5§

FY W% shel gt ojshs ML, FF 3
£ AFskA gk

1.2 9i70| HEM 91 =X

gogel vt 29 B WEE dUwe] 9= s st WSk ARlse] BuEn
o R, ZW b, A e L 9 AW 5 QY BROIA deRgel 1HoR A4
T, A ARl ofal 24H0R AUSERA FEAQ 120] FAHT, ol s A

st A7t ot
ol BHl e Waklo] EAISH or|, A7 ARSI FE 99l Fol
SRAE AJEjol A WAISRE 971 Hot SHRAL Il 1 Yele] FHEA et 991 Tk

gol woH, 714 24, OJQ A, S 249 3, AEe] A4 | 9A 59 BE 20
ouz So] SR AR gt
Fgo] 12 9 22F ol gt s B TRsAE A gAdol dish st
B AAeltt. o2 Qs ASH Amet B4 7| BEsi,
QPXH oﬂﬂhql ZA} oﬂ o] AEARL A} AR
R 2 AT HEE WSl ot S R S4E rEeeRA, I dad e
A oY ST} AL 71EE vhiske | 7]ofstaAl ek,

2 0I=2x W3

2.1 EHZE =ARb & MK

e AA7Inte] P AT HEo] PR, 1 F PRAT 2Ae M| thRES A
St} o] b oA BAC) Helo] 4EW FofuAR AeEel BY LEE 4547 o

Ao o] b B8 255 A AsA7I7] ofFAEL At Ao HEH
5}

fE o
W F5H9l o] gAE 5 Uk ok T AFLE ol Lro] TUY A9 S fuY

IV 1RR2RF 0] Ol ST LA JHSK O - 163



: SoreETatc CEFET o FEE MERSRoT

Fig. 1 Solar Radiation and Heat Transfer
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Table 1. Experiment Equipment
Division Picture Model name Specifications Purpl)Jc;see o
Greenhouse Greenhouse (W)200X(L)200X(H)200, Greenhouse
PE mesh canopy
Infrared
jcherrpal Hikmicro B10 Measuremt?nt temperature Temperature
imaging range : -20~550C measurement
camera
Infrared . Measurement temperature | Temperature
Gis500 . p
camera range : -30~500C measurement
Magnification : 1.8X, 6X Primar
Convex lens Convex lens Lens size : @130 mm, v
concentration
25 mm
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Division Picture Model name Specifications Purp;c;s;e el
Hal | AH-H3 470XH350 Substitute for
alogen famp (700W) Halogen lamp 350wXx2 sunlight
Mirror Mirror - Secondar}f
concentration
Stainless steel Stainless steel ~ Secondary
bowl bowl concentration
Wood board Wood board - Combusjcible
material
Vinyl Vinyl - Greenhouse
4.2 GHl &8 - QIF ZRIO| SIZHIBHITO| EHRFEF [HA| TSy &=
Bl Aol Qg s Y Thsd 9 AR HolHE gHsh] S8l 71 2ds 1Eg
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Fig. 12 experimental setup Fig. 13 Halogen lamp

Fig. 14 Preliminary experiment Fig. 15 temperature
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Fig. 19 1,000m{ Fig. 20 2,000m{

Table 2. Experimental Results

Time height 250m(°c) 500mY(C) 1,000m0(°C) 2,000m(°c)
12:00 70.4 70.3 70.2 70.5
12:30 70.2 723 71.2 74.2
13:00 Two-tier 69.6 71.2 70.8 71.8
13:23 71.5 78.6 72 74.5
14:00 70.4 74.2 71.7 72.5

4.3.1.2 -1 &8 Zit - HILBRA 28 =0I

A W A HFoReA 28 Eoloi AHAlElow, Y xzo wet b B9 FE
250mL, 500mL, 1,000mL, 2,000mLE &5ttt &9 gl et E5d= 8z Qg &
Fefel 2o Zol7t WAE Ho=Z JPgst oy, Table 29 ol ARFE &AH 2k H:
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Table 3. Experimental Results

Time height 250mQ(C) 500mg(‘c) 1,000my(°C) 2,000me(°c)
12:00 75.4 77.2 78.3 78.2
12:30 84.1 85.3 86.2 85.8
13:00 One-tier 85.2 86.1 87 86.4
13:40 84.1 87.2 87 53.9
14:00 84 85 86.3 85.5
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A Study on the Possibility of Using Artificial Intelligence (Al) in

Determining the Point of Ignition

Ji-Won KimT, Geon-Hui Lee, Cheol-Yeong Jeong, Dan-Bi Lee
Seolak Wide Area Fire Investigation Team 2, Gangwon State Fire Headquaters

ABSTRACT

The fundamental purpose of fire investigation is to clearly determine the cause of the fire. Fires
can occur due to a variety of causes, and each type of fire exhibits unique characteristics. Fire
investigators utilize physical evidence and scientific methods to identify the point of origin and the
path of the fire, analyzing how the fire started and how it spread.

This study aims to explore not only the investigator's experience and visual analysis in
determining the point of origin—the starting point of a fire—but also how artificial intelligence
(AI), which has recently been applied across various industries due to technological advancements,
can analyze scene photographs to provide objective information for point-of-origin determination and
how this information can be effectively utilized.

Key Words : The starting point of a fire, Artificial intelligence
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Fig. 1 Indoor combustion photographs of
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Fig. 5 a photograph of a house Fig. 6 a photograph of the burning Fig. 7 House Living Room Burn
kitchen burning of the front door of a house Photo 1

Fig. 8 House Living Room Fig. 9 House Living Room Burn  Fig. 10 House living room
Burning Photo 2 Photo 3 combustion photo 4
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7t 3 (Fig. 5)
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3.5.1 A9 1A

S dFolA FYE ARE Ale @A EF A S ARK14%9)01A 42 Alsote] £4
AYaisick. AZF 3 WY AR AuHo R AAHolm HEHQ $E0= Basls o] 4
FUE It ol S AAR ERlotal 4], A9 ARE AX A AN dok=
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3.5.1.1 JE0H His= ARIEE

Fig. 11 a picture of a Fig. 12 a picture of a Fig. 13 a picture of a Fig. 14 a picture of a
drone 1 drone 2 drone 3 drone 4

Fig. 15 the front of a Fig. 16 the main entrance

house on the first floor Fig. 17 aspect

Fig. 20 Bottom of the Fig. 21 Bottom of the Fig. 22 a room on the
rear rear first floor

Fig. 23 the veranda on Fig. 24 a room on the Fig. 25 a workshop on Fig. 26 a living room
the second floor first floor the first floor on the second floor
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Fig. 27 floor plan Fig. 28 the front Fig. 29 the back of

one's head

Fig. 31 the inside of a Fig. 32 the inside of a Fig. 33 the inside of a
room room

Fig. 34 The living room
room

Fig. 35 The living room Fig. 36 Kitchen Fig. 37 the kitchen and

the bathroom Fig. 38
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Table 3. Analysis by fire investigators
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A Study on Fire Patterns of Highlight-Type Electric Cooktops

- Focused on the Difference Between Self-Ignition and External Flame-Induced Burning -

Gwan-Hyeong NamT, Ung-Bi Choi, Yu-Jin Choi, Jac-Min Eom
Gangwon Fire Headquarters

ABSTRACT

This study aims to experimentally analyze the combustion patterns of fires that may occur in
highlight electric ranges, in order to identify the differences between direct ignition and combustion
caused by external flames. Electric range fires, one of the major types of kitchen fires, exhibit
different fire patterns depending on the mode of ignition, which has a significant impact on fire
investigation outcomes and the determination of responsibility.

The experimental results showed that, in cases of direct ignition, no char residue was observed at
the center of the heating element, while charring was formed only along the outer region,
demonstrating a distinctive pattern. In contrast, combustion caused by external flames exhibited
widespread and irregular charring along with soot deposition.

Among these phenomena, the area where char at the center is eliminated due to high-temperature
direct heat is defined as the Direct Thermal Clearing Zone (DTCZ). This study proposes a fire
pattern identification criterion based on this concept to distinguish ignition types.

Keyword : Highlight Electric Range, Combustion Pattern, Direct Ignition, External Flame, Char Pattern
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A Study on the Abnormal Use and Electrical Abnormalities of

Partition Heater

Ju Yeong-JoT, Chi-Sun Ko, Ho-Seok Hwang, Dong-gun Lim
Southern Wide Area Fire Investigation Team 1, Gangwon Fire Headquaters

ABSTRACT

Partition heater is mainly used in space such as office, hospitals and hospitals are used to
increase efficiency of space. However, there are cases where fire occurs due to overheating,
electrical defects.

Unlike existing heating devices, there is a possibility that the partition itself is composed of a
combustion material, there is a possibility that damage when the fire occurs.

The risk of fire risk that can occur during partition heater usage, and identify the spread
characteristics of heat, heat, and identify the diffusion characteristics of combustion. In various
environments, the partition heater will experimentally analyze the possibility that partition heater can
cause fire.

Keywords : Fire investigation, Partition heater, overheating, electrical defects

1) BE-mail : jj5524@korea.kr
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Table 1. Equipment used in the experiment

Division Picture Model Name Specifications
Partition heater(A) DP-PH70X Rat_e d © 220V~, GOHz, 165W,
Maximum Heat Temperature :
Partition heater(B) AD-3000HDF | Rated : 220V~ GOHz, 195W
Maximum Heat Temperature :
Partition heater(C) HB-002 Rat_e d © 220V~, 50Hz, ZOOW,
Maximum Heat Temperature :
Video Camera Set HC-VXF1 4K Ultra HD Quality 25mm
wide-angle lens
’Ijhermal FLIR T420 -20C to 1,200C _Temperature
Imaging camera Detection
I.nfrar.ed thermal Hikmicro B10 Measurement temperature range :
imaging camera -20~550C
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(a) Thermocouple  (b) Normal temperature (c) Normal temperature (d) Normal temperature
attachment form measurement (AAD measurement (BAD) measurement (CA})

Fig. 14 Experimental photograph
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(a) Temperature Graph (AAD (b) Temperature Graph (BAD () Temperature Graph (CAD

Fig. 15 Normal Temperature Graph
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(a) heat storage experiment (AA}) (b) Results of heat storage experiments (AA})

Fig. 16 Experimental photograph
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(a) Heat storage experiment (BAD (b) Results of heat storage experiments (BAD

Fig. 17 Experimental photograph

M
(a) Heat storage experiment (CAD (b) Results of heat storage experiments (CA}
Fig. 18 Experimental photograph
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(a) Temperature Graph (AA})  (b) Temperature Graph (BA)  (c) Temperature Graph (CAP
Fig. 23 Abnormal temperature

Fig. 20 Normal temperature control unit Graph control unit graph
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(a) heat storage experiment (AAD (b) Results of heat storage experiments (AA})

Fig. 21 Experimental photograph
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(a) heat storage experiment (BADH (b) Results of heat storage experiments (BAD

Fig. 22 Experimental photograph

Fig. 23 Temperature Graph (AA} Fig. 24 Temperature Graph (BA})
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Analysis of Fire Indicators by Operating Conditions
in Food Waste Units

Jung-Min Anf, Yeon-kyu Choi, Sung-yong Lee, Ji-eun Kim
Southern Wide-Area Fire Investigation, Gangwon State Fire Headquaters

ABSTRACT

This study quantifies precursor signals of fire hazards in household microbial food waste
processors under realistic operating conditions. Three scenarios were tested : (1) sealed
high-temperature operation to evaluate internal heat accumulation, (2) repeated operation at low
ambient temperature to assess condensation and potential moisture ingress, and (3) restricted
ventilation to examine combustible gas buildup and ignition response. The core temperature reached
71.2 °C in Scenario 1, approaching the softening range of ABS/PP; localized plastic deformation
was observed. Scenario 2 produced recurrent condensate with potential pathways toward electrical
components. In Scenario 3, CHs and H.S remained at 0%, indicating no immediate explosion risk,
although different boundary conditions could enable gas accumulation. These findings support design
improvements (thermal control, ventilation guidance, moisture/gas sensing), user guidance for safe
operation, and the need for standardized multi-factor safety tests tailored to microbial processors.

Keywords : Microbial food waste processor, Heat accumulation, Condensation, Methane gas, Fire
precursors, Experimental safety assessment
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Operating Stages and Key Features of a Microbial Food Waste Processor

Stage Main Process

Related Components

Input of organic waste and start of

Food Loadin;
ng rotational mixing

Drum, motor, agitator

Microbial decomposition of food waste
and minor heat production

Decomposition &
Heat Generation

Microbial media, temperature
sensor, microbial species

Moisture evaporates and food waste is
dried/reduced in volume

Moisture
Bvaporation

Heating pad (built-in heating
wire), temperature controller,
rotation speed

Discharge of steam and odor, filtration

Odor Removal through deodorizing system

Exhaust outlet, deodorizing filter
(activated carbon, zeolite)
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Table 2. Experimental Setup, Objectives, and Expected Outcomes

Expected Analytical Findings

Experiment| Experiment Title Objective

Check heat buildup from
microbial activity + friction in
sealed conditions

Internal Heat
Accumulation Test

Potential for high heat
accumulation and deformation

Possible insulation

Assess condensation and

Moisture
humidity effects in low-temp

degradation in cold
environments

2
Condensation .
operation
3 Gas Accumulation | Evaluate methane buildup and | Potential flashover from gas
& Ignition ignition risk in sealed conditions accumulation
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Table 3. Summary of Experimental Risk Conditions

ltem Specification and Remarks
Food Waste Processor Rinnkle Prime 300 (same model used in all tests)
Test Chamber Sealed vertical ice box, 165 L (internal insulation applied)

K-type thermocouples + 4-channel temperature logger

Temperature Measurement )
P (recorded every 30 min)

Gas Measurement Methane, hydrogen sulfide(0-100% LEL range)
Video Recording DSLR camera and thermal imaging camera used in parallel
Ambient Temperature Control Ice packs used to maintain 1 °C
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(a) Test chamber and device  (b) Ice-pack arrangement for
placement low ambient operation

(c) Thermocouple data logger

Fig. 4 Overall experimental setup and instrumentation
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Table 4. Food Composition and Moisture Content by Experiment

Target Moisture Content Final Measured

Experiment Main Objective (Weight Ratio %) Value (%)

High-temperature heat Rice 20, Fried pancake 10, Grains &

1 accumulatice)glt condition cereals 20, Radish kimchi 20, Tofu 30 723
Low-temperature .
) condensation & moisture Rice 40, Vegetabl?s 20, Stew 20, Tofu 73.9
. 10, Pickles 10
accumulation test
Combustible gas . . .
3 accumulation & ignition Meat 30, Banana peel 20, Radish kimchi 79.1

10, Grains & cereals 20, Tofu 20
test
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(b) after drying.
Fig. 5 Food samples for Experiments 1~3 (before/after drying, 100 g each)
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(@) T1~T5 attachments

(b) T6~T8 attachments

(c) chamber after installation

Fig. 6 Thermocouple positions (T1~T8) and mixing chamber view

Table 5. Measurement Items and Methods for Each Experiment

Thermocouple

Location / Target

Measurement Method

Internal
Temperature

Food mass (T1), Middle section (T2),
Bottom section (T3)

Thermocouple attachment,
automatic recording, Thermal
imaging camera

Internal Machinery

PCA board (T4), Motor drive gear
section (T5), Inner wall of the food
processing chamber (T6)

Thermocouple attachment,
automatic recording

External Upper side of icebox (T7), Exhaust port Thermocouple attachment,
Temperature (T8) automatic recording

Moisture Inner lid and walls of the food Visual inspection of
Condensation processing chamber condensation on the surface

Mold Formation

Surface of food waste, inner walls

Visual confirmation, thermal
image analysis

Gas Concentration

CHs, HeS

Gas detector, real-time/interval
measurement

Wiring/Connection
Condition

Power lines, motor, wiring joints

visual observation
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(a) Thermal deformation of bottom plastic (b) Thermal deformation of bottom plastic
structure (Before) structure (After)

Fig. 8 Comparison of bottom plastic structure before (a) and after (b) thermal deformation
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Fig. 9 Protective cover for PCA and wiring Fig. 10 Moisture removal unit
2 g3of4] FelE Az A5S Zdehd, S W viwl 7/10, A7|1EE QF B T

A== 5/10, ?7] U3} 9REE 3/100% B7HESIch ol IEC 60068-2-78(1l& 15 7
Ald)Zt IEC 60112(8 Az ERF A A)olA 8% viel o], A7|RFo] A7|17F I5
deioll =5 A9 A dee] AstE EE @4 WA 7FsAel SRt dat gAgth
b @71 2HoA= H71A ko] fAIEEEE, 7] 4 S0kE 2RV FAEo A
714 Agoz olojd 4 itk

Fig. 12 Water stains observed beneath the PCA

Fig. 11 Condition of the PCA board
board
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Analysis of Fire Hazards According to Installation Methods of
Electric Heating Cables for Agricultural Seedbeds

Author 1(Oh Dong Chan)f, Author 2, Author 3, Author 4
Southern Wide Area Fire Investigation Team 3, Gangwon Fire Headquaters

ABSTRACT

This study experimentally analyzed the potential for fire occurrence based on the installation
methods and environmental conditions of electric heating cables commonly used in agricultural
seedling houses. In particular, the research aimed to evaluate the heat generation characteristics and
fire risks under various configurations of heating cables, focusing on practical risk factors such as
improper installation, contact with insulation materials, and insulation degradation.

The experiments were conducted by varying the length of the heating cables, the presence of
thermal insulation covers and external combustible materials, and the placement of capillary-type
thermostat sensors. Thermocouples were used to monitor temperature changes and localized
overheating under each condition. As a result, structural defects—such as twisted cable installation
and contact with metal fasteners—led to localized accumulation of heat and insulation damage. In
certain conditions, smoke generation and conductor exposure were observed. Notably, in the case
where the cable length was reduced to 70 meters, a high-temperature state exceeding 200°C was
sustained, and actual flame ignition was observed approximately 170 minutes after the start of the
experiment.

These findings empirically demonstrate that electric heating cables can lead to fire under specific
conditions. The results underscore the need for improved field guidelines and safe installation
standards for agricultural heating equipment. This study reproduces the structural hazards and fire
propagation mechanisms of heating cables and can serve as foundational data for future safety
standards and preventive measures.

Keywords : heating cable, agricultural, Seedbed, overheating

1) E-mail:odc0221@naver.com
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Fig. 21 Experimental devices Fig. 22 capillary bulb
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