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ABSTRACT

Purpose: In this study, the characteristics of fire occurrence according to ignition heat sources such as
operating equipment, cigarette/lighter fire, and flame/fire were analyzed. Method: One-way ANOVA and
cross-analysis were used to analyze the characteristics of fire occurrence by verifying the difference
between the ignition environment, fire damage status and scale, and cause of ignition according to the
ignition heat source. Result: The fire occurrence characteristics were analyzed through As a result of the
analysis, it was found that fires caused by operating devices occurred more frequently on weekdays than
other ignition heat sources, and the number of victims and the number of victims were the highest, so
mobilization of firefighting power and property damage were the greatest. The initial ignition was
generated by electric and electronic devices, and the combustion was expanded by the synthetic resin. For
fires caused by cigarette and lighter fires, the most fires occurred on Saturdays and Sundays, and the
mobilization of the police force was more characteristic than the mobilization of the firefighting force. In
particular, it was found that the initial ignition and combustion expansion were caused by paper, wood,
and hay. Fires caused by sparks and sparks occurred most frequently on Saturdays and Sundays, and
initial ignition and combustion expansion were found to be caused by paper, wood, and hay. In particular,
it showed the characteristic that it occurred in the place farthest from the fire station. The common charac-
teristic of all ignition heat sources was that the fire occurred most frequently in the afternoon time, and the
fire type was predominantly the building structure fire, and only the ignition point was burned the most.
Conclusion: In order to prevent fire and minimize damage, it is necessary to analyze the tendency of fire
occurrence and to prepare appropriate preparations according to the fire occurrence factors. In order to
analyze the characteristics of fire occurrence using public data in the future, it is necessary to standardize
disaster data and to open and activate data.

Keywords: Ignition Heat Source, One-way ANOVA, Cross-analysis, Operating Equipment, Cigarette/
lighter Fire, Flame/fire
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Table 1. Composition of ignition heat source

Ignition heat source Details
Operating device Electrical arc(short circuit), Spark static, Conducted radiant heat of the device, Backfire
Cigarette-Lighter Cigarette-Lighterfire

Flame sparks Weld Cut Polishing, Chimney, Furnace, Bonfire, Coal briquettes, Charcoal, Trash etc, Paddy field, Flying fire

Table 2. Composition of fire causes

Cause of fire Details
Ignition
environment

Fire Day Time, Distance from fire station

Fire victims number of households, Fire victims, Firefighter&Police officer mobilization personnel,
property damage
Building, Ship- Aircraft, Dangerous-Gas manufacturing center Etc,

Damage Status

Fire type Automobile-Train car
. . . Multi-layered combustion, Burnt all the buildings with fire, Burn only the
Ignition Combustion expansion range - . . o
ignition point, Burn only the fire layer, Combustion to a nearby building

characteristics : : i
Furniture, Flammable gas, Sign-Shading, Food, Trash, Dangerous goods Etc,

Automobile-railroads-ships-aircraft etc, Electrical-electronic, Paper-wood-hay
Combustion expansion material etc, Bedding: Textiles, Synthetic resin, Unknown, other elements

The first substance to ignite
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Table 3. Cross-analysis of fire occurrence days according to ignition heat sources

Ingredient Cigarette-Lighter ~ Flame sparks ~ Operating device Total z? p
Sunday N 1504 1517 2225 5246
% 15.9% 16.6% 13.9% 15.2%
Monday N 1338 1225 2467 5030
% 14.1% 13.4% 15.4% 14.5%
Tuesday N 1223 1241 2299 4763
% 12.9% 13.6% 14.4% 13.8%
Wednesday N 1243 1168 2254 4665
Fire % 13.1% 12.8% 14.1% 13.5% 0.000
112.904
Day Thursday N 1321 1153 2243 4717 ok
% 14.0% 12.6% 14.0% 13.6%
Friday N 1331 1298 2285 4914
% 14.1% 14.2% 14.3% 14.2%
Saturday N 1502 1524 2215 5241
% 15.9% 16.7% 13.9% 15.2%
Total N 9462 9126 15988 34576
% 100.0% 100.0% 100.0% 100.0%

Hrstd lof| ki SAAY Akl thie wAlREA Ark= SAE(27=1582.164, p<0.000) 22 F-2]gh 210 2 LpERTE.
VAT S AN RE EElEEolA QA7 27 HHE- ol BB 42.2%(3,994), B2 EE 48.5%
(4,429), 257171 30.9%(4,944) % 7P E3LA1, Tl ThE0 2= 07, AY, AL =o]$Itk(Table 4).

st lof| wh2 Al eke] Aol gt wahEA] A= SAIE(F=959.253, p<0.000) 02 -2]gh 71 © & vfepieh o
Sl Yof| whE S Aot AHPA Q] AElE BE-BE] Bt 13.371kn2 7F W o2 YeRt o, 2577171 3
It 8.596kn, FHE- Tlo]E]Bo| B 7.876knE AHPASI] AR} 71 717k A 0 2 LERGTH Table 5).
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Table 4. Cross analysis of fire occurrence time by ignition heat source

Ingredient Cigarette-Lighter ~ Flame sparks ~ Operating device Total x? p
Dawn N 1330 544 3064 4938
(0~60°clock) % 14.1% 6.0% 19.2% 14.3%
Morning N 2285 2985 4532 9802
(6~120’clock) % 24.1% 32.7% 28.3% 28.3%
Fire Afternoon N 3994 4429 4944 13367 1582.164 0.000
Time (13~180’clock) % 42.2% 48.5% 30.9% 38.7% ok
Evening N 1853 1168 3448 6469
(19~240’clock) % 19.6% 12.8% 21.6% 18.7%
N 9462 9126 15988 34576
Total
% 100.0% 100.0% 100.0% 100.0%

Table 5. Distance analysis from fire station according to ignition heat source

Ignition heat source N Mean Std. dev. F p
Cigarette-Lighter 9462 7.876 8.0525
Flame sparks 9126 13.371 10.9850
. P . 959.253 Oﬁgo
Operating device 15988 8.596 9.4248
Total 34576 9.659 9.7823
SpHf| misl Sigk =M

W5} o] T2 o4 Aot ol Al 4 AR A} 22 EAA 02 folet 2102 ekt o)A Aol s 2t
5717171009412 71 57 Lheb o o, BI-2E)7}0.08 A1), HH- 2lolEl20] 0.0641] %02 et of Al 2=

ASo 2571717 0,190 2 7P ] ek on], B2 2e) 0147, Thil-efo]E2o] 0.13% 40 Uehith
webA], ek el Fol A 2% 7171e] ofgt Sp7L ol A Aleh4-et o AR o] m Az ko] 2 210 2 Lefdrh(Table 6)
uro}d Qo] whE A A U5 9 2la Ahsiole] ol BAA 0 2 Folgt 08 etk Weld e d AEe

1o

Table 6. Analysis of the number of affected households and victims by ignition heat source

Ingredient Ignition heat source N Mean Std. dev. F p
Cigarette-Lighter 2466 0.06 0.585
Fire victims Flame sparks 2429 0.08 0.455 0.014
number of . . 4.245 «
households Operating device 4570 0.09 0.389
Total 9465 0.08 0.464
Cigarette- Lighter 2469 0.13 1.604
Flame sparks 2415 0.14 0.648
Fire victims ) P ] 3.849 0'(121
Operating device 4580 0.19 0.903
Total 9464 0.16 1.083
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A 25717100 ofgt k726,768 0 & 71 T Urehgt o, TR o el 25,287, B3 EH 19.17F o2 1
EfiTh e Q18 e golelEo] 2,71 0 & 7P A Vel o, 257171 2,69, BE-EE] 2,279 <olth
U5hE dof wiE Ao Ao A A EALE B At 2H57]7]1719,740 8 1 0 2 TP A Ve oW, B
Z-2E] 592979, THiE-2loEE 3,054 520 2 YRS TH Table 7).

Table 7. Analysis of fire mobilization, police mobilization and property damage according to ignition heat sources

Ingredient Ignition heat source N Mean Std. dev. F p
Cigarette-Lighter 9462 25.28 17.333
Firefighter Flame sparks 9126 19.17 15.863 0.000
mobilization . . 548.289 .
Operating device 15988 26.76 18.996
personnel
Total 34576 24.35 18.041
Cigarette- Lighter 9462 2.71 3.075
Pohc.e.off%cer Flame sparks 9126 227 2.469 0.000
mobilization . . 80.906 seokok
Operating device 15988 2.69 2.734
personnel
Total 34576 2.59 2.773
Cigarette-Lighter 9462 3054.23 39201.77
(k) Operating device 15988 9740.45 70004.21 ’ ok
Total 34576 6904.97 71464.02
S Q! 24
Table 8-> 2o}d o whE obAl] -} 14 Sl M| WAk 2y HolFal Qiok. dotd o whE okl -Frd
Tk

2 Sl ) 9] wARRAE B P Rol HHlE, EolE BollA 1% FxE0] 45.2% 5 7P =7 Ui en Zek 2
#7131 5)7137.4%, Uo7 F11.9%, AFEAL ATAfo] 5.4% w0 & YEEth E2 EF oAM= 15 73201 48.0%
= 7V 7 VRt e s, Zek2el7] 3 5)7129.3%, doFH19.9% =02 Wl 2 717100M s 5 =0
77.1%2 7V B2 UERkem, A5a}, AnaEe] 15.8% o2 Uehdtt o]d WeldYe] whE Aole TAA
(F=8512.355, p<0.001) 2 G-2J3t 710 2 L}t

A S| H91E Bl HHlE, 2olE] Eoll i WA A47180.5%2 7 A Uehd o n], Hekett A47H12.1%
02 Vet E2-BEloliE UeiA AT A47 54.6% 2 71 A UERL o B, WekEtt 47} 22.3%, WEHAE
A A27H15.1% =o' Uehgth 2571710l Aot A4t 75.3%2 7P =7 e e, walent A4t
14.9% =0 2 Upepie. o3 st eof] w2 2lo = FA1%(F=1003.622, p<0.001) 0 & -F-2]g o] & et wheh],
WSHE Y RFoA ASEE St 7P Eekom, ANt A= A9 7P e 2o g BAE I

Table 9= T2t Lo w}2 A4 Sefiea} 2|z 2oke w4 dfoch. Wald ol mhe A4 et 22 Aek2
WARRALS B A4 SR oA] - glole] B2 Fol, HA, 1% 0] 54.9%= 7P A e oM, fHdA17t

13.8%, 22715771 12.5% =02 YEPdt &3-S oi=Fol, 54, % 501 65.5%2 7178 =7 e oH, 4
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A17115.8% <=0 = VFEhTh 2571710 e @80 A17129.7% = 71 = A vkt om, A7), =17 17.7%, €I, 54,
Az 501 17.2%, A5}, A&, A &57] 5] 12.1% =02 Ueldt) o] Wsldeef b 2ol A% (2=
4068.069, p<0.001).22 §-oJ5t x}o] S LVreRiL

|z A3HE-g B G, glole] Bollilegol, B, A% 501 51.0%=2 7P A et on, 2871571 31.7% <=
Sz Ueiith E2-EEAE Fol, B4, X 50l 58.9%= 7P &7 Ve e, 2471%7} 15.6%, /34217t
11.3% %02 Vedth 2F57|7104% 27, 2371 47.8% 2 7P S Uebtow, SHAA171 15.2%, A1E0] 10.6%
<=0 2 UEesit) o] et do| w2 xjo|i= FA1 2 (2°=23084.688, p<0.001) .22 -F-oJt xjo| 5 LERIITE

Table 8. Cross-analysis of fire type and combustion expansion range by ignition heat source

Ingredient Cigarette-Lighter Flame sparks Operating device  total z2 p
o N 4277 4377 12326 20980
Building
% 45.2% 48.0% 77.1% 60.7%
N 3540 2676 1061 7277
Trash etc
% 37.4% 29.3% 6.6% 21.0%
o N 7 25 28 60
Ship- Aircraft
% 0.1% 0.3% 0.2% 0.2%
. N 1 4 12 17
Fire type Dangerous-Gas 8512355 000
manufacturing center Etc 94, 0.0% 0.0% 0.1% 0.0% ok
N 1123 1819 37 2979
Forest
% 11.9% 19.9% 0.2% 8.6%
. . N 514 225 2524 3263
Automobile-Train car
% 5.4% 2.5% 15.8% 9.4%
N 9462 9126 15988 34576
Total
% 100.0% 100.0% 100.0% 100.0
) ) N 46 78 96 220
Multi-layered combustion
% 1.1% 1.8% 0.8% 1.0%
Burnt all the buildings N 152 660 773 1585
with fire % 3.6% 15.1% 6.3% 7.6%
Burn only the ignition N 3442 2390 9283 15115
Combustion point % 80.5% 54.6% 75.3% 72.0% 0.000
expansion 1003.622 .
N 518 975 1838 3331
range Burn only the fire layer
% 12.1% 22.3% 14.9% 15.9%
Combustion to anearby ~ N 119 274 336 729
building % 2.8% 6.3% 2.7% 3.5%
N 9462 9126 15988 34576
Total
% 100.0% 100.0% 100.0% 100.0
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Table 9. Cross-analysis of combustion expansion and initial complex by ignition heat source

Combustion expansion material The first substance to ignite
Sortation Cigarette:  Flame  Operating Total Cigarette:  Flame  Operating Total
Lighter sparks device Lighter sparks device
—— N 56 29 173 258 80 21 65 166
% 2.0% 0.6% 3.5% 2.1% 0.8% 0.2% 0.4% 0.5%
Flammable gas N 11 12 37 60 26 41 154 221
% 0.4% 0.3% 0.8% 0.5% 0.3% 0.4% 1.0% 0.6%
Sign-Shading N 18 19 36 73 56 43 67 166
% 0.7% 0.4% 0.7% 0.6% 0.6% 0.5% 0.4% 0.5%
Food N 5 23 99 127 10 188 1692 1890
% 0.2% 0.5% 2.0% 1.0% 0.1% 2.1% 10.6% 5.5%
Trash N 342 289 64 695 2995 1426 283 4704
%  12.5% 6.3% 1.3% 5.7% 31.7% 15.6% 1.8% 13.6%
Dangerous goods Etc N 43 46 140 229 106 121 418 645
% 1.6% 1.0% 2.8% 1.9% 1.1% 1.3% 2.6% 1.9%
Automobile-railroads: N 83 80 597 760 44 82 1246 1372
ships-aircraftetc %  3.0% 1.8% 12.1% 6.2% 0.5% 0.9% 7.8% 4.0%
Fleotrical-electronc N 45 13 869 927 38 47 7645 7730
% 1.6% 0.3% 17.7% 7.6% 0.4% 0.5% 47.8% 22.4%
Paper-wood-hay etc N 1508 2992 846 5346 4823 5373 715 10911
%  54.9% 65.5% 17.2% 43.7% 51.0% 58.9% 4.5% 31.6%
Bedding Textiles 120 49 297 466 467 175 517 1159
% 4.4% 1.1% 6.0% 3.8% 4.9% 1.9% 3.2% 3.4%
Synthetic resin N 380 724 1460 2564 528 1033 2425 3986
%  13.8% 15.8% 29.7% 21.0% 5.6% 11.3% 15.2% 11.5%
Other elements N 130 293 268 691 223 512 547 1282
% 4.7% 6.4% 5.4% 5.6% 2.4% 5.6% 3.4% 3.7%
Unknown N 4 2 34 40 66 64 214 344
% 0.1% 0.0% 0.7% 0.3% 0.7% 0.7% 1.3% 1.0%
N 2745 4571 4920 12236 9462 9126 15988 34576
Total %  100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
27=4068.069, p=0.000%** 17=23084.688, p=0.000%**
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