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Abstract - Hazardous materials accidents are not limited to the leakage of the material, but
if the early response is not appropriate, it can lead to a fire or an explosion, which increases
the scale of the damage. However, as the 4th industrial revolution and the rise of the big data
era are being discussed, systematic analysis of hazardous materials accidents based on new
techniques has not been attempted, but simple statistics are being collected. In this study, we
perform the systematic analysis, using machine learning, on the fire accident data for the past
11 years (2008 ~ 2018), accumulated by the National Fire Service. The analysis results are vi-
sualized and presented through text mining analysis, and the possibility of developing a dam-
age-scale prediction model is explored by applying the regression analysis method, using the
main factors present in the hazardous materials fire accident data.
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Fig. 1. Frequency of hazardous materials accidents by year.
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local governments.
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Fig. 3. Number of fires by local governments
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Fig. 4. Ratio of hazardous materials fire occur-
rences in Gyeonggi-do.

Fig. 5. Ratio of hazardous materials fire occur-
rences by fire station.
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Fig. 8. Popularity of hazardous materials fire types by season.

Table 1. Annual damage by hazardous materials

Table 2. 11-year monthly average of damage by
hazardous materials fire

fire [1]

Total number of Total property damage
year casualties [1,000 Won]
2008 18 203,839
2009 15 693,741
2010 16 777,147
2011 16 440,371
2012 10 450,742
2013 28 1,846,440
2014 15 146,044
2015 12 2,660,434
2016 24 428,371
2017 6 1,699,560
2018 11 8,131,367
total 171 17,478,056

month Total numPer of Total property damage
casualties

1 10 1,791,318
2 9 313,603
3 38 472,485
4 12 572,965
5 12 368,241
6 17 439,980
7 9 467,698
8 19 1,630,825
9 14 463,457
10 8 10,086,721
11 13 413,993
12 10 456,770

total 171 17,478,056
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weekday.
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Fig. 10. Number of hazardous materials fire
by time.
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Table 3. Example of property damage prediction results

prediction lower upper actual value difference from actual value | predictive success
7715334.0000 0 7813493.75 7715334 5.587935e-09 TRUE
1696.4364 0 80295.50 1658 3.843637e+01 TRUE
3252.4782 0 79993.97 3157 9.547815e+01 TRUE
1073.0464 0 75601.12 884 1.890464¢+02 TRUE
12467.9897 0 84779.45 12191 2.769897e+02 TRUE
A WA Tz A A7) of9A EEH AT Zlstd EAS FEsith A3 E A
A=A FAd 5= len, 7127] 00] o)/dF ot AbaLE AldF HPdEolA 7P ol st
71&717F 00l 7V7h5-2= o)idAlolgtal & 5 9l 53], A4 =S OFE A= gAS 2017
L HA JdEzs dHolE Y 2EUt AAE 9 71E AAe 97%E AA AL S v Bol

=]

HEseA selsr] )@ Telme Aol 2o
e RS BEATE ot FEol
HHo) Fpg7] BESIL Qoms s A
& WEPTE A WA THZE Ak Dol )
A mEEE A4S AB2sel BAF oz
23] AEE setetiw] golsith, o] 1=
& 71271 00] o3 Holtk. vhx e} TP mE M
W7} i See] A9H e HAF 5 9
oo ARoE @ BESL Y Ao Mol F
ol A 9AAA e AL & 5 ek

@ AxsE) = Az

B AFo)M AU ) Zo A WrE F
/M BAY AEF, SAALALY, Ak

S8R, AFAFEWNY, ‘F5, ‘B 28AZP
o]t}

Table 3-2 A3 oS Ao JFolth 4=
e 95% A F TS FH4=gk(lower) T Z S Zk(upper)
o2 Yt Aita s de 55kl 2 5§l
087 dF AT S 002 AN
o}, Ak S A o] AAZES actual valueZ YER]
slor, d& AF 5= prediction gke] A1 T3¢
[lower, upper] AFeleol] )& #hol2l TRUEZ EA|
StETE ALY d S B4 Ay 2 AR
9= FFT= 0.7940]T},

V.EE

—

3 A A ZE A% 3B
T+

[e)
=
Text Mining S 53+ #4022 7} ¥ shA] &

KIGAS Vol. 24, No. 5, October, 2020

AHE HE AYEEQ TE dAS By ek A
o2 HAgh A9 APE A B A5 F
7= 71182 7V w=gou, fdE Al A
2 F HAAFE AL 697, &4 6774, B4 574
TAR =2 AL RSP eH, A== 3270
B34t ol A7 =0 AFE Aol Bl u3
o] JAIRE ol HIE SAle ML, 4 T 4
Wt A FAYSG= Ae & 5 Atk HEE
A= 74, 3¢, 14, 11¥ =02 @o] A3
o A A HI=rt 2 AFES AdF AF
E oy 7Hedl stz A vi=r) vt
Z Eth =3, 3adol A7} 7 wo] oA
stgom, 9 JF AIZEI 10A] ~ 15A4] Abo]ol
A7} gro] AT

At 1137 AP = sAAAL dee £ 3617
o2 Ao A57) A7) wiol Ak Agrt ALt
o3} W] BHERA] Z 23| HFA
a7} @EFe]l aveE As AT F AU

gl dEnde QRuas)s T4 e 58

%9192

LEE,EE 2RAOE o] W o] §F

AR4E Bo 07040lek A% HAEE A
!

F2Al, Gk
Al Fol o] ol FF AFE Tl MG A

712 47 A FACdE Ad= At
3617000 1AL Qlof A oY Bl FAFE )

- 54 -



Data AnalyticsE &4

= ol o] oz o] T olF FTAI F7F
Hohd dE shAjo] o 2 oS =] 2
F o] A FA9 Fr 8"
ZAre 2

2 dFe AR R AntEOAE ARy
A H A EJH FZAA 9 ﬁ?ﬂl 2] €1 (P0008475-G02
P04570001901)°ll oJ3ll FAFAFUTE o]ol] AL
="yt

- 55 -

5}

A s A

REFERENCES

[1] National Fire Data System(NFDS)

[2] Kang S. M., *Yongin Oil Warehouse Fire’, Res-
pond to Yongin Fire Station for quick response,
http://www.gukjenews.com/news/articleView.html?
idxno=349328, (2015)

[3] Hazardous Materials Accident Report, National
Transportation Safety Board, (2016)

[4] Milton J., Arnold C., “Introduction to probability
and statistics”, McGraw-Hill Education, (2002)

=7k 84 Al247 Al5% 2020 109




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




