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ABSTRACT KEYWORD

Purpose: This study proposes a novel approach to reduce the severe damages caused by factory fires in South 7| A3t
. s . o . . ol

Korea. The current fire risk assessment system faces limitations in providing detailed evaluations for factory :J‘dERl -
ildings. Thi h utilizes public data and machine learni iftly and ly predict fire risks in ol o]
bui ings. This research uti izes public ata and mac ine learning to swi t y an ac‘curate y predict fire risks in = 5517514
factories and seeks methods to identify and manage high-risk areas within industrial complexes. Method: The
research process encompasses data collection, preprocessing, model prediction, and the integration of spatial data ~ Machine Learning
using GIS. It leverages building information provided by the national data portal and fire scenario data set as control ~ Industrial Complex

. .. . . . . . . . . Fire Property Damage
variables. Data preprocessing includes the simplification of categorical variables, creation of derived variables, and GIs
the conversion of string data into numeric data. The predictive outcomes are integrated with spatial data using GIS,
and industrial complexes are subdivided into blocks for risk level grading. This method aims to make a practical A CCEPTANCE INFO
contribution to the management and prevention of fire risks in industrial complexes. Result: This study classified  Received Mar. 12, 2024
and analyzed the characteristics of factory buildings in aged three industrial complexes, assessing regional  Final revision received Apr. 2, 2024
differences. Utilizing the Random Forest model, fire risks were categorized into low, medium, and severe levels, Accepted Apr. 8, 2024
and regression analysis was employed to evaluate the impact of factors on fire risk. A five-tier grading system based
on GIS visualization comprehensively represents the fire risk by region, offering valuable information for fire risk
management. This research contributes to the development of policies aimed at enhancing safety in industrial
complexes and minimizing property loss.
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~ 15 Tz \ArEl7] ol
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Nu;lnber of ' ]?Lllldll;g Continuous | Independent d &8 93t 9 folHL 7 __liT 2 AH} oA AUele AR
001 information
Number of BFE L, ol Table 2.014 At W40 FUsIth 29 dlolH
umber o S . .
basement floor Building information | Continuous | Independent L A= olsk AT 05| 4% _% IEF(HEe =7 AhHoer B
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Table 3. Characteristics of machine learning models
Structure Building information | Categorical | Independent Field Output
Industry type Building Categorical | Independent Data Set * 11,393 fire incidents over 10 years(2009-2018)
information
. R Test Data * 7,975(70% of Data Set)
Fire-resistant e . .
Building information | Categorical | Independent .
structure Validation Data | * 3,418(30% of Data Set)
Season of fire Fire scenario Categorical | Independent Input Data * Same as Table 2
- f . . C ical | Independent * Low : Property damage = 3600
1me ot fire 1re scenario ategorica ndependen Output Data * Moderate : 3600 < Property damage = 25000
* Severe : 25000 < Property damage
Ignition factor Fire scenario Categorical | Independent
Ignition ' . . .
material Fire scenario Categorical | Independent Table 4. Performance of machine learning models
classification Grade Precision Recall F1-Score
lgmtlf)n point Fire scenario Categorical | Independent Low 0.729 0.761 0.745
classification
Moderate 0.644 0.605 0.624
Hun;z;n Fire scenario Categorical | Independent
casuaiies Severe 0.841 0.860 0.851
Burnt . . .
area/TFA Fire scenario Continuous Independent Overall 0.738 0.742 0.740
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Table 5. National industrial complexes more than 20 years after the
start of construction

N f
ame ,0 Regional Dense in | Neighborhood
Industrial N . Area 5
classification Small-scale of City
Complex
Gunsan 2 Province 51,715 X X
Dacebul Province 20,886 X X
Gunsan Province 13,702 X X
Gumi (Ist Province 10,089 (6] (0]
Complex)
M li
Gwangju etroPO itan 9,991 X (6}
City
Namdong Province 9,574 (6] (6}
Myeongji and MetroPohtan 8.841 o 0
Noksan City
Asan National Province 6,156 X X
Bupyeong .
. Province 4,278 X X
National
Samil Resource | ince | 4,157 X X
Reserve
Wolsong Nuclear Province 3,693 X X
Plant
Jisepo Resource | oo | 204 X X
Stockpile
Metropolitan
Ko E 11
orea Export Arca 3,7 (6] (6}
. o Metropolitan
P: lish 1,562 X X
aju Publishing Area ,56.
lksan National | ice | 1,336 X 0
History
Dagjuk Resource | inee | 912 X X
Reserve
. Metropolitan
P. Tanh X
aju Tanhyeon Arca 80 (6]

3.4. dA dHelg &4

malgde 7Rt st u s HdSH-S 15571 41l Table

2, 01]*1 AFRE He T TFHolEHE T3l +HEL A

A EE Aol = F 4,051709] 370l Sl AT H A=

% 3,8007]¢] B7go] glo, Full AhikA] o]

o] it} Zote|HH BA A 2] H o 9x]5H
327H0]E}.

Ol“.] fr 4



01Z% - 2|72 - H2E - NS - £8%

o}, Q132 133 239] AS5E0] A 40517K FollA 15067H(eF 4 A5E 4T 8%
37.18%), 13977H(SF 34.49%) 0.2 A 74 B2 A o2 et A AAa] W A%E AF Y2 Fig. 3.7 2o}, Qe A
ok Otk 335, 4-5%, 65 ol =22 8167H(SF 20.14%), 308 7142 AP (EED A 7P B2 7192 Bf-otaL §lof, A9
N (SF 7.6%), 247H(SF 0.59%) 2 Wb om vl st 7]-&7] Az 9 7)& oA o] gl Ao R SISt T, 1
2 faohe A FAT 4= Qlok. Fate 14| 3890709] A& 5 2 F471A4 9 ] AAMMEDIIA L &2 719 45 Ko, o]
oA ©Eo] 26027H(F 66.89%) 2.2 7F WA 25 93170(F wopol|l A ZFEgh Aty 718k 7EA 1 9lS-2 YrEpdTh
23.93%), 3% 28670(2F 7.35%), 4-5% T070(F 1.8%), 65 o]AF 1 FARS BA 7hy 9 B3 H(WPCDoA 2 7| 8 Hol, o]
78(0.03%) «o2 471 o4& A5E 471 FolEe AS wopoll A A 4FY] 79 ZHA 1 Gl A0 T B
golst 4= Qi Fule M4 5091719 AEE Foll A TEo] 4418 SFsE A (CD T E 2 9 Fo] A (PPN & A 0 &2 =2 7]
78 (¢} 86.78%) = thE A9 53} Hlw P2 ) 7P =2 v &S 2] A S5 Ko, o] Fopo| A gt 4tY] E5o] o] R A1 Q&S
ot 2o & Ut om 1 9] 257 E 50170(9F 9.84%), 1087H(F & 4 Q.
2.12%), 5670(F 1.1%), 870(2F 0.16%) 0. & FA3HA Zolt+= A HH )= o F 2] o]l vlef ArtE oz e 7Y -5 Ho]
< I 5 A , 3kt 4FA(CD 2 A 7182 AP (EED oA 47 =22 719 &

AAH 0B S47t FoHd R A5E 47 FolEx AS gel 2okl Qlis A0 &2 SRIE| G}, o] 1] 7} o] Fofol| A QFY A<
& Qe A Y &5 A5E] 7P ggton Rtz oo A 719hE 7R 2L QLSS UrERdTE
63 ool AEEo] VIR 7P A2 Ao & Yepyltt

5 AFE TX

3) ASE Aot T Al 2] B A AEE TX F2 Fig 4.9 2om, A2 23

2] A2 W 559 A5 T4 @G-S Fig. 2.9F Zol 1 2 E F2RC)7H ¥ 10,2797 AFER 7Y &2 H&S Y
BT Q2 A|sko] flis AEEC] HA| 40517] FollAl 3263 o}, Ful7h 4,49970 2 71 @A, Fato] 33037, Q13 o] 2,477/ =
7H(eF 80.55%) 2 7V w2 Hl&-& AFAISHL 9l A 02 UERte HE olgleh ooz, AE FX(SFO7F & 1,977 AEFEZ &

2
0.10%)2 ettt FA4te

&0 2 78470(2F 19.35%), 470 (<F

A 38907H2] AEE FollA Aots
o] gl AZEo| 385970(¢F 99.2%) & 71 =L Hl-&-& AA|5t1
gllem 25} 120] 307H(2F 0.77%), A8t 220] 170(2F 0.1%) =
Zslgo] Wopd4-E who vlg-2 AA|st Q= AS E1E
o}, 4] A 5091702] A%E FollAl AskEe] 8l
o] 48917H(2F 96.7%) 2 714 152 H|-&-& AR5 9l 9leH
A5k 153} 2|5} 250] Z2F 19770(2F 3.87%), 37H(2F 0.06%) & L
Efteh.

A2 RE AoelA AsiFol

=
o
gl

.}

P
0

L

[
A
5t

T

o]
o]
S

5000
4500
4000
3500
3000

Count

2500 # Incheon

2000 5 Busan
1500 & Gumi
1000

500

%E“ @Eﬁ ZI

2 3 4
Number of Floors

>5

Fig. 1. Distribution of building floors by region

HA R F2 vlES Uetdlen, 93do] 1124712 71 @aL, 71

74482 71 stk kA0 2, E 2EBOANAE A 3
o e 2tol7} gl 0.2 thehdeh, QL 5 3087 A% E 3

6000

5000

4000

Count

3000 @ Incheon

H1Busan

2000 .
B Gumi

1000

NONNNNNNNNNN

%

1
Number of Underground Floors

o

0
Fig. 2. Distribution of building underground floors by region

3500
3000
2500

2000
riincheon

Count

1500 = Busan

1000 £ Gumi

500

i

Cl MMEI

£

PPI

:

etc

-

WPCI

Tl

FI EEI

Industry type

Fig. 3. Distribution of industry type by region

(©2024. Korea Institute of Ecological Architecture and Environment all rights reserved. 701



=

Lol
=
=
>
=
S
]
N
2

6) A5E W3tz
A Atz W A
5.9} Zro] vrehdtt.
RE 2ol A Bat oF 95.97%2] v &R 2o AZEo]
SR HoglA] g2 Ao FelE it “W Q19 3¢ HA
AZE 405170 ZoA 385170(2F 95.05%) ] AZEo] Ytz
T]o]9lA] oFoky BARL 375770(F 96.58%), ;U]L 49017 (2F
96.27%)°] A&Eo] Yt 2 o]lA] & Ao & et
2 Al e x AR E %XJ AE5E0] dWA JHkE 7}
A3 AR iYL o] 7] iz, o] 2 fod et o

JEL

=9 Wehktx A2 wAe|EH Fig.

ol

i‘l

%

7) A

AWAL Fig. 6.3} ol MEM, M A dwA W9
(0-499m)7k 7V e Hl&-e AAST Qe Ao FEglo
#, 7480709 Bo] o] W9le] L3kt ol AL Fm0] Fgol

Al
8 O] 9GS el B, A9A0) S nhet 39
L FAE BYY), oleg 24 A 2

/J-)oﬂ ;o} 27 7} 1
TR AHg] o] B 4 Itk A2 vhehict W,

5000
4500
4000
3500
3000

% 2500 # Incheon
© 2000 CBusan
1500 @ Gumi
1000 [4
500 2 -
=t S : B e
SPC BC BLC RC WC  SFRC  etc
Structure
Fig. 4. Distribution of building structure region
5000
4500
4000
3500
3000
=
3 2500 @ Incheon
© 2000 & Busan
1500 & Gumi

1000
500

Fire-resistant Structure

Fig. 5. Distribution of fire-resistant structures by region

102 KIEAE Journal, Vol. 24, No. 2, Apr. 2024

Fig. 7.3 o], A%04 L4202 7V 22 4% W 49
(0-499m")7} % 8,113709] BHOR 48 2 ¥ &L A5 9]

5%, 9 B 8] LIS, 2l 2414, L5 T687L
Sogih. B, 2% BHo] AWEE Y S Gastt AT
B om, 4 2 15

2 1 91(5000m? oA o= & 26071 9] &
Zo] ottt

FuesT e and g

o
sk
re
m=)
)
i
o
N,
Fl
'
_orL
[
4z
o
rlo
Ko
of.
_?L
&
N,
1o,
o
ol
o,

)
o
il
oy ﬁ

2 Hr

52 1%

fo it T
u)

=
o
0,
o T

o
o
rr

o ™
»:
N
i
ne
r.I
i
i
H
hu

&5 i
o
1o

i, of

o, o

o

N

R}

R

rlo

>,

jina

p

30 rlo
N

v

3.5, BANS] 4%
A QP03 ‘B kel A s

TeehA] i AE=

4000
3500
3000
2500

€ A
5 2000
Q HE
© 1500 = tiIncheon
1000 E OBusan
o H EGumi
5 H
o BI =V T =
P P O P 0?9 O P P S
S T PSS TSP
& & &S §
RS S ¥
Total floor area(m?)
Fig. 6. Distribution of total floor area by region
4000
3500
3000
2500
€ 2000 _f
3 H
5] 1500 A tdIncheon
1000 é HBusan
E 2 Gumi
500 e A a
9 ® N H H HH L P
P & P H P P P PO S
Q’D‘ 09, A Q ’Lb‘ ,\9 h Cb DP‘ <,)0 Py

S 0 o & N N 7
(%) N S O & &S S
PN M S R S )

Building area(m?

Fig. 7. Distribution of architecture floor area by region



0= - 213l - Y2E - O|A=2 - &52
AR Ageto] et AL A 6% A Hos, it Q13,541 1213 Fojof] 9718 Al o] AdekAlolA ] oA
wo] %2 Arol ‘S Ao RS meleo] AdE BY 99 REE e 53 37 53, 192 47 5ol Al Az
£ 515 B4 5 45 & WOlE A2 ST SHT. 2 doje 4L 13032702, Qo] 40517, Hto]
ofe] & Ao AL S Aol et =] YHAL ol uA 38907, Fulk 509108 AL FL AHEFE Tl
A%E Ao S AU RS Ba A5 SAARS o 1L930A(AA oF 148%)02 1 om, 1 o Rt
Z5pa7 et PR A2 ) Bag sk WAAE, AT 92670(sF 7.1%), A1Ho0] 5307} 4.1%)0lck, F7 ABERE T
o, e A, ek A, S 99, AR el 9 a4 WA Sl nlola 15S3ACE 1199%)02 A1 k1, HAtel 11372
52 Shisb e sP] Aol AR s Aol WA, B 8.1%), Qzlo] 93A(CH 4sTolck. A7 S A
A7 e o A% 2o Aol Meg Aokt dhek Wt 2,92870(0F 22.5%) 0.2 744 om, 1 thgo ato] 18277
A 2 Ao HL 0% $4 Wz Agekt ol dfe) =gt (oF 14.0%), 7017 1,608} 12.3%)0]c), AR 02, A7k 9
ol wlolel WA A ebel &S ASHe AT $Aks  @SFo] A 2 wee Axe], Al A=A oF 48.8%3)
O bg Qo AR WAL A dolee] A9 H L 636388 Xt ok, W], B 37 PSR 247t o
& FoR e, W dole o] Aol ANgtes Al 260%9} 25.0%2 A
fheh o S weh S Al WM s AT 4 slet A BAE Arol v, AUEe 34 EE 918 442 24
& A== Table 6.3 2. she o] 23 aglolth FALoR AMuH, AR 9m? vl
10W7h] SPAEAY Hlo]E] 11303708 BT AL A8 29 ) 24 AL Qs YL U5 Fes Rest
o2 A&Ao) sl WARO] 714 5 Ao Uehirh. A7) uf Qo] 59n7olA 1072 Aolel A58 49, 729400
S 05 12458 03 64 Afolol ShAZL M A5 w2918 4] GeHon, 2AE TR O §He) FEEY
oS ASE S U S U AR R, O SR B0 RS, G040 267 35T’ Aole] 8
g feold ek el AHS Al olle A 0B §2E 2L FE 57 NUSROE BRI, 417 o4 AFEL
o 4% B8 32 154 NN AT 57 TS e A7 AREER BRI,
A z9} 2 54 4o] o] 2ol Ak BHE olulaitt Eet shAla 3] 2 ke W9l 277mP0 4 28Tm? Aol F.oH, o 77
ozt 1714 aglo] shAle] 714 Bhe Al ekeh AW o] 570 a5 RN A21e 53] Aol7} 1 Hgiet. o] 9
wjole o] S| Aol A ‘e’ 0.2 J|2E e aAm A 8370 % 30710] A7 RS RO 2 RRHY,
W 822 3120%2 71250, BAAT 24 GAGED W), 45 49 59l 247 47 9
2 ATAE o] QL AL el i EA Wr2 A @5PO) £ JUS St 9, 37 A@sTe 47 B
W9 B o] AAHT AT o] WS s Wl clZe] 9 Fo| 41, ek T2, )k 9% SO aavt AFL £ AR Y
52, P2 24, 240 A wet A8t wEoR A4F 4 Asqn
9lov], 52y g7o] P s |27 S Al 5oHe o) g 4
et
3500
3000
4. ML 27| oS
41, Azt
Y ZAAERE) 2DE AL HAE HolEAe] 2 A} o
1000 = Gumi

= Fig. 8.7 Zt}.

Table 6. Setting of control variables

No Factors Characteristic Value

1 Season Categorical Mode Winter

2 Time Categorical Mode 12:00~18:00
3 Ignition Material Categorical Mode Unknown
4 Ignition Space Categorical Mode Functional
5 Causes Categorical Mode Eéiigiec
6 Human Injury Categorical Mode No

7 Burnt Area (%) Numerical Average 31.29%

500

moderate
Risk Grade

Fig. 8. Predicted fire damage outcomes

Table 7. Distribution of total floor area according to prediction
results

(l;l::e Average Gumi Busan Incheon
Low 4~107m’ 4~93m’ 4~107m’ 4~104m’
Moderate | 59~498m’ | 59~414m’ | 59~498m’ | 59~396m’
Severe 267m’>~ 273m’>~ 267m’~ 267m*~
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Table 8. Regression analysis on input variables for output variables 3 ] U A E 93 AL 2t g Qo] 223 7HES A
Category B SE F p-value 23k 4 9k,
Location 140 .061 5.324 .005
Number of Floors 371 067 3069 | <001 Table 9. Statistical result
Number of Grade Incheon Busan Gumi
Underground Floors Al 033 11.528 <001 N % N % N %
TFA 185 114 2.659 015 0-20 2 1.59 4 345 4 8.16
Building Area -.063 035 3.209 074 21-40 7 5.56 33 28.45 27 55.20
Structure 119 041 8.480 004 41-60 56 44.43 70 60.34 13 26.53
Industry Type 079 048 2.763 011 61-80 54 42.86 8 6.90 2 4.08
Fire-resistant Structure | 108 031 1.059 <001 81-100 7 5.56 1 0.86 3 6.12
R?=249, F=11.326, p<.001 SUM 126 100.0 116 100.0 49 100.0
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Table 10. Result maps of target areas
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