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ABSTRACT

KEYWORD

Purpose: Industrial complexes, which contain a variety of facilities, equipment, and raw materials, and employ
a large number of workers, are highly susceptible to severe damage caused by fire. Therefore, this study proposes
a fire risk assessment system tailored to the characteristics of industrial complexes. Method: First, based on existing
fire-related assessment systems, fire risk assessment system suitable for industrial complexes are reviewed.
Second, 8 fire risk indicators for industrial complexes are selected from indicators collected based on previous
studies: number of fire occurrences, building density, old building ratio, accessibility of fire engines, fire risk
increasing facilities, fire hydrant, fire station, and evacuation risk reduction facilities. Third, appropriate
assessment method is derived for each indicator. Finally, the developed fire risk assessment system is verified by
applying the method to the Nam-dong industrial complex. Result: The proposed fire risk assessment system,
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specialized for industrial complexes, could identify and visualize fire vulnerable areas within the industrial
complex. This study provides a foundation for quantitative and systematic fire risk assessment through GIS-based
spatial analysis. The results are expected to be used to identify vulnerable areas that have potential fire hazards,
enabling the establishment of preventive measures to minimize property loss and save lives.
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Table 1. Comparison of the domestic fire risk assessment system

F
lre. Pre-disaster . . .
B prevention imnact Fire risk Regional
safety ' assessment | safety index
. . assessment
inspection
Evaluation | Infrastructure | High-rise Multi-use .
. . o o Regional
subject facilities building facility
Evaluati N &
Vé uation 31 Items 7 Items P gce. 3 Category
item Building
Evaluation
5 Class - 5 Class 5 Class
system
litati
. Total score | Qualitative Qualitative Utilize
Evaluation assessment .
by each assessment statistical
method categol by panel by two data
gory Y P experts

Table 2. Weightings

and annual indicators changes of fire risk category

in the regional safety index

Year | Hazard (50) Vulnerability (20) Reduction (30)
- Urban area size
2015 - Fiscal autonomy
- Number of hospital bed
— - Number of vulnerable um. O T e
. - Medical staff
people to disaster Fire rescue performance
2018 - Number of workers in p R
- Number of fire station
restaurant and bars workers
—- Number of |- Number of warehouse -
.. . - Medical staff
fatalities and transportation .
. . - Fire rescue performance
- Number of | service business R
2019 - Number of fire station
fire occurrences
workers
- Fire-fighting policy budget
- Number of old .
o - Fire rescue performance
buildings Number of fire station
2021 - Number of warehouse umber ot fire stahio
and transportation workers
service business - Fire-fighting policy budget

Table 3. Literature

review of regional safety index

No. | Research area

Main implications

Ulsan s . .
. - Limitations of controlling over vulnerability and
[16] | metropolitan L
. reduction indicators
city
Jeju special |- Uncertain relationship between assessment indicators

[17] | self-governing

province

and fire risk reduction measures
- Risk assessment at smaller spatial unit

Sejong special

- Limitations of fatality statistics based on address
rather than location of death

[18] | self-governing |- Uncertain relationship between assessment indicators

city and safety
- Absolute assessment method
Gwangju
[19] | metropolitan |- Considering alley fire-fighting
city
Gwangju |- Limitations of relative assessment method in reflecting
[20] | metropolitan | local government efforts and performance
city - Absolute assessment method
South - Introducing assessment methods considering regional

[21] | Chungcheong

Province

characteristics
- Absolute assessment method

South

- Removing barriers for securing golden time

[22] | Chungcheong |- Indicators of the presence of first-aid fire-fighting

province equipment is needed
23] Gyeonggi |- Ensuring access routes for fire engines and installation
province of emergency fire-fighting equipment
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Collect

Screen 70 academic papers listed in SCI, KCI

v
Screen 42 articles
relevant to urban fire risk assessment
v
Collect 524 fire risk assessment indicators

Building environment External environment ocwalenwrmmem\ Fire incident data

} Indoor building ||  Building Spatial Envlronmen(a I ‘{ Social |1 Fire occurrence
|| information 1 information Factor : factor } :\ Faclor | information
| BEREC S5 /M) (M(I8.5%) (2 L_f24%) L ms%__ L (

- 28 articles excluded

Classify
o

v v
Select indicators for which data is available domestically
and applicable to Industrial complex

v

Remove duplicate indicators and create new indicators by integrating similar indicators

v

Derive 8 final indicators for Fire Risk Assessment for Industrial complex

Select

Number of fire Building bu\ldmg Accessibility A Fire Fire Evfgsigzg:s'(

increasing
occurrences  density STCETEEY "y | veliEnt § ctlike facilties

Fig. 1. Process of deriving fire risk assessment indicators for
industrial complex
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Table 4. Categorization of urban fire risk assessment indicators

Categories Indicators ‘ Count ‘ Ratio
Building environment
Indoor building | Room temperature, window size, fire
. . .. 138 | 26.3%
information alarm system, evacuation sign, etc.
Building Building structure, building materials, 97 18.5%
information building height, building age, etc. =
External environment
. Fire station, fire h t, buildi
Spatial factor | T ire station, fire hydrant, building | -\ 51 5 g0
density, road condition, etc.
Environmental Climate, Weatl}er, humidity, 65 12.4%
factor temperature, wind speed, etc.
Social environment
. Population density, property, o
Social factor education, fire vulnerable people, etc. 60 11:5%
Fire incident data
Fire occurrence Fire source, number of fire
. . .. 39 7.4%
information occurrences, fatalities, etc.
Total 524 | 100%
T WA= Ao a4ER FAEGon, A3
71, AW e A, o 2205 59] 13871 A #7F EREH I A2
AR ASBOOA stete 4 ol ABe] Ad arEw 7
dEled AEtx, dEFol, AE99 59 9770 A1 %7t 2ot
otk & WA, )R8 a9e shAe] daEE mXE A%
Fuo] 2R 943 BT AEES BRGGON, ARHOR F
7t adl, @A e o s FRHT A Q0L 2HEE A
o/ 9 et el o ey dl Qlmet ph @ A5 R 14
Holon], AA 9%, T2 JH, A8 PHE, F74 94 59
1257] 2137} 255 et @742 9 12 S Ay i ghitel] FakS
2= 713 9@ 2 ek 2179 ‘Climate-weather' & Z g5}, 7]
T, B35, A A 59 65719 2| w7t mAE G Al A=,
AR A 09 AFEA D A AAH S AEA Socio-

economy & Egtolo], W4 Q1T EE, A4t 52 607 A&7}
ERESIT W AR, SPAIAEE @910 2= AR T o TAY

T EH, oA A, SFA AL

gj_"

T,

ol

2,

>,

Kl

1o

o

Bl
;

o

e

il

P4 59 3970

N
e
et
I
%0
T

3.3. AYEA SAAE AE A

A 3.2 40A 2R 671 89 F ABWTAHEI M =
H]2(26.3%)& AAStE o, & C“%l— e % % o w7
JEGE AANA Y EATH A AAEA] A 9] S
Zkstaz st e, 2 Ao weE vjA A A8 AE
HE 7 EAA Aelstlnt. v, A== (18.5%) 9
890(23.9%)2 B 891 ti¥] &2 WEE FAo] E8531
Eatopt AEAE 0] o AT EA] W ef o] wlolH 2 28 7h
sto] W7HA H 2 A ST, T, AT A hef o] wofE Hh7}
7Fett AuRte BHER AYSlH. BeoR, A adl

Zi

LT
off e X oX of Jm rlo

+

.
;2 ofl {.:
¥ —{m

>~ r:L

108 KIEAE Journal, Vol. 24, No. 4, Aug. 2024

(12.49%)3 214 2.9 (11.5%)2 A7 D919 dlolelat 233}
2910, AR ©9l o] dlojE Byt "9l B Aol Ao}
71l g7k AT, B 291 ou] e WIER 240 $4H T
Qlo] Ma=o] PPyt ke 710 2 mhobr|o] Wz oA A <]st
k. upute 2 ShAIA R 8918 7P Uhe Hl8(7.4%)2 B
gou} B AFo)A £8ot1A} ot A AtH |47} SHA A
£ 285t AP S ”17]'0]'5_' 9l-& mot ofu g}, A Al f
TR Ao Qg sl Zefshs AtdwAlel 44 shfel
mol e FF S o=u~o} et ) F85H70l 3
AR QARSI e, 120 BAHAIAS E8stel, s A
P, A BYASE st ok, s At S e
2 W92 A9 A wlole o] 27 BA7F Bt §rhAH
A A 9lstsie.
o|gA A E B BN FEA
Hde 7}11~ gl AREL 3
£ Fx AAstA)
CE Eoko}oq SN 2714
Stote] U9 e AAAEE
2] AP A B

==
ju
DY

EEERLE

Mz A

rO

P
Ot

U

£

T

[¢]

]_

ool
o
2

d B =

=
)
lo
u
N
Jo
B>

mZ:—Ll
Nomo
N

2]
il

Nt
N

2
w2 ME o

|

kA
i
=)
P
19
Kl

_?L
2
)

B oo P T
o
>

>
ok
>,
2o}

of Mo o= ox
)
s

o 4> o &
2
H

=
ofo

H—‘
% oL ol ofN o

i

o
)
o Mo
> »
r% o
rﬁ _>|ﬂ
-~ mﬁ
L
I oox
£
ool ﬁ
o o
i‘z e
m_>: OlN rr
o
u
==
o& B

34. A% AASA SYAPE FAAAE

A NAZ, ST ASE S Mze] A A0 AR, &
o S W AL B2 B L sl S B
ARG, S A1 2 ABNH A7 Aokt 4 s
£ APH 02 Uehht A X2, | GG HE 851 9]
o], el AT AL 4 29| SAIITES ST ASS A
1

shol.o.2 BrbskALH24], X491
2 BIFSATts). £, Q}ZH%I
Bel 7| sh.0wl(26-27), o8 AZETH
A A 22 915 o BlolE MO T
5 WAz, B ARUEE 39 9]
HopA 2 ARt s A A 2
1029), AAo) 21gj0] ojele] St
%, 74% Aole] Fe 7HAoz QI sh) &
HIATE T 7RO 2 7] ahe S Amo)

T8 A, oo, Qs
57 HHJJ%HOH 02)E JgS
=l JEot ggote] s
8517] = ahcH28].
S7HA71719l A
A o] o]f
01 ATH30-31]. &

o)
q=
=24

no}u} 321, elolHE Bl A5E A B } AEE 2
A B Ao ABAEE 9 BANER AFHUCH33]
E4 AL AS0L AR YA R 0.740] 5L ADVAS 7=

A0 BAHIR4. 2213, 39 4 A 58 ot A5 A

e ze ARUET} £ BAA A0 YaAAH3S), o] tha
o Aol ARULE FAAtacdo R EPele] A RS

EASEAU29, 31, 34, 36-37], AHYIFE=E 2ASHATHS8].
o, 2RAHI2 oA Q& =ESHU39], shEA | Attt
=4 =7F E-857] = shEHH30, 321.

=l A
A AR, L3 E2 B2 A4S 717100 epAF oFA]

A

r



277 - 018 - 42E - 258
Table 5. Fire risk assessment indicators for industrial complex
Indicators
Hazard Vulnerability Reduction
e Number of fire | Building Old building | Accessibility of l:ﬁa's’;kg RN Eva:e'(’;:l":t’i':mmk
occurrences density ratio fire engines facilities facilities

[24] ® [

[25] [ [ J

[26] [

[27] [

[28] [

[29] ® [ ] ] °

[30] (]

[31] (] (] [ J ( [ J

[32] [

[33] (] [ J (] ( [ J

[34] o

[35] ([ o [ )

[36] o [ J

[37] ([

[38] ® [ J o

[39] ([

[40] ® [ ] ] )

[41] [ o [ [ ]

[42] ([ [ ] o [ ] [

[43] [ J (]

[44] ° d hd

[45] [ ]

[46] o (]

[47] [ )

[48] ® [ J ] [

[49] [ J

[50] [ ] [ J

[51] [ J

[52] (]

[53] { ()

[54] [

[56] [

[58] [

[59] [

[61] [

[62] ([

[63] ([
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ol SIS, 40411 £, AR wFIAR AT FG, w55t R A F Q22 W42, 45), ol 159] @]
&S A/ Y, e, B, A 5O 9002 Age A =FARESL YRR TSt YIS 24
of SPAEAY o] Ul T 7 &2 Hlee AAIskE A7l o7t obA SFatH29, 41-42].
2 A4€ ks Aol w=TH29, 40, 42-44]. Hldo] el & E-g-oto] 1 vl HiA2, 282 JEAS SSEHY W 2820 oA @ &

(©2024. Korea Institute of Ecological Architecture and Environment all rights reserved. 109



toh

PRSI BIHAA 70

o 1T

o g

o= g
filo

N

0 oox

oo oL

A o N

o 4o =

o

N =

0o oox

i ol o

aau

ox

o

e

ri

olt

ol

rlr

el

o

B

FH

s

o

ol

=2

o &

U ool
KU oy
o 2

ool 2

ro

o

H-]

T

<

re
tlo 4

Y
ol
ol
-
ot

O

B> rot do i

7o
A3, 35,
A HA 2 F G4 D I EX A4} T2 A4
oqx—] Eﬂ _-\-L_EFH %Q‘% ;q;g—al.—l 0101 _erxﬂ HP}\(})} }\]
it oA o] dl ez 2-gstef SHA 1A= &0l
E=AISHA o] felo] E & Qe e ARAole 7?
HFAA, SR AFA ol Ql=d[24],
5 S AubE el spfR Tk ATl of i}
sharg 91@o] glet. o] the] AT A Fhk
oF 22 s 919 S7F A2 e Flekacle
SH A =S A SEHT31, 48-51].
WAz, 2-geA s HV**i} 2
27) W& Aol ”é

A 3
Folt 94 A xolt}, £

ru{m 2 ox |o
P>

oL
ﬁ)J_L
a
rH
o
& flo o

j?_l‘,
=2
i}
12
fo
— Lo
lo
Fu
H
ool
ol
ol
2
ol
=2
4o
g]:
H

g
rlo
=

o 01@‘_‘

i (e
N
L

RN}

1
et
1o

0,
el

Lol r
>
e

|'H.I-]lj—-—‘j9,
2 2 ol

~l>

"IT_I

= oQ
2%
It EQE

N "
or b
tol,
2
N9

Kl
=2
e
fljo
ol
Qb
N
=2 H:l

5 Jz:
olo -
4
Joy r|r
et

o 2
ro,
fle
Mr o

f
=

o

>
2o E
o
2

>
2

ol
L

o -~
o
ool

tlo ofl o,
oo
<

- »l
2,
jin*

o
ol
n_t[o
ox
o -

o olN
N
>,
jl-‘ [e3

oot ok

18,
et
L
)
n)
o

il
N
=
1o
Y
A
L

ﬂl‘
=2
4o

-+
=
X

K

4>

1o

re Tir
&
tH
&)

B o>
oL >
Q oo mx
—Q tlo
= 5
o Sz
L)
= b
Uﬁ l
o, HE
L3
IH% ol
i}

o

_?L

S BASI9TH29, 31, 42, 46, 48, 52].
AdF HAA=Z, LA “ﬁ 119‘?_]' ‘_H]Eﬂf S Ay /\] 5‘—‘%}5‘]'%
}NAY =27 e
A7 A golth, %
(flashover) @A}o] ¥

=

g Ho&éEE}"‘Ol A Ea 2

oft
2
A/
ﬂJl

4
o
oli
ok
rlr
o,
o
rlr
N
jSL
> 0
\l
_|_,
tlo
Alr
o
ro
\l
JE
ox
o,

2 msfe 5-of SPA s w3t ﬁ—?"ﬂ’ﬂL 47{ 3L:17} u
e spA o] 27+ Br s 119eHAAIE] o] AH| Az ATt 45t

AHAH A A2 HE AESEH 53], TS, the] dAFtolA A

A2 119 EHE SP A E Ao 2 njAl= g9o=z |

1 S-S BA5FATH31, 35-36, 42, 47-48, 50].
opzjeto 2 mit 9 7hA A E-2 Sl WA A] AFREEo] oFA

o
s TRl 4 Sl H A8 AR, A7 £4E Foltd 94
2 AL sto] B APEE BEE AXZ 715

o JR
e
_o‘_|5
_&
o,
_\,L
rﬁ,
—LI
E
_>|:
m
El
_t[o

UEA| sflig e HordE

4.1, A& AR AN FIPEH

3.3. 404 AAE 879 AdetA] A E ”':]7]-1]_{,—1_%
9| A5 BAAAE 7= L5 A E
2 2REUT A AR QoA mel= s}xﬂuuﬂ 7}%/\31), 7_ =
7R 2E T & AR, Fopx Rl

110 KIEAE Journal, Vol. 24, No. 4, Aug. 2024

Table 6. Fire risk assessment method for industrial complex

Indicators ‘ Assessment method Assessment criteria Weight
Hazard 50%
Number of Number of fire
fire occurrences divided Natural break 50%
* Sclasses
occurrences by the block area
Vulnerability 20%
o Sum of building area .
Building . * Equal interval
. divided by the block 59
density Vided by the bloc ¢ Sclasses (0~80%) &
area
The ber of ol o
C ummber ot o d 1, Old building: over 30
Old buildin buildings divided by cars
N the total number of Y . 5%
ratio buildings within ¢ Equal interval
Y )~ 0,
block Sclasses (0~100%)
Accessibility * Vulnerable road: road
of fire Buffer analysis width less than 4m 5%
engines ¢ 50m, 100m
L * Hazardous materials
Fire risk facility: within 250m
increasing Buffer analysis : . o 5%
e e Gas station: within
facilities
25m
Reduction 30%
Fire hydrant Buffer analysis e Within 100m 10%
Fire station Network analysis ' Wlt.hm Sminutes by 10%
vehicle
Evarcilsxleltlon e Within Sminutes walk
ducti Network analysis |* Walking speed: 10%
e uc %on 1.38m/s for adults
facilities
WjshE 7442 4 Sl WA EIL mE glct vk 2 A7
Azl oA B A BFiE 29 & e faF] RS
7 AEARE AHY AN YL Table 6.3 2o] 0¥
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Table 7. Building density assessment methods and criteria used in

previous studies

No. Assessment method Assessment criteria
Sum of site area divided by |® 5 classes (Z-score, equal
[29] .
block area interval)
o ... | * High: over 100
Thy ber of buil thi
B erﬂi’e a:;admgs WD o Moderate: 50~100
* Low: under 50 (units)
[34] Sum of building area divided | 5 classes (-1.5SD, -0.5SD,
by administrative district area 0.5SD, 1.5SD)
Th f buildi ithi
e'n}lmbe'ro l‘>u1.d1ng's WI thin 4 classes (Fire damage:
[35] | administrative district divided by 008 | interval)
the administrative district area 6, equat wmterva
-Sum of total floor area divided | ® 7 classes (GiZ-Score: -99%,
[36] | by sum of total building area -95%, -90%, not significant,
-Clustering analysis 90%, 95%, 99%)
The number of buildings * High: over 80 (Units/Ha)
[37] divided by the administrative |* Moderate: 40~80 (Units/Ha)
district area * Low: under 40 (Units/Ha)
Building coverage ratio by * 5 classes (0~100%, equal
block interval)
3] 5 classes (0, 200%
. o > 0,
Floor area ratio by block 400%, 600%, 800%)
The number of buildings in a
* 9cl 0~8
[39] | census block divided by the classes (0-8,

census block area

geometrical interval)

U e grhetglet. TRt thao] 7] Ao 2.2 800 A9 A
HE7E =gelsitts ool weh S o2 FESE equal
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o 3 4E 5 A4 e 2 Wirel 8= ves Fole
o] dutzlol}, A& =& HA=E AFAY 3049 ©]443], 20
d sl g sttt oleh e k%
g g dal, 798 A5AY Baghe 285t =R s B
AT ATH41]. B AFSollH e =512 HlEe F2 5559

o vl i

o
o%
N
5,
u»—l
(e}
[
=2
o
=
A
o
fl

oto] shA S BrlstATH?29, 411, TA] 2 FAEA Fuls, Al
PG A2z A3 AL oM e FFH 204 o] 304 o]ste] |
Qo)A Aot 717re] At AFES =58 AR=2 YA|5k 97
of, & Aol A= ol A2 A Aol 5 2= Loy I 7t
0l £ EFE T 309 o[ WEES LS =l A Y
SHRTh AFAT A Yl thp 0] le e Eo] A 739 A B =
AHel f1ddo] §435] F7ksk71ol, ©<ed] Bt dPEe Bokoh= AR
o =32 £ BS54 S FlepA o] okt o] o, &elE
S L3A5E S5 HHESY M4 A5 E o= e 3 0E
H &2 B7h o 2 AAstlh TR, thp o] 7] A9} 2.2
A A998 g7} BEeste oo ntet 57170 2 s
= equal interval Y-S o ol2

et
o
o
8
L
o)
o &
I
e
[t
o
19
Ry
Mo

& 0%1A 100%714] 7Fsst71°l, o1&

ol
ol
lo
Fu
-
A
o
8
luf

BT ER ZA4S
o}, et 2u} 29 5
4m PIREe] E2[46], LAFAE ZIR 7
6m o|9te] T 229, 38], & 3m ©]5}H35], = 5m u|gte] & 2 [48]

otz 22 A olstgtth. o)t Zro] Aol ZokE 2 o] rjupd.e
A TR P or Ta A4 0] FHokn w2 2 EE o] 7]a]of
2 HoFgor FRA o4, B2 A9 FHode B+
o] FoF L2 £5 A 2 2 WeAY35), A5 27t

L

Table 8. Old building ratio assessment methods and criteria used
in previous studies

No. Assessment method Assessment criteria

The number of old and ¢ OId building: 20 years or

[29] unauthorized buildings divided more
by total number of buildings in [* 5 classes (0%, 20%, 40%,
the block 60%)

5 classes (class 1: 10%,
[41] | Average value of building age class 2: 25%, class 3: 30%,
class 4: 20%, class 5: 10%)

The number of old buildings
[42] divided by total number of
buildings

Old building: 10 years or
over

The number of old buildings
[43] divided by total number of
buildings

* Old building: 30 years or
over
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Table 9. Accessibility of fire engines assessment methods and criteria
used in previous studies

No. Assessment method Assessment criteria

*  Vulnerable road: road width
less than 4m, or less than 6m
with obstacles, including street
parking

Exclude inaccessible

14
(4 roads for fire engines

*  Vulnerable road: road width
-Exclude inaccessible less than 3m

[16] roads for fire engines * High: over 100m radius
-Buffer analysis of road |e Moderate: 50~100m radius
e Low: less than 50m radius

The number of
inaccessible roads divided |® Vulnerable road: road width of

201 by total number of roads 3m or less
in administrative district
*  Vulnerable road: road width
Exclude inaccessible less than 4m, or less than 6m
[23] . . . .
roads for fire engines with obstacles, including street
parking
. e 20m, 60m, 100m, 140m, 180m,
[27] | Buffer analysis of road 250m, 350m

The number of
[28] | inaccessible lots divided |* Number
by total number of lots

-Exclude inaccessible
[31] roads for fire engines
-Overlay analysis

Vulnerable road: road width
less than 4m

Density analysis of Within 5-minute walk (280m
illegal parking radius)

32
2 Density analysis of street | ® Within 5-minute walk (280m
parking lot radius)
(33] Exclude inaccessible ¢ Vulnerable road: width less
roads for fire engines than Sm
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Table 10. Fire risk increasing facilities (hazardous materials facility)
assessment methods and criteria used in previous studies

No. Assessment method Evaluation criteria

¢ High: 1,600m or more

[31] Buffer analysis * Moderate: 800~1,600m
e Low: 800m or less
[48] Buffer analysis e 250m

¢ Residential building: 10m
[49] Buffer analysis ¢ Educational facilities: 30m
¢ Cultural properties: 50m

Table 11. Fire risk increasing facilities (gas station) assessment methods
and criteria used in previous studies

Assessment criteria

High: 1,600m or more
[31] Buffer analysis * Moderate: 800~1,600m
Low: 800m or less

[48] Buffer analysis * 25m

Residential building: 10m
Educational facilities: 30m

Cultural properties: 50m

5 Classes (20m, 50m, 200m, 1,000m)
Very high: 0~100m

High: 50~250m

Moderate: 150~500m

Low: 300~500m
Very low: 500m or more

No. Assessment method

[49] Buffer analysis

[50] Buffer analysis

[51] Buffer analysis
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Table 12. Fire hydrant assessment methods and criteria used in
previous studies

No. Assessment method Assessment criteria

[29] Buffer analysis * 100m

¢ High: more than 100m
[31] Buffer analysis * Moderate: 50~100m
* Low: less than 50m

42] Buffer analysis * 50m
46] Buffer analysis * 140m
48] - * 45m
52] Buffer analysis * 100m
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Table 13. Fire station assessment methods and criteria used in
previous studies

No. | Assessment method Assessment criteria

e High: more than 2km from fire station
[31] | Network analysis | Moderate: 1.4km~2km from fire station
¢ Low: less than 1.4km from fire station

Network analysis | ® 5 minutes by vehicle

35 . .
3] (OD cost matrix) |* Vehicle speed: 60km/h
lusteri Isi
[36] | Clustering anaylsis | g iug: 500m, 1km, 2km from firc station
(Hotspot)
. |* 3,5, 10 minutes by vehicle
Network anal >
[42] ¢ (olrl a?a)ysm ¢ Vehicle speed: 45kmvh for principal
atlocate arterial road, 30km/h for local road
[47] Network analysis |* 5 minutes by vehicle

(service area) ¢ Vehicle speed: 50km/h

[48] | Network analysis | 3 minutes by vehicle
[50] Buffer analysis |* 0.5km, lkm, 2km, 4km from fire station

Network analysis . .
[62] (OD cost matrix) 5 minutes by vehicle

Network analysi
[63] © or. ANAYSIS o ) minutes by vehicle
(service area)

Table 14. Evacuation risk reduction facilities assessment methods
and criteria used in previous studies

No. | Assessment method Assessment criteria

Network analysis |® 5-minute walk (Walking speed: 1.3mv/s

(53] (service area) for adults)

[56] Network analysis |* 5-minute walk (Walking speed: 2m/s
(service area) for ages 15~65)

[57] Network analysis |® 5-minute walk (Walking speed: 1.3mv/s
(service area) for ages 20~39)

(58] Network analysis | ¢ 25-minute walk (Walking speed: 1.38m/s

(service area) for adults)

Network analysis
[59] (service area,
OD cost matrix)

e 25-minute walk (Walking speed: 1.38m/s
for adults)

¢ 15-minute walk (Walking speed: 1.38m/s
for adults)

* 7.5-, 15-, and 30-minute walk (Walking
speed: 1.11m/s for ages 15~49)

[60] Buffer analysis

[61] | Coverage analysis
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Table 15. Fire risk assessment map for each indicator

Building density

Number of fire occurrences

Old building ratio

4

Accessibility of fire engines

Fire risk increasing facilities

Fire station Evacuation risk reduction facilities
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Table 16. Final fire risk score calculation formula

Final Fire risk score
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Fig. 2. Final fire risk assessment map
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