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ABSTRACT

Purpose: Fires that occur during construction are infrequent, but cause great damage. Recently, with
the growth of the logistics and distribution industry, the number of construction sites for new logistics
warehouses is increasing, so it was selected as a research subject and research was conducted to reduce
accidents at construction sites through the development of a fire risk assessment tool to quantitatively
approach fire prevention. Method: A comprehensive fire risk assessment tool was accumulated by
classifying the work in progress, classifying combustibles and ignition sources by grade, excluding air
(oxygen), which is difficult to control, and additionally substituting evacuation safety. Result: Using
the developed and proposed fire risk evaluation tool, excavation work with low fire risk, facility
construction with medium fire risk, and finishing work with high fire risk were sampled to derive the
result (CGI). Conclusion: In this study, it was possible to establish specific preventive measures and
evaluate evacuation safety by controlling physical conditions (combustibles) and energy conditions
(ignition sources) according to the risk assessment by developing a tool that can evaluate the risk of
14fire occurrence at construction sites. It is expected that in the future, through the application of the
fire risk evaluation tool at construction sites, it will be provided as a criterion for establishing a process
plan that can reduce risk and evaluating the adaptability of firefighting equipment.14

Keywords: Fire Risk Assessment Tool, Logistics Warehouse Fire During Construction, 3 Elements of
Combustion, Evacuation Safety
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Fig. 1. Fire cases of cold storage
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Table 1. Construction site fire general status (2018~2022) (www.nfds.go.kr)

Division Fire(case) Casualties - Property damage

Subtotal Dead Injury (1,000won)
Total 3,286 323 55 268 105,485,784
2018 792 94 6 88 44,824,661
2019 679 50 4 46 9,628,954
2020 599 89 39 50 18,860,277
2021 559 51 3 48 9,232,429
2022 657 39 3 36 22,939,463
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Fig. 2. The number of fire(www.nfds.go.kr) Fig. 3. Damage of human life(wwwinfds.go.kr) Fig. 4. Damage of property(www.nfds.go.kr)
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Fig. 5. Fire status by cause at construction sites(www.nfds.go.kr) Fig. 6. Fire status by first ignition cargo at the construction
site(www.nfds.go.kr)
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Table 2. Occupational safety and health standards rules(www.law.go.kr)

Division Detail

Article 232 Prevention of explosion or fire

Article 236 A place where there is a risk of fire, etc.

Article 239 Prohibition of use of firearms in places with dangerous materials

Article 240 Welding of piping or containers containing oil, etc.

Article 241 Requirements for Fire Hazard Work
Article 241-2 fire watcher

Article 242 No use of fire

Article 243 fire extinguishing equipment

Article 244 arson measures

Article 245 Fire prevention in places where fire is used

Article 244 incinerator
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Installation of Springkler Systemsol|4] AA|eF HF-LEE %
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FHITFFTE 22 spof ASpgre 22, 4

AGZES 42 THolo] Z 5T 285190 D% U}2-2 Table 33} 2t}
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Table 3. Combustible classification and risk coefficient (Kaong et al., 2020)

A-g5tod, A8, SENE (T ENA 8L, T8
£2), E-85 2 85199k Yoo, 2020).

0% SHH Apglk2 002, AF 1= Cl1 o2 s Alpghe 1=,
JJr Je = C3 0% 5P Aeghe 3.0 %, 55485 0] 749 C45 5P

s Amount of Degree of Heat release Loading Flammabl.e & Risk
Division . o . Combustible .
combustibles flammability rate height . coefficient
liquids
CO Lightclass I none - - - - 0
Cl1 Lightclass Il little small low - - 1
C2 Middle class I middle middle commonly 2.4 mor less - 2
C2 Middle class II above average above average  above average 3.7 mor less - 2
C3  Upper class I very many very large high - very few uses 3
very many .
I -
C3  Upper class (wide distribution) very large high very many 3
C4 Special use - - - - - 4
A3 = 27
Holelos gt A9lo] Bil 2ol ZAll AAG S 84 5 TAIN s 848 FE0] gk
EelER), 257 17I(E%, 213, 87, A714eta 5), 2384, B, Aut-5), F(RE, BAh,FEE, A
54, a6t W15 2 BRI o] 7R3 =g A galalnt
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=22 okl Arg
o] /FA| EAfIoh= 3-& 4R SHL ARG 47 FHEste] 71dE0) o] F STAIR TS 0 U Table 49 AT,
Table 4. Classification of ignition sources and risk coefficient
Division  Ignition source (heat source) condition Risk coefficient
10 none - 0
11 little Exists only during work 1
12 middle Exists only during work 2
I3 ever-present Exists only during work 3
14 ever-present Always present regardless of work 4
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Table 5. Classification of fire growth rate (Kaong et al., 2020)

s Calorific value per | MW Risk
Division . Type ;
time to reach coefficient
GO None - If the fire does not spread after a fire has occurred 0
Paper products, hard bundles of cotton,
Gl Sl 600 . . 1
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@ Medium 300 sec I\/’Iattresses’vmt}’l polyester )
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@3 Fast 150 sec 5 .ft wooden pa .et, plastic .oam, 3
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Table 6. Evacuation time standard (Performance based fire safety design) (Seoul Metropolitan Govemment Performance
based design Guidelines, 2023)

Usage w1l W2 W3
Office, commercial, industrial building, school, university

e . . g <1 >4

(Occupants are familiar with the inside of the building, alarms, and escape routes, and are always awake) 3
Shops, museums, leisure sports centers, and other cultural gathering facilities <5 3 =6

(residents are always awake but not familiar with the interior of the building, alarms, and escape routes)
Dormitory, middle/high-rise housing <9 4 5
(residents are familiar with the interior of the building, alarms, escape routes, may be sleeping)
For hotels and boarding houses
. e S i . <2 4 >6
(occupiers are unfamiliar with the interior of the building, alarms and escape routes, and may be sleeping)

Hospitals, sanatoriums, and other public accommodations (most residents need help) <3 5 >8

910] BEAT AFAE] 272 F10] A4 Table 774 20] 10914 2.07H4] 237} 751 2 8ahiet

Table 7. Risk classification of evacuation factors

. . Lo Risk coefficient
Spatial properties Evacuation time ®)
If evacuation in both directions is possible and S0 If evacuation is possible in both directions to the To L0
open evacuation floor '
In the case of two-way evacuation and closed S W (less than 2 minutes) I 12
structure

In the case of single-way evacuation routes and © W2 (3 minutes) ™ L4
open spaces

In the case of single-way evacuation routes and $3 W3 (ereater than 6 minutes) ™ 16

confined spaces
In th i t as S3, und d . .
ffhe same environment as 53, underground space S4  In the environment of T3, basement and similar cases T4 2.0

or similar cases

AR 4
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A& (Oceurrence)x A& (Detection) ; 2] 212 ©o-85to] HZE(S)oll= =259 714E(Combustibles) =, A
(0)= 3 (Ignition source) 2, HET (D)= SESS 5 (Fire growth rate) 2 2-8-5130c}. o| 27| 2851 ZF2}o] A+=
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Table 8. Work type and work units of construction work (Kim et al., 2018)

division Work type and work unit division Work type and work unit division Work type and work unit

A Pile and foundation work I Brick and plastering S2 plumbing work
Pr i installation of machi
Al . eparatlc.m J Waterproof work S3 nstallation 0. machinery and
(materials, equipment) equipment
A2 boring the file K Tile and stone work T Lift work
A3 Piling L Painting work U Civil work
A4 Pile cutting M Metal work \% landscape work
B Excavation work N ‘Window and glass work w Safety facility work
C Retain of earth (0) Interior finishes X Tower crane
D Backfill P Fumiture work Y Other disasters
E Form work Q Exterior finish work Y1 cleaning work area
Flectri L. |
F Gang form R ectrical and communication 2 temporary water supply,
work temporary electricity
tructi hi
G Rebar work S Machinery and equipment work Y3 consiucHion tmastinety,
construction equipment
p .
H Concrete work S1 reparation V4 Unclassified type

(materials, equipment)
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Table 9. Fire risk assessment (pile and foundation work)

L Combustibles (C) Ignition source (I) . Fire Risk
kD F h
Work Division (material conditions) (energy condition) ire growth rate (G) (CIG)
Pile and foundation . . @) @ - ® @ =0Ox@=x®
A ingredient . type . division . .
work evaluation evaluation evaluation  evaluation
Easy fi i
Preparation Rebar Cl Safety measures 1 ;Sf}f/‘l cltz{ct fstsesrt:;z / GO 0
(materials, equipment) (non-combustible) 1 (working) 1 flame 0
A2 boring file Rebar “ satymeaswes 1! E(?lsiff/i(f:ilji f?flfrt:;ﬁ/ o 0
- ibl ki
(non-combustible) | (working) | flame 0
Easy fi i
A3 filin Rebar 1 saptymeaswres 1! da;sﬁzlc;rli tdoe tsecfefév @ 0
e (non-combustible) (working) p
1 1 0
flame
o e T e B P o
(non-combustible) | (working) 3 flame 0

QP 7RGl TS Teiste] FRIIBILE A, Table 103 2] FTB/hE-S =Ssksick

Table 10. Occupational safety and health standards rules

o Coefficient (K) o . o
Work Division - — — Fire Risk  Coefficient  Final risk
Spatial characteristics (S) Evacuation time (T)
Pile and Division © Division © @ 0@ -0
foundation work evaluation evaluation (CIG) (K) result
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Table 10. Occupational safety and health standards rules (Continue)

o Coefficient (K) o ) o
Work Division - — — Fire Risk  Coefficient  Final risk
Spatial characteristics (S) Evacuation time (T)

Preparation Evacuation in both SO TO

Al (materials, directions / open evacuation floor 0 1 0
equipment) space 1.0 1.0
Evacuation in both SO TO

A2 boring file directions / open evacuation floor 0 1 0
Evacuation in both S0 TO

A3 filing directions / open evacuation floor 0 1 0
Evacuation in both SO TO

A4 file cutting directions / open evacuation floor 0 1 0

9191 B7HE-S Bl 2L A A 0] SHPLASIREZR 0.0 2 713 vhe: uka 9ol sfste] sk HgIE-e v
& e}, e spAelgwe] tig dhalR ks QhAmolde tjalege] £ i Ao] agdolet meker,

AUEAKS : 7171 2 73] &)

71AVdR] Ak A5EC] 8ol wEh g ] HoldS Al she - Hila-dH], @ e, 328 59 SAPTA
ot SRl s S0 Haol gatt 2k Bl 5k fA1E F8 7e o ot} 59, e
=SSV A SAPFEER U 7M1 e A H T 2 Qo) ARG == AR 2 787t w s A== vk
T2 FEWL PVCHEo] ARSEH, Fut 5l A4S So7|9fsl] H2A 59 o21Ewo Alzse] At

Hotel o= SEAA AR O = 2 0] 712 919 A, At 83 50 AF}do] et Th FZoll= AP gielA
2% o PAEE 2AAS 2aelsl] flsto] elfellA 7 AES Este] eielEe 0l Alrt. sV S
= 3AAIR] Medium 0 2 A755] 0™, ZHA-5-7He] EAJ 0 2= 3 ZX-F AP uEtE| o Yoy i3t 5
+ AR 59] 9] A= tiF- AlskstolA s 2= vjdofl= mike- &% =274 ol

AHIEAR] TiEZAR) 219 0 2= Hijte] A Bl H2A 2133t 7| AP v o] ] 2] 0 = oo et el 37} U

S12H] Z oA = AR T 2pAfj o] 27t EoAAHo] steelo] BT, K. oﬂ 2 95t BeA Slo] Hoksict. Astele]
WL 2YF A o 2 FASEH, A0 Bt 21t 9fof tidg7tell A 1198 Hof SRRtAI7-goletal Sl g
L= slow®t medium © 2 513}

SR =7 I CIG) Ol TR g Hidste] F3t B7 151 Table 129] BIE 9-& 4 Slrk
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Table 11. Fire risk assessment (Machine and equipment work)

L Combustibles (C Igniti I . Fire Risk
Work Division om. LSt e§ ( ) suton sour.ce. M Fire growth rate (G) re s
(material conditions) (energy condition) (CIG)
Machine and . . ) @ L ® @=0Dx0xG
. ingredient . type . division . .
equipment work evaluation evaluation evaluation evaluation
P ti . . .
rep are? fon plumbing, cl intermittent 12 Easy fire detection / Gl
S1 (materials, . . . . 2
. equipmen | existence(working) 2 fire growth rate is slow |
equipment)
. o Penealves gy 2 | @
Piping work, piping pipe parts, pipe intermittent Easy fire detection/ fire 2
insulation work insulation existence(working) growth rate is medium
materials 3 2 2
installation of 1 . . 2 . 2
ns a' ahon Pumps, Heat ¢ intermittent Easy fire detection/ fire G
S3  machinery and . . . . 4
Exchangers, Fans 1 existence(working) 2 growth rate is medium 2

equipment

Table 12. Occupational safety and health standards rules

L Coefficient (K) o ) ) )
Work Division - — — Fire Risk  Coefficient  Final risk
Spatial characteristics (S) Evacuation time (T)
Machine and Division © Division © @ -0 GO0
equipment work evaluation evaluation (CIG) X result
. . Two-way evacuation 2 3
s1 P repazat;‘i’“n(l‘e“;t)e“al& possible / closed W3 2 224 448
quip space 1.4 1.6
.. .. Two-way evacuation ) T3
Piping work, piping = & 1e/ closed w3 12 224 26.88
insulation work 1.4 1.6
space . .
installation of Two-way evacuation Q2 T3
S3 machinery and possible / closed W3 4 224 8.96
equipment space 1.4 1.6

olo] Wrhfg.o = 1A 2 2| ZFol| A Q] SRR & Eo18t 4= 9l it ZHg o] ZH|oA L & ATlgto] 4.48
2 Qubdel 93] o 7 Bern uivate] ujihR e Ao A 26 882 ZIt 95l o 2 Hagn] 7] @ Fu|d] oA
L8960 2 An|st 9]3] 0 & J1Hs) 4 9k

SREANY - o A )
o7 BAR A AT QAR AL U RS HARl0 2 T B A A 5B F3E Y
31 25 QIefelo] BAISHAL 5 WAIE Aol 1 0] HAkE Helsh Kgslo] sekgol Abete] £xop Bk
2 B A, Ao Tz whio] SAICREH 0 2 dhysto] o 0 2 Z)elm, A 44 A
VS +

5 248789 s At o] ZidEe] PAEY. et C e A Sl ARSEE 7IAP I Sol A e s

fl
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A= QA 7Pddn] Bl 2] depol| e A 0 2 WS k. shlV S e addsele B2 e &
A= fast= SFALL, PA] 7Fd/dn] 5l 74| o] Aol A= slow 2 SHAH:

TFE Al A o] SRR ¢l e 3782 Table 133} 2.

Table 13. Fire risk assessment (pile and foundation work)

ibl Igniti I Fire Risk
Work Division Compustlb e? .(C) gnition sour.ce. O Fire growth rate (G) tre s
(material conditions) (energy condition) (CIG)
Y Finishing work ingredient O . type @ . division ® . @ :®X@.X®
evaluation evaluation evaluation  evaluation
. . Easy fire detection /
. large presence G intermittent 12 asy fire cetec 10.n a3
Y1 cleaning work area . . . fire growth rate is 18
of combustibles existence(working)
3 2 fast 3
Small .
temporary water . Cl ) ) 2 Easy fire detection/ Gl
combustibles intermittent .
Y2  supply, temporary . . fire growth rate is 2
electrici present existence(working) slow
v (working) 1 2 1
Small .
. . e Cl . . 12 Easy fire detection/ Gl
construction machinery, combustibles intermittent .
. . . . fire growth rate is 2
construction equipment present existence(working)
. 1 2 slow 1
(working)

N

d
d

HIBAR: 158417} nkpelsie glo] B2 shi9 =i i CIG) o] 2HE Bel, nharasiql sl shgies
ol 4]k 4, £ 3 el T 79| TR 08 el ] 1Y 208 1

7ol Lk, QPA1 B7h g TIerA 3 S viIste] £7187H0] s Table 147} 2,

ol o
4o
ool

rl'

Table 14. Occupational safety and health standards rules

o Coefficient (K) L . . .
Work Division . . L Fire Risk ~ Coefficient  Final risk
Spatial characteristics (S) Evacuation time (T)
® ® @ =0x® =@
Y Finishing work Division evaluation Division evaluation (CIG) (K) result
Two-way evacuation 2 3
Y1 cleaning work area possible / closed W3 18 2.24 40.32
Two-way evacuation ) T3
Y2 te::ﬁ} o W:I:Ztsr?cpiply’ possible / closed W3 2 224 448
porary ty space 1.4 1.6
. . Two-way evacuation 2 ™
h
(;(c))rrlsstrtrlll;z[tli(:)rrll ?a:;i 1::;13/; possible / closed w2 2 1.96 3.92
quip space 1.4 1.4
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