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A Study on Fire Factors Analysis Influencing Property Damage by
the Use of Fire Extinguishing Equipment in Building and Structure
Fires
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Abstract Despite advances in fire prevention and safety technologies and institutional supplements,
property damage and personal injury due to fires has not decreased. This study presents the scientific
basis for a big data analysis of institutional improvements in fire safety and responses by evaluating the
correlation and importance of factors that affect property damage based on whether sprinkler systems
are used in buildings to fight structure fires. Independent variables used in property damage analysis
utilize building information and the time and distance affecting site access by mobilized equipment and
personnel from the Korean National Fire Agency. In the analysis process, independent variables for
machine learning were selected by analyzing significance probability and the Pearson correlation
between property damage and fire factors. Using random forest, the importance of factors affecting
property damage is derived based on whether there was a sprinkler system inside the building or not.
In the analysis results, the main factors influencing property damage included mobilized personnel,
mobilized equipment, initial time needed to extinguish the fire, the total fire suppression time, etc. If
a sprinkler system was installed, the relative importance of the initial fire exhaustion time and the total
fire suppression time was calculated to be 34.2% and 3.9% higher, compared to not having a sprinkler
system installed. These results show that the use of such fire extinguishing equipment can minimize
property damage, so it confirms the need for policy system improvement that can strengthen the
installation and operation of fire extinguishing equipment.
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Table 2. Analysis results of P-value

7] 93l RS A8l eH, &g missing value)oll o Fire factor P-value
ol Hagmean value)Btt SHgk(extreme outliers) Preparation time 0.2
o 1A= Y2 F7HHmedian Value)v% o]&3lo] % Arrival time 0.00005
steltt. Table 19141 B40] o] Qs M40 X Initial extinguish time €0.0000000000000002
/\7]_ 1/\]__'__‘4/\ 27}%}1- 3/\]_]:1 _r]_'_ J—]‘—Hﬂ'—/l 57;"3]: Total extinguish time <0.0000000000000002
Ground floor level 0.04
Table 1. Variables Summary Basement level 0.5
Fire outbreak floor 0.03
Fire factor Min grSt Median Tl(;ird Max Fire station distancing 0.000000004
u. u.
Property damage | O | 134 | 810 | 4,584 8,323,780 Safe center distancing 0.000002
Preparation time 0 60 60 60 59,400 Mobilized personnel <0.0000000000000002
Arrival time 0 1202| 276 | 406 | 14232 Mobilized equipment ¢0.0000000000000002
Initial extinguish time| 0 60 240 540 86,160 ol
Total extinguish time | 0 | 112 | 420 | 1,095| 86,388 otal floor area 0.9
Ground floor level 0 1 2 4 66 Floor area 0.8
Basement level 0 0 0 1 12
Fire outbreak floor -8 1 1 2 41
Fire station distancing| 0 3 5 12 99 xH/&j_]-aqu. %131:1 ]ﬁfl\_ ZJ.'Q’] 1401_/‘:\ ]#‘(COI‘)‘%
Safe center distancing | 0 1 2 5 99 s AL + X A}
Mobilized personnel 0 21 32 47 1,090 -‘—TA?} E‘Ty’}'\:‘ Table 3‘74' qu’ Tabl -’] "401‘_‘ J""]'
obzed enspmenc | 0 {8 11 [ 15 |15 A gsjelq gl ﬁ}xﬂzwm, s, 5
otal floor area 1, ,811,
A o = o gF 2=
Floor_area 0 | 71 | 150 | 477 ] 9715310 AFAE o8 w2 Fo AJTAT 2ATE ¢

141



p=4
R

2] A22@ A8s, 2021

F

glom, Yol 5] Qs Ajsiete] fojulet 4
TS ViR ohe

T wT

Table 3. Analysis results of Cor

Fire factor Cor
Arrival time 0.045
Initial extinguish time 0.32
Total extinguish time 0.29
Ground floor level 0.023
Fire outbreak floor -0.025
Fire station distancing 0.065
Safe center distancing 0.053
Mobilized personnel 0.35

Mobilized equipment 0.3
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Fig. 1. Sample of variable’s value list before scaling

ArrivalTime InitialextinguishTime TotalExtinguishTime

[1,] 0.16443 0.260 -0.06188
[2,]1 0.76592 -0.277 -0.33052
[3,] 0.24099 -0.360 -0.42906
[4,1 -0.83440 -0.360 -0.42988
[s,] 0.63833 -0.277 -0.36405

Fig. 2. Sample of variable’s value list after scaling
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Table 4. Variables Summary: using fire extinguishing

equipment

Fire factor %IncMSE IncNodePurity
ArrivalTime 7.9E+08 8.9E+12
InitialExtinguishTime 9.6E+09 2.2E+13
TotalExtinguishTime 1E+10 1.7E+13
GroundFloorLevel 4.3E+08 3.2B+12
FireOutbreakFloor 1.9E+08 7.7E+11
FireStationDistancing -2.5E+08 6.5E+12
SafeCenterDistancing 7.4E+08 8.4E+12
MobilizedPersonnel 7.6E+07 2.5E+13
MobilizedEquipment 1.8E+09 2.8E+13
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Fig. 4. Importance of independent
variables - using fire extinguishing
equipment
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Table 5. Variables Summary: not using fire
extinguishing equipment

Fire factor %IncMSE IncNodePurity
ArrivalTime 1.3E+08 1.5E+13
InitialExtinguishTime -1.2E+09 2.6E+13
TotalExtinguishTime 2.4E+09 3.2E+13
GroundFloorLevel 7E+08 4.6E+12
FireOutbreakFloor 1.9E+08 1.3E+12
FireStationDistancing 1.8E+09 1.9E+13
SafeCenterDistancing 1.3E+09 1.5E+13
MobilizedPersonnel -4.3E+08 3.5E+13
MobilizedEquipment -2.7E+07 5.7E+13

23} 7195 AREOHA] A9k w] AjAbE o] gt
g 559 93 AL Table 5004 Eelg 4 9l
o, RMSEE 1079812 4H&=|9)tt. Table 5& 48}
75 AREOHA] 2 A AAtdsfo] tigt 59 W
S QRS Feteel HFRER, FA% o] ELE
Aol nlXls FFol F7FRE oulgitt

Fig. 50041 Aatmfsiof gt =7 H<=Ql sH4 Q179
FALE AZEelon, A3t 7|95 AMSHA Aok
o Ak so] gk sk QIAte] S8k A= U
], FUAE, SPHZIAAIRE, SHIZZIAZE, AA A,
JFHAME AL, 2EA8ATL AESFAVY, U3s49
«o& yEhyith

N Jo

7
o

re

&

MobilizedEquipment o
MabilizedPersonnel <
TotalExtinguishTime ]
InitialExtinguishTime ]
FireStationDistancing ]
SafeCenterDistancing o

ArrivalTime e
GroundFloorLevel ©

FireOutbreakFloor °

T T T T T T
0  30000000000000

Fig. 5. Importance of independent variables
- not using fire extinguishing
equipment
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Table 6. Importance of independent variables

Independent Importance
variables Use NotUse
Mobilized equipment 2.79E+13 5.66E+13
Mobilized personnel 2.55E+13 3.5E+13
Initial extinguish time 2.25E+13 2.63E+13
Total extinguish time 1.67E+13 3.17E+13
Arrival time 8.9E+12 1.52E+13
Safe center distancing 8.39E+12 1.53E+13
Fire station distancing 6.49E+12 1.89E+13
Ground floor level 3.23E+12 4.57E+12
Fire outbreak floor 7.69E+11 1.29E+12
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