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A Study on the Impact Analysis of Fire Factors Affecting Property
Damage by Residential Type in House Fires
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Abstract Recently, the potential risk from residential building fire is increasing due to various factors
such as high-rise or overcrowding. According to the 2020 Korean National Fire Agency Statistical
Yearbook, the average annual number of housing fires over the past ten years has increased by 0.6%,
and the number of casualties and property damage have increased by 1.6% and 2.4%, respectively.
Therefore, this paper evaluates the fire factors that affect property damage according to the type of
residence, such as multi-unit houses, detached houses, and other houses. In particular, this study used
housing fire data for big data analysis to minimize property damage caused by house fires. Moreover,
this study proposes institutional improvement plans for fire prevention and response to house fires from
the derived results. This paper's fire factor impact analysis includes a significance probability analysis
to select a fire factor that satisfies the significance level. In addition, a linear correlation analysis was
performed between property damage and the selected fire factor, and a random forest algorithm was
implemented as a process of deriving the importance of factors. As the main results, the common
important fire factors affecting house fires were fire station distance, time required for dispatch, and fire
suppression time. As a systematic improvement plan for these results, it is necessary to improve the
location optimization of the fire station and reduce the delay factors for dispatch. In addition, in the
case of multi-unit houses, including high-rise apartments or multi-purpose buildings, the fire floor
showed relatively high importance compared to other residential types.
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Fig. 1. Status of house fires in 2017
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Table 1. Variables Summary

Fire factor Min gl;ft Median | Mean T(ggd Max
Death 0 0 0 0.02 | O |3.0E+00
Injury 0] 0 0 0.1 0 | 1.0E+01
HumanDamage 0] 0 0 0.1 0 | 1.0E+01
PropertyDamage 0 | 75| 496 |5073|3690|7.5E+05
ArrivalTime 0 |203| 273 | 343 | 389 | 1.3E+04
InitialExtinguishTime | 0 | 60 | 240 | 447 | 540 | 3.0E+04
TotalExtinguishTime | 0 | 67 | 360 | 913 | 998 | 3.0E+04
GroundFloorLevel 011 3 6 6 |5.9E+01
BasementLevel 0] o0 0 0.5 1 | 1.2E+01
FireOutbreakLevel | -5 | 1 1 3 3 |4.1E+01
FireStationDistancing | 0 | 3 5 9 11 [ 9.9E+01
SafeCenterDistancing | 0 | 1 2 4 4 |9.9E+01
BurntArea 0] 0 0 16 | 15 | 1.5E+03
MobilizedPersonnel 0|22 32 36 48 | 1.1E+03
FirefightingPersonnel | 0 | 16 24 29 | 41 |2.3E+02
VolunteerPersonnel | 0 | 0 0 2 0 |3.0E+02
PolicePersonnel 0| 2 2 3 4 |3.5E+01
PublicPersonnel 0] 0 0 0 0 | 1.2E+02
MilitaryPersonnel 0] 0 0 0 0 |9.7E+02
ElectroGasPersonnel | 0 | 0 0 1 0 |4.0E+01
EtcPersonnel 0] 0 0 1 0 |[8.4E+01
MobilizedEquipment | O | 8 11 11 15 | 5.0E+01
PumpTankEquipment | O | 4 5 56 | 8 |2.8E+01
AerialEquipment 0] o0 0 0.5 1 | 1.0E+01
ChemicalEquipment | 0 | O 0 0.1 0 |3.0E+00
RescueEquipment 0 1 1 1.3 2 | 1.0OE+01
EmergencyEquipment | O 1 1 1.3 2 | 1.4E+01
HelicopterEquipment | 0 | 0 0 0 0 | 4.0E+00
Temperature -18| 2 12 12 22 | 7.9E+01
Humidity 0 | 34 55 53 | 74 |9.6E+02
BuildingBlock 0|1 1 2 1 |3.1E+02
TotalFloorArea 0|90 | 276 |[44503|1931|2.1E+08
FloorArea 0| 66| 105 |5494 | 270 |9.7E+06
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22 59 Hee 79 TEstu g o] % SEAfQIRk Table 3. Analysis results of Cor
24 tom MFuTh AYEAUFircfighting —— —
Personnel), <5 YE5(Military Personnel), S Death 0.13
(Humidity), AEFZ%(Building Block), Injury 0.15
HumanDamage 0.18
(Total Floor Area), (Floor Area)< & ArrivalTime 0.11
O HLZE o glol A Alals B2 a1l slalo InitialExtinguishTime 0.29
J’éo]—X] LT)]:—QEE ‘UJOL_ %{—l’{ﬂ'ﬂ] T':/H' ?l —Q}ZH A TotalExtinguishTime 0.35
A4 B4 iAol A AlLlskTt GroundFloorLevel -0.089
BasementLevel -0.091
FireOutbreakLevel -0.061
Table 2. Analysis results of P-value FireStationDistancing 0.13
SafeCenterDistancing 0.14
Fire factor P-value BurntArea 0.65
Death <0.0000000000000002 MobilizedPersonnel 0.14
Injury <0.0000000000000002 VolunteerPersonnel 0.23
HumanDamage <0.0000000000000002 PolicePersonnel 0.22
ArrivalTime <0.0000000000000002 PublicPersonnel 0.1
InitialExtinguishTime <0.0000000000000002 FlectroGasPersonnel 0.17
TotalExtinguishTime <0.0000000000000002 FtcPersonnel 0.26
GroundFloorLevel <0.0000000000000002 MobilizedEquipment 0.13
BasementLevel <0.0000000000000002 PumpTankEquipment 0.093
FireOutbreakLevel 0.00000000004 AerialEquipment -0.069
FireStationDistancing <0.0000000000000002 ChemicalBquipment 0.13
SafeCenterDistancing <0.0000000000000002 RescueEquipment 0.025
BurntArea ¢0.0000000000000002 EmergencyEquipment 011
MobilizedPersonnel <0.0000000000000002 HelicopterEquipment 0.063
FirefightingPersonnel 0.8 Temperature ~0.041
VolunteerPersonnel <0.0000000000000002
PolicePersonnel <0.0000000000000002
PublicPersonnel <0.0000000000000002 3.3 _?ZI.XHOJxI- %1%!:_5_&!
MilitaryPersonnel 0.3
ElectroGasPersonnel <0.0000000000000002 Z4 Hl A F]of gl = W4l s A=
Sobieiospmen | (C0o000oNNNNNNNge o] GYEG W/istu R 9 8T 48 TR
PumpTankEquipment <0.0000000000000002 MS Windows 10 64H|E 2FAA], Intel Xeon 3.5Ghz
S o) cpu. 128GB= 748 AaLHol 8N RSudioS A
RescueEquipment 0.007 L33t
EmergencyEquipment <0.0000000000000002 =l A [ = =
HelicopterBquipment 0.000000000006 &5 i AdEishe s gaEEel 99l Sl
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Injury HumanDamage ArrivalTime InitialextinguishTime

1 2 221 0
2 3 339 480
2 3 295 1140
2 3 608 780
1 2 264 1020

Fig. 2. Sample of variable’s value list before
scaling

Injury HumanDamage ArrivalTime InitialeExtinguishTime

-1.10 -1.10 -0.813 -1.49
0.73 0.73 -0.042 -0.45
0.73 0.73 -0.329 1.00
0.73 0.73 1.716 0.21

-1.10 -1.10 -0.532 0.73

Fig. 3. Sample of variable’s value list after scaling
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Table 4. Analysis result: Multi-unit house fires

Fire factor %IncMSE IncNodePurity
Death 8.28E+05 2.71E+09
Injury 7.89E+04 2.52E+09
HumanDamage 1.05E+06 2.83E+09
ArrivalTime 6.65E+06 1.02E+11
InitialExtinguishTime 5.89E+07 5.78E+10
TotalExtinguishTime 6.85E+07 9.6E+10
GroundFloorLevel 1.00E+07 5.31E+10
BasementLevel 2.48B+06 1.12E+10
FireOutbreakLevel 1.95E+07 9.25E+10
FireStationDistancing -2.15E+06 1.26E+11
SafeCenterDistancing 5.57E+06 7.14E+10
BurntArea 1.12E+07 5.35E+10
MobilizedPersonnel 7.34E+07 6.98E+10
PolicePersonnel 8.86E+05 6.58E+10
MobilizedEquipment 5.87E+07 5.02E+10
PumpTankEquipment 4.96E+07 4.07E+10
AerialEquipment 1.36E+07 1.37E+10
RescueEquipment 1.63E+07 1.47E+10
EmergencyEquipment 4.40B+06 1.43E+10
Temperature -2.418+06 8.25E+10

Table 4= 3559 aFAfolA AAitmjsfo] s A
A=Y FF AEE Y= =t S-S &9l
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Fig. 5. Importance of independent
variables: Multi-unit house fires

Table 5. Analysis result: Detached house fires

ArrivalTime
Temperature
TotalExtinguishTime
FireStationDistancing
MobilizedPersonnel
SafeCenterDistancing
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Table 7. Importance of independent variables

Independent Importance
variables Multi-unit | Detached Etc
Death 2.71E+09 3.2E+09 1.01E+07
Injury 2.52E+09 4.49E+09 1.11E+07
HumanDamage 2.83E+09 4.23E+09 2.14E+07
ArrivalTime 1.02E+11 1.96E+11 1.02E+10
InitialExtinguishTime | 5.78E+10 5.56E+10 3.32E+09
TotalExtinguishTime 9.6E+10 1.26E+11 5.84E+09
GroundFloorLevel 5.31E+10 2.2E+10 5.65E+08
BasementLevel 1.12E+10 8.09E+09 4.62E+07
FireOutbreakLevel 9.25E+10 3.79E+10 2.46E+08
FireStationDistancing | 1.26E+11 1.08E+11 6.40E+09
SafeCenterDistancing | 7.14E+10 1.02E+11 5.09E+09
BurntArea 5.35E+10 4.89E+10 5.39E+09
MobilizedPersonnel 6.98E+10 1.05E+11 4.95E+09
PolicePersonnel 6.58E+10 3.84E+10 2.13B+09
MobilizedEquipment 5.02E+10 7.59E+10 2.88E+09
PumpTankEquipment | 4.07E+10 3.44E+10 2.51E+09
AerialEquipment 1.37E+10 7.34E+09 2.46E+08
RescueEquipment 1.47E+10 2.04E+10 1.75E+09
EmergencyEquipment | 1.43E+10 1.32E+10 4.10E+08
Temperature 8.25E+10 1.81E+11 7.25E+09
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