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Evaluation of Civil Defense Evacuation Shelter Locations in Fitness
according to the Walking Speed and Changing Floating Population in
Time and Space

Jae-Kook Park
Department of Geographic Information System Engineering, Namseoul University
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Abstract This study set out to evaluate the fitness of shelter locations by taking into consideration service zones
according to walking speed, the changing population between day and night, and walking routes. Walking speed was
defined as 1.6 m/s, 2 m/s based on the cases of previous studies. The changing population between day and night
was estimated with the dasymetric mapping technique. Shelter service zones according to walking speed and routes
were analyzed with the network of the location allocation model. The findings show some shelters had limits with
their capacity according to the changing floating population and walking speed in time and space and raise a need
to appoint additional shelters.
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Table 1. Basis data
Source Specification Reference
2017.12 Xls
Shelter Public data portal
140 Number
PredestrianRoad | 1/1,000 shp Korea national
o 1/1,000 shp spatial data
Building pogo Number | Infrastructure: portal
2015.03 xls
Population 392,128 Daytime Korean sta.t|st\cal
Information
147,607 Nighttime
2016.03 xls
Mobile data SK telecom
5,667 Number
Fig. 12 A7 d3A 93 7| 2485 S35t VERd
o]t

Fig. 1. Study area

3.2 tHmfAldel tHo| MY &M

EERES
e sRos

Legend
®  Evacuation shelter
& hobile data
Foad
Building
[ ] Administrative district

2 Kilometers

o
’E!ii oA S A7) s o

Haﬂz}Eioﬂ 3H% %ké e FUEYNILZH S A

EERCERE

gakaiet. olell vig Avh= Fig. 29} 2t

Legend
®  Evacuation shelter

- 480m(1.6m/s)
B&7m(2.22m/s)

Hetwark dataset

2 Kilometers
S S Y B R |

Fig. 2. Service areas of shelter according to
walking speed

Table 2= th| A4 2] AMWH, 58919, Bz
2o W2 o7l ALe] WS ek ol

Table 2. Service areas of shelter according to
walking speed

D Shelter Service area(m)
Area Capacity 1.6 m/s 222 m/s
1 779 944 11,403 12,425
2 4,950 6,000 82,372 116,637
3 175,537 212,772 17,701 17,755
4 174 211 15,335 15,355
5 23,601 28,607 16,967 16,967
6 21017 25475 9,598 9,602
7 8,896 10,783 44,467 44,497
8 748 906 61,983 90,470
9 990 1,200 114,420 190,487
10 1,598 1,937 106,851 142,824
140 8,616 10,444 5,319 2,751
Total 833,843 1,008,690 9,899,428 13,452,978
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Table 3. Residential area per person

Classification of building Reswds:rt;ln?f? per
Average 28
Datached house 283
Apartment 30.1
Multi-unit dwelling 34.3
Multi-household house 218
House within commercial building 243
Officetel 26.7
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Fig. 3. Density of nighttime population by
dasymetric mapping
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Fig. 5. Density of daytime population by dasymetric
mapping
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Fig. 6. Overlay of nighttime population density and shelter service areas
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N Legend Legend
W@b @ Evacuation shelter ®  Evacuation shefter
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Hlo-2 Blo-+1z

I 4120 - 14158 I 4130 - 14158
[ 14,153 - 26,545 [ 14,158 - 26,548
] 26547 - 40,114 [ %8507 - 2014
[ J4ons- 54272 [ Jani5- 54272

[ ] 54273 - 68,430
[ B8.431 - Ba357
I =4.355 - 102085
B 102.0% - 122,112
B 22013 - 1E0.427

[ ]s4.273 - 68,430
[ 66,431 - 84,357
I 65,356 - 102,055
I 102,056 - 122,112
B 122003 - 150,427

2 Kilometers 2 Kilometers
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Fig. 7. Overlay of daytime population density and shelter service areas
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Disabled 8

Table 5. Evaluation of civil defense evacuation shelter locations in fitness according to the walking speed
and changing floating population

Capacity Population of Evacuation @ Rate of capacity (D+®)
ID of shelter Nighttime Daytime Nighttime Daytime
(Pop.) ® 1.6 m/s 222 m/s 1.6 m/s 2.22 m/s 1.6 m/s 2.22 m/s 1.6 m/s 222 m/s
1 944 - - 673 673 - - 1.40 1.40
2 6,000 11 11 2,869 3,184 545.45 545.45 2.09 1.88
3 212,772 - - 2923 2923 - - 72.78 72.78
4 211 309 309 2,085 2,085 0.68 0.68 0.10 0.10
5 28,607 - - 1,507 1,507 - - 18.98 18.98
6 25,475 - - 1,158 1,158 - - 22.00 22.00
7 10,783 162 162 2,943 2,943 66.56 66.56 3.66 3.66
8 906 - - 547 547 1.66 1.66
9 1,200 265 265 648 891 453 453 1.85 1.35
10 1,937 2,890 2,893 5253 5,353 0.67 0.67 0.37 0.36
140 10,444 708 - 128 - 14.75 - 81.65 -
Total 1,008,690 103,885 111,264 340,766 344,812 33,772.32 28,619.13 2911.80 2,750.93
Number of civil defense evacuation shelter, rate of capacity < 1 36 36 57 56
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