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Abstract

There are approximately 25,724 shelters to which people can be quickly evacuated for safety in case of emergency
across the nation, and Seoul has about 3,870 shelters. Those nationwide shelters are located at a point within a
five-minute radius for quick evacuation. Seoul's shelter capacity can hold 285% of its population. The problem is,
however, that there is no knowing how many shelters are reachable within five minutes when considering walking
speed according to individual differences in age, height, health state, and physical condition. In addition, available
service areas become different according to the spatial allocation and distribution of shelters with possible vulnerable
points. This study thus defined the pedestrian walking speed at Im/s, 1.3m/s, and 2m/s by reviewing previous
studies and conducted network analysis of the Location Allocation Model with the designated shelters and road
networks in Seoul. The results identified the shelter service and vulnerable areas in each administrative district of
Seoul according to walking speeds. It was analyzed that the vulnerable areas in which the elderly could not reach
a shelter were more than twice as big as those of adult men and women with a fast walking speed.
Keywords : Location Allocation Model, Network Analysis, Walking Speed, Shelter
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Table 1. Walking speed based on the advance research
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Studenski et al.(2011)= 650]4F =219] Z$- HAH
Y& 2 0.92m/sE A 25191 1L, Bohannon (1997)=
20thjof|A] 70t Aol AFRIHHE thdos Hase
5 AW 41 REAS2 1.27-1.46m/s, BHEASS
1.75-2.53m/s0] HASES Holglr). o]e] Aaely
oA fARE HLEs Hojsal Qi

ESE APATA oA B3P fFEE 20|
£ BI&ro WS AmiEy “HAdE, B,
w2220| ZFZF 1.006m/s, 1.298m/s, 1.888m/sZ L}
Btk

o} HlEo] IAYA| QXM BPLEE AT uf =
Y ARELS 1m/s, WE AFREE 2m/s, B32L 1.33m/sE
Zolall gltk(Park, 2008).
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contents
index speed standard researcher
(m/s) |average assessment
speed
1.24-2.05 | horizontal space 40m'(2mx>20m):adult Hong et al.(2010)
fast 2 1.888 1.87 walking inside the building Lee(2001)
1.75-2.53 | fast walking of 20s and 70s Bohannon(1997)
21?3 0.7-1.2 | traffic engineering Jeon(2011)
walking 30s 1.25-1.8 | adult Kim(2005)
speed |average 1.3 | 1.298 1.3 population density-0.1person/m’ Pauls(1983)
(nv/s) 1.4 free walking speed of street in London Older et al.(1964)
1.27-1.46 | average walking of 20s and 70s Bohannon(1997)
elders 0.8-1.1 | Korean Nation Police Agency Jeon(2011)
slow | and 1 1.006 | 0.93-1.28 | senior citizen Hong et al.(2010)
kids 0.92 senior citizen more then 34,485 person Studenski(2011)

e

SRk PR LBy



10 = - 7

Table 2. Walking distance based on the walking speed

speed(m/s) 1 1.3 2
distance(m) 300 390 600

dfalais Sl W S2 ofufo] =kt 4 Qe dhala
7} 17) o)Ak A A=E]o] ¢lrkar $FcK(National Disaster
Information Center, 2012). &3]} =9Fz}9] AL H
B Lol w4 Qs A AlokEo] B4t
o7 wokxo] HaHo ATE A 300m=E Hil
QIthMa and Kim, 2011). wj&of =0Fx}9o] AL 7
ALe(1m/s) 2.2 300mE 7}=d] 5&0] 4~QFch

ofof & ﬁ—_r“’ﬂ*iiﬂ 2|3t PE Ewsly] fff K
HAIZHIFAIZH S 5E0 & ola}gir). Table 2= 1
Y g wags EOﬂ ufe} o] skt AelE Ut
W Aojch
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Literature review
Walking speed Walking time
1m/s, 1.3m/s, 2m/s 5 minute
Network dataset construction Street in Seoul
junction(point), edges(line) road type - 9 class

Layer overlap National Disaster Information Center

Shelter in Seoul - 3,754 site

geocoding

Service area automation
ArcGIS desktop modelbuilder

| Network analysis |

Service area extract

Erase

Final service area extract

25gu
clip g
Final vulnerable area extract

Figure 1, Flow chart of the study

Administrative district
25gu

forest, river

Shelter area
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Figure 2. Network dataset of road network
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Table 3. Spatial data and attribute data

source data information
highway
expressway
national highway
local road
street :
. main road
in Seoul p
city street
road
minor road
road in apartment
district 25 Gu
land-cover forest, river
Nation Disaster Information Center :
shelter .
3,754 site
statistics ..
production in the year 2011
yearbook

Figure 3. Network analysis using model-builder of
ArcGIS Desktop 10
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Figure 4. Target area of evacuation

o] Alzte EA| W EIoA AT} $E FETR] AF
883k
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Table 4. Area of danger zone

district yearbook land-cover
area A |area B|area C | increase

Gangnam-gu 39.51 | 29.11 | 30.31 1.20
Gangdong-gu 24.58 | 18.00 | 18.46 0.46
Gangbuk-gu 23.61 | 10.02 | 10.51 0.49
Gangseo-gu 41.43 | 34.70 | 35.37 0.67
Gwanak-gu 29.57 | 12.61 | 14.92 2.31
Gwangjin-gu 17.06 | 12.00 | 12.91 091
Guro-gu 20.12 | 15.54 | 15.92 0.38
Geumcheon-gu 13.00 | 9.50 | 10.47 0.97
Nowon-gu 35.44 | 17.38 | 19.52 2.14
Dobong-gu 20.70 | 10.30 | 11.17 0.87
Dongdaemun-gu | 14.20 | 12.69 | 13.10 0.41
Dongjak-gu 16.35 | 13.03 | 13.58 0.55
Mapo-gu 23.88 | 17.26 | 19.02 1.76
Seodaemun-gu 17.60 | 12.51 | 13.15 0.64
Seocho-gu 47.00 | 26.32 | 26.18 | -0.14
Seongdong-gu 16.85 | 12.80 | 14.32 1.52
Seongbuk-gu 24.56 | 15.46 | 16.99 1.53
Songpa-gu 33.88 | 26.73 | 28.82 2.09
Yangcheon-gu 17.40 | 14.70 | 15.16 0.46
Yeongdeungpo-gu | 24.57 | 16.48 | 19.52 3.04
Yongsan-gu 21.87 | 15.39 | 16.61 1.22
Eunpyeong-gu 29.69 | 15.59 | 17.02 1.43
Jongno-gu 2391 | 1425 | 13.12 | -1.13
Jung-gu 996 | 859 | 8.75 0.16
Jungnang-gu 18.50 | 14.26 | 13.87 | -0.39
Total 605.24 | 405.22 | 428.77 | 23.55
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Table SoA] A9 thu] ch ] fn] Hajse
SR AE|2 W2L 77.69%, 66.44%, 53.93% = £
AE|Qlom, FHokx] WAL 2231%, 33.56%, 46.07%
2 ZAEA 2 A9 iy gAY EAoA
F519d 5.6%2] tly] A Q] 2jole} wHre] Fu|
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Florz EAREE & & itk

FHoFAZE 71 W AT oR FhA, AR,
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Figure 5. Service areas of shelter

F1T, AT, T, SBT S0 Uehdef, 12
U AT A9 AETY YRk HEND BAE
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o 3l A 10.44km(Korea Airports Corporation)ZS

Table 5. Service areas and vulnerable area of shelter according to walking speed

Seoul @D service area @ vulnerable area

district area A area B 2m/s 1.3m/s 1m/s 2m/s 1.3m/s 1m/s
Gangnam-gu 39.52 30.31 23.60 22.16 17.35 6.71 8.15 12.96
Gangdong-gu 24.56 18.46 12.81 11.73 10.52 5.65 6.73 7.94
Gangbuk-gu 23.63 10.51 9.81 8.83 7.51 0.70 1.68 3.00
Gangseo-gu 41.45 35.37 18.45 13.87 12.13 16.92 21.50 23.24
Gwanak-gu 29.57 14.92 11.96 11.55 10.20 2.96 3.37 4.72
Gwangjin-gu 17.04 12.91 11.19 9.66 6.69 1.72 3.25 6.22
Guro-gu 20.08 15.92 13.00 11.65 9.71 2.92 4.27 6.21
Geumcheon-gu 13.02 10.47 7.22 6.40 5.45 3.25 4.07 5.02
Nowon-gu 35.61 19.52 14.83 11.79 9.98 4.69 7.73 9.54
Dobong-gu 20.69 11.17 10.10 9.14 8.32 1.07 2.03 2.85
Dongdaemun-gu 14.25 13.10 13.10 13.10 12.16 0.00 0.00 0.94
Dongjak-gu 16.39 13.58 13.25 12.38 9.34 0.33 1.20 4.24
Mapo-gu 23.75 19.02 13.37 11.92 10.10 5.65 7.10 8.92
Seodaemun-gu 17.69 13.15 12.58 11.04 8.03 0.57 2.11 5.12
Seocho-gu 46.89 26.18 17.21 14.35 11.17 8.97 11.83 15.01
Seongdong-gu 16.81 14.32 12.83 10.92 7.59 1.49 3.40 6.73
Seongbuk-gu 24.61 16.99 14.40 11.90 7.56 2.59 5.09 9.43
Songpa-gu 33.85 28.82 21.01 17.38 14.16 7.81 11.44 14.66
Yangcheon-gu 17.41 15.16 14.10 12.36 9.64 1.06 2.80 5.52
Yeongdeungpo-gu 24.65 19.52 16.95 11.65 9.61 2.57 7.87 9.91
Yongsan-gu 21.91 16.61 10.13 5.02 3.53 6.48 11.59 13.08
Eunpyeong-gu 29.79 17.02 11.58 9.04 6.40 5.44 7.98 10.62
Jongno-gu 23.99 13.12 9.55 8.21 7.22 3.57 491 5.90
Jung-gu 9.97 8.75 8.48 7.54 6.66 0.27 1.21 2.09
Jungnang-gu 18.54 13.87 11.58 11.27 10.20 2.29 2.60 3.67
total 605.67 428.77 333.09 284.86 231.23 95.68 143.91 197.54

@ or @ / area B x100 (%) 77.69 66.44 53.93 22.31 33.56 46.07

% area A * : area of digital map, area B * : target area of evacuation

A208 A4 20124 129
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(@) 1 m/s

(b) 1.3 m/s

(c) 2 m/s

Figure 6. Service areas and vulnerable area of shelter according to walking speed
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