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ABSTRACT

This study aims to analyze region-based pedestrian evacuation behaviors and information
offering effect using Social Force Model, which is micro simulation.

All pedestrians were assumed to move to shelters through pedestrian roads according to
guidance information at emergency situations, and the pedestrians were classified into adults and
the handicapped. According to the results of the road network analysis and simulation analysis, the
shelters to which pedestrians can move within the shortest time from each zone were selected as
optimum shelters.

From this study, the analysis showed that the information provision effects are informative even
though total evacuation time increases due to the increase of pedestrian conflict. This study can be
used as baseline data for urban area’s pedestrian disaster prevention plans.
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(Fig. 1) Flow-chart for Study
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Ul o] A B3R Adthulel FHH A= FA Social Force Model, Cellular Automata 7| 52 &
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II. Social Force Model

w3ze] i PefEAol] FE AHSEE EES Baze] Ao me} AN R, FEAYRD, 7]
drd 55 Edsl= AA A Macrosopic) =23 Social forces models(©]3F SFE @), Cellular automata models
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Q’ T UARE Bazte] 77] 9 meke A Beate] EA L Ao|7t qlo] AA B el YEhE B
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Ao} Aol E7te] WA E I repulsive effects), HYZ FH 7ol 2|gk T F I attractive effects)Z 7= 0]
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ZITh(Helbing and Molnar, 1995; Helbing et al., 2002; Yang et al., 2014).
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ZFm‘,(EQ Ta ™ T t)_(‘u(Z ? )f ( 7:,7f) (6)

i

A g7hA AR ukel o] SFRAS A7k ol A9 BalA el FL(1)E 2 @~6)9 RE adE Fie
21 (N 2] 4Hd3HA] Fth(Helbing and Molnar, 1995; Helbing et al. 2002; Yang et al, 2014).
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o A3 SFRAe Fawscl R AASEE HPANY BAR AP HyHEE 24
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M jHEi

=

B ATAE ALl FRATEARE B3] Sls) AFA m%% Bgoz B4E 59
steith MEA ] A5 20124 Skl B HQEA Bt ok} Tk F8 FIYHIB D AT To|

iz = o} Qlal, o g ® FIEHRl F27]% o|o] AFE] 9lo] Abx xHW“OI xﬂ%xlxl U=

b A A RS E 9} BB VAR vhhlE s T AL A £Ado] & AYolgt & 4= Q) weEkA 2
AT MFTAY AFAY F 20168 722 /M B2 ATE2152%)7F AFFU ERE(SF 2.02
km?)ye Ao R AASAT A YL EAAE 9l ALAS Vo ®E 13dY 71 4
2 o] glon 7 AR 15544 3059 olER FAR ok AU LEAS AT WES A
T4E S8 ourzuuloﬂ/ﬂ Qo) a7bA] AZAs s RPAER, YTzl 2 A4 ofnE T 9 g
a9 YT A T2 ABAEAA S4H Fe 712 A ATHFE. 3).
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(Table 1) Evacuation demand of each zone

(Unit : Person)
Zone Adult Handicapped Zone Adult Handicapped Zone Adult Handicapped
1 890 308 7 318 110 13 1,497 518
2 2,130 737 8 411 142 14 1,545 535
3 1,585 548 9 868 300 15 1,934 669
4 351 121 10 1,616 559 16 2,161 748
5 1,347 466 11 1,987 687 17 1,395 483
6 1,700 588 12 773 267 18 1,382 478

2 AFAE g7t AFstal e ofES] 7t FolA tiaE A&ete] AW ALRE o5
W7hA] A8 5= Az 2 AT 5o 84S TE51A QT S 1)OLRE UolA A= )
AL )RPAEZE T3l olF Foll DA ISR YrojAA ft) o7|4 RPAEZ2E F
& ol Fol TS == tuAE 2 AAAZE ol tis|A s VISSIMS] SFEE S 53 AlEH oS
3 AHgstR o oflgtE WellA #AEE tio]Alzke] tial A= Choi and Hong(2013)9] A7 A#<l 170
o] H olF £2AM7H13.6%)S BA el HLste] At e 2HgEn)

ofj ol

(Table 2) References of walking speed-related research

Desired speed | min/max | Walking speed | Disaster Assessment
Index References
(mys) (m/s) (m)s) type method
2.81 Tsunami Lee(2013)
3.20
2.50
Adult 2.60 040 Farth- Video analysis .
(run) 2.40 D’Orazio et al.(2014)
quake
2.10
2.55
1.33 Tsunami Simulation Mas et al.(2013)
Adult 1.22 Tsunami moderate walk L
1.40 +0.20 Wood and Schmidtlein (2013)
(walk) 1.52 - fast walk
1.65 - - Hong et al.(2011)
1.06 Tsunami kids
(1~1laged)
Ha Mas et al.(2013)
Handi- ers
+ 0.93 -
capped 1.00 0.10 (60years old)
1.10 Tsunami slow walk Wood and Schmidtlein (2013)
0.93 - - Hong et al.(2011)
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Bazte] Ha&sol| AAF gebrele] B A (calibration)S <130 y_sng

, W4 P4 A3 ol E88 EdvFS F3h9 23, wE 4

= 2.60m/s, YHHAR] oA gl HIAEEE 1.40m/s, nLFFAHe] tHJJ
I ] e £% WsE aPshr] 9l B wit AASEE HHo

3= £0.1m/s~+0.4m/sH 9 9] G4 2ES A 83+ thTable 2). 71559 A9 VISSIM S/Wol 712 zh(A<l

L5mys”, 594 1.3ms) 02 skt

2. Ay

b
rx
0

EI

HAAY T 49 AAE 93 A BEH )AL A L4mfs, TEUA 1.0m/se] RHEEE 7|F0 2 1719 AT
A A 1] I ALE Tl 1 l";r MM] o7} o] oA =S HAsATE A gL 18719 LAY
I 709 tiE AR FAEE o % 1263]9] A EHolAE Tl 4 AZdHelA 2 tiajiE 9] oy
A, AL AAANTE T quH 7H SPPe) HRE HESQE SELDo] o) A H thu] A7t
olgEY o] tgAZHE F7t2 sty on 7 A9 diujate] Folu A7k HFA A A7) &4
7 S gigAlAd e FEEEQl H 88 =RAMP 667Tm)dlol £3HE = tlEA4E <Table 3>3 o] 3
A Ag2 AAsoh

min Y, > Y, (ET,+DT,) : minimize evacuation time and delay time ®

ijt ijt
teT i€ jEJ

s.t. MY, =D, Vil je (ALTF BE A
te T

Ey,t=1, 1>p, =0 (?——'_]%]9/] tg‘(')’])

A7IA, 1, = NRE ol oA j7EA tielske EeE B’ ti AR

D]jﬂ = AZE toll iol A j7HA diashe EQF B’ A A ARE
Y, = ARt toll oA j7AA ol sdte oAk & (v, =pD,)

7= ANz A9 3, 1= AEAG 7‘@ J = xe [
D, = EEA()S FHA(5) Akele] tu

po= N3 el Ao thulFan s

(Table 3) Result of optimal shelter analysis

Zone Optimal Avg.ET(s) Avg Distance Zone Optimal Avg ET(s) Avg Distance

Shelter +Avg.DT(s) (m) Shelter +Avg.DT(s) (m)
1 A 299.3 439.8 10 B 462.6 647.7
2 A 1323 197.0 11 E 441.6 639.5
3 C 273.9 382.1 12 E 5539 844.8
4 B 197.3 288.5 13 D 2252 333.6
5 B 174.3 250.5 14 E 305.6 4243
6 D 253.3 3813 15 E 131.8 203.7
7 C 147.1 2215 16 G 305.1 459.8
8 C 155.8 2375 17 F 321.0 463.9
9 C 2413 367.8 18 F 305.5 456.0
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o714 127 AZEH 9 A A7} 4 844.8mell A Al 1,254.1mE e dig A7} H 4
Ed 45 HA o4z Ao, &5 o Ad 5 dAH] 845 183 77 Jéﬁfa

AFEETE Yol7t, <Table 4> H 2 tho]a A AFAE vig O R ZF tfa]ko] o +820d-S #4913 A%
o} 7} g ol 8l A2 7 ta]Ae] AEE V]EoE WY tEAlA 1919 A A8 WA 0.33m?
£ 7]F(Choi et al, 2016) 0.2 43R oM BE taiolA o A F8o] 7hed Ao et

(Table 4) Result of analysis considering shelter demand

Shelter
(unit: person) Total
A B C D E F G
Area (m) 2,996 2,504 2,322 3,566 3,603 1,458 2,337 18,786
Capacity 9,079 7,588 7,036 10,806 10,918 4418 7,082 56,927
Evacuation demand 4,065 4,460 4,282 4,302 8,397 3,738 2,909 32,152

3. HERNIS AlL2[2EM

159] tju|fefol] A3F Aol A Ttoigawa(2013)= 24w A S 2H FHe F191 20,189
ZAE S A9, A7 #AY A9 vlZ g9 s AR vl go] ¢F 51%, 1580l
o] ¢k 82%, 304 olujel thuE A &gk H]%% 98% = UERL A3 F 304 ool
ure}yku}. E3, Yamada et al.Q01)E FUES oz A3 tuEdor F4
ZAA ] g 30 285E Z0E Yeigor tiuA el AT 9 s AFatr] 7kA] B 4.6
oA Aol 1080] 225 Aoz Yehyd Ad Ao tigh ARE AFLS FUEL JFFOoE 308
ool tuE Al&shs 2O E YERTh

webA] HAEAF AU S 93 AEE ol A tudie digt ARE A st ok
= AL @Al 1) W2 AIZE Qo] tE & A SRS SR He g fFEH R
g FA l AgshE (158 oW tgAZ, 2) TR R A Fdts 74930 ofd A=, 3) Al

EEEMEL

‘\-ﬂl—r‘

pou)
filo
™
)
fru
ri
"oy
N, 2L
rL
r-1n

sad ARE AFHA K= —?—(60 ojvf thHAIZhE st yoprk, Aol Bae wEA
T3t A9 e Ug e S vn 245 98 49 RYLEEE 1.40m/s9} 2.60msE FEIE A
2 et 7 Aveed %*401] @%ﬁk‘ﬁt}.

Bzt o] AlEEold E400 o] e tFAIRE, Ao AL ol 59 A7} Bol &85
om B dAFdie folA AAG AxZolodd HAAAAZY te AFEE FUIHOE AASAT
(Vermuyten, 2016). 24272 Wl wa}7)ol] A <Fig. 4>= FL3 A1z 5Y3 70 g A g ol 4
Ae AU ¥z HojFa 9lon 608 tulr) o] Foixl= Ay 234 Hls| HH}E'HI a9 s fFEdte
Adg e 13 29 73 957t 52 A0 E Yeht Bazte] tiuE wWEA FESTE BPA =R it

BE7 2oMAE Ae & F Uk

£g & e |
L e < 9 a s - & v L'," 1 o
PR S B T S R T E
e &% - - '
e = ."” ¢ L :‘
(a) Scenario 1 (b) Scenario 2 (c) Scenario 3

(Fig. 4) Density examples of pedestrians road by each scenario
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Ak 28 oS RN A A A B 24 ATHE <Fg. 5>5h 2tk BE dulelde] tiulE #E
17k AvEle 19] A% e SEAE 305%, AvhEle 28 43R, Ao 38 TUsEOE ek
ol AN, UoleE Juot AFY A AFNASRAI] TA PasHe Ao ek

HAE s RIFEE FES A PAZPAAN hF FH ARG AL 1€ oF 40%, A
MeI 25 o 539, AU S8 o SEE 2] Bade A2 VEen FUNT B AALRUL
& 928 BYSEE M FER B BE Ao 2 VETE HAT, X AASTNTS B 9
of Ygme] Augle]l A oEE §AF 2o ehton ol B BN tulsart 54 &
Y9E 02 QR B AEOE BRA,

o [ e e e | SSEET S
§25 000 g 1,000
g 20,000 Tg 800
§15°°° % 600
510000 E 400
g 5,000 200
PR tmat e W u
(a) Evacuation Completion time (b) Delay time
(Fig. B> Results of scenario analysis
(Table 5) Results of scenario analysis
Type Scenario 1 (15min) Scenario 2 (30min) Scenario 3 (60min)
(10,14mjs) | (1.02.6mjs) | (1.0,1.4m/s) | (1.02.6m/s) | (1.0,1.4mfs) | (1.0,2.6m/s)
Ave Adult 578 365 561 359 539 355
Evacuation Handicapped 787 782 777 774 736 733
time (s) Total 677 587 672 573 640 550
Adult 101 19 81 14 59 11
At"[lied?sliy Handicapped 140 115 103 100 63 60
Total 121 72 92 58 61 36

AvEl e B oo AR BE AAA] tld AR <Table 5>9 2} BF DA A
ool ol $Bglo] AFHE PR Fol BobdFH F/bsHe AOE Urhhth ol no AFL F
S hl7k wheA AR A9 Rad S2el W=k F7ksel naAe] AAARIe] S o B
ST B3 A 2o] 4Bglo] 99 BYSES W FESHE Zlo] LEkA] AANIRLE o]
A AT UEhkor olsh o] 4219 5 E WA fEshs AN ATY A9 wEAY T
ARE REETT BAHE R0 ek,

2AARE SRHOR Avun Aride FRAFIAITARY U FERRE B ADS F
B A&E UE 58 49 BaAEzde] WEst F71el ek naA 1919 AA AL, U4zt
Z7heHe AR UEngAR AFUSABAT glolAlE Tbg A%EA el gEEE Ao eyt
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=

o} o} o] Bzt 1919 FthujAzto] ol 2840l E Estal wE Aol tuE 9EA7=

v. 2 &
B ATNAE AR e AFIFAA ] FATAR} B Y3 Pelo] FE JFL VISSIME]
SFREE E@ ABUold B4 720 ATANE FEF B4 Fal AR ATAAE PSS
shglom taAelel dgd QT4 B g

[e)
AR wFekARE FRIte] A4S AEststh
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