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ABSTRACT

The purpose of this study is to reveal the effects of the number of users and their spatial distribution on the evacuation time in a road
tunnel in the event of a fire. An agent-based evacuation model was implemented using Netlogo following the ODD protocol. The
proposed model illustrates how the evacuation behavior of one can hinder others across different evacuation environments.
Simulations show that evacuation time increases with the number of users when they are randomly located in a road tunnel.

Key words : Tunnel, Evacuation, Agent-based model, Simulation

xs
A2 B0l w2o) MY Y W AASE P02 Q3] heldel thek 52871 Z7F5te] wreh vhs] ARke] A elst e o] g4 Hopgo] TS
ol gk T EREIYe] Jrist FFE AsH Aol Aol vhek o184 HePYE WSk B vhe) Webg A9A) TR

B . B 7= HAARE el o] 8akEe] thujeljof AbdAl Y o] s} d 4= Jlvhs Ae el
o] ARHS ks A8 AT 7 R oA 91 o] 8AtelH, o] &2 HH A, HRA, Hd 5]

&= S skl e 292 ODD Tfefol wpe} Adrdstial Aleeo] S 918 NetLogo 5.25 28
3l FEskGATE o] I F 7FA] AU & E-85) 8 2 dad TR DX ke 2 A3 B -] 2kke] AA| 2 g

01 - B, e, B9 7 B, AlE o)A

=~

e U7 Alejsia Apge] aslo] slo] Sk M A] ol §ASe] Qhia Ao tilsk A R Arte] e ek

LT

oX
[

o% sokRal lt). Fraser-Mitchell and Charters (2005)9] w2 AAA F2 =2Ed sk o5 Ad 101d St
a5 ol 11.611kmel &7 Efd(Mont Blanc Tunnel)ollX] 243 sialli= 78] 3979 S5 SoBkth
sHlle 1 Ao Qs Aol o] wize] o 717} o]8AFES] Aoks AldeHA Hial $5-& ek dtk 1

AN
[US)
o
. ©
R
O-
%
£

e og 4& i

£

* 3|9 - P8k EEFE Zw4 (Andong National University - bkim@anu.ac kr)
** A3 - A 7)EATY ICTSEAT4 AYd+9 (Korea Institute of Civil Engineering and Building Technology - ckim@kict.re kr)
*k A5 - WA AL At HAFE 2w (Corresponding Author - Kyungil University - duyonkim@kiu.ac.kr)

Received June 1, 2015/ revised July 8, 2015/ accepted July 28, 2015

Copyright © 2015 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




=2 S Alef A 7Rt e AlEEol A

A3 e 2E . X35 o]8Al= A2l 0|27 Hrk
=REde] st Ak Alskd dgoln g siAje] sk o8}
FoMdS AEskL &84 iy ks A9-A] Sgichd o 2
a7 ezt A 5 4 Aolth

SEuElelrte SRR E2EY MR 2] Bl e
A7l A3 ol8AlES] tFE IS shAle] tirlshs A9
A, A, Al R B} o FoRItk o] AFE A4, FgA
2 Aol whet A, Addiul (e, SdddE s,
haled, Adeia)dy, vPEEAi) 5o AXAFE AXE
ok Tt =2EES 2 /KR Fsksia AYHA s g3
ol At FdtiuAldS FEHER AARIATRE vl 2L <]o)7t
Ak AT =25 A Al B UiFte] bk EA4) dig 2
R} 22 A3 27 tRFsHl Fold 4= 31, o) o8]
ojz] AR AJhigk FERe v 5 Qivhe ARde] F2s] arg=aL
UA] T3k o8RG S s, ARe] v xS
ol 8AR ] 5282 STVl Hag, o] HA] o] AR ks
E 5 Utk ANE o]k s 2 HA kAL Qi
7] AL =2EE s A v 2AE ¢ s
ZUES FE3| 18] Fduigrd AXAEE A AR
H7] ofgfe ZHo] Utk

ole]] £ AT AAARE e o] 8AFEo] diHlsfof AV}
o] FHast d < vie Ae efE ke 8 20(S,
A At 2 9], ol 8AE E AR) okl iy AR
APgEhRs SRE skt gt ol& B3l wddiare XA
Fe] A3s AES & Jan, voprt ofe} tie] HRkS: rkske
o] g8o] 7ksd Zlolntk o] BAE BAs] Sl £ e
92t 719 RS 883) tiy] 778 A& o]4d(Evacuation
process simulation)s 7kalz) ek 9} 7|uk A|Ego|A
& 54 3 <lolx] 7N AAET 1B e Ao
2 RoJsk= o] Adl|(Axelrod, 1997; Grimm et al., 2006;
Gilbert, 2008) ¥ 77} Fgsl= 3ol 2 F9s817] vtk
ghd 7] HSlE wEd Rt EXske AP He
22 =2Ede] FekEch o] £ A7t AF 9 o] 8k
e gl 2 AL Q7] el dig] ARl JEks
WA 5= = Alebdule} FREE HEES AR AAsE ] $istoltk

N

ot

Rl

2. BRI R ot

J0
J

[0

21 #Ix} 7t o

A9l 7k Rl 54 9V QMo Aslaysel AsHas
RS S 5 I e AREY WHe R e 22
A 71t (Fagiolo et al., 2006; Gilbert, 2008; Lee, 2010).

Ir

o

1158 Journal of the Korean Society of Civil Engineers

A, 2 & P9l A & FAPL RO R thsE] uiiee]
HES Ao R ofsfelal AAE siAlebr] oHA etk EA,
R AslFElolee AR FAE AR H) visl S92k
ot RdoxE Tl ME e 9 73S 7Rl o]H A
PRS2 5 ek A, ARGk SIrIEE AL} ol
A FAEC] 2859 58S Sdislsl] S8 Tl W9
TS Frditlal AAEEARL 9t 7 Rlege Al e
del] A B9 TRk 88 vl £ T Aol FosaL
* Jtk(Kahneman, 2003). Ui, s§921E2] 8910l FFS T+
o I s B 3R 7 Qi) oS 9RES] Ent
S Algksle Agd AAE BAE F AL A a2
2 Aloke 2 7hssick T, SeiakEe] deRkes 2R
W} vleld] HEs B9l HdHE 5 3L, o)F B3l vl ek
(ell, 701, FeholA S = Ql= Sy B 74 7hssitk

a3t EAER Q) B9zl 7 mElsle Thea) e s
< 7t Carley, 1999; Macy and Willer, 2002; Gilbert, 2008).
AR, Z2EE ks ALE Wo)7]ol EEo] k3]
TARo]olof 3hH, o] 2 QI8 Apo|E FH = ofet BYEY
2] 1 siie] WBesity S, e AlEdloldd 7Nk Hjlo)7]
ool T Aok, Y da B HIE, SE =)o
glojdth A, R¥S 85| white] A4S (e 58
& AL o] A9 BYG ZAgho 24 BAdPdl dig
bR SAS 2T 5 Ak g, F9ARE WAA 2w
7kFs3kaL o] wAAle ZA3 A THEE TS, T
Atk 5 B0l Jo Hslks Bl 4= itk o)z’ PR EC
A TR, MR A, ARG VIESE, s T, Al
T ThFSE ool @Al 718E mdlgle] &g-Ea itk

N

e ox

o

o

d

2.2 Chi| 2of &+

o] g B addieald 284 By dath Eokey
tlgo] B9} 79 mdlgo] g thsEA]l Hokolrt 54
SHARA AN shAl(EEld Alehot B2 S Fee
N1ES s Aa(AIE Sl HaL e 2t
e 7IEE(0122 FeAE)ol wet e Akg(ERle] S
Wal)s 3] okl RS Hlofup] S1al thufebAl = ol
dhsl e B9IA 7 me) Egsel] HSsp P

Helbing et al. (2000)2] 27491 A7 o} tfa) A] ¥
o] BASS v AReloldo] Tt AUBS the e
k= SIcKBatty et al., 2003; Kang et al., 2004; Pan et al.,
2005; Joe et al., 2008; Shendarkar et al., 2008; Hwang et
al., 2010). 53] ¥ A7-¢} o] B A E tdFo R g vy
A ATFEE Tk 3=t Yang et al., 2006; Nilsson



et al., 2009; Kucera and Bradacova, 2012; Ronchi et al., 2012;
Ronchi et al,, 2013). o]&fgt I7EL B sHle] A¥S =
3l AlEHo] s Ftte 2 ek diu] Il gk ofelE
SR ow, viddiapdu] gl Alde] FRek X7 tia] a8,
] ARDel] miks G sl B8t A A2k
2123k upel o] =2Ed sk A Bd WF-e] 2bE At
3 ofRjeh e JR e viEs] 7RAAY ¢ 9oL of= o8l
] & Al GRS P 4 Slrhe ARde] F26] A=
okt ofol B AT HjRE 4 XS, A A dis
g 91%], o8l RS el vy &8s KIS e
B2} 7RE 2gE T .

£ e By AARE A7 A IS AAIAR]
Aol we} Argslr] ¢J3] ODD (Overview, Design concepts,
and Details)E 2-&3lt}. ODDE 3397} 78k mdlles s
=2d Algdold RIES BRlo] &5 olslskaL AFstkr]
91l Grimm et al. (2006)0] A<t YFe] 2 A qefo|ct.
o]%- Grimm et al. (2010)°] 7RA<kS EHxeF=t) 7heks] e
Tielara} she RES JiEskaL, A TiaS sk, A
sl Al Zlsshe Al SA HAR T3] vk 2 A7
o]2i&t ODD Trefel] whe} thzzziQl s39iat 79k xellzQ] Netlogo
528 83 By FEIL

T
ol
ok
S
2
o
)

3. 29

3.1 23 JHet 2x
I IZZ 2= H=HA(Twin tunnels)dlx] e dS 2
e B2(E, T MY dUSAEES ddske 52)E 5538
SRE s A o}8AkES] SdtiulE ffal BRI Abdolth
UM 355 EEDRE 250~300m (FHo 2 o] APdS
AxJsflok 3tk SR YIS Aol w255 BT
A7 0 2 Al ket tha] del 7] 500m
oPgo]aL 3,000 ofslR] AFE=REELS 71A|12] Alidu]o) <=3}
2] 941 250m {FH o2 AAx|E I E 2ol JAE) ol8A1Ee]
& AYgich
Al ] §lo] 250m vt} I HIAFTZE ARG A|7]o]
JE AT v 2k Bde 2ol #iE 3l sk
PRSI Ad5htel slae] 2% ol ofgk ¥ ujito] 7]
FI7F 73 s A webA 34 kit o] 37|EES
HAAAE B E(Ceiling jet flow)olg} st} AFAESEL

oy

e

il

ox H
a8

1) 9% 7]1% 500m ] 1,000 )5} Y
2) ¢ 71% 1,000m o] 3,000m °}s} B
3) Al o3 WA 2527 B2 3VIsH

300
|

Distance (m)

50

T T T T T T
0 100 200 300 400 500

Time (s)

Fig. 1. Distance Curves versus Time for User and Smoke
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