J Korean Soc Disaster Secur 16(1): 49-60, 2023 Print ISSN: 2466-1147 Online ISSN: 2508-285X
https://doi.org/10.21729/ksds.2023.16.1.49 www.dssms.org

Original Article KS DS

Safety in Mass Gathering: Basic Survey for Crowd Crush

Soon-Joo Wang*

Professor, Dept. of Emergency Medicine, Hallym University

2 o

2022 109 2990 A olE1 91 314} o] F ekt AL Q15F QI mlafel] thst Th4le] oA oLt Sl A EEat P
s}, A4 7]ute] mlekgfo] A gl olo] £ Ao|A L FEehutat vl goleh e 2ARET FFe aE o] 31
E& Akshg o, Fjelol AR Sl ) TEUU AT A ZASTe] Felsteint. A% EH RS o o 47
o] HEUES 2ASL, 15 thEA0.2 GAHEA, ABo1 4 2 AR Il S foF mEsgith o] 8 Fole] TEY
B} Ape] 912 go] EESIeh Y 3, W B2 ] Aol 7ol 471 7| el ek,

1;111-

Aol T, 2FS, FF Ve, olehd At
ABSTRACT

After the 10.29 Itaewon disaster, interests in the crowd crush injury increased, but it is pointed out that the academic and practical basis
related to crowd crush is still weak in Korea. Therefore, in this study, terms and concepts related to crowd crush were investigated and
proposed, and representative cases of crowd crush events were investigated and summarized. Approaches based on representative cases
were investigated, and among them, video analysis, simulation, questionnaire survey and interview methods were derived as an essential
approach methods. Through this research, it is expected that standardization of Korean terminology, concept establishment, evaluation,
and systematization of approach methods of crowd crush can be accomplished.
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Table 1. Representative examples of terminology on crowd safety

Crowd Management
Crowd Control
Mass Gathering
Crowd Packing
Crowd Crush
Crowd Surge
Crowd Stampede
Crowd Collapse

Crowd Turbulence
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Table 2. Representative examples of crowd crushes worldwide

Time Location Event Sacrifices
11 February 1823 Valletta, Malta Carnival 110 died
16 June 1883 Sunderland, England Victoria Hall-narrow door 183 died
18 May 1896 Moscow, Russia Khodynka Tragedy 1,389 died / over 1,300 injured
24 December 1913 Calumet, Michigan, United States za:znh::i;(:;;?;;-fa]se fire alarm 73 died
World War II Japanese bombing —
6 June 1941 Chonggqing, China crowd crush at the Jiaochangkou 461 killed
tunnel
5 March 1953 Moscow, Soviet Union Joseph Stalin funeral 109 died
2 January 1971 Glasgow, Scotland Tbrox disaster : attempting to leave an 66 killed / 200 injured

Old Firm football match

3 December 1979

Cincinnati, Ohio, United States

The Who concert : to enter Riverfront
Coliseum

11 fans suffocated to death

15 April 1989

Sheffield, South Yorkshire,
England

Hillsborough disaster : influx of
football fans

97 killed / 766 injured

2 July 1990 Mecca, Saudi Arabia Mecca tunnel tragedy 1,426 killed
1 January 1993 Lan Kwai Fong, Hong Kong Celebrated New Year’s Eve 21 killed / 67 injured
14 January 1999 Sabarimala, Kerala, India 1999 Sabarimala stampede 53 killed

21 July 2001

Akashi, Hyogo, Japan

Akashi pedestrian bridge accident

11 killed / 183 injured

Concert (RBD autograph session) on

4 February 2006 Sao Paulo, Brazil a parking lot 3 died
. — PhilSports Stadium stampede . ..
4 February 2006 Pasig, Philippines (anniversary episode) 73 killed / 400 injured
30 September 2008 Me.hrangarh F(.m in Jodhpur, 2008 Jodhpur stampede 224 killed / 425 injured
Rajasthan, India
24 July 2010 Duisburg, North Rhine-Westphalia, - o . e 21 killed / 500 injured
Germany
22 November 2010  Phnom Penh, Cambodia Khmer Water Festival celebrations 347 killed / 755 injured
14 January 2011 Sabarimala, Kerala, India 2011 Sabarimala stampede 106 killed
P i fum ri fi 11 .
1 February 2012 Port Said, Egypt n;rttciald Stadiumriot after football 531104 /500 injured
31 December 2014 Shanghai, China New Year’s celebrations 36 killed / 47 injured

24 September 2015  Mecca, Saudi Arabia Annual Hajj 2,177 died / 934 injured

3 June 2017 Turin, Italy 2017 UEFA Champions League Final 2 killed / 1,500 injured
Elphi i ..

29 September 2017  Mumbai, India p m.stone Station, narrow 22 died / hundreds injured
footbridge

7 January 2020 Kerman, Iran Qasem Soleimani funeral stampede 56 dead / 200 injured

22 August2020  Lima, Peru Crush resulting from a policeraidon =3 44 /6 iniired
an illegal gathering at a nightclub

30 April 2021 Meron, Israel Religious celebration 45 dead / 150 injured

5 November 2021 Houston, Texas, United States Astroworld music Festival 12 died / 1,300 injured

1 October 2022

Malang, East Java, Indonesia

Kanjuruhan Stadium disaster after
football match

133 dead / 583 injured

29 October 2022

Seoul, South Korea

Itaewon Halloween crowd crush

158 died / 170 injured
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I (information) : social media, signage, PA announcements, news elements

M (management systems) : processes and procedures

@ Three primary influences on crowd behaviour : Design, Information and Managemen (DIM)
D (design) : limitations of capacity, throughput

@ Three primary phases of crowd behaviour : Ingress, Circulation and Egress
® Two primary modes of crowd behaviour : Normal and Emergency

Table 3. DIM-ICE risk model

CHTable 3).
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Normal Ingress Circulation Egress Emergency Ingress Circulation Egress
Design Design

Information Information

Management Management

Fig. 1. Risk analysis based on DIM-ICE risk model
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2) Rampage
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2) Egress(SRD AEA Technology)

Aoki A|2EIREFZEZ] 2 SRD O] AJARLE: TR EE 7|9E0 2 ShH, o] A9 1T 52t Rdolth o] AL’ SRS
AT TR RN oo HET} o BA RESEA] 275 flafl Q18415 71e= AH8Sh=tl, Canter, Sime % Fruin®
A 1% Als A2 7IHEC & SH3IH: Canter?} Sime2 w5 2] fAte|H w54l 2] stof| A of 2 71x] S’ 845 7
olstAY ). 1E59] =0l 4] SRD+= Fruin, Pauls, Predtechenskii 2 Milinskii @} 1% oiokst &0 /AE 24-8- 7326k

S129) Atk The I 2 PAlolct,

o o

f(p) = p * V(p) (5 = e * &) 0
o]71A, f(p)= 8450131, v(p)= 75 B ol e] ol

o HZ AR 7iEA o & Algto] Al ol Az Hetsh= Zo] AlEC] AR5 7|REe & She A AFESE T2 A 20]

THQin et al., 2009; Ding, 2011; Song and Park, 2011; Kim and Park, 2020).

3) Pedroute

Pedroutet= 2}l London Underground Limited®] Gerry Weston©] 7HU3H AFE] AlEF| o] A|AHo[t} Pedroute=
A XA YEA T w5 w7 lfir-E Rl sk dl 3 I6HA ARSEISLOH, o= Fruin®] AH| A <E0] gFgolH, 2
o] EA4J} TRisto] 75 oeks ol sk Afmel oERNt,. Pedrouter= E3F WAt 55, 7|8F 2|94 o]
Fruin ZF=7} gle w Fo88hdo] Lehdth. o]2iet 739 7 77k ZARA| 7F RSl R1=H], Fruin AH=2] A9k &
F Gl Fruin Ho[E1E A-85k= At T A7 H 45 BAEIT Pedroute A|2Hlofli= F7FA[gto] 9lom, mdl-s A8

AT TR)=0) A7)} Al ARE Szl oiel) B 71A) 24 Salslor g,

1o

33.1 B AL MZ oAt S22AFL QIER
A1 240 | 2 AR 2 7 AP0 A SR ] O 3 kel Ak w1 ARl R RS2 174

224 B8] 9Iste] B Bolet AE Tot Bedolct A msfitSel el 1 A4S sk JEEAH
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3.3.2 A1 27+ SAR A2 2AL Y QIEIR

Aol HoliRE EARe} T2 el A ksl A, AR Aee] AAREA GAE th-8S Fdoh=t] k= A
At A Y] A S S 12 A= = A E-8517] fiste] BA)] vpFgoloh AL Al 7S RS ERIE QL
o 737 AR, Qg2 wzkRA] o] iAo, O)m F-2 A%o]| &-53F DMAT(Disaster Medical Assistance Team) B¢
S} o=l A SR e MBSt mXlEo] 2 FAREA] Hetal Bk F 9] EAS
&0, 2 A0 It TR SO 7|2 AmE SH okt 11 520] Qlrt B ARRA R QB R 7P 8.

oL AR T AR} 7| 2 A R 919 Time-Event Table= 7414 0 2 Zro] JLAJS||7FHA], Al E%F 2| o 7+

o] Agtoto] A7t GA|, AP oHIE, A 5-& X oot AEol= Aotk

Olt

ot

50 Aol o] Tkt gk I el o, thAE S1o B e g AN EA Afarel et HEr A o) dS F
toll 285171 flste] B Aot o 2: 5 9] o] 531 (Crowd Safety) 2t At A=
o=, FFA! B4 T T A7 ME A5 ER AR 29] AA2= a7 Ad R A2 E 2R
o] T3 AE7P A= 7otk EAlE =] 5 HE7HE ol] A (ot =) HErE et 2 ettt
7HETE 27 AT QB FETH] AR Folel oAbl 9152 AF QIER Xalishm, 7o) Alate] thet 9] 4,
2R19] A Roke] Azt whiE oA} AIjY, = A1A @t ke T WA 0 2 QIR Mol tigt 55 A9

St} A7t A4S QIERS] A4S =o17] f1all dtolHo]ut AHP(Analytic Hierarchy Pro-

M o ol

3.3.4 D24AfEt
UHIA|R] HEZALS 7] 2 ZAFRA] B3t 4= Qlet £5] ARl o] 9o At} QFd T Auka] ol lof tjgh AR-S A=
Sz} 7 SARRNA] 1] QlstoiAE dutalRlzte] vl Wt H @it
AE Mot 7 SARRE I TAEYASEHPTSD)E 2L AU 7852 Aol JARE AE2A T A5 Q1
=]

2 Falo] of 7]elo] Aghel i} 91 4 Glek. b ARE o] AR EARY HE Q)

(o]
i
i
20
o

)

2 o] Ate})A] whe Defjo] w7 I ofo] bl ko] Aol ne] Wasto] Mg ARt
2 Sh o] PR, AL SHA FAI A1 QB R Al oS TelE| 3 QAe AR TS el

Ao o]of thgt A1 B 8 5lrH Sakuma et al., 2005; Park et al., 2013).

AL oAbt A7 FSARE S o T Adefiolld A2 AR @ she A2 VT LB T3 Sl vi
25}7] b& % ek, ol A 2} B4 eks vwislr) ghow o Welap) AlElRsl ke 4 9ke Ao 2 Azl
of Ht R QTe e shte] i © 2 AIQFE] T Qi X Zofli= HepH A A 9] 7 © 2 71| oplElE 55to] Aldst
= Qe Rk she] HitHo] E]11 QJthKarimaghalou et al., 2014).

TFRP AT T A et I 952 -2l Bobg ARSI, olef thet 7714 t=e), 8go] Mastek. 31
1781 A P19 5, 508 B A0 A1) Aol IS Ao 3, o A1 71

. - s 1 p
o2 AFFAIYE oM, ol T E 24, AEElold B ATt QI S0l tEA Rl 24, B de & 4 itk
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o5 Fdl =HiollM ke FEpAaLe] o] EFEelet /i A, B2 A RS AR} ol Foi Ao & Aok,
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