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[Abstract]

The purpose of this study is to suggest that performers in the performing arts actively utilize the
loading dock and stage door when evacuating from the stage space of a performance hall in a crisis
situation. Therefore, first, we analyzed the system related to the performance hall's safety. The stage
evacuation type was classified into A, B, C, and D forms by applying the building law audience
evacuation standards. Second, statistical data were organized based on measurement data, and the
characteristics of each form were summarized. Third, the network reliability measurement method was
borrowed to evaluate the evacuation safety of the evacuation route in the stage space. We confirmed
quantitatively that the direction of the loading dock direction and stage door direction on the stage is
advantageous for evacuation. In this study, it was possible to distinguish the advantage of evacuation
according to the type of evacuation, (A(0.1274)>B(0.1228).>.C(0.0487)) with A being the most
advantageous. These results can be expected to improve the evacuation safety of the stage, and

furthermore, they are expected to be used as basic data for stage evacuation.
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I. Introduction
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II. Current Status Survey of
Performance facilities

1. Space Safety Characteristics of
Performance Facilities and Theatre
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Table 1. Comparison of Space Characteristics[7]

Risk Factor Comparison
Underground Space Performing Facility
No Natural Light Windowless Space
Under the Ground Case by Case
Closed Space Closed Space
Complex Internal Structure | Complex Internal Structure
Inexperienced Space Inexperienced Space
Fire Load is High Case by Case
Multi-Person Space for Multi-Person Space for
Unspecified Use Unspecified Use

2. Analysis on Status of Domestic Performance
Facilities
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Table 2. Scope of Facility by Theaters Class

Related Laws[8-9]
Class Seats Theaters[6] Indg(;;ﬁ;rl ii?hty Building Act
Large ~1000 164 Public-Use Facility Floor Area Less than Class 2 Neighbor-Hood
Medium 999~500 547 500mi Living Facilities
499~300 236 -
299100 223 - Floor Area 500n{ Facilities For Cultural
Small 99~ 11 or More Activities and Assembly

Table 3. Laws and Contents Related to Buildings Evacuation(Gate and Corridors Only)

Section Rules on Standards for Evacuation - Fire Protection Structures, Etc. of Buildings[10-12]
Article 10 Standards for Installation of Gate From Viewing Rooms, Etc.
Type Pull Type-Swing Door Prohibition
Count More than 2
Width More than 1.5m
Gate Total Effective Width Floor Area Every 100m - More than 0.6m Ratio Width
Article 11 Gate Installation Standard of Head Off to Outside the Building
Walking Distance Article 34, Section 1 Regulation Distance Twice or Less
Type Pull Type-Swing Door Prohibition
Count In Addition to Main Gate, Auxiliary Gate or Install
More than 2 Emergency Gates.
Article 15 Width of Corridors and Standards for Installation
Width More than 1.5m
Corridors Floor Area ofz Viewing Rooms Outside the Yiewing Room
Type - 300m or More - both Sides, Back
Floor Area of Viewing Rooms Outside The Viewing Room
- Less than 300m - Front, Back
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3. Evacuation Safety of Theater and System
Analysis Related to Evacuation Guidance
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Table 4. Scope of Facility by Theaters Class

Related Laws Content Target
Public Performance Act Notification of Escape—.ReIated Prior to the Beginning .
Article 11-5[5] of Public Performance. Audience
Post of Emergency Evacuation Plan
Act on Fire Prevention and .
Safety Control Article 36[14] Post of Emergency Evacuation Plan -
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III. Analysis of Stage Evacuation
Facility

1. Selection of Theater and Evacuation Facility
Investigation
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Fig. 1. Decision of Center in Main Stage
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2. Classification by Shape of Stage Evacuation

Table 3.9 152 Ta} A 182 AHER A
38% UM Soe vl H7 A, R AE A5E
HPEEmo 20) £ Ml 2k S0t Ueld 2R U2
sfelat 4 glon) 2y F4A gog sl girk
o2 ofslsl] YAl Fig. 2.9 FAAMT B
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Performance facilities

Affiliated Facility
e.g., exhibition room

Fig. 2. Composition of Performance
Facilities and Concept Diagram
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Table 5. Characteristics on Type of Stage Evacuation

Question 1

Is there the exit door lead to out of
the performance facility from the stage?

Question 3. - E_l Question 2.

Is there the passage lead to the outside
performance facility from the stage?
(Different directions, More than 2 exit door)

|

Fig. 3. Question for Classification of Stage Escape
Types and Procedures Diagrams

Is there the exit door lead to out of
the theater from the stage?
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Type Q-A Detail

A Q1-Yes Evacuation Direction: From Stage House to Performance Facility Outside-More than 2 Gate
Q2-Yes (Different Directions, The Audience's and the Eevacuation Route Do not Overlap)

B Q1-Yes Evacuation Direction: From Stage House to Performance Facility Outside-
Q2-No Only 1 Gate(The Audience's and the Evacuation Route do not Overlap)

c Q1-No Evacuation Direction: From Stage House to Theater Outside-More than 2 Gate
Q3-Yes (Different Directions, Does not Go Through the Auditorium)

D All-No Evacuation Direction: Only Auditorium




154  Journal of The Korea Society of Computer and Information

[Loading | | G2
| dock | N
s
Stage Stage Stage Stage
House House House House
14 =4 g P N
Auditorium Auditorium Auditorium Auditorium
[N [N %N 2N
[N [N [N [N

Fig. 4. Type Classification of Stage Escape

3. Analysis by Shape of Stage Evacuation
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IV. Safety Assessment of Stage
Evacuation and Consideration

1. Evacuation Safety Model by Evacuation
Distance and Evacuation Obstacle
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(A) A network graph with route ; and / connected in series
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(B) A network graph with route ; and / in parallel connection

Fig. 5. Network Graph Showing Connectivity between
‘Node' and 'Link’
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2. Consideration of Evacuation Safety by Stage
Evacuation Route

foisite] od 425 24 418 AukE UEY
3 AR ZEHe 85t dAog Ao ohE
AR =5 Yrgste] AL on ojAtRl oz Asllell &

Zo] vulo] e ARE 71EAIZ wgelel AR D
el Ak

——Length+Door Width —@—Length

=
n

°
S

Network Reliability
p o
N w

o
s

\.—/

Lobby Seat

[=]

Loading
Dock

Stage
Door

Evacuation Route

Fig. 6. Network Reliability by Evacuation Direction

=
S
[Sa)
L
o
od
e}
)
ru
s
2 E
)
o)"
=
s
ol
ol
2
K
rlo
|
= r&:
™o
oo

M . “
15Al Bael 1ejme) ohbix 2 vy



156 Journal of The Korea Society of Computer and Information

——Length+Door Width —@—Length

o o
wn o

I
IS

Network Reliability
o o
N w

|

o

A B c D
Type Type Type Type
Type Classification of Stage Evacuation

Fig. 7. Network Reliability by Stage Evacuation Type

Ao = A=le JbEA] w BF 2moly
A0.1274)2} B(0.1228) 9380] 0.1 o]A}o] u] @A =2 Al
g Holxi 9rk o Ifm oA st
A(0.1274)>B(0.1228)>C(0.0487) 93 M2 9515F sH=
AT BAY 4 9k,

AePVER| AElE WPk AR E J1ER] Alele
o) Wax| Aus Ayl A% B $39) Ropt ula
ol vlzof vl@A AFEs} e S AT 5 9
th. S8 C §39] Rojrt by e AEleg g 4
oLt ozl RrigTIolN A WAl 1

o 54l
W0 W BN PAIA] et FAH02 Yoz
She 2UPE glon, I Aol AN W w7

sh 29U Bo| B Fof mlde] 2alshy AH8d
ol

Fig. 6.9 7.9 Jhmold W7 W3k 34 297
W3 8 RO A, BO) 8ol Rojo Rokgt
2 NPt Yoo otk ol Sof FAdA 712
S7Rle] T 7] o] Fe o] 2 JFS ujzon
U274, 339 98, ATF AR UYT B S| Yol
HopE o 71 2ol 2 G R ol Sof Tl
A BZ4R0R A% o= WU 4 gt FUT el

V. Conclusions

WY FA9 Do AFEUZE0] FRE olF
oIk, siAjg 2 dimt FAY FAAHPCIY) Tt

7V ol AINY) erdn BT At olgxt

—_

Qe TUSICRE HolAl ol ATete] 2 Aolol
ot melA o i elel B Yy 2RE

8ol Hale chewt 2

»
of
re
2a)
i)
i
H
rr
iC)
o
e
L
L)
tow
>,
—d
)
of
N
=)
-
ko EL

r
i
N
(a9
‘T
o
o
10
o
i)
Ay o

r_l
=
N
Py
1o o
> 42
: i
)
e
2rh
i+
z
rlo
>,

N
N,
P}

S Rl
ek g 22
i
re ol
= |-
2 M
w 1© o

—_

o Jjm ph
S
o
=)
|ru
ol
i
=)

o
|o
i
%

o
e
r2

o
o
L
=
o

oA olojo] AFAoIAY] B, WA}
2] AN E= AR AR Al

o = =
S, T5UY S AYA A=A 8§ s 2

n

]
N
o
ol
A
>
2
2
o)

-

:
NEA 4Ro) 285 Zoz g o2 9laliA
&7 97k @7t

7o) A3 Al AL2ERS ¢ste] 7 FA)
olxlo] et dE Ataot ARtE HuSo| AT
Yo Fere 71500 oS s gisiA Tt
ARfe gerel 2H

O
L afo
B

&2 12 of e

A 2GR = 9 gujo|xS Fsto]
Aot g AHRo) A3 Tile] Basic w3,
o QHATA FAAROE AL b TAWH Y
Y A7 AFRZ0] Wo| Ahtlo] FANHL Hol 3

ARMA, Holrt ZetQbd 7ol ofutx|shd 7]chshE .

REFERENCES

[11 Y. G. Park, D. K. Kim, J. K. Park and K. H. Kim, "A Study
on the Safety and Improvement of Small Theatres in Korea,"
Journal of the Korean Society of Safety, Vol. 29, No. 6, pp. 22-27,
Dec. 2014. DOL:https://doi.org/10.14346/JKOS0S.2014.29.6.0 22



A Study of the Evacuation Safety for Workers on the Theater Stage Plan Shapes 157

[2] B. Levin, "Human Behavior in Fire: What We Know Now," SFPE
Fire Protection Engineering Seminars Technology Report 84-3, pp.
10, 1984.

[3] Public Performance Act Article 11-5.

[4] J. H. Kim, S. Y. Joo and J. J. Lee "An Evaluation on Evacuation
Safety in Multiplex Cinema based on Fire & Evacuation Simulation,"
Journal of Korean Institute of Architectural Sustainable Environment
and Building Systems, Vol. 1, No. 1, pp. 7-13, Jun. 2007.

[5]1J. H. Kim, J. H. Yang, and H. T. Seok, "A Study on the Variation
of Evacuation Time according to the Width of Corridor and the
Emergency Exit in Gosiwon's Fire State," The Korean Solar Energy
Society Spring Annual Conference, Vol. 29, No. 1, pp. 133-138,
EXCO, Korea, Apr. 2009.

[6] Ministry of Culture, Sports and Tourism, and Korea Arts Management
Service, "Survey on the Performing Art" Soo Printing, pp. 1-156,
2009-2021.

[7] Japan Architecture Center, “Building Disaster Prevention
Measurement Guidelines - Fire Prevention of Buildings Evacuation
Plan Commentary-j” Korea Fire Insurance Association, pp. 21,
1997.

[8] Indoor Air Quality Control Act Article 3.

[9] Building Article 2.

[10] Rules on Standards for Evacuation « Fire Protection Structures,
etc. of Buildings Article 10.

[11] Rules on Standards for Evacuation « Fire Protection Structures,
etc. of Buildings Article 11.

[12] Rules on Standards for Evacuation « Fire Protection Structures,
etc. of Buildings Article 15-2.

[13] Special Act on the Safety Conterol of Publicly Used Establishments
Article 9-1

[14] Act on fire prevention and safety control article 36.

[15] Different kinds of Theaters and Stages and Their Spaces-Ter
minology.

[16] G. S. Jeong, "Quantitative Evaluation of Escape Safety
Considering Decrease of Reliability by Escape Distance and
Escape Barrier," Proceeding Autumn Annual Conference of the
Architectural Institute of Korea - Planning, Vol. 28, No.1, pp.

105-108, Korea National Housing Corporation, Korea, Oct.
2008.

[17] G. S. Jeong, "Quantitative Evaluation of Escape Safety
Considering Extension of Escape Time by Escape Distance and
Escape Barrier," Journal of the Korean Society of Hazard
Mitigation, Vol. 9, No. 5, pp. 1-7, Oct 2009.

[18] H. J. Jeong, G. S. Jeong, and Y. C. Ahn, "Study on the Escape
Safety of University Dormitory with the Consideration of Plan
Types," Journal of the Korean Society of Hazard Mitigation, Vol.
10, No. 6, pp. 1-7, Dec. 2010.

[19] Rules on Standards for Evacuation * Fire Protection Structures,
etc. of Buildings Article 25.

[20] S. H. Chung, “A Study on the Improvement Alternatives using
USN Technology on Bicycle and Infrastructures," Journal of The
Korea Society of Computer and Information, Vol. 15, No. §, pp.
173-180, Aug. 2010. DOLhttps://doi.org/10.9708/jksci.2010.15.
8.173

[21] S. H. Chung and H. R. Park, “A Study of Integrated Press System
Implementation for Traffic Information,” Journal of Korea Society
of Computer and Information, Vol. 14, No. 9, pp. 147-156, Sep.
2009.

Authors

Yong-Gyu Park received the B.S., in Safety
Engineering from DongGuk University WISE,
M.S. in Safety Engineering from DongGuk
University WISE, Ph.D. Candidate in Safety

Engineering from DongGuk University, Korea,

& i i
in 2008, 2013 and 2020, respectively. Park is Theatre Safety
Manager and Government Employee at the Busan National

Gugak Center, in Korea. He is interested in Theatre Safety

Engineering, and Crowd Management.

Heung-Sik Woo M.S., and
Ph.D. degrees in Mechanical Engineering from
Korea. Dr. Woo

joined the faculty of the Department of Safety

received B.S.,

Sungkyunkwan University,

Engineering at DongGuk University WISE,

Gyeongju, Korea, in 1991. He is currently a Professor in the
Department of Safety Engineering, at DongGuk University
WISE. He is interested in Mechanical Safety and Industrial
Safety.



