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Abstract

The purpose of this study is to propose measures to increase evacuation safety by calculating the habitable

time using a fire and evacuation simulation program for the Room—escape cafe currently in operation, and
comparing and analyzing it with the evacuation required time. Assuming a fire due to overheating of electric
heaters in use in front of the warehouse, the habitable time was calculated through fire simulation, and the
occupant's evacuation time calculated through evacuation simulation according installation of safety facilities,
etc. was compared and analyzed with the habitable time. In the case of escape room cafes with safety facilities
installed, evacuation safety was satisfied, but in escape room cafes without safety facilities, the evacuation
safety was not secure. As a result of analyzing evacuation safety for each scenario based on the ASET analyzed

in the fire simulation, it was found that in scenario 1, evacuation safety was secured and everyone successfully

evacuated, while in scenario 2, no one succeeded in evacuation. These results can be said to confirm that

the installation of safety facilities is very important in business establishments such as escape room cafes,

which become enclosed structures when games are started.

Keywords : Room—escape cafe, Installation of safety facilities etc., Evacuation Safety, Pathfinder, Pyrosim
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<Table 1> Calculation Formula for REST
RSET = 7,+ T, + 7, + T, + T,

7 Time to detect fire since ignition[s]

7, Time when fire was notified[s]

7. Time to recognize the fire situation[s]

7: Time required from recognizing the fire to starting
evacuation[s]

7 Time required from starting the evacuation to completing
evacuation [s]

T|LHA|7E ZHE = (Time Line)
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[Figure 1] Evacuation time concept diagram
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[Figure 2] 00 Room—escape cafe Floor Plan

<Table 2> Installation status of safety facilities in an escape

room cafe in 00 area

Installation of
safety facilities,
etc.

Cafe Name

g

(OO Escape Jeonju Branch

(OO Parker ET

(OO Escape Jeonju Branch

(OO Lim Escape room cafe

(OOTurkey Jeongosa Branch

(OO Deu Escape room cafe

(OO Parker escape room
(OO Parker 2nd branch adventure
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[Figure 3] Reseach Model
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<Table 3> Conditions to perform fire simulation

Division

Contents

Overall size [m]

13.46 X 3.692 X 2.2

Cell size [ml]
/ Number of mesh cells

0.333 x 0.3231 x 0.3308 / 210,125

Initial temperature before fire 20°C
Flammable substances Sofa, metal frame, urethane foam, plastic coated cloth
Maximum heat release amount 270.4 kW/m?

Fraction of CO occuring

0.01 mol/mol

Fraction of smoke occuring

0.015 mol/mol

Detector

Smoke detector (Td)

Firefighting facilities

Facilities other than alarm do not work to assume the
worst—case condition

<Table 4> Analysis of combustible’ s heat release rate

300

250

Rate (kW)

Heat Release

/ﬁ

100 200

300

\\

600 700 800 900

Division

Contents

Data name

Sofa 1 — FASTLite Data

Composition of combustible

Sofa, metal frame, urethane foam, plastic coated cloth

to(Time of fire) 0 sec

to(Time to reach maximum heat) 260 sec
ta(Time to maintain the maximum temperature) | 460 sec
tena(Time when heat generation ends) 800 sec
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<Table 5> Device element and location Toxic Effects CO 1,400ppm
Division Contents 0» 15% or more
Measurement Toxic gas(COs, CO), Os, Visible COy 5% or less
factor distance, Heat (temperature)
Place 4 places near the left, rear, right, and
front entrances 24.9 311]11«]_—}\]-%3]]0]/}1_
. 1 m point on the indoor side by direction,
Location 1.8 m in height
' 2.4.2.1 I EFO =233

Device

(Main
Entrance)

o 9%t JgFo 2= 0, 15% ©1%, CO F% 1,400 ppm
o3}, COy %% 5% o|sk2 Ty3skaL Qlok QIerdr|+
S9E Slete] sl 9T FAIelA BT 210
2 Agsiglon 4 el sAAE ARlsta
A7) SRS EAEh R ES e
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<Table 6> Life safety standard of performance — based design
method

Division Performance standard

Respiratory
limit line
Heat effect

At 1.8 m from the floor

60T or less

Allowable line of

FOEESE sight limit

Effect of line
of sight

Room—escape

cafe om
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<Table 7> Number of occupants of escape room cafes by age

and gender
20s 30s
Category Total
M F M F
Employee 1 1
Customer 8 7 7 8 30
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<Table 8> Physical Characteristics of the Occupant

. Height Shoulder .
Division (em) width (cm) Gait speed(m/s)
, M 175.3 44.2 1.49
20" s
F 162.4 39.7 1.35
M 175.8 44.4 1.49
30" s
F 162.7 39.5 1.35
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<Table 9> Configuration of the Scenario and Evacuation start

time

. E ti tart

No Scenario Vacuation star
time
Simulation of an Room—escape
1 . e 30sec
cafe with safety facilities installed
9 Simulation of an Room—escape 190sec
cafe without safety facilities
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[Figure 5] Fire Simulation Analysis Graph.

<{Table 10> ASET Calculation Status Based on Life Safety
Standards of Performance Based Design Method
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<Table 11> Occupant’ s Evacuation Status After Reaching the
ASET by Scenario

Division | Time and number of persons unable to evacuate

ASET 60

Scenario 1 |0 out of 31 occupants are unable to evacuate

Scenario 2 | 31 out of 31 occupants are unable to evacuate

Division Fer oirmEe Main Entrance
standard
COq 5% or less 100 sec
co 1.400 ppm Keep it below 1,400
ppm
() 15% or more 92 sec
Visibility 5 m or more 63 sec
Temperature 60 T or less 60 sec
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<Table 12> RSET Analysis by Scenario, etc

Division Scenario 1 | Scenario 2

Minimum REST and time

difference [sec] 0 170

Number of people unable to
evacuate in 52.5 seconds out 0 31
of 31 people [Persons]
Maximum congestion time

total [sec] 3.85 66.25
Maximum distance [m] 26.038 29.081
RSET [sec] 52.5 222.5
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[Figure 6] Trends in cluster density in main entrance
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