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Abstract

Keywords: Capsule Hotels, Fire Safety, Evacuation Safety

1. Research background
The steady increase in the number of backpackers, a new traveling mode, in recent

years has spurred the rise of a new type of hotel business: hotels offering capsule beds. Capsule beds are
made of synthetic resin and other polymer materials, such as fiber-reinforced plastic (FRP) and
acrylonitrile butadiene styrene (ABS). In these hotels, capsule beds are tightly arranged side by side and
individually enclosed. If there is a fire, it will be hard to detect at the beginning. Moreover, when the fire
spreads, evacuating people may be difficult. Consequently, capsule hotels are a type of hotel business

carrying a high fire risk.

In Taiwan, hotels and bed and breakfasts (B&Bs) can be categorized into three types: tourist hotels,
general hotels, and B&Bs. The fire prevention design and evacuation facilities for general hotels and
B&Bs must meet the building technology regulations for B-4 hotels, which are hotels with unspecific
clienteles, H-1 B&Bs, which are B&Bs with more than six guest rooms, and H-2 B&Bs, which are B&Bs
with five or fewer guest rooms. Fire equipment must comply with the standards of fire prevention and
safety equipment for Subtype 3 tourist hotels, restaurants, general hotels, guest houses (with guest
rooms), Type A. In terms of fire prevention laws and regulations, the Ministry of the Interior in November
2015 conducted a fire safety law enforcement solution workshop for setting up regulations on automatic
fire alarm equipment, automatic water sprinklers, and flame-proof items for capsule hotels. Even though
capsule beds have distinctive requirements for fire prevention and evacuation, currently in Taiwan, the
laws and regulations for general restaurants are applied tn capsule hotels and beds, which is not proper.

Capsule hotels should have distinct regulations because of their distinctive features.

Capsule hotels are a new type of hotel in Taiwan. Capsule hotels provide a place to sleep and have a
high occupancy density but a non-specific clientele. Moreover, the beds are enclosed (in capsules),
arranged tightly, and made of unique materials. These characteristics make capsule hotels different from
conventional hotels, and therefore, distinct safety management measures should be implemented.
According to Taiwan’s Act for the Development of Tourism, hotels and B&Bs can be divided into three

X1
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types: tourist hotels, general hotels, and B&Bs. Nonetheless, no definite regulations are available for

those hotels charging their clients by bed occupancy,. Furthermore, capsule hotels, because of the high
occupancy rate and the use of materials with a highly flammable nature in the manufacture of capsule
beds, are at an especially high fire risk. As a result, this study will examine fire prevention and evacuation

safety of capsule hotels and beds.

Currently, the government in Taiwan has defined neither the type of hotel business that charges by bed
occupancy nor capsule beds. According to a definition from Japan, there are four types of hotel business
that charge clients by bed occupancy: those offering a small compartment for sleep, capsule beds,
multiple beds stacked up, and bunk beds. This study adopts related laws and regulations from Japan and
defines capsule beds as a space for sleep that is surrounded by three walls and one opening for
entrance/exit, and on the floor, there is a mattress, and the enclosed compartment is created using

synthetic resin or sheet materials.

2. Research Methodology and Procedure

Regarding fire prevention, capsule beds have unique characteristics and but presently, there are no
relevant laws or regulations on buildings housing capsule beds. This study will collect and analyze
Taiwan’s current regulations on buildings and fire prevention as well as those from other countries and
then carry out field investigation, perform the dynamic fire simulation analysis of fire risk, and propose
corresponding strategies in fire safety and evacuation. This study will also use the dynamic fire
simulation analysis to explore the amount of time available for evacuating people from a capsule hotel
building. Lastly, this study will review fire prevention and evacuation regulations and make suggestions

for the competent authority for amending related laws and regulations in the future.
The study objectives are as follows:

(1) This study will collect building and fire prevention regulations on buildings housing capsule

beds from Taiwan as well as from around the world

(2) This study will perform field investigation to learn about the type of layout of capsule beds,
the size of rooms housing capsule beds, fire prevention equipment, and the size of evacuation
passages. The size of capsule beds, fire prevention equipment, and the types of compartment
openings will be analyzed for fire risk. According to the results, corresponding management

strategies will be proposed.
X
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(3) Computer simulation software will be used to explore the increase of the number of capsule
hotel fires and the fire prevention and evacuation strategies to understand the fire prevention
and evacuation safety of this type of venues.

(4) This study will review fire prevention and evacuation regulations and make suggestions for

the competent authority for amending related laws and regulations in the future.

3. Major Findings

Fire risks and strategies

XV

Fire spreading issues

Currently, there are neither definite regulations nor appropriate systems for inspecting the materials
of capsule beds. Nonetheless, the burning of these materials in fire may release a lot of flammable
gases, causing the fire to spread quickly.Because synthetic resin materials do not meet the level-1
flame-resistant standard, it is not feasible to request capsule beds to meet the level 1 flame-resistant

standard. In this case, this study referred to Japan’ s regulation requiring capsule beds made of

synthetic resin to have flame retardancy and level-3 fire resistance (or above) for evacuation safety
when a fire starts.

The competent authority should set up a system inspecting the fire prevention performance of
capsule beds made of synthetic resin. If synthetic resin capsule beds are used, it is important for the
materials to have flame retardancy and level-3 flame resistance (or above).

In Taiwan, many hotels offer both general guest rooms and capsule beds, and when capsule beds
made of synthetic resin are on fire, though the materials at the beginning are fire retardant, fire may
spread eventually.

It is recommended that an independent fire prevention zone be set up for the room housing capsule
beds made of synthetic materials to block the spread of fire and smoke, which can affect the safety

and evacuation of other guests.

For personal privacy, each capsule bed compartment has a door. If a fire happens in the
compartment, it will be hard to detect, which can hinder early reporting of the fire, fire

extinguishment at the early stage, and evacuation.
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It is recommended that an automatic fire alarm be installed in the capsule bed compartment to avoid

delaying fire detection. In addition, it is important to set up an automatic water sprinkler, an automatic
water sprinkler connected to tap water, or an automatic fire extinguisher in the compartment to effectively

stop the fire at the early stage.

Evacuation issues

a.  Capsule hotels are usually located in the most crowded part of a city, and in order to use the space
effectively, the passages in these hotels are often very narrow. Moreover, because of the high
occupancy density of capsule hotels, evacuation may be hard to carry out if there is no regulation of
the minimum width of these passages.

It is also important to regulate the maximum number of stacks of capsule beds and the size of the net
space of the compartment. Moreover, if more than ten capsule beds are arranged in a row, make sure

that the passages have an effective width of 1.2 m or more.

b. Because of the high occupancy density of capsule hotels, if the entrance/exit of a compartment is too
small, more evacuation time will be needed. Therefore, the regulation on the width of the
entrance/exit of these compartments should be different from that on the guest rooms of general
hotels.

When there are more than ten capsule beds arranged in a row (20 beds in total), it is recommended
that to reduce evacuation time there be at least two entrances/exits at least 1.2 m wide for each room
housing these capsule beds. Another approach is to install an exhaust ventilator to increase the

permitted evacuation time.

c. There are two main features of capsule hotels that are unfavorable for fire evacuation: One is having
a non-specific clientele and the other is related to the function of these hotels —providing a place to
sleep.

It is recommended to provide an evacuation plan in each compartment and in the room housing

capsule beds and to improve the alarm equipment in the compartments.

d. If evacuation is required, people staying in upper capsule beds need to come down using a ladder to
go to the indoor passage. In this case, they may hinder the evacuation of other people by blocking
the passage, and injury may occur if people in evacuation start to panic.

If there are more than ten beds arranged in a row in a room (twenty beds in total), the width of the

XV
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indoor passage should be 1.2 m or above. It is also important to avoid stacking capsule beds at major

evacuation passages.

e. People evacuating the upper compartment need to come down to the indoor passage using a ladder.
If their beds are too high, people may be injured if they are in a panic during the evacuation.
Make sure that people staying in upper capsule beds can move up and down easily, and measures

should be taken to prevent them from falling off their beds. The ladders used should be fixed.

f.  If the doors of the compartments are opened inward toward the inside of the compartments, they
may block people from coming out when they are in a panic in evacuation.
It is therefore important to avoid the use of a door that opens inward toward the inside of the

compartment.

g. The floor for capsule beds has a higher occupancy density than that of other floors with regular guest
rooms. In this case, it is dangerous to have only one evacuation route on the floor for capsule beds
because evacuation may be hindered if this route becomes invalid.

Floors with capsule beds stacked up should have two evacuation directions to ensure that the guests
can safely reach the evacuation floor using more than two routes and without passing through other

rooms housing capsule beds.
ii. Suggestions for capsule bed design

recommended to regulate the size, layout, materials, and evacuation safety of capsule beds. Moreover,
the fire prevention equipment used should be regulated as well.

a. Size, layout, and materials
i. The number of levels of capsule beds should be no more than two.
ii. The net height of capsule beds should be more than 1 m.
iii. The upper beds should be elevated to no more than 1.5m away from the floor.

iv. If synthetic resin capsule beds are used, the material should have flame retardancy and a level-3

flame resistance or above.

v. The door of each compartment should be made of flame-proof materials, and if synthetic resin
materials are used, the materials should have the fire resistance level of the compartments (or better).

XVI
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vi. The power outlets in the compartments should be safe outlets.

vii. Use cables for wiring of compartments, and the wiring should be at the outside of the compartment.

b. Evacuation safety
i. Opening the door of rooms housing capsule beds should not hinder evacuation.

Ii. A curtain can be used to separate the compartment from the passage, and the curtain should not be

lockable.
iii. The opening of the compartment should not be toward the inside of the compartment.

iv. There should be no cabinet or table in the compartment, but simple devices fixed on the wall of the

compartment are acceptable.
v. Inside each compartment, there should be an evacuation plan.

c. Fire prevention equipment
i. Inside each compartment, an automatic fire alarm and an alert light should be installed.

ii. An automatic water sprinkler or an automatic fire extinguisher should be set up in the compartment

to effectively stop the fire at the beginning.
iii. The regional sound device inside the compartment should have an acoustic pressure of 60 decibels
or more.
iii. Suggestions for rooms housing capsule beds
It is recommended that the passages, entrances/exits, and fire extinguishers in rooms housing capsule
beds be regulated.
a.  Structure, passages, and entrances/exits
i. If synthetic resin materials are used in the room housing capsule beds, it is important to set up an
independent fire prevention zone.

ii. When there are more than ten capsule beds arranged in a row (twenty beds in total) in the room, it
is recommended to have at least two entrances/exits at least 1.2 m wide per room to reduce the

evacuation time. Another approach is to install an exhaust ventilator to increase the permitted

gvacuation time.
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iii. 1f more than ten capsule beds are arranged in a row, make sure that the passages have an effective

width of 1.2 m or above.

Iv. For rooms housing capsule beds, there should be more than two evacuation routes from the
exit/entrance to the ground floor or the evacuation floor. If the room housing capsule beds also has

a balcony or other space valid for evacuation, then it is exempted from the above regulation.
v. Inside the room housing capsule beds, there should be no partial steps or any void.
vi. Inside each room housing capsule beds, there should be an evacuation route plan.

Fire prevention equipment

a. Inside each room housing capsule beds, a smoke detector should be installed. For passages inside the

room, there should be more than one passage 15 m wide or wider.
b.  The automatic fire alarm equipment should be set according to laws and regulations.

C. The automatic sprinkler equipment should be set according to laws and regulations.

4. Use management suggestions

It is recommended to enhance the management of the use of capsule beds for fire prevention, arson

prevention, and capsule bed use management.
a. Fire prevention

i. Itis prohibited to smoke inside the room housing capsule beds. It is important to implement

strict smoking management.

ii. Itis prohibited to use any device generating fire or using gas inside the room housing capsule
beds.

iii.  Itis important to strictly manage the use of equipment generating fire in the kitchen and to apply

equipment preventing over-heating.

iv. Before using any devices generating fire or using gas, check these devices before and after use

for safety.

v. The kitchen should be frequently cleaned. The ventilator should be routinely cleaned.
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Vili.

viii.

X.

Use fire-resistant bedding.
For fabric furniture, use flame-resistant fabric.
Post the no smoking sign on the walls in the compartment or in the room housing capsule beds.

Inside each room housing capsule beds and in each compartment, there should be an evacuation

plan.

It is important to check the electric appliances routinely.

b.  Arson prevention

iv.

Do not place flammable items around the building. Strictly implement arson prevention

measures.

Do not place flammable items at the dead end of corridors and staircases or in the

bathrooms/washrooms.

The storage rooms, rooms not in use, warehouses, and rooms for keeping bedding should be
locked.

The washrooms, bathrooms, and warehouses should be routinely patrolled.

c.  Use management

Vi.

Vii.

Do not store furniture or objects at the corridors, staircases, or passages.

Do not store objects behind the doors of staircases and emergency exits. Avoid hindering the
opening/closing of the doors.

Do not place objects at the place blocking the fireproof rolling door from coming down.

Strictly manage the staircases, passages, evacuation routes, fire-proof doors, and fire-proof
zoning.
It is important to frequently check the management of the universal key of the emergency exits.

It is important to keep track of the information of the hotel guests. Do not assign people with

mobility problems to an upper compartment.

Authentically carry out the fire prevention management and system to ensure that the staff can

correctly guide the evacuation when there is a fire.
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viii.  When implementing fire prevention management, assign more than two people to be

responsible for guiding evacuation.

XX
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Handbook of Fire Protection Engineers) * ‘=& fFk3+4p = (Fire Engineering Design Guide) *

4 EmAR A B A MACE BT AR 2 A T

|
\\4"

&R e
mE RS YV UH AR MR R L LS 6 000 60T B R A
4 2% 44 12 CO ZF -] *+ 1400ppm ~ HCN 7 -]+ 80ppm ~ Oy * *+ 129 ~ COy | %+ 5% 5 *

LR AT R 25kw/m > F itz AR EIHI AT T R BALE 30 4 40
WIUE o AT ARIESRER 6 0 20 R g e SR VALIER 10m 5 MIFRAAEEF

e B A6 02 0 B FAREESE 10m(- S )~ 5Sm() 2R AREH)FES S A 2N A 4
AFINT AT AM2ZE L 2 I E NP ARIE 2 2 F o P M Bdpacd 41 2 & 42 47
T oo
£ A4-1EREF AL KR NG
Location Minimum visibility(m) Optical density(1/m)
Small rooms Sm 0.2
Other rooms 10m 0.1
iz 3% * Fire Engineering Design Guide > Third Edition > 2008 -
% 4-2 A |AR f?ﬁ&%ﬁkﬁ%
RS L% g N
Bgin F oA i R <60°C (7 i 4¢3 30min 11}k R )
CO = 1400 ppm (small children incapacitated in half the time)
HCN =80 ppm
i M
* 1= 0= 12%
CO2=5%
(12 F R 30 A2 485 1R
#1145 o 15 58 =2.5kw/mi (24p & 0§ WK FuE A & 2000C » AL pER |30 20 4))

iz J5 © Fire Engineering Design Guide » Third Edition » 2008 -
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L R i il 2 2hed WRy e ® ke | ey | Voioiliy=sm
L 5ar
WELELIT - § BB R 3 ] >t 1400ppm e
2 |12 SFPE B L 353~ £ p o] %4 MEBAEVLFTHFY 30440 &2 L5250 CO <1400 ppm
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= = — 5 54 <2.5kw/ni
S Meofx Kt g bl R AR E p AL BRlARE e
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Simulex # f& g ¥ il > d L@ ECER L 0 F I 2% (Hydraulic Flow) £_p o & 7 *
B Y R B 2 0 A AT ac 20 20 Simulex #FERHCEEATS o AR E
d % & Intergrated Environmental Solutions Ltd.#t% & » ¥ 3 g% F 4 | 2 31 > 4o b g8 °

TR EA R LR T R R B i WL ORI o Simulex 2 7
FRETAPE A A gl H 8w L sy o 2 ¥ 4 7% A (Normal Walking
Speed)mi it » Am § > 3 H U EFEp L AP o) (78 RAATA f BPERE2Z 32370 B Y > ot 2 30
{REARBBEEOEFE > H- R LA RRRAITHFERATFE IR o

Simulex Z@®7% kA R#gdF 27 P2 h FEARK T L - T2 éﬁﬂ O - TR R A
Ras ¥ mam g% f7v g £ 78R

He7F
% 4-5Simulex 2 XA B # 7k & 4
LR EH 3 EEHFER V S fRiER THBRER
(3 & FgRp)
Adult Male *E§ 1.35+0.2m 0.5V 0.6V
Adult Female & E L 1.15+0.2m 0.5V 0.6V
Child Z3 0.9£0.3m 0.5V 0.6V
Elderly E L Jﬁ 0.8+0.3m 0.5V 0.6V

* Walking Speerka

/ ' . Morms ' Wialking Velostty

.; 01%0\ \‘ \ 12

/ v///;‘\ \ 14

[ |/( 28
a4

o ‘)‘ o |

Qi El!i b4 08 0S5 1!|:| I|2 1!4 1IE 1IE 20

Proximity of individuals Inker-Person Distance (m)
reduces walking speed

WM4-3HFERX X EFIELE FET IR

LN:

walking valnciy (el

AAHA R A @ L R HEO B KR SAER Y A RHEe Aa D

IEERZ NN BRHIFIRE A a2 Bul AN RT REL NS
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BILR S S R S
Simulex it % = @FEppF . s
¥ AR =5m
CO i & <1400 ppm
CO2=5%
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15 S+# < 2.5kw/mi
F i R R <60
1 4 4a+Simulex Ho5t = % @ 5 p* 7 x150% . o
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