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Principle of Evacuation Planning

The principle of evacuation planning is to provide a safe evacuation route from any point of a

building to a safe area outside the building. A safe evacuation route is one that is:

o Same with path of flow in the daily route,

o Ready for evacuation at all times,

o Continuous with one or more exits and public ways,

o Resistant to fire and smoke,

o Of sufficient in capacity,

o Redundant by plural paths of travel, etc.,
o Not hindered by any obstructions,

o Suitable for the type of occupant’s.

Continuity of Evacuation Route

Continuity of Horizontal Evacuation Route

Do not locate any room on
the evacuation route.

S

Continuity of Vertical Evacuation Route

Evacuate to outside

Variety of Occupant’s Characteristic

Sleeping in Hotel and Housing

High Density in Theater and Department Store

ESS
AR

Trained in Offices School, and Factory

]

Disability of the Aged, Infant, and
Handicapped in Hospital
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Basic Idea of Evacuation Planning

The basic idea of evacuation planning is to complete evacuation before smoke builds a hazardous
level that the smoke descends to the particular height at which it obstructs evacuation. The
evacuation time must be shorter than the time for the smoke descent.

Tevacuation < Ts
(Tevacuation: Time to complete evacuation, Ts: Time for the smoke descent to the hazardous level)
1)Time to complete evacuation (Teyacuation)

Tescape 1S the sum of two periods; i) Time to start evacuation (ti.«) and ii) Time to complete

evacuation after the start (tevacuation)-

T =t .+t tstart and tevacuation have further subdivided periods.
O 1evacuation = Ustart evacuation 1) Time to start evacuation (t t .1)
sta

O tstan = tawareness + tdecision
tawareness: Time until awareness of fire
tdecision: Time to decide to evacuate
2) Time to complete evacuation after the start (tevacuation)
O tevauation = ttravel + tqueue
traver:  Time to walk through the evacuation route
=L/v
(L: Length of egress travel, v: Walking velocity)
tqueue: Time to pass through the narrowest point of the
evacuation route
= P/NB
(P: Number of occupants,
B: Narrowest net width of evacuation route (m),
N: Discharge coefficient (person/ms))

2)Time for the smoke to descend to the hazardous level (Ts)

The verification method of evacuation planm

in Japan specifies the formula of t;;

Ts is the accumulated time in which smoke

spreads to the space in front of escape
stairways.

0T, =5t 0t = {Arcom (Hroom - Him)} / {max(Vs-Ve,0.01)}

(t: Time for smoke spillage in each room, (Aroom: Floor area,

Hroom: Average ceiling height,

Him: Hazardous height of smoke from the
floor surface level,

Vs: Volume of smoke generation,

Ve: Volume of smoke exhaust) /

located along the path from the fire origin to an
escape stairway)
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Components of Evacuation Route

The evacuation route is composed of three portions: exit access, exit, and exit discharge. Those
three components are considered as:

1)“Exit Access” is the portion of an evacuation route from any occupied point in a building to an exit.
These include:

o Corridors: An enclosed path of the exit access,
o Aisles: Other paths of exit access, such as passageways in rooms and theaters.

2)“Exit” is the portion of an evacuation route that is separated from other interior spaces of a building
by fire resistance structure and opening protection. Such as;

o Exit passageways for evacuation in the horizontal direction,
o Escape stairways and outside escape stairways for evacuation in the vertical direction.

3)“Exit Discharge” is the portion of an evacuation route between the termination of an exit and a
public way.

o A public way is a street, alley or other parcel of land open to the outside air leading to a street.

Component of Evacuation Route in BSL, IFC, and this Technical Manual

ﬂ)ifference between\\

Japan and US;
o InJapan, the
exit is the

In this Technical Manual, the

exit;

o includes passageways and
stairways.

O is usable in daily use. a4 escape stairway
only and usable

Manual | IFC in the daily use.

Exit o In US, the exit,

further, includes
the passageway
and is usable

Exit
1 only in the
B emergency
case.

7

&
G
&

¥ /
/
“ /
Public Way
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Capacity of Evacuation Route (1/2)

The evacuation route must have sufficient capacity to allow smooth evacuation. The capacity is
directly related to the width of the evacuation route. Fire codes in other countries usually regulate a
minimum width for evacuation routes based upon the number of occupants. For example, the fire code
in the United States specifies:

1)Width of stairway (B) should be not less than the unit width (w=0.3inch/occupant), multiplied by the
number of occupants (P) to ensure complete evacuation within two minutes (T).

o Time to discharge (T) = P/(BXNeg) = P/(PXWXNr) =1/(0.3X45/22) = 1.63 minutes
(whereby, Neg=450ccupants/unit/minute, 1unit=22inch)

2)Width of corridor (B) also allows occupants to pass through the narrowest point of the corridor within
two minutes.

o Time to discharge (T) = P/(PxwXNgg) = 1/(0.2X60/22) =1.83 minutes

(whereby, w=0.2inch/occupant, Nes=600ccupants/unit/minute, 1unit=22inch)

Fire codes in Japan adopt

the discharge coefficient:

[1 80 occupants/m/minute
for stairways,

[1 90 occupants/m/minute

for corridors.

Survey on Discharge Coefficient in Japan

Standard Coefficient
1.5 (occupant/ms)

Naticnal Railway |

Dept. Store| ;P/
Theater | |
Elevator | ,L

!
|

Municipal Railway |

—e_'_

Bus | }

Tiket Gate | |
Stairwa \ here are no suitable survey data
_ YL ; from other countries which clearly
Corridor | S G show the appropriate discharge
| | coefficient, because surveys
reflect occupant characteristics

N(k/ms) such as:

o Mental degree to hurry,

o Less crowded.

The standard coefficients used in
Japan are:

o 1.5person/m/s in horizontal,

&1 .3person/m/s in vertical. /
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Capacity of Evacuation Route (2/2)

Occupant Density in Thailand, Japan, and United States
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Occupant Density (occupant/m2)

o
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/The occupant density h

the three countries is
similar except for theaters
and department store.

Hotel

Office

Theater

Hospital

School

Factory

Multi-story Dept. Store
Housing

[ Thailand (EIT) OJapan (BSL) A United States (IFC) |

Walking Velocity by Classification of Building in Japan
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A A
fastest.

_.70
Q
2
£ A A A A
£ 60 & & & A
£ 50
= ] [ ]
8
o 40 |
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= 20

10

4
0
Hotel Office Theater School Multi-story Dept. Store
Housing
‘OStairway (upward) B Stairway (downward) A Corridor ‘

/The walking velocity in the\

horizontal direction is the

Survey on Walking Velocity by Occupant Density in Japan

2 o Connection bridge at Shinjuku station O Walking VeIOCity
- # Ticket gote at Shibuya station decreases, as the
E ~ Elevaterindept store occupant density
‘5 * Assumed formula increases,
S s o When the density
g exceeds 4.0
.g N occupants/m?, the
g B e T walking velocity

A o S SR I becomes stable.
0 6 7 8 9 10 11 12

Occupant Density p (occupant/m )

The survey shows;

~
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Multiple Evacuation Routes (1/2)

Fire can start in any part of a building, including evacuation routes. Therefore, any point in a building
must have two or more evacuation routes.

Fire codes in other countries require the number of evacuation routes by floor area or the number of
occupants:

1)Fire codes in United States require:

o two or more exits for a room or floor with 50 occupants,

o three or more exits for a room or floor with 500 occupants,

o four or more exits for a room or floor with 1,000 occupants,

2)Fire codes in Japan require two through stairways or more for a floor with:
o 50 m? for hospitals,

o 100 m? for hotels and multi-story housing,

o 200 m? or 400m? for offices, schools, factories, and department stores,

When the floor areas are converted to the number of occupants by occupant density, the numbers
vary from 16 to 280 occupants.

Well-balanced Layout of Escape Stairways Unbalanced Layout of Escape Stairways
(sample) (sample)

5
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Discounted Number of Evacuation Routes
should be;

o Simple, m

o Well-balanced in
their location, X Closely located doors
o Connected with Point of fire may be simultaneously
escape stairways at blocked by fire.
the end of its path. These two evacuation
K / routes are counted as
—— > one route.
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Multiple Evacuation Routes (2/2)

(fo0r) Rooms and Floors Requiring Two or More Evacuation Routes in IFC, EIT, BLB, and MR*
All (Fire Escape only)
7

3 Exits
Twb exjts fdar less than 50 (IFC, [T

Three or four exits

6 ocgupants in: 4 for large numbers of
o lHote ; hnep tql’ a IFi occupants.
I 4. I - o
TTTUTLr bLUIy "oy >III9 1T Ll 972
5 and EIT.
~ All (Nprmal + Escape stairway, o |Department storde and office
in El

Two exits for 50 or
more occupants in a
room or floor.

1 i
--1-Hotel. [Theater Hospital,|Factory, Dept £tdre |
! (norm?fl + escape stairway) - -} -Office yTheater,[Scl

ool, Factary,

H i == Hotel, Hoisgifal, Housifig \ i
3 i - ! Y h
T Ll > L
L / -
," ,.' Ho‘épitel / “\. ' Legend
28 /1, Ho, befising, Dpt stord (BFI, 2nd FI.) \ IFC \\\&
N, - Office EIT
; g ) BLB _
1 1 anma
I , MR e
1 T T 1T
0 10 20 30 40 500 1000

(occupant)

Floor with Two or More Evacuation Routes in BSL, BLB, and MR?

(floor) : Al (Fire Escape only)
T Il
SN !
Al MR |regulates | for 3 Exits
' buildings more than Em SL regulates for less
6 23-m-in-height han 50 occupants in:
Hotel, hospital,
theater, and
] multi-story
— All (Normal + EEscdpe stairway) BL reg lates | for dnly housing.
gnerescape-stairwayffor, D o
2nd|floor orhigher: p BSL regulates for 6th
:=-1 Hotel, Theafer Hospital, Factory. Depte”| o loor or a floor mor2e
/| store (formal +|escape stairw;,yr/ than 400m°,
i AN equivalent to 50
3l Theater | HGusing—| o . occupants.
i 7 / i schoo)
1 t
E 1 )y - Legend
%< - BSL —#
-~ Hospital EIT
! ,. Hotel, Housjng, Dept store - Jbept(GFI) | i
J 7 (B, 2nd FI] - Offca ] BLB ;
1 / _'/ ; \ MR ....':
h T L
0 10 20 30 40 50 200 300 500 1000
1 & 2 MR - Ministerial Regulation under the Building Control Act in Thailand. (occupant)

BLB - Bangkok By-Law in Thailand

EIT - Standard of the Engineering Institute of Thailand.
BSL - Building Standard Law in Japan.

IFC - International Fire Code in United States.
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Maximum Exit Access Travel Distance (1/2)

When fire breaks out, occupants must reach an exit as soon as possible. The maximum exit access
travel distance aims to regulate the maximum length from any part of a building to an exit. In other
words, it aims for well-balanced layout of evacuation routes

The maximum exit access travel distance is generally;
o 50 m for 15th floor or higher and 40 m for less than 15th floor in Japan,
o 61 m in United States.

Maximum Exit Access Travel Distance

Vestibule or balcony

\ Exit access travel distance
R e -

K\Corridor

\\
AN
The travel distance is Room\
to the vestibule or
balcony of a
smokeproof staircase,
if any.

Smokeproof stairway

In the United States, the minimum distance between two exits is regulated to properly disperse the
exits.

Minimum Distance between Exits in the United States

In the United States, the
minimum distance between
two exits is half the diagonal
of the area served by the
two exits.

The Building Center of Japan/ Nippon Koei Co., Ltd.
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Maximum Exit Access Travel Distance (2/2)
Maximum Exit Access Travel Distance in BSL, IFC, MR, and EIT
(m) .
ﬂ? requires the tram fc requires 61-91m
distance to e within60m i
100 h . - w/d sprinklef system (w/o sprinkler).
(Withsprinkier). ‘\ (+15-31m by installatjon of sprinker syste
90 ; N
- —
: ) N EIT requires 30-60 m
80 —+---w/o sprinkler system b / inkl
v | (+15-31m by installation Nprink er sy'ste m) Ny (w/o sprinkler).
" 7
70 \ : -
, \ ; 23m or more,éFF'( N
) N A\ !
60 J NS Y S y ~ €SLspecifies;
Y-‘P\ Y-E L\J\ Lg L\J\ C Lg - TT. -ZJ
\ —_Hotel, Office, Theatr, o 30-50m for 14th
50 % / Hospital, $chool, Factory, floor or less,
B _~ i Housing, Pept. | 1 20-40m for 15th
I
40 Ovrterrern 3 0 fﬁ ?ﬁ’ O floor or higher.
T =T —_
30 \
1 93 + \[I]/ 19y {1}
T i
20 } Y- 15F or more with fire resistant construction \-ﬂ-. Legend
/ R R X N LI
! (+10m by installation of nbncombustible finish) BSL —{
10 i_14F or Idss IFC -
(+10-30rh by installation of|nonconmubstible [finish andi fire resistant construction EIT >
0 MR Qe
0 Hotel Office  Theater Hospital School Factory Multi- Shopho Dept. Complex
story use Store . .

Housing Installation of sprinkler and
noncombustible interior finish
alleviates the travel distance in
Japan and US regulations.

Details of Maximum Exit Access Travel Distance in BSL, IFC, MR, and EIT
Building Type MR EIT BSL IFC
23m or morgl  W/0 with 14th A. or less 15th A. or more wilo with
(with sprinkler | sprinkler B Others B sprinkler | sprinkler
S[EHOLIET) with NCIF with NCIF
Hotel 40 60 30 60 50 60 30 40 50 61 76
Office 40 60 60 91 50 60 40 40 50 61 91
Theater 40 60 45 60 50 60 40 40 50 61 76
Hospital 40 60 45 60 50 60 30 40 50 61 76
School 40 60 45 60 50 60 40 40 50 61 76
Factory 40 60|- - - - - - 91 122
Multi-story housing 40 60 30 60 50 60 30 40 50 61 76
Shophouse - 60|(- - - - - - R
Dept. store 40 60 45 60 30 40 30 20 30 61 76
Complex - 60|- - - - - - -
Supjects of normal fire eslcape exits through stairs exits
Distance stairs stairs

Note: 1) MR - Ministerial Regulation under the Building Control Act in Thailand.
2) EIT - Standard of the Engineering Institute of Thailand.
3) BSL - Building Standard Law in Japan
4) IFC - International Fire Code in United States.
5) NCIF means Noncombustible Interior Finish, while FPB is Fireproof Building.
6) BSL and MR regulate the distance to escape stairways, while EIT and IFC regulate to exits.

The Building Center of Japan/ Nippon Koei Co., Ltd.
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Common Path of Exit Access Travel (Maximum Length of Dead End)

The common path of exit access travel aims to regulate the length of overlapping parts of two

evacuation routes. Allowance for overlapping is effective for the flexibility of the evacuation routes,
while it ensures redundancy of the evacuation routes.

Generally speaking, the regulated maximum common path of exit access travel is within around a half
of the maximum exit access travel distance.

Common Path of Exit Access Travel

Exit Access Travel and Common Path

Overlapping part should be
minimized within the maximum
length of common path in fire

codes.

max.
distance.

exit

Various countries regulate the
maximum length of common
path within around 1/2 of the
access

50 & AUS
A HRA
O JPN
40—+ England
O uUsA
~—
= m USA(sp)
N
% 30 50 s o
o
S O ¢ OOmE
L A 1 Assambly
E 20 A IE ; Educational
o H+50 C : Chemical
B .
[ AE H : Hotel
10 a5 SHDA D : Residential
ST, S : Commercial
oA B2 10 office
- : General
| | | |
20 40 60 80 100

travel

Maximum Exit Access Travel (m)

The maximum length of the dead-end is to regulate the length of path in dead-ends. An occupant often

enters dead-ends by mistake. By the time he or she returns to the correct evacuation route, heat and
smoke may have closed the evacuation route. Therefore, dead-end routes should be eliminated or

minimized

Maximum Length of Dead End

Length of dead-end routes

is regulated to within 6 to
10 m in the United States.

c\A AC : Common path
\\ BC : Dead end
\\\ JB\
S|\
ol
<
INELI N AUN N
-ﬂ————cé— L —p
1% \J|
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Form of Corridors and Aisles (1/2)

The corridors and aisles form the horizontal part of the evacuation routes. Those horizontal parts are
connected to an escape stairway and exit discharge. Firstly, the corridors and aisles must be safe and
secure through provision of:

o Flat and slip-resistant surface,

o Fire and smokeproof construction,
o Noncombustible interior finish,

o Fire protection at openings.

In addition to safety, the corridors and aisles require sufficient capacity for the occupants who
evacuate through these parts. Fire codes in Thailand, Japan, and United States regulate the minimum

width of corridors as:
Width of corridors is uniform in

o 150 cm, uniformly in Thailand, Thailand and Japan, while it
proportionally changes by the
o 120 cm for corridors serving only one side and 160 cm for number of occupants in US.

corridors serving both-sides in Japan,

0 91.4 cm for 50 occupants or less, and 111.8 m for more
than 50 occupants in the United States.

Minimum width for corridors proportionally increases by 0.508 cm/occupant in the US. On the other
hand, fire codes in the US specify uniform width for aisles.

o 91.4 cm and 111.8cm, depending on the layout of table and chairs along the aisle.

The fire code in the United
States specifies the total width of
corridors. It also regulates, when
one exit is out of use, the
remaining exits must maintain
50% or more of required

capacity.
N /

The Building Center of Japan/ Nippon Koei Co., Ltd.
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Form of Corridors and Aisles (2/2)

Width of Corridor and Aisle in BSL, EIT, and MR

(cm)
School / . \
= - BSL specifies:
Hqgspital (w/o sprinkler) S - 120_ cm for side
200 . corridors,
0 160 cm for
Senee , both-sides
/ 4 .
Hotel, Qffice, Theater, Hgspital, Housing, Pept. / COI'rIdOFS,
150] Hotel, Qffice, Theater, Haspital, Housing, School, Factory, Dept. o 230 cm for
/A\ 7 \ hoth-sides j
/7
Hotel, Ofﬁcg/T&_ ater, Hospital,,f{Iousing, Dept. ]
7 EIT regulates
100 [ | - o Similarly to IFC,
/ except hospitals
larger than IFC.
|
s L
( " o Legend
B Dt BSL (both side corridor)
crunmormiy [1ou (one-side corridor) = - =+
EIT e
O MR ..........
0 50 100 150 200 250 300
(occupant)
Exit passageway width must be:
(cm) © 914 cm for less than 50 Width of Corridor and Aisle in IFC Width ~ of  corridor
ocgupants, Ais|e steps|in theatgr with 2,000 occypants ofless proportionally increases
111.8 cml for 50 occupants \ with the number of
or-more; \/ QC upants.
2 — Exitaccess (corridor jn school with 100 or more occupants)

Passageway in theater with 2,00 occupan}sﬂ:ﬁless -

I e e e e s e ]
\ \ / o Corridors of exit\

150 /,— Exitacge§§ (cotfridor in\ welling Units with 50 or less /o sprimkler // atcess must be at
/ — [Exitaccgss (ais! s}gps intheaters) w spprinkler, lgast 111.8 cm and
/ / N\ N\ A |_—~Tncreasing with the
I/ [ O . A T g e I, <o e = \_number of occupants.
100 -~ — 54
(o SRR I N TYPPTPPPYY PETPPPT PPPY TP PITT T ..K.. ................................... 2s
I
\ - . ——T——{ Aistes of exit access
= must have widths of 91.4
P ]
50 L~ ~ cm| and 1114 cm,
e depending on conditions
[ of ajsles and seating.
// /
//
0
0 50 100 150 200 250 300
Note: Legend (occupant)
1) MR: Ministerial Regulation under the Building Control Act. [ posic i of Cordor
" B : . R == Min. Width of Exit Access (corridor)
2) EIT: Standard of Engineering Institute of Thailand. Min, Width of Ext Access (aalo: public area with
3) BSL: Building Standard Law in Japan. both-side seatings in office or dept,) !
--©-- Min. Widh of Exit Access (corridor: execption)
4) |IFC: International Building Code in United States. =+ Min. Width of Exit Access (aisle: public area with
one-side seatings in office or dept.)
Min. Width of Exit Access (aisle: non-purblic area)
Basic Width of Theater (smoke protection seating)

The Building Center of Japan/ Nippon Koei Co., Ltd.
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Type of Escape Stairway 1/3

The stairway forms a main structure in the vertical path of an evacuation route. It has to provide safe

passage as well as easy travelling.

From the point of view of safe passage, elevators, escalators, and moving walkways are not suitable
for exit access, while a spiral-type stairway is usable only within a dwelling unit.

Appropriate and Inappropriate Types of Stairways for Exit Access

Spiral {within dwelling unit only)
Circular

{

EV Escalator

it
Moving Walk Hﬁ
|

Escape stairways are classified into four types: 1) through stairways, 2) escape staircases, 3)
smokeproof staircases, and 4) outside escape stairways.

Types of Escape Staircase

Through Stairway

Through stairway can reach a safe floor,
that has an access directly to the outside,
without any interruption and change of
path. This is the common requirement of
all kinds of escape stairways.

At the safe floor,
a stoppage is
necessary to
prevent an
occupant from
wrongly passing
by the safe floor.

Escape Staircase (inside buildings)
(Openings to outside, if any)
0 Wing wall >50 cm or
0 Distance >90 cm from another windows

(BSL)
0 Pressurized or
\ \(O_Jtdoors)
\ Wing wdl 5
E 200rmm (1'4m )
Smoke —

0 Openings to fresh air
E—

[Ty}

UFire resistance structure
(IFC: 1 hour-less than 4fl
ROCM 2 hours-4fl or more)

ONoncombustible
interior finnish, if any
UHandrails an both sides
v [ILighting by daylight or

(Corridor) illumination
750 mm or more

Fire door
(Opening to inside, if any)
[ Fire preventive devices at any apenings, i.e.
BSL:fixed-sash type with wired glass within 1 mz)
IFC:3/4hour fire resistance

The Building Center of Japan/ Nippon Koei Co., Ltd.
11-55



The Study on Development of a Building Safety System Focusing on Fire Prevention in the Kingdom of Thailand
Final Report - Volume Il - Technical Manual for Planning of Fire Prevention System

|4.2.2 ‘ Outbreak Initial Fire | Fire Spread Fire Fighting ‘ Collapse Exposure Fire

Type of Escape Stairway 2/3

Types of Escape Stairway

Smokeproof Staircase (inside buildings)

MS for smokeproof staircases in Japan are: \
1) vestibule with opened window to outside or exhaust system, or balcony

2) fire resistance for walls and stairs, (IFC, EIT: 2 hours)

3) noncombustible interior finish, if any

4) lighting in staircase by daylight or illumination

5) fire doors for staircase, vestibule, and balcony (IFC, EIT: 1 hour)

6) openings to outside: sufficient distance from site boundary, wing wall of 50 cm, distance of 90 cm
from other openings

7) openings of staircase to inside: only to balcony and vestibule with fix-sash type with glass

8) openings of vestibule/balcony to inside: only for entrance

9) area of staircase and vestibule/balcony > floor area X 3/800 (8/100 for theaters, dept. stores)

10) area of vestibule and balcony >5m?
11) both sides handrails /

~ o~~~ o~ o~

—_~ o~ o~

—

(Vestibule Type) (Balcony Type)
/ .
(Natural Exhaust Type) (Mechanical Exhaust Type) Vestibule and  balcony
(4 protect the staircase from
(1),(4),(10) intrusion of smoke.

4

(50,08} < =
(9),(11) i l’éﬂ, (F.011
(2,03 ¥
(203 (21,03

(7 |

L oo @) (5.(8)
. (5,(11)
{Mestibul |~
(10) = - p i 4 (1),(10)
-TI "'
el =] {halcony
W (outsice) -
TGt boindary ©) | |
An outside escape stairway has the advantage
) ) of being protected from smoke spread, while it
Outside Escape Stairway has the disadvantage of;

[1  Freezing and snow weather,

U Fire resistance stairway [J Extremely high place. IFC specifies up to
[ Both side handrails 2286 m or 6th floor.

(outside) Fire door
BSL:>2m BSL:>2m
EIT:>3m ﬂ EIT:>3m

1

\ | ALY
‘ No opening except entrace within this range | JH &

(exception: fixde-sash type with wire glass)
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Outbreak
Type of Escape Stairway (3/3)
Type of Escape Stairway by Number of Floor in BSL, IFC, MR, and EIT
BSL specifies: IFC specifies:
[J Through stairways up to the 4th [l Escape stairway,
floor, [l Smokeproof staircase for
{1 Escape staircases for the 5th floor the 16th floor or higher.
or higher,
1 Smokeproof staircase for the 15th
(floor)
MR specifies t
escape stairwa
15[ for a building hig
than 23m.
cape Escape Escape
Stairways Stairways Stairways
10
ne
the
r.
At least one
5| Escape Stairway
Through
Stairways
1
MR EIT BSL IFC
Note:

1) MR: Ministerial Regulation under the Building Control Act in Thailand.

2) EIT: Standard of the Engineering Institute of Thailand.

3) BSL: Building Standard Law in Japan.

4) IFC: International Fire Code in United States.

The figure assumes the following conditions;

5) IFC: A building has required number of occupants for escape stairways. Smokeproof staircases are required for
floors located more than 22.86 m higher than the height of a ladder truck.

6) EIT: An escape stairway is not specified in the standard, while the smokeproof staircase is specified.

7) BSL: A building has the required floor area for the through stairway.

8) MR: An escape stairway is required for a floor higher than 23 m.
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Width of Escape Stairway (1/2)

Sufficient width of the escape stairway is essential to secure smooth evacuation. The width of escape
stairways must be sufficient for the occupants:

o On each floor,

o On floors above and below an intermediate floor, if the escape stairway connects to the intermediate
floor.

Fire codes specify the width of escape stairways as:
o 91.4 cm for less than 50 occupants and 111.4 cm for 50 or more occupants in the United States,
[ Uniformly 140 cm except department stores in Japan.

The fire code in the United States proportionally regulates the minimum width of escape stairway by
0.762 cm/occupant (or 0.3 inch/occupant), while the fire code in Japan regulates the width of the
escape stairway of department store proportional to the floor area. In effect, both countries partially or
wholly specify the width by the number of occupants, because the floor area can be converted into the

number of occupants by the occupant density.

Width of Escape Stairway and Number of Occupants

\

50— /UK* /Many countries

regulate the width of

JPN(commercia/I)
7 the escape stairway

/ —AUS proportional to the
4.0 / number of occupants.
USA
%. _ -
2 FRA+
£3.0
Iz
k=
5
= 2.0

UK*+(4F)

R e JPN(office,etc)

*  Excluding max width of a floor
+ Total occupants in a building

0.0 I I NN N NN AN NN A SR N
0 100 200 300 400 500

Number of Occupant on a Foor (occupant)
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Width of Escape Stairway (2/2)

Width of Escape Stairway in BSL, IFC, EIT, and MR

\

BSL specifies:
01 Uniformly 140 cm,
0 Proportional width for
department store
(cm) only. Hospital
/ (w/o sprinkler) _\/ ! Abusing . ..
] / Hospitg ~ A\ /.1
/ / (with srfr)n Ier)\./ ./‘ / A
2000 | |/ T % il
/ MR Sf)ec" es | ; ’,/ K /] 4 \_ wio sprinkler
LT oU cmijior 41tn 1100r, - /7 + .
’ L ' 7/ w sprinkle.
/ 190cmforab .=dilly/' B "l 4 I\\ P
/ / higher|than-23 .- / w 4 ' _Building>2,000m2 in fotal -
[/ S / "' | spedific building >300m2, . T
150 j/ A R 7 Thedter>500m?2 in totp *
/ ) P “/ 7 (NoF albféﬁ‘a)sr
/ ,l / v vd . T
" . / o Specific prilding
Vo T I A - <300m2
/ A / 'y “(Normal Stairs)
— feem w m w /-l- — \_‘\ — — — — — ”
100 2 Ll : \ ~ Tall blilding (Exit Stairways)
(/-'-- A SN N4 E— \ .................................................................................
/7 '\ \ —— 4floors or more (Exit Stairwpys)
l B
50 (" IFC spegifies; )
( EIT specifies; 0 91.4 cm for less than 50 ocqupants,
71 90 cm minimym, ] 111.4 cm for|50 or more ocgupants
7| Propartional width by the ] Propprtional width by
number of occupants. 0.3 inch/occlipant.
50 100 150 200 250 300
(occupant)
Legend
BSL — EIT
BSL ((Special) Fire escape stairs: Dept. store>1,500m2 in total)— - — EIT (exception)
-—-= IFC e MR

Note:

1) MR: Ministerial Regulation under the Building Control Act in Thailand.
2) EIT: Standard of the Engineering Institute of Thailand.

3) BSL: Building Standard Law in Japan.

4) IFC: International Fire Code in United States.
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Form of Miscellaneous Facilities of Stairway and Corridor (1/2)

In a crowded evacuation route, occupants cannot move with complete control. They may not be able
to see their feet. Sudden changes in stair configuration can cause people to lose control and fall down.

Tread and riser has to be consistent from the top to the bottom of an escape stairway. This
consistency aims to provide the steady movement for the occupants.

Treads and Rises in BSL, IFC, and MR

(cm)
100 Others — oA
Theaters,|schoolp (JIH.and H.)1— 1 /
dept. storﬁ p \ //_
Séhodl (element)) AN
A
80
Egcape stairyay = g >
Ngrmal stairway+— = - /// “\-a"l 4 | A
A A pd
The ! tread riser \el A |
€0 spedificatjorrs—of MR-jis ’s - 5 % i
the gteepest amang the I 1D ZE 1 P 7 S50 e i e
folrr fire cbdes >IN 3 '
. A =
40 A :
15Z8ZgLauniin
e
20 P> _J :
- ,’7 “zalll Legend
> i BSL ET
0% : IFC  eeeeeen MR
0 20 40 60 80 100
(cm)

Handrails in an escape stairway help prevent occupants from falling down and support occupants who
have impaired mobility. Handrails should be installed:

o At both sides of the escape stairways preferably to either dominant hands,

o In the middle of the stairway, if the width of the escape stairway is large.
Landings take the roles of;

o Controlling the distance that occupants can fall,

o Providing a resting space for occupants who have difficulties to walk through.

The landing is necessary at the certain height, normally 3 to 4 m in flight height.

Fire codes in Japan and US specify;

0 Maximum flight height within 3 to 4
m in Japan, and 3.7 m in US,
Width of the landing to be larger
than the escape stairway.
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Form of Miscellaneous Facilities of Stairway and Corridor (2/2)

Doorways along the path of an evacuation route are important for controlling the passage of
occupants and the intrusion of smoke and fire. The doorways should have:

o Fire resistance,
o Automatic closing system,

o Opening direction the same as the direction of evacuation. When the opening direction is opposite
to the evacuation direction, occupants will not be able to open the door, due to crowd in front of the
door.

Preferred types of doorway are:

o Single door,

o Double doors,

o Sliding door,

o Automatic type with manual operating mechanism in case of power supply cut.
Revolving type doors are unsuitable to conduct large numbers of occupants.
Preferred conditions of the doorway are:

o Sufficient number and well-balanced location for rooms with many occupants,

o Appropriate level of opening power requirement so the doorway can be opened by infants, aged,
and disabled occupants,

o Appropriate level of opening power requirement where pressurized and/or exhaust smoke control
systems cause a gap of air pressure in front and behind a doorway,

o Able to be opened at all times from the inside without any special device.

The Building Center of Japan/ Nippon Koei Co., Ltd.
11-61



The Study on Development of a Building Safety System Focusing on Fire Prevention in the Kingdom of Thailand
Final Report - Volume Il - Technical Manual for Planning of Fire Prevention System

|4.2.5 ‘ Outbreak Initial Fire | Fire Spread Fire Fighting Collapse Exposure Fire

Exit Discharge

The exit discharge is the portion of an evacuation route from the termination of an exit to a public way.
The exit discharge has to have sufficient width and fire protection to at least the same fire safety
standard as the exit connecting to the exit discharge.

Width of Exit Discharge in Japan

Width of exit discharge is:\

0 1.5 m for a fireproof
building,

Building B (1 3 m for large wooden

frame building.

Building A The fire code in the United

>=1.5m States regulates 3 m or

(3.0m) more. /

Public Way

Do not locate any
obstruction  within
the effective width
of the exit
discharge.

Effective Width of Exit Discharge in Japan

Eefftive Width >=1.5m
Eefftive Width >=1.5m

Y External wall suface

7 N

No goods or facilities
are permitted to be
located  within  the
effective width.

0.5m A

&

1.0m Poles,etc.(obstruction)

>=1.5m

External wall suface
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Horizontal Exit

The horizontal exit aims to provide temporary storing space for occupants in large and high-rise
buildings. It is difficult to evacuate a large number of occupants in a short time. They need a safe area
to wait for smooth evacuation. The horizontal exit is formed as a compartment by:

o Fire resistant structures with noncombustible interior finish, Safety Compartment
Corridors
o Fire protection equipment at openings with automatic closing, ( )
] Ar}ea of Rlefuge
o Smoke exhaust system within the compartment. ‘ [ '
The preferable type of horizontal exit depends on the conditions o |

of the building:
(Vestibules)
o Safe compartments of corridors and a vestibules of smokeproof

. . . g A f Ref
stairways are useful for safely storing occupants in the initial El rea of Reluge

stages of evacuation,

o Horizontal exits are useful for large numbers of disabled

occupants. They allow occupants to horizontally evacuate to a

Disabled occupants include: \
o Infants and the aged

The physically impaired,
such as those with difficulty
in walking

Those with visual and
hearing impairments

fire and smoke resistant compartment in a short time.

o Confined method is preferable for the occupants who are not
able to move. This type is used for surgery rooms and intensive

care units. . .
Easily able to evacuate in

Horizontal Exit a short time without any
vertical travel.

Fire separation

to every compartment because
horizontal exit is used for
temporarily storing occupants.

[ T Access for rescue is necessah

I Evaduate |
horizontally \E

(o

_

Confine Horizontal Exit Area of Refuge with Lots for Wheelchairs

Fire separation Patients stay

in a
compartment
Lobby until arrival of

“E 3 The fire code in the us\
" 3E P4

specifies the area of

refuge must have;

o One wheelchair lot
per 200 occupants,

o A communication

system. /

rescue.
Surgerny
rooms
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Rooftop Safety Area

The aim of the rooftop safety area is to ensure an alternative evacuation route. It provides a route to
change to an alternative escape stairway. If an occupant faces an obstruction in one escape stairway,
he or she can shift to another escape stairway via the rooftop safety area.

The rooftop safety area is necessary for four-story buildings in the United States and five-story
department stores in Japan

The rooftop safety area has the advantage of resistance to smoke due to being fully open to the air. It
requires:

o Access from the escape stairways,

o Fences or railings to protect occupants from falling,

o Locks which are unlocked in an emergency,

o Sufficient floor area to allow occupants to temporarily stay on the rooftop safety area.

Change of Escape Stairways through Rooftop Safety Area

Requirements in BSL:
o Fire resistant floor with one hour
fire-resistance rating,
o Floor area of more than a half the
W maximum floor size above the 5th

Change to an ey
floor, if it is a department store.
another escape

stairway.
) —

N

5th Fl.
Occupant tries to
change to an
another  escape 4th Fl.
stairway, if
obstructed.

3rd FL.

Occupant
2nd FI. evacuates to a

safety floor or the

ground.
GH. \C
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Balcony Linking

Balcony linking provides an alternative evacuation route for an occupant who is late to start
evacuation. The balcony linking has the advantage of resistance to smoke by being fully open to fresh

air.
Balcony linking is not a
On the other hand, it has the disadvantage of: principle  evacuation
route. It is only
o Lack of security and privacy between . . additional route for
. . . Partition board is dund
neighboring balconies, necessary to ensure redundancy.
o . , i . It should b
o Limitation on design of exterior wall. privacy snould be
designed to be easily
broken by an occupant
willing to pass through.
Partial Type

Balcony linking is preferable for buildings having occupants in

sleeping conditions and with disability to evacuate, such as:
o Hospitals,
o Hotels,

o Multi-story housings.

There are three types of balcony linking:

o Surrounding type having direct access to escape stairways,

o Partial type in which occupants re-enter into neighboring
Surrounding Type

rooms,
o Isolated type in which occupants wait for rescue from ]
outside.
@irements of the balcony linking in BSL: \ l
o At least one side faces to a public way or on-site =
road, '
Larger than 2 m” and 75 cm or more in depth, | u .

o Doorways to balconies larger than 75 cm in width
and 180 cm in height,
Well-opened to fresh air,

o Fire resistant floor and wall.

ISEmSERENE

[0
(T
B

N /
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Exit Sign lllumination (1/2)

Exit sign illumination is designed to lead occupants to an exit discharge by showing the direction of the
evacuation route.

Exit Sign lllumination in Japan
At Exits At Corridors

(at corridor/aisle) (at indoor aisles)

Appropriate for large corridor
in dept. store and
underground mall,

hanging at 0.5 m or more from

Visible from any point at
a distance of more than
30 m.

Visible to occupants
obstructed by smoke

ceiling and 2.5 m or more
above the floor surface.

Green background White background

(at stairways) (at aisles in seating)

Intensity of at least 1lux
at the floor surface. White background

Intensity of at
least 0.2 lux at the
floor surface.

Special Types of Exit Sign lllumination for Occupants with Disability

Blinking Type Blinking and Sounding Type

Blinking with

high brightness. Blinking with sounds to

guide deaf and blind
people.
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Exit Sign lllumination (2/2)
Exit sign illumination is:
o Lit at all times for easy maintenance,
o Immediately switched to battery or power generator in case of power supply cut.

o Switched back to power supply when the power supply is back.

Emergency power supply has: Fire code in US

. . . specifies 90 minutes.
o capacity for 20 minutes or more duration,

o an automatic recharging system within a specified period.

Dimension of Guide Lamp in Japan

Preferable size is:
>=flcm E}a&:m o Large type for subway
(1) (1) GDEDHGD station
= a0em »—60em | >=100cm | o Middle type for dept. store.
Large Size

(1:1) [ cu | [ e | | (1) | (1) [ey ] [ |

\30N4bcm |43N60m4 \ 50~100cm \ 58~100cm |21N3bcm |3ON43cnl |36~506m |

Middle Size Small Size

Install on wall or

floor surface for . s . . . Install at
corridors. Location of Exit Sign Illumination in Japan entrance  of
>=10m, | >=20m | »=20m | >=10m an exit.
 — 3 | — — |~ ===
a a a a H ﬁ\ H
— s
£
[==]
o~ e
n Install on ceiling or
5| L (_ wa!l of  escape
stairways.
a: Exit sign illumination at corridor
b: Exit sign illuminaton at Exit doorway bH \%h\ H

mign illumination is basic type, while exit sign without

illumination is used for specific spaces;

o With daylights or emergency lighting,

o In a building used in the daytime only, such as office, factory,
and school,

o At a floor between 1st and 10th floor.

N 7
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Emergency Lighting

Emergency lighting illuminates evacuation routes only in the case of a power supply cut.

Fire codes in Japan provide specifications for emergency lighting with respect to;

o Fire retardant materials,

o lllumination intensity of 1lux or more at the floor surface,

Fire code in US regulates 11 lux
at the floor surface and
ninety-minutes duration.

o Automatically switching to emergency power supply within 10 seconds after power supply cut,

o Automatically switching back to normal power supply when the power supply is back,

o Working duration for thirty minutes or more.

o Wiring with fire resistance.

lllumination Intensity of the Floor Surface

‘_; 1 lux at Floor surface

Intensity of lllumination

1.6

0.8~

Average Walking Velocity

0 |

Avg. lllumination Intensity and Walking Velocity

Simmons

Jaschinsk luminous, 19 young

Jaschinsk non-luminous, 20 olderly

A
4 Jaschinsk non-luminous, 15 young
L]
o Jaschinsk luminous, 21 oldedy

-1

0

1 2 3

Average Intensity (lux)

Power Source of Emergency Lighting

Battery Type
I?mergency Circuit breakej—i
lighting
A T NS R R
Stabilizer
A

Public power supply

Lamp
@]

|
|
|
[
} Power out detector |
\
\
|

Li Automatic swicthing

} |Battery charger| | Aattery

Invertor

Generator Type

Public power supply Battery

M Emergency lighting circuit
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Principles of Smoke Control System (1/2)

The smoke control system has a different role in different stages of a fire:

o Safety of evacuation in the initial stage of fire,

o Safety of base for fire fighting in the later stages of the fire.

Roles of Smoke Control System by Stage of Fire

Securing Safety of Evacuation

Securing Base of Fire Fighting

>

Outbreak of fire

(Initial Development of Fire)

The smoke control system is effective for:

o Delaying the descent of smoke,

Flash-over

o Reducing smoke discharge from a room under fire.

Conditions for Testing of Smoke Control System

Height of Smoke Layer (m)

[\

—

Effectiveness of Smoke Control System

Smoke discharge from a room
under fire

Floor Aria: 20 mx 20 m
Ceiling Height: 3.0 m
Capacity of smoke
exhaust: 400 m%m

Full Development of Fire

Height of smoke layer

With smoke control

~ w/o smoke control

1 1 1 1
60 120 180 240 300

Time (sec)

discharge.

The testing of smoke control
systems clearly shows that they
delay smoke descent and smoke

[}
c
S P w/o smoke control
< /
> /
IS /
P /
8 ¢t /
x S /
€ @ /
S o /
E S /
o X /
2 L /
@© !
N /
2 /
a / With smoke control
i
2 i L
g 1 1 L 1 1
& 60 120 240 300
Time (sec)
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Principle of Smoke Control System (2/2)

The first step of planning smoke control is to select a suitable type of the smoke control system.
The spatial conditions and type of occupancy should be taken into account for the selection.

Selection of Appropriate Type of Smoke Control System

Gravity smoke exhaust system
A building required Layout of Selection
>

to install —> smoke enclosure Mechanical exhaust system

smoke control

Pressurized smoke control

Parts of building that are not subject to the hazards of smoke spread are not required to have a
specific smoke control system.

Parts of Building where Smoke Control System is not required

o Directly opened to air (i.e. | o Large spaces with high ceilings | o Small and having

balcony) and few combustible materials noncombustible material only

. (i.e. Gymnasium)

Dilution by fresh air;
reducing smoke density to
secure evacuation safety.

Storing at the high level from
floor surface;

delaying smoke descent to
the hazardous level.

Enclosing within a room;
reducing smoke volume, and
increasing airtight to prevent
smoke discharge to
evacuation route.

Smoke enclosure plays basic roles of the smoke control systems to;
o Delay smoke discharge from a room or compartment,
o Increase efficiency of smoke exhaust system in the initial development stage of the fire.

Effectiveness of Smoke Enclosure

PUMPOSE .. Effectiveness ...
To confine smoke in a room separated by :> Delaying Smoke Improvement of
noncombustible walls or hanging walls. |_ Discharge Smoke Control
Efficiency
T )

With smoke curtain
Room

JORs

/min)

Smoke curtain

Smokeproof Wall wfo smoke curtain

(

Smokeproof wall and smoke curtain have to Increased efficiency

extend to the floor slab.

Time (min)

Effective smoke Exhaust Volume
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Types of Smoke Control Systems
Smoke control systems are classified into three types based on the air intake and exhaust methods.

Types of Smoke Control Systems

> Gravity Smoke Control System Smoke is exhausted by buoyancy. Heated smoke goes out
through openings, located higher than an opening for air intake.
N Mechanical Smoke Control System | : Smoke is exhausted by mechanical force.
Pressurized Smoke Control System | i Smoke discharge is prevented by pressurized air of a room or
compartment where smoke is intended to be discharged.

Diagram of Smoke Control System

Gravity Type

Mechanical Type

Pressurized Type

Gravity Exhaust

Room under fire

Gravity Air Supply ‘ d [Dedompresged '
|:|.:> * Gravity Air Supply ' AL ‘#:
: ; Mechanical
Gravity Air Supply Gravity Air Supply Alr Supply Air Supply

Evacuation Route

Fire codes in Thailand and Japan specify the types of
smoke control system by the part of building.

Mechanical Exhaust

Evacuation Route
oom under fire

IMechanical Exhaust

Evacuation Route
Rooms in fire I

Smoke control systems ®
necessary for vestibules, EV shafts
for firefighters, and habitable rooms

in Japan.
Thailand  regulates at escape
staircases and EV shafts for
firefiahters’ elevators.
Required Smoke Control System by Part of Building
Part of Building MR EIT BSL
Escape staircase GorP P X
Vestibule of smokeproof staircase X X GorMorP
EV shaft of elevator for firefighters GorP P GorMorP
EV hall of elevator for firefighters X X X
EV shaft X X GorMorP
Corridor X X GorMorP
Habitable room X X G or M (over 100m2)

Note:

1) Capital of G, M, and P means the required type of smoke control system. G: Gravity smoke control, M: Mechanical smoke

control system, and P: Pressurized smoke control system.
2) X: Smoke control system is not required.
3) MR: Ministerial Regulation under the Building Control Act in Thailand, EIT: Standard of the Engineering Institute of Thailand,

BSL: Building Standard Law in Japan

The Building Center of Japan/ Nippon Koei Co., Ltd.

1-71



The Study on Development of a Building Safety System Focusing on Fire Prevention in the Kingdom of Thailand
Final Report - Volume Il - Technical Manual for Planning of Fire Prevention System

| 453 ‘ Outbreak

Initial Fire | Fire Spread

Evacuation Fire Fighting Collapse Exposure Fire

Gravity Smoke Exhaust System

The gravity smoke exhaust system exhausts smoke by buoyancy. The heated smoke rises and goes
out through an opening which is located higher than an opening for air intake. This system has the
advantage of easy maintenance, and low construction cost, but it is not possible to comprehensively

control smoke behavior in a building.

Advantage and Disadvantage of Gravity Smoke Exhaust System

Advantage
o Requires no power supply,
o Low construction cost,
o Easy maintenance.

Disadvantage
o Impossibile to comprehensively control
smoke behavior in a building,
o Restriction on designing external walls,
o Wind influences the efficiency of smoke
control.

Inappropriate for high-rise
building.
__

Typical Points for Planning of Gravity Smoke Exhaust System | fresh air comes in, due to

Heated smoke rises up aﬁ

buoyancy phenomenon.

Sequence of Operation

Outbreak of fire

Fire fighting
l control room
Open by manual device

Open outlet of < Observation

smoke exhaust system

Put out a fire

Restore the building

Manual opening
device

|/

Air intake ——>

Layout of Smoke Exhaust System

; Distance to Adjacent Building

Adjacent
building

system

/ Location of Outlet
{Q&Jm

N

Distance between outlets

L3O in Japan

Effective Area of Outlet

T
Outlet\E" Shutter
" (outside)

1
I
1

EfOutlet

Shutter
(inside)

Not applicable, because a

shutter may be closed in
accident.
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Mechanical Smoke Exhaust System (1/2)

The function of a mechanical smoke exhaust system is to exhaust smoke by mechanical force. The

system offers the advantages of comprehensive control of smoke behavior in a building, while it

requires periodical maintenance and an emergency power supply.

Advantage and Disadvantage of Mechanical Smoke Exhaust System

Advantage
o Prevention of smoke spread from a room
under fire,
o Comprehensive control of smoke behavior
in a building,
o Less influence by wind.

Disadvantage
o Need for an emergency power supply,
Suspension of smoke control, when the
temperature rises excessively,
o Necessity of periodical maintenancer

Close fire damper of smoke
control system to prevent
further smoke spread.

/

Typical Points for Planning of Mechanical Smoke Exhaust System

Sequence of Operation

Outbreak of fire Fire
Command
Center
Starting Starting <« Observation
by manual by detection

N K

Opening outlet of the exhaust system

Starting the exhaust system Operation

Put out a fire

Restore the
building

Layout of Exhaust System

Smoke exhaust fan

GY s} Duct
< Lf Iy

| / :ﬁ :
R H"‘L.ﬂ
Air A|r Air . ‘ ;
suppl supply ﬂsupply .
UPPH_' N -—— <: 4/ Stairway:

Habitable room Corrldor Vestibule

7=
Smoke Detector
Manual starmg damper
dewcei \

ErDetector control box

Uniformity of Enclosed Floor Area

i

i
! !
ke $eraration Smoke Skparation
e Y R L
7T_': 1!
| b 1 —— @
L LK |
— 1
—Tnd -
Not Good [ Good

The floor area of each smoke
enclosure should be the same

in a smoke exhaust system,

otherwise the pressure
difference interferes with the
door opening.

| Do not lead smoke to flOW [

Location of Smoke Inlet

Room under Fire Rooin under Fire
ol 1 1 N
«,_T _____ j —— T'

— el
~ N ¥
THH U --}. '-—%

Not Good Good

Install an inlet at the end
opposite to an escape
staircase.

towards the escape staircase.
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Mechanical Smoke Exhaust System (2/2)

Typical Points for Planning of Mechanical Smoke Exhaust System

Layout of Horizontal Duct
Plan Section
‘ (o -
! - - [E - =
@ n@! = = B =
LJ___ﬁF G oy
1 1 /| T
ia 4 l ? *
i - - - i e B
Not Good Good Not Good Goand
Dispersed layout of vertical ducts is preferable to
minimize..the..length..of . horizantal..dugcts..which

reduces efficiency.

Room hazardous to break out fire

Kitch FD

Fireproofing of Horizontal Duct

Room under fire_’ - - Room under Fire
u 7]
[RP——— L4

Above Evacuation Route Above Escape Staircase

Evacuation routd
R R

Fireproofing of horizontal ducts at particular parts
of a building is necessary to prevent transferring
smoke and heat through the duct.

inlet to;

Location of Outlet Separation of Duct System
=
L 1 e 1 B . Room Room
e s l f 1 ,
T HFD | 1
- -@J T 1 e 1 U
l r i k= ) NI Corridor
Not Good Y Good Separate the duct system for corrid?
from the system for rooms, to secure
Instail outlet higher than and far ﬁm @;II smoke exhaust equipment at safety of the corridor.
%

O Protect inlet from smoke intrusion,

[m] Tawe‘advantagn of.bt 0y ancy.

thehighest partof & building; to 1"
Eke advantage of buoyancy.

ir supply

tinnel

Location of Inlet and Outlet

Legend

= Smoke exhaust

& Airintake

Air supply
tunnel

ir suppl|
_f tunnel

Outlet of exhaust
4 system

AWy Fireproofing

Not Good

u

@ Mechanical
exhaust equipment

/d Fire damper
Good

Xl Vertical duct
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Pressurized Smoke Control System (1/2)

Pressurized smoke control systems work by preventing smoke spread by difference of air pressure.

The system has the advantages of comprehensive control of smoke behavior for a long period of

operation, while it requires high air-tightness.

Advantages and Disadvantages of Pressurized Smoke Control System

Advantage
o Reliable smoke control if combined with a
mechanical exhaust system,
o No need for horizontal duct,
Capability of a long time operation in high

Disadvantage
o Space for ventilators needed in basement,
o Complicated control of ventilators, and
doors, etc,
o Require very precise construction for

temperature. /_,\ air-tightness.

Preferable for fire fighting.

Typical Points for Planning of Pressurized Smoke Control System

Sequence of Operation Layout of Pressurized System
AP Pressurization
Outbreak of fire Fire fighting 5 F@ﬂ@
\ control foom Smoke  exhaust oy .
[l
Start Start . <4+ Observatio = U
by manual by detection n Y g
; Open > i
(e} let 7
pen inie outlet of smoke exhaust : .-
< <1 QOperation gl;
smoke exsht:lrjtst system Habitable room ~_Corridor  Vestibul U Stircase

Smoke exhaust system
strengthens efficiency of
the smoke control system.

Put out fire

Restore the building

Effectiveness of Pressurized Smoke Control System

% Corridor
Room
under fire
—

(a) w/o pressurization

ﬁressurized air forces

4 back smoke from a room
under fire.

Room
under fire

Corridor

(b) With pressurization
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Pressurized Smoke Control System (2/2)

The pressurized smoke control system is generally installed to pressurize air in corridors, staircases,

and elevator shafts. It aims to protect evacuation routes from smoke spread.

i) Smoke control for the evacuation from a floor under fire

Pressurized air in a staircase and an elevator shaft forces back smoke coming from a room under

fire.

Smoke exhaust
eV s L _
l Staircase
Habitable: i< b e ! €
aroloiw ° Corridor Vestibule  ;
1 : :
Dooropered | _. | Dooroperea _|Po0ropered |
Air supply |'®_| - Air supply)—@\—{ —>

1

Decompression in a
room containing fire.

Pressurization of the
evacuation route.

i) Smoke control after smoke is discharged in

to a corridor

The pressurized air in a staircase and elevator shaft prevents smoke being discharged into the

elevator hall or vestibule of the staircase.

Damper opened by increase of pressure
EV shaft
Smoke exhaust < <
« .. i
Staircase

: | :

. : 1 :

Habitable . Vesti H

: 1 estibule

room ! Corlrldor <[]« i
Doorclosed | | Door close Door opened |
=== ¢ (bypass opened) | == TS =
Air supplyHQH —»> Air supplyHQH —»

O Fire damper opened

‘ Fire damper closed
Smoke exhaust & air supply
@ damper opened

O Smoke exhaust & air supply
damner closed
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Window for Firefighters

Windows for firefighters provide a direct access for firefighters into a building. They should be located
within the range of a ladder truck.

Location of Window for Firefighters in Japan

T

Higher part more than 31m should be taken care by
/ using fire fighters' elevatar
Height of 31 m relates

to the range of ladder
trucks in Japan.

Wall facing a passage
wider than 4m. I

Height from 3rd floor
to 31m above ground

_/

Wall facing to public
strest

Dimension of Window for Firefighter in Japan

I

im 1.25m
A
] | N
b +-0.75m]
Opening big enough to cover Opening wider than 75cm

a 1m - diameter circle taller than 1.2m

Alternative Entry for Firefighter in Japan

Width >=75cm /f

(———Red lamp (Diameter >=10 cm)
Height >=1.2 m

Symbol (>= 20 cm) Deoth 1
—] epth>=1m

Height <= 80 cm
smaller than

Length »=4m
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Elevator and Life Lobby for Firefighters

The elevator for firefighters provides access to floors higher than the range of a ladder truck. It is

useful for high-rise buildings to secure fast access for the firefighters.

Dimension of Elevator for Firefighter in Japan

Width of entry==1]000
Width of elevator==1,800

Depth >= 1,500
N

The number of elevators

for firefighters depends on

the floor area in Japan;

o One elevator  for
1,500 m? or less,

o Two elevators for less
than 4,500 m?,

o Additional elevator for
every 3,000 m?  after

exceeding 4,500 mZ.

The life lobby for firefighter provides a base of fire fighting activities. The life lobby requires a sufficient

floor area and supporting equipment, such as an emergency electric outlet, hose connection, and

communication system. It also requires easy access from a fire fighting control room and fire

resistance.

Layout of Life Lobby for Firefighter

eievators)

hallway
Fire door

(Elevator for fire fighteris
often planned near general

ELECTRICAL SOCKET

HOSE COMMECTION

Life rokby for

fire fighter

Elevator for

\

fire fighters

Window bigger than
3ror smoke exhavst system

Smoke proof
stair way

\
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Indoor Fire Hydrant (1/2)

The indoor fire hydrant may be operated by trained occupant(s) in the initial development stage of a
fire and by firefighters in the fire fighting stage. Depending on the operators’ skill, the diameter and
performance of the indoor hydrant is determined. Water supply to the hydrant is pressurized by the
elevated tank, pressure tank, and fire pump.

What is in a Hose Cabinet

Indication lamp Button

Hydrant valve
Lower than 1.5 cm. from floor @ @ Alarm
_?-\\\_ Hose rack
-\—__\_\—__‘———\—\_
Pt
Nozzle

Hose connection

[: Hose

Sy
_ﬂ/[? T—Box
Door

How to use Indoor Fire Hydrant

eSS

Alarm rings automatically

—
{1y Push starter button ¢ 23 Flashing lamp shows start of pump (3) Openthe door and take nozzle
{ Start pump )

Mozzle should be held tightly because
reaction is strong while water comes out

Mote
Operation of hy drant has some variation.
There is a new type which can be operated by one persan.
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Indoor Fire Hydrant (2/2)

Location of Indoor Fire Hydrant

[ \ Fire hydrant L -

Fiire hydrant M

/d Fire hydrant

(lenah of foEE]

] N
\rEnsure that all

T T
i i range hy|

A

J| Indoorfire hydrant

Hose is as long as 30m.

building space is
within the range of
indoor hydrants.

==

T Hose (30m)

Mozzle M

Pressurizing System of Indoor Fire Hydrant

Elevated tank
—{w— - Valve

——f—— -~ Stopper of backflow

Hydrant valve
Hydrant valve

1

-0

Hydrant valve

55 &

Secure sufficient\
water pressure for
indoor hydrant by;

o Elevated tank,

o Pressure tank,

o Fire pump.

/

55 & G

High pressure
Purn
/31T 1 < P
_ |
O [T A
Lo Water tank
Pressure tank

(1) Elevated tank {2 Pressure tank {3) Fire pump

Elevated Tank (sample)

Connection pipe forwater supply

Manhole

Iadder__

Base

Water level guage

— Owverflow pipe connection

Connection to indoor hydrant
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Outdoor Fire Hydrant

The outdoor fire hydrant is for extinguishing fire from outside a building, while the indoor fire hydrant is
to directly extinguish fire inside the building. Therefore the outside hydrant can be used for one or

two-stories buildings.

Installment of Outdoor Fire Hydrant

l

Outdoor fire hydrant is installed:

o At a distance within 40 m from
any part of a building,

o At a convenient point for

Cutdoor fire hydrant

evacuation and fire fighting.

Necessity of Outdoor Fire Hydrant in Japan

Outdoor fire hydrant is necessaryfor\

one or two story building with:

o 9,000 m?, if fireproof building,

o 6,000 m? if quasi-fireproof
building,

o 3,000 m? for the others.

S

Hose Box and Incidental Equipment

Diagram of Outdoor Fire Hydrant

n

| : - M-

‘. ." } Hose 20m x 2
|‘ i ] - .

:Q |"‘ | 2= ~—Inside of box
4". . ‘ ‘ ! 0 2 hose
Nozzle Hose box 01 nozzle

\

Elevated tank

(D Indicator Lamp

Building

Gate valve
Stppper of
back flow
. (1) Cabinet type (2) Underground type (3) Stand pipe type

(® Button for pump starter

—-— Electric cable for starter

Gate valv
Pump _ ® (B

o © ©

@0

il

Locate the hose box at a
distance within 5 m from the
outdoor fire hvdrant.

Bl |

ater tank”®
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Fire Department Hydrant

In high-rise buildings, it takes time to convey and prepare fire hoses for use on a higher floor. The fire
department hydrant has the advantage of enabling fire hoses to be set up quickly by installing pipes
for fire fighting in the building. In the case of a fire, water is immediately pumped by fire engine.

Advantage of Fire Department Hydrant Necessity of Fire Department Hydrant in Japan

(S

QD' Cgf

"Wery fast

)
Hydrant (\(E%QJJJ

Building 7 stories
above ground level

HINnEN

5 or 6 story building with total
floor more than 6,000 m

Lifting|hoke up
Arcade longer than 50 m

TS
Il

[
N O Y I

Carrying

hose ug
|
9%‘ 29*’ <L) Basement larger
Q\'\ 7 2
i m— R than 1000m.

Diagram of Fire Department Hydrant in Japan

Ib— Stopper for back flow

pep—— W alve Elevated tank
_6_1-831 rydrent _&NM% @NN%
Hydrant diameter more _{'5_ dia =ESmm for fire dept.
than 65 mm * —6— 4 W& |dia=40rhm for indoor hydrant
ain pipe H-
diameter —6— —6— H-F5-
moare than =
100 mm H_é_ —6— -g_-
Installed &t 3 rd floor -
and heigher 5 [z
Fire dept. y Fire dept. — -
connection I connection :'C T _l :C ~H — r
ﬁ % .gg ump i
1

Drain mine aft Yalve IEI 1]
rain pipe after use usually open) — = |

Wet type with indoor hydrant.

Dry type Wettype Mot sll owed for high-rise building

Indoor hydrant

Fire Dept. Hydranf: '
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Sprinkler System with Hose Connection

Evacuation and rescue is critical for if fire breaks out on basement foor. The sprinkler system by hose
connection is effective for fire fighting on basement floors. A fire engine does not need high pressure
to supply water, as sprinkler heads are located at a lower level than the fire engine.

Connection in a Building Unnecessary Area of Sprinkler Head
Machine room in

Duct

Fire dept. / :
connection W ( ( fire separation We

/
e N Sfﬂj !

Elevator shaft

A

—~
Pipe /™

N

AN )

RN
a ~

o

Electric substation room

R

T e S
— .
r@\\ h/{gﬁ//\\\ //J/\»\\ AN TN Head is not required
= h | a

(Install the fire
Fire Department Connection by Zoning department connection
in each zone.
Sprinkler connection  Sprinkler conmection y | u |
. . . .‘0 \ T
) I"‘a.,.-;“.."l x‘f‘\" \% T ° o
Area A Area B oT—o0
C
. . . . W M T ° o
Sprinkler connection  Sprirkler connection
=, == ] i i
& @ . =
'\_J’f'\-{__--’ ) ';l =g M\. =
AreaC Zoning plan

Installment of Sprinkler Head at Ceiling and Slab

s

N

S

i

lab

=

Ceiling

=

L

o

)

B
N
|

v

Less than 50 cm
O

onncombustible material
/

07
,},15’

Effectiveness of Sprinkler Head

Not effective on fire spread
beside the head:-.
~— SO ()
) .~ Y 4“"?:"

Effective for fire under the head.

11-83

The Building Center of Japan/ Nippon Koei Co., Ltd.



The Study on Development of a Building Safety System Focusing on Fire Prevention in the Kingdom of Thailand
Final Report - Volume Il - Technical Manual for Planning of Fire Prevention System

|5.3.1 ‘ Outbreak ‘ Initial Fire | Fire Spread | Evacuation Collapse Exposure Fire

Radio Communication System Support Equipment

Communication between firefighters is necessary for effective fire fighitng activities and their safety.
Fire fighters communicate by radio; however, the quality of radio waves often decreases in
underground malls. The radio communication system support equipment is designed to strengthen
radio communication. It has connection with the fire fighiting control room.

Diagram of Radio Communication System Support Equipment in Japan

—_ ex 150 MHz Ground terminal

l% Relay station on car Radio

[ ]
10

Fire ) [
Cepartment ® D= Fire fighter G.L.
t L} ] R -
antenna [—
67 v Distributer LCX T
; ZLL f 7—LL Resistor
Radio
In Building
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Emergency Electric Outlet

When fire fighter uses electrical equipment, such as chainsaws to gain access, the electric supply

must be secured. The emergency electrical outlet is protected in terms of system and physical

specification.

Necessity of Emergency Outlet in Japan Installment of Emergency Outlet in Japan
Emergency outlet

~——11th floor and higher

Basment floor more
(_/than 1000m.

is located at

from any p

Escape
stairways g
life lobbies.

e Emergency outlet

Diagram of Emergency Outlet

Fireproof Electric Cable

@ Indicator lamp

@ Qutlet for lighting
@ Qutlet for power
Ground
wire Cable

Power source
in daily use

Emergency
power source

Layout of Emergency Outlet in Japan

@—7\nd\cate lamp { Red )

teel door

emergency
electric
outlet

q

approx. 20cm.

&

approx. 25cm.

outlet

(oo

1.0-1.5m

witch and breaker

Covered by concrete

Metal pipe
Cable
Main cabl
(

Fire proof cable

Heat-resistant cover
Cable (metal pipe, etc.)
(in general)

Y

Heat-resistant cable

Hook to protect Connection

% culled

can be unpluged

Prevent deconnection of plug

from disconnection

pulled

Within 5 Om

art

nd

J
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Principles of Fire Fighting Control Room
The fire fighting control room takes a different role at each stage of a fire.
o Supervising fire protection equipment of a building before the outbreak of fire,
o Administrating evacuation and initial fire fighting in the initial development stage of a fire,
o Having command of fire fighting and rescue in all stages of the fire.

The fire fighting control room is usually annexed to a central administration room which supervises
the security system and service facilities of a building.

Different Roles of Fire Fighting Control Room

AC Control Supervision and operation of service facilities

Security Supervision of the security system

i) Discovery of outbreak of fire, ii) Administration of evacuation and

Fire Prevention initial fire fighting, iii) Command of fire fighting and rescue

The fire fighting control room has to be placed with easy access from outside a building and to
escape stairways.

Location of Fire Fighting Control Room

Easy acceskes fo
escape stairways, and Escape
elevators for firgfighters sthirways

|_| S N— Easy access l_]l»

from outside a

The fire fighting control room requires resistance to heat and smoke until suppression of fire.

Fire Resistance of Fire Fighting Control Room

Noncombustible
interior finish

Fire separation is necessary
for both of the control room
and napping room.

Gravity smoke
control system is Napping room
preferable. It has |

. . - T
higher durabllllty ” Fire Fighting Control Room
than mechanical

type.

R ———————————

\W
(Fire door and fire protection

equipment is necessary for
any openings.

N— _
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Management System in Fire Fighting Control Room

The comprehensive control panel of a fire fighting control room supervised and operated fire
protection equipment of a building.

Control Panel and Fire Protection Equipment by Stage of Fire

| Detector | | Signal Device |
Fire Detection | ________ 1 _____ I ___ »| Comprehensive
System < Control Panel
Detection and | Gas Leakage Detector |
Reporting Gas Detecton| ____ | | ________________ »
System
| |Public Address | Elec. Leakage Alarm |‘““> Emergency
Power Suppl
System ““‘I Communication System | “““ p| TOWer Subply *—-
Panel Emergency
Public Address System |—----> Power Supply
Emergency Fire Alarm |_____ Relay Panel L)) Unit
Alarm System
Emergency Siren |—————> Supervising Power Supply
Panel --
Initial Fire Fire [———=—==—=======--------------- q
Extinguishing Prevention [¢
Fire
Smoke -
_______________________________ L Operation Desk
Control ™ Extinguishing ] P
Smoke Control System Control Panel
Air Smoke Control
_______________________________ >
Conditioning| Panel
System
—| Emergency Lighting I—'
Emergency
— — Elevator Public Address
Evacuation xit Sign I
i ; inati System Panel
Lighting | Exit Guide lllumination I—'
_| Emergency Exit >
—| Emergency Lighting |—>
Sprinkler System with Hose R Fire Department
Connection Receiver Panel [——»
Fire Fighting —| Emergency Electric Outlet |—>
Radio Communication N
System Support Equipment
_| Elevator for Firefighters |—’ Legend
- .
Electrically-powered Facility o Operation/Order
> <~ |ndication
Related
Equipment i Elevator —
_| Security Equipment I—’
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Fire Fighting Control Room of Complex Building

Complex buildings have different characteristics of occupants and fire hazards by the classification

of building. Administration systems and fire fighting activities also differ with building classification.

It is preferable to subdivide a building into blocks which are demarcated by the administration

system and the classification of the building. Each block is separated by the spatial layout, service

facilities, and fire protection system. The fire fighting control room is subdivided into sub control

rooms—one for each block. They are comprehensively integrated by the communication system.

Fire Fighting Control Room of Complex Building

Set up the formation of the fire fighting

Hotel control room suitable to the scale and
classification of building from:

Office o Integrated type,
o Separated type.

Shop

_

Integrated Type

Hotel Office Shop

ii) Separated Type

One fire fighting control room for the
whole building.

This type is preferable for small
buildings.

Fire Fighting
Control Room

Hotel Office Shop
Sub-fire Fighting | | Sub-fire Fighting | | Sub-fire Fighting
Control Room Control Room Control Room

Each sub-fire fighting control room
takes care of one block of a building.
The sub control rooms are
systematically integrated by
communication equipment. This type
is preferable for large buildings.
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