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Performance-Based Design of High Rise Apartment Building with One Staircase

Chapter 1. Building Design and Planning Concept

1.1 Building Design Concept

This facility is a 20 story apartment building which is located in
downtown area. And this building consists of a below-grade parking
facility, an on-grade entrance level with a lobby, office and five
units (apartments): (1) efficiency (no bedroom), (2) one bedroom
units, and (3) two bedroom units. Above the entrance floor is a 19
level apartment tower. Each of these levels contains six units: (1)
efficiency (no bedroom), (2) one bedroom units, and (3) two
bedroom units. There would be a total of 119 units. An enclosed
mechanical room is located on the roof level. At the top of roof,
there is hovering space of the helicopter for the emergency.
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Figure 1 Section (concept)

The International Seminar on Risk Management - 81



Performance-Based Design of High Rise Apartment Building with One Staircase

One block of this building is composed of three stories. The
community is able to form in each block; i.e., one community
contains 18 units. Common space atrium is a void space of 3 stories
which are connected in the spiral stairs. Among the common space
atrium, residents can communicate each other. Lounge floor is fully
surrounded by the balcony continuously. Lounge is used as temporal
refuge area in case of fire.

Each unit opens into common space atrium, which leads to two
elevators and a single stairway. In case of fire, residents evacuate
through this stairway.

To secure and safety life, each unit is composed of a double floor
and soundproofed wall.

LU IEE (1]

—— —]

il

3200

BED ROOM

EST BED ROOM
Pe

3200
2000

A4

|

/

v

3200

BED ROOM

Loy l ooy

7000 6000 l 7000

Figure 2 Section (common space atrium ; a block with three stories)

1.2 Challenges of Safety Planning
In this case study, the challenges of fire safety planning are as
follows.
- Prevention of the fire spread
- Fire safety of the void space
- Fire safety for disabilities and elderly persons
- Safety with single stairway in the building

1.3 Drawings
The drawings are shown in the following pages.
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Figure 3 Ground floor Plan
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Figure 4 Second floor Plan
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Figure 5 Lounge Floor Plan
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Figure 6 Middle floor Plan
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Figure 9 Section
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Figure 10 Elevation
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Chapter 2. Strategy for Fire Safety

2.1 Basic Principles
The fire and life safety goals given from the authority are as
follows.
1) Safeguard occupants from injury due to fire until they reach a
safe place.
2) Safeguard fire fighters while performing rescue operations or
attacking the fire.
3) Provide a single stairway in the building.

And also we have to take into consideration the evacuation of some
disabilities from the fire.

2.2 Strategy for fire safety
The Strategy for fire safety is as follows.

B Prevention of the fire spread .

A block with 3 stories void space should be separated from the fire
from the other blocks. The lounge floor is fully surrounded by the
balcony continuously.

) Continious Balcony

[ = for fire separation

Separation to =
7 fire blocks [ L .

Figurel.l Fire Separation
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B Fire safety of the void space
Evacuees in the common space (void of 3 stories) are safeguarded
from the smoke by the smoke control system .
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Figurel.2 Smoke Control of Lounge

B Fire Safety for disabilities and elderly persons.

Residents of one block are communicated with each other through
void of the common. So disabilities and the elderly persons are
identified by other residents in the block and rescued by them .

B Safety with single stairway in the building.

The stairway should be 1,5m wide so evacuees and firefighters can
easily pass each other. The common of the block is expected as a
temporal refuge area so evacuees can remain there for a while. So
it is not so crowded even though single staircase.
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Figure1.3 Safety with single stairway
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Chapter 3. Strategy for Evacuation Planning

3.1 Challenges of this highrrise project for safe evacuation

Single stairway: it may restrict the evacuation route of residents
and fire fighters may cause conflict.

Vertical evacuation: persons on a wheelchair are difficult to get
down the stairway.

Delayed recognition of fire: sleeping residents may evacuate very
late.

3.2 Objectives of the evacuation safety design
For life safety of residents, evacuation strategies are planned to
achieve following objectives.

Residents are able to evacuate to safe spaces without any
harmful effect of smoke and heat of fire.

Residents with disabilities are safeguarded until they reach safe
spaces.

Reduce confusion of evacuation by minimizing the number of
evacuees.

Conflict with fire fighters is avoided as much as possible.

3.3 Vernfication items and criteria

Verification items and criteria of evacuation safety are shown in
Table 3.1. Fire scenarios with high event probability are verified, not
all scenarios.

® Required floor space for evacuees in safe space.

® Conflict with fire fighters during evacuation.

® Effect of smoke on evacuees.

Table 3.1 Items and standards of verification

Items of the verification Standards of the verification
Required fIloor space for evacuees Under 68.0m’
in safe space
Conflict with fire fighters during Not to be crowded in the
evacuation stairway

Existence of smoke or

Effect of smoke on evacuees .
Temperature rise of smoke
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3.4 Evacuation Planning

3.4.1 Planning
The following measures were planned for the problems in the
evacuation plan. These relations are shown in Table 3.2.

The elderly persons and disabilities with wheelchairs are taken
into consideration, and the whole building evacuation should be
an avoided as much as possible.

Block evacuation (three floors unit), the measure to use the
common space, is adopted.

The lowest floor in the common space is used as a safe place.
A balcony is set in each unit and it is used not only as an
evacuation route from the unit in a fire, but also as a space
waiting for rescue and prevention of fire spread to upper floor.
Evacuation using a fire lift is taken into consideration, in case
whole building evacuation is necessary.

Some of the ordinary persons should help the disabilities with
wheelchairs in the same floor.

The standby space is made for the disabilities with wheelchairs
at a landing on each floor.

To reduce conflict with fire fighters, the width of the stairway
should be wide.

Table 3.2 Measures against problems of the evacuation

Problems of evacuation Measures

Single stairway Whole building evacuation should be an

avoided as much as possible.

Conflict with fire fighters | Block evacuation (three floors unit) is adopted.

Common space lounge is used as a safe
place.
The width of the stairway should be wide.

Evacuation of disabilities | Someone without disabilities should help the

disabilities with wheelchairs.

The standby space is made for disabilities with
wheelchairs at a landing on each floor.
Evacuation using a fire lift is taken into
consideration.
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Delayed recognition of A balcony is set in each unit and it is used as
fire an evacuation route, prevention of fire spread
to upper floor, and a space for stand by.

3.4.2 Fire assumption

We assume that a fire floor is the 6" floor where is the lowest
common space lounge in the building to verify conflict with fire
fighters. The two kinds of the breaking out points of fire are set, in
Type C unit (the largest unit in the floor) and the common space
lounge. The calculation of the temperature rise in smoke is
described in detail in a Smoke Control Design of Chapter 4. The
common space lounge fire is assumed to burn one wooden table,
which energy corresponded 100kW.

3.4.3 Fire scenarios

Fourteen fire scenarios are set as shown in Table 3.3. The outline
of the scenarios is described below. The evacuation patterns are
generally classified into four groups.

Table 3.3 Fire Scenarios

CASE Fire Safe space
Time of Spread of Evacuees | Method
No. outbreak Pace smoke and heat Temporary Goal
Daytime
11 (6anr
10pm) Only Unit 6,7,8F Common space lounge (6F)
Nighttime y Wy Pace loung
12 (10pnr
Gam) Type C Stairway

241 Daytime | Unit From unit to 9,10,11F 911F -> Lounge Floor (9F)

(6F) Common space | 6,7,8F

29 Nighttime atrium 34.5F 3-8F -> Lounge Floor (3F)

31 Daytime _ Ground
ightti floor

32 nght.“me Fire spread All floor -

33 | Daytime Stairway, | Lounge Floor Ground

34 Nighttime BV (3,9,12,15,18F) floor

41 | Daytime 9.10,11F

o s common space | 6.7,r Same of CASE21 and 22

- ighttime .

9 : Lounge 345 Stairway

51 Daytime | floor _ Ground
— 6 floor

52 nght'tlme (6F) Fire spread All floor

53 Daytime Stairway, | Same of Ground

54 Nighttime BV CASE31 to 34 | floor
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In this examination, it is thought that CASE 1-1 and 1-2 are the
most realistic scenarios in consideration of the probability of the
success of the fire prevention and smoke prevention equipment
described in the chapter of the Smoke Control Design. Therefore,
the object of evaluation shown in Table 3.1 is decided to use only
CASE 1-1 and 1-2, and other scenarios are to examine only the
calculation of the evacuation time and the effect of smoke on
evacuees.

(1) CASE 1-1 and 1-2

In these scenarios, smoke and heat emission by the fire from the
6" floor Type C unit is prevented by the success of various
equipments in the unit.

In this case, the floor for evacuation is only the block of 6-8
floors where fire breaks out, and the final safe space is the
common space lounge on the 6" floor. Moreover, the start time of
evacuation is set differently in CASE 1-1 and 1-2.

(2) CASE 2-1 and 22
In these scenarios, smoke and heat flow out to the common space
because the smoke control system does not success. In this case,
the floor for evacuation is the fire block and the floors directly
above and below that. The final safe spaces are the common
spaces lounge on the 3" floor and the 9" floor.

(3) CASE 3-1 to 35

In these scenarios, a fire in the unit spreads and expands.
Moreover, in CASE 3-1 and 3-2, residents use the stairway and
evacuate to the ground floor finally. On the other hand in, CASE
3-3 and 3-4, disabilities with wheelchairs and someone who help
them get down the stairway to evacuate to the nearest common
space lounge floor, and from there. They use a fire lift to
evacuate to the ground floor. Moreover, other ordinary persons and
elderly persons evacuate to the ground floor by using the stairway.

(4) CASE 4-1 and 4-2
In these scenarios, a fire breaks out in the common space lounge
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on the 6™ floor but it remains within the room. In this case, the
evacuation method is the same as those in the evacuation CASE 2
-1 and 2-2.

(5) CASE 5-1 to 54
In these scenarios, a fire in the common space lounge on the 6"
floor spreads and expands. In this case, the evacuation methods are
the same as those in CASE 3-1 to 3-4. The evacuation completion
time is calculated separately in the two scenarios. The one uses a
stairway as the means of evacuation and the other uses a stairway
and a fire lift. However, the lift is operated under the management
of the fire fighters. And, the stop floor of the lift is assumed to
be the lowest floor of each common space lounge (3, 9, 12, 15,
and the 18" floor) except the 6" floor where the fire breaks out.
Moreover, the lift is moved from the 18" floor to the floor below
one by one.

3.4.4 Behaviors of residents

Behaviors of residents are assumed to consist of four actions, for
example, recognition of fire, calling to fire station, fire
extinguisher, and evacuation. Behaviors of residents in each fire
scenario are shown in Figure 3.1 to 3.3. Moreover, the images of
evacuation route in each fire scenario are shown in Figure 3.4.

Y Outbreak of fire,
Start operating of Automatic fire alarm system

VCallingup  VEvacuation start v Evacuation completion

Fire room (6F)
Finding a fire Fire extinguishing Walking on common space lounge (6F)

VEvacuation start 'V Evacuation completion

Non-fire rooms (6F) — - .
Finding a fire Delay of evacuation : Walking on common space lounge (6F)
Y Evacuation start Evacuation completionV
TF-8F TS PY °
Findingafire  Delay of evacuation Walking Getting down  Walking on

oneach Floor  the staiway  common space lounge (6F)

Figure 3.1 Behavior of residents (CASE1-1 and 1-2)
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WV Outbreak of fire,

common space lounge (9F)

Start operating of Automatic fire alarm system
Y Calling up V Evacuation start Evacuation completionV
Fire room (6F) — - - - ¢
Finding a fire Fire extinguishing Walking on Floor Getting down Walking on
(6F) the stairway =~ common space lounge (3F)
Non-fire rooms (6F) V Evacuation start Evacuation completionV
4F-5F, TF-8F Finding a fire Delay of evacuation W alking Getting down  Walking on
on each Floor the stairway common space lounge (3F)
Y Evacuation start Evacuation completionV
10F-11F -
Finding a fire Delay of evacuation W alking Getting down  Walking on
on each Floor the stairway
V Evacuation start v Evacuation completion
3F, 9F
Finding a fire Delay of evacuation Walking on common space lounge (3F or 9F)

Figure 3.2 Behavior of residents (CASE2-1, 2-2, 4-1,and 4-2)

V Outbreak of fire,

VY Calling up

Start operating of Automatic fire alarm system

V Evacuation start

Evacuation completionV

Fire room (6F)
Finding a fire

Non-fire rooms (6F)

Fire extinguishing  Walking

on Floor
(6F)

V Evacuation start

Walking
on Floor (1F)

Getting down the stairway

Evacuation completionV
Gettingdown ~ Walking EV Walking
the stairmay ~ on Floor evacuation on Floor

(3F) (1F)

Evacuation completionV

4F-5F, TF-8F Finding a fire

10F-20F

Delay of evacuation

(6F)

Walking
on Floor

Evacuation start

Walking
on Floor (1F)

Getting down the stairway

Evacuation completionV

r 0

Getting down ~ Walking EV Walking

the stairway on Floor evacuation on Floor
(3F)

Evacuation completionV

(Except3, 9,

12,15, 18F) Finding a fire

3,9,12,15 18F

Delay of evacuation

Evacu

Walking
on each Floor

Getting down the stairway Walking
on Floor (1F)
EV

evacuation VEvacuation

o completion

Walking
on Floor
(1F)

Getting down
the stairway

Walking on
each common
space lounge

ation start Evacuation completionV

Finding a fire

* 4
¢ *

2F

Delay of evacuation

Walking
on each Floor

V Evacuation start

Walking
on Floor (1F)

Getting down the stairway

VEvacuation completion
*—————o—@

EV  walking
evacuation on Floor (1F)

VEvacuation completion

Finding a fire

Delay of evacuation

Walking
on Floor (2F)

Y Evacuation start

Getting down the stairway Walking
on Floor (1F)

VEvacuation completion

Finding a fire

Delay of evacuation Walking
on Floor (2F)

Getting down the stairway Walking
on Floor (1F)

Figure 3.3 Behavior of residents (CASE3-1 to 3-4, and CASE5-1 to 54)
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When a fire breaks out, the area of emergency bell is decided by
the condition of the fire expansion as shown in Figure 3.4. The

condition of fire expansion
shown as follows:

and the area of the emergency bell are

® \When smoke remains in the unit (CASE1-1, 1-2):

The smoke detector

in the unit operates, and only the

emergency bell in the fire block rings.
® When smoke flows out to the common space (CASE2-1, 2-2,

CASEA4-1, 4-2):

A smoke detector or a heat detector in the common space
operates, and the emergency bells in three blocks ring.
® When a fire in the unit spreads and expands (CASE3-1 to 3-4,

CASE5-1 to 54)

The heat detectors in the unit and in the common space operate,
and the emergency bells in the whole building ring.

Common
Space

Common
Space

Common
Space

Common
Space

Common
Space

=

Common
Space

Lower block Fire block Upperblock
-
3

(LT EE L

Common

L L L L

Space

N30 - -0 0

[

yLLLLLLLELEEEEEEEE R

Figure 3.4 Image of evacuation route in each fire scenario
(Left : CASE1-1, 1-2, Center : CASE2-1, 2-2, 4-1, 42,
Right : CASE3-1 to 34, 51 to 54)

3.4.5 Disabilities’ security
To secure the evacuation

safety of disabilities the following

measures are planned in this building.
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® Some residents without disabilities help disabilities with
wheelchairs in the same floor to evacuate.

® The standby for disabilities with wheelchairs is made at a
landing of stairway in each floor.

® FEvacuation using the fire lift is taken into consideration.

In addition, in case the internal passages cannot be used due to fire
spread, we assure the safety of evacuees by using a balcony as the
waiting space for fire fighters. The waiting space made in the landing
of stairway in each floor, the standby space of the fire lift and the
location of the balcony are shown in Figure 3.5 and Figure 3.6.

3.4.6 Evacuation method and evacuation route
The evacuation routes in CASE1-1 and 1-2 are shown in Figure 7
to 9. We take the longest evacuation route to estimate the walking
time to the stairway. The evacuation route by the balcony is
planned in this plan. However, the time to evacuate by the balcony
is just a reference value in this examination.

BALCONY Standby Space for a disability with wheelchair

|| . ||

7000

20000
6000

7000

7000 | 7000 | 7000 | 7000 | 7000
35000

Figure 3.5 Standby space of a resident using a wheelchair and area of
balcony (Upper and middle floor)
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Standby Space for a disability with wheelchair

4

( LOUNGE

= )% .I/\I N

Standby Space for EV evacuation BALCONY

Figure 3.6 Standby space of a resident using a wheelchair and area of

20000

balcony(Lounge floor)

7000

6000

7000

B | epeseecccpecccccccccccccn~ "
B B | | Walking distance
Origin offfire H CASEI-1 1-2
[21m] L
= : -6F:31m (=22m+9m)
H Use of balcony :58m
'
C:2BR i H -8F :78m (=34m+34m+10m)
]
H Another case
B:2BR E:2BR |, +Floor:35m (=21m+14m)
H -Stairs:
' 6F->3F :48m
¥ 21m H 6F->1F :62m
]

F:1BR

Figure 3.7 Evacuation route (6F)
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( = ]
. —.— . Walking distance
(21m] D:1gR [15m
¢ = ’ ) All cases
— Floor:34m (=21m+13m)
C:2BR - Stairs:
8F->6F:34m
E:2BR 8F->3F:76m
v | A= 8F->1F:105m
|_|> 21m
-L’ ‘ 13m ?
F:1BR
~ A :[EFF o
— = — )

Figure 3.8 Evacuation route (8F)

~,

\ LOBBY !/
| A

Walking distance
CASE3, 5
-Floor:48m (=22m+26m)

Figure 3.9 Evacuation route (1F)
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3.5 Calculation Method

3.5.1 Expected number of residents

We assume the number of resident two more than the number of
beds in each unit types. The residents in each unit type are shown
in Table 3.4. Therefore, the number of resident per floor becomes
20 residents.

Table 3.4 Number of residents in each unit type

Type of unit Number of bets Numbé(![r)eorl;gﬁ?ident
A (Efficiency) 0 2
B (2Bed Room) 2 4
C (2Bed Room) 2 4
D (1Bed Room) 1 3
E (2Bed Room) 2 4
F (1Bed Room) 1 3
Sum in a floor 8 20

3.5.2 Attribute of residents

As attribute of residents, we assumed three types of elderly,
disability (wheelchair user), and ordinary person. The number of
each attribute is shown in Table 3.5. The grounds are shown as
following.

Table 3.5 Number of each attribute

: Ratio Sum of residents in Number
Resident (%) a block (person) (person)
Elderly 36.0 60 22
Disability
(Use of wheelchair) 1.6 60 1
Ordinary 62.4 60 37
Sum of residents in a block (person) 60
(1) Eldery
According to various types of statistics data” 2, the ratio of

elderly aged 65 and over to population at large may be about 36
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percents in 2050. Therefore, the number of elderly person is 22
residents to 60 residents of total number of a block.

(2) Disability (Wheelchair users)

According to research on the actual situation”, the number of
disabled aged 18 and over at home in Japan is estimated about
250 million.(2.9 percents of the population) In type of
disabilities, the ratio of who use wheelchairs is 56.5 percents.
Therefore, the ratio of wheelchair users is 1.6 percents.

(3) Ordinary
The ratio of ordinary assumed 62.4 percents to subtract the ratio
of elderly and disability.

3.5.3 Characteristic of evacuees
The walking speed and queuing area of attribute-based evacuees
assumed as Table 3.6. Movement time will be calculated using the
value of these walking speed.

Table 3.6 Characteristic of resident

_ Walking speed (m/s) | Required space
Resident : per person
Floor Stairway (mz/person)
Elderly 0.7 % 04 % | 0.36 (0.6mx0.6m)
Disabilit
(Use of Wheeylchair) 0.5 4 9 0.2 % |1.08 (1.2mx0.9m)
Ordinary 1.0 7 0.5 ® |0.36 (0.6mx0.6m)

3.5.4 Calculation method

Evacuation time totals start time of evacuation behavior, movement
time and queuing time. In addition, start time of evacuation
behavior integrated response behavior of residents, movement time
and queuing time were calculated using the method shown Ministry
of Construction number 1441 or 1442”.

(1) Start time of evacuation behavior
We assume the start time of evacuation behavior depending on

the condition whether the residents are in bed or not. (Daytime :
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from 6 am. to 10 p.m., Nighttime : from 10 p.m. to 6 a.m.)
Behavior pattern to start evacuation is assumed as Figure 3.10.

Each behavior time shown in Figurel0 is assumed as Table 3.7
on the basis of references'® ™. Fire response time (t1) used the
value of cumulative relative frequency 95 percents (Figure 3.11).
In addition, initial fire extinction (t2) assumed to add movement
time from break out of fire to installed location of fire
extinguisher and initial fire fighting time (Figure 3.12).
Furthermore, evacuation delay (t3) assumed to add 3 minutes on
nighttime (from 10 p.m. to 6 am.) as shown in Figure 3.13,
exclude evacuation delay on daytime (from 6 a.m. to 10 p.m.).

¥V Outbreak of fire,
Start operating of Automatic fire alarm system

?Calling up Y Evacuation start

Fire oom ® # ]
Finding afire : t1 | Fire extinguishing : t2

; V Evacuation start
Non-fire rooms ¢ Py i Py

Finding a fire : t1 Delay of evacuation : t3

Figure 3.10 Behavior pattern to start evacuation of residents

Table 3.7 Each behavior time

. . Sum of time
Settings (minute) (minute)
Time of
CASE .
out break Place g Time from
No. . Finding L Delay of
of fire Fire | Extinguishing | . oo ation | Outbreak of
t1 2 13 fire to sFart
evacuation
11, Fire 1 140 15 - 155
2-1,31, Daytime room
3-3,4-1, | (6am-10pm) | Non-fire
51,53 FOOMS 14.0 0.0 0.0 14.0
12, Fire 1 510 15 - 225
2-2,3-2, Nighttime room
34,42, | (10pm-6am) | Non-ire
5254 r0OMS 21.0 0.0 3.0 24.0
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(2) Movement time
Movement time is calculated to divide movement distance of
evacuation route by walking speed of each parts®.

)

travel
6

t

(3.1)

L - Movement Distance (m)
v : Walking Speed of Each Attribute of Evacuees, Movement
Space (m/sec)

(3) Queuing time
Queuing Time is the time of required evacuees from queuing
situation front of egress to finish to pass throughg).

z pop
_ (3.2)
tqueue ( z r l ﬂ*Beﬂ’

pop : Number of Evacuee [person]
Nert - Flow Coefficient [person/min-m]
Bert - Effective Exit Width [m]

(4) Evacuation time using elevator

The evacuation time using an elevator is the total of movement
time, movement time in vertical direction of elevator, opening and
closing time of elevator door, getting on and off time of elevator
users. The movement time using an elevator is calculated using
the evacuation model for elevator'®. The established parameters

are shown as follows.

1) Movement pattems

There are three movement patterns of elevator, as the phase
having constant speed (equation 3.4), the phase to slow down
immediately constant speed (equation 3.5), the phase to slow
down before constant speed (equation 3.6). The each movement
time are calculated by the following equations.
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V= aTl = ﬂT3 (33)
2 2
[
Vmax « Vmax
T =Ty + T, + T3 = o +T+T (34)
V, V

T :T T - max max
total = 11T I3 o +7B (3.5)

11 L

Toar=T1 +T3 :(&“L EJ 1 . 1

20 28 (3.6)

V : Movement Speed of Elevator [m/sec],

L : Vertical Movement Distance of Elevator [m]

a: Acceleration of Elevator [=1.0m/sec’]

B: Deceleration of Elevator [=1.0m/sec’]

Vmax: Maximum Speed of Elevator [=1.5m/sec]

T1: Accelerated Time [sec], T2: Constant-Speed Time [sec]
T3: Decelerated Time [sec]

V =aT, = AT,

Velocity (m/second) Velocity (m/second)
A

Vimax

a 8 Time (second) o 8 ", .. Time (second)

0 0 —>

T T, T3 Ty Ta
Figure 3.14 Image of moving elevator (Left: Stage of the constant velocity,
Right : No stage of the constant velocity)

2) Flow time of elevator users

The flow time of elevator users is calculated by getting on and
off time of elevator users and opening and closing time of the
elevator door. In addition, the maximum number of crew is 20
persons in the fire lift.
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P
Thow = —* + Top + Tc|

ev " Wey (3.7)

Trow = Flow Time in Elevator User [sec]

Pev: Number of Elevator User [Up to 20 Persons]

Nev: Flow Coefficient in Elevator Door [=1.5Person/m-sec]
Wey: Width of Elevator Door [=1.0m]

Top: Opening Time of Elevator Door [=1.5sec]

Ta: Closing Time of Elevator Door [=1.5sec]

Evacuation time by an elevator is computed repeatedly as to
queuing situation of elevator wusers at each floor, using
calculating formula for above movement time and queuing time.
Evacuation using elevator assumes to be completed, when last
elevator users get at ground floor and the elevator door close.

(5) Ambulatory time
Ambulatory time is calculated by equation (3.8)", using
temperature rise of smoke layer in evacuation route. If the time
of evacuees is less than this ambulatory time, we treat evacuees
to free of the influence of smoke.

[at? <1.0*10 (3.8)

At: Temperature Rise [K]
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3.6 Result of calculation

3.6.1 Required safe space for evacuees

CASE 1-1 and 1-2 in Table 3.8 shows the required safe space of
the common space lounge. This space is smaller than the common
space lounge area. The examination of CASE 2-1 to 4-2 is shown
as a referential example. In these cases, the required safe space is
planned.

Table 3.8 Judgment of required floor space for evacuees

Required
Required Common
CASE Number space per
Resident floor space Judgment
No. (person) person
space (m’) lounge (m’)
(m’/person)
Elderly 22 0.36 7.92
Disability
(Use of 1 1.08 1.08
1-1,1-2
wheelchair)
Ordinary 74 0.36 13.32
Sum 22.32 68.0 OK
Elderly 44 0.36 15.84
Disability
2-1,2-2
(Use of 2 1.08 2.16
, wheelchair)
4-1,4-2
Ordinary 74 0.36 26.64
Sum 44.64 68.0 OK

3.6.2 Evacuation time of each case

(1) CASE1-1 and 1-2

Table 3.9 and 3.10 show the calculation result of the evacuation time
in CASE 1-1 and 1-2. As a result, in the CASE 1-1, the residents on
the 8" floor need the maximum evacuation time and it takes 18.80
minutes (1128 seconds). In the CASE1-2, the evacuation completion
time is delayed, because 7 minutes difference is planned at the fire
room and 10 minutes at the non-fire room when the start time of
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evacuation is decided in Table 3.7.
If the fire floor is the 7" floor or the 8" floor, the evacuation
time shows the same result on those in Table 3.9 and 3.10.

Table 3.9 Evacuation completion time (CASE1-1)

X Walking Pass of exit Sum of
Time to start .
. evacuation
Area | Floor | evacuation Place Distance | Speed Time Number | Width of | Cofficient flow Time time
(minute) (m) (m/s) (minute) | (person) | door (m) | (person/m-min) | (minute) | (rinyte)
Fire 8 8F 34 0.5 1.13
block Stairway 34 0.2 2.83
6F 10 0.5 0.33
14.00 Sum 4.30 18.80
7 7F 34 0.5 1.13
Stairway 20 0.2 1.67
6F 10 0.5 0.33
14.00 Sum 3.13 40 1.0 80.0 0.50 17.63
6 6F 31 05 1.03
. Use of
Fire
Floor balcony
(Reference) 58 0.5 1.93
15.50 Sum 1.03 0.00 16.53
Table 3.10 Evacuation completion time (CASE1-2)
Walki P f exit
Time to start alking ass of exi Sum 9f
. evacuation
Area | Floor | evacuation Distance | Speed Time Number | Width of | Cofficient flow Time -
. Place X X X time
(minute) (m) (m/s) (minute) | (person) | door (m) | (person/m-min) | (minute) :
(minute)
Fire 8 8F 34 0.5 1.13
block Stairway 34 0.2 2.83
6F 10 0.5 0.33
24.00 Sum 4.30 28.80
7 7F 34 0.5 1.13
Stairway 20 0.2 1.67
6F 10 0.5 0.33
24.00 Sum 3.13 40 1.0 80.0 0.50 27.63
6 6F 31 0.5 1.03
. Use of
Fire
Floor balcony
(Reference) 58 0.5 1.93
24.00 Sum 1.03 0.00 25.03

(2) CASE2-1, 2-2, 4-1, and 4-2
Table 3.11 and 3.12 show the calculation result of the evacuation
time in CASE 2-1, 2-2, 4-1, and 4-2 (evacuation of the fire block,
the block above it and the block below it). As a result, the
residents on the 8" floor need the maximum evacuation time, and
it takes 23.05 minutes (1383 seconds) when the fire breaks out in
the daytime.
Moreover, the evacuation completion time is delayed when the fire
breaks out at night because the evacuation start 10 minutes late

compared with in the daytime.
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Table 3.11 Evacuation completion time (CASE2-1 and 4-1)

Time to start Walking Pass of exit Sum !?f
. evacuation
Area | Floor| evacuation ti
minut Distance Speed Time Number | Width of Cofficient flow Time ime
(minute) Place (minute)
(m) (m/s) (minute) | (person) | door (m) | (person/m-min) | (minute) inu
11 11F 34 0.5 1.13
Upper X
block of Stairway 34 0.2 2.83
Fire 9F 10 0.5 0.33
14.00 Sum 4.30 18.80
10 10F 34 0.5 1.13
Stairway 20 0.2 1.67
9F 10 0.5 0.33
14.00 Sum 3.13 40 1.0 80.0 0.50 17.63
9 9F 31 | 0.5 | 1.03
14.00 Sum 1.03 - - - 0.00 15.03
Fire 8 8F 34 0.5 1.13
block Stairway 76 0.2 6.33
3F 10 0.5 0.33
14.00 Sum 7.80 23.05
7 7F 34 0.5 1.13
Stairway 62 0.2 5.17
3F 10 0.5 0.33
14.00 Sum 6.63 21.88
6 6F 35 0.5 1.17
Fire Stairway 48 0.2 4.00
Floor 3F 10 05 0.33
15.50 Sum 1.17 17.92
5 5F 34 0.5 1.13
Lower X
block of Stairway 34 0.2 2.83
Fire 3F 10 0.5 0.33
14.00 Sum 4.30 19.55
4 4F 34 0.5 1.13
Stairway 20 0.2 1.67
3F 10 0.5 0.33
14.00 Sum 3.13 100 1.0 80.0 1.25 18.38
3 3F 31 | 0.5 | 1.03
14.00 Sum 1.03 - - - 0.00 15.03
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Table 3.12 Evacuation completion time (CASE2-2 and 4-2)

Time to start Walking Pass of exit Sum of
. evacuation
Area | Floor | evacuation i
minute Distance Speed Time Number | Width of Cofficient flow Time ime
( ) Place (minute)
(m) (m/s) (minute) [ (person) | door (m) | (person/m-min) | (minute)
11 11F 34 0.5 1.13
Upper N
block of Stairway 34 0.2 2.83
Fire 9F 10 0.5 0.33
24.00 Sum 4.30 28.80
10 10F 34 0.5 1.13
Stairway 20 0.2 1.67
9F 10 0.5 0.33
24.00 Sum 3.13 40 1.0 80.0 0.50 27.63
9 9F 31 0.5 1.03
24.00 Sum 1.03 - - - 0.00 25.03
Eire 8 8F 34 0.5 1.13
block Stairway 76 0.2 6.33
3F 10 0.5 0.33
24.00 Sum 7.80 33.05
7 7F 34 0.5 1.13
Stairway 62 0.2 5.17
3F 10 0.5 0.33
24.00 Sum 6.63 31.88
6 6F 35 0.5 1.17
Fire Stairway 48 0.2 4.00
Floor 3F 10 05 0.33
22.50 Sum 1.17 24.92
5 5F 34 0.5 1.13
Lower N
block of Stairway 34 0.2 2.83
Fire 3F 10 0.5 0.33
24.00 Sum 4.30 29.55
4 4F 34 0.5 1.13
Stairway 20 0.2 1.67
3F 10 0.5 0.33
24.00 Sum 3.13 100 1.0 80.0 1.25 28.38
3 3F 31 0.5 1.03
24.00 Sum 1.03 - - - 0.00 25.03

(3) CASE3-1 to 34, and CASE5-1 to 54

1) CASE 3-1 and 51

Table 3.13 shows the calculation result of CASE 3-1 and 5-1.
These are the cases where the fire breaks out at daytime (from
6am to 10pm) and the fire spreads and expands, though the points
where the fire breaks out are different in each case.

The lower the floor fire breaks out is, the shorter the evacuation
time is. It takes the longest time to evacuate from 20™ floor,
42.78 minutes (2567 seconds). During the evacuation, it takes
22.67 minutes (1361 seconds) to get down stairway and it
accounts for about 53% the whole evacuation time. Moreover, it
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takes the shortest time to evacuate from the ground floor and it
takes 15.60 minutes (936 seconds), most of the time takes to the
time to start evacuation .

2) CASE 3-2 and 52
Table 3.14 shows the calculation result of CASE 3-2 and 5-2.
These are the cases where the fire breaks out at nighttime (from
10pm to 6am) and the fire spreads and expands, though the fire
breaking out points are different.
The tendency of the evacuation completion time is the same as
those in above-mentioned cases, though the time that takes to start
evacuation increases from 14.00 minutes (840 seconds) to 24.00
minutes (1440 seconds).

3) CASE 3-3 and 53

Table 3.15 shows the calculation result of CASE 3-3 and 5-3. In
these cases, 6 wheelchair users (= 1 person/block x 6 blocks) and
12 helping persons (=2 ordinary persons/ 1 wheelchair user x 6
blocks) evacuate to the ground floor by the fire lift in the nearest
common space floor with the operation of the fire fighters. Other
ordinary persons and elderly persons evacuate to the ground floor
by using the stairway.

Compared with the results of CASE 3-1 and 5-1, the evacuation
completion time from the 20" floor is shortened for 12 minutes
from 30.83 minutes (1849.8 seconds) to 42.78 minutes (2566.8
seconds). Moreover, the evacuation time by using a fire lift is
22.24 minutes (1334.4 seconds) and it is about 9 minutes shorter
than that by using the stairway.

Therefore, the combination of the fire lift evacuation and the
stairway evacuation shows the result that the whole evacuation
time is shortened.

4) CASE34 and 54
Table 3.16 shows the calculation result of CASE 3-4 and 5-4.
Only the start time of evacuation is different from that in CASE 3
-3 and 5-3, the tendency is the same as that in the former.
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Table 3.13 Evacuation

completion time (CASE3-1 and 5-1)

. Walking Pass of exit Sum of
Time to start ) evacuation
Area Floor | evacuation Place Distance Speed Time Number Width of Cofficient flo‘w Tlme time
(minute) (m) (m/s) (minute) (person) door (m) (person/m-min) (minute) (minute)
20 20F 34 0.5 1.13
E:'gfgo‘g Starway 772 02 2267
1F 7 0.5 0.23
14.00 Sum 24.03 42.78
19 19F 34 0.5 1.13
Stairw ay 258 0.2 21.50
1F 7 0.5 0.23
14.00 Sum 22.87 41.62
18 18F 35 0.5 1.17
Stairw ay 244 0.2 20.33
1F 7 0.5 0.23
14.00 Sum 21.73 40.48|
17 17F 34 0.5 1.13
E;'g_c:ﬁ:f Stairway 730 02 19.17
1F 7 0.5 0.23
14.00 Sum 20.53 39.28
16 16F 34 0.5 1.13
Stairw ay 216 0.2 18.00
1F 7 0.5 0.23
14.00 Sum 19.37 38.12
15 15F 35 0.5 1.17
Stairw ay 202 0.2 16.83
1F 7 0.5 0.23
14.00 Sum 18.23 36.98
14 14F 34 0.5 1.13
Ei'g_cmf Starw ay 788 02 15.67
1F 7 0.5 0.23
14.00 Sum 17.03 35.78
13 13F 34 0.5 1.13
Stairw ay 174 0.2 14.50
1F 7 0.5 0.23
14.00 Sum 15.87 34.62
12 12F 35 0.5 1.17
Stairw ay 160 0.2 13.33
1F 7 0.5 0.23
14.00 Sum 14.73 33.48)
11 11F 34 0.5 1.13
B;’?: x Starway 726 02 12.17
1F 7 0.5 0.23
14.00 Sum 13.53 32.28
10 10F 34 0.5 1.13
Stairw ay 132 0.2 11.00
1F 7 0.5 0.23
14.00 Sum 12.37 31.12
9 9F 35 0.5 1.17
Stairw ay 118 0.2 9.83
1F 7 0.5 0.23
14.00 Sum 11.23 29.98
8 8F 34 0.5 1.13
Block of Stairw ay 104 0.2 8.67
6-8F 1F 7 0.5 0.23
14.00 Sum 10.03 28.78
7 7F 34 0.5 1.13
Stairw ay 90 0.2 7.50
1F 7 0.5 0.23
14.00 Sum 8.87 27.62
6 6F 35 0.5 1.17
Fire Stairw ay 76 0.2 6.33
Floor 1F 7 0.5 0.23
15.50 Sum 7.73 27.98
5 5F 34 0.5 1.13
Block of Stairw ay 62 0.2 517
3-5F 1F 7 0.5 0.23
14.00 Sum 6.53 25.28
4 4F 34 0.5 1.13
Stairw ay 48 0.2 4.00
1F 7 0.5 0.23
14.00 Sum 5.37 24.12
3 3F 35 0.5 1.17
Stairw ay 34 0.2 2.83
1F 7 0.5 0.23
14.00 Sum 4.23 22.98
2 2F 34 0.5 1.13
Block of Stairw ay 20 0.2 1.67
1-2F 1F 7 0.5 0.23
14.00 Sum 3.03 380 1.0 80.0 4.75 21.78,
1 1F 48] 0.5] 1.60
14.00 Sum 1.60 - - - - 15.60
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Table 3.14 Evacuation completion time (CASE3-2 and 5-2)

Walking Pass of exit Sumof
Time to start . i} evacuation
Area Floor | evacuation Place Distance Speed Time Number Width of | Cofficient floyv Tln\e time
(minute) (m) (m/s) (minute) (person) door (m) | (person/m-min) [ (minute) (minute)
0 20F 34 05 113
Black of ? Stairw ay 272 02 22,67
18-20F TF 7 05 023
2400 [ Sum 2403 52.78
T TOF 34 05 113
Stairw ay 258 0.2 2150
1F 7 0.5 0.23
2400 [ Sum 2281 51.62
T8 T8F 35 05 117
Stairw ay 244 0.2 2033
1F 7 05 023
2400 Sum 21.73 5048
7 T7F 34 05 113
Block of ! Stairw ay 730 02 19.17
18-17F i3 7 05 023
2400 Sum 2053 4928
16 T6F 34 05 113
Stairw ay 216 0.2 18.00
1F 7 05 0.23
2400 Sum 19.37 4812
15 15F 35 05 .17
Stairw ay 202 0.2 16.83
1F 7 0.5 0.23
2400 Sum 18.23 46.98
7 T4F 34 05 113
Block of ) Stairw ay 188 02 1567
12-14F i3 7 05 023
2400 Sum 17.03 4578
3 T3F 34 05 113
Stairw ay 174 0.2 14.50
1F 7 05 023
2400 Sum 15.87 44.62
7 2F 35 05 .17
Stairw ay 160 0.2 13.33
1F 7 05 0.23
24.00 Sum 1473 4348
11F 34 05 113
Block of B Stairw ay 146 02 12.17
o-1F i3 7 05 023
2400 Sum 13.53 4228
10 T0F 34 05 113
Stairw ay 132 0.2 11.00
1F 7 05 0.23
2400 Sum 12.37 4112
9 OF 35 05 117
Stairw ay 118 0.2 9.83
1F 1 05 0.23
2400 Sum 11.23 3998
g 8F 34 05 118
Block of Stairw ay 104 0.2 867
6-8F 1F 7 05 023
2400 Sum 10.03 3878
7 7F 34 05 118
Stairw ay 90 0.2 7.50
1F 7 05 0.23
2400 Sum 887 3762
5 6F 35 05 117
. Stairw ay 76 0.2 6.33
Fire 1F 7 05 0.23
Floor 2250 Sum 7.73 34.98
5 5F 34 05 118
Block of Stairw ay 62 0.2 517
3-5F 1F 7 05 0.23
2400 Sum 6.53 3528
7 aF 34 05 113
Stairw ay 48 0.2 4.00
1F 7 0.5 0.23
2400 Sum 537 3412
3 3F 35 05 117
Stairw ay 34 0.2 283
1F 7 0.5 0.23
2400 Sum 423 3298
2 2F 34 05 118
Block of Stairw ay 20 0.2 167
1-2F 1F 7 05 0.23
24.00 Sum 3.03 380 1.0 80.0 475 3178
1 1F 48 | 05] 1.60
24.00 Sum 1.60 - - - - 25.60
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Table 3.15 Evacuation completion time (CASE3-3 and 5-3)

Evacuation by using a star (382 persons) Evacuation by an elevator (18 persons)
Time to start Walki Pass of exit Sum of . L Cal jon | Sumod
Area | Floor | evacuation - . . evacuation | Waking of | Arriving linrp\e.eo‘f evacuation
(minute) | prage |DStance |Speed | Tme | Number [Widthof | Cofficentfiow | Tme e | Osabites | Tme | Loev|  eme
(m) | (mfs) | (minute) | (person} |door (m)| (personim-min) | (minute} | (oo o) (minute) | {minute) (minute) | (minute)
P FIl3 1 ] RS
18-20F Stairw ay FiH (] IEEE)
1F T 0.7 0.17
1400 | Sum 1231 30.83
EH | 19F 34 0.7 0.81
Sarw ay 58| 04| 1074
F T 07| o7
14.00 [ Sum 1113 30.25)
EE | T6F ES I S
Sarw ay 44| 04| 1047
iF T 07| 047 20F418F
14.00 [ Sum 117 29 69 430[  18.96] 19.05}
7 17 3 S
E‘;‘:;: Starw ay 730 04 EE|
. P 7|07 o
14.00 [ Sum 10.5?] 29.08
16| 16F 34 0.7 0.81
Slairw ay 216 04 9.00
1F 7 0.7 n.1_l
1400 |  Sum 9.98 28.50
| 157 E I S
Slairw ay 202 04 B.42
F T 07 047 1TF=+15F
14.00 [ Sum 942 2784 430)  19.18) 19.26)
14 14F 34 0.7 0.81
E‘;ﬂ“‘: Serway| | 03] 185
F i ] R
14.00 [ Sum (X 21.33
13 13F 34 0.7 0.81
Starw ay 174 04 725
1F T 0.7 0.17
1400 [ Sum 823 26.75
12| 12F 35 0.7 0.83
Sarway 60| 04| 667
F T 07| 047 14F12F
14.00 [ Sum 7.67 26.19] 4.30) 1540 1949
i TIF E CE ES
B:";':f Tarway 16| 04| 608
T T 07| 047
1400 | Sum T.06 25.5E|
0| 10F k) 0.7 0.81
Starway 132 04 550
1F T 0.7 0.17
14.00 [ Sum Bﬁ| 25.00|
] 9F 35 0.7 0.83
Sarw ay 18| 04| 4%
1F 7 0.7 n.q 11F=8F
1400 | Sum 5.92 24.44 4.30 19.62] 19.71
£ EF E K] RS
Block of Stairw ay 104 04 4.3
6-BF 1F 7 0.7 0.17
14.00 [ Sum 5.31 23.83]
7 F E2 K] ICES
Sarway W] 04| 375
iF T 07| 047
14.00 [ Sum 373 23.25
[] &F 35 0.7 0.83
Starw ay 76| 04| 3.7
::x 1F 7 0.7 0.17
1550 | Sum 417 24.19)
5 5F ES ] RS
Block of Starw ay 62] 04| 258
3.5F F 71 07| 047
1400 [ Sum a.ﬁ 22.08
3 IF R S
Stairw ay 4i 04 2.00
1F 0.7 0 1_|
1400 | Sum 2498 21.5ﬂ|
3 3F E 0.7 0.83
Slarw ay 34 04 142
T T 07| 047 BF+3F
14.00 [ Sum 742 20.94 780] 2182 22,05
2 2F 34 0.5 1.13
Block of Stairw ay a0 0.2 167
1-2F 1F T 0.5 0.23
1400 | Sum 303 362 1.0 B0.0 453 21.56] -| = |
1 F CINE | 1.(§|
14.00 [~ Zum 160 § . - - 15_ﬁ . - 2224
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Table 3.16 Evacuation completion time (CASE3-4 and 5-4)

Evacuation by using a stair {382 persons ) Evacuation by an elevator {18 persons)
Time to start Waking Pass of exit Sum of . . Completion | Sumof
Area | Floor | evacuation . ) evacuation "fa""‘“.”’ Artiving 1;:3 of | evacuation
(inute) Place Distance | Speed | Time Number | Width of {bfhc,iemllu.w Tm time dxss.bilies Tﬂ! entaring BV .
(mj) (mis) | (minute) | (person) |door (m)|(personim.min) | (minule) (minute) (minute) | (minute) (minute) (minute)
aockor | 20| FIl3 3] 07| o8l
18.20F Starw ay 272 04| 1133
iF 7 07 0.17
2400 [ Sum 12,31 40.83]
19 19F 34 0.7 0.81
Starw ay 258 04| 10.75]
1F T 0.7 0.17
2400 [ Sum 1.73 40.25)
18 18F 3 0.7 0.83
Starw ay 244 04| 1017
1F T 0.7 0.17 20F—+18F
2400 | Sum 11.17 39.69] 4.30]  28.96] 28.05
17 T7F £ 07 08
E::fm Starw ay 230 04 958
F 7 (5 ICE]
2400 | Sum 10.# 39.08)
15| T6F W] 07] 08
Starw ay 216 0.4 9.@1
F 7 0.7 o.1_|
2400 | Sum §.98 38.50]
15 T5F 3] 07 083
Starw ay 202 04| 84z
F 7 o7 047 1TF=+15F
2400 [ Sum EXH 37.94 430] 2018 25,26
14 14F 34 0.7 0.81
a";‘_:m Starw ay 3 04 783
iF 7 07| 047
2400 [ Sum BT 37.33]
13 13F 34 0.7 0.81
Starw ay 74 04 725
F 7 07| 047
2400 | Sum 8.23 36.75)
12 12F 35 0.7 0.83
Stairw ay 160 0.4 .67
1F 7 0.7 0.17 14F—+12F
2400 | Sum 767 36.19] 430]  20.49) 29.49)
i T1F ] 07 o8
Br";:f Starway 6| 04| 608
F 7 [l K]
2400 [ Sum ?ﬁi 35.58
10| 08 W] 03] 08
Starw ay 132 0.4 5.5‘
F 7 07 047
2400 | Sum 648 35.00]
] 9F 35 07 0.83
Starw ay 18 0.4 4.92
F 7 (K N 11F=+9F]
2400 | Sum 5.492 34.44 4300 29.62] 2.1
[ 8F 34 0.7 0.81
Block of Starway 104 04| 43
6-8F F 7 07 047
2400 [ Sum 531 33.83
7 7 34 (5 ET
Starw ay W] 04| 375
F 7 07 047
2400 | Sum [XE] 33.25)
3 6F 35 0.7 0.83
Starw ay 76 0.4 3T
ol ¥ b IR KL
1550 [ Sum 417 2419
5 S5F 34 0.7 0.81
Block of Starway 52| 04| 258
3-5F 1F T 0.7 0.17
2400 | Sum 3.% 32.08]
4 4F 34 0.7 0.81
Staww ay 48 0.4 2.ﬁ|
1F 7 0.7 0.1_'
2400 | Sum 298 31.50]
3 3F 35 07 0.83
Starw ay 34 0.4 142
iF T 0.7 0.17 BF = 3F
2400 | Sum 242 30.94 TE0] 312 32.05
F] 2F 34 0.5 1.13
Block of Starway E I
1-2F F 7 05| 023
2400 | Sum 3.03 362 1.0 B0.0 4.53 31,56 - B -
T F (3 05 160
2400 [ Sum 1.60 - - - | 60| - - -| 32 24|

The International Seminar on Risk Management - 118




Performance-Based Design of High Rise Apartment Building with One Staircase

3.6.3 Conflict with fire fighters
Figure 3.16 and 3.17 show the action flow of evacuees and fire
fighters in CASE 1-1 and 1-2. As a result, it is found that
complications in the stairway between evacuees and fire fighters
are not occurred in both cases.
Especially, in CASE 1-2, though the residents at non-fire room are
3.0 minutes later to evacuate, the fire fighters are still out of the
stairway through all evacuation time. The calculation of the fire
fighters’ activities is described in detail in a Fire Fighting Planning
of Chapter 5.

3.6.4 Effect of smoke on evacuees

Table 3.17 shows the effect of smoke on evacuees in each case.
The available time for moving is calculated from the equation 3.8
when smoke is in the evacuation route.

As a result, because smoke and heat remain in the unit in CASE
1-1 and 1-2, evacuees are not affected by smoke. In CASE 2-1 to
5-4, though the evacuees move in the smoke in the common space
atrium from 6" floor to 8" floor, they are able to reach the
stairway without effect of smoke because the temperature rise is
low.

The calculation of the temperature rise in smoke is described in
detail in a Smoke Control Design of Chapter 4.
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N Start of evacuation 14.0 Unit : minute
YOutbreak of fire YV Finding fire
14.0 0. 50
¢-¢ Calling up fire department
i 11.50

i &—e Time of fire extinguishing by a extinguisher

1.13
Start of walking in stairs ¢—s !
L 1333

{ &——— ¢ Completion of walking in stairs
0.33
‘ oo ivi
Evacuees : Arriving at common space lounge (6F)
Fire fighters VDeparture V Arriving at site
463 ! V Deciding strategy,
' 4 , Carrying fire hose
5.62 :

V Arriving at one layer
o .
0.g7: below fire floor

se Arriving at fire floor
.36

Figure 3.16 Action flow of evacuees and fire fighters (CASE1-1)

Start of evacuation 24.0 Unit : minute
v Outbreak of fire ¥ Finding fite
21.0 0. 50
¢-# Calling up fire department
i1.50 ;
+—— Time of fire extinguishing by a extinguisher
3.00 _
; Delay of evacuation
1.00 i1.13

Start of walking in stairs

«3:33 4 completion of walking in stairs

0.33 Arriving at common space lounge

Evacuees > (6F)
Fire fighters VDeparture  VArriving at site
'Tj V Deciding strategy,
: I o Carrying fire hose
5. 62 :

i VArriving at one layer
0.87: below fire floor

oo Arriving at fire floor

Figure 3.17 Action flow of evacuees and fire fighters (CASE1-2)
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Table 3.17 Effect of smoke on evacuees

Maximum Temperature Possible
CASE Evacuation Walking | Smoke P Walking
) Rise ) Judgment
No. Route Time Flow K) Time
(minute) (minute)
Lounge floor _ _
(6-8F) 0.35 No OK
1-1,1-2
Stairway 2.83 No - - OK
Lounge floor _ _
(9-11F) 0.35 No OK
Lounge floor
(6.8F) 0.35 Yes 1.19 17.7 OK
2-1,2-2
Lounge floor _ _
(3:5F) 0.35 No OK
Stairway 6.33 No - - OK
Lounge floor _ _
(18-20F) 0.35 No OK
Lounge floor _ _
(1517F) 0.35 No OK
Lounge floor . _
(12-14F) 0.35 No OK
Lounge floor _ _
(9-11F) 0.35 No OK
3-1 - 34, | Lounge floor
41 - 42, (6-8F) 0.35 Yes 10.8 1.94 OK
51 - 54,
Lounge floor 035 No B _ OK
(3-5F) ’
Lounge floor _ _
(1-2F) 0.55 No OK
CASE4-1 -
4-2 :6.33
. CASE3-1 -
Stairway 34 : 24.03 No OK
CASE5-1 -
54 :24.03
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3.7 Summary

Following consequences have been estimated in CASE 1-1 and
CASE 1-2 that are most likely fire scenarios.

® The common space lounge has a floor space of 68.0 square
meters and it is larger than required floor space for evacuees.
Required floor space for evacuees is 44.64 square meters.

® Required resident evacuation time until the last evacuee flows out
of stairway is 18.46 minutes [1107.6 seconds] in CASE 1-1,
28.46 minutes [1707.6 seconds] in CASE1-2. These timings make
no conflict with fire fighters activities.

® Evacuees are not affected by smoke because the smoke from the
fire origin in dwelling unit remain in it and do not flow out to
the common space atrium.

Additionally, following consequences have been estimated in other
cases.

® Evacuation time for cases in which residents of fire block, upper
block and lower block evacuate [CASE 2-1, 2-2, 4-1 and 4-2] is
23.05 minutes [1383 seconds] when residents are awake and 33.05
minutes [1983 seconds] when they are asleep.

® Evacuation time for cases in which all residents evacuate to
outside [CASE 3-1, 32, 51 and 52] is 42.78 minutes [2566.8
seconds] when residents are awake and 52.78 minutes [3166.8
seconds] when they are asleep.

® Evacuation time has decreased by twelve minutes when they
combined evacuation using a fire lift and evacuation using a
stairway in the presence of fire fighters. Evacuation time for cases
in which six persons on wheelchairs and twelve helping persons
evacuate from common space lounges to outside using a fire lift
[CASE3-3, 34, 53, and 54] is 22.24 minutes [1334.4 seconds]
when residents are awake and 32.24 minutes [1934.4 seconds]
when they are asleep. Evacuation time for other resident using a
stairway is 30.83 minutes [1849.8 seconds] when residents are
awake and 40.83 minutes [2449.8 seconds] when they are asleep.
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® Evacuees are not affected by smoke in the cases in which smoke
flow into the common space atrium from fire room because
temperature rise of smoke is less than 1.19K or 10.8K.
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Chapter 4. Smoke Control Design

4.1 Basic Principles

For smoke control design, we suppose three level (Hazard Levell~3)
depending on the smoke condition, and set up the objectives of each
level as in Table.4.1.

Table 3.1 Basic Principles of Smoke Control Design

Fire Room Smoke Spread Area Smoke Control Design

Residential
Unit, Vestibule

Atrium and shafts should be protected from

Hazard Level 1
smoke.

Residential Unit

Smoke in atrium should be diluted to safe

concentration.

Hazard Level 2 | atrium

Residential Shafts should be protected from smoke.

Unit,
Lounge Stairway, The apparatus should be so reliable that the
Hazard Level 3 | Fire Lift Shaft, | condition of smoke hardly become this hazard
EV Shaft level.

4.2 Selection of Smoke Control Systems

In this section, we select smoke control system. When we decide the
smoke control system, we suppose that the fire breaks out in a
residential unit not in the common lounge, because there are more
combustibles in residential unit than in the common space lounge.

4.2.1 Devising of Smoke Control Systems

There are many kind of smoke control system, and the safety of
the building depends on the grade and the arrangement of the
apparatus.

We selected the safest plan, by Event Tree Analysis. Selected
measures for smoke control are sprinkler system, smoke door,
pressurization to the common space atrium and the staircase
mechanical smoke venting, and natural smoke venting.

1) Casel

Casel shown in Figure 4.1 (a) is the plan without vestibule.
Sprinkler systems and mechanical smoke venting are installed in
each residential unit. Pressurization is installed in the common
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space atrium, the staircase, the fire lift shaft, and EV shaft. And

natural smoke venting is installed in the common space atrium.
2) Case2

Case2 shown in Figure 4.1 (b) is the plan with the vestibules.

Each apparatus is installed in the same rooms with Casel.
3) Case3

Case3 shown in Figure 4.1 (c) is the plan with the vestibules just

as Case2. Mechanical smoke venting is installed in the vestibules,
and other conditions are same as Case2.

<0 D|: 1BR o
()} C:2BR
i
7] O E:2BR #

B:2BR ) -
4 Pressurization
7] - 0

Y Natural
f 5] Smoke Venting
A [EFF S clfFy Sprinkler System
[ { LOUNGE } prin ¥
Mechanical
d % —e m 4 | > Smoke Venting
= (©)

Figure 4.1 (b) Case2
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Sprinkler System
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a D|: 1BR )
C:2BR
i)
O E:2BR -
B: 2BR (®)
T
_ 4 4 : Pressurization
A EFF N \ QI
() ’.‘ LOUNGE "-' @ gﬁgg Venting
/)7 /
. 4
" |

(@)

Mechanical
Smoke Venting

Figure 4.1 (c) Case3

Event Tree Analysis

ut each case, we developed the event trees as Figure 4.2 ~4.4,
don’t consider extinguishment by residents or fire fighters in
case.

onditions for making event trees and criteria of Hazard Level

are shown below.

1) Preconditions for Developing Event Trees
Considering the characteristic of this building, event trees are
developed under the preconditions shown below.

Because there is nothing in vestibule, the vestibule doors are
supposed to be closed certainly.

In case that the exhausted smoke becomes over 280°C,
mechanical smoke venting is supposed to be not activated.
(Because venting will be stopped to prevent fire spread to the
other residential unit.)

Natural smoke venting will be opened by hand in case that
both the common space atrium pressurization and the staircase
pressurization were not activated and that fire fighters judged
that they ought to open it.
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2) Criteria of Hazard Level
Hazard level is determined by the criteria shown below.

® In case that mechanical smoke venting will be activated and
either the common space atrium pressurization or the staircase
pressurization will be activated, the scenario is Hazard Level 1.

® |n case that mechanical smoke venting will not be activated
and either the common space atrium pressurization or the
staircase pressurization will be activated, the scenario is Hazard
Level 2.

® |n case that neither the common space atrium pressurization nor
the staircase pressurization will be activated, the scenario is
Hazard Level 3.

Based on the mentions above, we have shown event trees for
Figure 4.2 ~ Figure 4.4 in the following pages.
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Case1: Residential Unit Venting, Common Space Pressurization, No Vestibule

! : c : Hazard .
Residential Unit | | Common Space | | Staircase | Level Scenario
Sprinkler  Mechanical Smoke Door Pressurization Natural Pressurization
Smoke Smoke
Venting Venting
1 1-1
Success Activated | Closed Activated - | Activated
1 1-2
Not Activated
1 1-3
Not Activated - Activated
[povaes 3 1-4
Not Activated
- - 1 1-5
Half-Opened Activated - | Activated
1 1-6
Not Activated
: I _ 1 1-7
Not Activated - Activated
- 3 1-8
Not Activated
- 2 1-9
Mot Activated | Closed Activated Open | Activated
2 1-10
Not Activated
2 1-11
Not Activated Open | Activated
- 3 1-12
Not Activated
- | ) 2 1-13
Half-Opened Activated Open Activated
- 2 1-14
Not Activated
: | : 2 1-15
Mot Activated Open Activated
- 3 1-16
Not Activated
; . : | ) 2 1-17
Failure Not Activated | Closed Activated Open Activated
) 2 1-18
Not Activated
l 2 .
Mot Activated Open Activated 1 1 9
) 3 1-20
Not Activated
: _ 3 1-21
Half-Opened Activated - | Activated
3 -
Not Activated 1-22
_ | _ 3 1-23
Not Activated - Activated
3 -24
Not Activated 1-2

Figure 4.2 Event Tree (Casel)
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Case2: Residential Unit Venting, Common Space Pressurization

Hazard

Scenario
Level

Residential Unit | | Vestibule ‘ | Commeon Space | | Staircase

Sprinkler Mechanical Smoke Smoke Pressurization Matural Pressurization
Smoke Door Door Smoke
Venting Venting

- 1 2-1
Success | Activated | Closed Closed Activated - | Activated

Not Activated 22

1 2-3
Not Activated - | Activated
3 2-4

Not Activated

1 2-5
Half-Opened  Closed Activated - | Activated
1 2-6

Not Activated

| : 1 2-7
Not Activated - Activated
3 2-8

Not Activated

2 2-9
Not Activated | Closed Closed Activated Open | Activated
2 2-10

Not Activated

2 2-1
Not Activated Open | Activated
3 2-12

Not Activated

Half-Opened  Closed Activated Open | Activated 2 2-13
2 2-14

Not Activated

. 2 2-15
Not Activated Open | Activated
3

Not Activated 2-16

2 2-17
Failure Mot Activated | Closed Closed Activated Open |Acti\.rated
2 2-18

Not Activated

) 2 2-19
Not Activated Open | Activated
3 2-20

Not Activated

- | - 3 2-21
Half-Opened  Closed Activated = Activated
3 2-22

Not Activated

| : 3 2-23
Not Activated - Activated 5

Not Activated 224

-

Figure 4.3 Event Tree (Case2)
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Case3: Vestibule Venting, Common Space Pressurization

| Residential Unit | | Vestibule I | Common Space I IStaircase Hﬁfgﬁ Scenario
Sprinkler  Smoke Mechanical Smoke Pressurization Matural  Pressurization
Door Smoke Door Smoke
Venting Venting
Success Closed Activated Closed Activated - | Activated 1 3-1
Not activated 1 3-2
Not activated - | Activated 1 3-3
Not activated 3 3-4
Not Activated  Closed Activated Open | Activated 2 3-5
Not activated 2 3-6
Mot activated Open | Activated 2 3-7
Not activated 3 3-8
Half-Opened| Activated Closed Activated - | Activated 1 3-9
Not activated 1 3-10
Not activated - | Activated 1 3-11
Not activated 3 3-12
Mot Activated  Closed Activated Open | Activated 2 3-13
Not activated 2 3-14
Mot activated Open | Activated 2 3-15
Not activated 3 3-16
Failure Closed Activated Closed Activated - | Activated 1 3-17
Not activated 1 3-18
Not activated - | Activated 1 3-19
Not activated 3 3-20
Mot Activated  Closed Activated Open | Activated 2 3-21
Not activated 2 3-22
Not activated Open | Activated 2 3-23
Not activated 3 3-24
Half-Opened Activated Closed Activated Open | Activated 2 3-25
Mot activated 2 3-26
Not activated Open | Activated 2 3-27
3 3-28

Not activated

Figure 4.4 Event Tree (Case3)
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4.2.3 Result of the Selection

The sum total of occurrence probability of each scenario is shown
in Table 4.2. The reliability of each apparatus, which is considered
for calculation of occurrence probability, is shown for Table 4.3.

Table 4.2 Hazard Level and Occurrence Probability

Levell Level2 Level3
Case1 0.85 0.13 0.025
Case2 0.85 0.14 0.010
Case3 0.88 0.11 0.010

Table 4.3 Reliability of Apparatus

Apparatus Reliability
Sprinkler System 0.95
Mechanical Smoke Venting 0.9
Natural Smoke Venting 1
Pressurization 0.9
Smoke Door of Residential Unit Entrance 0.7
Smoke Door of Vestibule 1

As Table 4.3 shows, the occurrence probability of Case3 is the
highest in Hazard Level 1 and the lowest in Hazard Level 2 and 3.
So, we adopted Case3.

4.3 Verification of safety
In this section, we calculated the required performance of apparatus
in each Hazard Level, and designed the performance.

4.3.1 Verification for Hazard Level 1

1) Method of Verification

As verification for Hazard Level 1, to design the air supply rate to
the common space atrium and smoke venting rate from vestibule is
the main subject so that smoke may not be spread to the common
space atrium. And, we designed the air supply rate to the fire lift
shaft and the EV shaft, so that pressurized air may not flow into

The International Seminar on Risk Management - 132



Performance-Based Design of High Rise Apartment Building with One Staircase

the shafts. In this section, the scenario 3-17 and 3-19, which are
the severest condition of Hazard Level 1, are verified.

Flow chart for calculating the required performance of the common
space atrium pressurization is shown in Figure 4.5.

START
v

Estimating the temperature in fire room
v

Estimating the temperature in vestibule

!

Estimating the mass flow rate at vestibule door

v

Estimating the air supply rate to atrium, and staircase

FINISH

Figure 4.5 Flow chart of verification

The calculation conditions are shown in Table 4.3. The material of
slab and wall of the fire room is supposed to be concrete,
considering that interior materials will be put off because of the
heat from fire. And, that of vestibules is supposed to be gypsum
board.

Table 4.3 Calculation conditions

Parameter value

Size of Opening (Fire Room) 5.0m[W]X2.0m[H]
Surface Area of Fire Room 234m?
Effective Heat Transfer Coefficient (Fire Room) 0.028kW/m?K
Size of Residential Unit Entrance 0.9Mm[W]X2.0m[H]
Flow Coefficient (Residenctial Unit Entrance) 0.3
Effective Heat Transfer Coefficient (Vestibule) 0.007kW/m?3K
Surface Area of Vestibule 24.75m>
Opening Area of Atrium SaAc 3.0m?
Opening Area of Vestibule aAs 4.4m?
Opening Area of Fire Lift Shaft ZaAy 0.71m?
Opening Area of EV Shaft ZaA., 0.45m?
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2) Calculation Results
The calculation results of mass flow rate at the vestibule door and
the temperature in each room are shown in Table 4.4.

Table 4.4 Calculation Results

Calculated quantity value

Temperature of Fire Room 1135°C
Mass Flow Rate of Vestibule Door 0.04kg/s
Temperature of Vestibule 78.84°C

3) Verification Results

The calculation result of air supply rate and designed performances
are shown in Table 4.5

Table 4.5 Verification Results

Calculated quantity Calculated Value  Designed Value
Air Supply Rate to Atrium 318m°>/min 320m*/min
Air Supply Rate to Staircase 555m°/min 560m°/min
Air Supply Fire Lift shaft 74m°/min 80m*/min
Air Supply EV shaft 47m*/min 50m°/min
Exhaust Rate 2.0m*/min 2.1m°/min

4.3.2 Verification for Hazard Level 2

The measure of verification of Hazard Level 2 depends on the
difference of the place where fire breaks out. In case of breaking
out in the common space lounge, the residents should remain
indoors. But it is possible that someone may take refuge through
the common space lounge, so we verified the common space lounge
evacuation. Flow chart of this verification is shown in Figure 4.6.

1) In Case of Breaking out in a Residential Unit

In this case, we need to verify the air supply rate to the common
space atrium so that the temperature in the common space atrium
may not rise by 5 degrees or more. But it is supposed that the air
supply rate in Hazard Level 1 is much larger than that of this
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case. And in this section, we verified the temperature in the
common space atrium in case of supplying air by the rate
designed in Section 4.3.1.

And in the Scenarios corresponding to this case, the opening of
natural smoke venting will be opened. So, the required area of the
opening is verified so that the pressure in the common space
atrium may not rise by 50 Pa or more. This is because that the
evacuees may not be able to open the doors with high
pressurization.

In this section, the scenario 3-25 and 3-26, which are the severest
condition of Hazard Level 2, are verified.

a) Calculation Conditions
The calculation conditions are shown in Table 4.7.

Table 4.7 Calculation Conditions

Parameter Value
Temperature in Vestibule 815.53°C
Surface Area of Atrium 431.2m>
Effective Heat Transfer Coefficient 0.007kW/m>K
Air Supply Rate to Atrium 320m*/min

b) Calculation Results

The calculation results of temperature in the common space
atrium and the required area of the opening of natural smoke
venting are shown in Table 4.8 and 4.9.

Table 4.8 shows that the temperature in the common space atrium
will not rise by 5 degrees or more. And, the area of opening is

designed 0.5m°.

Table 4.8 Rise of Temperature in the Common Space Atrium

Fire Room Parameter Calculated Value Acceptable Value

Residential Unit Rise of Temperature 1.19°C 5°C
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Table 4.9 Area of Opening
Parameter Calculated Value  Designed Value

Area of Opening of Natural Smoke Venting 0.25m’ 0.5m’

2) In Case of Breaking out in the Common Space Atrium

In this case, very large air supply rate is required so that the
temperature in the common space atrium may not be rise by 5
degrees or more. So, in this section, we verified that eq. (1) will
be satisfied™. Flow chart of verification is shown in Figure 4.6.

[“(aT.ydt <1.0x10° )

where,
t; : Time to start being exposed to smoke[s]
to : Time to complete evacuation from contaminated space by
smoke [s].
AT, : Exceeding temperature in the common space atrium [°C]

START

v

Supposing the maximum HHR of fire origin
in case of breaking out from Lounge

v

Estimating the temperature in the common space atrium

v

Confirming that eq. (1) is satisfied

FINISH
Figure 4.6 Flow Chart for Verification

a) Calculation Conditions
The calculation condition for evacuation time from the common

space atrium is led from Section 3 (the maximum length of
evacuees walking in the common space atrium is 10.4 [m], the
velocity of disability (the wheel chaired evacuees) is 0.4 [m/s].
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And, although the temperature in the common space atrium rises
to the stationary state as time passes, it is assumed here that it
became stationary state immediately after breaking out as the
assumption of safe side.

The calculation conditions are shown in Table 4.10.

Table 4.10 Calculation Conditions for the Temperature in the
Common Space Atrium

Parameter Value
Maximum Heat Release Rate 100kwW
Air Supply Rate to Atrium 320m°/min

b) Calculation Results
The calculation results are shown in Table 4.11.

As Table 4.11 shows, the safety is verified in case of breaking
out from the common space lounge.

Table 4.11 Calculation Results

Parameter Value
Temperature Rise in Atrium 10.8°C
Evacuation Time from Atrium 20.8sec
Calculated Value of Eq. (1) 2426°C?sec

4.3.3 Verification for Hazard Level 3

The scenarios of Hazard Level 3 are the scenarios that neither the
common space atrium pressurization nor the staircase pressurization
is activated. In these scenarios, safety is secured by ensuring the
daily maintenance. So, both of them may not be activated at the
same time.

4.4 Conclusion
It follows from what has been said that the safety of this building
is secured in following designs:

® Plan Case 3 (installing sprinkler systems in each residential unit,
mechanical smoke venting in vestibule, and pressurization of
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common space atrium and the stairway) is adopted.
® Air supply rate to common space atrium is 320 [m*/min].
® Air supply rate to the staircase is 560 [m*/min].
® Air supply rate to the fire lift is 80 [m%/min].
® Air supply rate to the EV is 50 [m*min].
® Mechanical smoke venting rate from vestibule is 2.1 [m*/min].
® Opening area of natural smoke venting is 0.5 [m°].

The designed plan is shown in Figure 4.7.

W e [ | ID].
Staircase

Pressurization D: 1BR N o

560[m3/min] @ s

Fire Lift Shaft
Pressurizaion E:'2BR #
R - 2RR 80[m3/min]

Mechanical SmokeVenting
from Vestibule EV. Shaft
5[m3/min] o Pressurlza'non
rrrrrrrr 50[m3/min]

Opening Area of Atrium Puressurization
Natural Smoke Venting 320[m3/min]
0.5[m3]

Figure 4.7 Designed Plans
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Appendix A
Calculation Method for Hazard Level 1

1) Temperature in Fire Room
Considering a predicted model as Figure 1, the law of the
conservation of energy can be expressed by

Qi =CyMy o (Tf—Tw)+ hkAT(f)(T_Too) 1)

where,
Qr : Heat release rate [kW]
Cp . Specifec heat at constant pressure [kJ/kgK]
Mioue - Mass flow rate to outside [kg/s]
T : Tempetarure in the fire room [K]
Too : Outside temperature [K]
he : Effective heat transfer coefficient [kKW/m?K]
Ar : Surface area of fire room [m’]

The temperature in the fire room is given by eqg. (2). And,

McCaffrey et al. transformed and arranged eq. (1), and obtained

the following eq. (2) by revolution with experimental data®.

w N

0.023

= 1
A JH, |® 3 2
f f (gTTOC +T, (t >—5 j

Q;
A \JH; Arch) da

Qq Af\/H_f5 t % 5°
Af\/H_f Ar 1) ( ]T ol [ j )

wnN

0.023

where,
As : Opening area of the fire room [m°]
H¢ : Height of opening of the fire room[m]
& . Thickness of wall (=0.15)[m]
k : Heat conduction rate of wall [KW/mK]
o : Density of wall [kg/m?]
¢ : Specific of heat of wall [kJ/kgK]
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The material of slab and wall of the fire room is supposed to be
concrete.

Residential Unit Vestibule

mMfout 5 Qf Tr AT(f?

N

- 1

Figure 1 Calculation Model

Here, supposing a ventilation-controled combustion, the heat release
rate in the fire room in given by eqg. (3). And, the temperature in
the fire room can be calculated by egs. (2) and (3).

Q =1500\ [H, 3)

In this calculation, we set t=3600[s]. And, since the possibility
which both the entrance door of the residense and the vestibule
door are left opened is very low, the area of opening of the
entrance door does not included in calculation.

2) Temperature in Vestibule
Considering a predicted model as Figure 2, the law of the
conservation of energy can be expressed by eq. (4). The vestibule
door supposed to be closed as assumption of safe side.

CPvai”Tf - Cpmv,outTv - AT(v)hk (Tv —Tw ) =0 (4)

where,
Ty . Temperature in the vestibule [K]
At @ Surface area of the vestibule [m?]
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Effective heat transfer coefficient h, is calculated by eq. (5)™.

koc

=T (5)

Mass flow rate into vestibule is calculated following eq. (6)

mv,in = mv,out = 05Av V Hv (6)

where,
A, : Area of opening of the vestibule door [m*]
H, : Height of Opening of the entrance door of residential unit

[m]

Rearranging eq. (4), temperature in vestibule is given by eq. (7).
The temperature in vestibule can be calculated by egs. (6) and (3).
T :Cprnv,ian +A AT,
T Mt AN (7)

Residential Vestibule Atrium

Unit /
[ TV
mMyn

Figure 2 Calculation Model

3) Required mass flow rate per unit area of opening
There is a difference of the pressure between the vestibule and the
common space atrium by the difference of the temperature. And, if
both rooms are assumed that indoor air is mixed uniformly,
required mass flow rate at vestibule door is given by eq. (8).
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3/2

2
m,>—a,B, /2 — H
c 30!\, v pcg pc pv v (8)

where,
ay . Flow coefficient of the vestibule door []
By : Width of the vestibule door [m]
o Density in the common space atrium [kg/m®]
o Density in the vestibule [kg/m’]
g : Gravitational acceleration [m/s’]
Hy : Height of the vestibule door [m]

Rearranging eq. (8), Required mass flow rate per unit area of
opening is given by eq. (9)

a
H

> J2p.9(p, - p, H,”*
9)

v

c

M, > 2
3

4) Required Air Supply Rate to Common Space Atrium
Required air supply rate to the common space atrium is given by
multiplying requied air supply rate per the area of the unit
opening by the sum total of opening area of one Common space
atrium as eq. (10).

Ms(c) = Mc 'zaiAc,i (10)
where,
a;i : Flow coefficient of the door facing the common space
atrium [-]
Aci : Area of opening facing the common space atrium [m°]

Here, sum total of opening area of the common space atrium is
considered as the sum total of the vestibule doors, the EV doors,
the staircase doors, and the balcony doors, which face one
common space. And, we supposed one door (=staircase door,
which is the largest door) is open for evacuation or fire fighting,
and the other doors are closed.

The value of flow coefficient is as follows. Fully Opened : 0.7
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[[]/Half-Opened : 0.3 [] / Closed : 0.007 [] / Closed (EV.) 0.014 []

5) Required Air Supply Rate to Staircase

This building is designed so that in case that the common space
atrium pressurization is not activated, the common space atrium
will be pressurized by air which flows from the staircase by the
opening of the staircase door. In this case, it is required that the
same amount of air which flows in the common space atrium
from staircase with the common space atrium pressurization.

Here, the required air supply rate to the staircase is calculated by
multiplying the air supply rate per unit area which is given by eq.
(10) by the sum total of opening area of the staircase as eq. (11).

© ", T )

where,
As : Area of staircase door [m?]
ai . Flow coefficient of the door facing the staircase []
Asi : Area of opening facing the staircase [m?]

Here, sum total of opening area of the staircase is considered as
the sum total of the staircase door concerned, the staircase door of
the ground floor to the outdoors, and the staircase doors of each
story. And, we supposed that the door connected to outside, is
opened for evacuation, the other doors are closed.

6) Required Air Supply Rate to Fire Lift Shaft and EV. Shaft
In case that the common space atrium pressurization is activated,
the required air supply rates to the fire lift shaft and the EV shaft
are given by eg. (12) so that the shafts may not become negative
pressure.

MS

_ ()

Ms(ev) e A Za A,
ev Vv

(12)
where,
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Ae : Area of opening of the fire lift / EV. [m?]
a;. Flow coefficient of the door facing the shaft [-]
Asi : Area of opening facing the shaft [m?]

7) Required venting Rate from the Vestibule
In case of the common space atrium pressurization is activated, the
required venting rate to decompress the vestibule is given by eq.
(13).

m
M =—°¢ . Ya A .
e(v) O!A, aIA/,I (13)

where,
ai: Flow coefficient of the door facing vestibule []
Asi: Area of opening facing the vestibule [m?]
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Appendix B
Calculation Method for Hazard Level 2

1) In Case of Breaking out from the Residential Unit

When natural smoke venting and pressurization system are
activated, conservation equations of mass and energy in common
space atrium are expressed by

M iy =M g HML —M, =0 (14)

CoM (T, ~T.)+c,mT, —h A (T. = T,)—c,mT, =0 (15)

where, m and T are mass flow rate [kg/s] and temperature [K] as
shown in Figure 3, respectively. Also, c, is specific heat of air
[kI/kgK], he is effective heat transfer coefficient [kJ/m’K] and At
is surface area of common space atrium [m?].

Atrium
7.
Vestibule —Ncin
7,
¢ out

Figure 3 Calculation Model

Assuming gas is mixed uniformly in vestibule and atrium
respectively, mass flow rate from vestibule to atrium mci, can be
correlated with area and height of vestibule door, A, [m?] and H,
[m], as

M, =05A,H, (16)

Putting mci, equals to meouw, ‘Mms = m¢’ can be derived from eq.
(13). Therefore, in case of design flow rate of air supply for
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Hazard Level 1 (=320[m%min]), temperature in atrium TJ[K] can
be obtained by eq. (17)

B (cpmcymTV +c,m.T, + hkAT(c)Too)
i (Cpmc,in + Cpms + hk AT(c)) (17)

2) In Case of Breaking out from Common Space Lounge

a) Amount of Combustible

As a combustible, it is assumed that a wooden table is placed in
common space lounge where residents ordinarily communicate each
other. Figure 4 shows heat release rate of a wooden table.

120 —————————— e e e S ————— 1
=100
= = HRR Curve of Table
£ 80 f — Exp. Data of Wooden Chairs
o
% 60
o HRR Curve of Table
& 40 |
B d
>
T 20

0 50 100 150 200 250 300
Time [sec]

Figure 4 Heat Release Rate of a Wooden Table
From Figure 4, the largest heat release rate of a wooden table is
found to be approximately 100 kW. In this case study, heat release
rate of 100 kW is appleid in case of fire initiation in common
space lounge.
b) Temperature in Atrium

In case of fire in common space lounge as shown in Figure 5,
energy conservation in atirum is described by equation (18).

Q; +c,mT, —c,mT/ -h A, (T/-T,)=0 (18)

where, Q7 means heat release rate (=100 kW). Inflow of air from
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vestibule is assumed not to occur, which results in valuation of
higher temperature in atrium.

Substituting me for ms, which means mass conservation in atirum,
temperature in atrium can be derived as following,

T :LJJ@ =AT +T,
c,m +h A, (19)

where, AT’ is defined as exceeding temperature.

Atrium

Vestibule

Figure 5 Calculation Model

c) Verification of safety
Safety of evacuees is verified by integration value of square of
exceeding temperature AT’ during exposure of evacuees to smoke.

[ t (ATC' )2 dt <1.0x10° 20)

where, t; and t; means time to start being exposed to smoke and
to complete evacuation from contaminated space by smoke [s],
respectively.
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Chapter 5. Fire Fighting Planning

5.1 General Planning

One of the goals of this case study is ‘Safeguard fire fighters while
performing rescue operations or attacking fire’. In this chapter, in
order to achieve this goal, performance-based design for fire fighting
is described based on principle of fire fighting operation on fire.

5.1.1 Objective of Fire Fighting Operation

Objective of fire fighting operation on fire is ‘to protect life,
health, and property of occupants.” Fire brigade will primarily
ensure safety of occupants.

5.1.2 Fire Fighting Operation on fire

The Operations fire brigade will perform in order to safely attain
the objective are as follows:
® Rescue operation
Evacuation guide
Understanding of fire condition
Suppression with the aim of preventing fire spread
Deployment of watch line
Minimizing water damages

5.1.3 Required Performance

In order to effectively perform the operations described in 5.1.2, a

building will be required to have performance as follows:

A) It should be easy to localize the place of fire origin.

B) The space, where is used as operation base for fire fighting,
should be kept safe till the end of fire.

C) It should be easy for fire brigade to access a fire room and
rooms which need to be watched.

D) There should be such building services as will help fire
brigade to effectively fight a fire.
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E) There should be enough room for flow line of both evacuees
and fire brigade.

Fire fighting operation base (OB) here is defined as the place
where is close to the fire but fire brigade will be able to perform
command operation. At OB, fire fighting equipments will be
temporarily gathered, and every squad of fire fighters will stand

by.
5.1.4 Facilities and Equipments for Fire Fighting Operation

Facilities and equipments, which are required to meet the
performance described in 5.1.3, are shown in Table 1.

Automatic fire detection system and sprinkler system will be
installed at every residential unit. Other equipments are installed as
shown in Figure 1.

Table 1 Required facility and equipment for fire fighting

Facility/ Required

. Specification
Equipment | performance P

Automatic ® |t localizes the place of fire origin.
fire detection A ® An indicator panel is placed at the office
system on the ground floor.

® |t protects OB.
B, C ® It prevents fire spread beyond fire
compartment.

Fire
compartment

® \When an automatic fire detection system
actuates, fire department control sees to it
Fire lift C that fire lift stops only at upper floor of
every block with three stories. See Figure 2.
® Lift door should be smoke insulated.

Sprinkler ® |t aims at initial fire fighting, and
system prevention of fire spread.
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Facility/ Required e .
. Y d Specification
Equipment performance
Fire stand D It should be installed at each stair hall
pipe over the ground floor.
Pressurization system and natural smoke
venting should be installed in common
Smoke
control D, E Space
® Mechanical smoke venting should be
installed in room vestibule
® The width of stairs should be more than
Stairs E 1.5 meters to resolve traffic conflict of
both evacuees and fire brigade.

|| Fireif
D :Fire compartment
@ :Fire stand pipe

[l -
I D :Pressurization

D (I

== :Natural smoke vent

N :Mechanical smoke vent

Figure 1 Location of facility and equipment

In case of fire, a fire lift is controlled by fire brigade. With
ordinary fire fighting tactics, fire brigade will get off a fire lift on
the floor below the fire room. However, in this building, when
smoke is already spread in common space atrium, fire fighters
getting off the fire lift on the floor within the block which contains
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a fire room, are going to be exposed to smoke. Therefore, fire lift
will be automatically controlled to stop only at the upper floor of
each block after automatic detection system actuates.

After the safety within the block which contains a fire room is
assured, fire department will make a fire lift stop also at other
floors in order to use the lift to guide evacuation of disabled
occupants.

—_— common space might

L | be filled by smoke

F 17F
- l ]

' 2% 14F ﬂ

. | fire brigades will be
B [F //- —exposed to smoke when
2 -
0 | arriving at common space

| I l ]

2] 1F fire brigades can get off

5.2 Fire Fighting Scenarios

In this section, fire fighting scenarios in this building is described.
5.2.1 Available Fire Force

The response plan is made from building characteristic beforehand.
Allocated fire fighting resources are shown in Table 2. Ten fire
fighting brigades will respond by the emergency call. If necessary,
more brigades will respond in addition by the second alarm. But, it
is planed that these ten brigades can finish all the operation.

It is a principle that eight brigades of fire engine, ladder truck and
rescue truck will be given each duty of suppression or rescue
operation.
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Table 2 Pre-arranged assignments of fire brigades (unit: cars)

Number of brigades E;m:c?uracc)lf fire fighters
Fire Engine 6 57
Rescue Truck 1 5-6
Aerial Ladder Truck 1 3
Ambulance 1 3
Commander’s Car 1 57

5.2.2 Access to Block in fire
Accesses to Building in Fire

Fire brigades respond immediately after call to fire station by
residents or caretaker. This building is assumed to be 1700 m
distant from nearest fire station, which is the average distance in
the center of Tokyo.

Accesses to Floor in Fire

Fire brigades check the condition of building at first after arriving
and identifying room of fire origin by the information of indicator
panel in office. According to these information, primary fire
fighting tactics is determined.

Fire brigades go up to floor below fire room by fire lift in case
of fire above ninth floor or through protected staircase in case of
fire below eighth floor, where OB is set, as shown in Figure 3.
After checking smoke behavior in floor of fire, assisting evacuation
and rescuing trapped occupants, final tactics is determined.

The International Seminar on Risk Management - 152



Performance-Based Design of High Rise Apartment Building with One Staircase

Fire Lift Stair
~ 1

Fire Lift is_.used
above 9F 1
L
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|
|
|
—
I
|
|
|
|
|

NI
8F

' Stairwell'is used
below 8F

# Block in fire

a) the way to OB b) location of OB

Figure 3 Access to operation base for fire fighting
Needed Time to Floor in Fire

Time needed from notification to arrival at OB is shown in Table
3. Detailed calculation method is described in Appendix.
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Table 3 Summery of time needed to each floor in fire (unit: second)

: time from time to OB | .
fire t'."Te from arrival to the through time frgm
floor not.lflcatlon .to bottom of fire |staircase/fire OB to fire | total
arrival at site lift lift floor

2F - 21.3 636
3F 21.3 656
4F 20.0 42.7 677
5F 64.0 698
6F 21.3 688
7F 52.2 42.7 709
8F 64.0 731
9F 21.3 651
10F 14.9 42.7 672
11F 277.4 337.0 64.0 693
12F 21.3 657
13F 21.3 42.7 678
14F 64.0 700
15F 21.3 663
16F 27.7 42.7 685
17F 64.0 706
18F 21.3 670
19F 341 42.7 691
20F 64.0 713

5.2.3 Fire Fighting Operation in Block of Fire

5.2.3.1 Fire Fighting Operation

Fire fighters perform the following three operations as shown in

Figure 4.
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(i) Rescue and Suppression in fire room
Four or five brigades arriving first perform rescue and
suppression in fire room. Each brigade brings a fire hose to fire
room. Fire hose is connected to fire stand pipe in case of fire
above third floor or is directly extended from fire engine in fire
below 2nd floor.

(i) Development of watch line and rescue in floor above fire
room
In case of this building, the possibility of fire spread to upper
floor is much more than to next unit. In order to prevent fire
spread and to rescue evacuees, one or two brigades develop the
watch line in floor above fire room.

(iii) Other Operation
For assisting trapped evacuees, protecting property and
preventing water damage, one or two brigades perform the other
operation except in floor of fire.

Unit Vest. C.S. Stair
| >

<€— (i) Rescue and Suppression
<= = (ii) Watch
S JIEE (iii) Other

|:]08

L& €

Figure 4 Operation pattern of fire fighting

5.2.3.2 Scenarios of Fire Fighting Operation
(i) Rescue and Suppression in fire room
For rescue and suppression, fire brigades go to fire room with
fire hose after setting OB. According to fire condition such as
smoke behavior, brigade set advanced point for fire fighting

(AP) with minimum equipments. AP is defined as the nearest
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base to fire room where each firefighter equips breathing
apparatus and brigade leader stays and orders attacking
firefighters as shown in Figure 5.

Because it is necessary that smoke does not infiltrate into AP
which must be kept clean by the end of fire, AP is set behind
a buffer space which is adjacent to the space contaminated by
smoke.

According to smoke behavior, the location of AP is shown in
Figure 6 to Figure 9, respectively. If smoke has spread to
common space atrium, stairway landing is used as not only OB
but also AP in case of fire in lounge floor and in common

space.
- pons IN~
A l. .l"l
fire room

buffer space

Figure 5 Schematics of AP and buffer space
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Figure 6 Location of AP when smoke does not spread outside
of fire room
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Unit Vest. C.S. Stair
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Figure 7 Location of AP when smoke spreads to vestibule
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Unit Vest. C.S. Stair
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Figure 8 Location of AP when smoke spreads to common space

Unit Vest. C.S. Stair

| [ >

.

Figure 9 Location of AP in case of fire in common space
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(i)Watch operation above fire floor

Watch line is generally developed on one layer above fire room
by extending the fire hose from OB. If fire is not likely to
spread upward, the crews for watch stand by in front of
residential unit above fire room. However, when upward fire
spread due to flame ejected is observed from outside, crews
enter to residential unit for prevention of fire spread.

Unit Vest. C.S. Stair Unit Vest. C.S. Stair

}J I }J

- -k €---d«---

)

o o8

Figure 10 Schematics of watch operation

(iii) Other Operation

Fire fighters will also search the trapped people and check the
evacuation situation in the block of fire and on one story
above the fire room. If necessary, fire fighters go up from
balcony on lounge floor in order to rescue evacuees remaining
on upper balcony or to break window glass for smoke exhaust.
After completing the rescue operation in the block of fire, fire
fighters perform the operation for preventing water damage on
one story below fire room.

Unit Vest. C.S. Stair Unit Vest. C.S. Stair

Figure 11 Schematics of other operation
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5.3 Verification of Fire Fighting Operation
5.3.1 Selection of Scenarios for Verification

Scenarios of Fire Fighting Operation

It is difficult to assume scenarios of fire fighting operation in
residential units because fire fighting operation will be depending
on the place of fire initiation and the fire condition. On the other
hand, once fire brigade reaches a vestibule, it is possible for them
to perform the followings at once, to shoot water in a residential
unit; to make a fire line; and to search trapped occupants.
Therefore, in order to assure the safety of fire fighting operation,
it will be verified that fire brigade be able to reach the vestibule
of a fire room under the condition that they can safely retreat. In
order to verify this, it will be enough to check the four items as
follows:

a) Safety of fire brigade in access route to vestibule
b) Distance from OB to fire

c) Actuation time of a breathing apparatus

d) Distance from AP to fire

With regard to item a), it depends on the condition of smoke
spread in common space atrium whether fire brigade can safely
reach the vestibule of a fire room. The problem of this building
from the viewpoint of fire fighting operation is that common space
has an atrium of three stories without openings. When common
space, where fire brigade will pass before they reach a fire, is
filled with smoke, it is difficult for fire brigade to fight a fire. It
is clear that fire brigade can safely reach there as long as smoke
does not spread to common space. Therefore, verification criteria
will be the condition of common space when smoke spreads to the
common space.

Residential Unit C described in Figure 12 will be selected to be
the room of fire because it is the largest room and fire fighting
will be difficult.

On the other hand, with regard to items b), c¢) and d), the
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possibility of fire fighting operation should be verified also at the
most distant place because it is necessary from the view point of
access and retreat of fire brigade.

=
o

) o [T

€ 85m? =
128m? f“’ gl

E 2
0 b 120m
B
L'ﬂ 20m? =
CUJ“\F—
36m

Figure 12 Area of residential unit

Scenarios of Facilities/Equipments Activation

Scenarios of facilities/equipments activation, as with Chapter 4, will
be determined using occurrence probability of each scenario. The
vestibule door is supposed to be partly open, which is the only
different assumption from Chapter 4. This is because fire brigade
aims to reach a residential unit on fire. Scenarios with Hazard
Level 3 will not be verified here because occurrence probability is
very small. And Scenario No.22, which is the most dangerous case
amongst Hazard Level 2 cases, will be the scenario of
facilities/equipment activation verified.

5.3.2 Critena

Criteria for verifying four items a)-d) described in 5.3.1, will be as
follows:

a) Safety of fire brigade in access route to vestibule
The highest temperature at common space should be less than
fifty degrees centigrade.
According to previous research [1], fire fighters with fire-coats
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on can continue operation without heat injury in high humidity
environment for more than thirty minutes under this condition.

b) Distance from OB to fire
The distance between operation base for fire fighting and the
farthest point on the fire floor, should be less than sixty
meters.
Fire fighters in Tokyo Fire Department will often use three
fire hoses, which are connected together and also to fire
standpipe. One hose is twenty-meter long, and total length of
three hoses connected is sixty meters.

c) Actuation time of a breathing apparatus
The distance between advanced point for fire fighting and the
farthest point in the fire room should be less than fifty-four
meters.
The volume of a breathing apparatus has to be enough for fire
fighters to move through smoke back and forth between stair
case landing and the vestibule of a fire room. The time limit
for fire fighters is calculated to be one hundred and eighty
seconds, because alarm sounds when there is six MPa left and
oxygen consumption rate in smoke is 2MPa per minute.
Furthermore, movement speed of fire fighters in smoke is 0.3
meters per second. As a result, the distance fire fighters can
safely move is fifty-four meters.

d) Distance from AP to fire
The distance between advanced point for fire fighting and the
farthest point in the fire room should be less than fifty
meters.
Fire fighters will use a life line when they enter smoke as
shown in Figure5. In case of emergencies, they retreat to a
safer place using this line. And a life line fire fighters use is
usually fifty meters long.

Both criteria ¢) and d), are based on the distance between advanced

point for fire fighting and the farthest point in the fire room. When
a tougher criterion, which is d), is met, then a criterion c) is
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automatically met. This is why only criteria a), b), and d) are
enough to be verified. Table 4 summarizes criterion a)-d).

Table 4 Criteria for fire fighting

a) The smoke temperature at common space < 50 °C

b) The distance between OB and the farthest

point on the fire floor 60 m

d) The distance between AP and the farthest point

in the fire floor 50 m

5.3.3 Vernfication Results

a) Safety in access route to vestibule
Smoke temperature in common space atrium is calculated by
similar method in Chapter 4. The calculation conditions used
is shown in Table 5.
As a result, smoke temperature in atrium is 44.7 °C, which
means fire fighters can keep operating in common space for a
long time.

Table 5 Calculation conditions and results

Temperature in vestibule 815.5 °C

Size of double door between

vestibule and atrium 1.4mWx20mH

Flow coefficient of a wing of 0.3 (only a wing is partly opened)

double door
Air supply rate to atrium 320 m*/min
Smoke temperature in atirum 447 °C

b) Distance from operation base to fire
It is verified whether fire hose can reach from OB to every
point in fire floor. Length of hose is needed most in case of
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fire in upper floor. As shown in Figure 13, distance via steps
of stairwell is twenty three meters long between OB to
entrance of common space atrium on upper floor. The largest
path length from entrance to farthest point is thirty five meters
as shown in Figure 14. Thus, fire hose is needed to be more
than fifty eight meters long, which satisfy the criterion.

length of hose : 23m
upper floor & -1

middle floor

common space floor

OB

Figure 13 Hose length needed in staircase

Figure 14 Path length from entrance of common space

c) Distance from AP to fire
Path via steps of stairwell is ten meters long from AP to one
story above as shown in Figure 15. From here, it is thirty
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five meters long to farthest point as mentioned above. The
total length is forty five meters long, which is shorter than
life line rope.

S _ length of life line10m

AP
Figure 15 Life line length in staircase

Summarizing the verification results, all the criteria are satisfied as
shown in Table 6.

Table 6 Calculation conditions and results

Verification item Criterion Ve el Judgment
results

Smoke temperature in
common space

50 °C 44.8 °C OK

The distance between OB
and the farthest point on 60 m 58 m OK
the fire floor

The distance between AP
and the farthest point on 50 m 45 m OK
the fire floor
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Appendix
Calculation Method for Fire Brigades Intervention Time

In this case study, the following formulas were applied to evaluate
fire brigade intervention time [2], [3].

1. Time from notification to amval at site (tp + tr)

D
to +t :11.450 +83.6

1)

where D is the distance between fire station and building in
question (=1,700m assumed for this case study)

2. Time to collect information and decide strategy (tr)

v, (2)

where |, is the distance between fire engine and office with

indicator panel (=40m assumed for this case study), vi is walking

speed (2.0m/s). The time needed to collect information and transfer,

o, is
60 (forbuildingsvithcontrokenter)

? ={300 (forbuildingsvithoutontrokenter’ €))

3. Time needed to carry fire hose from fire engine to the bottom of
fire lift (or protected staircase) (trs)

1,

t..=-2
Py, 4

where I, is the distance between fire engine to fire lift (or
protected staircase) by way of Siamese connection [m]. The walking
speed, v, is given by
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v, =2.6 (5)

for the path length from fire engine to Siamese connection (=15m
assumed for this case study),

v, =29 (6)

for the path length outside of building from Siamese connection to
bottom of fire lift (or protected staircase) (=18m assumed for this
case study),

v,=1.6 (7
for the path length inside of building from Siamese connection to
bottom of fire lift (or protected staircase) (=8m assumed for this

case study).

4. Time needed to move through the building to one layer below
fire floor (t)

In case of using staircase,

Vg (8)

where d; is the height between ground floor and layer below fire
floor [m], vz is the vertical velocity of fire crew (0.245m/s for
buildings with stand pipe, 0.160m/s for buildings without stand

pipe).
In case of using fire lift,

dy
V4 (9)

tf4 -
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where vs is nominal vertical velocity of fire lift, 1.5m/s, which
includes the loss time due to acceleration and breaking.

5. Time needed to move one layer to fire floor (i)

d;
Vs (10)

tf5 -

where d; is the height of one layer [m], vs is the vertical velocity
of fire crew extending fire hose by hands (0.15m/s).
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Chapter 6. Valuation of Total Fire Safety

This chapter puts the planning of *“Chapter3 Evacuation Planning”,
“Chapter4 Smoke Control Design”, and “Chapter5 Fire Fighting
Planning” in run chart.

6.1 Fire breaks out at Unit (in case of Hazard level 1)

(1) Fire scenario (Hazard level)

These scenarios assume that fire breaks out at Unit on the 6"
floor, and that the common space atrium in the fire block (6th to
8" floor) and shafts should be protected from smoke. (“Hazard
level 1” showed in “Chapter4 Smoke Control Design”)

(2) Evacuation Planning
In these cases, the evacuation scenarios are Casel-1 and 1-2
showed in “Chapter3 Evacuation Planning”.

The evacuees in the fire block complete evacuation with the
arrival to the common space lounge (6" floor). After that the
evacuees judge by the fire condition whether to evacuate to the
ground floor or wait for rescue by the fire fighters.

The evacuees in the other block don’t have to evacuee.

(3) Fire Fighting Planning

In these cases, the advanced point for fire fighting (AP) is the
common space lounge in the fire block and the operation base for
fire fighting (OB) is the landing (5" floor) directly below the fire
block.

The fire fighters arrive to OB after the evacuees complete
evacuation at the common space lounge. Then the fire fighters
move to AP, search trapped evacuees, and control fire.

(4) Run chart

The timeline and the correlation between the evacuation in each
floor and the fire fighting are shown in Chartl-1 and 1-2.
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6.2 Fire breaks out at Unit (in case of Hazard level 2)

(1)Fire scenario
These scenarios assume that fire breaks out at Unit on the 6"
floor, and smoke spread to the atrium in the fire block. But
smoke in the atrium should be diluted to safe concentration.
Shafts should be protected from smoke. (“Hazard level 2” showed
in “Chapter4 Smoke Control Design”)

(2) Evacuation Planning
In these cases, the evacuation scenarios are Case2-1 and 2-2
showed in “Chapter3 Evacuation Planning”.

The evacuees in the fire block complete evacuation at the arrival
to the common space lounge directly below the own block. The
evacuees in the directly above and below the fire block (3 to
5" floor and 9" to 11" floor) complete evacuation at the arrival
to the own common space lounge (3" floor and 9" floor). After
that the evacuees judge from fire condition whether to evacuate
to the ground floor or wait for rescue by the fire fighters.

The evacuees in the other block don’t have to evacuee.

(3) Fire Fighting Planning
In these cases, AP is the landing (5" floor) in the directly below
the fire floor, and OP is the landing (5" floor) directly below the
fire block.
The fire fighters arrive to OB after the evacuees complete
evacuation. Then the fire fighters move to AP, assist the
evacuees, search trapped evacuees, and control fire.

(4) Run chart
The timeline and the correlation between the evacuation in each
floor and the fire fighting are shown in Chart2-1 and 2-2.
In these chart, the evacuees in the fire block expose to smoke.
But the smoke isn’t harmful to the evacuees because the smoke
is diluted to safe concentration
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6.3 Fire breaks out at Unit (in case of Hazard level 3)

(1) Fire scenario
These scenarios assume that fire breaks out at Unit on the 6"
floor, and that fire expands. But the reliability of apparatus
should be raised in order that occurrence probability might be
very small. (“Hazard level 3” showed in “Chapter4 Smoke
Control Design”)

(2) Evacuation Planning
In these cases, the evacuation scenarios are Case3-1 to 34
showed in “Chapter3 Evacuation Planning”.

In Case3-1 and 3-2, the evacuees in the whole floor complete
evacuation at the arrival to the ground floor without using the
fire lift.

In Case3-3 and 3-4, the disabilities and the ordinary person who
help them evacuate to the ground floor using the fire lift. The
other evacuees evacuate using the stairs.

(3) Fire Fighting Planning
In these cases, the advanced point for fire fighting and the
operation base for fire fighting is the same as Case2-1 and 2-2.
The fire fighters arrive to OP during the evacuees go down the
stairs. But the situation should present little problem because the
width of the stairs is more than 1.5 meters to resolve traffic
conflict of both the evacuees and the fire fighters.
After the arrival to OP, the fire fighters move to AP, assist the
evacuees, search trapped the evacuees, and control fire.

(4) Run chart
The timeline and the correlation between the evacuation in each
floor and the fire fighting are shown in Chart3-1 to 3-4.
In these chart, the evacuees in the fire block expose to smoke.
But the smoke isn’t harmful to the evacuees because the smoke
is diluted to safe concentration.
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6.4 Fire breaks out at Common space lounge
(in case of Hazard level 2)

(1) Fire scenario
These scenarios assume that fire breaks out at the common
space lounge on the 6" floor. But the combustible in this space
is a wooden desk only. Because of this, smoke in atrium should
be diluted to safe concentration. Shafts should be protected from
smoke. (“Hazard level 2” showed in “Chapter4 Smoke Control
Design”)

(2) Evacuation Planning
In these cases, the evacuation scenarios are Case4-1 and 4-2
showed in “Chapter3 Evacuation Planning”.

The evacuation planning is the same as Case2-1 and 2-2.

(3) Fire Fighting Planning
In these cases, the advanced point for fire fighting and the
operation base for fire fighting is the same as Case2-1 and 2-2.

(4) Run chart
The timeline and the correlation between the evacuation in each
floor and the fire fighting is the same as Chart2-1 and 2-2.

6.5 Fire breaks out at Common space lounge
(in case of Hazard level 3)

(1) Fire scenario
These scenarios assume that fire breaks out at the common
space lounge on the 6™ floor and expands. But the reliability of
apparatus should be raised in order that occurrence probability
might be very small. (“Hazard level 3” showed in “Chapter4
Smoke Control Design”)
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(2) Evacuation Planning
In these cases, the evacuation scenarios are Case51 to 54
showed in “Chapter3 Evacuation Planning”.

The evacuation planning is the same as Case3-1 to 3-4.
(3) Fire Fighting Planning
In these cases, the advanced point for fire fighting and the
operation base for fire fighting is the same as Case3-1 to 3-4.
(4) Run chart

The timeline and the correlation between the evacuation in each
floor and fire fighters is the same as Chart3-1 to 3-4.
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This is a case study for 7" International Conference on Performance-
Based Codes and Fire Safety Design Methods, 16-18 April 2008,
Auckland New Zealand.
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To carry out this case study, a working group was established jointly
by SPFE Japan Chapter. Voluntary experts have gathered.
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