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Case Study Building 1 Worker Housing
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Case Study 1:

Worker Housing

SFPE Japan Chapter Team

Y. Minegishi, Y. Koike, K. Takayama,
M. Fujimoto, M. Seike




SFPE Japan Chapter Team - Speakers

ZiEB g = 1LFE— AR IRTE e

PhD, PE, MSFPE, LA  MEng MEng MEng MEng, LA

E it 55 B 2 /:IFRI & TAKENAKA /AFRI AFRI

Akeno Facility Resilience Inc. Akeno Facility Resilience Inc. Akeno Facility Resilience Inc.
he's ‘ & 2022 = 2016
Past presentation in the SFPE-PBD conference
1l I 1l 1]
£32012, E82014, w2016, NEW!! NEW!! NEW!! NEW!!
=018 &W2020 & 2022 (presentation & in person) (presentation)

LA: Licensed Architect (first-grade), Japan, 1§kZZE+



SFPE Japan Chapter Team
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PhD. LA Supervisor:
Representative *El 7,5:2
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SFPE Japan Chapter
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Three Requirements for Structural Fire Resistance

TEEA

Safety of occupants

(explained in detail following slides)

RAIR

Preventing building
collapse

(explained in detail following slides)

N/ HB

Preventing spread of fire

to the neighborhood NCE-
- JIGN

(explained in detail following slides)




Target buildings

Requirement

£EEA

Safety of occupants

 Large number of occupants

* Unfamiliar occupants

* People with mobility
impairments

Structure should be
sustained for
evacuation/rescue

EEE#

SFPE Fire Safety Conference & Expo on
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Target buildings

Requirement

NI

Preventing building
collapse

* Large scale buildings

* High-rise buildings

Structural retention/
damage prevention
for adjacent buildings

J

KA
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Target buildings Requirement

1
Ji’& * Buildings located in
p . . -urbah-area— Remote area Prevent-urban-fire—
reventing spread of fire .
to the neighborhood WUI fire
whe J

the units of pods as
an owners’ property
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Structural requirements for our pods
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Solution has to satisfy all requirements
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AEAAA

Combustibles
are decreased

Fire

Burn out/ Structure is
Assumed Fire retained after the
continuance time fire burned out

Wooden member

ex)
Wood

WAZ 1E
VB
(Gypsum board,

mortal, etc.)

Sacrifice
layer

-

is the simplest.
« {7 (some are wood finishing)
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Required Structure
retention time

“QFR time”

QFR Wooden member

ex)
@ Wood

KA LATE

Structure will be collapsed after
required retention time
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RF structure QRF structure
— P
a) When a fire \ /

occurred in | - $
QFR structural area . -—
Some structural members
RF structure QRF structure are broken
b) When a fire \ _/ [
occurred in 1 | - 1 L
FR structural area A - j> -

Structure is self-sustained  (cE
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(Corner pods Omit the|pod or Huﬁ i.g :E - F‘ a) %IJ ‘,ﬁﬂ

(FR requirement is be theé ER
moderate) structure
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Allowable collapse Middle pods-
direction (FR requirement is severe)
. a) 2 X 2 layout D b) 3 X 3 layout c) 2 X nlayout
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Adjacent pod,

Smoke

shatt

Non-

combustible
wall

5y and beams

columns
and
—beams

L Smoke
shaft
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Explained later
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a) Collapse mode and heat release rate of the usual structure

HRR 4 /
The curve of standard
L/ compartment fire
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b) Collapse mode and heat release rate of the usual structure
when a fire spreads to the adjacent buildings

The fire curve considering the fire
/ spread to the adjacent pods

The curve of standard
compartment fire

~
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BERKIC & B HUKES

b) # - ZEMY K181E SQ-FR

‘T“ tJ: L\ (‘.: Self-defense fire
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i K Portable fire pump
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The building has
been collapsed
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Standard floor plan

Fire stop —©9
canopy

FR column

Smoke shaft

Openings

- -

Fire stop —
canopy

32

Balcony
Fire stop
cano
Apartment PY
32 m2 / QFR column
B~ =[] | staircase
ELV I Lobby Width: 900 mm
: : i - _
3 ) [ ‘ ‘ c
L ')< Apartment 3
e |ViE 1 E
+ Corridor _ Smoke
...... 74 E— | shaft
Apartment
______________________ — Fire stop
canopy
Balcony
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FR beam
N T/ P —_—

I Y | I |
CLT
Apartment Apartmen’t
:::: Balcony
partment _*—__ ApartmenFc J Handrail __'.
:::: —— RCslab ——
Apartment ‘—___ Apartmenf |
= |
|
|
Section a-a Elevation b-b Elevation c-c
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Z M Grenfell Tower fire in 2017. HLRRRTEALY
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How to substitute the second stairs (<= How to accept single stairs)

Aspects

Items

ED XS ICER
EREITHH

Firefighters’ activity

Enable stay put / within the height of fire truck ladder l This building

40

cannot rely on firefighters due to the remote location



1B TH 5 P 2%

How to substitute the second stairs (<= How to accept single stairs)

Aspects Items

ED XS ICER
EREITHH

ASET vs RSET
(deterministic)

B2) If smoke or fire enters the staircase, at least
the occupants on the upper floor from the
fire floor lose all their evacuation route.

Acceptable risk Major
(probabilistic) consideration

=

41
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R EAE LTI,

1fEEZTHh 5 P %

EABERE., (=L LEREH#EREER, X7V 77 -%4Lo

e, 10EREVRENLGEIA

Specification for single stairs Evacuation Floor area
P Sihgle STalS balcony (Occupational area)
Non FR structure: A < 200 m?
F=2 open stairs
Not ired FR structure: A < 400 m?
Outside ot require
3<F<5 Fire-compartmented staircase stairs Non FR structure: A< 100 m?
. 2
6<F Fire-compartmented staircase with vestibule Reauired FR structure: A<200 m
—\
AR 3
T n g=\Lia
Staircase rivurI dred

(single-stair/multiple stairs)

(Occupational area)

F<B3 Fire-compartmented staircase with
F<15 vestibule

To be a single-stair configuration, the condition of the above table must be satisfied. If
multiple stairs are prepared, all the stairs that reach to the floors shown in this table
must satisfy this table’s condition

F =1 is ground floor

42
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= /= pods

Standard floor plan

FR structure

Evacuation ——

hatch

FR column /

Smoke vent

45

Balcony

Apartment
32 m?

~%2

-l Evacuation

*—

[

Staircase
Width: 900 mm

—— Smoke vent

hatch

SFPE Fire Safety Conference & Expo on

§=7 PERFORMANCE-
g%g BASED DESIGN



—
sk
M

BD BEE @& J1

E
.

[Sileassly o ] Palsssly Falaaaslan| ! L :
Eslauuslivy T, | - - palessl [muanlin I§y Tl
Ui * i T WP e ‘ I TOm - L]

SF PE Fire Salety Conference & Expo on

§= PERFORMANCE.
g%ﬁ_ BASED DESIGN

17 19 APAL 2024 | COPENHAGEN. DENMARK



s S *’“l 2
2. Fire Resistance Design for
Structure and Compartment
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Building model

Sacrifice layer

Low-rise pods, FR

FR

High-rise pods, FR

For details, please see our report.

j Fire stop 'aveﬂ
SFPE Fire Sale

ifi ty Conference & Expo on
fRcolumn | Sacrifice layer FR beam §= PERFORMANCE-
SE€ BASED DESIGN




Criteria

NKMERE < RETTAERE

-

~N

N

QFR

; : >

Fire duration )

49

FR

—

Fire duration

For details, please see our report.

(of structural components)

SFPE

L

Fire Salety
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Criteria

isjéﬂ_ ‘JbH".l'FEﬁ

To shorten Wooden
| components
* Decrease the fire load | |H§ﬁﬂ Furniture, etc.
i Increase the [ | | | [ 1
opening area (width)
o
50 B€ BASED DESIGN



Criteria

e
< | RBMWANEFH
To extend
thicken the wooden
N : ___ > i sacrifice layer
&4
24mm - l but
96mm
ERT 30min rT120min~ Increase the fire load
SFPE FroSalety Conersnce s Expoof
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Criteria

NKMERE < RETTAERE

To shorten To extend
-[Decrease]the fire load Increase the wooden
‘\ sacrifice layer

. Increjc\se the | *E}i\x l

opening area (width) [Increase]the fire load
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Impact of ¥AZ L A& for R A M A BFME and A 5¢ A5 A5

HRR

A

FD

|

FRT 30min X Time

/

HRR

FD

N

__\
L >

HRR

FRT 60min X Time

FD

A N |

53

. Time
FRT 120min O

- 11 24dmm

_________

1 48mm

I 96mm

3”5 PERFORMANGE.

?E BASED DESIGN
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Verification of FD Fire resistance verification method in Japan

Wood Fire load
| Wooden
com ponents Total heating value of the flammable materials
|| H | F t t Qr = qAr + z:(QfAfdf) + 2fa(QiaAra + z:(QfaAfadfa))
i | urnicture, etc.
calorific value
= Heating value per second generated by combustion of the flammable materials g,
[ Sy E— |2 AFoOr detalls please see our report.
Afuel 70“fuelj \\TTe T - -=J--juceus
Fire duration ¢f tr = Qr/60qy Fire temperature rise coefficient a
2
dp 3
a=1280 ———
()
Equivalent fire duration t,, fon = max[z - ’Ar\/F
3
teq = tf (L)7 SFPE Flre safety Cc
460 '.:r PERFORMANCE-
%€ BASED DESIGN




Results: W E & 3 5 5x/NDFANE

Structures FRT opI:a/Ir:inr:rgn\l/Jvri:Ith
QFR-30 min 16 m
QFR-45 min 10 m
Low-rise QFR-60 min a
pods, QFR QFR-75 min 6m
QFR-90 min 5m
QFR-120 min 4m
Low-rise FR-60 min 9m
pods, FR FR-120 min 1m
High-rise FR-60 min 8m
pods, FR FR-120 min 1m

: —> Next step: Requirement from fire spread prevention

y ¢

ar

\ 4

|

\ 4

[l

SF PE Fire Salety Conference & Expo or
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Purpose

B Each apartment usually requires large glass window for comfort.

B In the event of a fire in a room, flames could erupt through its window.

We have to consider mainly
2 types of fire spread
by the opening jet plume.

Opening Jet Plume —|

ir':fsé- PERFORMANGE.

? BASED DESIGN

57



(1) Fire spread to the

(2) Fire spread to the

above apartments adjacent apartments

Radiant heat of the Jet Plume

1l

Radiant heat of
- the Jet Plume

58

L1l
|

L Heated by

the radiant heat

SFPE Fire Salety Conference & Expo on
P=7 PERFORMANCE-
52€ BASED DESIGN
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Fire spread to above
apartments

L
il
s &

[ ]
||
Radiant heat of \ Heated by
the Jet Plume the radiant heat

We try to find the optimal opening width etc.

in preventing fire spread to
both above and adjacent apartments.

SFPE Fire Salety Conference & Expo on

y=2 PERFORMANCE-
g% BASED DESIGN



Prediction of the height of the opening jet plume

Height of the Jet Plume

9 Opening jet plume —F
Y c21,=2205D Qp=—2 _
D S B 1116D25
L
Apartment ¢
K>2—>L _ZSQ*%D Q*_ Qef P
D~ ¢ 7B BT 1116W D15
——
Lc : Continuous Flame Height [m]
. . i Fire source surface of Apartment/
Qef : Heat of opening jet plume [kw] —————— Fieroott

D=

opening /
14

H
2

SFPE Fire Salety Conference & Expo on
P=% PERFORMANCE-
7€ BASED DESIGN



61

Installing balconies

Balcony ,
—_ Lc=Lc +Lg+ By
Apartment & Apartment e L'
I - " L Bd : the balcony depth [m]
— Ly
i — Ld : the length between the top of the opening
e ?ﬁiﬁﬁu and the upper floor level [m]
I Opening I
¢ Installing balconies has two purposes ~N

e Shortens the flame length running vertically

» Offsetting the distance between the jet plume and glass windows of the above apartments

- J

SFPE Fire Salaty Conference & Expo on

"a-.v PERFORMANCE-
ZE€ BASED DESIGN
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Does the jet plume reach

Initial pl
the above apartments? nitial plan

Low-rise pod High-rise pod
. We exa m i n e d th e p I u m e h e ig ht Width facing central staircase: ?;lcggoiiilgg outside:

. . . . . 5.600 mm . r;lgdjt(l)l lfi;illg outside:
with using opening dimensions “ ; o

: O\
and the balcony depth as variables K CH%?

2,400
Opening width | 1 - 12 [m] (increase by 1m)

1

More details :

4\|1

]
Total Window Width
7,000 mm

Total Window Width :
6,000 mm(2,000+4,000)

4V,

BaICOny depth 1.5, 3.0 [m] - ‘ 1= D Roémdepth:
EZI—:ZI\;T;S depth: 4/\ ] 4,850 mm
450mm <>

Please check our report! &

L]

i
/

% opening height is 2.4[m] [l / | 1L

Balcony depth: 1,500 mm

Balcony depth: 1,500 mm ’——/

SFPE Fire Salety Conference & Expo on

".z.r PERFORMANCE-
. SF€ BASED DESIGN



Results

The height of
the jet plumeis...

- :L./(B;=15m) e
LB = 3.0m) Low-rise pod

n+2F
I T O S S S PR D v___

o

'[m]

Fire source surface of
the opening jet plume

___5.___________.

\ -

(8]
—
=
I@ 6 A
o :
/ T ¢ ! Bd=1.5[m]
lcony | & ! _—
) g 4 : initial plan
= i | Bd=3.0[m] n+1F
H 3 A N TR - 2 - mr
E / g ] E N N
Apartme L'| | & | b~
oo - >
opening ~ | | nVF

FOR S 3 S (N o S N .
1 2 3 4 5 6 7 8 9 10 11 12 1 "
SFPE Fire Salaty Conference & Expo on

\ / Opening width W[m]
;E PERFORMANCE-

63 S5 BASED DESIGN

ENHAGEN, DENMAR




Results

The opening jet plume
reaches the above apartments

Initial plan Continuous

External Flame Heignt Lc' [m]

opening width plume height s
Low-rise 7m 3.16m 2

In most cases, preventing jet plume from
reaching the above apartments is impractical...

64

1 2 3 4 5 6 7 8 9

- :L./(By=15m)
:L.'(By = 3.0m)

............................................

initial plan

__________________________________________

Opening width W[m]

Low-rise pod

Fire Salety Conference & Expo on
§== PERFORMANGE-

".z'
37k BASED DESIGN



FREEBEDRHIEXTE

Jet plume reaches
the upper floors

B Calculate the radiant heat from
the jet plume to the upper
floors

B What building plans can
reduce the radiation heat
flux ?

SF"E PERFORMANGE.

?E BASED DESIGN



Y -
Radiationy

:
(.......: L2I
LN L II

L Criteria

Radiation

G‘:_.N

; q < 10kw/m?

Configuration factor

Equation of radiation heat flux
q = F.e0T§, + FpeoTy,

g: Heat flux due to radiation [kW/m?]

T_: Flame temperature of continuous flame height region
T : Flame temperature of the average flame height region
o: Stefan-Boltzmann constant (= 5.67 X 10-11) [kg/m?2K?]
€: Flame emissivity (= 1.0) [-]

F.=4Xf,
Fp=2x(ff -
1/ X
fc_ﬁ(m“‘

1 X
= tan
Ir =% <\/1 + X2

X=a/c,

Y.=b/c,

W.
&
C .~.

fe)

Y Y, X
n-1 < 4+ ¢ tan~! >

2
Vi+X \/1+YCZ

/1+YCZ
Y + i tan~1 X
2
Vi+X \/1+Yf2 11+,

Yf= (LZ —b)/C

SF PE Fire Salety Conference & Expo of

> PERFORMANCE.
¥E5E BASED DESIGN
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Results
NG

60 min QFR

q=39.6kwﬁz E

d%‘im

\

Window Width : 7.0[m]

/OK

Window Width
: 7.0[m]

\_

g=9.6kw/m < 10kW/m?

Section

PIan/

This will be an unrealistic value

for architectural design.

SFPE Fire Safety Conference & Expo on

J=7% PERFORMANCE-
SE€ BASED DESIGN
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/OK q=8.8kw/m <10kW/mz\

4

gl

)

\ Window Width : /

Width of the opening: no more than 1 m
Depth of the balcony: no less than 1.8 m

Very small windows

FPE Fire Salety Conference & Expo or
§== PERFORMANCE

'zv P -
37k BASED DESIGN



/oK N
q=8.8kW/mz<i - i 120 min FR

\

AL

\ Window Width : 1.0[m] /

Ex. 1 h fire-rated glass

difficult to install

expensive

Fire-rated
glass

ide

https://pyrosystem.co.jp/products/slimscreen/

Width of the opening: no more than 1 m

Depth of the balcony: no less than 1.8 m

SFPE Fire Safety Conference & Expo on

y=% PERFORMANCE-
2 BASED DESIGN



PRI BE D By IE X 2R

L | Criteria
q < 10kw/m?

Opening Width ng
: 7.0[m]
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AEE 5 4

Smoke Control =

Low Rise-pod

High Rise-pod

BipN
iy

it

2EEORYE K
Eb > bHRICIEEDEH DT

RKRDEDOERETHIEHEE

i
1

N

wl ﬁ
]
12.5m

A 4

A
N

Staircase

[l
1

]

NP

30m

12.5m

»

It is very important to protect the staircase from smoke in case of fire.

SFPE Fire Safety Confen

72

» PERFORMANCE-
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Smoke Control Method: Smoke Ventilation

1. Stair Pressurization

-

J

EHIEH DT =

.

2. Mechanical Smoke Extraction

4—

L3

i

3. Smoke Ventilation

e

-

73

™

—

J \

HEER = I3 B AYE % X F
FEERINIEXCHEMBBEIEIX, €41 7 FHB > TULEHEWLIER
ol IZBEEMEA BB ICFICADR L, AR FMPAVT
FTURAOFELDIDBEDOTARMEE, HBCIEERER

HPARELBAYEHISEOFEEISEL TW3B,

— : Not good for remote locations X

with a lack of infrastructure.

: Costly and require a lot of

maintenance.
__ : Not require machinery or \/
emergency power.
SFPE Fire Salety Conlerence & Expo on
=v PERFORMANCE-
§2€ BASED DESIGN




Smoke Control Strategies

74

ngh Rise-pod

n)ﬁpod
I BYES BV O TERHROBEHAE L
BEEREAY OENDHOFEEITH L W -HHHEFZ D
PEERRIEZRIT S | |
Low Rise-pod '
{EEpod ; g)
EYE S HEVOTEENRED e N\
=] E,gi)\,]\g s ’_ﬁmf 3
REF O TR CREAE Y DENS o [T T £
hERETD H|pslassing]ity | |
|
Building Hight 12m (Low) 30m (High)
Occupancy 12 units(4 units/floor) 36 units (4 units/floor)
Stack Effect
Strategies Managing Pressure Distribution Equipped with a vestibule
around the staircase. with a smoke vent.



Managing Pressure Distribution

AN

{E/Epod
EOPHORERE

ZEO7 7Y —FICHEO%ZKRETS
DHL—o2DFiE (TH¥AL v EoFIH)
BELWHZELHLHYRE—I Y7

hERIET D EEHEA

Winter Strategy

To lower the height of the neutral plane.
—>0pen the grand floor staircase door.

ZIG IR TERIZHEMBICEEICLE B D TH

0 :Opening | EEE 2 £ F1F 3 - KXUS S 1EH L TLRS

DPLERBEZ HENRMKT %

Positive
Pressure

75

Low Rise-pod

Open the Door «-----------------------

Pressure N

FEERRE Y DEN ST

Summer Strateg

To reduce the pressure
the fire room.

- lInstall the smoke shift.

Smoke Shaft \/

] /\\/
(%-90)
X7 \ J/

[EB AR ERA R AL
. . 6o B%EQEL:E%A*L#L\J: 5 ‘:-g—
Powered by Internal Batteries Durin 2z + 1= WS¢ EDFEH % FIF B3 HE

75“%50




Fire Safety Features

= Epod I3t XIS % £
REICKWEERLAEL

REDIZFETHLREEEIIEYICL
2N YE32L0TES
Epod®d Low Rise-pod High Rise-pod |~
NER L P ke
N JES R
0
— B 77
. = =1
i e
, {EBpodld—EEMAMERIRA |
Central Staircase Vv RS I- & Y EIES 2 TR S Y Vv
J | EEEGEHELETAEESRL _
Smoke Shaft I3 3+ | RET S 3 BB
Vestibule Ventilation - S —— RS
Structural Collapse Resistance X Structure \/  Structure

76

SEIZEEpodIcH T B IEXKDE

Simulate smoke control effectiveness.ﬁ MEES Ial—avll




:Outdoor © :Residence

i I BYADRE, K. EHhE%FHT B8R © SmokeShaft @ :Stair
SI mu Iatlons “/—)lzc‘.‘_ L—C].E‘/_V:Ej_'}l’%1§m <— :0Opening

Analysis Tool: Transient Single-Layer Zone Model

->Predicts temperature, airflow, and pressure differences.

- < 4F

Simulation Model: IHRJ : W

X

!Iu : L|JI
& /J
) _’]32 b ‘@I?ﬁ: e __334 Lﬂllﬂlzsﬁ; T
$Ial—YavEFL BB = | -
i 11 29 23 | 31
-/ 0 S
In —‘L/ -

4F

b R

- < 2F

o

N

o

) ~
]

w

o
2,

N

o

| C
T e NI

% E—— o

[

O

)3

=
.

)
A2

(0@
F’ﬁnll;‘lza) 03
EaERT <)) (o7) " " 0F

Connection of Openings

O
Oor—1
D“‘
O
THr
ﬁ
|5

77



e, Z S, S — & S/ %
Conditions | *32-—>3>o%#

Seasonal Simulations: Winter Summer
ZAIZLELE 1\ 0°C o 30°C
B EROHICET S m— | —
260 L TKBEFEE e | I e @ o _|300kwW
FE 1300k W (#DEA N %) 3 = || 22c F —>" || 26°c| | (Initial Fire)
Z8E . 1057 | 2%

I

n / & |300kwW ] |
1F > j (Initial Fire) r @J

- fl ] | FLL
KSE QBRI N
bfﬁ“:FﬁﬁL‘TL\ - 1 i [] i Z\| # 7 % 7 |7 7|| # 7z |7
% 1REE e
Fire Door y N Closed Open
Slightly Open —1<=——=2 EFOBEME > TVBEA [ruaies
78 T LRV BBAEEE [ easen DesiG




Criteria—

ST

\

Criterionl The Airflow direction goes from the staircase to the EV hall.

Stair

AHEEE]L ZROFNHIEED, OEFEAIARD > THERATWSH?

\___———

Stair

Air Flow — - e
Direction EV EV
hall hall
\/ 4> | X <+ |
- o - -
Yes ¢ No
Yes Criterion2
SEERELED A KRS \ Keep staircase temperature
“-I;I:EI:En:lza)Imr_h\ i rin fir .
CIERZORED r unchanged during a fire
'y Vv No

No smoke entry into the staircase. v/

Smoke entry into the staircase. X

79

FEEREANEHZA L EWL—O0K

FEEREANENRAT 5 —NG

Fire Safet
SFPvE PERFORMANGE.

EE BASED DESIGN




Results(Winter) — *2#*

- :Flow Direction

0.00 :Flow Rate [ kg/s]

(0.00) :Floor-Level Pressure
Differential [ Pa ]

————p

:Closed I
Opening 4 mmm :Slightly Open
mm :Open
—{0.01
0.01€~

(-1.05

KEND[E E TR DA

=l

(-11.09)

[20°C]
5Pl

0.08

'_L.

17°c] (10.24)
07 o087

R%ZRY
ZHAHEWVLTUWABIEA.
FE-TuLWaEaWnd

NHEJDFNIIPEER

EboERAINED D,

AEiEAE] & w7
LTw3,

N

80

( 1.4‘5'\ 2F
17°C 0.12
10°C 174°C €= (-29.63)
014 4>
(-22.07) © I
0.38
(-8.31)

0.01€=
(-0.99

il v .
| [ e—U o
0.01 -1.08
(0.07)_> ( 0.02):.?
[2°C] ——70.04%
10.01 : £(-2.67)-

|
(-1.58)
#0.01
[22°C]
(0.66) . oc1 (0.27)
0.01 110°C1 | [27°¢] (027

0.01 0.01
(-1.27)
|
27°C 0.05
10°C 69°C
0.04
(-2.67), 0.11 9
(-1.80)

Criterionl The Airflow direction goes from the staircase to the EV hall.

2F

v



Results(Summer) - =o#=

- :Flow Direction (3‘32)
0.00 :Flow Rate [ kg/s] '

BHFLTLBBERES
DFENITEFAD 5 EERE
Bl~FED S

| AN

Differential [ Pa ]

(0.00) :Floor-Level Pressure \ Crlterlonl \//—B

=]

/1

:Closed i 'T‘ = [194°c1{_]
Opening 4 mmm :Slightly Open 005 R| (467) 0.08
r

(-0.02)
0.01

mmm :Open 001 (30°C1” | HHOOG (-5.30) 0.01 278
0.057> £i(-5.19 910(:]—‘@0—0—; — —(0.03 7| 0.01 == 06l
[26°C] eect|| ; _ (-2.92
0.23 (-10.89) 27 1 Nl
T Y. i AEs 4 uE e Lon
: " ( _
= 3 3 i E] L
‘ri quﬁgﬁiﬁ— 1 % 7% f: -g- ((L>'o/1‘) 0.01 (0.02) 0.01
(-6.85) (-5.51)
[26°C] [26°C]
) I — Aok e 1 I B aitabsobsbiniot o ey b T
L e 1
0.01 0.01
‘!-0.08\ 4F |l-o.09\
- Temperature :j -
43°C von 0.05 28°C ) Jazc | o
29°C 04 Josc €4 (1089) Unchanged oo < 102°C
EE podic¥HiT 5 EXROEWE%E 006 —=> Wl 022 I A om
alb—Y a3 THRETE e 9 B EREDREIE o0 T &)
S} 3 i < IHf (-5.30) SLTVWAEVLWDT J‘_,f (-1.85)
(53 SRR % T T

81

Criterion2 Keep staircase temperature unchanged during a fire. v/
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Results of verifications

83

1) KK HEEERTRE - RA AR E
HOEZAE KT IRENDH D, |

2) _EREEERED RS IE Conflict
FME: 1 mLAh |

3) FEtEA D IEBERS IE
FOBAKEWNTE, BREDBREARELLT S
WENDH B,

4) FEER~DIEEARSLE



Solution

Fa'ﬁEILBﬁA ax fi &
%75

AR b THA Y HEEED

FHZEZ 5 EHEEFNTIEA W

- REMAIFHEZ
k<75

jl> EERIC,

384

BERS M AREE

IS %,

| . |~ FR-2h
LE@) @ ttttttttt — 1.8m
e—ere—e
l rment Al Apartment i /EHandrai
@@ T@®—@®
l rtment Apartment [ aa
[ -
LE | . __Fire-rated
[ /] 1. |~ slass-2h
LI - b-b

SF Pt PERFORMANGE.

'@E BASED DESIGN



85

e OX MMEHF LY,
T AEDOREORSA /N AR L

PINPE
e XV — bk

SR

ANS'S

E-I_T\‘j: 7,—6: \J\o o o

SFPE Fire Safety Conference & Expo on
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1 X 1 layout FTRREET T s
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CDEIICHHEICHEBR DT, 5FEICERAT S

Lﬁ_lzrftjiﬂ! T‘ % % : (‘_’_ we assumed public firefighters are difficult to access quickly.

* If the buildings are located in urban areas in Japan, firefighters can
access the fire site approximately 8-15 min after fire perception.

* Preventing vertical fire spread of approximately 20—30 min will
effectively support the firefighters' activity.

PodzZBEIETEHET S L

If a pod collapses but does not lean to the adjacent pods or ignite them
by radiation, the approach to allow the collapse is feasible
if only the occupants’ safety is secured.

iffé PERFORMANGE.

37 ? BASED DESIGN



BB Iz

EWD 2 ET,
R[EE,

BEROZISMzHAFTLTVLETO

Fire spread to above
apartments

-_//\

\

Smoke Shaft v

OK
g=8.8kw/m | 3 i A
- 120 m_'"i 311 m | ""Jv/'w_ X/\
( P
= EEE )
| . 2 .j‘ \
Fire-rated gl s <
| .e rated glass £y /
T y E— ﬁ— \
Dy [
O iy Q
Window Width : 1.0[m] ';JJ_ +

88

2F

1F

VT THAVOARDBE

Non-FR

solution
Requirement

towton
Requirement \
Requirement

X
\
P N \
SR
N
\
IR
RN
\

Occupant [ . o T ‘ Large scale

SFPE Fire Safety Conference & Expo on
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SF‘PE Japan Chapter Team

Y. Minegishi, Y. Koike, K. T’akaya'ma, M. Fujimoto, M. Seike,

A.flo, M=Enomoto, S. Tsuchiya sg;; ey e g
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—a——9VFF—LA

Q@S /N—
NP ILR Y FEICK B5E

HEEIL24

@ Martin Feeney

[

@ Principal and Senior Fire

Engineer
Holmes ANZ

Sherry Wang
Senior Fire Engineer
Origin Fire Consultants Ltd

¢
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@5 EERHEE (Worker Housing)

—

AR 12

12.5m

1707IZ4EF

AEETULE (BES3.0 m)

e |BR| E=

e |BR| &=

§I ge |pm| ez

EV
Charging

utility |FPEE®

(e ]

0\
752 \

R [ZFEERTA

v

flRE =

_—|—_—|—/f7l—d~ [./

+ PEER 1A Tabt
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- FLEMBEX

- EFHE
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TUWTE&%W&«”%
- _l|

| Bridge connects building

' to each other for escape -‘*
4
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Roof

12fE & EE
EYERT

- s{—* ' s
- | i FEERAIC

B K BE

[(PER 128] (B S A RIIANGE
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Nt

>0

N

R DDA X —

Mk

Roof

| FRR/-/90/90 SM
Fire Door

Apartment
levels

&
Apt
Apt
3
| |
| S |
| |
I
| a |
£
Apt
1
- 3
£
Apt
Apt
]
Apt % Apt Apt Apt
Apt Apt Apt Apt
.
1 1 1 1
| | | |
| | | |
| | | |
| | | |
1 1 1 1
Apt Apt Apt
£
Apt Ea Apt Apt
£
Apt Apt Apt
3
Apt Apt Apt
=] uIn;_l:—mnll; Commeal Dining go:mll?ml [
bafery charging & Lounge & e i

GF

SFPE

e

Fire & alv ol 8 & EXpo 0
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Q@ELEICOWT

M ECEETE (I L Y
[ AR T D Bt P BE B & FEE (R

(&

- HEDFRICL Y
FOSDORE & Z &R

Apartment Floor Full Layout
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WFELTWS

12500

f600
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. 2000

1600 FQQSDQ_
. 1
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600

1
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ZFTid,

_1_1BDU

=
_l_ 3000

[l
3700

1500&#91
600

2000

RN CTHICEZRE

Area shaded by radiation screens

%

Radiation screens
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@B EIFRIIC DL T
FEHEICI Y, 11BS (26aA) DEEIFHZEE

1 St e 2 IEF
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Gianluca De San " Elie Deniau Lucie Favre-Bulle A Abdulhameed Morsy
3 ¥ Risk and Fire Safety , Student Student e \echanical Engineer
Basler & Hofmann A Basler & Hofmann Basler & Hofmann } Basler & Hofmann AG

BFH - Bern Universi Student 2V Fire Engineering Exper Prof. BFH, Fire Protection of
Applied Sciences Basler & Hofmann Basler & Hofmann AG Timber Structures
Berner Fachhochschule BFH
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| Student Victor Paganini f . Jakob Studhalter _ .\ Christoph Renfer
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T Not acceptable trial design
Wﬁé?éﬁ%ﬁt:%@ﬁ?’%%ﬂ%ﬁ\ (individual risk too high)
T00BRAAR7 7 v EBRRWES
(1,170,249,500/3)

Acceptable and efficient trial desing, but
there are more efficient ones

Optimal trial design

/

Acceptable, but not efficient trial design
(risk reduction too costly)

Annual risk
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Marginal cost line
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Timber frame.

Picture
Outside External Cladding + | Plaster + Plaster + Plaster + wood fibre
composition Vertical Battens Polystyrene Polystyrene insulation board
Aussenwandverkleidung | Putzsystem + Putzsystem + Putzsystem +
+ Lattung versetzt Polystyrol Polystyrol Holzfaserdammplatte
Thickness[mm] | 256,5 to 416,5 259,0 to 419,0 214,0t0 364,0 | 262,0 to 342,0
REl inside[min] | 60 to 90 60 to 90 60 to 90 60 to 90
outside[min] | 60 to 90 60 to 90 60 to 90 60 to 90
Reference awrhhi0lb awropio2b awropo01b awropol7b

Data from dataholz.eu
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Dr. Georgina Williams Dr. Simdn Santamaria Frances Maria Peacock
I . Technical Development Director Fire Engineer | Facade Fire
Principal Engineer | Hydrock Hydr%ck | gConsulltan'gs
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Co-living / Co-working Facility

7+

Three-level building

Atrium: 20x 20 m

Floor space:
6400m?
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B S N TL 3 F — L (International Master of Science in Fire Safety Engineering)

=4 ‘Farith Hinojosa Coca,
Cohort 2021 Indonesia Cohort 2021 Philippines Cohort 2022 Bolivia

'Deonisius Aprisa, " Gizelle Jamero,
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KITCHEN/BAR

c1

RETAIL

RETAIL
Cc2

CASINO

RETAIL
Al

RETAIL
C3

RETAIL
c4

§

RETAIL
B1

RETAIL
A2

a

Casino

Occupant Density: 3.1m?/person
* Based on Hall 1966 definition of
intimate space

Total Count: 500 Occupants

Retail

Occupant Density: 3.3m?%/person

* Based on retail space CCTV
surveillance in Wuhan, 2014.

Total Count: 980 Occu pa nts
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ORIt

- EADRBETNRICED. BY) Stakeholder Objectives
IR A i SOl Cools j gn Obj

C TS w1 A — N FAEFTD NS Life Safety Maximize tenability condition Allow occupants to safely
for occupants evacuate from the building and
ER -
Eﬂ;%l}%;zﬁfg ERIE S US minimize their exposure to
R R untenable smoke levels
Prevent loss of life in the Provide active and passive
_—— compartment of fire source or  protection to prevent fire
@Iiiﬂ-)w% any point within the building development before flashover
fﬁiﬁﬁﬁﬁﬁ% Z=EZE L=k n] Environmental Maximize utilization of recycled Incorporate sustainable products
BERERETRICT 5 Protection and/or carbon sequestering in the design

materials, e.g. mass timber

Prevent loss of material during  Provide active and passive
fire incidents protection to prevent fire
development before flashover
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{4 & ==
ﬂ& “/ j- U j- 0) I*LE\E 1 Casino Wooden kiosk Electrical failure or fault Occasional Minor Acceptable risk

Nearby electrical failure or

2 Casino Upholstered furniture fire arson Rare Minor Acceptable risk
ChT/ ’ Z) J AR 7‘3‘ &D 3 Casino Gambling table fire Electrical fault or arson Rare Minor Acceptable risk
<< A=
NKY R T %R 4 Casino  Slot machines fire Electrical fault Rare Major Hg?cceptable
5 Office Notebook computer fire ~ Thermal runaway Unlikely Moderate  Acceptable risk
- h¥/ /:\: v F \//tl:%,ﬁfi/ 6 Casino Bar fire Electrical failure or fault Rare Minor Acceptable risk
7 I\ U '_7 A —(\‘ 0) ﬁ K % %EE 7 Hostel Kitchen fire g“rl?raen error or electrical Occasional Moderate ﬁ?ﬁcceptable
8 Retail Cooking appliance fire Human error or electrical Occasional Moderate Unacceptable
failure risk
9 Atrium Christmas Tree Human error or electrical Rare Moderate Hg\l?cceptable
KITCHEN / BAR
OFFICE OFFICE OFFICE OFFICE

CASINO

.

—
RETAIL RETAIL RETAIL RETAIL
c1 c2 c3 c4 OFFICE OFFICE

OFFICE OFFICE

RETAIL
Al

RETAIL RETAIL

A

OFFICE OFFICE OFFICE OFFICE » E Fire Salety Conlerence & Expo on
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Occupant
Type

Adult
Children

Elderly

General

~ Disability |

Wheelchair

0.81

0.69

1.09

1502

0.69

0.26

0.13

General Population

1.35 -

- | Bangkok CBD pedestrian Observations conducted by
' . Tanaborinoon and Guyano.

0.95 -

Occupants with Disability

Five-day centres across the UK, with no aid required from
others. Boyce et al.
Same day centre dataset, but with focus only on

1.35 0.38

1.35 0.35
wheelchair users.
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