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ABSTRACT

Keywords : Air-conditioning and smoke exhaust, staircase pressurization, ceiling space

smoke control

1. Introduction

It was known that air-conditioning operation may affect smoke control.
However it can be designed for smoke exhaust to elevate fire safety. There are some
international standards on zone pressure control. Therefore it is important to
investigate the practice and feasible design so to prevent smoke spread to non-fire
zones. It was found in a previous research there are benefits of using ceiling space for
smoke exhaust, further investigation on the installation would be needed. A
handbook written in a previous project has to be updated with newly developed
design standards. The handbook needs to be revised.

2. Research methods

It was found in the literature study that many nations such as United States,
China and Japan, etc., have established standards regarding integration of ducting for
air-conditioning and smoke exhaust. Some of the standards were abstracted into
Chinese for further understanding and comparative study.

Two seminars were held to solicit reviews on the findings of this research. The
reviewers include professions in architect, air-conditioning, smoke management, and
government officials. The reviews were considered in the further investigation.

Computer modeling and field tests were carried out in this research. A building
case was tested for the spread of smoke through the ducting and the advantages of
integration of ducting of air-conditioning. For the ceiling space smoke exhaust
computer and appropriate methods of installation were studied.

3. Important findings

Some of the important findings are as follows:

(1) The pressurization design standards of many nations such as United States,
Japan and China, can be applied to staircase and evacuation routes for fire safety.

When the air-conditioning ducting used for smoke exhaust, higher safety during

Xiv



evacuation can be realized.

(2) NFPA standard 92(2015 edition) and NFPA 90A(2015 edition) were abstracted

for practical use and as a reference for government regulation amendment.

(3) IBC(International Building Code) of United States takes pressurized staircase

as smoke proof enclosure, as refuge space for timely evacuation.

(4) Field tests show that air-conditioning can be used for smoke exhaust to prevent
smoke spread to non-fire zones. The computer modeling verified that it has

advantages over the current practice.

(5) Pressurization of staircase can be considered in the performance codes of Route
B and Route C, so to maintain the safety of non-fire zones. The previous handbook

on staircase pressurization was revised.

(6) Smoke exhaust through ceiling was found to be feasible, either for
partition in ceiling or not, slower smoke decent can be achieved. Installation

methods were proposed to reduce risk.

4. Proposals

The above research findings are proposed for practical use and in the regulation

(1) The basis of design for integration of ducting of air-conditioning and
smoke exhaust includes dampers, insulation and fire proof, damper control,

etc., so to prevent fire smoke spread to non-fire zones.

(2) Smoke accumulation in ceiling with smoke exhaust is feasible through the
installation of smoke dampers in ceiling and on the ceiling. The facilities in
the ceiling space have to be conformed to the requirement of high

temperature.

(3) Staircase pressurization was proposed referring to standards of nations
such as United States, United Kingdom, Japan and China. Design calculation

was provided for practical design. It is proposed that staircase pressurization

XV



be included in the performance codes of Route B and Route C. Holistic
approach that considers the entire evacuation routes is to be considered from
the lobby to the smoke lobby and finally to the staircase. The calculation
scheme includes the door opening, critical air speed, selection of dampers,

fans, and ducts are given.
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2003 w2 % & o F 5 Recommended Practice for Smoke-Control

Systems(“F43 & Sk phaE k) » HER A & 5 0 F RipdlE o]

(1) PrEEr»HF ~HEX AN FHRFS - TP FEEIHFUTRR
2 BERLR AL
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. 2006 +# %= is:xfL 5 NFPA 92A - Standard for Smoke-Control Systems

Utilizing Barriers and Pressure Differences » i=F# d 2% 3+ 3% (gQuidance)# =

3 %% (standard)2- 3+ i > 2009 & 5 R T fAE L E 0 Ao
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A RBEST 2 REREG
1. NFPA 90A, Standard for the installation of Air-conditioning and Ventilating
Systems, 2015[12].
2. NFPA 90A, Handbook, 2015[13].
3. NFPA 92, Standard on Smoke Control Systems, 2015[5].
4. IBC Handbook, 2012[3].

NFPA 90A (2015) i B ATz & » B/ 7 A HWE b KB 1 H 22
B PR LIRS FP AR AN LK ENFER f g AL
P N FABLTA AR AP TR ARE R - SRR TR EAY
BEE 0 2 EAPM N B R s SRt R AR B At 2 L AT e

NFPA 90A Standard for the Installation of Air-Conditioning and Ventilating
Systems » 4p B 3 & 4o #1on

Chapter 5 Integration of a Ventilation and Air-Conditioning System(s) with
Building Construction

5.1 Air-Handling Equipment Rooms.

5.1.2 Air-Handling Equipment Rooms Used as Plenum Space.

5.1.3 Air-Handling Equipment Rooms That Have Air Ducts That Open
Directly into a Shaft.

5.2 Building Construction.

5.3* Penetrations — Protection of Openings.

5.4 Fire Dampers, Smoke Dampers, and Ceiling Dampers.

Chapter 6 Controls

Chapter 7 Acceptance Testing
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NFPAR 90AStandard for the Installation of Air-Conditioning and Ventilating
Systems Handbook 2015 » #4p i & & 4o #7157 ©

Chapter 4 HVAC Systems

4.1 General Requirements for Equipment.

4.2 System Components, Outside Air Intakes, Air Cleaners and Air Filters,
Fans, Air-Cooling and Heating Equipment.

4.3 Air Distribution.

4.4 Materials.

4.4.1* Noncombustible Material.

Chapter 5 Integration of a Ventilation and Air-Conditioning System(s) with
Building Construction

5.1 Air-Handling Equipment Rooms.

5.4.6 Damper Location Information.

Chapter 6 Controls

Chapter 7 Acceptance Testing

h AT T NFPA 92 R i3 92A 2 2B & 5 - » P ena b VBT &
Mz R BREBEATOIARTE D LRI RA 2 REZANT EIH
AR AR A 2 2 97 0 ARBE R & AT Aon o
Chapter 6 Building Equipment and Controls
6.2* Heating, Ventilating, and Air-Conditioning (HVAC)
6.21General. 7 A X HEXF 22X E ]
6.2.2 Outside Air. z 4 % SLE & 51 » b 5 40 B
623 MBIEM PRI AL F L R
6.24 FFhis2iER b B2 G
6.3 Smoke Dampers. # & ANSI/UL 555S, Standard for Smoke Dampers./UL

555, Standard for Fire Dampers
6.4.3 HVAC System Controls. #-% #5717 5 & L i
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IBC Handbook (2012) 3 % W22 AR REFEATZ WA - N F o 707 L SR

R HP UETRES 10X /I AP R T

Chapter 7. FIRE AND SMOKE PROTECTION FEATURES
Section 709 Smoke Barriers

Section 710 Smoke Partitions

Section 712 Vertical Openings

Section 713 Shaft Enclosures

Section 717 Ducts and Air Transfer Openings

Chapter 10. MEANS OF EGRESS

Section 1003 General Means of Egress

Section 1009 Stairways

Section 1016 Exit Access Travel Distance
Section 1022 Interior Exit Stairways and Ramps
Section 1023 Exit Passageways

M ERARBER VELTH LRI G PEFER 1 2 2 AR

EAH S R ATH Y R R R R ot LR ERATIRE SRR .
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AR 2 3G 4B 2.1~2.4 1o o

NFPA® 90A

Standard for the Installation
of Air-Conditioning and
Ventilating Systems

NFPA® 92

Standard for
Smoke Control Systems

2015 Edition "
2015 Edition
NFPA (%k"‘-f::‘wv NFPA
o - M- A NFPAS | Botrymart Park Oy, MADZI057471. Uo4
Bl 2.1  NFPA90A, Standard, 2015 B 2.3 NFPA 92, Standard, 2015

CY ENEE A Nik))

NFPA® 90A

Standard for the Installation
of Air-Conditioning and
Ventilating Systems
Handbook 2015

Second Edition

Annotated by Allan Fraser

Dl

NFPA, 1 Battoryrarch Pask, Quincy, MA 02169-7471

An Intemational Codes and Standards Organization

B 2.2 NFPA 90A, Handbook, 2015

L ES RS Y Nik)
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AFL 5 FRRRE R T 3 AAR M SR et 1247 0 B Y

2.3.1 NFPA 90A, Handbook, 2015
1. PE®RSINE R 4R 2.5 #75F o
A.3.3.25 Smoke Barrier. A smoke barrier might be vertically or
horizontally aligned, such as a wall, floor, or ceiling assembly. A

smoke barrier might or might not have a fire resistance rating. See
NFPA101, Life Safety Code, Chapter 8, for additional guidance.

9 Fire-rated roof-cailing assembly i . & 4
3 o ) Smoke barrier = smoke curtain
= : ~ N
FIO S ) & -d-k ek ik ' ‘Q (24)
M Protection at these penetrations needs 'Io oonlorm FD, see 5.3, ‘ 8 Q, st
an the rated roof- er! assembly, see 5 R T £
N '.nc 3 [ w HO?ﬂou K
FO [y FD.506 532 o, 'e"" 4] — seesas
Col-—Sec 43838 430 \ Loevice R ‘ _
E ; =R R o S - 1| : 5
r ﬁ.: 3 0 T T a5 a = Q 2
H 1T I ! it | N /
N — @ : =3 = N N
fo N Nonrated 4 1) '\Q x
LTl Sec 43838 430 ey ﬁ \'_ - _k N
= e o - = = 5 = = | e =
Ly o & -S4 b i
- - = - N - 22in.
T et o = = = = AN = =15 Q i 560 53462
MNeea 53486 FD. 2-hr partition Smoke. hnmer i FD \\\ N !
Fo > e nad —the  see535 __ i[SDsed - R N o N 2
Fleturn ) ,:I . 1 FD, see 5.3.2 | N partiion (1) nils3 (18} N N @ N {i8)
air, see sl | Fsgesses = g el e Y SR e TR Tl Peroa) Peere
43131 LT K 3 & e | I - iy O ™ VicE
asaaa|t-l7| S, : I + N
b S =+ = = = or bt R T O N NS N N —~
See 53.4.1 1+ I:t‘:" FD D Arbanser | an i+ nfllﬁj partition I'_-.:ss than 2 hours =N I @ g § @ N
h opening < 1 | Alr transler opening, r (9 .‘\\. N iy
o ||~—See 43838430 _FD—]  see5312 g - . N
A H - : ; :\ \ L I s )
al s ErrsTer s e e S = it ST > =
N Tf 56053518535 Fo 9 N §gmr:;v«‘
3 SDs (nol raquired if == = - -t
Iy Ou:fnsdlz o = g . hrpation '§ connon 2 X s, s00 5311 Nl N sebaam
e 4 ) N @ N FoeD provided)  partion & (or combination FD/SD, N
k] = smoka bamier  goq5.3.5.2) = ~ N (8}
FD, see 4.21.2 N+ See513 Fo ] Air ransfer opening, N O 5 N (&
S TR N = 5 e 5312 = B TN N IR R BB a6 B PG
Notes: A 3 3.25 S'mulsl. B.]rnu' A -moLt barrier might be vertically

or horizontally aligned, such as a wall, floor, or ceiling assem-
bly. A smoke barrier might or might not have a fire resistance

F
(3).... = Space identication rating. See NFPA 101, Life Safety Code, Chapter 8, for additional
guidance.

Bl 25 BE®RITIE
(&~ B2 p %}%’?1,%[13])
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4.3.11.6 Wall or Ceiling Finish in Plenums.

4.3.11.6.1 Wall or ceiling finish in plenums, except as indicated in
4.3.11.6.2, shall be noncombustible or shall exhibit a flame spread
index of 25 or less and a smoke developed index of 50 or less, when
tested in accordance with ASTM E 84*, Standard Test Method for
Surface Burning Characteristics of Building Materials, or ANSI/UL
723, Standard for Test for Surface Burning Characteristics of Building
Materials, at the maximum thickness intended for use.

*Asbestos-cement board has a FSI value of 0, and red oak wood has 100.
ASTM E 84

*SDI is a measure of the concentration of smoke a material emits as it
burns, asbestos-cement board has a value of 0, and red oak wood has
100.

3. ¥h Mk K

4.3* Air Distribution.

4.3.1 Air Ducts.

4.3.1.1 Air ducts shall be constructed of iron, steel, aluminum, copper,
concrete, masonry, or clay tile, except as otherwise permitted in
43.1.20r43.13.

4.3.1.2 Class 0* or Class 1* rigid or flexible air ducts tested in
accordance with ANSI/UL 181, Standard for Safety Factory-Made Air
Ducts and Air Connectors, and installed in conformance with the
conditions of listing shall be permitted to be used for ducts where air
temperature in the ducts does not exceed 121°C (250°F) or where used
as vertical ducts serving not more than two adjacent stories in height.

4.3.1.3 Gypsum Board Air Ducts.

4.3.1.3.1 Gypsum board having a flame spread index not exceeding 25
without evidence of continued progressive combustion and a smoke
developed index not exceeding 50 when tested in accordance with
ASTM E 84, Standard Test Method for Surface Burning
Characteristics of Building Materials, orANSI/UL 723, Standard for

20



Test for Surface Burning Characteristics of Building Materials, shall
be permitted to be used for negative pressure exhaust and return ducts
where the temperature of the conveyed air does not exceed 52°C
(125°F) in normal service.

*Class 0 - Air ducts and air connectors having surface burning
characteristics of zero.

*Class 1 - Air ducts and air connectors having a flame-spread index of
not over 25 without evidence of continued progressive combustion and

a smoke-developed index of not over 50.

4. BT R P2

5.3.5 Smoke Barriers.

5.3.5.1 Smoke dampers shall be installed at or adjacent to the point
where air ducts pass through required smoke barriers, but in no case
shall a smoke damper be installed more than 0.6 m (2 ft) from the
barrier or after the first air duct inlet or outlet, whichever is closer to
the smoke barrier, unless otherwise permitted by 5.3.5.1.1 through
5.3.5.15.

5.3.5.1.1 Smoke dampers shall not be required on air systems other than
where necessary for the proper functioning of that system where the
system is designed specifically to accomplish the following:

(1) Function as an engineered smoke-control system, including the
provision of continuous air movement with the air-handling system

(2) Provide air to other areas of the building during a fire emergency

(3) Provide pressure differentials during a fire emergency
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2.3.2 NFPA 92, Standard, 2015
1. 7% % %1 (smoke barrier) ¥_% 3 7 ' e & §E 2
4.8* Zoned Smoke Control.
4.8.1 Smoke Control Zones.
4.8.1.1 When zoned smoke control is to be used to provide containment,
the building shall be divided into smoke control zones, with each zone

separated from the others by smoke barriers.

2. M0 p RS R o Fh T
4.8.2 Smoke Zone Exhaust.
4.8.2.1 The smoke zone exhaust shall discharge to the outside of the
building.
4.8.2.2 The smoke zone exhaust shall be permitted to be either

mechanical or natural ventilation.

I EWHRTE > BEEBPIE L
8.4.6.6 Smoke Refuge Area.
8.4.6.6.1 A smoke refuge area shall be treated as a zone in a zoned
smoke control system.
(1) ZTHEFLRTERBPIE A
8.4.6.7.3 Elevator Pressurization and Zoned Smoke Control System.
8.4.6.7.3.1 The elevator pressurization system shall be considered as one

zone in a zoned smoke control system.
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2.3.3 IBC Handbook, 2012.

L. ¥ B % $1(407.5) 4@ 2.6 “FF -
Section 709 Smoke barrier
The use of smoke barrier is assigned to those portions of buildings
intended to provide refuge to occupants who may not be able to exit

the building in a timely manner.

2. B B v R R AR
Section 1022.10 Smoke proof enclosures and pressurized stairways and
ramp
It is required that all exits in such buildings be smoke proof enclosures
or pressurized stairways for each of the exits that serve seven stories
where floor surface is located more than 75 feet above the level of fire
department vehicle access or more than 30 feet below the level of exit

discharge serving such floor level.

tefuge area sized at: 20-minute opening protectives per ,
130 sq ft/patient where confined to beds Sections 709.5 and 716.5.3 (see exception
|6 sq ft/patient where not confined to beds 2){1?1'??13}%?:&1:;rdgggsr»evays i
Section 1008.1.1
Patient / Rooms
| s
%
il Service area sthii,ens m
=
= *
lI\/I__ax  travel of 200 f _.% 3]
: e Independent
= Patient /4 Rooms egress
-
o
. . I
Provide 1-hour smoke barrier in —/ Maximum compartment
accordance with Section 709 size of 22,500 sq ft

For SI: 1 inch = 25.4 mm, 1 square foot = 0.093 m2.

B 2.6 %51‘;‘25'1"1]‘7? EELIT R B
(A @Zp 57 < p[3])
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Y= % TrolkE#EEe FDS &V

F- 8 TrREERS

i dd 4 et h Y o KR FE GNP 3 0 E HdciE #5502 (Direct Numerical
Simulation » DNS) ~ T 351 ¥ o578 /2 (Reynolds Averaged Navier-Stokes Equation
modelling > RANS) 2 + /& /i fic#t (Large Eddy Simulation > LES) -

® E#ciE fickei2 (Direct Numerical Simulation » DNS)
E FdciE ostis (DNS) e 4% /2% ¥ 7 & ¢ Navier-Stokes > 4%3% » i 2b1u
TR EE T B e Ria FE B R I B opF ik
B GREREF S TN E A LR

A4 chliciE S E 0 B R ARG S 255 2 Navier-Stokes = #23% o gLy % BN

(Dynamic Viscosity) > @ 7 & * i i@ BXK

BT AL RRE R > Ka 50 RN i R A R R <

Bl o] Flf4ciE g 0 B4 cnf BEfE T R 2 e P 5 X ¢ & (Kolmogorov

micro-scale) » 12 % s dic s 10%h= T R K B L b0 93 5x107 e B -

EH- PR A E (TG 5 1005 3t E 0 RN E e B dciE 5x10

VIR PR R R R R ot RRATE R S A

THaE R FE c PRS2 AR MNT E R JE R FE R 274
7

* RS AR AL o Flpt > 2 DNS 23 E G R B YN LR L RS T

2. T ¥ai TR R
(Reynolds Averaged Navier-Stokes Equation modelling » RANS)

T ait T 2 (RANS)HB-GR S 20 & o) R ST gL 2 TR 0
T2 o HesS A AR 3 en E siopk 4 fic(Effective Viscosity) 0 5 2 P~ Navier-
Stokes = Az inHTIOEE AP E AL TREBRAFT AL 2B LR
B P FE RN E RS St Aph o FIM I E N7 B oG
AR F A PFERB R IR o {1 BRI L A#H S RANS i ¥ &2
A FE AR R AR S AL B g R N i
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3. * o fic#t (Large Eddy Simulation - LES)

g (LES) A4 Deardorff (1970)# 1 » i 4 *t DNS 2 T 3ot ¥ gyt
E 2 EE 5N o R R IR E T 2 fip & e (Frequency domain) gt pEF R 38
(Time domain)® » @3+ 5 < >4 2 - (Grid Scale)z i in » #| > g4 = -} 2 %
iff 2% K R 0 =t g 12 805 (Sub-grid Scale Model, SGS model) % 77 2. > i 7 K7 iR
Poehd Gifed A PR 0 BRI IARN 0 F R Y B 2R
§ o -

gd LES #7838 v EREarF 2Rt L2 25 (Chaos) » £ 3R R
b RFARE AR TR R R T TP REFERELVEARAS B R
“ o FDS p w4z * LES 538 > H AR 2 3 ok o & LR P R A
B2 FE V4 LES #55% i 7R o
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MR R EEHRAT VL LEFT AL N - BT HA G RER
(Zone model) ¥z -3¢ (Field model) = & -

1. % % #5-7" (Zone model)

3

B 2 R AP P LRMAEFI BRE EBREN L HA P

Lo 7L§'Ti’%ﬁ(4if' TERE /%}ii)i”’% £18 /.w.{ﬁ)é]f— (1597 e k%] o T I P3N

TR

B AR R

oF
?ﬂvéﬂr@w’mm\kméﬁ\@m/%’uaﬁ%a

SRR AT o R RN L KRS 5 M (Implicit) 3] ¢ o AT

BETEE KBS A A ATE S AN S EE S 2 & )\ﬁgj)\ﬁ;ﬁi IR G R S

BERECETF A ZPFEEN o BB R AR T IHBNSELF > i1 1D

Technique) -~

LEgent ¥ e ASET -~ CFAST - FIRST (Fire Simulation
HAZARD ~ FAST (Fire and Smoke Transport) ~ CCFM ~ ASET -

COMPF2 ~ LAVENT... ... % -

2. Hi-7% (Field model)

AOHHCR Ao 2t B A4 BCFD) 2 28 S X EREAS S B A S 5 B

¥ #1884 (Control Volume) » 1 * #cig = j2 > ¥yt L XM g et & - FE ~ 2

#@izﬁﬁﬁiﬁﬁﬁ%%biﬁﬂﬁﬁﬂ$#$%ﬁﬁ’@ﬁﬁ%&ﬁﬁﬁ

A

@R RS Y AR (T B B g TR U S e

B B

B~ BA SRR CERRE HHENT LRI o fvd 0 F & iR

WS TR U R 0 R S s DAk 0 B 2 A TR S

F il = e
’&Jﬁc)é]/n.}i}‘

TR AIERIF A B R AT AR R o RS TR
ERGTEEIER e PR FHAT IS L EREARR EPN 2

Syt
peit

FrBL AR ALY B R 4] o

e B 5t
= e
FRALZ e o

I PR P T £ Uy
—ﬁ) Fm X H&J%mlﬁﬂﬁ ’ —“/E/Z‘ i‘%‘)”LJ%ﬁﬁEE’ mm}_’fﬂ—%& Ejﬂ—ﬁ
o P B AR TE I EERE P R BIAI TR TR AN

HiF oo gyt B i3 FDS ~ STAR-CD ~ FLUENT ~ PHOENICS - CFX4 -

FLOWS3D... ... %

o
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¥= & FDS i p

AL TR 21 5 5 2 BB IR B & BeF 3 I (NIST, National Institute
of Standards and Technology)i: # £ v L% 3 §F 5% % (Building and Fire Research
Laboratory) #+ B % <2 FDS(Fire Dynamics Simulator) v ‘¢ fic#z #ic%8[14, 15] - 2% 5088
2000 # 2 * 7 > ¥ & Windows/OS X Lion 2 Linux 5 ™ @ % » H 3 & 5 4
Lr R G 0 RFREAR CHA RS B RHH LT R BT L
AR AE o NIST # 4 FDS #2588 (755 A { A7 P # B ATIK A 5 2015 & 4 7 3
7 6.2.0 5% °

EHHE T AR B IT L B2t BB R TIRG

1 £ L Smoke view[16, 17] > ¥ ¥ B R & ~ KR FE iR
% 17 2D ~ 3D v$+ & B 7 o NIST ## 5 ¥ Smoke view #2275 A 37 P o &
FroeA 5 2015 # 4 % F (7 6.21% -

B 3.1 & FDS fi#isz 3% & Smokeview #23% 28 HRI[16] » 11 = F e =

..__V

i FDS 4258 7 3 7 $4% » mﬁalux,a% ’ Tz‘%ﬁs?lt‘iigiﬁ v BEE ZORAS LG SsmV s
bf ~s3d ~ part ~sf~iso~q % o @ 12 Smokeview #2:% 2 (622 R m o Bty

B2 p5 o EEAF CEEST XY 5 2 PG AHE N F -

Input

/ 4—-.-._._'_‘_._,_...-----' (.fds)

/\ Smokezip l
Smokeview /

Input (.smv) 1
Config
.ini Compres
g )
50 z)

Plot3D (.q) deve {.csv)
hrr (.csv)

| Smokeview /.l

Display

1 3.1 FDS #Ht42 5¢ &2 Smokeview #2.5° 2 1 )
(~RBIZ~p %32 Fr[16])
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Yo & FDS #ifr fg58

FDS i * erge [ 5 105 ARBicin s 37 > 7 A 47 iR e VAR B 2B A 3
R ELR S FDS 2 H I EN Y 4o

1. ZPp2 A F 9 2 2460 LR AE o

2. i A F2 BT k%~ BOKER & 2 B o

3 AR R RSE RS RAS LT o

FDS #z:%d = 258 (3.1) 2 B4)® = Ff3 8 Rt & ~ B R - R B R 4
E58 ABEFE DL O HI P ARSA EHEY DY L AL BFRGD
M 38 B 02 g+ - P4 Runge-Kutta j# 247 » X > Poisson = #2538 A5 3% e R 4 e s
AN o Pl Beii ) 4 3% 2 (Fast Fourier Transform) 4<% o

FDS X X ficf e » B0 dficiE & 2 KjEd] & PR A B
#E BB B o put g2 A2 A A+ 2.4 Navier-Stokes * fzitdw A k
AR B EAE X B8 B L TR BT R 2N B8 frend
%

FAENUE R ETESNE AN ESE  H 2 421540

1. % 4 > #2;% (Conservation of Mass)

op
V- (pu)=0 (3.1)

2. # & = 423 (Conservation of Momentum)

p(g—l:+(u-v)tjj+Vp:pg+f+V-r (3.2)
3. it £ = 4%.5% (Conservation of Energy)
0
po —(ph)+ V- phu PP _yrov. g, +V-kVT +V-> h(pD), VY, (3.3)
|

. v 48> 425% (Conservation of Species)

0 o m
a(ﬂﬂ )+ V-pYu=V- (pD)I VY +W, (3.4)
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e

pi A H A > (kg/m?)

t: R (S)

u:ingiE & > (mfs)
P:ia/&4 - (kg/em?)

g: £+ w8 (M)

frodm (£4%8%) o (kyls?m)
Tl AR R R 0 (kglsPm)
h:imagsie (k)

4" ¢ B Mg R RS (KW/MP)
e @ fpaAE F e B (KW/m?)

k @i ¥R (Wm/K)

T R > (K

- g1 ()

h @841 iz o (k)

D : $hc ik > (m?s)

Y g R A (

)
W E RN F R AL S ()
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-

¥I &% FDSA: & @@

h3tHH FDS 2 B %5
1.FDS Z 3 MRAFF L E g BEE i » F w2 (A7 M

HR o
2. FDS # * LES(large eddy simulation)3* & i » $4E7;%8> &3 K+ % &

(sub-gridscale):& & » ¥ S B d F R B EHEARE -

3. FDS p ﬁ’ﬁ B RTE EEETREE
g%# v CFD(computational fluid dynamics)i® 5 7 2% & 3L i fic
AR AR B 2 e
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Fri HERPMAT ZHRZ FE

¥- 8 VRRITERE

411 XREP

CiRA LR AR ERS s RERF ERB VR SRR R A B LY
EE AL B OB RO ko - SV L R K G RV R (steady fire)
f£ VR (unsteady fire) M2 FEE BRIV L XL SR =F> 2 c AFTHT 7
L TN RS B IR e
1. #& = <\ Jh(Steady fire)
EpRRET VREZET S ERARREL AT ANR O RF E RIS
c RV RE B L L AR o F R ROV R PR

2 TR

I’J

oy

v

-

2. * & T R (Unsteady fire)
Vi R N R BT Y M F VRS LD - Rk AR
EE = R L U L A L B G LI SFCR O Sl i
(Heskestad , 1984 )
Q=alt-t,) (4.1)
— R TE A VRS LD T AR TR T F o T R i
Q= oztg2

e

(4.2)

Q¢ i g A > (W)
o UiRd E Bl (KW/s2)
U B eSS SR (S)

D oenF LPER o (9)
tg @ 3 PRPVHELS R 5 (S)
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FRWLY R 21 ARK G fEa"t—squared fires" - NFPA 92 § i£_¢hig *
> EFRFTOEL o AL t, &G 3 Ptz A £ 3 1,055kW (1,000Btu/s) 2

=

F 24 % o

B

PR e 2 41 Fd - B VRSNt 2 o TN R L T R
HHBRFTEI-TRA BRI IE A ERERFTAR: T 4R 41
B o

AP HEYF AR RN DL REHE AR B A E %k a=0.01172

KW/s® » vz L i 345 LOMW 5 ] & & P s 5 tg=370s -

%41 VRS E BV

P =~ £ Rk = £ PFR
T-Squared Fires a (KW/s?) a (Btu/s®) t4(5)
¥ M (Slow) 0.002931 0.002778 739
¥ & (Medium) 0.01172 0.01111 370
-3 (Fast ) 0.04689 0.04444 185
& 2-:& (Ultra Fast ) 0.1876 0.1778 93

Cartons 15 ft high, various contents,
’7fast93t if empty or containing

plastic foam
Thin plywood wardrobe Full mail bags, 3 ft high
l Wood pallats l v17|:|allat stack
Fastest burning —l 5 fi high
. Cotton/polyester
upholstered furniture innerspring
Ultra-fast Fast mattress Medium
G000 —
S000
. 4000
(%]
8
% 3000~
G
20001 Slow
1000 //
o 1 | 1 1 1 1 |
] 100 200 300 400 500 600 700

Time from ignition (sec)
Note: For Sl units, 1 ft = 0.3048 m; 1 Biu'sec = 1055 J/sec.

Bl 4.1 T-Square X ¢ = & & 4[]
(AR p %4 < f[5])




B FEERI N LA KN A

ot

LR E fﬁl{iﬁl] * Cone-Calorimetry, Bench-Scale Test g« Full-

Scale Test % = ;2 & B| ¥ P& 4 B &7 %5 VHEPF 2 # 2 5 (Heat Release Rate) » &

N LT PREEEES EE Ry g

4.1.2 X iRAEHB

FAUGE S R R PR AERS AR B ST AS 2

EHe AR > Fmag a2z e AL o & 42 5 NFPA 92 3 itz L L KihE H 4

B F 2 Pi e o AT H R L PEOHET T a2 L LR HE S 1055kW 1

1266KW FF » sicdi * A gz X S 0 k2 B %S 1000kW (IMW)# 5 2%

CREE L

%42 VAR RITE

(k43 p 54 2 [5)

B g (kW)

# 8 2z 5 (Btuls)

105.5

100

147.7

140

369.25

350

1266

1200

4220-8440

4000-8000
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oW R SFARBIIMG
i 5 Zukoski ~ Heskestad - McCaffrey & [2]#74& F1 2 X 33 /R 5%

EER D
3R FHEHE S R B

v Zukoski VTR E R R R S AN L B0 B S AR e o

5

7nP—-021( )3Q3 Z (4.3)

mp @ VIR FE RS > (kgls)

Q : H#F > (kw)

p I EBZF2 %A (kgimd)

g £ iR (M)
'%@2%» R A (kIkg/K)

F 2 E R (K)

wAT Y o gd FDS fike s LUHFEHFLE-H P F o N Heo T

el FR RSO B R ECRE ALY VR S ARE R R R
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Fz8 ERBRLERER

NFPA 92 Fitssr A #% 11 4E & R k4o 4.2 “F77 » ¥ 3P CFD fR2 Tk & & -
R RS R ERERERTHE g PR L SHEDE RS B R H O

2 N 4T
Tn=Cn (Tmax-Th) +Tb (4.4)

PN

Th Bk B RZER (K

Tmax - & =3 EE ° (K)

Tp: 2P EE 0 (K)

Cn @ M # % #(first indication of smoke - 0.1 1 0.2)
(smoke layer interface - 0.8 = 0.9)

Smoke
layer ,
Transition - Smoke layer
Zone interface
X «— First indication
of smoke

B 42 T/~ w7 LB
(~BI2f 5 > fr[5])
(H=Zinp)Ty + Zine T, = fHT (z2)dz =1,
0
1 1 H 1
(H_ZINT)E-I'ZINTT_l:f mdz=1

Ty(111,—H?)
I+, T?—2TH

Zint = (4.5)
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P;\\:“

T EMEA
ZINT : )ﬁé] ‘:g s

AT, 7 d TR EE

H
(H = Zinp)Ty = quvrT (z)dz
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Frd REB A

guﬁafgﬁg@ﬁﬁﬁaﬁ%’ﬁﬁﬁﬁﬂzzﬁﬁﬁﬁfﬁi%ﬁ’
TE BT o B RIZE W RHCAY o BRER A FE(TVR) TR
EEERRIEEREEER R 2 F TSR EREALRE S R
BH R MBI B cagk R B b H R RE R LR D LS
ez gk ol o A R AN .

Fos Tt B s A 47E 2 3] ¢ 4 5 20m(L) x 21.6m(W) x 4m(H) > X 2
BEL LMW 3 it E@EE > 2 R TRBE AR PR FINSER
dsm B 4ot B joac Bl ViRiIT2 eEbie g 0 12 CFD W3R L WA 2 ik
2 b B R BREAE FE AR AT E - 22 0 3T F e
LR E B2 1 o FDS MV RvtiTE] & B ° R (length scale) i v Wk

® /% (Characteristic fire diameter, D*) » # = fg ;\[18]4r T :

Q %
Lw] @1

D* i U K H T AL (m)
Q : ViRHEHS KW
po M F A B A (kgim)
Cp: TRZF 1 # > (KI/Kg/K)
T.: A2 58AR (K

g: £4 R (M)

54 NFPA Q2238 - V€5 Q=1MW ;> ¥ D* : 0.97m - & /5 % W
tr# 2% B ¢ NUREG-1824 [19] » $:2:+ | 22 3% D* / max(A8) = 4 ~ 16 - R
max(A8) 5 024 ~ 0.06 m»> JH EF (T 54 H 3t VIRIFITATE S0 feBh o
BT T2 B R A BN WAl R E RSP B Y

EEA PRI AE S REN S %2 28 (A5 =025m~020 m~0.15 m~ 0.10
L 4,

M)ie (7 ¥ B = A 45 > IR ded 4.3 957 o
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%43 VCHR BB A 4 % 6l

%01 j% ‘8: (m;Z fmger | s | D CFOIMe
1 0.10 | 0.10 | 0.10 | 200x216x40 | 1,728,000 9.70 99.229
2 0.15 | 0.15 | 0.15 | 134x144x27 520,992 6.47 24.150
3 0.20 | 0.20 | 0.20 | 100x108x%20 216,000 4.85 8.708
4 0.25 | 0.25 | 0.25 | 80x90x18 129,600 3.88 3.984

CFD ##t 1 R 5 NFPA z TT-Square ; #-3] » & -1 (Ultra fast) & £ 3] »
d g S O ViRRS OMW Bds o 2 D)5 < £ %s 1 MW 2 ficgpe i
WE T > 2 sy - A2 BAE D 600 41 e d o 4oB 43 5757 o

Heat Release Rate
1,100
1,000 W

900

800 f
700
600
500

|
)
400 ‘I
/
b4

300
200

100
0 0/
0

50 100 150 200 250 300 350 400 450 500 550 600

Heat Release Rate (kW)

Time (second)

B 4.3 8447 LV R g

Mot CFD 3§48 J B » BPO 4 PR 2 2 2 aehe 7 5 0 At
FE R A G Wb LR K et B R rfcacts - FDS P 012 o R
FUER BRI CCO RR..EE  RBERI o MTRET B LA RH - 7
PR BRD RIRIET 600 B R VR S e e o T
SRR FNERAT > LA RRBRETIESRLERLE 2 LRV
R PIBEAF B Ao 44 5750
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Bl 4.4 2 RIgA T R

ol b3 2.0m A RBLERFR e XE Y e o A% YT

* oo OB R BRI VR Rl R RIT R R R R
Ao R FRA LR RZFDLR o B R DRI R P IR R B R
ST AREHR A5 =010m -~ 0.15m - 0.20m BE ARG HE R 2 - R RRHR
A3=025m P& 8 2 R b £ Bl o 4oB] 4.5~F 4.6 “7T o

Xgh L ke w1.5mE & —e—010 —=—0.15 —a—020 ——0.25
250
200
S
w150
[ad
2
<
T 100
o
S
L
|_
50
0
0 100 200 300 400 500 600
SEC (s)

Bl 45 AR AR A (Z=20m> 55 X $h% 15m =3 )
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Y#h L ke o1.5myE B ——0.10 —=—0.15 ——0.20 ——0.25
250

200

150

100

TEMPERATURE (C)

a1
o

0 100 200 300 400 500 600
SEC (s)

Bl 4.6 RBAITERAF(Z=20m 5 Y $h% 15m %)

BRa 0 %6 1(A5=0.10m) ~ % &) 2 (AS = 0.15 m)#2 % &) 3 (AS = 0.20 m)
Wiz 3B RE - R PRE G e acE i A A R 6] 4 (AS =
025 m) » RIezH & %6 PAEZ S o S AFRRMHRERLR S - EBAM2
Fid od ViAo AR RER T o HEY A6 3 2B A =

0.20 m & {7 fichg -
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1§ P REF]

$- 8 RORPEHEZ XGLAH
511 ¥R RH

dOT AR R MHT HFT RN RE G R TR e 1T WA
FARATR G P TR AR A E R A R A ST TR BRI ST
miﬁ@ii%%ﬁ*gﬁﬁ%&;ﬁy%@M%ﬂ’i?wﬁééﬁﬁﬁf
BAFETEG G R GM G ZE R F VR AR L1 TR %
Ferdy {7 o

A2 LG

LEHB2FOATF 2SR FHLREIS BAPHRERE-

2. E T AT 0 B OLIRT AR AT

3 AHIINAPERARL AT AP A7 RETP I LT &

Hird A% Mo EEiiRAY

ek

o

4 RIEECIRERFER AP R R ARSI 2
BB SR HIE 0 FRE O FUINEPERAFLILEF
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512 %644

Bz d AP 8 Gl 2 28 REMAREE ERE 03
BRpHEmyp PR g Ry HERL PR 4oR589T o
CEA R TRC i -
R RPN REE RS R Bz R o
CERE(Z A E) g 8mPe
bR 6 36m e
g% % 4 10m .
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e
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FoF IRALTREARL A5 REAH

1Lk g~ | amgkz- 28
R ARENGTEOLA LR E ) 2R F 402 1ICMM/M
BERF AR F R FEET G AR

2. i hFeni B

ZAREFEREBREY 10m/s > BT R FRET i B 10m/sf)r“:ﬁ,€>'r

4 hiEd RS A e o &?@3% T L EEIR o

3. b2 b gatigni o
PERT DR FERFAEE BEFEL TR ZTARY P F R PR
RPrRREEsIRE -

A, Fodlh PP o7 3 s i 2 4 4 LR
ZAR P 5 4 B3 (Normally open)k F* > £Th F* 5 * % B 4] (Normally
closed) ® > & fEk P ey 2 2348487 B AL E > 407 B 5.9 #f

7‘]’, o

oY

vl’]\_"é

VAVZEFE R PEI AR [

B 5.9 VAV 7 2@ & 3z F 4] 428
(*F‘:L po{7ER)

5. 3 b S EIT b oA B ir | GE
AR BEPRER B E R ATAR Y LA SN 0 A
l‘é’#p’;‘?g—ég ’ﬁ‘ﬁ'wrﬂ;}j%'ﬁ( ;}ﬁg;fp’;‘?,g ,,F,’_FE,B;l,:Fm ‘ij%]fg_fio
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L Ew LR

ZAREA AR E IR FREERIARPDIAZE o LRER F
FaB VRN B R F AR ERTY BRI
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HE o RTh PR TAB g & o
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Vi BRIT R o TR Ao AR P 4o B 5.10 40T
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¥z & AP

AELEUA G BB IEANL ERE AL TR FRF(ED
B s RGN LTI AEREL > BRERLFEL v R MEY AFLF
i wh i o 4o T BSILATTE o VIRBRIERE 0 TR FL R

77K Fe]
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MET LT HEE B B P o do A BT

Lkt 1000 KW 5 g g & L o

Z@ 4 A4 10RT> b £ 1.8m¥so

R R B AAMYS (MBS R 2B G P E) o

BT T E Rk (BT O )0 R PR SRTHS > ER
(B /75 ) o

> wonhpoRE

5.k T ¢ ki Im/sc &4 01m*> 18 ¢ o

6. #Er R 1lm/se &4 04m° 1 o

7. feEEpE R L 0~600s -

8. HEEAR 120C -

451 AHEEIeEEEP

S ERRAE | BTRA s
Case 1 R e EEH T B R BT A
Case 2 i EEH M mEEPT A
Case 3 EJ2S EJ S FAERERF LB RE
Case 4 BE B Bk TREPEIR P EABIRE
Case 5 BE B 2y 2d ERLE G4

541 EACZHRLFRERFH
Case 1 & Case 2 fifgfm 3 » M T F E AR5 A#H > ~ w12 Casel 53 B fz
Aeingr Case 2 7 A B PR IR > kA 45 0 OB A B T 2R R PIRATTD)
Hz A7) > 4oB 5.12 #5777 o

542 ZH ARAPE NPT TR
Case3& Case 4 g > MV LR 4e r o enpfh ¢ » » %2 Case3 3
AREER R Cased 23 B P RIR 0 kAT L B A R B R PP
a5 HaiE A H07) » 40B) 5.13 #1o7 o
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PIEIRES EAATE SER AT > BILEP b o

551 EAEIALF LS

5

b

2

Case 1: HoHtFI664) P » ‘L A2 8 & A  Jh4c2 Wl B B0920 %
WA PE A E6004)F » 2 HB Y A BT B > 4oH5.15 51657

R 516 Case 1 T &% ;g & & * § [(600s)
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Case2 : H#TIBAF M » "L A2 R A F HiTZ FH BFINHALFE &
HgR s 26004, FF > 742 R B E R W340C 2+ & =¥ 2 0 4oH5.17 ~ 51877 -

1 & ,' ] r_ _. ‘ _:, l_| 80 l

B517  Case2“TA-% if & A ¥ § F(84s)

)

]

] 5.18 Case 2 " - % g & & # & [F](600s)
d Fita AR RS E T v
LV g2 pn - gz b § EEHIT-
2. ZP W EapE(Case 1) Z AR 4@ AR & > ITAMZ i LR T %
BEER A o
3 ZMMPM(Case 2) VRFEALH EEDREEELIARL F E U
RRMZERTE L LRERBERRNIIRG Casel JE -
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o200
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Case 4 : Ptk e0~600f/ PR » "EAZ B R A HiTZ RV E > 4
BEEFLAF(ZAH5) #20R8 22 S PEYEZ >0 4oB5.21%77 o

/ temp

B 5.21 Case 4 ' - % /g & ~ * & [§](600s)
bt d b LR T
Lob g4 P> 23 WS P R g 4ps 3 o
2. Z BpapF(Case 3)  #UE K SL 2 FAT4E 0 R TG sy
BV E O ZALPERE S LAFLEIFS RS I LR G 2D
B REMHSRF N LRERBER L Casel E o
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“té5 NFPA 90A (2015)ip H & & ¢ < fp 3%

NFPA 90A Standard for the Installation of Air-Conditioning and Ventilating

e
4.1
41.1
4.1.2
4.1.3
4131
4132
414

415

4.2
421
4211

4212

42121

4.2.2

4221

42211
4222

Systems, 2015 Edition

NFPAQOA 73 % i b 4 Su¥ R4 2015 %

wH - g R
Bl BBEERGE A~ BRI TR T o

i
W X R G 0% R iR KT

B/ CE ok S gl

WHE AL R f s

Fed2 3k i % X2 PP 7L Vs g NFPATO - BIRT
T2 &g

TEASBIRPBEZTEELNE Lo

-

LR iR

s

CE AT G A T RE e P 7 <3 127mm(05
inrap)e

FhF T RN AN AP E T B e

hE T B ERE DA 4212 TR feh 2 R E
EWFEZPF AP SEMRT o (7 MEER T FITUFE
Femx xR 63 FE o)

AFFEREIT F BRKA
THNZFFERAE G kg2 R 7IRE ANSI/UL 867 5 7+
% B e R =

ARG RFERULIF T ZIFEEE -

S EER KR 2 E R RIEE ANSIUL 900 0 % F Bk
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4223

4224

4.2.2.5

4.2.3

4231

42311

423.1.2

4232

4233

4.2.4

4241

42411

42412

4.2.4.2

42421

42422

4243

B e g 2RI
T B A TR R BARF AR FRE T2 RS R
#15 € ASTM D 93 #74| % e Pensky-Martens £ B 3% p|2& ik
BRI 2 > H AR ¥ E ML 163°C (325°F) -
WeE AR EARINE R B AEER > 7 R
iﬁﬁiiﬁﬁa%o
FORMARR LR 0 iR ERRTE VR € NFPA 30 At 2
% B ERMERERE
R 1
Z g
bR ERIPEE - W Fampd kg %o
b A RS KIS S TR
MRS - RE R S P XK BAERT MR RR D

;’iiﬁ? Eh T oo ﬁy&;ﬁ%ﬁnsgm vd AR IRE S LK

T

AT ARE RRRAM ERR T V6 R aRm
%

WH A EF R - (£4331)

A @ a0 AL R4S - 2 E cm% AR HBE
LR R I £ 4330 e 4332 240 %

e

#£4331 44332 5% RE -

4331 fv 4332 & Fi A i * 2TRIEET @ & ANSI/UL
31995 # 4| TR AR E F 2 EE 2 X H
AFBOEBR2ABE AR T3 AT RE TGRS
F O MEEAT LF DR kAP VBT o

kAR
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42431
4.2.43.2

4244

42441

42442

4245
42451

4.2.45.2

4.2.4.6

4.2.4.7

4.3
43.1
4311

43.1.2

43.1.3

T E IS RS R R RE T 2 AT K
F B £ PR 7IRE ANSI/ ASHRAELS #1440 i< > 58
BT KW A B LY 42431 h& R o

B g
P s R AR A e AR R
s € 31 Ardl e ente K 4 oh% KR % (Standard for the

Installation of Qil-Burning Equipment. ) i& {7 % % o

le - b kY PR AR RpELIrE A ik £
B 747 L1 ¢ NFPAS4, W7t § Rt X -
BEstas®
B AR EP RSP ATRBETE L T4 R FDE
K2 P irgy 43532 R4 -
THFFIRFRAETOXEACEREEIRARATIVEEE 70, 2R
FFEIER, % 43045 424 3 Th F4#F | HRp -
(National Electrical Code Article 424, Part VI, “Duct Heaters.” )
AEHEPLITE. AV R TR EFSFT “f LR 8 4222
gt 2 0F i
BE KA, KA ENAEEDE B R TR AT
FonbamkE o 3 R F M EAEL > B L 42 HE Fo

o TP

BF

/]E LE A LFL% 4312 & 4313 “rHFul eF2 M o b F R
VUM~ B~ AR 4 RS S THEAAIES -

Zyyp F MR IR A (ANSI/UL 181)1 Fr 4 A
% > % (Standard for Safety Factory-Made Air Ducts and Air

g% b F4RER
Connectors) #7ipl3&2. 0 2 1 k|3l h §, & & iR
PR R AR R A ARE 121°C(250°F) A i R R 7 A2
W KB RZEE o

FE ¥R 'F‘:
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43131

43.13.2
4314

43.1.5

43.15.1

(1)
(2)
(3)
(4)
4.3.1.6

43.1.7

43.1.7.1

43.1.8
1)
(2)
3)
(4)
()

E B RERHEE RS E (ASTME 84) & 2 MR 73R%
(ANSI/UL 723 ) 2= #f % w % 4% 14 p ¥ (Standard Test
Method for Surface Burning Characteristics of Building Materials )
BRI BV GEHAI AZE 25 gEORER L 0 B
HAp WA A 50 T ¥ N F 1 (FA AgiE 52°C(125°F)%
BEF v R R F o

R4 431312 m§ﬂ¢%£**?%ﬁ@*z%ﬁ&%°
R EHAEC R AT EBR E N R RA

ZTHEREZHTCBRE ERE X AL EaRE A - KL
AR T TR B RS R R At A o

AR FZ A ERGRENARLFEY 4315 & G M
ASHRAE "8l 73 5 %2 i | L9 2 T A2 - ¢
NAIMA— L35 S ‘e b 3 %5 1 153

SMACNA— L33 4 ‘e b 3 %6 1 1528
SMACNA— a3 7 34 i Sk %6 1 R

SMACNA— 8§ 3% 4k 5eh # S RREL P

BoE 1 E ISR 0 R F 2 AR Ak
W PE B B A D s f RS o

Bhgan 5 BALRF - fh AR B H TR
AR AL AR R B

BRfad 22 THI-LRFRLF P L0 AR 4348
LRI o

bR s BB kLR R T R

X ELT2EEE 2B o

Mole ¥ B A L RGER o

P ETED VG e

*ELE VR e

& JF ik UL 2518 B F fef kS ok 5 % & (Outline of
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43.2
4321

43211

43.2.1.2

43.2.13
43214

43.2.1.5
43.2.2

43.2.3

4.3.3
4331

43311

Investigation for Air Dispersion System Materials) % &% &7+ ©
kb ¥ 4% £ (Air Connectors)
boB B4R Y R E 0 FF R d\*&gsa 43211 =
43215 &2 ARz i@t o
Bo¥ 45 TANSIHUL 181 Rk ¢ 2 b ¢ e iR ) RIGEP
ZTHRLEE 0N L a2 B Ro
FO0& 1ok g4ep2 (g >0 h 4 PR ARAZE 121°C (250°F)
2 FE
bEAREEE R FAZE 4.27m (14 ft)
b2 BEE- [ FUIE Vg Rl RS LR
boEAREE A T AR o
TARE R IR VSR e < 5 25
i< 5 50 2 s -
boFAREEP A FE LR o
BERE AL
RE R RER AR R F PR R RAG AT A
A o~ B ﬂ”ﬁ%’H% FREAE RN R F R 2R F
FE~mFE G F i 2t b & 43311 & 43312 2 R4
Jeit &2 ASTM E 84, Z A F K & 6 PR RIRZ R
Standard Test Method for Surface Burning Characteristics of
Building Materials, # 1+ ANSI/ UL 723, Standard for Test for
Surface Burning Characteristics of Building Materials :& {7 ip|:# >
%{ﬁ&&%;25’%W@&&waSO\H?Qwom
kE SR EFREZAAR R FPMRE ALEFR BT AR
ASTM E 2231, Standard Practice for Specimen Preparation and
Mounting of Pipe and Duct Insulation Materials to Assess Surface
Burning Characteristics & & 4% &% % ZA2 B 27 o
ZypARE 4331 & F VA s BT £

A2 p FAtiEAAG 0 FlU P2 TEBESETE 0 7
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43.3.1.2

43.3.2

(1)
(2)
43.3.3

4334

4.3.3.5
4.3.3.6
4.3.3.7
434

43.4.1
4.3.4.2

43.4.3
4.3.4.4

AL R BB

ARge 644 & R WOTIERIE 2R B E LV GHith R F
FAp ez & Ko

B ST 2 B R HE R B 2 AR R B SR Y
R R PR E BRI RE 2 1RE (ANSIUL 181) el ¢ % b
i 2% > &% (Standard for Safety Factory-Made Air Ducts and
Air Connectors) » i i+ & T ez - -

% MM R ANSI/UL 181A % Bk seh|f2h ¥ & * % 2 R4
% FF RIRE ANSI/UL 181B & B ik Sidlt b ¢ @ * % 2%
Bg~ kg ~FF o2 P 797F b g2 KE
2R M & TERHAE RS E CAL #1453 EAK
B EmpliRE R | (ASTM C 411, Standard Test Method for
Hot-Surface Performance of High-Temperature Thermal Insulation )
Bl AHRBHERET > 27 A4 VG~ ROESNFEIR G o o7
JORRRE R 7 F 1 121°C (250°F)

BEARRE @A B VR LR e S R o g2t
AR B & NFPABO-f# L 2 H fs B v iFE{R 2 & o
FheOE MR VM P HIT KR 0 LR T

B b A7 FRBAIEREPRZ2 B Lo

e AN F EX T HF kR E RS 43116 &2 & fo

bOE fep kA2 3R IFZ iR

*RRA WX LR P *‘,f £ 4342-4344 57 u3F o
FAGRRRIAMEF LARMEY &R AZE 1.22m (4t)
GERRRAKER BN -

B 4342 FETRFLpMR O ERBET FRAN GV SR
*RA > RF Aok E L E L NFPA 262, 24 AT FTRTE
LG E B IR 3R 2 1 2 (Standard Method of Test for Flame
Travel and Smoke of Wires and Cables for Use in Air-Handling
Spaces) &t B < K E B B B EA A3 05600 THLE R

FAE LA 0150 F B PHESRATER 15 m 2 0T o i
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4.3.4.5

435

4351

43511

4.3.5.2

4.35.3

43531

4.3.5.3.2

4.3.5.3.3

43534

D)

(2)

(3)
4.35.4
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127 mm (Y2in) > &7 N8 p 2 oV RER Y o

KTehh F2F 3 BREAYREC LS THERFL A RE
T kg o

BoE o FiE RIARGE 6.1 mQ20 )k B - AL B R C > ket
¥4 43532 % 43534.8 3F o

WE X TN ot h v KR 0 F L F R AR
T o

FEELFEREZAFAEE B ELERE AR R
R o

LT TR AR T
EEREA G ALV ORI B s B S W REF o 2 fReD
TREREAFT S PES A KE A ﬁaéﬁﬁﬁﬁ(f&z &35
Bt s~ e S il RPN o

BATIORAERNEHF213m (7 f)aw 2 > 5d 305 14
#4354 [1.8 mm (0.07 in)|[4iizschs B & hex

i
F_*

@
I i)j}zgun‘ WEENBH BT S E R Y b
’g o

Gl w b ¥ i 5 508 m/sec (1000 f/min)iid sk s B
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4355

4.3.5.6

4.3.5.7

4.3.6

436.1

4.3.6.2

4.3.6.3

43.6.3.1

4.3.6.3.2
4.3.6.3.3

4.3.7
43.7.1

43.7.2

Bhf  AXEFEREFC > ZABR T KR ETR F N
A N AT R o

FRELR AT OARE AR BB SR 8
Bl % s Z ke ASTM E 11922 A 45 1 2 Bl chpr LRl 1
%5 & ANSI/ UL 263 £ 4% 1 &2 il enfr L p| iR 88 (7
RIFE - BB ERE AR TR

A0 R R SRS IS IR A B sl 7N S

bE R B

boE Bt et g% PR AR e 2 R e R iR
FHREM -

LR RENC RS T Ny N
el
BRI ERS R B R RRDEE

k- 43532 & 43533 H4km G 3F o iE ANSI UL
181> Bl # frk FiF O 2HRF2L - Bh F 0 b F Uk
BiNART @R 4353 §erit2 BB T2 AT RS > 0
ERAAFNFERR2ZER -
REFEBERG LT REFR L EEREE L

MR EAGFVIAYOEFERAKE L RE S LFAE BLH
T R FL TR

#Hho

S S S PN 3 <=3 S A
2 i frik R A

PR varsl oo PR v Ed 2T gt & ASTM E 84 2

WP wEe T B
’-ﬂé‘ﬁg’

it B REF

% m PR R824 % (Standard Test Method for Surface
Burning Characteristics of Building Materials) &8 ANSI/UL 723 £
H 4 & s p:E (Standard Test Method for Surface Burning
Characteristics of Building Materials ) i[3# - H ¥ &3f4cdp #c 7
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AZiE 250 EAFFVEM L > B Tdp A A2 50 R kv o
4.37.3 PR v EL

43.7.3.1 LG RS 2 AR KA 0 R TR
I 0 HEE 76mm(3 Erd) B e oo

43.7.3.2 AWE AMA213mT f)B o 2 > BR T B R R
st B 2w 127 mm (U2 Fvd)r b Sk i

438 R U —wh ARF A v RS

4.38.1 AR o 2 F A RBRNEFEIHRTFY 0 2@ A BERE

Gl AT AR EF B A A EfER B AE A w
Bk %o

4.3.8.2 BH CaEL o B h U Ed AT R o ik ASTM E 84 &
% m PR PR 2 4 (Standard Test Method for Surface
Burning Characteristics of Building Materials) &8 ANSI/UL 723 £
H 4 & s p):E (Standard Test Method for Surface Burning
Characteristics of Building Materials ) ir[3# - H X &3 dcdp #c 7
AZiE 250 EAFF VR G o BT Bch AZHE 50 P howa

4.3.8.3 TG Wl S22 13

o

43.8.3.1 BT LA R A LR e f gy o iR TR E
e 76mm(3 #ed)d s 3 e

4.3.8.3.2 AWE AR 213 mT B crs 3 > Bh v B o B
porifsd > Hpep 2 ¥ 127 mm (/2 #ed)r b sk 48 iF o

4.3.9 AR

43.9.1 BT T R erRgar LHP o

4.39.2 LIRFEF VR R ART IR & K o

4.3.10 TR

4.3.10.1 BRERT 2 o mm TP -

4310111 = REOEER P o RIERIET TAE L K o

4.3.10.2 et 431021 & 431022 2 FH LKL BF RN

7080 L/sec (15000 ft3/min)efr s se % TR P > IR T
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% (SR HH v AR PR wh RIRAE 0 TR R G
431021  ZFAGHEAREAT PR A 0 R G BTHRE R
® Ak 43102 § g A -
431022  ZFAEEARIART T ERRFMETET A 0T
9 “,% 43.10.2 & en®& o

4.3.11 3
43.11.1 = 3t
431111 FEATEHBB R RR Y R ITL R o

43.11.1.2 FERRAREAT AR RS 2 BET o ARG R DR
FARERART o SRR R A 2 SRR R T o

43.11.2 AEEARF R B FE 431121 % 431127 F2 051 > %
FERae P el T RETHLE S L T ONITER IR

PR NIFLRY BEAER BF o
4311.2.1 RS AGA%-8 - TEATN & 3
431122  BERXRT CANEBRARBUAHT R ABENTAR
CReES L FEY ZHRP T2 AR T B -
431123 & F 33§ R R 7 ALE 121°C(250°F) -
B AR A G LR e s H g S
3.11.24.1 5 4311243 & ¥ § R4 » § 3 i

431124  *fHEF

:_!2«;_

4.

Fe BOVRE R AT R T F i IRIEE o

XIERNF 20 R * 533 AR Iahb LR
Btk > ¥ 0 O E MR 4 4311242 R e
4.311.2.4.2 459 foiw e o

4311242 < FEHEHFET VGG < 25 FTd 87 <3 50
ZHFAE M A 2 BB ER AT RAHELERED
oo BREBER K

4311243 X SRR T ORE R

4.3.11.2.5 BEINIAEFEART I LHEFDF 20 BRE KBPEF 2T

i
4311241 #i3¢E7%
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4.3.11.2.6
(1)
(2)

(3)
431126.1

4.3.11.2.6.2

43.11.2.6.3

43.11.2.6.4

1 ] enp Lk o g2 ERP & 533 &g o
EX TP g R kBT F R g
ZDAEEE A
i ASTM E 84, i A 448 4 & ¥ (40p) 3R /2 &% Standard
Test Method for Surface Burning Characteristics of Building
Materials, # 2 ANSI/ UL 723, Standard for Test for Surface
Burning Characteristics of Building Materials & {7 p|:# > & L5
Wicdh B 5 25 s+ 5 500 &
+ £ 4311.26.11 7 43.11.2.6.10 *FL% °
FER ST HoRBR IR L NFPA 262, 2 5 A&
T T F LGB R PR R # 15 (Standard Method of Test
for Flame Travel and Smoke of Wires and Cables for Use in Air-
Handling Spaces) & # « & & & & 4 & & 3t & /[ 3 050 » T35
EXF BRENA] 0150 2 A PEFIUGER 1S5 muT
COpEE R - A ERR R ERAEN S R - K2 E R
heng g ?
Fodl o seerid 2 Bop R0 1345 ANSI/UL 18200 § & * ¢
MANEE FE 2% >V pEE & % (Standard for Safety Fire
Test of Pneumatic Tubing for Flame and Smoke Characteristics):&
TRl B P RAOEF E/FNL] 05 TOLBRE
£ &1 30 015 ~ L Eu R S 2t & ) 3 1.5 m (5ft) -
2 EBp U HCokEERE kA Bidp ANSI/ UL 1887 # %t
KEE 2 ¥ L VUG E FU 2 % >V RIRE £ 8 (Standard for
Safety Fire Test of Plastic Sprinkler Pipe for Visible Flame and
Smoke Characteristics)ip|:&pF » H & & e B & i &)
05 & s THLBAERBEINN ] 016 VIGHIEFERRE S
3 g3 1.5 m (5ft) e
WEL ~ R~ AR > 1395 ANSI/ UL 2024 > 5L ~ B4~
WML 2 T FARE pe i* 4% (Standard for Signaling, Optical

Fiber and Communications Raceways and Cable Routing
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4.3.11.2.6.5

4.3.11.2.6.6

43.11.2.6.7
43.11.2.6.8
43.11.2.6.9

43.11.2.6.10

(1)

Assemblies)ip|zf » H & B B g B ¥ £ 8 )3 05 Tiok
2R EI AL 015 VIGEGR U IERER BTN 3 15 m
(5ft) o % L ai i MR > B9y 4.3.11.26.1 ch& K55 85
AR o

*R AN RSP EL PR T AT R KR ¢
Fr Pt o AERFROLE S Fm s LY
fed B P ERA S VREMN X THE N DF F o 1995 ANSI
UL 2043 25 A8 A 52 B2 2 fr v A ey
Wk > 2 fp L3RR (Standard for Safety Fire Test for Heat
and Visible Smoke Release for Discrete Products and Their
Accessories Installed in Air-Handling Spaces)iplz# > » 2 k% B
g B XA 056 Tiak R EAr A3 016 & &
Ff 2 F 5 100KW ¢ f i o

1245 ASTM E 84, =+ 4 & W% 14 pl3# 48 (Standard Test
Method for Surface Burning Characteristics of Building Materials),
or ANSI/ UL 723 =44 & & %4843 |4 p) 2 4% i (Standard for Test
for Surface Burning Characteristics of Building Materials) » %7
WA IRRGE 2INE R TG ok R HR T R TR
Yo%k v ok g:,*:\:}f%ﬁ;}% i R EN 25T FE #Fl B s o)
BENE0 M FE R > LFR Y ARG R o
T @ A 433 cnk R b p R b SLehrg i o
BTHERIET F 8RB E A3 Fenif o

+4& 4312 i}hﬁw ko0 U E B L 432 %;ﬁw ZE) S-S N
A e

HoR AR * 203 U405 NFPA 259 » 22 8 4 1l chiBdu R3¢
# % p)3&(Standard Test Method for Potential Heat of Building
Materials) - H ¥ i #4 & 7 & 421§ 8141kJ/kg (3500Btu/lb) > * J&

EHF T Sk —

-

PALAASHL 2 7 %A 0 5 &7 AZHE 3.2mm(1/8 in)2 £ A& -

24§ Caich B 4 38 50 -
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(2)

43.11.2.7
43.11.3

431131
4.3.11.3.2

1)

@)

(3)

43.11.3.3

43114

431141

43.114.2

43.114.3
43.1144

43.11.45

43.11.4.6

i ASTM E 84, = A 4 18 £ & ¥ U B384 42 2 (Test
Method for Surface Burning Characteristics of Building Materials),
2 12 ANSI/ UL 723, Standard for Test for Surface Burning
Characteristics of Building Materials i& {7 jpl3# » X &4 4cdn 7
A3 250 ¥ o P ORE MR (TR .

-
AEREZE FFLXETRY A F ~vh ~fofg 2% o
Rl a2 5§ 2L R0 P def 431 2 0T a7k
SMACNA HVAC Duct Construction Standards - Metal and
Flexible 2. 3k # 9% % § £ 1 &
ASHRAE(Z R4 2t 1 A2fr b € )P — o2l 733 Wz

433 &3 h e @ omFprms i o 2

W2 RALERFAETFIrwh &
B i G PR R 0 2 R R 433 0

TFAETHEADF T ARG Y DT > 2 FELEFS B o
T BRI Rk B BET ARG R
M AT o SRR R A2 BB DR -

ZADEHE D ETRY R R 2T R G LR

Tk BE S BTl S0 PR AAFEB B SRS

LABIR R 2R A IR o

FRR S T HAoRE L E L NFPA 262, 2 4 B a2 RTATH
YEHEET R 3R] R 2 15 2 (Standard Method of Test for Flame

Travel and Smoke of Wires and Cables for Use in Air-Handling
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Spaces) it B+ k F % R UE B E A3 0500 TiokF HR
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FRBEBREEGEF  NEIPRFZFEFHFZTF e 50 (L
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4.6.2

4.6.3

46.3.1

4.6.3.2

4.6.4*

R FRHI R AR A BT 2 R AR i
E
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411* % BMPBUEEEZ P S o BE P AM PR R kT
il

5.1 WM MR TR A M2 A4Sk 0 e 511 1 513 vt

511  fRfARN s BT Ferat N RS BE- BEREaE 2

/é'-‘\ ’ ?I,{‘fz“l‘—%‘l‘: %’%érﬂ% ’ |1L> ~ m__ ]B; ],,JL‘ )’LQ T\Eﬂjﬁc#"’? Iﬁ

B.L2% 5] & BT

5121 5] % RWAILSEF REH L AR5 B G

5122 LR HZ B5ERRELLL & v 2 Hol v RER

513 Fp N RHEAl > E AV UEAIEHE RS VIR A NS F
(CFD)H3] o (B4 %4531 2 CFD HA14p M T4 » L5445 C) o

52 & UR

52.0% R kR AN B NP E RS LR AR (M AR
FAphE FAL > B er B) o

522 KIFVIRALK > X NIRREE T A2

(L) AR BERF AL
(2) ﬁ%, Lk %‘L f’$ "3';_:3': Ki?f]fg;'ﬁ',& % i

523  FEMRI VR
5231 EEAERF LA LR BIHT Y AR @ AERTR
5232 T F Sbpat iy pEEF N UL > LR 4% 5.2.3.2 Nk E
= [5.2.3.2]
$
At 2k SR A B (S)
m R FE(Ib & k)
He @ ydtyedes (B/lb & kilkg)
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Q :#fxF (Btulsec & kW)

5234 ZAEM VR AEER P VR FE I LY LTI A F Y > boFl
5.2.4a) |] 5.2.4(b) » £ ¥ £ X 3 TH RIKET BRETA 2
NIy S = S A
VRT 5 523258

5241 =X EH 5 %2 Uik XL LT AR -

(1) NRR R TR
2) PERY T 2 (D)) R S £
(3) AE BT 2 H 8 VRS R
Steady phase
3
8
=
3 3
E: g,
g S
o &
8 )y
Time (t)

Bl 5.2.4(a) 44 ViR 3 AR

=

2

= 2

3 § %
-2 § ‘%&,
e = e

Time (t)
W 524(0) 2485 8 § %99

5242 PRI (12)) RS £ H0A
52421 #H % BF TS ()RS E AR ES £ 5.242.1a £ 524210 »

4T
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52422 £+

Q = 1000 (é)z [5.2.4.2.1a]

Q I Vikmz £ (Btulsec)
t DEEBELS pE R (Sec)
ty ¢ xEPER (sec)

Q = 1055 (i)z [5.2.4.2.1b]

Q I VRZEAFEF (KW)
t DEEBELS pE R (Sec)
ty, S EPFER (sec)

PR PR R PRI T S (2) X R A & B

> 4858 52422 4o o

At = (%Cté)l/g [5.2.4.2.2]
B e
At 2 X A B R(S)
m AR E (b 2 ko)
He ¥ vids (Btu/lb 20 ki/kg)
ty, R PR (sec)

Y

5243 e > AL VRS L LT FEATE T > RITKT

(1) X iR R R
@) ViR AR 21 AEA R ROKEEF I

5244 F#i3# > %A Rz &L,}g—g{_r I %98

(1) L RR

,}

AR
) PALAT AR TR RT o HHHORE k2 A 4T
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5.2.5*
5.25.1
5.25.2

5.2.5.3

5.25.4

5.2.55
5.2.5.6

5.25.7

5.3
5.3.1

L by B EE

W LR R AT YU AR AR

ERRF R PR R RN UFET e R L
LA -

EFIE R MG H 6 S BIRE VRS UK 4 0 k2 42 5253

AF R 4T oo

(r)/2 [5.2.5.3]

4mqy

R Sl pRgr bkl @ 2 B EE(ft 2 m)
Qr  VIREM 2 fgaANA (Buft & kW)
Qr ¢ iR alwer T fgstaid B (Buft’s & kW/m?)

VRS L fg RIS o 2 258 5,254 - R 40T
Qr =%Q [5.2.5.4]

P e

Qr I ViRE S 2 45 5E 0L (Btu/lsec & kW)

§ L ipEE A (R F]X)

Q  Vim#F I (Btu/sec & kW)
frot A F P03 g2 H e PRETH G Ry KPS P i o
ER 2[R, 0 R T IR R G A kB ok (7S
R EVERE A
"2 0.9 Btu/ft2s (10 KW/ mP) (v % i3 & 51 %40 3 d5 bt 4030 £ > % 24 4

R REET AL B gp AP S E

B
HAEGE VR 2T R LT ERERBERE T > 2 a2l
531 4% s 4T ¢

QAt
= [5.3.1]

m=
iy

155



R E T2 (b & kg)
Q :#fE-xF (Btulsec & kW)
At b RaF 24 R (sec)
He ¢ #hplveg# (Btu/lb £ kJ/kg)

532 HPFFIS )Nk 2IWFE A RN 53247 doT
m=%%3 [5.3.2]
# e
m ARG ETE (b & kg)
At b a2 R (sec)
He @ %opstassd (Btullb & k/kg)
ty ¢ FEPFR (sec)

54 TR E

5.4.1% i B> i e PR Ado4~ L A L (First Indication of Smoke) i+ ¥ 2 4 E
K Bd oo 2542 8 & 55 H iz o

54.2 BAERILE RE A E TR g it

5421* FEE ViR BT AT EET o EAERIRE R 0 &S £ 54.21a

2 5421bE > 4oT

1) WRFREG e ARG AR
) AH2 v > % 0.9-14 # ]
(3) AIH2>0.2

(4) L LR

(5) A TR

tQ1/3
4
Z = 0.67 - 0.281n | 1> [5.4.2.1a]
Z
Ly

z VR K I AT R IR pEgR(fY)
H = Vkhe 32273 &)



t : PF R (sec)
Q VR #M T (Btulsec)
A EEL e 4 (D)

wo¥la
% =111~ 0.28n wls [5.4.2.1b]
7z
-9
z DVRA R Y 23 B4R IR 2 FEAE(M)

H @ ViR = 1% 5% &(m)
t : PR (sec)

Q T VAEzZAEF (KW)
A ETEE e (M)

5422% 22 ViR BT EET o BAERRE AL T kD4R
;154223 & 5422b3 8 > 4o

(1) RN RS R
@) AH2 1+ > % 0.9-23 # F]
3) AJH2>0.2
(4) 2LAR L L R
(5) AR

—1.45
§::023[§E;;;7fﬁl [5.4.2.24]
B i
z ik R 3 oA W B IR 2. R ()

H Vg b2 3% F R (ft)
t : PR (sec)

ty, & PR (sec)
A EEL e f ()
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5.5
59.5.1*

—1.45
%::a91L§;;iE§FE [5.4.2.24]
-9
z o VRA KR S D BT AEIRZ pEEE(M)
H @ %ha =133 A(m)
t : PR (sec)

ty R EPFR (sec)

A ET LR G A (m)

L S ERE

O A

5511* T Z ¥ LFE AL L F 223 551.1a~551.1b &

2230 5511d~5511e# 5511f 5 > 4T

z, = 0.533Q%/° [5.5.1.1a]
¥ 757y m = (0.022Q%325/3) + 0.0042Q, [5.5.1.1b]
¥ 7<z7y = 0.0208Q%°z [5.5.1.1c]

ke

zy -7y AR

Qc : VikhEF I fFinaits (Btuls)
Z D VRAR Y S I oA T BT pEa(ft)
m R AR R zZ2EFE o5 (Ib/sec)

z, = 0.166Q%/° [5.5.1.1d]
¥ 757y m = (0.071Q%325/3) + 0.0018Q, [5.5.1.1€]
¥ 7<z7y =0.032Q%°2 [5.5.1.1f]

&@

zy : 323 A (M)

Qc : ViRHEfE I 2 HingIns (kW)

z  CVRAR G I BT ERZ FEH(M)
m CUER AR AR zZ2ZEFE S (kg/sec)
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55.1.2 23 5511b~5511c & 55.1.1e # 5511f > FE A L& FiR
£ (Tp-To)] ¥ 4F(2C)2 ¥ & * = (L 555 &)
5513 ViR 2 HiRAINA o 2 4258 5513 4% R 4T ¢

Q= xQ [5.5.0.3]
P

Qc  VIREF I HiAIA (Btus £ kW)
X EREA & (& T
Q I ViREHM I (Buls & kW)
5514 HingA FE 0.7 F 2 B RGETH B IR KBRS e
552 B LA IER
5521 FEH Gl 2T@aAn o FA b ¥ Gk <50ft (15m) - EFE 4
24 EaN5521a & 5521b3E o 4o o

m = 0.12(QW?)Y/3(z;, + 0.25H) [5.5.2.14]
Ly

m UEHRF R 5 (Ib/sec)

Q : ViR#.98 -z % (Btulsec)

W AT e a2 R A ()

Zy THESTRMIEE RS 2 F ()
H ViR R 3H 58 AR

m = 0.36(QW?)/3(z;, + 0.25H) [5.5.2.10]
=

o

m TR # R 5 (kg/sec)

Q  VikEF I (kw)

W BT ss 2 BT A (M)

Zy HoTRNMIIEERG 2 E AEM)
H XRAKRY I L3 EM)

5522 235521a% 5521b FE A F 2 &k R £ (Tp-TO) |+ 4°F (2.2
C)PEA 7 i % o (L 555 &)
5523 HEAE W i * T MBmy ok TS R EHE

159



fOLHPEF B 5T 2k T AL

5.524% ¥ b ST R EHE O RLENEC > kR BULF o BT A
o2 oI o2 AR RS 10% -

5525 F A AT REEE BAF R E A VR IERN > T ORE
WO R BT F R B R R BRET VRSB R FA R B

5526 £ 5525 &2 & R BEEHp Fpch > PR E A P

5527 FA®BEPBmd » E2cF AT I 3N 55273 E > 4T
W=w+b [5.5.2.7]

W g A (ft & m)
m dafFREZEC TAM S m)
b

PET IS %2 (Tt & m)

5528* F A ST XA B3R zp o ¥ UE K =50ft (15m) - EALE A
it 238 5.5.2.7 3+ ¥ <32.8ft (10m) ‘T FE 4 % > k258 552.8a-
£ 55.28b 8 » 4o

my, = 0.32Q0Y3W1/5(z, + 0.098W7/15H + 19.5W7/15 — 49.2) [5.5.2.84]
Y

my, G A® R Zyin »EA 2 5 £ (Ib/sec)
Q. : ¥in éiﬂi%] 41 (Btu/sec)

W e nz £ B (ft)

Zy R IS E%2 R ()
H o vRARY = IH L3RR

my, = 0.5903W1/5(z, + 0.17W7/15H + 10.35W7/15 — 15)[5.5.2.8b]
P

Wy ¢ AR Zpik ~ T A 2§ (Kgls)
Qe i 1L (KW)
W ez £ BE(m)
Zy R4 IH L% F R(M)
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H X RAKRY>IESFEM)

5529* ¥ AEB ST XA B3R zp o ¥ UE K =50ft (15m) > EALE A
i 238 5527 3-8 >32.8ft (10m) > ¥ <459ft (L4m)'TF & 4 & % >
>34 5529~ ¢ 552905 > 4o

iy, = 0.62(Q.W?)Y/3(z, + 0.098H + 52) [5.5.2.94]

e

My, G od A Zein 25k 2 T (Ib/sec)
Q. : $n R & (Btu/sec)

W ez £ R (ft)

Z, R AHs$4%2 8 k(R
H ARAKRY>IH -3 &)

iy = 0.2(QcW?)"* (z + 0.51H + 15.75) [5.5.2.9b]

P e

My, ed R Zeyi » R 2§ E (kols)
Qc ¢ HHim# & (KW)

W Az £ R (m)

Zy, ERFPIBSFHZ2BR(M)
H @ VRAAYIHLFAEM)

55.2.10% $t 3 L& % & F & (z, 250ft [16m]) » ¥ &M o T £ A2 L LF
BE P el (R (T ie 25 5511b s & 5
B BTk SRR B R VIR R R R TR -

55.3* B {fH

5531* $ T H 2 FF > ARW K FE v 225t 553.1a-
£ 5531b 8 5 4o

Q= 61.2A,,HY/? [5.2.3.1a]

B
Qr : ViR# 8z ¥ (Btu/sec)
Ay R BT R (D)
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Hy, kB3R

Q= 1260A,,H/? [5.2.3.1b]
s

Q¢ LA (KW)
Ay B BTG fE(M)
Hy @B B F A (M)

5532* FEM IR T d BEEiliE2z FE > ko 5532a - &
5532b: & > 4T

= [0.077(AwHY ®) /3 (z,, + a)%/3] + 0.18A,Hy/? [5.5.3.2a]

# e

m B R Zwz B2 F(Ib/sec)
Ay HRBE TG ()

Hy, :ik ®v 3 A(f)

Zw CRE ISz 3 E(fY)

a :[2.40A%°Hy/°]-2.1H,, (ft)

= [0.68(AwHY )3 (zy + 2)%/3] + 1.59A,HY/>  [5.5.2.90]
Y

>

& B

=
R )

a
g
(=

Zw B E W23 AEm)

a :[2.40A%°Hy/°]-2.1H,, (m)

5533 =4 5511b- 551.1c~5521 % 5531 FFE A+ L @i iR i
(To-To) | >t 4F(22TC)FE2 v & * - (L 555 &)

554  phIHTALE T

5541358 » ¥ fL TP Sk 23 5541 3-8 0 p E S ¥ Bk 0.25-05
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2 T FE A vzt e s #ic Kg=0.50 ﬂ"&‘_ﬁ_;r PEIT I Kg=0.25 %k
R R T

d, = Kgz [5.2.4.1]
Y3

dp, ° PFEFITAE S(ft & m)
Kqg " EiE¥#
z o MRAKLT SRR S m)
5542 TR % 7 PEATHE > B3 BT E T E"E%i?ﬁ?é«"?@* PR EEF O
BRAFHIFIAETEOG o BRELTE RS -
555% EEER VLA EREI;NE553E 5 oo
T, =Tp + ‘;S—§; [5.5.5]
# e
Ts EZRER(FLTC)
To *FEAE(FLT)
Ks A 2 3 e gt &
Qc 4 E 2 Hinite (Btu/sec & kW)
m LR AR AR ZOF 05 (Ib/sec 2 kg/sec)
Cp 'EHf imeant #(0.24 Btu/ Ib°F 2 1.0 ki/kgC)

5551 BUEALANH P E BB RS L K 100 f 2 el
FAL L g kPR i o

5552 - B4 BAAEE Vmax o 7 i SR T sn 2 #U5  Hns o
FOKS B~ 050 %2t H i FEBIETAL S I kB % B o

=

5.6* PR T fip

561 S P NAAEBEL T ET LR AT AT

56.2  AFEHETAREERREC KT R

5.6.3* &P T R THE- P o2 A X HAEIRF 0 2250 5632 & 56.3b
Ty 4o

_ 1/2
V. = 452yd5/2 [TT—T] [5.6.34]

0

163



Vi 1 &FF AT B+ BAE 5 (f/min)
y o CEF R (R Fx)

d DUk AR F T BT S 2 FR(ft)

Ts Uk h% R R (R)

To 4§ e%HEARR)

_moq1/2
Vo = 4.16yd5/2 [TT—T] [5.6.3b]
0
PR
V max DEFTTET B S R R 3 (mY/sec)

Y UEF R (R T

DT B F T B BT Y 2R R (M)
T ek s R A (K)
To t ok F i $HE A (K)

B.6.4% P F T2 ¢ AN RiTHena BE A yES 1.0
5.65% P F vz ? o[ p BiTHeA BB T yiE 05
56.6% #F v =gt > yiEB 05-

5.6.7% d/Di fat 25 pADI Sk T E T

568 ¥ Ajpg c D425 5683 %

__2ab

ey [5.6.8]
Ly

Di ‘RrTEE

a ThTE

b TR TH

5.6.9 SBPEF v EERET k(R 5.6.1) 0 B FFEE 2 f25% 5.6.9a &
569b3 % » 4o

Smin = 0.065V/2 [5.6.93]
ey
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Smax * b U B if i 3 iR B R (fE)

Ve - BER vz F on (] min)

Smin = 0.9V/2 [5.6.9b]

Y

Smax . & I Fé&}”g%i é%&’]ﬁ&%ﬁ- (m)

Ve - @R T R (MYsec)

5.7* RO o PR T AR 2N 57a R 5.7h P 0 b o

V=60% [5.7a]

Ly

Vo RIT 2 R S (fmin)
m L EE 2 B E R (lb/sec)
p g A (/)

V=60% [5.7b]
B e
Vo2 RFE R S (mYsec)
m T2 F R R (ko/sec)
p T ehi A (kg/md)

5.8* W R o Eeap AR 428 58a & 5.8b 3ty o 4T
pzﬁ%% [5.84]
W e
p g i (Ib/fY)

Pam © =~ % /&4 (Ib/ft%)

R %% #(53.34)

T &R E(CF)

p:%% [5.8b]
P e
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p g i (kgim’)
Pam * = # &4 (kg/m?)
R @ f 8% #(287)
T meE A (K)

59% R IPEG B ARE G RAB AR o L LR R e

o RPFAWEYER RS » R DETR o
510 F % f ik

-

vohme
/ -— space
-
/ -
Conmmunicatmg ] -
space ,.LI - Amflow
\ -
.IA". A '11_ -—
) \
e A .

B 5101 FefimbPlTid @@ 3B 385 FHit

5101* FF e F it g d B4 2 22 F el X FH I FHIT
br@] 5101 #F o ZBAZTF T EPIEFE > LA FHITR
v A T R R 0 AREATE U T F nE R Ve 1 el
5.10.1a & 5.10.1b 3+ & > 4o

_ 1/2
o] [5.10.1a]

V, = 38 [gH -

B

Ve 4T 3% i A& (ft/min)

g 4 4 B (32.2 ft/secd)

H d Br gngial v g i(ft)
Ts @ X#EF R AR)

To 4 FEAER)
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_ 1/2
Ve = 0.64 [gHT—=] [5.10.1b]

T
S

Ve @RI 355 itiE B (m/sec)

g &4 4ciE A (9.81 misec?)

H dFr &INE4eHE o g k(M)
Te X8 F g B (K)

To :hg EAEK)

Mormuabzed smole layer position Gz/H)

0 0.1 U!E D.|3 DLI- CI.|5 0.6 0.7 0.8 0.9 1
{ﬂl-ﬁ}H-Li}WH!][mfdﬁymi{]
+*Yamana &Tanaka *NRCC 0O Commitee's data
— NFPA 92 - -Egnl.3a
B 5102 Mg lEsFd EHFier P RIFERAZTFNT LK bl

5102 MF P HEF I LB IR EFEREL ZE T HEER
% 0 4e@] 5.10.2 #ror o T EE R Ve F o id Bl 7 iR
24750 510.2a & 5.10.2b 3 E o 4T

w-17[g”

g

Ve 04T 55 ini# A (ft/min)

Q : ViR#u % (Btulsec)

z G VRAKRLF IR T RINZEH(T)

[5.10.23]

V, = 0.057 [%]1/3 [5.10.2b]

P e
Ve T 3F g A& (m/sec)

Q  VikEF I (kw)
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z I VRARLY S IE T ARINZFEH(M)

51021 |25 i R Ve 1173 4838 510.2a &

© 5.10.2b 3+ & » 4z:iF 200

ft/min (1.02 m/sec) > & & § it 2 3 ¥ ¥ A A A NP e

510.2.2 = 425% 5.10.2a & 5.10.2b % ¥ * 3+ z | 3+ 10 ft (3 m) «

5.10.3

T#F?’:}:ﬁ-?"&}!ﬁll’

4 [B]
TLE

L

I I Pl S RN T

5103 #77F c ZU 2 FRF X i £ @i T/ &
AT I2f i R Ve 117 425¢ 5.10.3a & 5.10.3b HE s e
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A
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A (hof BE P E)> 7§88k R BPAE o

CERMEPCUHE MG 2 FAERE BT g o
AEXRLERRBRF 2PN B R R
AP RET2CIER 2B VWP R H T (8 FEIER) >

Jir

BEARL G % D o e AP 291344@}:;;}%@_%%& Ao ©
TN ¥ ERER CHFTZ AR SRR A - s el
FERABESN S RERFATHIFRC LR 0 s

HESE S L EE L TN R L EE X 5

Iy

AR AR h A SR 2
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Bt AP ZLE

J&.
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=
=4
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T
S

A BRAEP RN ERT RS I AR ) SR EE R €
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R A A BE T IR LB 28422 o

P p ASTERF 2 RS ]2 A Ry

(=) FU* A B a4 B 45 E2 #7343 53¢ o

(2) EXR A BRE 2 3UMFEFIPETF BRI & o
() 1% B4 BEHPIEFIGE 2B 4 -

(z) S BRR $2 o ficipd]
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% = & The BOCA National Building Code

% 21980 % 0 P AR BATEAE S AR A, 0 (1987& BOCA[4]2
¢ i 4 3 i (Means of Egress)%fsf;y\iﬁ e o B4R 2 K2R 0 4T L i BOCASE 4
FOMB R A RK A 0 81875% fAaRER B FET]

(- ) S4B 4p 82 o § 0.05%4 -k 41 (12.5 Pa)2 & &
() i T ERBRERE P > K4Sk £ 22500 cfm (1180LPS) 2

81876 # & R EBRAE WHFEF Rz )P ez =g » HEER
I PSR S B b 14 o

%z & Uniform Building Code
UBC[5]# H & & & 3 5 -4 ¥ 4e B2k 25 # 50753 (~24m) 1+ 2 22 8 > 4e
BOCA’f 3 2500cfmph & e # 2 8B E P > HIRBZ 2 3540 o
UBCH§ ¢ 7 F2 FIE&H 40T

’

4 /B (pressurization)

’

=~ H - FF 4o B (pressurized stairway enclosure)

It

~ |7 T £-EE(smoke barrier)

>~ F2 078 (smoke-control mode)

=g

TR R B #8148 38 (smoke-control system, mechanical)
A~ E R B AP 7N (smoke-control system, passive)

= ~ BE R F* (smoke damper)

v

~ P % XL(smoke exhaust system)
1~ e i (stack effect)
+ ~ & 2 % 5 (tenable environment)

<+ — ~ % # L 7 (zoned smoke control)
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P v ifl]

1997 & H- F 4c /R b .2

EXuh S G I £

{ P

Mo UBC2 4p B T R4° f§ & 5[20 445

# 45 UBC z ip B [7 'L 4°
(A #3f %4 < (5]

% (VESTIBULE)

1005.3.3.7 4 — ﬁf‘-fﬂc‘*"ﬁ&ﬁ%qy;,}g% f*"“;ir“s*?i)i’l‘ﬂ}iﬁxtﬁa
R TRz B b S TSR (~2AM) 1 b s RS E R 2
(PRESSURIZED 2L 51 v iR 905 2 A F TR TS B’ o H 4R
ENCLOSURE) AN ] 3@;,1? ERROES Er =3 PR
JET o
] #F (EXCEPTION) :
ok B AP ARV UEAR K R4 R GBI
Bova g 0 U 5 (LO6M)P 2 H B3N (SPOT TYPE) i "L 45
B 3537 ﬁ:%j\}éstfrv °
~ £ G3KRALT V0 Ec> 2500CFM (1180L/S)2 ¥ 4
P > XA AR FF 2RI
1005.3.3.7.1 4“@1813@&’5@?{_%737'\:%%%’1\1%@@?30

1005.3.3.7.1.1 % % ¢
~t (VESTIBULE SIZE)

I

TR AR E > 44 INCHES(1118MM) 2 H » v F5 2 3 e 2
B H i8] 3" T2 INCHES (1829MMm) °

4o

bl

1005.3.3.7.1.2 % % 4
1% (VESTIBULE
CONSTRUCTION)

HEABG MR A TR LR W 2L L

Ed

'\‘.t«

1005.3.3.7.1.3 = ¢ f*
(VESTIBULE DOORS)

,

4 HEE AP R
oo KA E M % 2P
L pEsT A (B3 20 /,;\ﬁ‘ o

PREFD ABPLD 7 XRTI3 &9 Lajalk 2 58
7P B R @lvﬁﬁjfﬁg?"%yl-‘!’-ﬁ?#ﬁ#\fﬂ’m,?;l]—?
He® nfgyﬁ,ﬂl lf?adﬂé?m/?ﬁ;gf;@‘\‘#%-ﬁ e gr;é: f%"ﬂ:f
WP g o ”“?)‘PFB%%L_)\ ’\30/’3\5@19&“7‘ @%’
#7919 & FACE 450°F(232°C) » 4o 23 UBC L4 7-2

¢ o

‘F’af@;p 15/ 2z k pF
BERBEEIB YN BEp

-
x
VA

1005.3.3.7.1.14
/& 4 X% (PRESSURE
DIFFERENCE)

EFMPZRET g2 RS ApE VA RS 0.05
INCHES -k 41.(12.5PA) it /& » * 4p >+ 45 P 5 0.05 INCHES
KAL(125PA)2 B B H G L LA RS L
2.2 Koo
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% I & International Building Code
IBC[14]2_ 4p B 17T 45 i & 7*° £ 4.6

# 4.6 IBC 2 ipM LR
(» 270 %% = pe[14])

909.6 4c /& >
(PRESSURIZATION METHOD)

bpEEREL A AR

ISR 8 P %ﬁxﬁ
a‘_#’uﬂl”i;}""# T 7% ik

kﬁ?;{\,}};{7 T A

g
-

A o
B o

909.6.1 -] 2 R4 %
(MINIMUM PRESSURE
DIFFERENCE)

DIVER UKL ZAY > AR i) 2R

iv 0.05-INCHES -k $1.(12.5PA) ° Gl i XIREE Hook

2R gD k2 RS L 5T TR
k%ﬁ-*éi@" £ ehd 2o

\:1

909.6.2 B~ 2 B4 X
(MAXIMUM PRESSURE
DIFFERENCE)

EFERD S PR ARL BRERFPEBEM2Z AR
AT o KRR TEERF  HFESFRL 2
o2 4 i F 2 1003.3.1.2 & ¢ SR T - R o B B
Frpd 4 g fied R e 2 e ' 4 B E T
42 fRE R e

PR R R E R4 R T
F=Fbc+ (WA  ARW-D)

A= F’“\iﬁ y L3 ;}q(mz)

AR S

D= &4 T i 2 JEd 2 (M)
F=sp@m+ £ 25 (N)

Foc= FfRB P % 2 4 & 5 24 (N)
W= Pz 5B % (M)

AP= R4 £ 2 %3+ 0 PA

909.20 7 '& % ¥ (SMOKE
PROOF ENCLOSURES)

& 1005.3.25 & ¢ #1& £2 PR E 0 & iRIpt
av 2z R e kEd  cBPEFFe 7 - ¢4 £ 100532 &
POTRIZ RPN INE 2P - R 2B N B
&R F & F K23 b 5 F o INTERNATIONAL FIRE
CODERZPEFF R AETE » ¥ E TR 5 -
[AE % B oo

2
g

909.20.1 if i (ACCESS)

A2 @ Fogd - DR N- Bz GBS
EZBTRIAAE A AWFLAFTR 2

BB R F ] Y 44 INCHES (1118MM) - B SRR 5 2
£ & 7 7] 3% T2 INCHES (1829|vnv|) °

909.20.2 ¢ >
(CONSTRUCTION)

U

v REIRA T A2
| EERE X PR J\}_g%ﬂf?,;u ,xf:é‘i.rmefz we

Fd A @2 PR L R B Lk
Pt o B2 b BIE L iRl L PRk fF

PR REERL 2

T oo A
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R ki

909.20.2.1 Pz B B KR
(DOOR CLOSERS)

AT RE 2P EE )3 IRl B S %%'d—?
BAMG ErPERR T kL $URFRE KSR A
ﬁﬁérﬁg§§°fi—’f§_% nﬁ,FE'AR )@F&)@gﬁﬁthF*g_%
BrPERFBF2ZMPIBEPEE > GLHFERFRER
907.10 &2 2 % % -

909.20.3 p R b F L
% (NATURAL VENTILATION
ALTERNATION)

2"?\909 20.3.1 = 909.20.3.3 z
ZPFERR -

R e [ R

909.20.3.1 5 &~
(BALCONY DOOR)

ﬁ—d - BEATNE LA /(i-’]‘g-ﬁ” il}i EEALERRF
S P F LB TIA2 Y R KA

909.20.3.2 = ¥ F*
(VESTIBULE DOORS)

Hd B FAARYGE > AR EDILPAL LR
e TIA2 &2 R REXWREIGFLFRRE
7142 &z 3.7 > Hp L prsea (8] 3 20 » 48 -

909.20.3.3 7 F il b
(VESTIBULE VENTILATION)

F- B F T - Bl fF 16 T 2 (L5 )2 B
‘T"L_@Fmé‘ffmm};}_]‘m\% FR3 20
(6.096M) 12 + 2 2> R 3T sE o

909.20.4 ¥ 453 b F 5 >
% (MECHANICAL
VENTILATION ALTERNATIVE)

909.20.4.1 1 909.20.4.4 &2 Rz * *t > N b
ZFERRF -

909.20.4.1 + % P KEZRAPIDF2LPRBRAFETIL2 8032 L

(VESTIBULE DOORS) PR FIX2H 2P RAFETIL2 90T 5
7 A 20 ARl LR L A AP T W
F2ZPRFEERTNET R MBS o

909.20.4.2 % % i R KL i[@;fé’l—[@;% %5' M E Al s R T g

(VESTIBULE VENTILATION) | & # ¥ /J~ F 22 150% > F§ 2 £ g LS d §
Lol = %*&?w»aﬁm’wzfﬁ$@g w
# % 6 INCHES (152MM) 4 > 2 5 4 F* 2 75 =8 & Jf &
BAZTER( 3 X )26 2 3 F M EE
% T 3 6INCHES (152MM) » ¥ & JF 23R A BV R 1Y

W°§thﬁ%ﬁ%’zww&&?7ww,;ﬁ
LU T RPEL vV EELAAP S R P

%—L}‘&_E_ °

909.20.4.2.1 %3+
% ¥o(ENGINEERED
VENTILATION)

ERTRY

TR FuR b AP HiE- g B A
BRET > By 2 FMEoNE ] pFO0 T X

B PHEFERAN PR RIZZ Bo g 0 HDHFRE
TR W2 AP RTG RIE T T2 0T R ¥ BE
RRYANR "L LA I SN S S E RS ¥
907.10 &z . Z_-

909.204.3 'L H HEF

WEZXAERICBNPE 2 B & 20 INCHES
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(SMOKE TRAP)

(B0BMM) 111 K § SULE B2 E AR T R E—

ﬁ%/nﬁ’Lﬁﬁﬁﬂxmwﬁ'”’%faia % PR
fs o
909.20.4.4 Wt R F o i [ HPFREETAS IR TR C 2 G227 §
SL(STAIR SHAFT AIR) ¥ B A1 R 2 0.10 INCHES -k41(25PA) » f 4.7 %

“Lr;a mﬁ*&ﬁ,@ﬁg&

N
BHIwE L f

909.20.5 #4577 4 B &

T AR 903301 BT > A KR p Bk LR

= % (STAIR PF s & >R IR AdF B 0.15 INCHES -k 41.(37.5PA)

PRESSURIZATION B~ 0.35INCHES -k $1(87.5PA) 2 it /B (F15 B P 4p $3%

ALTERNATIVE) EAFPNBRE) B XA ARFE o U E
) E A= @i"‘#ﬂ NN B R R g L E)/ AL
IE‘ °

909.20.6 i b K & % 909.20.4 2 909.205 & ¥ “ri 2 W h KA > /o

(VENTILATING EQUIPMENT) | % %3t £ A P8 % B » v T iz ¥ 2 (8470

ng\)é“:ﬁ” gﬁﬁ’ﬁgi a2 B EE FIE TR R
BRI T oo ERE o PR K TR D A
Q.#L'Finb"f Wi §UEIE R R % j =S
907.10 2. 3.7 _-

—4:;“

909.20.6.1 i kb % 3%
(VENTILATION SYSTEM)

PERBLED JARIDZ RS
Zth o ARRER IR ET AR R -
KRR FREERAF2Z R 2
ERFSd R FEp LR

M2 BN E R o
KEERFRENPERIEN
BB PRI F AR
L L2 [ LA 8 %. .
RAEERFRENEALN A 5 1

|9

B R RIT R T B ok )
FHehpld 2]y

N pE T2 [

-

2
H

909.20.6.2 #% * 7 &
(STANDBY POWER)

- P
VIR H UL A 3 H U R

PN 2w %g_f%ﬁgigﬁv’\%r;‘?],, 12
@ﬁ‘wﬁafﬁg4%ﬂnﬁd27i%i1$%
m//};’l°

,
LL

P
7z
o
£

NI 2

900.20.6.3 S fe 2 pls | ABERARPAT > L pikh SRS FRAR
(ACCEPTANCE AND 2R T TR ER A AT R R AR o
TESTING)

909.20.4.2 = % i kb (Vestibule ventilation)3® > » = F B 7 5 M3t E 245
12 #F B o ZHPFEA@ 30 EF B2 150% 0 A £ FZ 2 v B 72
SERE YN IT &
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FA 8 EFREE LA

FRIFRE 2 BRLES ’i}”;irﬂ%ip‘w » 1 & 3 BS EN 12101-6:2005, Smoke
and heat control systems, Part 6: Specification for pressure differential systems-Kits[25] -
¥R E RIS T A LB K #E 0 4o B (pressurization) ¥ f & (depressurization)
g S BT RSN R RFRED RIEE B ER B4R A -
BRA R MEA R A BT aE > o AR L 4o B 45 [25]97 o f R
R AR VSR AR > R REITR FERERS KBRS A A
] 4.6 [25] 77

1
2 j
i
-
— -
5 —i0
—f-
—f-
—
T— 1 8 o 4 1
I

Key

1 Outside

2  Pressurized space

3 Owerpressure relief

4 Extemnal leakage

5§  Fire zona

B Air release vents

7 Airintake

8 Supply fan

9  Supply ductwork

B 4.5 o RIT 4 Sfr L B
(A @B~ p %3 2 pe[25])
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fb—=e  (P: -5Pa S0P | |le— 7

K]

g 5= 0Pa
0P —p I

Key

Stair

Lobby

Accommodation (DP Depressurized space)
Exhaust (Depressurize)

Leakage path through doors etc.
Replacement air

Fire-resisting construction

=~ M o W M =

W46 fRIEH st ThSEBT 2 %0
(R F% 5 54 @ jr[25)

MRARERA BRI FITEE LA A G T g R R KRR

Borih®m A 5 A~B-C-D-~E-~F#» P 4rdk 47 #77% o

# 47 BSEN12101-6 & % '§ 72 H-#710 5
(42 p 53 < §x[25])

Hrir i & EOE RS A
A BEHT R el bo ) 4.7
B #3-7 $d L wEFgpRL 4 4.8
C st Wd LiE o R T EAL 4 4.9
D &5t W EE o wpE Y 2 BT el 4.10
E &g 5-7 WAL APFEREC 4o®) 4.11
F g7 W xR g4 £k b ] 4.12

213



A g3 #7(Class A System) » 3 kE A L | 7 & (7 5n4L

GAERAT TP A REF FASAFR o 3 Y RAE - Bl L
I EESZ M BEID ZAE LB L I P) FRESE - R e
2RAL RAcB) 47 [25]9757 0 A BREE e H - B S22 b @A T LR
0.75mfs » e BEF-FEm 2 /4E2 B3F M 52 B L7 ¥ /> 50Patl0% > *+* §=

B4 7% 74216 100N o R#g AR5 22 v 22 8 @ 854 h AR o

AVAVAVA

AVAVAVAVAR

— —l=e 3
1 — 075 50 Pa
= 0,73 m/s ~
: <
Airflow criterion Pressure difference criterion
(all doors closed)
Key
1 Door open
2 Door closed
3 Airrelease path
NOTE The open door can indicate an open flow path through a simple lobby.

(R f %4 < pe[25)

BigHor  ABL (A NZAFEFHI PR VAL -

RPRALIEF BRAIEN > WV LFEI2RPEFRVERL FY R
BECH B U3 enf > ¢ 24 VLA 2 BRI T R~ AT VK 2L BRI
FEPPRFEAFENRE R 2T P H o HF w2 BRELE FAoF
48 #r7 > WA RPFE A E - BRP 2 hE 3 Vo2t 2miso e LT H Y g
HE2AF 2222 AF2BRLIZ 7 |3 50Patl0% » At & H-F e
ZEAM2ZBFM 5 BRE T3 45Patrl0% o 3 B4 £ 4 7 421F 100N o
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==

=N=g=

|
f

AVAVA

i
y
H
|

L TTH
i
]
i o

Airflow criterion Pressure difference criterion
(all doors closed)

|
AVAVAVAVAVA
ra
[
AYAYAY
===

Key

Firefighting stair

Firefighting lobbies

Door open

Door closed

Alr release path

Door open (firefighting lobbies)
Door closed (firefighting lobbies)
Alr flow from firefighting lift shaft

o =~ @ N k& Wk =

B 4.8 Big#arxit & &
(AEIZ-p 57~ pr[25])
CHHsr » 3 A A R > BRI D &> 1 B e Fande -
ARAGABRBFENTFFRT A AR R* BT REHER
WHEET o AV RFBAY 0 MR R AR ARERS 2
RIF A E S BT ®E 0V UFEER FYREAL VIEZHFRH 2 F o

FIB ‘*%E&J"C@%“/‘n /@@ /{J.Pm}m }} —ﬁ% mFmEJIE‘V/Q Fﬁgggflp‘

BFm> w2 BRLAE 4o 49 [25]%77F » Gt BRFA s BECM H2 b @
FF L 075mfse B LA RFEALTEAF T BEBF DM S 2 BRPF 2
Bis oot M R~ 3.4 VK AR ITBBES ) OB 2 B L

¥ o] 3t 50Patl0% - g S vt o RSN B 52 AT L3 10Pa
+10% o 3+ B P 4 £ 2 ¥ 4216 100N o
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-3

VYV VA
VAV VA

o 0,75 m/s

|

AVAVAYAVAVA

L |
AvA%
|

|

1
/\VAV?

|

[}

Airflow criterion Pressure difference criterion Pressure difference criterion
(all doors closed)

Key

1 Door open

2  Door closed

3 Air release path

NOTE Figure 4 can include lobbies.

B 4.9 C 8 #ik - & &
(R BB f %% < Je[25])
DaFsher » ARL KB SN LG A | AT PER Y 2 B s bl Ao Ap

ARFREFRT > ZELIER A ¢RI RS X HER
4

RESAZERBAVTENFEORR TR

1 A VA2 22 A2 BB S B 2[&
2. A VM2 ARZEAPNAFPERBRIE 2 L RFIBRELY P B35

3 A VHAELERIFISALE N o d 22 A IR TG P R K

4, S BREAFRE T EiS 4|AF'&’5L?’)§F"5’}£5’F;'E)@:’1/£\‘
5. Bfshiv PR EC &[5
6. X NHLE ARG IBBRE TR L o
HFom> w2 REE f4cB 410 [25]477 » fte BEF it e BT %2 b #
¥ o3 0.75m/s o
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2

Key

1
2
3

NOTE

A w bpoE

ENR PR ¥ Rl ey~

ERE e N

TR P2 BRE A ¥ )3t 50Pa+10% -

G 4 b

Sy %%Fé&iﬁ’sféﬂi‘?ﬂ&itﬂ—i—vﬁ ;%F;g}m:,;}

HEZZHE4ARIFRFSM S

ER VAT R

B2 AT > Fl R F BRI A B R

B fs A R

F

",fTaT*QF"’ St ARSI B 2 BREL AT 10Patl0% o 3t R
B4 877424 100N o

AVAVAVA

\VAVAVA

§ .
2 ~
—=3 —=3
14 0P 50P
L 0,75 m/s ~———f—— ~—
K
N
K K <
Airflow criterion Pressure difference criterion Pressure difference criterion
(all doors closed)
Door open
Door closed
Air release path
Figure 5 can include lobbies.
® 4.10 D#p kit & &
(& BB~ p %4+ fx[25])
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E &3 > AR L % 5 30 b S pEER A PR B FREc(phased evacuation)

ATREGRACER > F AMERE T B A R@E o SRV UF B
BRA S AEEF c AR X FEFFAFEERE 0 & A BT B

K BAES LI -

A BREFF e A2 EABEM 52k E3T 3 0.75m/ls > g TR

WAL H A ﬁ%ifiié%i&i’ﬁ@iﬁ”**ﬁ 3 T

I

B ERARL L RS B DRZEATIE N o2 g P RER

5 [

3 N BFEI RSN AT P RFE L 2/
4 fs v 2 P uiFfFERE > 28

LRz L2 AR g SRR T AE R L o

BT B MR RAAF 3 10Patl0% ¢

1.

3.
4.
S.

HZE Rz 4R B TS BRE T P S

R E AR BRA T ARBERET » J A2E RIS BT

Bk~

SREE I BT B P S

Bois o oS B AL~

2 A 2 b R R BB PR 5

BT PSR RAAF |3 50Patl0% ¢
1“7 A ALz Z2 A2 W BIFOMLRHF -

2.
3.
4.

SRBE L B T B2 g R R
Bz ATl » TR F S RET P 5B
R ol L P L
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Hym>o 2 RLE f£4c@ 411 [25]%77 » 3P B ™4 £ 7% 7 42:F 100N -

JAVAVAVAVAVAN

|

;
AVAYAVAYAYA)

|

&

|

:

1 _
L 0,75 m/s ~N =
yi 2
1 1
K
Airflow criterion Pressure difference criterion Pressure difference criterion
{all doors closed)
Key

1 Door open

2 Door closed

3 Air release path

NOTE Figure 6 can include lobbies.

B 4.11 ERESFTRIER
(R BB § %% < fe[25])

FREH# > ABEL LAY NZEALEEF] B R VAR -

AR - BEAM S22 hEA T 32msy A LT HY gz
AR 2Pz Eq/Mz2REF¥ 3 b0Patl0% > i sz iz #
2. 2B M™% BRAZF |3 45Pat10% o

Hjm= s i RLE fbo 412 [25]%7 > P RBP4 £7 7426 100N -

CUREA AR R SRR B S22k #E R T 2mfs
z

4
BN EEAZ gl B 2R #E 2T 3 Imise
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7
B
oPa
i* soea | 50P")
b —1w- o

T T sopa
T *—f‘
L
7

Key
Stair
Lobby
Accommoedation
Supply air

Air release path from building
Ower pressure relief vent
Accommuodation
Lift lobby

10 Lift car

1
2
3
4
5 Leakage path through doors, eto.
G
T
8
=l

®l 4.12

1 2 3
A} \ Y
. — n
1.
S I | —4
o fa 5
P
]
il
-]
ImiE
1 2 3
kY \ Y
1 I "
p
. 50Pa T i S
L1 P
.
by - T 11T

Fagsarg s & &
(R W5 p 3 < pe[25))
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B A Bz b 8 E 3 FARAICA R A TR IR RS N fR ¥ de ] 4-13 - 4-
14 [25] %7 o

2
A A . 6
3 L BN
< 7 4 :
<1 T
N .
8 / /'.. 10

b

12 13 |14 15 16

Key
1 An alternative option is to control the fan to ensure overpressure does not exceed 60 Pa max.
2 Pressure relief dampers set to operate at 60Pa (max) within the stairwell enclosure

3 Pressurizing are discharged evenly throughout the stair height for building greater than 11 m (a single
discharge normally at the top of the stair is acceptable for buildings less than 11 m)

4 Fire fighting stairs

Accommodation

External leakage

Pressurizing air discharged at every lobby level

Distance between air discharge to be no greater than three floor levels
9 Firefighting lobby access

10 Fire zone

11 Air release vents

12 Fire service access level

13 Single air intake

14 Smoke detector

15 Motorized smoke damper

16 Fire officers override switch

17 Primary and back-up pressurizing air units

18 Plant room that is protected by two-hour fire rated compartments and housing smoke pressurization fans
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Key

1 Pressure relief dampers set to operate at 60 Pa (max) within the stairwell

2 Plant room that is protected by two-hour fire rated compartments and housing smoke pressurization fans
3 Smoke detector

4 Twin air intakes to alternative facades of the building complete with smoke detector and motorised smoke
damper

5 Primary and back-up pressurizing air units
Alternative air intake

Motorised smoke damper

Air intake

w o~ @

9 An alternative option is to control the fan to ensure over-pressure does not exceed 60 Pa max.
10 Firefighting stairs

11 Firefighting lift well (if required)
12  Accommodation
13 External leakage

14 Pressurizing are discharged evenly throughout the stair height for building greater than 11 m (a single
discharge normally at the top of the stair is acceptable for buildings less than 11 m)

15 Firefighting lobby
16 Pressurizing air discharged at every lobby level

17 Distance between air discharge to be no greater than three floor levels
18 Fire zone

19 Air release vent
20 (Fire service) access level
21 Fire officers override switch

i) 4.14 BTRE R FS R SR kAL
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