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ABSTRACT

ABSTRACT

Keywords: smoke exhaust duct, fire damper, fire compartment, smoke lobby;,
retrofitting existing building

1. Introduction

The fire code regulates the smoke exhaust equipment. However, it has no
guidelines on the installation or material properties such as that for the ducting
construction and the fire resistance. Moreover, when a smoke duct penetrates a fire
compartment wall, fire damper shutdown at the fire site may cause smoke exhaust
problems at the fire zones downstream of the duct system. In addition, for tall buildings
constructed before 1996, many of the smoke lobbies were designed with fan exhaust
and natural intake. This would result in negative pressure at the smoke lobby and may
induce smoke into the lobby. In such situation smoke migration towards the escape
route is detrimental to safe egress from the fire site.

2. Research methods

International standards and guidelines have been studied and compared to the
regulations currently enforced in Taiwan. Especially, those on the fire installation,
smoke exhaust ducts, smoke lobby, and performance code or design to overcome the
shortcoming of existing buildings constructed years ago. The research findings are also
aimed as the reference in future amendment of fire code in Taiwan. Field study and
testing was carried out to understand the different designs of smoke lobby, and also the
installation of fire dampers and smoke exhaust ducts. Computer model was built for
one of the smoke lobby studied. The computer is aimed at understanding performance
design to improve the fire safety of existing buildings that cannot comply with the
current code. Especially those without proper smoke exhaust, and smoke lobbies that
may expose at negative pressure in a fire.

The fire dampers installation is of utmost important for them to stand in a fire.
The fire dampers installation guidelines that comply with US code and that of JIS of
Japan has been studied. A smoke duct when penetrates a fire compartment wall may

have consequence in smoke exhaust problems. Lastly high winds at tall buildings may

XV
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cause excess pressure at the smoke lobby door if the lobby is designed with natural

smoke exhaust. The problem is looked into and a proposal is given.

3. Important findings

Some of the important findings are as follows:

(1) Installation standards and guidelines from US, Europe, Japan and China for fire
dampers and exhaust ducts have been studied. A guideline for smoke ducting
construction and fire dampers installation is proposd that comply with the US

standard, or that of Japan.

(2) After field study and field test of smoke ducts in several buildings, it has been
found that there is no standard practice. Construction and installation guide for

smoke exhaust ducts are proposed with diagrams.

(3) Fire dampers installation guides comply with SMACNA and that of JIS of Japan

are proposed with diagrams.

(4) After field study of several cases of existing buildings, it has been found that the
smoke lobby may be at negative pressure when the smoke exhaust system is

activated. As a result, smoke would be induced into the smoke lobby.

(5) It has been found that smoke lobby maintained at positive pressure when close,
and air flowing out when open can prevent smoke from flowing into the smoke
lobby. This can be used to improve existing buildings cannot entirely comply

with the existing code.

(6) For tall buildings of more than 50 m high, ambient wind speed may be up to
8m/s. It has been found that when the smoke lobby is design with natural smoke
exhaust and in such a situation the lobby door may be exerted a pressure of 75

Pa. In such case the door opening force may be excessive.

XVI



ABSTRACT
4. Proposals
The above research findings are proposed for practical use and references in the

regulation amendment.

(1) Positive pressure smoke lobby and inverse airflow are effective to prevent
smoke from flowing into in case of fire. It is proposed that an amendment to
the current regulation. It also can be used in performance design for existing

buildings that cannot fully comply to the current code.

(2) The penetration of smoke ducts through several fire compartments when fire
dampers shut down may affect smoke exhaust in these zones. It is proposed
in such cases fire rating ducts are to be used except in cases of smoke ducts

installed in conduits with fire rating.

(3) Construction guideline for smoke exhaust ducts is proposed and is suggested

amendment can be made so that it would be applied for higher fire safety.

(4) Fire dampers stay integrated in fire is very important for fire safety. The

guideline given in this report is proposed be a requirement in the installation.

(5) Ambient wind speed can be above 8 m/s at 50 m high and would exert a
pressure as high as 75 Pa at the smoke lobby door. It is proposed that tall
building higer than 50m the lobby should not be designed with natural smoke

exhaust.
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y ﬁfi Ve - T
AIR HDLG UNIT EXTERNAL STATIC IS 1.5"W.G. Y
(375 Pa) FAN STATIC IS 3"W.G. (750 Pa) SO - i
s N
r\r - . — R.A. FAN L (250 Pa) P9 —
-2 ’ -7 . +H 1 (187 Pa)  +3/4" - — 1
(50 Pa) | (174 Pa) (378 Pa) (375 Pa) SOUND (187 Pa) S -,
STATIC ! STATIC = STATIC —, STATIC ‘—\ THAF’ = STATIC N (7 Yy
Nk \ \ H ‘
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1 I o _l.,.__;.ST XL 1=
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4 } [ - | > BooPa) zv > (250 Pa) M\'
ELIM
THE NUMBER ASSIGNS PRESSURE CLASS
WHICH WILL ACCOMODATE MAXIMUM
OPERATING PRESSURE IN THE DUCT SUBSECTION.
THE SYMBOL CONTINUES THE ASSIGNMENT
UNTILTHE DUCT TERMINATES OR ANOTHER | ORa" (750 Pa)
SYMBOLAPPEARS. ) (s00Pa) 2 | 4 (1000 Pa)
MEANS 1" (250 Pa) "\ | & (1500Pa)
WG CLASS A &
N (250 Pa) { 1 4 1/2> (125 Pa)
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OBVIOUS APPLICATIONS. OPERATING PRESSURE THAT MAY OCCUR.

FIGURE 1-1 DUCT PRESSURE CLASSIFICATION
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1000 Pa 1.20 m Joints | 1.20 m Joints w/0.60 m Reinf. Spacing
Statif: ' ' \ Joints/Reinf. Int. Reinf.
Pos. or Neg. i ' ) Alt. : i
Duct | (],\:;::) Roing. | Joint | fip | gt | A | Alt.
Dimension i > Reinf. | (mm) Reinf. J o3nt Tie Rod Reinf.
(mm) [ | ) Reinf. .
200 and under 0.55 N/R | N/A |
230-250 [ 055 | NR NA |
g e L Use 1.20 m Joints
301-350 | 055 N/R N/A
351-400 | 0.55 N/R N/A
401 - 450 0.55 N/R A |
451-500 | 070 N/R NA | 055 NR | NA MPT C
501-55 070 | NR N/A 0.55 NR | NA | MPT | C
S§1-600 | 070 N/R NA | 055 NR | NA MPT D
601-650 | 085 N/R N/A 0.55 N/R N/A MPT D
651-700 | 085 N/R N/A 0.55 NR | NA | MPT | D
01-750 | 085 NR | NA 055 | NR | NA MPT E
0.85 JTR ©@)cC 070 | NR | NA MPT E
751 - 900 ; ,
| 100 | NR N/A ' ,
[ 100 JTR 2)F 0.85 NR | NA MPT F
i ahiaad Y NR | NA ' f B
1001-1200 | 131 | JTR ) H 100 | NR | NA | MPT G
. 1_31J TR ) 1.00 TR, | (E | MPT H
a | | 131 NR | NA | MPT H
B 1.31 JTR [ @Q)H 100 | JTIR | (OE MPT i
i | | 13 NR NA | MPT | H
1501 — 1800 1.61 JTR Q)1 1.00 ITR ()1  MPT I
1801 - 2100 1.31 JTR | (@H = MPT [
2101 -2400 _ 1.31 JTR @1 | 2MPT |
2401-2700 Mot Desigied 131 IR | @K [ L
2701 -3000 | | 1n R | @k e 1
Table 2-12M 1.20 m Coil/Sheet Stock/T25a/T25b (TDC/TDF) Duct
Reinforcement
- Not Required
A - Not Applicable
- Joint Tie Rod
- Mid Panel Tie Rod(s)

(X) -Indicates 2 external reinforcements of class (X) to be used in lieu of Joint Tie Rods
B12.7 SMACNAR ¢ 5 & % 4 %
(51 % * 214D
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FDS ¢ % ficfditl » £ dicie = 2 Kapd > 25 > ¢ EHERT AR S RE
VEPBCE B o B 4] 425V A A F ¥4 Navier-Stokes = Az i a ko B
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(= )i & = #27% (Conservation of Energy)
%(ph)+v phu——: "-V-q, +V-kVT +V. Zh D), VY, (6.3)

(= )it &4 > 42 3 (Conservation of Species)

a 1 m
E(pY,)+V-pY,u =V-(pD) VY, +W, (6.4)
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ViRA PR A RSO RS ERFVRLARER > A2 ALk
FAL B BN G o - S0 s R gk 2 F B VIR (steady fire) ~ ZEAE AL L
s (unsteady fire) r1 2 FRRERIL L EF R=FE2 7 o AT HET AL VR
» BV R

(- )& T_ /R (Steady fire)

BRRRET VRIA g AR EC el R o RE S
Bs Ay o FAOVRA AR T L RE AR L AR RS

ViR PRED T amkh
= )* & =X R (Unsteady fire)

ViR BRI P E R b W F VRS R T - §R B
BHERF EEPFH T 3 1t > 7R R R L T I et S
#2.3% (Heskestad, 1984[22] )

Q=alt-t,) (6.5)

— R A VRS EPF AL B2 YR TR T R S

Lo

’ (6.6)

Q: ViR BE RS > (KW)
o ViR E i (KW/S?)
t: B TS P (S)
to: 3 seh® LR > (S)
tg @ § PR R 5 (S)
Pt LB E 21 ARK g t—squared fires” o NFPA 92 B i ehig * =
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oo % 6.1 70— 8k RS tgif_’ﬁi° GRGTIIE SERL LT PRV G

BaFTEI-TRABEBESE s a BHAE I VAL ¥ 4o 64 %77 o

&~ % H"’B i) "—.»‘N%"ﬁb-k LERBPRIER2E TR 0 T a g R B

B AR * fed el A R0 SR VR 2 E hilica =0.1876 KW/s? » 43
A= k223 AR ViRR T BAF L LOMW > & L5 =735 0 Yl

polyurethane z_ % & 5 Rt > ViR = < 5 ImxIm e

% 6.1 ViR & o\ ik

I P £ G = £ pFR
T-Squared Fires a (KW/s?) o (Btu/s®) ty(S)
% M (Slow) 0.002931 0.002778 600
¥ i (Medium) 0.01172 0.01111 300
-3 (Fast ) 0.04689 0.04444 150
& 12-:% (Ultra Fast ) 0.1876 0.1778 75

(Bp %% Q)‘J<[11])

Carfons 15 ft high, various contents,
fastest if empty or containing
plastic foam

Thin plywood wardrobe Full mail bags, 3 ft high

Wood pallets pallet stack
Fastest burning 5 ft high
upholstared furnitura ﬁﬁg?:;ﬁ?gester j
Ultra-fast Fast mattress Medium
G000
5000
4000
[+
8
% 3000
=)
2000 Siow
1000
o 1 I I I I 1 ]
] 100 200 300 400 500 600 700

Time from ignition (sec)
Mote: For Sl units, 1 it = 0.3048 m; 1 Biw/'sec = 1055 Jisec.

B16.4 T-Square ' & = & & 42 @]

(% 5 34 fe[11])
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Sl Nl E A

¥ 251 %&%izﬂ £y

Frak > 3 2 ho At

EhEERLC

Qi Yl TR & S ST

D TR AR B A 0.5%K 7o

% 6.2 L U HHEp &

4 BS EN 12101-6 - 2 50Pa+10%%% € 2. B £ » &K Ti&

1.14m/s ~1.7m/s~2m/s~3m/s & 6 %2 jriif (7%

= B Bl

=% 4k 6.2 2 £ 6.3

k£ o

+ /|- (220x160cm) > B = 5% > vz 2 258 75 2% Om/s(base case)

e

»LO

RPTFTRAE

f o HEAR P £

Eh PG | FERR
Nkl | R (cms) ff% (m: ; (:n/s)
I 1MW Ultra-Fast 0.6-0 3.52 0
8= 1MW Ultra-Fast 0.6-2.64 3.52 0.75
8= 1MW Ultra-Fast 0.6-4 3.52 1.14
8w 1MW Ultra-Fast 0.6-6 3.52 1.7
I 1MW Ultra-Fast 0.6-7.04 3.52 2
I 1MW Ultra-Fast | 0.6-10.56 3.52 3
(TR % AFTg L)
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TRARFLE rﬂ IR OEE N L E
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d hE T EiTa
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RAT § W fom BN oL AP e E 2
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pEctal 200 #;

(FHRAR: AFETER)

6.3.5 REBRE

AR AR 2

% 6.4 HRHH 2 B R

feBbfe ¥ o H Adkded 6.4 477 0 MR BE#S 753,375 ¢

X > y > o yAR gk o
1B - -46~44 -0.2~5.8 -0.2~4.8 0.2x0.2x0.2
8l - -1~12 5.8~10.8 -0.2~4.8 0.2x0.2x0.2
1B = 12~17 5.8~10.8 -0.2~4.8 0.1x0.1x0.1
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	第一章  緒論
	本計畫將參考歐美日及中國等相關規範，提出有關排煙風管材質施工要領及規範，防火區劃防火閘門關閉影響排煙的解決方案，呈現於實施圖示與圖說。針對既有合法建築物原有排煙室狀況，及改善後(採用排煙室正壓設計)之條件進行模擬及比較分析，以改善方案增修「原有合法建築物防火避難設施及消防設備改善辦法」。
	針對實施排煙設備之規劃與設置，本計畫將分析比較我國與國際上之最新標準及設計規範，並以三個建築案例，提供規劃設計之參考規範，並研提「各類場所消防安全設備設置標準」就排煙設備設置之細部建議條文明確規範遵循，解決當前設備有認可但設計無規範的問題。

	第二章 文獻資料回顧
	五、排煙風管貫穿防火區劃時，應在貫穿處設防火閘門；該風管與貫穿部位合成 之構造應具所貫穿構造之防火時效；其跨樓層設置時，立管應置於防火區劃之管道間。但設置之風管具防火性能並經中央主管機關審核認可，該風管與貫穿部位合成之構造具所貫穿構造之防火時效者，不在此限。
	我國建築及消防法規，對防火閘門和排煙風管有下列要點：
	1. 防火區劃時的防火時效。
	2. 其跨樓層設置時，立管應置於防火區劃之管道間。
	3. 唯並無施工規範，使火災時防火閘門和區劃維持完整的結構。
	4. 風管材質及結構強化支撐等，無要求另訂規範。
	故如上述，對於防火閘門和排煙風管，實應進行研究，參照國際上慣用的技術指引和標準，提出防火閘門設置和排煙風管材質施作的要求，以對防火安全有所提升。
	比較我國及鄰近中國、日本等國，對於特別安全梯或緊急昇降機排煙室及排煙口配置，我國的「各類場所消防安全設備設置標準」，僅有排煙的基本規定，針對排煙口高度面積及進排煙管的斷面積進行規範。而日本之「新˙建築防災計画指針」則提及排煙口應注意外氣補氣源的供給，排煙口的形狀、構造、位置，以及對上方樓層的構造應加以注意。
	中國的建築設計的防火規範[6, 7]，對防煙樓梯間及其前室、消防電梯間前室和合用前室，以採用自然排煙方式為優先。過去有研究成果顯示建築設計及風向均可能影響自然排煙的效能，再者排煙室的深寬比、空間配置及建築外部空間之進深及面寬，對於排煙的效能也可能有所影響。在2014版的GB 50016-2014，簡化防排煙章節，僅有8.5防煙與排煙設備，採用原則性規定，性能式設計方面，但也規範了高層建築物的排煙室可採用自然排煙的條件。
	另外，我國對排煙風管及防火閘門僅針對材質不燃及性能等原則性規範，而日本「空気調和及び換気設備用ダクトの構成部材」則對風管鐵皮厚度、接合工法及安裝固定有明確規範。美國SMACNA「Fire, Smoke and Radiation Damper Installation Guide for HVAC Systems」則對防火閘門安裝位置及方式有較明確定義。
	日本在前室之防排煙方式，”加圧防排煙”已於平成21年(2009年)於該國消防法及建築基準法[8]入法，成為前室排煙設計手法之一。如圖2.1 [9]，提出在附室送風，門開時造成和逃生方向的逆向風，避免煙流向逃生路徑。
	美國NFPA 92[11]對於以加壓保持避難路徑的維生環境，基本上是以進風加壓，壓力等級考量樓板高度，以及是否有撒水設備等。英國和歐洲[12] (BS EN 12101-6: 2005)的主要精神為：
	BS EN 12101-6:2005對前室加壓的重視如圖2.4，排煙室須每樓層加壓。
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