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where:

AP = pressure difference due to buoyancy of hot gases . - . 2 . e .

1T, = absolute temperature of surroundings (K)

T,. = absolute temperature of hot gases (K) . (NFPA92A /I A5 1) iz ] ( Al ‘;‘ . _)y‘)
I L) . . . r L L}a

h = distance above neutral plane (m)
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FIGURE A.4.6.4(a) Stairwell Pressurization by Multiple Injection with Roof-Mounted Fan. — 4 4
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fion with the fan located at the ground Stairwell pressurization by multiple injec-
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There has been no research on this subject, but the . . . ; ; . ..
consensus is that single injection systems for stairwell O G~ ME G"""J \ ng \ ?Ah\ GRS 5 e ﬁéj ) (Injectlon
heights more than 100 ft (30.5 m) need a design analysis Lok
using CONTAM. For multiple injection systems supply- Jayb
ing air through a duct in a shaft, injection points are usu-
ally one to three floors apart. Multiple injection systems
that have a separate fan at each injection point can have
injection points much further apart. For systems with
two injection points, one at the top and another near the
bottom, a CONTAM analysis is recommended for stair-
well heights more than 200 ft (61 m).
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Figure 10.4 Some arrangements of multiple injection systems.
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. AIR VENTING dilus (e gl bac
B < < Exterior wal Barometric damper .)
] :I | Motorized damper .Y
] 1:%/ Supply fan bypass .Y
Z j e Variable Frequency Drive for the Fan .¢
Notes: A

1. Fan bypass controlled by one or more static pressure sensors
located between the stairwell and the building interior.

2. A ground-level supply fan is shown; however, fan(s) could be
located at any level.

FIGURE F.3 Stairwell Pressurization with Bypass Around

Supply Fan. Barometric Damper : -
P motorized pressure relief damper
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e T (NFPA 92A, Table 5.2.1.1) tik

wem - SBC801, ) Lih 0 5S0 (5 ) shall alu by il e Jaxazall (5l 4 def -

Door open: air movement criteria (Secti O n 909 . 6 . 2

F = Fac + K(WAAP)J2(W —d)  (9-1)

Aa gibe ol s0¥) A (A0 e ) = 438l [ 208 Yo 0) 2 Y ol sell Aoy -
where:

A Doorares. .(SBC801, Section 909.7.2) Gk

d = Distance from door handle to latch edge of door,
m.

F = Total door opening force, N. (ASHRAE) 03‘5:\..1 \T’ . QQ Ji}:\ Y L_I‘j.jY\ ‘;Q 433\}3\ OJSM -
F, .= Force required to overcome closing device, N.

K~ Coefficient 1.0, The door shall be set in motion when subjected to a

I = Dootvid, m 133 N force. The door shall swing to a full-open

AP=Design pressre difference, Pa positionwhenIsubjectediforal6TNIOI®)  (55cs01, 1010.1.3)
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. 52(WA)AP
" 2(W-d)

where:
F = total door-opening force (Ib)
F, = force to overcome the door closer and other friction (1b)
W = door width (ft)
A = door area (ft?)
AP = pressure difference across the door (in. w.g.)
d = distance from the doorknob to the knob side of the door

(ft)
F Low-pressure
Knob l side
no \*53
A >
A T S
/qu —>| d  High-pressure
Hinge AAP side
I w >l

FIGURE A.4.4.2.2
System.

Forces on a Door in a Smoke Control
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A Table A.4 4.2 2 Maximum Pressure Differences Across Doors

Door Width (in. w.g.) ¥

Door-Closer Force® =77 "7 V7 75" L eeuase .
(Ibf) 32 in. 36in. 40in. 44 in.E 48 ini
6 0.45 0.40 037 034 0.315
8 0.41 0.37 0.34  0.31 0.28:
10 0.7 0.34 0.30 0.28 0.265
12 0.34 0.30 0.27 025 : 023
gronepgre BAh L AR ATV ARRR ST S :021:
For ST units, 1 Ibf=4.4 N; 1 in. = 25.4 mm; 0.1 in. w.g. = 25 Pa.
Notes:

(1) Total door-opening force is 30 Ibf.

(2) Door height is 7 ft.

(3) The distance from the doorknob to the knob side of the door is
3in.

(4) For other door-opening forces, other door sizes, or hardware other
than a knob (e.g., panic hardware), the calculation procedure
provided in ASHRAE /ICC/NFPA/SFPE Handbook of Smoke Control
Engineering should be used.

Table 4.4.2.1.1 Minimum Design Pressure Differences Across
Smoke Barriers

Design Pressure

Ceiling Height Difference*
Building Type (ft) (in. w.g.)
AS Any 0.05
NS 9 0.10
NS 15 0.14
NS 21 0.18

For SI units, 1 ft = 0.305 m; 0.1 in. wg. = 25 Pa.
AS: Sprinklered. NS: Nonsprinklered.

o, dadual)
YU NA
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O = 0.8394./Ap 0 =26104 JAp
Q = Flow Area (m3/s) Q = Flow Area (CFM)
Ae = Effective Leakage Area (M2)« == == = — == == —Ae = Effective Leakage Area (ft2)

AP = Pressure difference across the door (Pa) AP = Pressure difference across the door (in. w.g.)

Area Effective

Leakage Area Exterior : Elevator shaft
from doors building cracks S e cracks lelelrs
( . +201007002396 & +966552447944 . oa
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Door

< Width >
Table A 4.4.4 3 Typical Leakage Areas for Walls and Floors of
Commercial Buildings
Construction Element _ Area Ratio®
Exterior building walls ~ Lisi! 0.50 x 10 .
(includes construction Average® 0.17 x 107 4 Heldht
cracks and cracks around Loose® 0.35 = 1073
windows and doors) Very loose® 0.12 x 107
J— Lock
Stairwell walls (includes light* 0.14 x 107
construction cracks but Average® 0.11 x 107
not cracks around Loose® 0.35 % 1073
windows and doors) M
Elevator shaft walls Tight* 0.18 x 107 . )
(includes constrti@lioly =~ Average”  0.84x 10°
cracks but not cracks and Loose® 0.18 x 1072 Type of Closed Door Size Crack Length | Leakage Area
L B And Other Leakage Routes (m) (m?)
zaps around doors) - 4 - . Single leaf in frame opening into 2m x 800 mm 5.6 0.01
Tight (.66 x 107 pressurized space
_HI] d A\.-'eragee 0.52 % 10~ Single leaf in frame opening outwards 2m x 800 mm 5.6 0.02
] o . d = _a Double Leaf with or without central 2mx 1.6m 9.2 0.03
gaps around penetrations) Loose 0.17 = 107 rebate
. Lift Door 2m high x 1m wide 8.0 0.06
Lift Top Vent - - 0.1
Open Lift Door Class B Systems 2m high x 1m wide 6.0 0.15
Open Door Single Leaf 2mx 0.8m - 1.60
&£ br.eng. Ahmed Hamdi @ +201007002396 & +966552447944 3, aial
MSc. PHd. CEPS. LEED ”~ ahmed_hamdi1988@yahoo.com
I ' ' ' & dr.ahmed@madar-eng.com RN
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Effective Flow Areas

?a
Al —q T
A, | —»Q, CF A5 l —» Q5
PRESSURIZED @ =
SPACE Ay | = Q; T Ao
Ay & @ ? A2ll —Q,
| S A4 l — Q4
Ay
PRESSURIZED
SPACE
AS > 03 PRE:S.L[\JCRéZED
Fig. 8 Leakage Pathsin Parallel Fig. 9 Leakage Paths in Series Fig. 10 Combination of Leakage Paths in
Parallel and Series
-0.5
1 1 1 1 1 1 -0.5
A,=A,+A4,+A4 A =(—+—+— 4,=|—*t +
e 1 2 3 e 2 2 2 e 2 2 2
Al A2 AB Al (A23)e (A456)e
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A\:\;h\é%h;wg;erglgrrs d Air volume required Total Air Supplied by
closed when doors are opened the fan
- ¢708P4A Q2=AxV QT=Q1+Q2
O =26104 /Ap
Relief Damper Sizing
A = oazq—ﬂt‘» A = area of pressure relief - m?
. x pl.

Q = air volume to be wasted - m’/s
p = maximum pressure - Pa
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