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A Study on Performance Improvement Measures of Pressurized Smoke
Control Systems for Exit Passageways of High-Rise Buildings
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ABSTRACT: One of the biggest problems in smoke control systems for high-rise buildings is
stack effect, but there are no recognized methods or measures to solve the problem of stack effect
as yet. The stack effect can be overcome by forming the uprising current inside the stair hall properly,
but there is a limit to the height in supplying into the stair hall the smoke control air volume to
be supplied to a floor in case of escape from fire. The limit to the height can be extended by over—
coming the stack effect by pressurizing the stair hall and the ancillary room simultaneously. It
can also be anticipated that the stack effect can be overcome by connecting the air supply shaft
to the stair hall at the top. As a result of computer simulations using a network type of tool, it
is found that adequate performance can be achieved by pressurizing the stair hall only for a building of
190m or less, and up to 360m when pressurizing the stair hall and the ancillary room simul-
taneously. In all those cases, however, an overpressure venting damper is required which operates
within a suitable range for venting the overpressure outside.

Key words: Stack effect(1Z &), Limit flow(3A-5-%), Limit height(3HA4l =), Differential
pressure dissolution(zFe}all &), Overpressure exhaust damper(¥} ¢t vl & #5)
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Stair-supply shaft
(1m")

— Vestibule supply shaft(2m?)

Top Fan

Floor

stair 3
hall
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5 | ©

—
@

T O

)

I\

M floor 1000 m”

@ stair hall 15m’
@ vestibule 5m’

@ supply shaft 2m’
® escape door

leakage area(closed) 0.007 m’

venting area(open) 1.5 m’

® supply damper(detector)
leakage area(closed) 0.001 m’

venting area(open) 0.2 m

@ window

leakage area(closed) 0.01 m

bottom fan

venting area(open) 1.5 m

ﬂj’/
supply

Fig. 1 An outline of simulation building.
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Table 1 Outdoor temperature 35 C, Indoor temperature 25 C, Non fire(All door closed)-Summer

Level Outsiﬁie—stair Stair. Vestibule-compart d];;fffeer(;trll;ZI Outside vent
all hall-vestibule ment
pressure
Stair hall-supply shaft
Rooftop (7\921? zgg 78.0 < 6.773 358> 0.023
35.2>0.023
100 19.6 > 0.017 40.7 > 0.025 60.3 Pa >
90 16.9 > 0.016 39.5>0.024 56.4 Pa >
80 148 > 0.015 38.7>0.024 535Pa >
70 13.2>0.014 38.3>0.024 51.5Pa >
60 12.0>0.013 38.4>0.024 50.4 Pa >
50 11.3>0.013 39.0>0.024 50.3 Pa >
40 10.8>0.013 39.9>0.024 50.7 Pa >
30 10.6 > 0.013 414> 0.025 52.0 Pa >
20 10.7 > 0.013 43.2 > 0.025 539Pa>
10 11.2>0.013 459> 0.026 57.1Pa>
2 12.0>0.013 48.8 > 0.027 60.8 Pa >
1 735 <15.779 11.9>0.013 49.6 > 0.027 61.5Pa > 124> 0.027

(Vent open)

Table 2 Outdoor temperature 35 C, Indoor temperature 25 C, Fire on the third floor(The first and
third floor evacuation doors open)-Summer

Level Outsf;;stalr h alljziasl{ibule VeStlbtlrlrll ee—nctompar dﬁ?eer(;t;}cliz& Qutside vent

pressure
Stair hall-supply shaft
Rooftop (gi'jfc?('ggi) 37.0 < 4663 320> 0.022
315> 0.022

100 19.5>0.017 34.8 > 0.023 543Pa >
90 16.8 > 0.016 33.8 > 0.023 56.4Pa >
80 14.8 > 0.015 332 > 0.022 535Pa >
70 134> 0.014 33.1 > 0.022 51.5Pa >
60 12.4 > 0.014 333 > 0.022 50.4 Pa >
50 11.8>0.013 340 > 0.023 50.3Pa >
40 115> 0.013 35.1 > 0.023 50.7Pa >
30 11.5>0.013 36.7 > 0.023 52.0Pa >
20 11.8>0.013 386 > 0.024 53.9Pa >
10 12.6 > 0.014 414 > 0.025 57.1Pa >

(FEB 1[%052)1? gpilr? 21%Zor> o%zig 402Pa > 28526233

ire) 971 m/s 416 m/s Vent open
2 14.0 > 0.014 45.0 > 0.026 60.8 Pa >

1 71.7 <6.167 239>5639 24.0 > 5650 615Pa > 238> 5,650

(Vent open)

Door open

Door open
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Table 3 Outdoor temperature 35 ‘C, Indoor temperature 25 C, Fire on the 50th floor(The first and
50th floor evacuation doors open)-Summer

. . . . Effective
Level OUtSf;I stair hallfiteasliibule Vesmb& ee-nctompar differential Outside vent
pressure
Stair hall-supply shaft
Rooftop (é%rz;c?(g(gl) 42,0 < 4.970 95.1>0.019
24.7>0.019
100 14.3>0.015 27.8 > 0.020 42.1Pa>
90 10.8>0.013 25.4 > 0.020 36.2 Pa>
80 81> 0.011 23.2>0.019 31.3Pa>
70 59> 0.009 21.2>0.018 271 Pa>
60 4.2 >0.008 195> 0.017 237Pa>
2.7>1924 11.2 > 3.898
(F?;?e) Door open Door open 13.9Pa > lé'egn? gpi?
1.28 m/s 2.60m/s

40 4.7>0.008 23.2>0.019 279 Pa>
30 6.6 > 0.010 28.6 > 0.021 35.2Pa>
20 88> 0.011 34.2>0.023 43.0 Pa>
10 11.3>0.013 40.4 > 0.025 51.7 Pa >
2 13.7>0.014 46.0 > 0.026 59.7 Pa >

1 71.7<6.167 23.9> 5639 24.0 > 5.650 479Pa > 238 > 5,650

(Vent open) Door open Door open

Table 4 Outdoor temperature 35 C, Indoor temperature 25 C, Fire on the 97th floor(The first and
97th floor evacuation doors open)~-Summer

. . . . Effective
Level OUtSf;H star hallfiteasl‘;bule Vestlthﬁ] eenctompar differential Outside vent
pressure
Stair hall-supply shaft
Rooftop (é‘gfc?iz‘é) 511 < 5,638 125> 0013
12.3>0.013
100 5.2 > 0.087 14.6>0.015 19.8 Pa >
3.1>2.042 8.2>3.333
(ng’rie) Door open Door open 11.3Pa> %’2;( iﬁii
1.36 m/s 2.22m/s
90 3.9>0.008 14.3 > 0.015 182 Pa >
30 4.3>0.008 16.6 > 0.016 20.9 Pa >
70 4.8 > 0.008 19.3 > 0.017 241 Pa>
60 55> 0.009 22.2>0.018 27.7Pa >
50 6.4 > 0.010 25.3 > 0.020 31.7Pa>
40 7.4>0.010 28.8>0.021 36.2 Pa >
30 85> 0.011 326> 0.022 41.1Pa>
20 9.8 > 0.012 36.7>0.023 46.5Pa >
10 115> 0.013 415> 0.025 53.0 Pa >
2 13.3>0.014 46.1 > 0.026 59.4 Pa >
1 71.7<9.418 23.9> 5642 24.0 > 5654 479 Pa> 241> 5654

(Vent open) Door open Door open
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Table 5 Outdoor temperature —10 C, Indoor temperature 20 C, Non fire(All door closed)-Winter

Qutside-stair Stair Vestibule-compar I.Effectiv'e .

Level hall hall-vestibule tment b differential Outside vent

pressure
Stair hall~-supply shaft
Rooftop ?3,2; 10‘;22‘)’ 108.5 < 8.056 346 > 0.023
34.6 > 0.023
100 17.3>0.016 40.7 > 0.025 60.3Pa >
90 157> 0015 34.8 > 0.023 56.4 Pa >
80 14.9 > 0.015 29.8 > 0.021 535 Pa >
70 150> 0.015 25.3>0.019 51.5Pa>
60 17.3>0.016 20.6 > 0.018 50.4 Pa >
50 23.3>0.019 146 > 0.015 50.3 Pa >
40 26.2 > 0.020 12.9 > 0.014 50.7 Pa >
30 30.1>0.021 125>0.014 52.0Pa >
20 35.3>0.023 13.3>0.014 53.9Pa>
10 42.3> 0,025 15.1 > 0.015 57.1Pa>
2 49.4 > 0.027 174> 0016 60.8Pa >
1 725 <3753 49.8 > 0.027 174> 0016 Pa> 43> 0.016

(Vent open)

Table 6 OQutdoor temperature -10 C, Indoor temperature 20 C, Fire on the third floor(The first and
third floor evacuation doors open)-Winter

. . . . Effective
Level Outsf:ﬁstalr hallfffziibule Vesub;l]l ee;ctompar differential Outside vent
pressure
Stair hall-supply shaft
Rooftop zgz; fng’ 37.0 < 4663 382> 0.024
38.2 > 0.024

100 18.0> 0.016 456 > 0.026 63.6 Pa >
90 14.7 > 0015 377> 0024 52.4Pa>
80 11.9 > 0.013 30.7 > 0.021 42.6 Pa >
70 9.6 > 0.012 24.5 > 0.019 34.1Pa >
60 79> 0.011 19.0> 0017 269 Pa >
50 6.6 > 0.010 140> 0015 - 20.6 Pa >
40 6.2 > 0.010 94> 0012 156Pa >
30 79> 0011 40> 0008 119Pa>
20 7.0>0.010 1.7 > 0.005 87Pa>
10 6.0 > 0.010 05> 0.003 6.5Pa>

3 4.7 > 2512 0.7 > 0.965 03> 0.965

(Fire) Door open Door open 54Pa> Vent open

167 /s 064 m/s

2 83>0.011 0.7 > 0.003 9.0Pa>

i 12,6 < 0.003 4.2>2.391 42> 2.383 84Pa> 39> 2383

(Vent closed) Door open Door open
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Table 7 Outdoor temperature -10 C, Indoor temperature 20 C, Fire on the 50th floor(The first and
50th floor evacuation doors open)-Winter

Level Outside-stair Stair‘ Vestibule-compar d}il;ffii(:ei\t/ieall Outside vent
hall hall-vestibule tment
pressure
Stair hall-supply shaft
Rooftop Z%Z;t 10‘;22? 1113 < 8158 352> 0023
35.2 > 0.023
100 17.3>0.016 411> 0.025 53.4 Pa >
90 13.1 > 0.014 31.8 > 0.022 449 Pa>
80 9.4 >0.012 23.2>0.019 32.6Pa >
70 6.2 > 0.010 15.3 > 0.015 215Pa>
60 3.3>0.007 79> 0011 11.2Pa>
50 1.0>1.184 0.7>0.964 07> 0.964
(Fire) Door open Door open 1.7Pa> Vent open
0.79 m/s 0.64 m/s
40 4.7 >0.008 0.8 > 0.004 55Pa>
30 87> 0.011 1.5>0.005 10.2Pa >
20 13.7 > 0.014 2.5>0.006 16.2Pa >
10 20.1 > 0.017 4.1> 0.008 242 Pa >
2 4.1 >0.008 5.8>0.009 9.9 Pa>
34.5<0.005 11.6 > 3.956 115> 3945
! (Vent closed) Door open Door open 23.1Pa > 11.4>3.945

Table 8 Outdoor temperature —10 C, Indoor temperature 20 C, Fire on the 97th floor(The first and
97th floor evacuation doors open)-Winter

. . . . Effective
Level Outsf;l stair halliteasltribule Vestlb;iltae;(:tompar differential Outside vent
pressure
Stair hall-supply shaft
Rooftop (rgfnf 2;83 75.8 <6.733 35.6>0.023
35.6 > 0.023

100 18.4 > 0.017 389 > 0.024 19.8 Pa >

97 11.6 > 3.963 21.7 > 5.422 915> 5422

(Fire) Door open Door open 11.3Pa > Vent open

2.64m/s 3.61 m/s

90 129 > 0.014 27.9>0.020 18.2 Pa>
30 11.7 > 0.013 22.2 > 0.018 209 Pa >
70 11.6 > 0.013 17.0> 0.016 24.1 Pa >
60 15.3 > 0.015 10.0 > 0.012 27.7Pa >
50 159> 0.015 6.9 > 0.010 31.7Pa >
40 16.6 > 0.016 5.2>0.009 36.2 Pa >
30 181 > 0.017 4.5 > 0.008 41.1 Pa >
20 20.9 > 0.018 4.4 > 0.008 46.5 Pa >
10 25.2>0.019 5.1>0.009 53.0 Pa >
2 29.8 > 0.021 6.2 > 0.010 59.4 Pa >

1 38.2 < 0.005 12.8 > 4.166 127> 4.154 479Pa> 117> 4154

(Vent closed) Door open Door open
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