
Publisher’s version  /   Version de l'éditeur: 

Journal of Applied Fire Science, 1, 1, pp. 45-63, 1991

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 
https://nrc-publications.canada.ca/eng/copyright

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 
première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 
pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 
first page of the publication for their contact information. 

NRC Publications Archive
Archives des publications du CNRC

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. / 
La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version 
acceptée du manuscrit ou la version de l’éditeur.

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

Field tests of stairshaft pressurization systems with overpressure relief
Tamura, G. T.

https://publications-cnrc.canada.ca/fra/droits
L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

NRC Publications Record / Notice d'Archives des publications de CNRC:
https://nrc-publications.canada.ca/eng/view/object/?id=53dc01c7-c91f-4ebc-8497-92d999a6f713
https://publications-cnrc.canada.ca/fra/voir/objet/?id=53dc01c7-c91f-4ebc-8497-92d999a6f713



 

 

 
 
 
 
 

 

 

Field tests of stairshaft 
pressurization systems with 
overpressure relief 
Tamura, G.T. 

 

NRCC-42560 
 

A version of this document is published in :Journal of Applied Fire Science, 1, (1),  pp. 45-63, 91 

 

 

 

The material in this document is covered by the provisions of the Copyright Act, by Canadian laws, policies, regulations and international 

agreements. Such provisions serve to identify the information source and, in specific instances, to prohibit reproduction of materials without 

written permission. For more information visit http://laws.justice.gc.ca/en/showtdm/cs/C-42 

Les renseignements dans ce document sont protégés par la Loi sur le droit d’auteur, par les lois, les politiques et les règlements du 

Canada et des accords internationaux. Ces dispositions permettent d’identifier la source de l’information et, dans certains cas, d’interdire la 

copie de documents sans permission écrite. Pour obtenir de plus amples renseignements : http://lois.justice.gc.ca/fr/showtdm/cs/C-42  

 

http://www.nrc-cnrc.gc.ca/irc
http://laws.justice.gc.ca/en/showtdm/cs/C-42
http://lois.justice.gc.ca/fr/showtdm/cs/C-42


 

 

 



' J. APPUED FIRE SCIENCE, Vol. t (1) 45·63, 1990-91 

HELD TESTS OF STAIRSIIAIT PRESSURIZATION 

SYSTEMS WITII OVERPRESSURE RELIEF* 

G. T. TAMURA, P.E. 
ASHRAE Fellow 
National Research Council of Canada 

• 

ABSTRACT 

Three stairshaft pressurization systems with ｯｶｾｲｰｲ･ｳｳｵｲ･＠ relief features have 
been tested in a ｴｷ･ｮｴｹｾｴｷｯＭｳｴｯｲｹ＠ apartment building and in two high-rise 
office buildings. Specifically, exit door relief, barometric damper relic( and a 
feedback control with variable-pitch blade supply air fan were subjected to 
open-door tests. The pressure differences across the stair doors and air 
velbcitles at the stair door .opening were measured. 

StairshafiS in buildings must be maintained tenable during a fire, particularly in 
high-rise buildings where time to evacuate can be long and firefighting tends to be 

difficult. The stairshaft pressurization systems should prevent smoke infiltration 
during evacuation but the pressure maintained should not be so high as to make it 
difficult to open stair doors. To meet these requiremeniS stairshaft pressurization 
systems usually require some means of overpressure control. 

An ASHRAE research project was undertaken to develop and evaluate design 
procedures for such pressurization systems. Exit door relief, barometric damper 
relief, and feedback control of supply air for pressurization were selected for 
investigation. The first phase of the project involved review of the literature 
followed by tests in a ten-story experimental fire tower to detennine flow coeffi-
cients at stair doors, and air velocities required to prevent smoke backtlow at the 
stair door on the fire floor [I]. 

The second phase involved ･ｶ｡ｬｾ｡ｴｩｯｮ＠ of stairshaft pressurization systems as 
installed, and identification of the test conditions requiring further investigation in 

• Reprinted by permission of I he American Society of Hciating, Refrigerating and Air-Condirioning 
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the experimental fire tower. Tests were conducted on the stair pressurization 
systems with overpressure relief features of a twenty-three-story apartment build· 
ing and two high-rise office buildings. 

STAIRSHAFT PRESSURIZATION SYSTEMS 
WITH OVERPRESSURE REUEF 

There are two basic types of overpressure relief systems, one with constant· 
supply air rate and relief vents, and the other with variable-supply air rate and 
feedback control. The system with constant-supply air rate and an open exit door 
as relief vent is illustrated in Figure l(a). Tbe exit door opens to outside when the 
supply air fan is activated. This fan is sized for the specific case, i.e,, exit stair door 
open and all other stair doors closed, so as to produce a pr.essure difference across 
the stair doors of at least 0.10 in of water (25 Pa) but no more than0.40 in of water 
(100 Pa). The system Is essentially the same as that recommendeclln the Suppte-
mentto the National Building Code of Canada, (1985) [2]. i 

A variation on the above system is the use of barometric dampelas relief vents 
in the walls of the stairshaft (see Figure !(b)). The supply air an is sized to 
produce the required air velocity through open doors for the parti ular open stair 
door configuration and the barometric dampers are sized to prevent overpres· 
surization when all stair doors are closed. A fire damper is placed in series with the 
barometric damper to maintain tire integrity of the stairshaft wall. 

An exhaust duct with a relief damper or exhaust fan can also be used to prevent 
overpressurization of the stairshaft, but generally, It is not recommehded owing to 
the possibility of negative pressures that could result In smoke co ·lamination of 
the stalrshaft. Such exhaust systems can be used, however, by refighters for 
smoke-clearing operations. 

A stairshaft pressurization system with variable supply air rate i iUustrated in 
Figure 1(c). The supply air fan is sized to provide the required minimum air 
velocity through open stair doors for a particular open-door config ration, as for 
the previous case. The supply air rate is controlled to maintain set pressure 
difference across the stair doors. This can be done by varying the s ed of the fan 
or the pitch of a variable-pitch blade fan, or by operating the dam rs of the fan 
bypass ductwork. 

TEST BUILDINGS 

Building A, a twenty-two-story apartment building, has two preJurized stair· 
shafts with exit door reliefs. Each is equipped with a centrifugal ｾ｡ｮ＠ having a 
capacity of 14 650 cfm (6.9 m3/s) located on the roof. It supplies outs\ide air to the 
stalrshaft through supply air grilles 2 ft by 4 ft (0.61 m by 1.22 m) ｩｾ＠ the vertical 
air distribution shaft on floors 3, 9, 13, 18, and 22 (Figure 2). The exi door on the 
ground floor is 3.4 ft by 6.9 ft (!.0 m by 2.1 m) and opens automatics ly when the 

ＭＭｾＢＭＭＭＭｾ＠
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Figure 2. Test Building A (apartment)-<>xlt door relief system. 

supply air fan is activated. The size of each stair door is 3 ft by 7 tl (0.91 m by 

21m). 
Building B, a thirty-nine-story office building, has a pressurizedstairshaft with 

barometric damper reliefs and a smoke-proof stairshafl; these are vented lobbies 

located adjacent to the exterior wall. The pressurized stairshaft is equipped with 

two vane-axial fans located in the mechanical rooms on the first and thiny-ninth 

floors, each having a capacity of 20 000 cfm (9.44 m'/s). The outlets from the fans 

are connected to the stairshaft to inject outside air directly into the stairshaft 

(Figure 3). Barometric dampers 1.33 fl by 3.50 ft (0.41 m by 1.07 m) are placed in 

a metal duct in the stalrshaft wall above the stair door on floors 3, S, 6, 36, and 37. 
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Figure 3. Test Building B (olftce)-barometric damper relief system. 

A fire damper is placed in series with the barometric damper inside the metal ､ｵ･ｾ＠
which opens to the false ceiling space on the floor side. The stair door is 3.7 ft by 
7ft (1.12 m by 2.1 m). 

Building C, a forty-two-story office building, has two pressurized staill!hafts 
each with a variable supply air system equipped with feedback control. Two 
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vane-axial fans with variable-pitch blades are located on the first basement floor 
and on the forty-second floor, each having a capacity of 41 000 ctin (19.35 m3/s). 
The outlets for the two fans are connected to a common venical air distribution 
shaft with. supply air grilles of 1.5 ft by 5 ft (0.46 m by 1.52 m) opening to the 
stairshaft on every third floor, floors 3 to 39. The static pressure sensor and 
controller are located in the equipment room on the tblrly-seoond floor, one side 
connected to the stairshafl and the reference side to the rooftop. Its output controls 
the blade pitch of the two supply air fans. The size of the stair door is 3 fl by 9ft 
(0.91 m by 2.7 m). 

TEST PROCEDURE 

There are many possible open door combinations far testing the stairshaft 
• pressurization. It is almost impossible to design a practical stair pressurization 

system to operate properly when many or all slair doors are open. Stair doors will 
probably be open far prolonged periods on the lire floor for firefighting and on the 
exit floor for evacuation. As well, the stair door on the floor below the fire Door, 
often used as a staging area by firefighters, may be openell frequently for the 
duration of the fire. Tests were therefore conducted for progressive opening of 
stair doors an the fire floor, the exit floor, the floor below the fire fioor, 
and on one of the upper floors, simulaling evacuation from one of the 
upper floors. Although the angle of aoor opening can vary with door use 
during evacuation, tests were conducted with the stair doors in tile full-open 
position as an extreme case. Because fire in a lower floor is likely to present the 
greatest risk to the building population, one of the lower floors was selected as the 
fire fioor. 

Pressure differences across the stair doors on several lloors were 
measured with magnetic reluctance pressure transducers (stair shaft side-floor 
space side). Air velocity traverses were also conducted with a hot-wire 
anemometer at the stair door opening on the fire floor. The locations of the 
selected fire floor and floors on which the pressure differences across the stair 
doors was measured are shown in Figures 2, 3, and 4 for Buildings A, B, and C, 
respectively. The supply air rates for stairshaft pressurization during the 
tests were not recorded owing to difficulties with flow measurements during 
field tests. Tests were conducted with the stairshaft pressurization system off 
and all stair doors closed, followed by the main. test with the stairshafl 
pressurization system on and various combinations of stair doors fully open. Also, 
!hey were conducted with no tire, with the building air-handling systems shut 
down, and with neither mechanical venting nor exterior wall venting of the 
assigned fire floor. The procedures followed for each building were essentially the 
same, with only minor variations depending upon the characteristics of the stair-
shaft pressurization systems. 
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TEST RESULTS 

Building A-Exit Door Relief 

Pressure differences across the stair doors on floors 1, 2, 4, 8, 10, 14,18, and 22 
measured during the tests are shown in Figure 5. With all stair doors closed, 
except for the exit door on the ground floor (first floor) that opened automatically 

PRESSURE DIFFERENCE ACROSS 
STAIR DOORS, Pa 

-25 0 25 50 75 100 

t I • t 
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Figure 5. Pressure difference measurements of stalrshaft pressurization system 
with exit door relief-Building A. 
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Table 1. Average Air Velocity at Stair Door Opening on the Assigned Fire Floor. 

Test Building A-Exit Door Relief 

Open Door, Floor AvtJrage Velocity, fpm (mls) Fourth Floor 

1, [4) 
1, [4), 3 
1, [4), 3, 19 
1, [4),3,19,15 

132 (0.67) 
134 (0.68) 
73 (0.37) 
85 (0.48) 

Test Building 8-Barometrlc Dampqrs 

Average VtJ!oclty, fpm (m/s) 

Open Door, Floor Fifth FIQPr Fourth Floor 

[5) 
[5), 1 
[5),1,4 
[5), 1. 4, 35 

Open Door. Floor 

[5) 
[5). 1 
[5), 1, 4 
[5), 1, 4, 35 

3 

full 

1/4 
0 
0 
0 

530 (2.70) 
290 (1 .49) 
88 (0.45) 

61 (0.31) 

Dampsr Open, Floor 

5 6 

full 1/4 
0 0 
0 0 

0 0 
0 0 

319 (1.62) 
280 (1 .42) 

36 

1/2 
1/2 
1/2 
1/2 
1/4 

37 

1/2 
1/2 
1/2 
1/2 
1/2 

T11st Building C-Feedback Controi-Variabls-P/tch Blade Fan 

Open Door, 90", Floor 

[5) 
[5), 1 
[5),1,4 
[5),1, 4,36 

Note: [ ] • Anigned fire floor. 

Average Velocity, lpm {m/s), Fdlh Floor 

210 (1.06) 

200 (1.00) 
147 (0.75) 
180 (0.91) 

when the stairshaft pressurization was activated, the pressure differences across 
the stair doors were least on the second floor at 0.075 in of water (18.6 Pa) and 
greatest on the twenty-second floor at 0.28 in of water (70 Pa). The pressure 
differences subsequently decreased when the stair doors were opened sequen-
tially. When the srair door on the fourth floor (assigned fire floor) was open, the 
pressure differences decreased, but they were above 0.10 in of water (25 Pa) 
except for the . .stair ·doors on the second and fourth floors,·· Wben, ·in 
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addition, the third floor stair door was opened, the pressure differences 
decreased sharply, with values above the fourth floor between 0.05 in of water 
(12.5 Pa) and 0.10 in of water (2S Pa). When the stair door of the nineteenth noor 
was opened as well, there was a further decrease in the pressure differences. For 
all tests with the stair door open on the fourth lloor (assigned fire floor), the 
pressure difference across the doorway on the fourth floor was about 0.003 in of 
water (0.7 Pa). 

The average air velochies at the stair door opening on the fourth floor 
are given in Table 1. With the exit door open to outside, the average air 
velocity was 132 fpm (0.67 mts); it was about the aame when the stajr 
door on the third floor was also opened. When, in addition, the stair door on the 
nineteenth floor was opened, the average air velocity was reduced by nearly 
t:me-half; it remained relatively unchanged when the 'stair door. on the 
fifteenth floor was opened as well. Air flowed from the Slairshaftto the floor space 
for all tests. 

The outside temperature at the lime of the test was 38 F (3'C). With the 
pressurization system off, the pressure difference across the stair door at the first 
floor leading to the corridor and the main lobby was 0.003 in of water (0.7 Pa), 
whereas the pressure difference across the stair door on the same floor, opening 
directly to outside, was 0.16 in of water (40 Pa). With the latter door open and 
with the fan operating, stack action probably assisted the pressurization system in 
holding pressures in the stairshafl. 

Sulldlng B-Barometric Dampers 

Pressure differences across the stair doors on floors 2, 5, 10, 17, 23, 31, 

and 37 measured during the tests are shown in Figure 6. With stairshaft 
pressurization off, the pressure difference readings indicated flow of air 
from the floor space to the stairshaft from the ground floor up to about the 
thirty.second floor and from the stairshaft to the floor space from there up. This 
airflow pattern was probably caused by stack action wllh outside air temperature 
of 45'F (7'C). 

With the stairshaft pressurization system on and with all stair doors 
closed, the pressure differences varied from 0.23 in of water (57 Pa) to 
0.34 in of water (85 Pa). When the stair door on lhe fifth floor (assigned 
lire floor) was opened, the ·pressure differences above the twentieth floor were 
between 0.10 in of water (25 Pa) and 0.20 in of water (50 Pa); below this 
fioor (I.e., the 20th) they were between 0.05 in of water (12.5 Pa) and 0.10 
in of water (25 Pa), except across the stair door opening on the fifth floor 
which had a value of 0.024 in of water (6 Pa}. When the exit door opening 
to the main floor (first floor) lobby was also opened and when both stair doors on 
the first and the fourth floors as well the pressure differences were all above 0.05 
in of water (12.5 Pa) except at the fifth and tenth floors. This was also the 
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Figure 6. Pressure difference measurements of stalrshafl pressurization system 
with barometric dampers-Building B. 

case when in addition the stair door on the thirty-fifth floor waa also 
opened, except at the seventeenth floor where the pressure difference was 
0.044 in of water (11 Pa). Pressure differences across the open stair door at the 
fifth floor were 0.011, 0.001, 0.002 in of water (3, 0.5, and 0.5 Pa) when stair 
doors were open on floors 1 and 5, floors 1, 4, and 5, and floors 1, 4, 5, and 35, 
respectively. 
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with barometric dampers-Building B. 

case when in addition the stair door on the thirty-fifth floor was also 
opened, except at the seventeenth floor where the pressure difference was 
0.044 in of wa1er (11 Pa). Pressure differences across the open stair door at the 
fifth floor were 0.011, 0.001, 0.002 in of water (3, 0.5, and 0.5 Pa) when stair 
doors were open onlloors I a(ld5, floorS), 4, and 5, and tloors 1, 4, 5, and 35, 
respeclive!y. 
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Average velocities at the stair door opening on the l1fth floor are given in Table 
1: 530 fpm (2.70 m/s) wUh no other door open and 290 fpm (1.49 m/s) with the 
first floor door open as well. When the stair door on the fourth floor was opened, 
the average air velocities reduced to 88 fpm (0.45 m/s). The corresponding 
average air velocity at the stair door opening at the fourth floor was 319 fpm 
(1.62 m/s); the mucb grester air velocity on this floor was probably due to its 
proximity to the point of injection of supply air on the first floor (Figure 3). When 
the stair door on the thirty-fifth floor was also opened, the average air velocity at 
the l1fth floor doorway was 61 fpm (031 m/s) and at the fourth floor doorway 
280 fpm (1.42 m/s). Injection points in addition to those at the top and bottom of 
the stalrsllaft could have reduced the differences in the air velocities on both 
floors. 

The position of the barometric dampers during the tests are given in Table 1. 
They were located on floors near the points of air injection; at low levels on flooiS 
3, 5, and 6, and at upper levels on floors 36 and 37. When the fifth floor stair door 
was opened, the dampeiS on the fifth and sixth flooiS closed and that on the third 
floor moved to the quarter-open position. As may be seen in Figure 6, there was a 
large reduction in pressure differences across the stair doors, i.e., about 0.15 in of 
water (37 Pa), in spite of the closing of the dampers. Closing the dampers probably 
helped to prevent greater reduction. When the stair door on the ground lloor (1st 
floor) was also opened, the damper on the third floor closed. Dampers on the 
thirty-sixth and thirty-seventh floors remained open when the stair doors on floors 
1, 4, and 5 were opened. When the stair door on the thlrty·llfth floor was opened, 
the damper on the thirty-sixth floor moved from a half-open position to a quarter-
open position, and that on the thirty-seventh floor remained in the half-open 
position. 

Building C-Feedback Control (Varlable-PHch Blade Fan) 

The first series of tests was conducted with the reference pressure tap of 
the static pressure controller (normally located on the root) moved to tlte thirty· 
second floor away from the influence of wind pressures. Pressure differences 
across the stair doors on floors 2, 5, 10, 25, and 37 measured during the tests 
are shown in Figure 7. Because of rapid oscillation of the readings (which 
occurred most of the time), only average values are given. The cause of 
lhe oscillation was not determined; it could have been due to hunting of the 
static pressure controller or to the operating points to the left of the peak of the 
combined performance curve, where it is relatively flat for the two fans operating 
in parallel [3]. Because of oscillation in the pressure readings, lhe response time 
of the stair pressurization after each door operation could not be determined 
accurately. 

Wllh the system on and all stair doors closed, the pressure differences at the 
upper floors were above 0.15 in of water (37 Pa); at the lower floors they were 

l. 
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Figure 7. ｐｲ･ｾｳｵｲ･＠ difference measuremenls of stalrshaft pressurlzaUon system 
with feedback control (reference pressure for the controller on the thirty-second 

floor)-Bulldlng C. 

0.085 in of waler (21 Pa) on lhe tenth floor and 0.11 in of water (27 Pa) on the 
second. When the stair door on the fifth floor (assigned fire floor) was opened, the 
pressure differences on the upper floors remained essentially unchanged, but on 
the lower floors they decreased to 0.06 in of water (15 Pa) on the tenth floor and 
to 0.022 in of water (5 Pa) on the second floor. When the stair door on the first 

I 
I 
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floor (leading to the ground floor lobby) was opened and when the stair <!oors on 
the first and fourth floors were opened the same pattern followed; pressure 
differences on the tenth floor remained above 0.05 in of water (12 Pa) but those on 
the secon!l floor decreased further to 0.008 in of water (2 Pa). When the stair door 
on the thirty-eighth floor was opened the pressure differences on the twenty-fifth 
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and thirty-seventh floors decreased to 0.10 in ofwaler(25 Pa) and 0.07 in of water 
(17 Pa), respectively. 

The average air velocities al the stair door opening on the fifth floor are given in 
Table 1. They were detennined by using a 9-poinl hot-wire anemometer traverse 
instead of the 21-point traverse used in Buildings A and B. BuildingC was tested 
first, before the time of calibration of the hot-wire anemometer traverse during the 

PRESSURE DIFFERENCE ACROSS 
STAIR DOORS, Pa 

-25 0 25 50 
ＴＲｾＭＭｾＭＭｾＭＭｾＭＭｾｾｾｾＭＭｾＭＭｾ＠ I .1. I I I I 

SYSTEII ON, DOOflS OPEN • 

eFLOOR5 
38 f- 0 FlOORS 1,5 

• Fl00RS1,5,4 

30 -

0 SYSTEll ON, DOORS 

a.oseo I 

-

-
OUTDOOR 
84 F (21 'C) 

ｾ＠ 24 f- emp. (10 1oM!) ••o 
ｾ＠
a!' 

ｾ＠
18 f- -

12 '- -

• • 0 

ar -

Ace 
1 

o 
I I I I 

ＰｾＭＭｾＭＭｾＭＭｾＭＭｾＭＭｾＭＭｾｾ＠
-o.to -o.os o.oo ·o.os 0.10 o.1s 0.20 

PRESSURE DIFFERENCE ACROSS 
STAIR DOORS, INCH OF WATER 

0.25 

Agure 9. Pressure difference measurements of stalrshaft pressurization .system 
with feedback control (reference pressure for the controller on the roof 

top)-Buildlng C. 



60 I TAMURA 

first phase of this project [1]. Calibration of the traverse at an opening of a 
standard size door in the experimental fire tower during Phase 1lndlcated 
that the 9-poinl traverse overestimates the average velocity by about 20 
percent, whereas, the 21-point traverse gives a good estimate. The average 
velocity readings given in Table 1 for Building C were obtained, therefore, by 
reducing the 9-point traverse readings aCCQrdingly. With only the fifth floor 
stair door open, the average air velocity was 210 fpm (1.06 m/s). When, in 
addition, the stair door on the first floor was opened, it was 200 fpm (1 m/s) and 
with the stair door on the fourth floor also open it reduced to 147 fpm (0.75 m/s). 
When the stair door on the thirty-eighth floor was opened, the average air velocity 
o.n the fifth floor was about the same. In general, the average air velocity at the 
stair door opening on the fifth floor remained fairly constant during the door 

opening tests. • 
When the stair door on the thirty-second floor (where the reference pressure tap 

for the static pressure was relocated) was opened, pressure differences across the 
stair doors on floors 2, 10, and 25 increased to just above 0.50 in of water 
(125 Pa), as shown in Figure 8. As expected, the stair doors were difficult to open. 
The pressure differences decreased to below 0.40 in of water (100 Pa) when two 
more doors were opened. 

A third series of tests was conducted with the reference pressure tap of 
the static pressure controller in its usual position on the roof top. The 
pattern of measured pressure differences for the door opening tests, as 
shown in Figure 9, were essentially the same, but with somewhat greater 
values than for the tests with the reference pressure tap located on the 
thirty-second floor (Figure 7). The operation of the controller with the 
reference pressure tap located at the roof top may be adversely affected 
during periods of high wind. This aspect could not be investigated at the lime of 
the test as the wind speed was only 6 mph (10 lcmh); the outside temperature was 
84°F (20°f). 

DISCUSSION · 

In Building A, the pressure differences across the stair doors with only the exit 
door open were 0.075 to 0.28 in of water (18 to 70 Pa). In Building B, the pressure 
differences across the stair doors, all stair doors closed, were 0.24 to 0.34 in of 
water (60 to 85 Pa); and in Building C, all stair doors closed, they were 0.13 to 
0.19 in of water (32 to 47 Pa). The maximum pressut<l differences for stairshaft 
pressurization systems with overpressure relief features were well below 0.40 in 
of water (100 Pa) in the three buildings and unlikely to cause difficulties in 
opening stair doors. 

Klote and Fothergill suggested a minimum pressure difference of 0.08 to 0.10 in 
of water (20 to 25 Pa) for a stairs haft directly exposed to fire, 0.06 to 0 08 in of 
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water (15 to 20 Pa) for a stairshafl exposed to a remote rue, and 0.02 to 0.04 in of 
water (5 to 10 Pa) for a stairsllafl exposed to a sprinklered lire (4). Tbese criteria, 
generally, were met by the slairshaft pressurization systems of the test buildings 
when three stair doors were open. In l'luilding A (an apartment building) with stair 
doors open on floors 1, 3, and 4, pressure differences across the closed stair doors 
were above 0.06 in of water (15 Pa) except for tile second floor where there was a 
pressure difference of 0.003 in of water (0.7 Pa). In Building B (an offk:e build-
ing) with stair doors open on floors 1, 4, and S, pressure differences were above 
0.08 in of waier (20 Pa) except for 0.018 in of water ( 4.5 Pa) on the tenth floor and 

0.05 in of water (12.5 Pa) on the second floor. In Building C (an offk:e building 
with a sprinkler system) with stair doors open on the same floors as (or Building 
B, the pressure differences were above 0.02 in of water (5 Pa), except for 0.008 in 
of water (ZPa)onthe second floor. • ·· · - · · ······· ·· 

The average air velocities at the stair doors opening on the assigned tu:e floors 
for Buildings A, B, and C were all greater than 50 fpm (0.25 m/s) with four stair 
doors open. Based on the papers by Shaw and Whyte [5] and Thomas [6], Klote 
and Folhergill [4) ｳｵｧＮｾ･ｳｴ･､＠ !hat smoke backflow is prevented In a sprinklered 
building wilh airveioci. ies between 50 and 250 fpm (0.25 to 1.25 m/s). According 
to Shaw and Whyte [5], 50 fpm (0.25 m/s) corresponds to a temperature dif· 
ference between ru:e floor and stairshaft of 3.6°F {2°C). Australian Standard 1668, 
Part 1 requires an average air velocity of 200 fpm (1 rn/S) [7]. Smoke backflow 
is prevented with Ibis velocity at the open stair door for lire temperatures of 
tso•p (82°C) [1]. With two stair doors open, tllis criterion is met for Buildings 
Band C. 

The installed supply air rates per floor for Buildings A, B, and C varied greatly, 
with values of 635 cfm (0.3 m3/s), 1000 cfm (0.47 m'/s), and 1950 cfm 
(0.93 m'/s), respectively. The actual supply air rates during the tests were not 
measured. This will be done during the Phase 3·tests in lhe experimental fire tower 
to assist in determining the required supply air 'rates for stairshaft press\Jrization 

· systems with various overpressure relief features. 
The average air velocilies at the stair door opening on tile assigned rue 

floor would probably have been substantially greater with a large opening 
in !he exterior walls, as would be caused by broken windows on the ssme 
floor. This aspect could not be cllecked in tile test buildings, but will be inves-
tigated in the experimental fire tower during the third pllase of .the rese.arch 
project. 

SUMMARY 

Tests were conducted to check tile performance of stairsllafts with three different 
overpressure relief systems: exit door, barometric damper, and feedback control of 
a variable-pitch blade supply air fan. Each system was put through the same test 
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schedule of stair door openings (three stair doors on the lower floors, 
including one designated as the fire floor and a stair door on one of the upper 
floors). 

Pressure differences across the stair doors on several floors and air velocities at 
the stair door opening on the fire floor were measured. With all stair doors 
closed, the overpressure relief features of the stairshaft pressurization sys-
tems of all three buildings prevented overpressurization of the stairshaft. For 
three open sialr doors, the pressure differences were generally above the 
applicable minimum values for the three test buildings. The average air 
velocities at the stair door opening on the assigned fire floor were greater 
than 50 fpm (0.25 m/s) with four stair doors open. In two of the test 
buildings, the average air velocities were about 200 fpm (1 m/s) with two 

0 • 

stair doors open. 
The field tests will be complemented by tests in the experimental fire tower 

when the performance of the systems under fire, winter, summer, and other 
operating conditions will be studied. 
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