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DESIGN OF DA R fi
= o ASTAIRSHAFT - b proiator o sursate
_ PRESSURIZATION | o has ro-

‘routes in the .event of a fire has re-
SY STEM ceived much attention in recent years

o8 B U I L D I N G S ~fire*, simulated fire* and actual fire®

o : ~ conditions demonstrated that such sys-

~ tems can be effective in keeping the

| calion to'both new| and existing buildk',
i ings. It involves raising the préssure in
the stairshaft by. injecting outdoor air s'|o
that, the direction /of. flow is from"the -
shaft tovits surroundings, thus prevent-
Ing smoke from entering the stairshaft. .
Recent tests conducted under-non

conditions. They also indicated/that’

hence, the possibility of smok . Con-
“tamination, can occur when ‘several
stair doors ,are ‘open simultaneously,
A i and that exc_esrsive pressure differ- -
' ences 'can deve Op across some slair
doors which would make them difficult
to open; ’ il
Information nec s.'sar} for the de-"
sign of stairshaft. pressurization sys-
tems'is as yet ingomplete. Although
there are ‘Tequireme its adopted by a
few -well known building codes™*7,
. Which ‘are ‘summarized and listed in
Table |, it is, difficult for a designer, at
present, to design a system that will
meet such requirements. The results of
fire tests can offer the designers some
useful data in this regard but they are
far from complete. The purpose of this
paper is, therefore, |to propose one
+practical approach to the design of
e such a system, "%/ | '

P
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C. Y. Shaw and, G. T, Tamura are Research
Olficers, Building Services Section,

y Buitding Research, National Ressarch Council of
_ ) Censgg. Ottawa, Canada, | - o<

HRAE'JOURNAL February 1

. Substantial loss of pressurization/ and, _.

]

Pressurization by injectihg outdoor air into a stairshaft is one means of maintaining '\

; ,tenable conditions In it-during & fire emergency.-Studies wére made
‘ factors that-govern performance of stairshaft-pressurization systems.
- here Is & design for one such system. The performance of this system
ous fire conditions was In‘vsq‘r{gared using a computer model of the

_Istoraise its pressure tp a level high

- .in the fire area that are’

because of its apparent ease of appli- -

- afire. - %

* shaft.| The worst situation is whi

stairshatts free of smoke under cegtain’ ~

Division of ../
. @ssumes that

“in, of
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Mater seems appropriate to, overcome
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on various )
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under vari-
building. |

DESIGN CONSIDERATION ' - .

o ﬁequlrod Préaé'ur‘lzatlolnf,' Ty
The object of pressurizing a stairsh

than that in the surrounding areas, par- %
ticularly the fire floor. Measuremerits of
prxssures ‘developed in test fires® in- %%
'dicrte that a fire can cause pressures
higher than
those' in” the adjacent stairshafts b
abolt ,6.05 in. of water. This valueg can”
be exceeded momentarily up to a valug |} i
.of 011 5-__i§1'}' of water during the co o
Stack: actionduring cold wealh
can, also cause adverse pressure dif-:
fererices” across. stair doors located " 1}
below the, ‘neutral plane ‘of the stair~ -

1ith
fire cUr§’neag grodnd _l,e_vel_,‘an,g the!
windows on the'fire floor are bioken. If
this ogcurs, 'the. preséure. differences ;
across stair doors on the fire fioor arg’
approximately one half iof the toja
pressure difference caused by: stack’ ¥
action,| which depends on the bui ding”
height |and the difference in tempera
tures. between inside ‘and outsjde,.
example, with' an outside temperatur
of OF aq\d an inside tergpera ure of 75
and assuming that the neu})al pressure_
plane iél located mid-height of the build
ing, the maximum advérse pressure.
difference across a s a%t wall is 0.3 in, !
of water for a 20-3!07p building and 0.
yater for a/50-story building. s %5
values arg/much greater. than
thdse caused by a'fire confined to
single story. The adverse pressure dif
ferences| caused by 'stack action dur:
ing cold| weather can 'be overcome
however, with bottomventing of th
stair shalt’, i.e,, by ‘opening the' stai
door at'ground level to the exterior or to
a lobby with an opening to the exterior, . ki
/ From, the foregoing consideration.
q..minimuanpressurization of 0.10 in.0

pressures| caused by fire alone. This g

all stair doors are closed

g




except for the one on the exit Iéve! so
that bottom venting can &ounteract

pressuré differences across stair doors |

caused by slack action during cold
weather,

¢ Required Flow Rate

The flow rale required to achieve a
pressurization of 0.10 in. of water for a
shaft with little resistance to flow.with all
stair doors closed except for the one at
the exit level is given by the following

Table | — Code Requirements For A
Stalrshaft Pressunzatlon System

» Australian New York City Canadian
Standard Standard Standard Remarks
Air Flow Rate (cfm) | Not specified | Not specified 15000 . 200 |1 Based on open
3 per storydl exit stair door
with all others
closed.
Minimum average 200° Not speclfied | Not specified |* In addition, main
air velocity through exit stair door is
any two open slair also open,
doors of two
successive floors
(fpm)
Maximum air Rot specified ' 2000 Not specified
velocity through
" an open slair door |
(fpm)
Maximum door ' [ Not specified Not spécified |t Permits mechan-
opening force (Ib) ' ical assistance
as required
. Maximum pres- 0.20 Not specified 0.40
sure difference
across a stair door
(in. of w.g.)
Minimum pressure | Not Spacified | 0.05(fire floor) | Not specified | Three doors in-
difference across -0.02(others) clude the stair
a stair door with s door on the de-
three stair doors sign fire floor, the
open. door below or’
(in. of w.g.) above the fire
floor and the one
at the point of air
injection.
equation’; bt

Q= 15,000 + 200N %)

where Q = air flow rate, cfm .
. N = number of storys

The value of 15,000 is the calculated
flow rate in cfm through an open stair
door approxnmately 20 sq ft at the exit
level; the value of 200 is the calculated
flow rate in cfm per floor through the
shaft walls, assuming a typical leakage
area per floor equivalent to an orifice
area of'0.20 sq ft for the stair door and

0.05 sq ft for the shaft walls'®, The flow -
rate-has to be modified if the stairshaft

. due to loss of shaft pressurization cah

- ‘-

has- leakage openings other than as
assumed.

Th|s approach to specifying the .

rate of supply air is the one adopted by

the Canadian Standards. As seen in .
Table |, the requirements for the supply -
air rale in either the New York or the

Austrglian Standards are not given but

may be calculated to satisfy other re- ,

quirements such as pressure; differ-

ences across stair doors and flow vel- _

ocity across open stair doors.
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Fig. 1. Computer model building

i

° Method of Alr In]ectlon ;
Migration of smoke into the stalrshaft

be expected occasnonally because’ of

the opening and closing of a pumber of -

-stair doors during the course of a fire.
The air supplied to the shaft .an serve
the secondary function. of " diluting
smoke when this happens. This may

not happen if, the air is supplied at a -

single point as a substannal portion of
the supply air is lost when a few doors
are .open near the point of injecnon
Consequently, there may be little air for
pressurization or dilution near the fire
floor if it is loCated far from the point of
injection. Tests have indicated that with
a single polnt of air injection, pressure,

differences across some ‘stair doors. 3

can exceed 0.40 in. of water, which will
interfere with their operation'?*4, The
injection of air at each floor or at Ieast at
every fifth floor should assure unifor-
mity of flow throughout the shaft even
with seéveral 'stair doors open.

COMPUTER MODEL STUDIES
The foregoing discussion indicated
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that the [ollowing steps should be taken
in desighing a stairshall-pressurization
system. b .

1. Determine the supply air flow
rate from Eq. (1).

2. Assume injection points at least
on every fifth floor.”

3. Establish that the maximum :

pressure difference across stair doors
is no more than 0.40 in. of water.
The first two requirements are
.sstraightforward. A mathematical model
of a building, shown in Fig. 1, was de-
vised to investigate whether satisfying
the first two requirements would ensure
that the third would also be satisfied.
The model contains two shafts, one
representing the pressurized stairshaft
and the other the various\unpres-
surized shafts such as elevators and
service shafts.
The leakage openings in the ex-

ternal and Internal separations of the °

model are lumped and replaced by
equivalent orifice areas. Their 'sizes,
based ‘on field measurements', are
given in Fig. 1. The flow resistance in
the s'tai,rshlaft is simulated by a series of
orifice areas, oné- for ‘each story, lo-
cated in a fictitious separation between
ddjacent floors in the shaft. The size of
the orifice area is such that the pres-
sure drop across it is equivalent to that
caused by the shaft for one floor height.

. This fictitious orifice area is about 28 sq
ft for a stairshaft with a Cross-sectipnal .

area of 100 sq ft, based on meaSure-
ments madg on several buildings.

The mass flow of air through the
various openings can be represented
by * - :
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Fig. 2. Pressure dr'rferencas .across stair
doors with single and multiple air onjections
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Fig. 3. Size of top vent vs building height
W =.CApape @

- where W = mass flow
C = proportionately constant
= orifice area
p = air density "
AP = pressure difference
across openin
" n = flow exponent ?n = V2 used)

For a'given outside condition of

\.Nind and temperature all outside pres-
sures can be specified. By setting up

mass flow balance equations for each’ :

compartment -all insidé pressures can
be computed using Eq. (2). The details

, of the computer model and the compu-

ter program are given in Ref. 11.

e Control of Pressure Differences
Across Stair Doors e
Initial calculations were made with air
injection at the top of the stairshaft of a
20-story model building and also at
every fifth floor starting from the top.
The supply air rate based on Eq. (1)
was 19,000 cfm..Inside and outside
temperatures were assumed to be
equal. The pressure differences across
the stair doors for.both cases are given
in Fig. 2. With air injection. only at the
top the pressure differences across the
stair doors ‘at upper levels exceeded

- the limiting value of 0.40 in. of water.

These differences were greatly re-
duced with multipie injections. Investi-
gation of multiple injections under
winter conditions resulted in pressure
differences somewhat greater than
those under summer conditions. The
case of airinjection only at the bottom
was not considered as it would not pro-
vide sufficient air for dilution because
of the substantial quantity of air that
would be lost through the open exit

Y

door on the ground level. Ms2iar
Although excessive pressure dif-

ferances across stair doors are re- .
dyced with multiple injections as R

shown on Fig. 2, further reductions are
required to bring them to an ‘accepta-
ble level. This can be achieved by pro-

" viding a relief vent at the top of the

stairshaft together with multiple injec-
tions. The.vent sizes required to reduce
maximum pressure ‘differences to just
below 0.40.in. of water were calculated

"\ for stairshafts of .various heights for

both winter and summer conditions.
Those calculated under winter condi-
tions (outside temperalure OF) are plot- .

ted in Fig. 3 as they were found to be |

greater than- those obtained under =
summer conditions. .Itswas assumede.
that the outside air supplied to thelte
" stairshalt was heated to inside’ ambignt

temperature. The amount of air vented =~ -

to the exterior at the top depends on
the pressure difference across the top
vent. In'the event of loss of shaft pres-
surization caused by opening stair
doors, the supply air for dilution is in-
creased as the rate of air flow through
the top vent is decreased. g
The calculation of top vent size
was based on a stairshaft with a gross
cross-sectional area of 100 sq ft, which

is the usual size in most buildings. Fora /

larger stairshaft, the required vent size '
would be smaller as the. flow velocity

and, hence, the' pressure loss in the -
stairshaft would be less. ;

.. e Effect of Outside Alr‘Tem'p'erat'uro )
Fig. 4, giving pressure differences ac- |
" ross the stair doors for summer (Curve

1 — outside temperature 75F) and
w « ] '
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adross slair doors on outdoor and shaft
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winter (Curve 2 -— outside temperature
OF), illusirates the effect of outside air
“temperature on the performance of a
stairshaft-pressurization system. In
both.cases the top vent size was 3 sq ft
‘as selected from Fig. 3 and the supply
air tampe;rature was 75F. It can be seen,
that thé; amount of pressurization is
generaity‘ greater under winter than
under summer conditions. This is due
to stack :;lct:on during winter causing a
- reduction in the outflow of supply air
thréugh the opening of the sfair door on
the ground floor.

o lhp outside supply air for pres-
surization ‘is not heated in winter,. the
shaft air__'-iemperature can be expected
to be lower than the inside ambient
temperalure Curve 3 of Figure 4 shows
the eﬂepl of 'OF shaft temperature.
Comparison of Curves 3 and 2 shows
that Iowar shalft air temperature results
in a redluclion in the pressure differ-
ences across stalr doors, r It can. be
seen that the amount of r duction In-

creases from the 2nd floor pward The -

minimum pressure dtfferepce, which

occurs at the top floor, is a?out 0.05in.
hat the dir

_of watef. It 'is probabla

temperature of the shaft would be
higher than the outside temperature
due to heat transfer from, the ‘sur-
roundings' which would result in shaft
pressures that are higher than those
given by Curve 3. This suggests that it

is not necessary to heat the air,

supplied to the stairshaft for effective
pressurization although it is probably
desirable to provide some heating for
the- comfort of the people in the stair-
shaft. " :

e Effect of Fire Temperature
Computer simulations, indicate . that
stairshaft pressurization will prevent the
flow of smoke into the stairshaft for the
20-story model building with a temper-
ature of 1000F at the fire floor and all
stair doors closed except for the one at
the exit level. The ¢ase of a fire on the

second floor was investigated for both -

summer and winter. conditions. If the
stair door -on the flre floor is open
(20-sq ft opening), the results indicate
that there would be a 3500-¢fm flow
fromi the stairshaft into the fire floor
through the lower portion of the open-
ing and a 680-cfm flow ‘of smoke from
the fire floor into the stairshaft through

the upper portion of the opening. When
there is a substantial flow of pressuriza-

tion air into the fire floor through an
open stair door, as in this example, the
pressures in the fire floor are increased
resulting in a lower pressure difference
across the shaft wall. If in addition the
fire floor is vented to the exterior (g.g.,

by window breakage caused: by fire),

the flow of smoke into the stairshaft is
reduced from 680 to 330 cfm. It would
be unlikely, however, that a stair door at
the fire floor would remain open for fire
fighting if the temperature close to it
was 1000F. An assumption of a lower
temperature of 200F indicated that the
flow of smoke into the stairshaft is 310
cfm for an unvented fire floor and 0 cfm
for a vented fire fioor, The amount that
the stalr door is opened to the fire floor
should be kept toa mlmmum fnrstly to

. minimize the quantity -of smoke and

heat escaping into the stairshaft under

adverse conditions and secondly to .

Jrg®

L]

“ tions are likely to be t

mmlmlz]e the flow of pressurization air
into the fire floor which could cause
flow of.smoke into unpressurized verti-
“cal shal’ts and to other floors. .

° Effect of Open Stalr Doors

It can ba expected-that a number of

stair doors wil be open durlng evacua-
‘tion; the worst situation is when all stair

doors are open at the same time under. :
summer conditions. To simulate this, it -

was assumed that the opening of each

stair door was 5 sq ft, allowing for bloc-"

kage by parsons entering the stalr
~shatt.

The test run wlth a hre tempera!ure A
of 1000F on the 2hd floor with its stair "o .
door closed but with all other stair "

_»doors open, resulted in a 30-¢fm flow,of. .
smoke intothe stairshatt. -This repre- - -
‘sents a smoke, condentration in"the

stairshaft at the 2nd floor. of about 2 0

. B

per cent of that of tha fire floor. Ifthe fire” " -

is less than 1.0 per.ce

floor is vented the smtxkiconcemratmn. "

localized to the'

hamper normal evacuatlon

In the case of 4 fire temperatu'ré'of

200F and the stair,door on the fire floor
open (20.sq ft), there was a smoke flow
into the stairshaft of 970 cfm, which
gives a'much higher level of smoke
concentration than- for” the previous
case. Venting of the fire floor together

_ with minimizing opening the 'stair door, ;'

for fire fighting will greatly reduce the

. -rate of smoke flow into the stairshaft,
It is apparent 'that some smoke

contamination of the stairshaft can be-
expected during fire fighting and

evacuation and it is necessary, there- -
fore, to provide an adequate flow of air .
in-the stairshaft to*flush the smoke.

away, Itis suggested that the supply air
rate should not ba Iess than 500 cfm

per floor which'| jrepresents ‘an: air
' change rate of once every 2 minutes for.
a'100 sq ft stairshaft, The time taken to

clear the stairshaft to 1 per. cent of its
original level, assummg no further flow
of smoka into the stalrshaft is 7 to 8 mi--
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mporary and .
‘fire_floor” area and, - -
hence, It is not expected that it would 3

t. These condi- "-_;;-: 4



nutes. The supply air rate based on Eq.
(1) provities a minimum of 500 cfm per
]floor for buildings of up to 40 stories. A
total supply air rate in excess of that
lbased' on Eq. (1), therefore, would be
required for taller buildings. Vents at

other levels in addition to the one at the )

{top would probably be required to con-
trol excessive pressure differences ac-
oss stair doors. .

RESSURIZATION FAN
.;Multiple injections of supply airas rec-
* pmmended in this paper would involve
number of fans or a single fan with'a
‘Yertical air distribution duct. For the lat-
}er case, it is preferable to locate the
jan hear the bottom rather than at the
top, of .the. shaft for the following
‘reasons:.
1) The power supply to thel fan
can be protected more efsily;
I 2) Operation of the fan at start up
is simplified as the supply of air is as-
"sjsted by stack action during cold
weather; - ' '
winter, stack action will induce outside
airinto the stairshaft through the fan
and duct system; and - 1
' 4) Possibility of inggsting
from outside the buildin
take is less. i
The required static pressure ac-
ross the fan at the design flow rate for
the two fan locations fs as follows: | |
1) Fan at the bottom — the sumlof,
*the pressure losses in the vertical air|
distribution system and the maximum |
permissible amount of pressurization of |
0.40 in. of water; and |
{ 12) Fan at the top — the sum of th
' Fré_s'sure losses in the vertical air dis-

, %ribution system and 0.40 or the toitat
pressure difference caused by’ stack
action at the winter design temperatuyre
whichever is greater.

For the type of system considered
in this paper, the exit stair door on he

. ground flogr should be open prior to

| fan startup, otherwise, normal opera-

| tlon of stair doors may not be poss:tsle

. because the pressure in the stairshaft

ng smoke
g at the fan iri1-
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" 3) Inthe event of fan failure during
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would be too great. The possibility of
over pressurization of the shaft can be

prevented with a relief damper in the

shaft wall. A~
CONCLUSION i :
The type of stairshaft-pressurization
system investigated was as follows:
e Supply air rate based on Eq. (1);
e Air injectioriat every fifth floor;
and e 3 ¢
e Control of excessive pressure!
differences with g
Fig. 3. i : 4
. Computér studies indicate that this
system is effective in maintaining tena-"
- ble conditions in the stairshaft during
* evacuation with all stair doors open ex-

cept the 8ne on the fire floor. If the stair - + 4.

L
.
g7

i 1
e .

top vent according to -

R

1. Tamura, G. T. Experimental Studies on

door on the fire floor is ‘also open, . .

heavy smoke contamination of the
stairshaft may occur, depending on the
size of opening. Venting of the fire floor
either accidentally (window breakages)
or intentionally (exterior wall vents,
mechanical venting or smoke shaft)
can greally reduce the amount of
smoke contamination. A low'tempera-
ture fire (e.g., in a sprinklered building)
will reduce the possibility of stairshaft
contamination, Y :

It is possible that the operation of

stair doors during evacuation and fire
_fighting may cause the flow 'of smoke :

. into the stairshaft. There. should be
adequate supply air, therefore, for dilu-
tion and dispersal of smoke. Multiple in-
jection-of supply air is more effective

_than single injection for providing a un-
iform supply of air for dilution through-
out the stairshaft as well as in reducing
excessive pressure differences across

- stair doors caused by the flow resis-
tance of the stairway. :
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