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Pressure Differences for a Nine-Story Building

as a Result of Chimney Effect
and Ventilation System Operation

Air leakage represents a significant component
of the heating, cooling and humidification loads
for most buildings. In addition, infiltration isa
potential source of dust and other contaminants
and may cause discomfort from drafts. Exfil-
tration is wusually the major mechanism of
moisture transfer leading to condensation be-
tween panes of double windows and in walls and
roofs. +»

Estimation of the pattern of air leakage and
flow under specified conditions should therefore
be an important step in the design of both a
building and its air-conditioning system. An
adequate estimate requires a knowledge of the
distribution of pressure differences across the
building enclosure and an understanding of the
forces producing them: the action of wind,
chimney effect and the operation of mechanical
ventilation systems. 3 The distribution of pres-
sure differences for a building subjected to these
forces depends uponthe air leakage characteris-
tics of the building enclosure and the internal
separations.

Chimney effectoccurs inbuildings from the
same causes that it doesin a chimney or stack.
The amount of draft produced in a chimney de-
pends on the difference between the temperatures
of flue gas and the outside air, as well as the
chimney height. During cold weather, similar
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action occurs in buildings, although the inside-
to-outside air temperature difference, and thus
the magnitude of the chimney effect, is muc
less. Even for one-or two-story houses, th
chimney effect in winter is sufficient to affec
certain aspects of the air leakage significantly
As taller buildings are built, the chimney effec
increases proportionately, and, in very ta
buildings under winter conditions, can lead &
pressure differences as great as 1-in. of water
across exterior walls. Such pressure differ-
ences are most significant from a numberc
points of view, and should not be ignored.
Little information is available on the ai
leakage characteristics of major buildings ax
on the patterns of pressure difference tha
occur. Studies to obtain such information fo
several multi story buildings have therefor
been undertaken. This paper gives the result:
of pressure measurements ona nine-story offic¢
building under the influence of chimney actic:
and the operation of the mechanical air suppl!
and exhaust systems. Information obtained ¢
pressure differences caused by wind action an
combined effects will be published later.

CHIMNEY ACTION AND BUILDING
PRESSURIZATION

Chimney effect refers to the pressure differ
ences and the pattern of air flow that occt
across an enclosure because of differencé
in the weight of the inside and outside air
sulting from temperature differences. *
pressure difference available to produce an V'
terchange of air between the enclosure and &
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ressure distribution caused by chimney

ngs, over any height, is given by the
relation3:

P.=0.52 PH — - —

| |
(T, 1) (1)

’c = pressure difference across the
enclosure due to chimney effect,
in. of water

? = absolute pressure, psi
1 = height, ft

L‘o = absolute temperature, outside,
Rankine

[j = absolute temperature, inside,
Rankine

iIsure difference is sometimes referred
;heoretical draftand canbe determined

conveniently for specified conditions from the
graphical solution of Eg (1), giveninthe ASHRAE
Guide And Data Book. < Whatis requiredfor any
building isknowledge of the manner inwhich this
theoretical draft would be distributed across the
building enclosure and the internal separations
through which flow occurs. The pressure dif-
ference across openings in the various separa-
tions must be that required to maintain the bal-
ance of mass air flow. In this paper, pressure
differences across exterior walls have been ref-
erenced to the pressure inside the building.
Pressure differences causingair infiltration are
thus designated as positive quantities; and, con-
versely, those causing air exfiltration are
negative quantities.

The distribution of pressure differences in
a simple building, as illustrated in Fig. 1(a), is
easy to predict. With equal openings top and
bottom and no resistance to flow within the
building, the pressure difference across each
opening must be approximately equal to main-
tain continuity of mass flow. Air flows in at the
bottom and out at the top, and the neutral zone
level, at which the pressures inside and outside
are equal, occurs near mid-height. If the effec-
tive area of openings at the bottom increases,
the pressure drop across these openings de-
creases and the neutral zone level falls corres-
pondingly. The opposite occurs if the area of
the top openings is greater than that at the bot-
tom. Thus, with no resistance to flow within
the building, the distribution of pressure differ-
ences can be predicted if either the vertical
distribution of openings or the neutral zone level
is known.

Prediction of the pattern of pressure dif-
ferences across the exterior wall becomes
more difficult when internal separations pre-
sent resistance to flow. The direction of flow
resulting from chimney effect in winter is up-
ward, and air must pass either through open-
ings in the floor, including those that may exist
at the outside wall, or flow into and out of ver-
tical shafts that extend through two or more
floors. The exterior wall pressure differences
that occur with internalflow through openings in
each floor are illustrated in Fig. 1(b). The
pressure differences have been calculated for
an equivalent orifice area in each floor equal to
twice that in the exterior wall between succes-
sive floors, assuming fully turbulent flow. The
pressure difference at top and bottom is less
than that where there is no internal resistance,
the actual draft being less than the theoretical
draft by the sum of the pressure drops across
intervening floors.

Pressure differences are a function of the
resistance to flow throughthe exterior wall rela-
tive to that through the floors. Decreasing
values of the ratio of Af to Ay result in decreas-
ing values of the ratio of actual exterior wall
pressure difference totheoretical pressure dif-
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Fig. 2 Effect of building pressurization

ference. This latter ratio can vary with dis-
tance from the neutral zone because of varying
pressure drops across floors. As the ratio of
Af to Aw approaches zero each story becomes,
in effect, a separate single-story building. It
can be deduced that increasing the number of
floors results ina decrease in the ratio of actual
exterior wallpressure difference to the theoret-
ical value for any finite ratio of Af to Ay.

Exterior wall pressure differences that
occur with internal flow through vertical shafts
are illustrated in Fig. 1(c). The pressure dif-
ferences have been calculated for an equivalent
orifice area in the shaft ateach floor level equal
to twice that in the exterior wall between suc-
cessive floors, assuming fully turbulent flow
and no resistance within the shaft. The pres-
sure differencesfollow a pattern similar to that
shown in Fig. 1(b). The pressure drop across
each floor is less, however, as there is no re-
sistance to flow in the vertical shaft, whereas
in Fig. I(b) the air must flow through a series
of resistances in successive floors. The ratio
of the actual exterior wall pressure difference
to the theoretical value is therefore greater.
The pressure drops are a function of the ratio
Ag to Ay. It can be deduced that, with internal
flow as illustrated in Fig. 1l(c), increasing the
number of floors does not alter the ratio of
actual to theoretical exterior wall pressure dif-
ference for any value of this ratio.

The effect on the exterior wall pressure
differences of introducing an air supply in ex-
cess of the exhaust is illustrated in Fig. 2. The
condition shownis for no internal resistance and
for a uniform vertical distribution of exterior
openings. A linear relation between flow through
the opening and pressure difference is assumed
for purposes of simplification. There is a uni-
form shifting of the pressure difference curve
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to the left, with a decrease in pressure diffe:
ence across the bottom and a corresponding i:
crease across the top. The change in the pre.
sure difference pattern isindicated by the cro.
hatched region. It can be deduced that t
change in pressure difference is equal to t
pressure difference required to dissipate t
excess air supply through the equivalent area
all openings in the enclosure.

The same generalization holds for the co:
dition of interior restrictions illustrated
Figs. 1(b) and 1{c), if the excess air supply
introduced uniformly on each floor level. TI
shift in the pressure difference pattern is un
form and depends only on an excess of supp
air and the equivalent orifice area of the e:
terior wall, since it is independent of the ir
ternal resistance to flow. If, however, the e:
cess air supply is not introduced uniformly, f(
example, if it is introduced to one floor onl
the extent of pressurization will vary from floc
to floor and will depend on the resistance of t!
interior restrictions. Pressure differenc:
between floors will be variable. The situatic
is somewhat more complex with fully turbule
flow.

In an actual building, the pattern of flow
a complex combination of those illustrated -
Figs. 1(b) and 1{c). Little or no information
available on the resistance to flow presented t
buildings as a whole or by their interior sepa:
ations. It is, therefore, not possible to predic
by calculation the influence of the interior cor
struction onthe pressure differences across tr
exterior wall due to chimney effect. Neither :
it possible to predict withcertainty the extent !
which pressure differences across the exteric
wall are affected by an imbalance of supply ar
exhaust air. It is necessary at this stage:
resort to measurements on actual buildings !
obtain information on the relation between actu:
and theoretical exterior wall pressure differ
ences and the resistance to flow across th
exterior wall and within the building.

DESCRIPTION OF BUILDING

The test building, located in Ottawa, Canad
(Fig. 3), is a brick-faced, reinforced concret
structure nine-storys high. It is connected !
two smaller buildings by acorridor in the base€
ment and to the larger of the two by a bridge ¢
the second-floor level. The buildings are ser
arated by double swinging doors in both tt
basement corridorsand the second floor bridg!

The height of the building above ground i
112 ft 10 in. to the main roof level and 135 ft !
the top of the penthouse. The internal dimer
sions of a typical floor are 73.5 x 265.5 ft ar
12 ft 1 in. between floors. The total gros
internal volume above uground, excluding tt
penthouse, is 2,056,000 cu ft. The layout of
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floor is shown in Fig. 4.
he exterior wall constructionisas follows:

st and west walls — 4-in. brick, 1/2-in.
p plaster, 1/2-in. air space, 8- -in. tile,
: 1g1d cork insulation and plaster.

rth and south walls — 8-in. brick, 1/2-
ck-up plaster, 2-in. rigid cork insulation.

lenthouse walls — first 7-ft height con-
ted of glass tile, 6-in. concrete block,
mineral fibre insulation; remaining height
ucted of 3-in. foamed-glass, metal-backed

0

yindows — double-hung, openable alum-
isash windows with metal weather-stripping
Bealed double-glazed aluminum windiws
d alternately on north and south walls only.

\ir conditioning is provided by perimeter
Interior zone systems. North and south
primary air units in the penthouse supply
tioned air to high-pressure induction units
Bd underneath the windows on the second to
inth floors. The interior zone air-condi-
Ig units for the second to the eighth floors
bcated on each floor. The fresh and return
ir these units is drawn from two vertical
3 extending from the basement to the pent~
' and located in the core of the building.
lir conditioning for the interior zone of the
floor is supplied by a double duct system
the air-conditioning unit located in the pent-
', The first floor and basement areas are
d by air-conditioning units located in the
ment; these draw air from the fresh and
'n air shafts.

Air flows from the offices into the halls
igh louvred grilles in the doors. Air is
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Fig. 4 Plan of eighth floor

drawn into the return air shaft at two locations
in the hall at each floor except the basement,
which has a separate exhaust system discharg-
ing at grade. In addition, there are a number of
exhaust ducts serving various rooms that dis-
charge to atmosphere through the penthouse.
The amount of air exhausted to atmosphere
from the return air shaft is controlled by a
pressure regulator, which modulates exhaust
and by-pass dampers. The control is set to
maintain a pressure of approximately 0.05 in. of
water in the return air shaft relative to outside
atmosphere.

The total capacity of the supply fans is
104, 000 cfm; of the exhaust and return air fans
it is 89,000 cfm.

INSTRUMENTATION
Exterior Wall Pressure Measurements

Inside and outside static pressure taps were
installed at six locations to measure the pres-
sure difference across exterior walls: at the
centre of the north and south walls on the sec-
ond, fifth and eighth floor levels. Two addi-
tional outside taps were located on the east and
west walls at approximately one-third of the
width of the building from the south wall at the
eighth floor level.

On north and south walls, connectors to the
inner and outer pressure taps were mounted on
transparent plastic panels fitted into the outer
sash opening of the double-hung windows. The
outside tap consisted of a 1/4-in. brass fitting
mounted flush with the outside surface of the
plastic panel. The inside tap consisted of plas-
tics tubing taped to the inner surface of the
window frame; it was joined to the connector on
the plastic panel with copper tubing brought
beneath the inner sash in the closed position.
The pressure tap connectors were joined to the
pressure recording system in the penthouse with
twin plastics tubing, 3/16-in. I D, strung ver-
tically on the exterior faces of the north and
south walls; to prevent wind sway it was secured
to the window-cleaning hooks. The two outside
pressure taps on the eighth floor level of the
east and west walls consisted of copper tubing
hung from the parapet of the main roof and
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Fig. 5 Stairwell pressure measurements

terminating in a right-angle brass fitting per-
pendicular to the wall.

The pressure recording system, located in
the penthouse, was designed to obtain continuous
records of pressure difference, wind speed and
direction, and outside air temperature readings.
It consisted of a 16-point mV recorder with
associated equipment to produce both a punched
tape and a strip chart record.

Pressure tubes from the inside and outside
static pressure taps were connected to two
multiple-pressure switches. The position of
each pressure switch was controlled by a selec-
tor switch inthe mV recorder. The output ports
of the pressure switches were connected to a
strain-gauge, diaphragm-type pressure trans-
ducer (sensitivity of 0.002 in. of water). Be-
cause the column effect of the pressure tubes
connected to both inside and outside pressure
taps is the same, the pressure difference across
the exterior wall is sensed directly by the pres-
sure transducer. The emf output fromthe pres-
sure transducer was measured and recorded
on the mV recorder. The pressure transducer
was automatically calibrated once during each
recorder cycle. The pressure differences
across building entrances were measured with
a portable pressure meter.

Inside Pressure Measurements

Pressure differences across various interior
partitions were measured with a portable pres-
sure meter. The methods illustrated in Fig. 5
were used to facilitate the measurement of
pressure differences between floors, across
stairwell doors and along the stairwell. A
single plastics tubing with T-fittings at each
floor was strung vertically from the top to the
bottom of the stairwell. The open end of the T-
fitting was plugged when not in use. With the
pressure meter located in the stairwell on a
reference floor level, the vertical tubing served
as an extension to the pressure probe to sample
pressure at any other floor level. Three
measurements could be made: first, with one
side of the pressure meter exposed to a refer-
ence level in the stairwell and the extension
probe exposed inthe stairwell at various levels;
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second, with the extension probe inserted int
the main floor area atvarious levels; and thirc
with one side of the pressure meter exposed t
the main floor area at the reference level an
the extension probe inserted into the main floc
area at various levels. Measured pressure
were as follows:

Case a -- stairwell to stairwell:APj, =APy, (¢

Case b -- floor to stairwell:
APy, =APy, + (P1' - Py) (¢

Case c -- floor to floor:AP;, =APg “

The pressure difference acrossthe exterio
wall at level 1 can be determined indirectly
knowing Py and the pressuredifference acros
the exterior wall at level 0 and assuming n
pressure drop across partitions between th
exterior wall and the stairwell.

(P " =P ) =(P,"=Py") +h (B =P )-APE (

where

APnm = pressure difference indicated by th
meter

APy, = friction pressure loss between the tw
levels in the stairwell due to airflos

APg = summation of pressure difference
across floors between level 1 an
level O

Py'-Py = pressure differenceacross stairwel
wall at level 1

Py''-Py' = pressure difference across exterio:
wall at level 1

P,''-Py' = pressure difference across exterio:
wall at level 0

P = density of inside air
Py = density of outside air
h = height between level 1 and level 0

RESULTS AND DISCUSSION

Tests to investigate the chimney effect were
conducted in the evening when the building was
unoccupied, during periods of low wind speed.
and at various times providing a range of out-
side temperatures. Prior to test, all windows.
entrance doors and connecting doors betweerl
buildings were closed. Exterior wall pressuret
differences were then recorded at four levels.

Fig. 6 shows the results of measurements
taken with the mechanical ventilation systen
turned off. Dampers in the ducts joining inter-
ior zone air-conditioningunits (second to eightt
floors) to the fresh air shaft were closed, an¢
dampers in the corresponding ductsto the retur?
air shaft were open. Dampers associated witt
the basement units serving basement and firs
floor were similarly positioned. Intake gri.ll.e=
in the penthouse serving the primary air unit!
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e double-duct system and various exhaust
8 had dampers in the closed position. The
1 zone level was 0.72 of the building height
range of outside temperature conditions.
other series of measurements was made
the mechanical ventilation system off, in
ase the fresh air shaft intake and the re-
« shaft exhaust dampers were sealed with
t sheets. In addition, manual dampers
jated with the return air grilles in the
d to eighth floor halls were closed. The
ction between the stairwell and penthouse
lso sealed. The neutral zone level was
bf the building height, Fig. 7. The addi-
 sealing thus had a noticeable effect, in-
ng that a significant air flow occurred
the closed dampers prior to sealing. If
maining dampers associated with exhaust
ilake grilles had been sealed, it is prob-
flat the neutral zone level would have been
P the mid height of the building. This
suggest a relatively uniform distribution
, vertical direction of equivalent orifice
across the exterior wall and within the

ghe theoretical values of the wall pressure
Bnces, assuming no internal resistance
ised on a neutral zone level of 0. 62 of the
Ng height, are also shown in Fig. 7. The
# values are about 0.82 of the theoretical
I This suggests that the resistance to flow
Vertica.l direction is not high; the ratio of
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Fig. 7 Exterior wall pressure difference
caused by chimney effect with vertical
air shafts sealed

equivalent orifice area interconnecting the vari-
ous floors to the equivalent orifice area across
the exterior wall is probably greater than 1 and
may be as high as 2, based on calculations for
the model illustrated in Figs. 1(b) and 1(c). It
is probable that there was significant inter-
connection between floors through the primary
air ducts, through the return air shaft via the
interior zone air-conditioning units and through
the toilet and janitor exhaust ducts. These
would not represent interconnections when the
system was operating.

Measurements were made of pressure dif-
ferences across stairwell doors on each floor
and betweenfloors, using the methods illustrated
in Fig.5. Pressure differences across elevator
doors were also measured. Measurements were
made with the mechanical ventilation system
both on and off, with sealing as previously de-
scribed. The results of these measurements,
shown in Figs. 8, 9 and 10, indicate that air
flows into the lower half of the vertical shafts
from the floor areaand out of the upper half into
the floor area. The direction of air flow is up-
ward across each floor, except from the first
floor to the basement. With the ventilation sys-
tem off, pressure differences across office
doors were negligible; with it on, these pres-
sure differences varied from 0 to 0.006 in. of
water, with pressure higher in the office than
in the corridor.

The effect of the operation of the mechanical
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Fig. 8 Pressure difference across vertical
shaft with ventilation system off

ventilation systemon building pressures is evi-
dent in Figs. 8 and 9. With the ventilation sys-
tem operating, there was a decrease in pres-
sure difference across the entrance and an in-
crease across the top. The pressurizing effect
indicated in Fig. 9 amounts to about 0.04 in.
Due to the characteristics of both the system
and the building, the pressurizing effect was
variable; in approximately 50 measurements
obtained at low wind speed for a variety of out-
side temperature conditions, the values ranged
from approximately 0.03 to 0.10 in. of water,
based on a neutral zone level at 0.62 of the
building height with the system off.

It will be noted, with reference to Figs. 8
to 10, that the sum of (1) the absolute values of
the pressure differences across the exterior
wall at top and bottom added to (2) the sum of
the pressure differences betweenfloors is equal
to the theoretical draft over the height of the
building. The ratio of (1) to (1) plus (2) is equal
to the ratio of actual to theoretical draft, which
depends upon the relative resistance to flow
across the exterior wall and within the building.
An increase in the value of (2) results in a cor-
responding decrease in the value of (1). It will
be further noted that the sum of the pressure
drops across the top and bottom of the vertical
shafts and along the shaft is equal to the sum of
the pressure drop across all floors.

Measurements were made to determine the
friction pressure drop in the stairwells, using
the method illustrated in Fig. 5(a). For the
conditions of Figs. 8 to 10, the pressure drop
from bottom to top of the stairwell was 0.0015
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in. of water with the ventilation system off and
0.002 in. with the system on. The internal re-
sistance to flow over the height of the building
can be determined by adding these values to the
corresponding pressure drops across the top

Fig. 10 Pressure difference between floors
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Fig. 12 Effect of first floor pressurization

there was a substantial equivalent area for flow
through the exterior walls, in addition to that
provided by cracks around the openable window
sash and doors.

Fig. 11 indicates a linear relation between
air flow and pressure difference. There is a
possibility, however, that the actual air supply
was less than that estimated at the higher
building pressure differences.

A test was conducted with only the first
floor primary air supply unit operating. The
outside air supply was 1.75 air changes/hr,
based on the first floor volume. Fig. 12 indi-
cates that the effect on the exterior wall pres-
sure difference at the first floor level was sub-
stantial, while at higher levels it was negligible.
This suggests a relatively good separation of
the first floor from the rest of the buildingunder
the conditions of test.

It is interesting to compare these results
with the results of tests shown in Fig. 13, in
which the main entrance doors were opened and
the ventilation system off. Opening the doors
caused a substantial reduction in the exterior
wall pressure difference at the first floor level.
Pressure differences at other levels were also
lowered noticeably, suggesting a poorer separ-
ation of the first floor from the rest of the
building than was indicated in Fig. 12. This
difference may be related to a difference in
leakage through the duct system inthe two tests.
Opening of the lobbydoors increased the air in-
filtration by approximately 90% based on the in-
crease inpressure differences above the neutral
zone level,
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/ ~f npening entrance doors with
ventilation -

rytem off

With the =..r3 closed and the ventilation
system opera.rz, as shown in Fig. 14, the
pressure in the suilding at the entrance was
about 0.015 in. *# water higher than that outside
with pressurizz.~.n by the ventilation system.
The extent of .:=3surization varied noticeably
from floor toil-,r at this outside temperature
condition. The .ressure difference across the
entrance was :«~.ced to almost zero with the
doors open, bu: ":e effect on the pressure dif-
ferences acrosz .« higher floors was small. A
similar test waz ~snducted in which the pres-
sure difference :-cnss the entrance with doors
closed was zer.: a result of pressurization of
the building. Cj«ring of the entrance doors had
little effect on ‘r« exterior wall pressure dif-
ferences, as wv .. he expected.

SUMMARY

The total press.re difference or theoretical
draft causing air .;terchange between a building
and the outside {17, the chimney action depends
upon temperature difference and the height be-
tween openings i« the exterior wall. The vertical
pattern of pres=s.re differences across the ex-
terior walls deperds upon the vertical distribu-
tion of openings :: the exterior wall and upon the
ratio of the air f!-,w resistance across the ex-
terior wall to the resistance to vertical flow
inside the building. The level of the neutral
zone is mainly 4 rcasure of the former, and
the ratio of the :ctual draft to the theoretical
value at any level 13 a measure of the latter. If
these two factors ure known, the pressure dif-
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Fig. 14 Effect of opening entrance doors with
ventilation system on

ferences due to chimney action can be calcu-
lated. The level of the neutral zone in the nine-
story test building was 0.62 of the building
height, with partial sealing of the ventilation
system; the ratio of actual to theoretical draft
was 0.74. These factors will vary from build-
ing to building, and more study is required to
establish the range of values and their relation
to building design and construction.

If the resistance to flow between floors is
low, relative to that through the exterior wall
most of the pressure difference due to chimney
action is taken across the exterior walls. In-
creasing the resistance between floors reduces
the pressure difference across exterior walls
but results in a corresponding increase in the
pressure difference between floors and across
the walls of vertical shafts.

Pressure differences and infiltration of air
at lower levels because of chimneyaction canbe
reduced by providing supply air in excess of the
exhaust. If excess air is provided uniformly at
all levels, there will be a corresponding in-
crease in the pressure differences causing ex-
filtration at upper levels. This may cause
serious condensation problems in winter, par-
ticularly in humidified buildings. The amount
of excess air required to produce a given pres-
surization depends upon the equivalent area of
cracks and openings in the exterior walls.
Over-cll air leakage characteristics obtained
for the test building indicate a total equivalent
area much in excess of that estimated for the
window and door cracks. A knowledge of the
leakage characteristics for avarietyof buildings




would be helpfull in estimating air leakages and
in designing ventilation systems.

The amount of excess air supply required
to pressurize individual floors depends also
upon the resistance to air flow between floors.
pressurization of the first floor of the test
puilding caused only a small increase in the
pressure differences across the exterior walls
of upper floors, indicating a relatively tight
separation, at least between first and second
floors. Pressurizing all levels uniformly has
little effect on the pressure differences between
floors andacross the walls of vertical shafts; but
pressurizing individual floors increases the
pressure drop across these internal separations.
This can cause noise from air flow through
cracks withinthe building and difficulty in open-
ing or closing elevator and stairwell doors.
More study is required to determine the extent
to which pressurization of individual floors af-
fects pressure differences across internal
separations and across exterior walls at other
levels.
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DISCUSSION

MR. MEYER, Detroit, Mich. : What type of instrumentation did you use
onthe exterior of the building to overcome instability due to air velocity ?
You get these surges of pressure, they present an average.

The other is: In a high-rise building, air conditioners or individual
‘nits are used. As you get up higher, where the suction may be less than
positive, the air may leave by the fresh air inlet, especially in a tube~type
mixing box.

AUTHOR TAMURA: A simple pressure tap as described in the paper was
used to measure the exterior wall pressure difference. No provision was
made to dampen the variation inpressure difference reading due to fluctua-
tion in wind velocity. To minimize the influence of wind, pressure meas-
urements to study chimney effect were made during caim periods with
wind velocity under 5 mph. In instances where fluctuation in pressure
difference reading did occur, the average pressure reading was taken,
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