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PRESSURE EQUALIZATION PERFORMANCE OF A METAL AND
GLASS CURTAIN WALL

U. Ganguli! and R.L. Quirouette2

ABSTRACT

The open rain screen principle presupposes that if the pressure
difference across the vented cladding of an exterior wall systenm is
zero, then one of the factors that drives rain into the building
envelope is inhibited. Laboratory measurements of the time taken for
pressures to equalize across the glass cladding of a metal and glass
curtain wall unit and the subsequent transient load on it are presented

and discussed. Aspects needing further consideration are also
identified.

1,2Researcher, Institute for Research in Construction, National Research
Council Canada, Ottawa, Ontario, K1A OR6.
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SOMMAIRE

Le principe de 1'écran pare-pluie ouvert présuppose que si la
différence de pression de part et d'autre du parement ventilé d'un
systéme de mur extérieur est nulle, 1l'un des facteurs qui fait pénétrer
la pluie dans l'enveloppe du batiment devient inopérant. Les auteurs
décrivent et étudient les mesures faites en laboratoire pour déterminer
le délai d'égalisation des pressions de part et d'autre du parement de
verre d'un mur-rideau A allége de métal et verre, ainsi que la charge
transitoire subséquente 4 laquelle le parement est soumis. On Yy indique
aussi les aspects qui nécessitent un examen plus approfondi.
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INTRODUCTION

The weather tightness of a wall system is usually provided by
either of two methods. The first, called the "Face Seal Approach,”
attempts to seal the building envelope at the cladding surface. In this
method, weather tightness is usually achieved through the use of
sealants (gunnable and solid). Experience indicates, however, that such
weather tightness is difficult to maintain because of the limited
tolerance of some sealants to thermal, wind, and moisture induced
povement of cladding components. The ultraviolet component of solar
energy and harsh weather conditions are also known to adversely affect
the durability of some sealants. Consequently, as the building ages,
the cladding system deteriorates and openings appear in the building
envelope. The control of smoke, fire, noise, indoor air quality become
increasingly difficult. Air leakage through the envelope also results
in wastage of energy and increases the threat of wind driven rain and
condensation in the wall of the moisture content of exfiltrating air
(Quirouette, 1986). The concern is that such problems occur far too
soon in the life of a building envelope, to the annoyance and cost of
building owners. To improve on such shortlived performance an alternate
method based on the "rain screen principle"” was developed.

A rain screen wall is a double layered wall with an air space
(cavity) separating the two layers. The cavity is vented and drained to
the outside by openings in the outer layer. These openings allow
equalization of the cavity pressure with the local external pressure.
When pressures equalize across the outer wythe (rain screen) then wind
driven rain is prevented from penetrating the rain screen. However,
because the cavity pressure rises or falls with the exterior pressure,
the wind pressure is then transferred to the inner wythe (air barrier;
Quirouette, 1985). The rain screen is primarily used to shade the inner
parts of the wall from direct attack by sun and rain. The successful
implementation of the rain screen principle requires compartments
between the rain screen and air barrier. Otherwise, when wind blows at
the building the cavity will afford a passageway for the flow of air
along the cavity. - Such air movement may subsequently entrain
significant quantities of rain and snow into the cavity. Flashings are

incorporated into the wall design so that any water that may enter the
cavity can effectively drain out.

Even though the rain sc¢reen principle is used extensively by
architects, little is known of the parameters that control the pressure
equalization performance of such wall systems. In the absence of such
design information the rain screen cladding is usually designed for the
entire wind load. However, should pressures equalize across the rain
screen, it should be feasible to design the cladding and its anchors for
a fraction of the wind load. Wind tunnel studies (MH Ltd., 1984) as
well as recent field measurements on precast sandwich panels (Ganguli
and Dalgliesh, 1987) support this contention. At the present time
builders are often required to test their curtain wall systems by
measuring the water penetration under a static pressure difference
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(137 Pa) in accordance with the ASTM test method E331. The structural |
integrity of curtain wall systems is also verified by ASTM test method
E330. The latter test includes subjecting the wall assembly to a |
predetermined hourly wind load and a ten second gust.

In this paper the pressure equalization performance of a metal and
glass curtain wall spandrel system (Fig. 1) is examined with the purpose
of understanding how the transient load on the rain screen may be
reduced by varying the wall system properties.
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Fig. 1. Metal and glass curtain wall. Typical elevation.

DESCRIPTION OF METAL AND GLASS CURTAIN WALL

A glass and metal curtain wall (spandrel section), 1067 x 1092 mm
consisting of a 6 mm clear, tempered glass (rain screen cladding) and a
22-guage galvanized sheet steel backpan (air barrier and vapour
retarder) was used in this study. A 120 mm deep air space between the
metal pan and glass is partially filled (100 mm) with medium density
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glass fiber insulation. The cavity (.15 m3) is isolated from the next
spandrel section or the vision glass above and below by a system of
horizontal and vertical mullions (Fig. 1).
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Fig. 2. Metal and glass curtain wall. Spandrel section A-A.

The spandrel panel cavity (Fig. 2) is drained and vented to the
outside by 3 slots (6 x 18 mm) cut in a horizontal pressure plate
installed at the bottom of the spandrel section and by two additional
slots on a pressure plate installed over the top horizontal mullien.
These pressure plates connect the main cavity of the spandrel panel to a
much smaller cavity between the snap on covers and the pressure plates.
The snap on covers, while providing the exterior finish, are sealed to
the pressure plates and have two 6 mm diameter holes on the underside at
the extremities. These drain holes are used to eliminate any water that
may accumulate behind the spandrel glass and to vent the cavity. Hence,
the venting area serving the cavity must must draw or expel air through
the drain holes and through the slots in the pressure plates.
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Through wall air leakage was simulated by drilling four holes, each
of area 127 mm2?, in the metal backpan (air barrier) Simulated air
leakage could then be adjusted to four rates by fitting these holes with
stoppers.

EQUIPMENT AND INSTRUMENTATION

The spandrel panel was mounted and supported in a 1550 x 1550 x
250 mm deep wood frame enclosure made of plywood panels (Fig. 3). A
commercial vacuum cleaner, connected to a flanged extrusion from the
test box, was used to pressurize and depressurize the air within the
test box. Pressures on the surface of the glass as well as between the
glass and metal backpan were measured with the aid of pressure
transducers.

Two Viatran (wheatstone bridge) differential pressure transducers
of range #1000 Pa and an electronic micromanometer of range +6 kPa,
accurate to within 3%, were used to measure the pressures. The response
of the transducers and tubing was flat (no distortion) up to 10 Hz. The
electrical signals from the transducers were fed into a Watanabe strip
chart recorder (frequency response 100 Hz) and pressure versus time
curves were obtained and analyzed.
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Fig. 3. Pressure box with sample curtain wall.
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TEST PROCEDURE

The test procedure consisted of increasing (or decreasing) the
pressure in the test box to 900 Pa above (or below) the ambient
conditions of the laboratory and recording the pressure difference
across the glass and metal backpan for various values of the ratio of
the venting area/leakage area. This determined the 'pressure
equalization performance for a steady wind. To simulate the gusting
effect of wind on the face of a building the pressure in the test box
was forced to return to atmospheric pressure (ambient laboratory
condition) by releasing the test box pressure quickly. This constituted
the dynamic portion of the test. The transient pressure difference
across the glass cladding and metal backpan were recorded for several
values of venting areas (for a fixed cavity volume, 0.15 m3®) and for

normal as well as increased stiffness of the metal backpan (air
barrier).

MEASUREMENTS AND DISCUSSION

Static Tests

Air leakage in an exterior wall system usually arises because of
imperfect seals in the joints between the elements of the wall assembly
or due to excessive air permeability of the materials, e.g. concrete
block, fiberboard panels, open cell polystyrene insulation etc. For a
metal and glass curtain wall the air permeability of sheet metal is too
small to measure so that the problem of leakage arises mainly at the
joints between the metal pan flanges and the mullion shoulders.

In this paper frequent reference is made to "venting" and "leakage"
areas. Venting areas refer to intentional and unintentional openings in
the cladding (rain screen) that aid pressure equalization across it. The
unintentional venting is provided by gaps and cracks that connect the
curtain wall cavity to the air enclosed within the testbox. The holes
drilled in the metal backpan are referred to as leakage area.

In this section the effect of leakage area on the pressure
difference across the glass cladding is examined to determine a ratio of

vent area/leakage area that will result in minimal pressure differences
across the glass.

First, in order to determine the existing unintentional venting
area in the joints of the curtain wall unit, all the intentional venting
areas vere sealed off. The pressure in the test box was raised to 100,
300 and 900 Pa in turn and at each setting the pressure differences
across the glass and backpan were measured. The continuity and usual
incompressible flow equations may be used to relate differences in

pressure across the glass cladding and the metal backpan to the venting
and leakage areas respectively:
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(1) Continuity Equatiom:

VrsArs = Vablabp

(2) Incompressible Flow Equations:
2
Vrs = Co(rs) [ — {pressure difference across rain screen)
)
2
Vab = Co(ab) [ ~ (pressure difference across air barrier)
5

From (1) and (2):

Rab Co(rs) pressure difference across rain screen
(3)

Ars Co(ab) pressure difference across air barrier

where A is the leakage or venting area, V the flow velocity, the
subscripts rs and ab represent the rain screen (glass cladding) and air
barrier (metal backpan) respectively, Cp represents the coefficient of
discharge of the openings and 5 the density of air.

In general, the coefficient of discharge, Cp, and the flow exponent
(here, 0.5) depend on the nature of the opening and flow respectively.
The flow exponent varies from 0.5 for laminar flow to 1.0 for turbulent

flow. 1If Co for the unintentional venting and backpan leakage can be
assumed to be the same, then

Aab pressure difference across rain screen
(4) =

Ars pressure difference across air barrier

A plot of the unintentional venting area versus the leakage area
for four leakage settings is presented in Fig. 4. The unintentional
venting area was calculated (Eq. 4) from the measured pressure
differences and assuming that the flow exponent (0.5) and Cp for the
unintentional venting in the spandrel glass connections and the opening
in the backpan are the same.  From Fig. 4 it may be seen that the
unintentional venting area increases as the backpan leakage area is
increased. In the test procedure the backpan leakage was set to zero
(i.e., all the holes were plugged) so that the magnitude of the
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unintentional venting may be taken as 127 mm?. The sum of the areas of
the unintentional and intentional venting area is collectively referred
to as venting area in the following discussion.
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Fig. 4. Determination of unintentional venting in the metal and glass
spandrel panel.

Next, the ratio of the venting area to the leakage area was varied
and the pressure differences across the glass cladding and metal backpan
were recorded. The venting area to the spandrel cavity could be
adjusted by: 1) removing the snap on covers; and 2) taping or exposing
any of the five slots on the pressure plates. Measurements were taken
for twelve values of the ratio of venting area/leakage area and are
presented in Fig. 5. It can be seen that when the venting area is 5 to
10 times as large as the leakage area more than 95% of a steady wind
pressure is transferred to the back pan. The scatter in lower values of
the ratio of the two areas may be attributed to the error in the
estimate of the unintentional venting through the joints in the mullions

and the variation in Cp of the drain holes from that of the slots in the
pressure plates.
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Fig. 5. The pressure across the glass cladding expressed as a
percentage of the total static pressure difference across the
curtain wall versus the ratio of venting area/leakage area.

Equation 4 was used to calculate the differences in pressures
across the spandrel glass and backpan for various values of the ratio of
the two areas and are in close agreement with measured values. Similar
data and performance characteristics were found by Killip et al. (1984).

A large enough ratio of venting area to leakage area, though,
ensuring that most of a steady wind load will be transferred to the
backpan, does not impose any restriction on the quantity of air leaking
through the curtain wall. A standard set by The Architectural Aluminium
Manufacturers Association is that an acceptable leakage rate is 0.32
litres/s per square metre of projected area (0.06 cfm per square foot)
for a pressure difference of 75 Pa across the curtain wall. If the
value of Cp for an assumed leakage varies from 0.5 to 0.65, and the flow
exponent is taken as 0.5, the allowable leakage area in the backpan is
approximately 40 to 55 mm? per square metre of projected area. On the
basis of such an estimate the minimum venting area for this panel
(surface area of glass 1.16 m2) should be 460-640 mm? so that over 95%
of a steady wind load is transferred to the backpan. The venting area
normally used is less than 100 mm2,

Dynamic Tests

Under dynamic conditions, pressure differences across the glass
cladding should equalize within seconds. This may be demonstrated
qualitatively by the following example: a 160 km/h wind (44 m/s) has a
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dynamic pressure equivalent to approximately 1000 Pa. Since the
atmospheric pressure is about 100 kPa, the pressure in the cavity must
change by only 1% so that pressures across the rain screen equalize.
This can be readily achieved by a flow of air of volume 1% of the cavity
volume. This is a fairly small volume and pressures are therefore able
to equalize rapidly. 1In the above illustration it is assumed that the
walls of the compartment are rigid.

In practice the wind pressure fluctuates constantly, the linings
(backpan, seals, mullions) leak and the wall components can deflect.
The effect of these parameters on the pressure equalization performance

of the metal and glass curtain wall unit are examined in the following
sections.

Effect of rate of pressure change. For the more general situation of
gusting winds the ratio of the cavity volume to the venting area, the
relative stiffnesses of the glass and the backpan, the rate at which
pressures increase and decrease due to eddies, and the airtightness of
the compartment all determine the length of time taken for pressures to

equalize across the vented glass cladding as well as the resulting
transient load on it.

At the present time there is very little information on correlation
of peak gust pressures with the rates of pressure change. In conducting
field measurements (Ganguli and Dalgliesh, 1987) it has been observed

that the rate at which pressures change on the face of a building vary
between 1500 and 4000 Pa/s.

Adapters were designed to fit over the exhaust port of the pressure
release valve. These adapters reduced the exhaust area of the test box
to 1/2 and 1/4 of its initial discharge area so that three rates of
pressure increase or decrease could be simulated. The pressure in the
test box varied exponentially with time and the time rate of pressure
change was maximum at t = 0. The rate at which pressures change are
identified by the slope of the pressure vs. time curves at time t = 0.
Three rates of pressure change were simulated (+3%): 3500, 1600,

900 Pa/s and the resulting transient pressure differences across the
glass, as well as the time taken for pressures to equalize were recorded
(Fig. 6) for an initial starting pressure of 900 Pa above atmospheric.

The rates of pressure change above have been rounded off to present the
relative order of magnitudes.
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Fig. 6. The pressure equalization performance for three rates of

pressure change. (Vent area = 227 mm2, cavity volume =
0.15 n?, leakage = 0)

It can be seen from Fig. 6 that rapid changes of pressure on the
surface of the building will result in high transient loads on the
spandrel glass. The performance of the spandrel system was the same
(+3%) when the starting pressure was 900 Pa below atmospheric.

The National Building Code of Canada recommends designing
structures for a 3-5 second gust. Field investigations (Ganguli and
Dalgliesh; Ganguli, 1987) indicate, however, that the gusts that cause
severe pressure differences across the cladding are approximately
triangular and last from 0.1 - 1 second. At the present time these
large pressure differences across the rain screen cladding are
attributed to gusts that are of limited spatial extent so that the full
impact of these gusts are limited to only a portion of the cladding
panel. The measurements presented above indicate that the response time

of the mass of air in the cavity relative to the rate of pressure
buildup is also an important consideration.

The initial, higher then atmospheric pressure, in the test box
caused a deflection of the metal backpan. Subsequent decay of the test
box pressure then caused the backpan to return to its original position.
One would normally expect the backpan to oscillate back and forth about
its equilibrium position before coming to rest. A similar oscillatory
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motion of the glass cladding and the mass of air within the cavity might
be expected. These oscillatory motions would (within the frequency
response of the instrumentation) in turn show up as oscillations of the
cavity pressure. However, measurements indicated that the cavity
pressure decayed without any oscillatory behaviour. This is contrary to
the predictions of related analytical models developed (Bolmes, 1979;
Liu et al., 1981; Sathoff et al., 1983) to predict the behaviour of
building internal pressures when subject to a step change. Their
assumptions of 1) a step change in pressure and 2) rigid walls probably
influence the predictions so that the building internal pressure is
expected to oscillate and overshoot the equilibrium pressure. The
present measurements agree qualitatively with wind tunnel studies of
internal pressures of low rise buildings (Stathopoulos, 1980) and field
measurements of building internal pressures (Liu et al., 1985)

Effect of cavity volume/venting area. When a gust hits a building the
pressure in the cavity may equalize with the local external pressure by
a flow of air into or out of the cavity. The cavity pressure may also
equalize, at least partially, by a deflection of the spandrel glass.
The effects of changing the ratio of the cavity volume/venting area and
the stiffness ratio of the back pan to the spandrel glass are examined
in the present and next section respectively. In the following

discussion results are presented only for the fastest rate of pressure
change (3500 Pa/s).
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Fig. 7. The pressure equalization performance for various ratios of
cavity volume/venting area.

Figure 7 presents the effect of varying the venting area for a
fixed cavity volume (0.15 m3). Measurements, for four values of the
ratio of cavity vol/venting area indicate that a substantial reduction
in the pressure difference across the glass cladding can result by
increasing the venting area. The ratio of cavity volume to venting area
used is normally greater than 1500 m.

Effect of increasing the stiffness of metal backpan. In this study the
backpan was stiffened so that, at its centre point, its nominal
deflection of 10 mm (11 mm under pressure, 8 mm under suction) was
reduced to 1.5 mm, at a pressure difference of 1000 Pa. The maximum
pressure differences across the glass cladding before and after

stiffening are presented below for various values of the ratio of cavity
volume/venting area.
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Cavity Volunme Maximum Pressure Difference Across Glass
Normal Backpan Stiffened Backpan
Venting Area (%) (%)
661 m 45 40
459 m 34 28
165 m 22 16
118 m 18 9

In practice it may be difficult to achieve the above-mentioned
stiffness and indeed there may be little point in increasing the
stiffness ratio beyond a certain limit at which point improvements in
performance can be matched more easily by increasing the venting area.

(The deflection of the glass at its centre point was 4 mm for a 1000 Pa
pressure difference.)

Effect of leakage. It was indicated earlier (Static Tests) that the
ratio venting area/leakage area served to determine the fraction of the
steady wind load on the glass cladding and metal backpan. Leakage in
the air barrier (backpan and joints) is detrimental to the performance
of a rain screen system when subject to dynamic conditions as well.

The normal procedure for most of the tests involved a rapid
depressurization of the box pressure from an initial value of 900 Pa
above atmospheric to the ambient pressure. In this test it was
necessary to reverse the procedure, because, when wind blows at a
building the pressure on the side of the metal backpan facing the
building interior is, in general, very different from the pressure on
the glass cladding. Normally, this pressure difference would serve to
prestress the metal pan and enhance its normal stiffness marginally. In
this test only it was more important to simulate the difference in
steady pressures on either side of a curtain wall (when on a building)
because the cavity is in direct contact, through the leakage in the
backpan connections, to the building interior.

In order to simulate the above mentioned situation, the pressure in
the test box was increased from ambient conditions to 900 Pa at a
nominal rate of 600 Pa/s. This was the fastest rate for the buildup of
pressure that could be achieved. Also, as the leakage in the backpan
was varied the rate at which the pressure in the test box increased

could not be maintained at 600 Pa/s so that a systematic study could not
be performed.
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Fig. 8. The effect of leakage on the pressure equalization performance
of the wall system under dynamic conditions (volume = 0.15 m3).

Figure 8 presents an example situation where the leakage in the
backpan clearly increases the transient load on the glass from 11% to
18% of the gust load when the leakage area was increased from a nominal
value of 0 to 127 mm2,

CONCLUSION

In a metal and glass curtain wall designed on the principle of the
rain screen, if the venting area is 5 to 10 times larger than the
leakage area then more than 95% of a steady wind load is transferred to
the backpan or other air barrier assemblies.

For a normal setting, with unintentional venting (gaps, cracks,
etc.) adding to the venting area the transient pressure difference
across the spandrel glass for simulated gusts was 40 - 45% of the
applied gust pressure (900 Pa). For these tests the time taken for
pressures to equalize was 3-5 seconds. ‘
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The pressure equalization performanbe of the metal and glass
curtain wall was easily improved by increasing the vent area. When the
cavity volume/vent area was reduced from 661 m to 118 m the transient

pressure difference across the spandrel glass was reduced from 45% to
17%.

Stiffening of the backpan also has an affect on the pressure
equalization performance of the system. For example, stiffening the
backpan from a nominal deflection of 10 mm to 1.5 mm (at a 1000 Pa
pressure difference) reduced the transient pressure difference across
the spandrel glass by 5 - 10% of the applied gust load. 1In practice,
however, beyond maintaining sufficient rigidity of the air barrier
(stiffness of air barrier/rain screen 21) it may not be necessary to
stiffen the air barrier excessively since the benefits this provides can
be easily matched by simply increasing the vent area. Clearly, however,
the vent area cannot be increased without limit since the cladding must
satisfactorily perform its other duties.

Openings in an air barrier pose a greater threat to the performance
of a curtain wall system than an identical leakage in the elements used
to compartment the cavity. The justification for this statement lies in
the fact that while both may lead to rain penetration, the former allows
exfiltration of warm humid air in the winter months. This may lead to
the formation of ice within the panel, which in turn may cause stresses
to appear on the glass or in the joints. There is the added danger of
icicles forming at the drain holes in the snap on covers. Once these
holes are covered the cavity pressure cannot equalize with the external
pressure and the entire wind load will then appear on the glass
cladding. Moreover, extensive lateral flow can occur only when wind
blows at a building, while infiltration and exfiltration can occur all
vear round, especially in commercial buildings since the building
interior is normally pressurized.

It is desirable to restrict the velocity of incoming air for a
given volumetric flow rate, since greater velocities will entrain rain
more easily. This may require that the ratio of venting area/leakage
area exceed that dictated by either the allowable leakage or the volume
of the cavity (whichever is greater).

Research correlating gust sizes with rates of pressure changes and
studies relating wind flow to moisture entrainment would assist in
developing and improving existing standards for open rain screen walls.
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