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Abstract. This paper reports the field measurements concerning pressure equalization of rainscreen
facades carried out at the Technical University of Eindhoven (TUE) in the Netherlands. The field facility
including the details of test panel, meteorological tower, instrumentation, data collection and analysis is
presented. Results of investigations into cavity response for various leakage and venting configurations are
discussed. Frequency domain techniques have been utilized to show the influence of wind as well as
facade characteristics on the pressure equalization performance. Further, this paper presents an earl
attempt to synthesize the experimental results into existing building codes.
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1. Introduction

Pressure Equalized Rainscreen (PER) facades were introduced in the 1960’s mainly to reduce
rainwater penetration caused by wind-induced pressure differentials across the facade. Another
advantage of PER facadeits ability to reduce wind loads acting on the rainscreen. A RERdE
consists of two wall layers separated by a cavity. The wall layers facing the exterior and interior are
respectively known as the rainscreen and the air barrier. The cavity is vented to the exterior by
openings on the rainscreen that allows equalization of exterior pressure with cavity pressure. The
state-of-the-art information concerning pressure equalized rainscreen approach to wall design has
been documented (Anderson & Gill 1988, Suresimku1998a, Suresh Kumar 2000). Although the
pressure equalized rainscreen concept is not new in the construction industry, little is known about
the effect of parameters related to wind loading (mean pressures, temporal pressure variations, spatie
pressure variations) and parameters related to facade chatastdwventingarea, venting location
and their distribution, leakagarea, airflow characteristics of venting and leakage, cavity volume,
stiffness of rainscreen and air barrier) on pressure equalization performance. For better design of
PER facades, further research into the effects of various parameters is needed before objective standar
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or codes for their design can be set. fEfiere, an extensive investigan, consisting of full-scale
monitoring and computer simulations, has been carried out at TUE (Suresh Kumar 1998a, Suresh
Kumar 1998b). Full-scale study on pressure equalization of rainscreen facades is the subject of this pape
Most of the previous full-scale studies reported only the performance of the rainscreen cladding of
the existing buildings (Suresh Kumar 1998a); the measurements carried out by Ganguli and Dalgliesh
(1988) and Straube (1998) are noteworthy. On the other hand, it is worthwhile to carry out a full-
scale study where the parameters such as cavity volume, leakage area, venting area can be varie
This paper reports such a systematic field investigation concerning pressure equakzétionapce
of rainscreen facades carried out at TUE in the Netherlands. The field facility and the measurement
results are presented. In particular, this paper focuses on analysis of the field data in the frequenc
domain. Further, a first attempt to synthesize the experimental results towards codification is also
presented. A few preliminary results of this studsrevreported in Suresh Kumar and Wisse (1999).

2. Experimental procedure
2.1. Test site

The experiments have been performed on the mmaiding of TUE, Eindhoven. The dimensions
of this building are length = 167 m, width =20 m and height =44.6 m. This building has an exact
north-south orientation so that the lormgddes are facing west and east directions. Prevailing strong
wind directions are west and southwest. The terrain condition on prevailing wind directions is
suburban. Further details on test site can be found elsewhere (Geurts 1997).

2.2. Meteorological tower and test panel

The SOLENT ultrasonic anemometer (for features - see Suresh Kumar 1999) mounted at the top
of 30 m high mast placed on a 14 m high building, 127 nstward of the main building of the
university was used for three component wind velocity measurements. The facade of the main
building is a curtain wall made of glass windows and steel parapets on steel columns; the distance
between the steel columns is 1.24 m center to center. For this investigation, the glass cladding of &
facade-element was replaced with a test panel. This wooden panel of sizel.Bm (panel area,

A, =1.3nf) was mounted approximately on the middle of the west facade at a height of about 39 m
above the ground. The field facility is pictorially shown in Fig. 1.

The test panel consists of three compdsie(l) rainsreen, (2) air barrier and (3) an air space
(cavity) between them; the cavity depth can be varied. Four pressure taps each were installed on th
rainscreen and air barrier for pressure measurements. Fig. 2 shows the details of the used test pan
Two venting area types were used: (1) sharp-edged circular holes of 3 mm diameter and 0.5 mm
depth (see Fig. 2), and (2) two rectangular slits of dimensions length = 200 mm, width =11.5 mm,
depth =20 mm (see Fig. 3). Venting area can be varied by closing the holes. Also, two air barrier
leakage types were used: (1) three sets of straws, each 15 cm long and 5 mm dia., in three circulg
holes (dia. 2cm, 3.8cm, 2cm) at three different locations in the middle of the panel, and (2)
industrial metal filter. Fig. 4 shows the sketch of the air barrier leakage configurations. Pressure and
velocity data were collected for six panel configurations. Table 1 presents the details of these
configurations. The flow characteristics of venting and air barrier leakage reported in Table 1 were
determined using simple static pressurization tests; details of these tests are provided in Suresl
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Fig. 1 Sketch of the field facility
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Fig. 2 The test panel

Kumar (1999). For all these configurations, the cavity depth was kept constant at 0.15 m. Note that
configurations 1 and 2 are different only in venting area; the venting area of configurafigi=1 (
0.007%\,) is about 5 times higher than the venting area of configuratiof.s2=Q.001%,). For
configuration 1, the venting area is approximately 6 times the leakage area, while for configuration
2, the leakage area is as high as the venting area. Comparing configurations 2 and 3, the venting
areas are same; however, their leakage characteristics are quite different. Configurations 4 and *
have airtight air barrier (i.e., no leakage), but their venting geometry’s are different; the venting area
of configuration 5 is about 2.3 times the venting area of configuration 4. Configuration 6 is the same
as configuration 5 but with leaky air barrier. Using simple mass balance equation connecting airflow
into the cavity with the airflow out of the cavity (Suresh Kumar and van Schijndel 1998, Suresh
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Table 1 Panel configurations used for field measurements

Configuration 1 2 3
Circular holes Circular holes Circular holes
Venting As=0.009613 As=0.001979 As=0.001979
Cy=0.61,n1=0.5 Cy4=0.61,n1=0.5 Cy=0.61,n1=0.5
Straw Straw Filter
Air barrier leakage  C,,=0.000314 Ca=0.000314 Ca=0.000171
n2=0.71 n2=0.71 n2=1.0
Configuration 4 5 6
Circular holes Rectangular slits Rectangular slits
Venting As=0.001979 As=0.004577 As=0.004577
Cy=0.61,n1=0.5 Cy=0.61,n1=0.5 Cy=0.61,n1=0.5
Filter
Air barrier leakage No leakage No leakage C,=0.000171
n2=1.0

Note: A = venting area (R), C, = discharge coefficientyl = flow exponent of air barrier,
Cap = flow coefficient of air barrier (mP&/s), n2 = flow exponent of air barrier.

Kumar and van Schijndel 1999), it can be easily shown that configurations 1, 4 and 5 are more
effective than the other configurations 2, 3 and 6 in equalizing cavity pressure with the external
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pressure. The order of preference of these configurations is 5, 4, 1, 6, 2 and 3.
2.3. Instrumentation

Differential pressure transducers supplied by Micro Switch were used to measure the differential
pressures across the panel and across the air barrier, i.e., the difference between the external
cavity pressure and a reference pressure, preferably the ambient pressure. Pressure transducers te
to drift in time. In addition to this, full-scale measurements are usually done over long periods of
time and data acquisition is done automaticallyer€fore, special precaution was taken in these
measurements to arrest the drift of the pressure transducersvalsage regulators. The calibration
of the pressure transducers is reported in Suresh Kumar (1999).

Pressure transducers were placed behind the surface, connected by flexible tubing to pressure tay
on the surface. It is reported in literature that too long and narrow tubes can cause attenuation of the
fluctuating pressures and filter high frequencies of interest. In this study, tubes of internal dia. 6 mm
and length 0.5 m were used to connect the pressure taps with the Micro Switch transducers; the
frequency response of this tubing system is flat at least up to 20 Hz (Geurts 1997).

The choice of reference pressure can have a large influence on the measured differential pressure
For buildings in a built-umrea and for high-risbuildings, an undisturbemheasurement of ambient
reference pressure is practically impossible (Geurts 1997). Though internal pressure can be used &
the reference pressure, corrections on the measured pressures are needed due to the deviation
internal pressure from ambient pressure; this issue is discussed in Suresh Kumar (1999). In this
study, internal building pressure is used as the reference pressureoidoaay abrupt internal
pressure variations, tubes of dia. 4 mm connected at the reference edge of the transducer were put
a thermally insulated flask placed in a protected location.

For data acquisition, a Physics Data Acquisition System (PhyDAS) developed at the Faculty of
Physics of the TUE was used. A PARSAM 25 (Parallel sampling A/D conversion board) was used
to capture the incoming signal. PARSAM can read 16 analogue signals simultaneously and convert
into digital values. The instrumentation features aowiged in Suresh Kmar (1999).

2.4. Data collection

In each run, the exterior and cavity pressure data were simultaneously measured at four taps eac
at a sampling rate of 20 Hz for 10 minutes. The velocity data were also acquired by PhyDAS at a
rate of 20.83 Hz. The data were written automatically to the hard disk of a personal computer.
Analysis of the data was carried out using UNIX workstation. The datas#muiwas controlled
by the mean wind velocity measurements; the data acquisition is set to trigger when the mean wind
velocity in the last minute exceeds a preset value of 6 m/s. The measurements were carried ou
between May 1998 and July 1999. During this period, each of the six configurations was set for at
least about two months each for measurements. About 1500 full-scale runs vsteeeckg

2.5. Data analysis
Firstly, representative differential pressure time series across the panahd across the air

barrier P,,) were calculated by respectively averaging the measurements at four exterior taps (1, 2,
3 & 4 - see Fig. 2) and at four cavity taps (5, 6, 7 & 8 - see Fig. 2). Thereafter, the collected data
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were screened in order to simplify analysis as well as to obtain meaningful results. Pressure records
that are stationary (Geurts 1997) and measured during which thdetr intensity is less than

0.35, the mean horizontal wind speed is greater than 6 m/s, the mean wind direction is between
180¢ and 360 (see Fig. 1), and the root-mean-square (rms) wind direction is less tharer20
selected for further analysis. These current measurements concentrate only on the performance ¢
the panels to wind conditions favoring rain penetration (i.e., positive wind pressures). However, for
meaningful wind design of rainscreen, measurements are needed in separation zones where large
suction pressures occur, though these outward pressures are not threatening rain penetration. Restrictic
over rmswind direction was made in order to draw meaningful comparison of pressures over
different wind directions. All the six configurations together, about 1200 records were selected for
further analysis. The selected records were analyzed in time, frequency and amplitude domains.
Representative samples of field data have been chosen for the demonstration of the results reporte
mainly in the frequency domain. Finally, pressure values were converted to non-dimensionalized pressure
coefficients using the dynamic pressure at panel height.

3. Experimental results

Sample measured wind direction, wind velocity and pressure time histories are shown in Fig. 5 for
configuration 2. The estimated differential pressure across the rainscreen or rainscreen [prgssure (
=P - Py is also shown. Note that the differential pressures across the air Hajiearé smoother
than those across the panB).(This shows that the higher frequency differential pressures across
the panel are attenuated in the cavity, signifying that the higher frequency differential pressures
across the panel are transmitted to the rainscreen. To illustrate these points clearly, the spectra
density functions §(f)) of pressure time histories normalized by corresponding variaocdsafe
shown in Fig. 6. As expected, the amplitudes of the spectrum of the differential pressure across
rainscreen at higher frequencies are much higher than those of the spectRusndP,, The
statistics of the pressure time series corresponding to Fig. 5 evelga in Table 2. For this
particular case, the rainscreen carries approximately 38% of the total mean load across the panel &
well as the rms load across the panel, and 43% of the absolute maximum load across the panel.

An interesting frequency domain method of analysis, estimation of transfer function has been
carried out in order to relate the input (differential pressure across the Pareld the output
(differential pressure across the rainscrégnor differential pressure across the air barifigy) of a
PER facade system (Suresh Kumar and Wisse 1999). The transfer function for the differential
pressure across the air barrier (magnitubg,(f )| and phase lagp,(f)) is shown in Fig. 7. The
magnitude of the transfer function is a measure of the ratio of wind pressures equalized as a
function of frequency; value 1 indicates full pressure equalization occurred, i.e., no pressure acting
on the rainscreen and maximum pressure acting on the air barrier. Mean exterior pressure experiences ¢
attenuation of 38% (see Table 2); the low frequency exterior pressures also experience similar
attenuation as shown in Fig. 7. The magnitude of the transfer function (i.e., pressure equalization
ratios) drops rapidly only after about 3 Hz; rapid shift in phase lag is also observed after about 3 Hz.
This once again confirms the poor performance of this configuration to equalize frggnaeency
pressure fluctuations. Note that higher pressure equalization ratios at lower frequencies can be
obtained by increasing the venting area. The pressure equalization performance can also be presente
using the transfer function for the differential pressure across the rainscreen. The magnitude of this
transfer function Hs(f)|) is a measure of the ratio of wind pressures acting on rainscreen as a
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Fig. 5 Measured time histories (configuration 2)

function of frequency; value zero indicates no pressure acting on rainscreen, i.e., full pressure

equalization occurred. A typical example is shown in Fig. 8; the observations are similar to those

noticed in Fig. 7 but in an alternative form.
The probability density functions of the pressure fluctuations are shown in Fig. 9. The shift in

mean pressures is clear. Moreover, the differential pressure across the rainscreen is somewhe

positively skewed. The rainscreen acts as a fileerehsing the range of pressure fluctuations acting

on it. This filtering effect is different for different configurations. In case of configuration 1, a



108 K. Suresh Kumar and J.A. Wisse

1 Lot L Ll II 1 L1 1 11l II 1 Lol LilLllL
10° 10" 10" 10'
Frequency (Hz)

10

Fig. 6 Spectral density functions (case - Fig. 5)

Table 2 Statistics of pressures (case - Fig. 5)
P (Pa) Pab (Pa) Prs (Pa)

mean 100.5 62.5 38.0
rms 42.6 27.1 16.0
abs(max) 234.9 146.3 101.6

Note: abs(max) = absolute maximum
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Fig. 7 Transfer function for the differential pressure across the air barrier (case - Fig. 5)

pronounced filtering has been noted because of its larger venting area.

Pressure attenuation in the cavity is mainly caused by spatial pressure variations and damping o
flow through the vents and in the cavity. The coherence between differential pressures across the
panel at two exterior taps and between differential pressures across the air barrier at two
corresponding cavity taps is shown in Fig. 10. The coherence between differential pressures acros:
the panel drops rapidly for frequenciesoee 0.5 Hz. On the other hand, the coherence between
differential pressures across the air barrier at these two locations drops rapidly only after about 3 Hz. This
is the result of an averaging effect of pressures over a compartment for frequencies between 0.5 H:
and 3 Hz. The effects of damping can be identified at 3 Hz, where damping started to disturb the
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Fig. 10 Coherence between differential pressures across the panel and between differential pressures acros
the air barrier (case - Fig. 5)

equalization process causing a non-uniform pressure across the compartment. Facade characteristi
are mainly responsible for the pressure attenuation in the cavity at low frequencies. It is also
observed from the time series plots that the pressure variations across the air barrier are closel
following the pressure variatior&cross the panel without noticeable time lag; this is due to the fast
response of the wall system under consideration. In almost all cases, the correlation Beanden

Py is found to be 99%.

3.1. Influence of venting area

Venting area significantly affects the pressure equalization performance of the panel. For demonstration
time series data corresponding to the same wind velocity and direction ivitmrmoonfigurations
with the only difference in venting area, are considered. Typical examples are shown in Fig. 11.
Note that configuration 2 with a venting area of 0.081%ansfers 30% of low frequency wind
pressure fluctuations to the rainscreen (i.e., 70% pressure equalization), while configuration 1 with a
venting area of 0.007%, transfers only about 3% of low frequency wind pressure changes to the
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Fig. 11 Influence of venting area

rainscreen (i.e., 97% pressure equalization). Pressure equalization performance of configuration 1 witt
higher venting area is appreciably higher at least up to 2 Hz compared with the case of configuration
2. However, high frequency wind pressure fluctuatiarestransferred to the rainscreen almost at the
same rate in both cases.

Fig. 11 also compares the influence of venting area in case of configurations 4 and 5 having airtight
air barrier. Note that configuration 4 with a venting area of 0.8QXnd configuration 5 with a
venting area of 0.003% transfer almost the same amount of low as well as high frequency
fluctuations to the rainscreen. Note the similarity of these curves with that of configuration 1. As
expected, in case of configuration 1 having leaky air barrier, the panel needs larger venting area to
achieve better pressure equalization performance compared to configurations 4 and 5 having airtight
air barrier. On the other hand, in case with airtight air barrier, smaller venting area may be sufficient
to achieve better pressure equalization performance; the transfer function magnitudes of configuration &
are almost the same as those of configuration 4, though the venting area of configuration 5 is abou
2.3 times the venting area of configuration 4. It is revealed that the difference in transfer function
magnitudes at low frequency region of configurations 2 and 4 is primarily due to the leakage
charactestics of the air barrier used.

Overall, the pressure equalization performance of the panel is greatly influenced by the amount of
venting provided. The influence of venting area is predominant especially when the air barrier is
leaky. Small amount of venting area is enough to provide reasonable pressure equalization when the
air barrier is airtight. Influence of venting is found to be only in the low frequency region; the
pressure equalization performance seems indifferent in the high frequency region irrespective of the
different venting characteristics.

3.2. Influence of air barrier leakage

The influence of air barrier leakage is similar to that of venting area. For demonstration, time
series data corresponding to the same wind velocity and direction, from two configurations with the
only difference in leakage characteristics, are considered. Fig. 12 shows the performance of the
panel with different air barrier leakage configurations. Note that air barrier leakage of configuration
3 is higher than that of configuration 2. This results in transferring major part of the low as well as
the high frequency fluctuations to the rainscreen in case of configuration 3. Note the similarity
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Fig. 12 Influence of air barrier leakage

between the transfer functions of the configuration 2 shown in Figs. 11 and 12 though they
correspond to different wind velocities and directions. In the same figure, configuration 6 with air
barrier leakage and configuration 5 without leakage are considered for comparison. As expected,
configuration 6 transfers higher percentage of low frequency wind pressures to the rainscreen due tc
its leaky air barrier.

3.3. Influence of wind velocity

It is found in this study that the influence of wind velocity on pressure equalization is
predominant in case of leaky air barrier configurations. For demonstration, time series data
corresponding to the same wind direction but different wind velocities, for specific configurations
are considered. Typical examples are shown in Fig. 13. In case of configuration 3, smaller
percentage of long duration wind pressures is transferred to the rainscreen at lower wind velocities.
This is presumably due to the large difference in flow exponents between the rainscreen and air
barrier, asshown in Table 1, causing high dependency of rainscreen pressures on differential
pressures across the panel (Inculet 1990, Suresh Kumar 1998a). Higher differential pressures acros
the panel caused by high wind velocity induce higher rainscreen pressures resulting in higher
percentage of load sharing by the rainscreen and correspondingly, higher transfer function
magnitudes. In the event of low wind velocity, the corresponding lower differential pressures across
the panel induce lower rainscreen pressures resulting in lower percentage of load sharing by the
rainscreen and correspondingly, lower transfer function magnitudes. However, noticeable influence
of wind velocity on pressure equalization is almost rare in case of configuration 2; this is due to the
comparatively small difference in flow exponents between the rainscreen and air barrier. In case
of configuration 1, the trafer function amptudes corresponding to different velocities are
indistinguishable as shown in Fig. 13. This indicates that the influence of wind velocity can be
reduced by providing larger venting area even when the flow through the air barrier is lamnar (

1). In case of configuration 5 with no leakage, the transfer function amplitudes correspondifegdatdif
velocities are almost the same. Overall, Figs. 11, 12 and 13 indicate that providing an airtight air
barrier may be a wise solution to achieve better pressure equalization performance of the panel.
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Fig. 13 Influence of wind velocity

3.4. Influence of wind direction and panel location

Analysis showed that wind direction do have an influence on the pressure equalization performance of
the panel. For demonstration, time series data corresponding to the same wind velocity but different
wind directions, for specific configurations are considered. Typical exampleshawen in Fig. 14.

The influence of wind velocity is once again clear in case of configuration 3 with leaky air barrier
and reduced venting area; the curves cmoading toV =9 m/s are higher than the curves
corresponding t&/ = 5.2 m/s. However, such a rise in the transfer function magnitudes corresponding
to the rise in the wind velocities is not observed in case of configuration 6 though this has the same
air barrier leakage as of configuration 3; this is due to the larger venting area of this configuration.
This once again shows that the adversecebf air barrier leakage can be surmounted by providing
appropriate amount of venting area in order to enhance the pressure equalization performance
Therefore, the leakage characteristics of the air barilebeva decisive factor towards the provision

of the required venting area. The pressure equalization of low frequency pressure flucteatiangos

be dependent on the wind direction, except in the case of no leakage situation (configuration 4)
where such dependence is obvious only in the case corresponding to high wind velocity. On the
other hand, pressure equalization of high frequency fluctuations is independent of wind direction. In
general, higher the angles of wind attack away from the normal to the west facajeb@dér the
pressure equalization of low frequency fluctuations. This is consistent with all the configurations for
different wind velocities. Note that the same wind velocity blowing in different wind directions can
induce different pressures across the panel. In general, higher the wind attack angle away from the
normal to the facade, lesser the pressure induced across the panel and correspondingly, lesser tt
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Fig. 14 Influence of wind direction

pressure induced across the rainscreen. As previously noted, the load sharing by the rainscree
depends on the total pressure drop across the panel due to the difference in flow exponents betwee
the rainscreen and air barrier. As a result, when the wind attack angle deviates away from normal to
the facade, the percentage of load sharing by the rainscreen and correspondingly, the transfe
function magnitudes reduce.

Poor pressure equalization performance is expected when the panel is subjected to wind loading
which contains more high-frequency/short duration gusts. In this study, panel is located near the
middle of the building. It is found that this panel did not experience high spatial pressure variations
because of its smaller size and location. It is very likely that the panels located on edges and corner:
may undergo high spatial pressure variations; these panels have to be more or less the same size
this panel to achieve acceptable performance.
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4. Towards codification

Quantification of the wind-induced differgal pressureacross the rainscreen with respect to that
across the panel is needed for developing design guidelines for rain penetration control as well as
structural load reduction. Towards this goal, a methodology quantifying the rainscreen load in terms
of the panel load has been proposed. This methodology represents the peak differential pressur
across the rainscreen as a function of the mean, rms and peak factor of the differential pressure
across the panel using three coefficients. The values of these coefficients basednoeaiseicements
are also provided.

Based on the assumption of rigid rainscreen walls under spatially uniform wind pressures, the
expression used in the Dutch code (NEN 6702 1991) for the estimation of representative wind-
induced differential pressurd®{,) across the rainscreen of a pressure equalized rainscreen facade
can be reduced to

Prep = Coq P+ G,P) = Ceq[P (1)

where, the coefficien€eq accounts for pressure equalizatiéh,P, Pand g, are respectively the
mean, rms, peak and peak factor of the differential pressure across the panel. The current cod
suggested a value of one Gy until pertinent information becomes available. Note that the term
inside the parenthesis of Eq. (1) represents the peak differential pressure across the panel ( ) an
this is the representative differential pressure across the rainscreen if there is no pressure equalizatio
involved, i.e.,Ceq=1. If the panel is pressure equalized to some degree, then intuiGvglg the
ratio of the peak differential pressure across the rainsciéen () to the peak differential pressure
across the paneP( ). By this definitioGeq= 1 indicates no pressure equalization occurred, i.e., full
pressure acting on the rainscreen, &g 0 indicates full pressure equalization occurred, i.e., no
pressure acting on the rainscreen. However, it is found in this investigation that this ratio cannot be
guantified easily because this somehow addresses both the so called static as well as dynamic presst
equalization processes. In order to simplify this problem, static pressure equalization coefficient
(Ceq9 and dynamic pressure equalization coeffici€hy,d are introduced instead of a sin@lg,

Eq. (1) is rewritten as

Prep = Prs = C:eqsls"' Ceqd'gpIS (2)
where,
P
C:eqs = Ers (3)
Ceqa = Cs.Cy (4)
where,
. [Ss(F)df
P 0
C= 3 = —— (5)
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gI‘S
C, == 6
iy (6)
where, Pis , Prs ,S¢(f) and g are respectively the mean, rms, spectrum and peak factor of
rainscreen pressures, agd f) is the spectrum of differential pressure across the paneltitBtibg

Egs. (3) - (6) in Eq. (2) yields:
Isrs = Isrs + grsisrs (7)

The values of the coefficient.qs Cs andCy are required for the estimation of the peak pressure
acting on the rainscreen. It appears from this tiyaon that the quantification of; may be
difficult compared toCeq and C,. By introducing the screen admittance functid(|f)[* (i.e.,
square of the magnitude of the transfer function for rainscreen pressyeg),can be evaluated
from S( f) using,

So(f) = H( £)FSI(F) (8)
Substituting Eq. (8) in Eqg. (5) yields:
JﬂHrs(f)Fsp(f)df
C, = - ©)
[Sp( f)df

0

Note that spatial variation of pressures over a panel can influence the screen admittance functior
as well as the spectrum of pressures across the panel. Therefore, the coherence of pressul
fluctuations on a panel should be considered while developing an expression for these quantities;
this has to be investigated further.

Fig. 15 shows the measurdl.qs values with respect to the corresponding mean pressure
coefficients for the panelCqysis the ratio of mean rainscreen pressure to the mean panel pressure;
higher C¢qs values indicate poor pressure equalization and higher mean load sharing by theerainsc
Note thatCeqs values increase as the mean pressure coefficients decrease for all the configurations.
For a particular configuratiorCeys values more or less stabilize to lower values for higher absolute
mean pressure coefficients. Since higher mean pressure coefficients across the panel induce highe
mean rainscreen pressures, the corresponding lowewvalues may be of interest for design. Note
also that these stabilize,s values are different for each configuration. As expected, configurations
2 and 3 have highet.ys values compared to all other configurations.

Fig. 16 shows the measur@y values with respect to the corresponding rms rainscreen pressure
coefficients.Cs is the ratio of rms rainscreen pressure to the rms panel pressure; GQiglaues
indicate poor pressure equalization and higher rms load sharing by the rainscreen. It is clear tha
low C; values are associated with low rms rainscreen pressure coefficients. In case of configurations
2 and 3 with leaky air barrier and smaller venting area, the measured rms rainscreen pressures ar
high corresponding to the high rms panel pressures. Consequently, Wakies are high in both
configurations. On the other hand, in case of other configurations, the rms rainscreen loads are low
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and the associate@; values are low. This shows that low@yvalues can be achieved by providing
adequate venting area for counteracting the leakage of the air barrier.

Fig. 17 shows the measur&y values with respect to the corresponding rms rainscreen pressure
coefficients.Cy, a ratio of peak factor of rainscreen pressure to the peak factor of panel pressure, is
computed using the maximum pressures acting on the panel and rainscreen. Note that the values ¢
Cy are generally greater than one. This shows that the peak factors for rainscreen pressures are, |
general, higher than those for pressures across the panel. Vei@;valoes typically occur for low
rms pressure drops across the rainscreen; this seems to be an overestimation of the values. Since t
high rms rainscreen pressures are of interest for deSigvalues associated with high rms ranesmn
pressures should be carefully investigated. Based on the measuremisit Cgsualue of 2 seems
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appropriate for design. The suggest@gdvalue of 3 by Inculet (1990) seems to be on the higher
side. Note that even loweC, values can be obtained by considering proper averaging time
(typically 1 second is used for cladding design) for the peak selection.

5. Conclusions

Extensive full-scale measurements of wind velocity and wind-induced pressures across the panel
and rainscreen were carried out at TUE in the Netherlands. During this period, six panel configurations
with different venting area, ming location, venting geometry and aarber leakage characteristics
were tested. It is noted that the pressure experienced by the rainscreen increases as the differenti
pressure across the panel increases when the airflow through the air barrier approaches laminar flow
Pressure equalization of mean as well as low frequency pressures can be achieved by providing
adequate venting area with respect to the area of the panel and leakage characteristics of the a
barrier. On the other hand, pressure equalization of the short duration pressure fluctuations seem
hardly possible. All configurations exhibit very little pressure equalization of high frequency wind
gusts; the characteristics of wind have predominant influence on the maximum achievable degree of
pressure equalization at higher frequencies. On the other hand, facade chicactiihave an
effect on the degree of pressure equalization, especially at lower frequencies. This is the first time,
detailed full-scale results in the form of transfer functions and pressure coefficients are utilized to
comprehend the influence of various parameters on pressure equalization performance.

Towards the quantification of peak load acting on the rainscreen, static and dynamic pressure
equalization coefficients have been formulated; the variation of the measured values of these
coefficients is discussed. The influence of facade and wind characteristics on the values of these
coefficients should be investigated further.

In summary, through extensive full-scale measurements, this research work acquired comprehensive
knowledge about the influence of wind as well as facade parameters on pressure equalization
performance of rainscreen facadekwever, more measements on different panel configurations
and on panels located in separation zones are needed to colleotutme of data required to set
the design guidelines.
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