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Wind loads on rainscreen walls 

K. Suresh Kumar, Ph.D.* 
T. Stathopoulos, Ph.D.** 
J.A. Wisse, Prof. ir.*** 

ABSTRACT 
Rainscreen wall design is still at its infancy stage even after its introduction 
about four decades ago. Research continues in an effort to set out appropriate 
design guidelines for rainscreen walls. This paper presents the results of 
yearlong full-scale measurements of wind loading on rainscreen walls. The 
objective of this study is to estimate the impact of various design parameters on 
the wind loading on rainscreen. 

1. INTRODUCTION 
A major source of concern in the performance of building envelopes is their 
susceptibility to rainwater penetration. Screened wall systems use an additional 
exterior layer, the screen (outer wall layer or rainscreen), to keep the rainwater 
out of contacting the structural leaf (inner wall layer or air barrier). Further, a 
cavity is often placed in screened wall systems to provide gravity drainage and 
capillary break in case of any rainwater penetration through the screen. Pressure 
Equalized Rainscreen (PER) approach to wall design has been suggested to 
minimize the wind-induced pressure difference across the outer wall layer and 
thereby reduce the rainwater penetration through the screen. This wall system is 
a special case of the modern screened wall systems. The state-of-the-art 
information concerning pressure equalized rainscreen approach to wall design 
has been documented elsewhere (Anderson & Gill 1988; Suresh Kumar 2000). 

PER wall design has mainly been based on water penetration resistance. 
Increased concern regards the higher construction costs of PER wall due to its 
two wall layers; however, through better pressure equalization, the design loads 
for the rainscreen and subsequently the construction costs can be reduced. Very 
few attempts have been made in the past to establish design wind loads for PER 
walls (Irwin et al. 1984; Ganguli and Dalgliesh 1988; Inculet 1990). As a result, 
current design guidelines in codes and standards provide only sketchy and 
unsubstantiated stipulations for the design wind loads of PER walls. Clearly, 
further research on the effect of various parameters is necessary to establish 
objective standards or code provisions for the structural design of PER walls. 
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Experimental and theoretical research can yield very useful information through 
systematic investigations. Therefore, an extensive investigation, consisting of 
full-scale monitoring and computer simulations, has been carried out at the 
Technical University of Eindhoven (TUE) in the Netherlands (Suresh Kumar 
1999; Suresh Kumar and Wisse 1999); the analysis of the full-scale data to 
provide actual wind loads acting on PER walls is the main subject of this paper. 
The parameters such as cavity volume, venting area and leakage area can be 
varied in this unique field facility at TUE. 

2. EXPERIMENTALPROCEDURE 
The experiments have been carried out on the main building of TUE, 
Eindhoven. Prevailing strong wind directions are west (270°) and south-west 
(225°). Upstream terrain conditions for prevailing wind directions can be 
characterized as suburban. A SOLENT ultrasonic anemometer mounted at the 
top of a 30 m high mast placed on the top of a 14 m high building, 127 m 
westward of the main building of the university is used for three component 
wind velocity measurements. For pressure measurements, a wooden panel I m x 
1.3 m (panel area, Aw = 1.3 m2

) was mounted approximately on the middle of 
the west facade at a height of about 39 m above the ground. The test panel 
consists of three components: (1) rainscreen, (2) air barrier and (3) air space 
(cavity) between them; the cavity depth can be varied. Four pressure taps are 
installed on the rainscreen and another four on the air barrier for pressure 
measurements. Fig. 1 shows the details of the used test panel. Many venting and 
air barrier leakage configurations have been used for the measurement. Pressure 
and velocity data have been collected for six panel configurations, the details of 
which are provided in Table 1. The flow characteristics of venting and air 
barrier leakage have been determined using simple static pressurization tests; 
details can be found in Suresh Kumar (1999). For all these configurations, the 
cavity depth was kept constant at 0.15 m. Note that the venting area of 
configuration 1 is about 4.9 times the venting area of configuration 2. 
Comparing configurations 2 and 3, the venting areas are same; however, their 
leakage characteristics are quite different. Configurations 4 and 5 have no 
leakage, but their venting geometries 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 leakage. 

Differential pressure transducers have been used to measure the 
differential pressures across the panel and across the air barrier. For data 
acquisition, a Physics Data Acquisition System (PhyDAS) developed at the 
Faculty of Physics of the TUE was used. A P ARSAM 25 (Parallel sampling 
AID conversion board) was used to capture the incoming signal. In each run, the 
exterior and cavity pressure data were simultaneously measured at four taps 
each at a sampling rate of 20 Hz for 10 minutes. The velocity data were also 
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acquired by PhyDAS at a rate of 20.83 Hz. The measurements were carried out 
between May 1998 and July 1999. During this period, each of the six 
configurations was set for at least about two months for measurements. About 
1500 full-scale runs have been registered. 

Rainscreen 

• 3 mm diameter 
circular holes 

o Pressure taps 

Figure 1 

Air barrier 

The test panel. 

Vertical 
Cross 
Section 

O.ISm 

Orientaion of Panel 

N (3600) 

Table 1. Panel configurations used for full-scale measurements 

Configuration 

Venting 

Airbarrier 
leakage 

Configuration 
Venting 

Airbarrier 
leakage 

1 
Circular holes 
Ars = 0.009613 
Cd= 0.61 
nl = 0.5 

Straw 
Cab= 0.000314 
n2 = 0.71 

4 
Circular holes 
Ars = 0.001979 
Cd= 0.61 
nl = 0.5 

No leakage 

2 
Circular holes 
Ars = 0.001979 
Cd= 0.61 
nl = 0.5 

Straw 
Cab= 0.000314 
n2 = 0.71 

5 
Rectangular slits 
Ars = 0.004577 
Cd=0.61 
nl = 0.5 

No leakage 

3 
Circular holes 
Ars = 0.001979 
Cd= 0.61 
nl = 0.5 

Filter 
Cab= 0.000171 
n2 = 1.0 

6 
Rectangular slits 
Ars = 0.004577 
Cd= 0.61 
nl = 0.5 

Filter 
Cab= 0.000171 
n2 = 1.0 

Note: A,.s =venting area (m2), Cd= discharge coefficient, nl =flow exponent of 
air barrier, Cab= flow coefficient of air barrier (mPa-n2/s), n2 =flow exponent of 
air barrier. 
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3. EXPERIMENTALRESULTS 
Figure 2 shows typical simultaneous measurements of the time variation of the 
pressure coefficients across the panel, air barrier and rainscreen for 
configuration 2. Because of the low venting area of this configuration, the low 
frequency pressure fluctuations are not transferred into the cavity completely. 
As a result, the mean as well as the low frequency pressure coefficient 
variations corresponding to the air barrier are lower than those corresponding to 
the panel. It is also noted that irrespective of the amount of venting, the higher 
frequency fluctuations are not transferred into the cavity and as a result, the 
pressure coefficient variation across the air barrier is smooth compared to that 
across the panel. Consequently, the higher frequency pressure fluctuations have 
been transferred to the rainscreen. 

Configuration 2, Wind velocity at panel height= 12.5 mis, Wind direction= 252.1° 
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0.. 0 

- · · external - · · cavity -- rainscreen 

-0.5 ,__ ___ --1. ____ _._ ____ ......_ ____ ,__ ___ __. 

0 

Figure 2 

20 40 60 

Time (sec.) 

Time variation of pressure coefficients. 

80 100 

Figure 3 shows the measured mean and peak pressure coefficients across 
the rainscreen for all configurations shown in Table 1. In this analysis, the peak 
pressure coefficients were selected based on 1 second averaging time. It is noted 
in this investigation that the pressure coefficients for wind angles between 240° 
and 300° are higher than those measured for 180° - 240° and 300° - 360°. In this 
wind direction range, there is no clear pattern of variation of pressure 
coefficients with wind direction. As expected, the peak pressure coefficients are 
more scattered compared to the mean pressure coefficients. For a particular 
configuration, the pressure coefficient values scatter around a certain level, 
which is different for each configuration. In case of configurations 1, 4 and 5, 
most of the wind loads are transferred to the air barrier and as a result, the mean 
as well as the peak rainscreen pressure coefficients are low. On the other hand, 
in case of configurations 2, 3 and 6, the rainscreen experiences higher wind 
loads either due to their smaller venting area or due to their leaky air barrier and 
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as a result, the associated pressure coefficients are high. The pressure 
coefficient values of configuration 3 are higher compared to configuration 2 
because of the higher leakage associated with the latter. 
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Figure 3 Mean and peak pressure coefficients acting on the rainscreen. 

Figure 4 shows the ratio of the load taken by the rainscreen with respect 
to the load acting on the panel; the load acting on the panel represents wind load 
on regular wall. As per this definition, low pressure coefficient ratios indicate 
good pressure equalization and load reduction for rainscreen; value zero 
indicates no pressure acting on rainscreen, while one indicates full pressure 
acting on rainscreen. In case of configurations 2 and 3 with leaky air barrier and 
smaller venting area, the pressure coefficient ratios are high compared to 
configuration 1. This shows that lower ratios can be achieved by providing 
adequate venting area for counteracting the leakage of the air barrier. 

It is found that in general, as the venting area increases, the pressure 
equalization performance improves and correspondingly, the load taken by the 
rainscreen decreases. However, note that the percentage of venting area 
required to produce good pressure equalization or load reduction depends on the 
air barrier leakage. For instance, in case of no air barrier leakage, the panel 
requires only small venting area to have good pressure equalization. For the 
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same venting area with the inclusion of air barrier leakage, the pressure 
equalization performance worsens. 
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Figure 4 Ratio of the load acting on the rainscreen and the total load acting 
on the panel. 

4. DESIGN ISSUES 
For each configuration, the maximum mean and peak pressure coefficient ratios 
have been selected from Figure 4 and plotted with respect to the venting area of 
the configuration in Figure 5, where the corresponding configuration numbers 
are indicated beside the symbols. The plot also groups the cases according to 
the air barrier leakage. Low values indicate good pressure equalization and load 
reduction for rainscreen. In general, as the venting area increases, the pressure 
equalization performance improves and correspondingly, the load taken by 
rainscreen decreases. However, note that the percentage of venting area 
required to produce good pressure equalization or load reduction depends on the 
air barrier leakage. For instance, in case of no air barrier leakage, the panel 
requires only small venting area to have good pressure equalization. For the 
same venting area with the inclusion of air barrier leakage, the pressure 
equalization performance worsens. This figure also provides an idea about the 
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required percentage of venting area with respect to the desired reduction in 
load. 

e No leakage j,Cab = 0.000314 mPa-n2/s, n2 = 0.71 •Cab= 0.000171 mPa-"2/s, n2 =LOO 
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Figure 5 Rainscreen load reduction as a function of venting and leakage area 

The results of this study can be used as a preliminary recommendation for 
the design of rainscreen walls. Recently, the first author used these results along 
with the analytical simulation results and the expert opinions of his colleagues 
to obtain load reduction factors for panels of a high-rise building in Chicago. In 
the current design practice, the wind loads acting on the rainscreen are handled 
by the engineering judgment of the design engineer or the panel manufacturer. 
Very few codes address or provide some design guidelines for these walls. The 
Eurocode (ENV 1991-2-4 1995) proposes internal pressure coefficients in the 
inside air layer of a wall or a roof (i.e., cavity pressure) with respect to porosity 
of outer and inner wall layers, stiffness of the wall layers, thickness of the air 
layer and any other entrances of air. This code proposes full wind load be 
applied to the rainscreen when the inside air barrier is impermeable with 
porosity of rainscreen less than 1 % and the panel is subjected to over pressure. 
However, the rainscreen under these conditions in case of configurations 1, 4 
and 5 did experience load reductions as indicated in Figure 5. Further, the 
expression of cavity pressure coefficient in this code in case of panels with 
permeable rainscreen and air barrier assumes that the load sharing between the 
rainscreen and air barrier is a function of the porosity of these two layers only. 
However, realistically, the load sharing between the layers does also depend on 
the total load on the panel. This shows that quantification of the load sharing 
between the rainscreen and air barrier has yet to be developed for codes and 
standards. 

The current study is limited to winds favoring rain penetration (i.e. panels 
facing windward direction). In order to establish a wind design guideline for 
rainscreens, measurements of the pressure equalization performance of panels 
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located in separation zones, comers and edges must be carried out. Further, 
measurements on larger size panels should also be carried out. 

5. CONCLUSIONS 
In general, the rainscreen pressure increases as the differential pressure across 
the panel increases. Pressure equalization of mean as well as low frequency 
pressures can be achieved by providing adequate venting area with respect to 
the panel area and air barrier leakage. Pressure equalization of the short 
duration pressure fluctuations seems difficult. Based on the full-scale data for 
the limited number of cases, some preliminary findings have been presented in 
the paper, regarding area of venting and design wind loads for rainscreens. 
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