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Abstract

The pressure difference across a wall assembly arising from the Driving-Rain Wind Pressure (DRWP) produces a driving force that induces
water ingress into wall assemblies given the presence of deficiencies on the exterior surface of the wall, and the downward migration of rain
water over the wall surface. The extent of water penetration, which has a detrimental effect on the long-term performance of wall
assemblies, is affected by the magnitude of the DRWP acting across the wall. In this study, a wall test specimen consists of 3 layers of
polycarbonate sheathing has been tested under simulated Wind-Driven Rain (WDR) conditions. Deficiencies of different sizes and
configurations were purposely built to the test specimen to investigate the extent of water entry given different DRWPs. To permit
investigating the response of water entry under different DRWP conditions, a test protocol having a low cyclic rate was developed such that
the water entry rates through the wall deficiencies could be obtained at different magnitudes of DRWP and as well, a variety of cyclic
frequencies and amplitudes.
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1. Introduction

An essential component to correlating WDR loads on wall assemblies to the moisture loads acting within the wall, is that of
conducting watertightness test whereby the rate of water entry is determined in relation to the WDR loads acting on the wall [1-
2]. Although it has been suggested in the ASHRAE standard [3] that a 1% ratio between the WDR and moisture loads be used in
undertaking the performance assessment of wall assemblies, the results of experimental studies have proven that this requirement
is inaccurate [4-5]. The DRWP is an equally important factor as the WDR intensity when determining the extent of water entry to
wall. The work described in this paper refers to a wall assembly test specimen consisting of 3 layers of polycarbonate sheathing.
The test specimen was subjected to simulated WDR and DRWP conditions. Cyclic pressure fluctuations were used with different
magnitudes, frequencies, and amplitudes. The results obtained from these tests have been analyzed and are discussed to reveal the
effect of different assembly characteristics to the water entry rate when subjected to varying DRWP loads under a uniform water
spray rate to the exterior surface of the wall.

2. Testing Specimen

The test specimen for this study was 2.44m wide and 2.44m high and it was divided into six individual sections. Each section
was also divided into three identical sub-sections. The infiltrated water in each sub-section was collected separately. Results from
the three identical sub-sections were summed to obtain the total water ingress for one section. Three layers of polycarbonate
sheathing were used to fabricate the specimen and represented, respectively, the exterior cladding, exterior sheathing board and
air barrier of a wall assembly, this arrangement being typical of that found in wall assemblies following North American
construction practice. Water collection was implemented in both cavities, that is, the cavity behind the cladding and that between
the sheathing and air barrier panels. Three depths wall of cavity located behind the cladding were considered for each of the three
sub-sections: Imm, 5mm and 10mm.

Deficiencies were located at through-wall components that included a ventilation duct and cover plate. The ventilation duct
had a diameter of 100mm and the spare cover plate a length of 150mm. As shown in Figure 1.a, the ventilation duct was installed
in the opening passing through the cladding and sheathing panel layers. A cover plate was sealed to the ventilation duct on the
exterior surface of the wall assembly. The gap between the ventilation duct and sheathing panel was filled with a backer rod and
sealed using a silicone sealant. The sealant bead located along the top side of the plate was intentionally removed to simulate a
deficiencys; this consisted of a 50 mm long portion of sealant. This same deficiency was also created between the ventilation duct
and sheathing panel. An 8mm thick horizontal joint opening was made in the cladding and sheathing board for the in-plane (joint)
deficiency (Figure 1.b). The length of the in-plane (joint) deficiencies on each sub-section were identical.
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Figure 1. (a) Through-wall deficiency; (b) In-plane (joint) deficiency

3. Results and Discussion

Figure 2.a permits demonstrating the water entry rate at each pressure frequency for the respective deficiency types and different
cavity depths. For the in-plane (joint) deficiency, the 10mm cavity had the highest water entry rate, whereas the Smm cavity had
the lowest rate of water entry at all three pressure frequencies. For the 10mm cavity wall assembly the variation of pressure
frequency had the smallest effect on the water entry rate. Whereas for the wall having a Smm cavity depth, higher values of
pressure frequency led to higher water entry rates. The highest water entry rate for the 1 mm cavity section occurred at a pressure
frequency of 4 cycles/min. In regards to the through-wall deficiency, the pressure frequency fluctuation only had a very slight
effect on the water entry rate for all three cavity depths.
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Figure 2. (a) Water entry rate for different pressure frequencies; (b) Water entry rate for dynamic pressure

In Figure 2.b, the water entry rates for investigated dynamic pressure steps at different lower limits were similar to each other.
The discrepancies are mainly due to the types of deficiency and depths of cavity. In-plane (joint) deficiencies have a greater
amount of water ingress, as compared to through-wall deficiencies and more water was collected from cavities of greater depth,
as compared to the amounts collected in cavities of smaller depth. For cavity sections of Smm depth, the water entry rate obtained
at a static pressure of 600 Pa was greater than that for the dynamic pressure step for both deficiencies. Whereas water entry rates
obtained from the static pressure were similar to that measured from dynamic pressure steps for the remaining sections.

Discrepancies as arose were induced by variations of the frequencies and amplitudes of DRWPs used in this study. However,
such differences were relatively small when compared to the overall rates of water entry. This suggests that neither the frequency
nor amplitude of DRWPs need to be considered as dominant factors in a watertightness test. In a parallel and subsequent study
focused on the development of a watertightness test protocol, a 0.1 Hz frequency was selected from the power spectrum of the
wind velocity [6], and where it is evident that the wind energy level drops dramatically. In addition, 20% of the overall pressure
value was used as the amplitude of different tests levels for the dynamic DRWP tests.
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