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1 INTRODUCTION 

In Canada in recent years there has been a substantial number of incidences of water 
penetration through building envelopes. 

In response, a major Canadian effort has developed in which important initiatives have 
been accomplished. A Building Envelope Research Consortium (BERG) was formed. 
Major surveys of water penetration have taken place. To date two best practice guides 
have been developed: "Wood-Frame Envelopes in the Coastal Climate of British 
Columbia"(CMHC, 1999) and "Wood Frame Envelopes" (CMHC, 1999). 

Some of the water leakage through the building envelope occurs at the window-wall 
interface. Although some of this water leakage is attributed to the design of the 
windows, much of the water penetration can be caused by how the window is 
installed. 

There are many different ways that windows are currently being installed in Canadian 
buildings. 

SRC has experience in water penetration testing. In the summer of 2000, water 
penetration tests were conducted on windows that were installed using several different 
techniques. 

In this project, a test protocol is developed for determining the amount of water 
penetration that can occur at window and door installations. 

2 OBJECTIVE 

To develop a test protocol for determining water tightness of window and door 
installations. 

3 M E T H O D O L O G Y 

1. Existing ASTM and CSA standards relating to water penetration of walls and 
windows are reviewed. 



2. The results of a recent set of water penetrations tests conducted at the 
Saskatchewan Research Council are reviewed. 

3. A draft protocol for determining water tightness of window-wall interfaces is 
developed. 

4. EXISTING WATER PENETRATION STANDARDS 

a. American Society for Testing and Materials - A S T M E547 

ASTM developed in 1975 the Standard E547, "Standard Test Method for Water Penetration of 
Exterior Windows, Curtain Walls and Doors by Cyclic Static Air Pressure Differential." The 
Scope of the test method is that it covers 

"the determination of the resistance of exterior windows, curtain walls and 
doors to water penetration when water is applied to the outdoor face 
simultaneously with a cyclic static air pressure at the outdoor face higher than 
the pressure at the indoor face." 

In figure 1, a schematic diagram is presented of an apparatus suitable for carrying out the test. 
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Figure 1. Schematic diagram of test apparatus for ASTM E547 



In the Significance and Use Section of the standard, it is stated: 
"Note 1. In applying the results of tests by this test method, note that the performance 
of a wall or its components, or both, may be a funaion of proper installation and 
adjustment. In service, the performance will also depend on the rigidity of supporting 
construction and on the resistance of components to deterioration by various causes, 
vibration, thermal expansion and contraction, etc. It is difficult to simulate the 
identical complex wetting conditions that can be encountered in service with large 
wind-blown water drops, increasing water drop impact pressures with increasing wind 
velocity, and lateral or upward moving air and water. Some designs are more sensitive 
than others to this upward moving water. 
Note 2. This test does not identify invisible liquid water which may penetrate into the 
test specimens." 

According to the Standard, [Section 9.2] 
"Window, door, or other component test specimens shall consist of the entire 
assembled unit, including frame and anchorage as supplied by the manufacturer for 
installation in the building. If only one specimen is to be tested, the selection will be 
determined by the specifying authority." 

The Standard states that the water spray system is required to deliver water uniformly against 
the exterior surface of the test specimen at a minimum rate of 3.4 L/m^-minute (5.0 U.S. 
gal/ft̂ -hour). In more conventional rainfall units, this is equivalent to a water application rate 
of 204 mm/hour (8.0 inches/hour) over the test specimen area. This water application rate is 
somewhat high for Canadian conditions, given that the maximum recorded 15 minute rainfall 
value measured in Canada (National Building Code of Canada, 1995, Appendix C) is equal to a 
rate of 144 mm/hour. [Note that the ASTM value is for a horizontally applied water; the 
rainfall data is for vertical flows.] 

In the ASTM standard, the air pressure difference requirements are stated as follows: 

"10.1 The test-pressure difference or differences at which water penetration is to be 
determined, unless otherwise specified, shall by 137 Pa (2.86 Ibf/ft^ 
10.2 The periods of time during which the specimen is to be subjected to pressure 
difference(s) shall be specified. 
10.2.1 In no case shall there be less than two test cycles, and no cycle shall be less than 5 
min in duration. 
10.2.2 In no case shall the total time of pressure application be less than 15 min." 



The procedure for installing specimens such as windows in the test apparatus is as follows: 
"11.1 Remove any sealing material or construction that is not normally a part of the 
assembly as installed in or on a building. Fit the specimen into or against the chamber 
opening with the outdoor side of the specimen facing both the high pressure side of the 
chamber and the water spray, and iri such a manner that no joints or openings are 
obstructed. Seal the outer perimeter of the specimen to the chamber wall and seal at no 
other points. 
Note 4. Nonhardening mastic compounds or pressure-sensitive tape can be used 
effectively to seal the test specimen to the chamber opening, to seal the access door to 
the chamber, and to achieve airtightness in the construction of the chamber. These 
materials can be used to seal a separate mounting panel to the chamber. Rubber gaskets 
with clamping devices may also be used for this purpose provided that the gasket is 
highly flexible and has a thin contaa edge...." 

The specifics of the air and water test are as follows: 
"11.4 Adjust the water spray to the specified rate. 
11.5 Apply the air pressure difference promptly and maintain this pressure, along with 
the specified rate of water spray, for the period of time stipulated by the specification 
or specifier. 
11.6 While maintaining the water spray, reduce the pressure differential to zero for a 
period of approximately 1 min. 
11.7 Repeat procedure in 11.5 and 11.6 for the specified number of cycles. 
11.8 At the conclusion of the required number of cycles(see 10.2.1), remove the air-
pressure difference and stop the water spray. 
11.9 Observe and record the points of water leakage, if any." 

Comments on the A S T M Standard E547 
1. The standard is a general one, covering water leakage testing of manufactured exterior 
windows, curtain walls, and doors. The standard does not consider in detail the water 
penetration associated with the installation of windows; i.e., the water leakage at the window 
perimeter. 
2. The standard does not deal with the problem of "invisible water [Note 2. Significance and 
Use]". In most types of construction, the "invisible water" trapped around the window or 
door perimeter may be a major source of fungal decay or mold growth. 
3. The water application rate is somewhat high. 
4. The air pressure specified in the standard is a fixed value of 137 pascals, which corresponds 
to the velocity pressure associated with a wind speed of about 52 km/h using an air density of 



1.29 kg/m^. Wind speeds with velocity pressures as high as 1410 pascals have been projected 
for certain locations in Canada based on a one-in-one-hundred years occurrence. On a one-in-
ten years occurrence, the velocity pressure maximum in Canada is projected to be 850 pascals. 
5. The standard implies that the testing is to be done in a laboratory and not in the field. For 
instance, the test apparatus shown is obviously meant to be used in a laboratory setting. A test 
protocol that could also be used in the field would be of value as an on-site quality control 
measure. 
6. The standard does not call for any quantitative measurement of air leakage through or 
around the window or door being installed. In general, for water to penetrate through the 
construction assembly, there must be a hole and a pressure difference. If an air leakage 
measurement were made, a better quantitative measurement of the potential for water leakage 
would be achieved. In a laboratory setting, a measurement of the air leakage through the 
window assembly could be made relatively easily by adding a flow orifice to the fan assembly. 

b. American Society for Testing and Materials -ASTM E1105 

ASTM developed in 1986 the Standard E l 105, "Standard Test Method for Field Determination 
of Water Penetration of Installed Exterior Windows, Curtain Walls and Doors by Uniform or 
Cyclic Static Air Pressure Difference." 

The Scope of the test method is that it 
"describes the determination of the resistance of installed exterior windows, curtain 

walls and doors to water penetration when water is applied to the outdoor face 
simultaneously with a static air pressure at the indoor face lower than the static air 
pressure at the outdoor face." 

The summary of the method is as follows: 
"4.1 This test method consists of sealing a chamber to the interior or exterior face of 
assembly to be tested, supplying air to a chamber mounted on the exterior or 
exhausting air from a chamber mounted on the interior, at the rate required to 
maintain the desired air pressure difference across the assembly while simultaneously 
spraying water onto the exterior face of the assembly at the required rate and observing 
the interior face for any water penetration." 

In figure 2, a schematic diagram is presented of an apparatus suitable for carrying out the test. 
In the diagram, there is some possibility of misinterpretation as to where the interior box 
surrounding the window, doors, etc. is to be located. In the figure, the interior box is located 
directly on the frame of the test specimen. In actuality, one would want to size and mount the 
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interior box so as to capture any water leakage in the gap between the window and the rough 
opening. 
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Figure 2. Schematic diagram of test apparatus for ASTM E l 105 

As with Standard E547, the water spray application rate is set at a fixed value of 3.4 L/m^-
minute. In an explanatory note, the following background information is provided on why 
such a water spray rate was selected: 

"The National Weather Service Technical Paper No. 40 records that in the contiguous 
48 United States, the greatest rainfall for a 1-h period is less than 12.7 cm (5.0 in.) The 
rate of 3.4 L/m^-min (5.0 U.S. gal/ft̂ -h) specified in this test method corresponds to a 
rainfall of 20.3 cm (8.0 in.)/h unless otherwise specified." 

In Standard E l 105, unlike Standard E547, no air pressure difference is specified. In Section 8. 
of the E l 105 Standard, the following is stated: 

"8.1 The specifying authority shall supply the following information or provide 
guidance relative to its specification. 
8.1.1. Test specimen sampling, selection, adjustment, and identification. 
8.1.2 Test pressure difference(s) to be applied during the test. 
8.1.3. Whether uniform or cyclic air pressure difference tests, or both, shall be used. 
Duration and number of cycles if cyclic test is used. 

Under Section 12. Procedure, two procedures-A and B are provided. 
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Procedure A requires the apphcation of the specified air pressure difference along with the 
specified rate of water spray for 15 minutes. Procedure B uses a cyclic application of static air 
pressure, with cycles of air pressure application for no less than 5 minutes, reducing the air 
pressure difference to zero for a period of approximately 1 minute, and then repeating the 
steps for a specified number of cycles. In no case, however, shall the total time of pressure 
application be less than 15 minutes. 

In the Standard, water leakage is defined as: 
" 3.2.3 penetration of water beyond the plane of the innermost face of the test 

specimen under specified conditions of air pressure difference across the 
specimen. In tests of windows and doors, it also occurs whenever water 
penetrates through the frame of the test specimen during specified test 
period." 

In the Significance and Use Section, the following is stated: 
"5.2 Laboratory tests are designed to give an indication of the performance of an 

assembly. Field performance may vary from laboratory performance since the 
supporting structure for the test specimen, methods of mounting and sealing it 
in the laboratory, can only simulate the actual conditions that will exist in the 
building. This field test procedure provides a means for determining the 
performance of a product once installed in a building. 

5.3 The field test may be made at the time the window, curtain-wall, or door 
assemblies are initially installed and before the interior of the building is 
finished. At this time, it is generally easier to check the interior surfaces of the 
assemblies for water penetration and to identify the points of penetration. The 
major advantage of testing when assemblies are initially installed is that errors 
in fabrication or installation can be readily discovered and corrections made 
before the entire wall with its component assemblies is completed at which time 
the expense of corrective work may be increased many times." 

Comments on ASTM Standard E l 105 
1. As with ASTM Standard E547, Standard E l 105 focuses on observing the interior face of the 
specimen being tested for any water penetration. As was mentioned earlier, the test of a 
window could receive a passing grade, and yet concealed water could be resting in the gap 
between the window frame and the rough opening. If the materials are moisture sensitive, or if 
the water cannot evaporate in a relatively short period of time, there exists the likelihood of 
fungal decay of moisture sensitive materials or the generation of moulds within the building 
assembly. 
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2. While a water application rate is given for Standard E l 105 (identical to Standard E547, no 
air pressure differences are stated. 

a. Canadian Standards Association 

The Canadian Standards Association has developed a set of window test performance 
standards in the A440 Series. 

Classification levels and test requirements provided within CSA Standard A440 allow a 
purchaser or specifier to select windows suitable to their specific climatic conditions, height of 
installation, type of building, etc. The authority having jurisdiction assigns the minimum 
levels to be met. 

The requirements of this Standard are arranged as follows: 
(a) There are three mandatory tests: 

(i) air tightness- Clause 10.2 
(ii) water tightness- Clause 10.3; and 
(iii) wind load resistance- Clause 10.4. 

(b) There are ten optional tests to be performed at the manufaaurer's discretion: 
(i) safety drop- vertical sliding windows only- Clause 10.5; 
(ii) blocked operation- sliding windows only- Clause 10.6; 
(iii) sash strength and stiffness- operable casement windows-Clause 10.7, or 
projecting windows-Clause 10.8; 
(iv) ease of operation-windows with operable lights only-Clause 10.9; 
(v) screen strength-windows with operable lights only-Clause 10.10; 
(vi) sash pull-off- FRP and vinyl windows only-Clause 10.11; 
(vii) condensation resistance-all windows-Clause 10.12; 
(viii) resistance to forced entry- operable windows only-Clause 10.13; 
(ix) muUion deflection, combination and composite windows-Clause 10.14; and 
(x) energy rating for heating conditions of residential and sliding glass 
doors-Clause 10.15. A440.1-1.1 

In the Window and Door Installation part of the Standard (A440.4-98), the Scope is as follows: 
"This Standard sets forth methods for both new installation and replacement 
installation of factory assembled windows and exterior doors that are intended for 
vertical installation in small buildings primarily used for residential occupancy." 



In the A440 Standard, while there are water leakage standards for different types of 
manufactured windows, there are no test requirements for the water tightness of window 
installations, i.e., a standard that would explicitly measure the water leakage associated with 
the perimeter of the window when the window is installed in the building. 

In the A440 Standard, there are standards for water leakage of various types of manufactured 
windows. The A440 Standard references the ASTM E547 Standard for water tightness, and 
classifies the windows as follows: 

Water Tightness 

For Use in Small Buildings For Use in Other Buildings Air Pressure Differential 
(pascals) 

Storm - 0 

Bl Bl 150 

B2 B2 200 

B3 B3 300 

B4 400 

B5 500 

B6 600 

B7 700 
The text that accompanies this table is as follows: 

"4.1.1 (b) Water Tightness 
The water tightness test requirement (Clause 10.3) and test method (Clause 11.3) 
require that there be no leakage when tested at a test pressure as selected by the 
specifier from the above Table. 
Test pressure is increased until water penetration occurs. The failure pressure may then 
be related to the specifier's proposed climatic location, to predict a window's capacity 
to resist water leakage. For the water tightness test, the sample is mounted in a 
chamber and an even film of water at a specified rate is sprayed onto the outside surface 
while the window is subjected to the appropriate positive pressure listed in Table 2. 
During the test the pressure is cycled four times, each cycle consisting of five minutes 
with the pressure applied and one minute with no pressure. The test method attempts 
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to produce a consistent evaluation of the window's performance that can be related to 
natural conditions of wind and rain. 
When water penetrates into the interior of a building, problems associated with 
windows fall into three basic categories: 
(a) penetration between the window frame and the adjacent walls and other windows; 
(b) penetration between the window frame and the operable sash, causing wetting of 
the building interior; and 
(c) penetration between the glass and glazing frame 
The Standard does not address the first category-those joints between the window and 
surrounding components and materials. 
It may be generally stated that a window's failure to resist the penetration of rain 
results in more complaints than any other performance criteria. 
Carpeting, interior finishings, and even walls, ceilings, and flooring may be seriously 
damaged by water leakage." 

The standard also gives direction as to the appropriate water tightness performance selection 
for a given climate zone. The following is a direct quote from the standard: 

"Water Tightness Performance Selection 
A new design data, D R W P (Driving Rain Wind Pressure) is introduced in this 
Standard. These procedures have been prepared by Environment Canada and are based 
on a climatologically determined wind pressure coincident with the presence of rain for 
a location at a specified height of 10 m above ground level, and for an appropriate 
probability of occurrence. 
Two procedures follow for the selection of a B-level rating of water tightness 
performance, which provides a climatologically appropriate level of security against 
water leakage for any location in Canada. 

Small Buildings 
1. The reference D R W P for residential windows is based on a one-in-five year potential 
recurrence of water leakage failure, or a 20% probability that water leakage may occur 
over a period of one year. 
See Table UG-1 to locate the city in which windows are to be installed. See Column A , 
D R W P (referring to one in five recurrence of failure potential) to source the water 
leakage test pressure at 10 m height or less. 
If the city is not listed in Table UG-1 , abstract the value from the national map 
provided in Figure U G - F l , over a five year return period, by determining the location 
and assuming the value of the higher value adjacent contour. 
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2. The reference DRWP shall be compared against Table 2 of CSA Standard A440 
(note: this is the above table entitled Water Tightness) as the water tightness test 
pressure differential (Pa) to give the appropriate B-level Water Tightness Rating for the 
window in question. 
Example: 
For a two-storey single family house in Winnipeg, Manitoba, the water tightness would 
be determined: 
a) From Table UG-1, the DRWP at 10 m under Column A, the one in five year return 
period, is given as 180 Pa. 
b) From Table UG-2, 180 Pa is given as the DRWP at 10 m above ground. This 
corresponds to a level B2 water tightness (see CSA Standard A440, Table 2) 
The windows selected for the house should then be rated at least B2 for water 
tightness." 

Excerpts from Table UG-1 and Table UG-2 are presented in Table 1 and Table 2. 
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Table UG-1 
Window Design Data for Selected Locations in Canada 

Column A 
DRWP 

Province 
and location Latitude Longitude 

@10 m 
(Pa) "1/5" 

British 
C o l u m b i a 

Abbotsford 4 9 . 04' 122" 11' 160 
Agassiz 4 9 . 14' 121" 46' 160 
Alberni 4 9 . 16' 124" 49' 220 
Ashcroft 50" 43' 121" 17' 80 
Beatton River 57" 23' 121" 24' 80 
Bums Lake SA' 14' 125" 45' 100 
Cache Creek SO' 49' 121" 20' 80 
Campbell River 49" 59' 125" 14' 260 
Carmi 49. 29' 119" 07' 60 
Castlegar 4 9 . 19' 117" 39' 60 
Chetwynd 55' 00' 121" 38' 60 
Chiiliwak 490 10' 121" 57' 160 
Cloverdate 49« 06' 122" 44' 160 
Comox 49" 41' 124" 55' 260 
Courtenay 49. 41' 124" 59' 260 
Cranbrook 49* 30' 115" 46' 100 
Crescent Valley 49. 27' 117" 33' 80 
Crofton 48« 52' 123" 21' 160 
Dawson Creek 55- 46' 120" 14' 100 
Dog Creek s r 35' 122" 18' 100 
Duncan 48" 47' 123" 42' 180 
Elko 49" 18' 115" 07' 100 
Femie 49. 30' 115" 04' 100 
Fort Nelson 58" 49' 122" 43' 80 
Fort St. John 56" 15' 120" 51' 100 
Glacier 51" 16' 117" 31' 80 
Golden 51" 18' 116" 58' 100 
Grand Forks 49" 02' 118" 27' 80 
Greenwood 49" 06' 118" 41' 80 
Haney 49" 13' 122" 36' 160 
Hope 49" 23' 121" 27' 140 
Kamloops 50" 40' 120" 19' 80 
Kasio 49" 55' 116" 54' 80 
Kelowna 49" 53' 119" 29' 80 
Kimberley 49" 51' 115" 59' 100 

Column B 
DRWP 
@ l Q m 
(Pa) -1/10" 

Column C 
HWP 
@10 m 
(kPa) "1/10" 

Column D 
DTI (°C) 
-2.5%" 

200 
200 
280 
100 
100 
120 
100 
300 
80 
80 
80 

200 
200 
300 
300 
120 
100 
220 
140 
120 
240 
140 
140 
100 
140 
100 
120 
100 
100 
220 
200 
120 
100 
100 
120 

.42 
J5 
.47 
.28 
.22 
.30 
J19 
.46 
.24 
.23 
.32 
.48 
.46 
.45 
.45 
.22 
21 
.48 
.31 
.31 
.48 
.27 
.33 
.19 
.31 
.24 
.27 
.26 
.29 
.47 
.41 
.30 
.34 
.22 
.22 

-10 
-13 
-05 
-25 
-37 
-30 
-25 
-07 
-24 
-19 
-35 
-12 
-08 
-07 
-07 
-27 
-20 
-06 
-36 
-28 
-06 
-28 
-29 
-40 
-36 
-27 
-28 
-20 
-20 
-09 
-16 
-25 
-23 
-17 
-26 

Table 1 
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Table UG2 
Wind Load Resistance Selection Selection Table 

Beyond the scope of CSA standard A440 

Table 2 
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The procedure for buildings other than small buildings is similar to the procedure used for 
small buildings, except that the DRWP values are chosen on a one-in-ten year frequency, 
resulting in higher DRWP values. ^ 

In Appendix D of Standard A440.4, there is a non-mandatory part of the standard that includes 
the following: 

"D2. While this Standard does not require routine field testing of a window or door 
installation, it may be desirable in certain instances to do so. The seal must be made to 
the air barrier in the wall or an accurate assessment of the installation cannot be made. 
It is important to understand the intended design of the wall system with respect to air 
leakage control in order to identify the element of the wall to which to seal the test 
chamber. The window or door shall then be sealed with polyethylene in such a manner 
as to prevent air leakage through the unit itself. To conduct an air infiltration test, the 
method outlined in ASTM Standard E783 shall be followed. To conduct a water 
resistance test, the method outlined in ASTM Standard E l 105 shall be followed." 

Comments on the CSA Standard A440 

1. The standard does not deal explicitly with measuring the water tightness of window 
installations. It does, however, deal with the water leakage associated with the manufactured 
window product. The standard includes several methods of window installation that may be 
used to reduce or eliminate water leakage. 
2. In Appendix D of Standard A440.4, reference is made to the ASTM E l 105 Standard (Field 
Test Method). However, no guidance is given as to the recommended pressure differences to 
be applied when ASTM E1105 is used or whether the Procedure A (Uniform applied air 
pressure and constant water spray rate) or Procedure B (Cyclic applied air pressure and 
constant water spray rate) should be used. 

5. EXPERIENCE WITH WATER PENETRATION TESTING OF F L A N G E D , VINYL 
RESIDENTIAL WINDOW INSTALLATIONS 

The Saskatchewan Research Council was contracted in the summer of 2000 to perform a series 
of investigations to determine better methods of installing windows so as to minimize or 
eliminate water penetration. 
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A test apparatus was built in which various methods of water sealing the window installations 
could be tested. A photograph of the test apparatus is shown in Figure 3. 

Figure 3. Test apparatus for water tightness of window installations 

The apparatus was built so that two window installations could be tested simultaneously. A 
depressurization fan was placed in the test building, and used to provide a negative pressure in 
the building relative to the outside of the building. Tests were conducted at 137 pascals, as 
called for in the ASTM E547 Standard, and at 300 pascals, a more elevated pressure called for 
in the CSA Standard for windows with a B3 rating (the highest rating for water tightness for 
windows used in small buildings.) 

The window installations that were tested all were done using vinyl framed windows with an 
exterior flange with pre-punched nailing or screw holes. The testing consisted of three five 
minute cycles with air pressure differences equal to either 137 pascals or 300 pascals, and a 
water spray rate equal to the rate (3.4 L/min-m^ specified in the ASTM standards E547 and 
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E l 105. To provide worst-case scenarios, all of the tests except the final series were done with 
no stucco attached. 

Some of the findings from the testing of various window installations were as follows: 

1. The conventional technique used by the builder to install and water seal the windows 
readily leaked water into the room side of the test building. Most commonly, the water would 
appear on the inside of the room having leaked through the butt joint between the window 
frame and the jamb extension. The windows were designed for a 38 x 89 mm wood stud wall, 
and the walls in the building of interest used 38 x 140 mm studs. The jamb extension used to 
extend the jamb to accomodate the wider wall had a butt joint with no caulking. 

2. The pre-punched holes in the vinyl flanges provided a relatively easy path for water to enter 
the space between the rough opening and the window frame. 

3. The placement of the metal window flashing at the head of the window had an effect on the 
water leakage through the window. 

3. Air sealing the installation to a high standard reduced considerably the frequency and 
amount of water penetration. Air sealing of the butt joint between the window frame and the 
jamb extension helped considerably to reduce air leakage. 

4. Extending the flange on the exterior part of the window by adding a 150 mm wide peel and 
stick membrane, and carefully integrating the building paper eliminated the water penetration 
from around the window. The peel and stick membrane also covered the pre-punched holes in 
the vinyl window flange, reducing opportunities for air and water leakage. The peel and stick 
membrane would not seal in a permanent manner to the OSB directly; a primer coat is 
recommended to achieve a better seal. 

5. Two types of building paper were used in various experiments. In the absence of staples, 
both the 60 minute Haltek building paper and the Tyvek Wrap were able to prevent water 
from entering the wall through the horizontal joints in the OSB sheathing. When staples were 
placed through the building paper, however, the water could readily leak through the building 
paper and the Tyvek, and enter the wall assembly through horizontal joints in the OSB 
sheathing. 

6. The combination of the peel and stick membrane around the window, careful installation of 
the building paper, caulking of the window jamb extension to the window frame, careful 
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installation of the metal flashing, the installation of a well-sealed polyethylene air-vapour 
barrier on the inside face of the wall, and application of stucco were sufficient to reduce water 
leakage through the test apparatus to zero, even under the demanding test conditions. 

7. Rain-screen systems for water management were not tested, in spite of their known superior 
performance. 

6. D R A F T TEST P R O T O C O L F O R D E T E R M I N I N G T H E WATER TIGHTNESS 
O F W I N D O W - W A L L INTERFACES 

In drafting a test protocol, the following principles were used: 
1. The test protocol should be capable of being used in both a laboratory and in a field 

setting. 
2. The test protocol should incorporate elements of existing standards where feasible. 
3. The air pressure differences used in the testing should, as far as possible, match 

those used for the Canadian Standards Association A440 window classification for 
water tightness. 

4. The standard should address the accumulation of water in the building assembly as 
well as the passage of water through the assembly. Concealed water accumulation is 
as undesirable as the visible water passing through the assembly. 

5. The standard should not require the use of difficult to attain components. Testing 
equipment such as blower door air tightness testing equipment should be able to be 
used for testing. 

6. The standard should have a simple pass-fail criterion. It is too difficult to attempt to 
quantify the amount of water leakage or accumulation. Any evidence of liquid 
water leakage through the window-wall interface should be interpreted as a failure 
of the assembly. Water leakage is also undesirable if water accumulates in the space 
between the window or door and the adjacent rough opening and does not readily 
drain to the outside of the assembly. 

The following is a draft text of the protocol: 
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Test Protocol for Measuring Water Tightness 
of 

Window and Door Installations 

1. Scope 

1.1 This test method describes the determination of the water tightness of the installation of 
exterior windows and doors when water is applied to the outdoor face simultaneously with a 
static air pressure at the indoor face lower than the static air pressure at the outdoor face. 
1.2 This test method is applicable to window assemblies and door assemblies when placed in 
exterior walls. It is intended primarily to determine the resistance to water penetration 
through the joints between the window and door assemblies and the adjacent construction. It 
is not intended to measure the water penetration through the window per se, as there are 
alternative test methods available. 
1.3 The proper use of this test method requires a knowledge of the principles of air pressure 
management. 
1.4 The values stated in SI units are to be regarded as the standard. 
1.5 This standard may involve hazardous materials, operations and equipment. This standard 
does not purport to address all of the safety problems associated with its use. It is the 
responsibility of whoever uses this standard to consult and establish appropriate safety and 
health practices and determine the applicability of regulatory limitations prior to use. Glass 
breakage could occur at pressure differences applied during the tests. Adequate precautions 
should be taken to protect persons from the possibility of broken glass. 

2. Referenced Documents 

2.1 ASTM Standards 
E 547 Standard Test Method for Water Penetration of Exterior Windows, Curtain 

Walls and Doors by Cyclic Static Air Pressure Differential 
E l 105 Standard Test Method for Field Determination of Water Penetration of Installed 

Exterior Windows, Curtain Walls, and Doors by Uniform or Cyclic Static Air Pressure 
Difference 
2.2 C.S.A. Standard 

A440 Windows 



3. T e rm ino logy 

3.1 Water leakage 
Penetration of water beyond the plane of the innermost face of the test specimen under 

specified conditions of air pressure difference across the specimen. Water leakage also occurs if 
water accumulates in the space between the window or door and the adjacent rough opening 
and does not readily drain to the outside of the assembly. 

4. Summary of M e t h o d 

4.1 This method consists of applying an air pressure difference across the exterior wall of a 
building while simultaneously spraying water on the exterior face of the wall and observing 
the assembly to determine if water will penetrate the assembly to the interior face or 
accumulate in the assembly and not readily drain to the outside of the assembly. The technique 
can be used either in a laboratory or a field test. 

5. Signif icance and Use 

5.1 This test method is intended for use with exterior windows and doors, at an angle less than 
15 degrees from the vertical. 
5.2 This test method is primarily intended for field application; however, it can also be used in 
a laboratory test where different methods of water penetration resistance might be 
investigated. 
5.3 The field test may be ftiade at the time the window or door assemblies are initially installed 
and before the interior finish is installed. At this time it is generally easier to check for the 
presence of water in the window-wall or door-wall interface. A temporary air seal on the 
inside face of the window-wall or door-wall interface is recommended to simulate the finished 
wall air tightness. 
5.4 The field test may also be made after the building has been completed and is in service. A 
destructive opening of the window-wall or door wall interface will likely be required after the 
test to determine if there is an accumulation of water in the gap between the rough opening 
and the window or door. 
5.5 If wind gusting causes pressure fluctuation to exceed +. 10% from the specified test 
pressure, the test should not be conducted. 
5.6 Generally it is more convenient to use an interior mounted pressure chamber from which 
air is exhausted to obtain a lower pressure on the interior surface of the window or door. 
Alternatively, if the negative pressure requirement is 300 pascals or less, one could use a 
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conventional blower door fan mounted in an interior door to the room to provide the 
negative pressure in the room. Care should be taken to seal off sources of air leakage to the 
room such as intake or exhaust ducts. If the blower door is used, care should be taken that 
items such as loose-laid ceiling tiles are not moved or broken by the air pressure difference. 

6.0 Apparatus 

6.1 The apparatus shown in ASTM Standard E l 105 is recommended. As a lower-cost 
alternative to the interior mounted pressure chamber, the entire room can be reduced in 
pressure relative to outdoors by mounting a larger capacity blower door apparatus 
(approximately 2500 L/s air flow)in a door exhausting to either the outside or to another part 
of the building. In smaller buildings, the latter technique works best if the air is vented to the 
outdoors, or an exterior door to the building is opened to allow the exhausted air from the 
room to be removed. 

7.0 Information Required 

7.1 A decision must be made by the parties involved as to the number of windows to be tested. 
Because of the cost of the testing, it may be appropriate to test only one window-wall assembly 
or door-wall assembly if the building is small and the ability to replicate the window 
installation details is high. For larger buildings and buildings with a variety of window sizes 
and wind exposures, a greater number of window-wall or door-wall assembly tests should be 
specified. 
7.2 The air pressure difference during the test must correspond to the Driving Rain Wind 
Pressure (DRWP) as detailed in the CSA A440.1 User Seleaion Guide to CSA Standard A440, 
Windows. This pressure difference is related to the climate and the height of the building. 
The more severe the climate and the taller the building, the higher the air pressure difference 
that will be required. 
7.3 Because of the more rigorous nature of the tests, cyclic air pressure difference tests are 
recommended. In the cyclic tests, the water spray is applied for the entire duration of the test. 
The air pressure difference is applied for 5 minutes, reduced to zero air difference for 1 minute, 
and the cycles repeated for a total of three times. 

8. Examination of Test Specimens 

8.1 Select and identify the test specimen in accordance with the procedures established in 
Section 7. 
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8.2 Conduct a detailed visual examination of the test specimen and the construction adjacent to 
the test specimen. Record all pertinent information. 

9. Preparation of the Test Apparatus 

9.1 Use the procedure outlined in ASTM E l 105. 

10. Calibration 

10.1 Use the procedure outlined in ASTM E l 105. 

11. Procedure 

11.1 Use the procedure outlined in Procedure B of Section 12 in ASTM E l 105. 

12. Report 

12.1 Use the procedure outlined in ASTM E l 105. 

13. Precision and Bias 

13.1 The test result either is a pass or fail based on the presence or absence of water leakage or 
accumulation in the installation. No statement is made either on the precision or bias of this 
test method. 
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