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Abstract
One of the primary functions of exterior windows, doors, and walls is to control rainwater. But what level of resistance to rainwater is acceptable to an owner, what is required by
code, and what is the standard of care for architects? AAMA 101 already provides a method
for answering this question for windows. This paper describes a rational method of applying
the AAMA standards to opaque façades. Examples included show how to communicate these
goals to owners, specifiers, and contractors during the design process. Examples of laboratory and field testing are also included, showing how these tests can fall short, how testing
is misused, and when special attention is needed to ensure test results are meaningful.
In an effort to develop a consensus standard for field testing façades, laboratory testing
has been performed in collaboration with a national air barrier manufacturer and industry
professionals. The results of this testing underline the importance of enclosure design principles, including drainage, redundancy, and durable materials. Test results also show there
is not a one-size-fits-all test to perform during construction to ensure a watertight façade.
Rather, results show how the designer needs to think critically about the waterproofing
strategy and customize the testing protocol to be compatible with the designed water control
strategy.
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Water Resistance of Façades
INTRODUCTION
To the layman, it may seem that the
subject of water resistance would be a
binary topic not worthy of much discussion
or even a subject of professional debate. If
the separation of the interior and exterior
environment is a primary function of the
façade, one could expect the façade to resist
the movement of water between these two
environments. However, as many know, the
definition of water resistance can be ambiguous and something that is sometimes
taken for granted or ignored until there is
a problem. Once a problem arises, defining
water resistance can become the subject of
hours of meetings and perhaps require the
assistance of an arbiter or judge to split the
hairs and resolve the debate.
From a building science standpoint, no
conventional façade is entirely resistant to
water. Façades typically include products
with a measurable rate of water vapor
transmission and moisture storage capacity. In vapor form, water can pass through
and condense on an interstitial layer, such
as a misplaced vapor retarder. Porous building materials, such as green lumber, can
arrive at the site with elevated moisture
content. Once on site, porous materials can
also become so wet that the interior surface
becomes darkened, or slowly deposits efflorescence on the exposed interior of architectural concrete. Window and door systems
can allow water into visible drainage channels, or have visible puddles of water that
are not beyond the innermost projection of
the window.
All of these situations could result in a
dispute if the contract documents are not
carefully written. This paper, however, will
only cover the movement of liquid water
through the façade. In our experience,
clearly identifying the water resistance criteria for the project before bidding is the
simplest way to avoid a dispute. With input
from the owner, the architect or specifier
should define the level of leakage that is
acceptable. Criteria for windows, doors,
and walls are discussed below. Once the
performance level is defined, the next challenge is how to verify its achievement. Water
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testing the façade can create a false positive—or worse, fail to find a future leak, if
not performed carefully and thoughtfully.
Below, we share results of laboratory testing and experiences with field testing. While
we consult in various states, we are based
in California. Accordingly, in addition to
the International Building Code (IBC), we
will also discuss the California Building
Standards Code (CBSC).

RESISTANCE CRITERIA FOR
WINDOWS AND DOORS
Most window and door systems marketed in the United States and Canada are
tested to confirm they can resist water penetration while simultaneously being subjected to differential air pressure, intended
to replicate rainfall occurring with positive
wind pressure. These water-resistance test
pressures range from 0 pounds per sq. ft.
(psf) for “limited-water” doors, up to 15 psf
for windows with an increased risk of winddriven rain. The pressure depends on the
type of window or door, as well as the type of
building where the product will be installed.
Taller buildings have higher wind loads than
single-family homes. Accordingly, the sealed
or gasketed commercial and architectural
products are generally more water-resistant
than a residential sliding door or window
that might use sweeps or brushes to resist
water intrusion. The window and door
industry has a wide assortment of products
to cover this performance spectrum.
For standard window and door products,
the façade designer can defer to the requirements of AAMA/WDMA/CSA 101/I.S.2/
A440-11, which is the collective effort of
the members of the American Architectural
Manufacturers Association (AAMA), the
Window and Door Manufacturers Association
(WDMA), and the Canadian Standards
Association (CSA). Because that is quite the
alphabet soup of a name, let’s call this AAMA
101 for short. In 171 pages, this document
defines the terminology, performance criteria, and evaluation methods for the structural fitness, water resistance, air resistance,
and durability of many types of windows
and doors. Standard products are designed
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and certified as meeting AAMA 101, so in
effect, the designer can request that a single
manufacturer provide them with a window or
door that does not break, fall out, or leak too
much under their project’s circumstances.
This complex request can be made with the
inclusion of a few short lines of text in their
window or door specification. AAMA 101
has done such a good job of standardizing
the performance expectations for standard
window systems that conformance with this
standard is required by the widely adopted
IBC, as well as the CBSC. This effectively
requires a baseline level of water resistance
for most windows.
An aspect of AAMA 101 that specifiers
should be aware of is that some leakage is
considered acceptable by the standard. The
definitions section allows water to leak to
the interior; however, this is acceptable, as
long as the water does not pass beyond the
“innermost projection of the test specimen,
not including interior trim and hardware.”
Essentially, this code-referenced standard
is saying that it is okay for windows to leak,
as long as surrounding materials are not
affected. This level of performance could be
acceptable in some circumstances; however,
most owners would not be happy to find
water perched on the interior of horizontal
mullions. Specifiers incorporating AAMA
101 should consider including their own
definition of water penetration in the contract documents, after discussing expectations with the owner. In our experience,
owners and contractors are eager to meet
a higher level of performance to avoid the
health and litigation risks that accompany
water leakage.
We have found success in defining
water leakage as “any uncontrolled water,
other than condensation, that appears on
any interior surface of the façade, or on
any surface inside the concealed spaces
of the façade or adjacent construction not
designed specifically to function as part
of the rainwater management system.” We
have also found it helpful to specify that this
definition of water penetration governs over
those found in referenced ASTM and AAMA
documents. It is important to note that a
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Figure 1 – Overview of a simple
stucco wall specified by four design
professionals and installed by four
subcontractors.

Figure 2 – Detail showing some
of the stucco wall components
provided by at least 12
different manufacturers.

higher level of performance is not always
needed throughout the entire project. Some
amount of leakage or stains can be acceptable in parking garages, mechanical rooms,
or other spaces with no organic finishes.
Another aspect of AAMA 101 to be aware
of is that curtainwalls, storefronts, and
many other systems are not covered by this
standard. The model code also says very little about the performance of curtainwalls—
only requiring a baseline level of structural
design/testing and no requirements for
water resistance. To put this another way,
let’s reflect on the fact that the 2016 CBSC
requires that a school of cosmetology shall
not have less than 2000 sq. ft. of classroom
space and shall provide 30 additional sq. ft.
per student if the average daily or nightly
attendance exceeds 50 students for a period
of three months. The code is hyper-specific
about this requirement, but is silent regarding the water resistance of the curtainwall
façade for every large building in California.
Under these circumstances, owners and
architects place their trust in spec writers,
design–build contractors, or façade consultants to assist them in defining and enforcing performance criteria for the façade.
Luckily, most developers of high-rise construction retain reasonable professionals to
specify often-reasonable performance criteria, despite the lack of a code requirement
to do so. In general, specifiers follow the
methods of ASTM E2099 and AAMA 501,
which mirror many of the requirements of
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AAMA 101. The minimum requirement in
these standards is that the assembly resist
water leakage with an induced static pressure differential equal to 20% of the inward
design wind load. Allowable stress design
wind loads are determined using ASCE 7,
which accounts for the building occupancy,
height, orientation, and project site. All
in all, this makes for a robust method of
determining the leakage resistance criteria
for curtainwalls.

RESISTANCE CRITERIA FOR WALLS
A reasonable person may assume that
designing an opaque wall would be just
as easy as specifying a window system per
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AAMA 101; however, that assumption is
unfortunately quite wrong. Spandrel areas
of curtainwall and window wall typically
meet the same water resistance criteria
as the glazed areas; however, most other
opaque systems are not tested to resist
water intrusion.
In many circumstances, an opaque wall
has no hope of passing a static water test—
even at the lowest test pressures used for
windows and doors. The difference between
these performance levels does not seem to
be due to any inherent difference between
the function of the window or wall. It seems
to be due to the fact that non-curtainwall
wall systems do not have standard-setting
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associations that encompass all of the components of the exterior wall system, and
perhaps because typically the material costs
are lower than curtainwall, the expectations
for their performance are also lower.
There are many types of non-curtainwall
wall systems, including cast-in-place concrete and CMU walls; however, due to the
limited nature of our laboratory testing, the
remaining portions of this paper focus on
stucco cladding on framed walls.
Typically, stucco on wood or steel studs
is an assemblage of products from multiple
manufacturers who separately design products to be used as cladding, air barriers,
water-resistive barriers (WRBs), sealants,
flashing, sheathing, studs, and interior finishes (Figures 1 and 2). To complicate matters, these components are frequently specified by different design professionals with
varying degrees of coordination between
them. Lastly, these constituent parts are
installed by different trades—again with
varying degrees of coordination or knowledge of what other trades will be following
behind.
Despite the lack of a consensus standard, the building code actually has a
lot to say about the water resistance of
walls. Chapter Fourteen of the IBC and
the California Building Code (CBC) identify
the performance requirements for opaque
walls. In short, it requires the use of a WRB
concealed behind the wall cladding, which
must include a means of draining water
to the exterior. The U.S. codes are not very
clear about what constitutes a “means of
draining water”; however, Canada’s National
Building Code (NBC) is quite a bit more
precise, requiring a 10-mm gap in many
circumstances.
The intent of this large gap seems to be
to promote ventilation and drying, and to
create a gap large enough to discount capillary forces. The effect of capillarity can be
significant in a porous cladding material.
Capillary pressure is calculated using the
Washburn Equation, described in Building
Science for Building Enclosures by Straube
and Burnett. If you hold all the other variables constant and graph the results of
various gap sizes, as shown in Figure 3,
you can see the sudden effect gap size has
on the resulting capillary force. The smaller
the gap, the greater the capillary pressure.
Put simply, the smaller the gap size, the
more likely a weep will be transporting
water towards the interior through capillary
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suction, rather than draining water to the
exterior as intended. Commonly in stucco
wall assemblies, the metal or plastic weep
screed at the base of the wall comes to the
site with pre-punched holes intended by the
manufacturer to promote drainage. These
holes are then typically blocked with stucco
after the scratch coat is installed. Drainage
through the holes is then limited to the
amount of water able to pass through the
microscopic pore structure of the stucco
itself. Other contractors and consultants
insist on applying vegetable oil or bond
breaker tape over unperforated screeds
in an attempt to create a continuous gap
between the stucco and screed. While the
second method is much more labor intensive, it can create a gap that is about 1 mm
wide. While this gap is a great deal more
than what the first method provides, it is
still quite small, and is easily painted over
during construction or maintenance.
From our reading of the IBC and CBC,
it appears that the rainscreen principle that
is espoused as “good design” is, in fact, a
code requirement, or at the very least the
intent of the code. However, the lack of
specificity in the IBC about the “means of
draining water” has allowed for the common use of stucco wall assemblies that
only include very small weeps which—due
to capillary forces—frequently do not provide drainage, especially if stucco walls are
painted. Without the addition of a drainage
cavity, these walls can only effectively perform as a barrier system, where the water
management strategy for the wall consists
of excluding as much water as possible at

the outermost surface. This type of wall can
trap water, or the WRB can become overwhelmed if the stucco surface is cracked,
if seals are incomplete, or movement joints
are not properly detailed or installed. The
addition of a drainage cavity behind the
stucco can allow the WRB to resist leakage even with these issues present. As we
have seen moisture accumulating behind
weep screeds, it is important to note that
we believe the stucco screeds should not be
used as part of the drainage strategy; rather, it should be part of the cladding system
hung in front of a robust drainage system.
There are, of course, some exclusions to
the IBC requirement for a means of draining
water. EIFS, concrete, and solid masonry
walls are not required to follow the rainscreen principle. Additionally, any wall that
is successfully tested per ASTM E331 at a
pressure of 6.24 psf for two hours does not
need to use the rainscreen principle, and
is also exempt from using a code-approved
WRB. So, if a wall cladding is described as
a barrier system, the designer should be
able to obtain a test report documenting
how the code-required resistance criteria
is achieved. The contractor should also be
confident that they can reliably recreate the
test assembly detailing in the field. After
having observed several of these tests and
reviewed the summary reports, I can say
that the numerous pretests, repairs, and
retesting necessary to get a passing result
are not clearly laid out in these reports.
Additionally, the high level of effort and
attention given to the laboratory mock-up is
seldom replicated in the field.

Figure 3 – Results of the Washburn Equation showing the relationship between the
size of weeps and the resulting capillary pressure.
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Figure 4 – Assembly 1.1.2 with building paper, before stucco installation.

TEST METHODS

a differential pressure of 6.24 psf, it
seems advisable to also perform testing of the WRB with some differential pressure; however, many project
teams perform testing of the exposed
WRB with no pressure. The duration
of testing also varies, with some testing for 15 minutes at a high pressure,
matching the criteria of the adjacent
windows; while others test for two
hours, matching the code duration.
In our experience, most new construction teams do not perform any testing
of opaque walls and many also never
perform field water testing of windows.
Still others delay testing until late in
the project. Some believe the cladding
improves the chance of passing the
test, and delay until the cladding is in
place. Additionally, specifications are
rarely written in a way that requires
the WRB to meet the code-required
criteria without cladding, which creates
ambiguous requirements for testing,
and tough decisions for owners and
contractors that could result in large
cost and schedule impacts to the project. Even
when WRB use is properly specified and communicated to the project team, when failures
occur during testing without cladding, some
argue the testing is invalid because it is not
based on any industry-approved standard.

for two hours with a differential pressure of
In our experience, meeting the code 6.24 psf, so should a system that includes
requirement to install a WRB is often not a WRB.
The approaches taken to test opaque
sufficient to prevent water leakage. If the
minimum code requirement is an inad- walls are quite varied. While the code
equate standard, what can a project team requires a finished wall assembly to pass at
do to provide a more robust cladding
system?
We and other consultants have
adopted leak testing of the WRB itself
before the cladding is installed over
the WRB. The idea behind testing
the WRB prior to cladding installation, but after making penetrations,
such as at lath or Z-girt fasteners,
is that if the cladding is considered
a rainscreen, then eventually water
is expected to reach the WRB; therefore the WRB should be leak free.
Testing the WRB before the cladding
is installed additionally allows access
to the WRB for inspection, diagnosis,
and repair without demolition and
with less disruption to the project
schedule.
In the absence of a consensus
standard for testing wall systems
with WRBs, we have turned to the
code criteria for accepting systems
without WRBs. Our rationale is that
if a wall system with no WRB should
be able to withstand water testing Figure 5 – Assembly 1.1.1 with fluid-applied air barrier, before stucco installation.
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LABORATORY
TESTING

Assembly #		 Type of WRB

Exterior Insulation?		

Lath Support Method

1.1.1
Fluid-applied
Yes
Screws into Z-girts
To assess the use1.1.2
Building paper
Yes
Screws into Z-girts
fulness of this test1.2.1
Fluid-applied
No
Screws into framing
ing and compare the
results of testing per1.2.2
Building paper
No
Screws into framing
formed before and after
2.1.1
Fluid-applied
Yes
Screws through insulation into framing
the cladding installation, we partnered
2.1.2
Building paper
Yes
Screws through insulation into framing
with Tremco’s Building
2.2.1
Fluid-applied
No
Screws into framing
Envelope
Solutions
2.2.2
Building paper
No
Screws into framing
Team, which operates a
large wall-testing labo2.2.2 Control
Building paper
No
Screws into framing
ratory. Under the conFigure 6 – Matrix describing the different types of wall assemblies that were tested.
trolled conditions of the
laboratory, they brought together several the type of WRB (building paper or fluid- duration is four times the length of the
industry partners to design, construct, and applied), type of insulation (continuous or typical 15-minute test for windows, and is a
test nine different stucco-clad wall assem- between studs), and type of lath support common test duration that has been speciblies. Each were 8 by 8 ft. and included (screws into girts or screws into metal fram- fied in California. The scratch, brown, and
a recessed window penetration, sheathing ing), we came up with eight unique wall finish coats of stucco were then installed,
joints, control joints, stucco accessories, assemblies, described in Figure 6. With this and during phase two testing, all eight
and penetrations for ducts, pipes, and number of variable wall assembly materials assemblies were tested again. The 2.2.2
electrical boxes. The general arrangement included, it is important to note that the Control was tested for the first time. For the
matches what is used in ASTM E2357, intention of testing was to create a broad second phase of testing, water was sprayed
which is the assembly test for air leakage.
sampling of different WRB assemblies used for two hours, and a negative differential air
For the WRB, half of the assemblies used on stucco walls on commercial projects to pressure of 6.24 psf was applied to the intetwo layers of traditional building paper, gain an understanding of how they gener- rior face of the assemblies. This test is per
shown in Figure 4, while the other half used ally respond to field testing. Since there was the IBC and CBC exemption to using a WRB
fluid-applied air barrier, shown in Figure typically only one specimen of each assem- or following the rainscreen principle. The
5. All window openings were treated with bly type, we do not have enough data to differential pressure is intended to replicate
fluid-applied flashing. The remaining pipe, compare the results of which wall assembly the positive air pressure caused by wind
duct, and electrical penetrations were either had a more consistent performance.
blowing on the exterior, and is equivalent to
treated with fluid-applied flashing or moldThe exception to each assembly being a 50-mph wind with no effects from terrain
ed polyethylene boots. Half of the assem- unique was that one wall assembly was or other obstructions.
blies included extruded polystyrene exterior constructed twice (2.2.2 and 2.2.2 Control).
insulation with grooved drainage channels, These assemblies represent a common TEST RESULTS
During the first phase of testing, five of
while the remainder had no exterior insula- assembly used in coastal California. The
tion. Exterior insulation was supported by duplicate was included to compare the the eight assemblies tested had leaks, as
either metal Z-furring, to which lath was performance of wet building paper that is shown in Figure 7. Some assemblies had
attached, or the insulation and lath was exposed to weather or quality control test- leaks at multiple locations. Collectively,
blind-fastened through the insulation and ing to building paper that remains dry until there were leaks at eight different locasheathing. For test walls with no exterior stucco has been installed. It is common- tions. Three of the four assemblies with
insulation, the stucco lath assemblies were ly believed that building paper “wrinkles” building paper leaked, while two of the
held in place using traditional methods; when exposed to moisture in curing stucco four assemblies with fluid-applied air barhowever, one assembly used the “Diamond to form drainage channels behind the stuc- rier had leaks. No leakage occurred at
Furr” lath system from Brand X Metals, co. The question in this one case is if build- window openings. Somewhat unexpectedly,
Inc., which reduces fastener penetrations ing paper will lose its ability to “wrinkle” there was also no leakage at the misplaced
“shiner” fasteners. During field testing, we
through the WRB. In every assembly, if a after field water testing is performed.
fastener missed the stud (often known as a
The WRB and all lath/stucco acces- frequently observe leaks at shiners. Likely
“shiner”), it was left in place. The intention sory penetrations through the WRB were due to the absence of a pressure differenin leaving shiners was to replicate typical installed prior to testing. All of the assem- tial during indoor testing at the Tremco
construction found in the field. However, blies except for one (2.2.2 Control) were lab, water was not forced through these
the wall installers had higher levels of skill included in the first phase of testing with small holes. Rather, leaks appeared on the
and experience than provided at a typical the WRB exposed. For this first phase of interior at openings in electrical boxes, at
construction project. And the wall construc- testing, water was sprayed on the exterior sheathing board joints shown in Figure 9,
tion was certainly more closely observed for one hour, while the team observed the and at a fish mouth in base flashing that
than at a typical construction project.
specimens from the interior and noted when was reverse-lapped. These leaks occurred at
By combining these three variables of and where leakage occurred. The one-hour locations where gravity was the driving force
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Assembly #		 Leaks During Phase One		
1.1.1

Leaks During Phase Two

Electrical box – 6 min.

Did not recur

Fish mouth at base – 16 min.

Did not recur

1.1.2

None		

None

1.2.1

Electrical box – 7 min.

Same leak recurred

Electrical box – 41 min.

Same leak recurred

Electrical box – 1 min.

Did not recur

Sheathing joint – 17 min.

Did not recur

2.1.1

None		

New, at electrical box – 7 min.

2.1.2

Sheathing joint – 19 min.

Did not recur

2.2.1

None		

New, at shiner – 5 min.

			

New, at shiner – 9 min.

2.2.2

Did not recur

1.2.2

Electrical box – 5 min.

			

New, at shiner – 1 min.

2.2.2 Control

Electrical box – 1 min.

Not tested		

			

Sheathing joint – 8 min.

Figure 7 – Matrix describing both phases of testing, describing where and how
long after the start of testing leaks appeared.
for the leakage, where water can run down
and hit a horizontal surface that directs it
to the interior. Some leaks appeared quickly
(less than one minute into testing), while all
except one leak appeared within 19 minutes. The outlier was a leak at an electrical
box that took 41 minutes to appear and
may have been caused by masking tape
that was used to simulate the exterior cover
plate of the electrical box, which apparently
leaked, creating a large reservoir within the
electrical box, which eventually leaked to
the interior.
Several weeks after phase one testing,
after stucco cladding was installed and
cured, the second phase of testing occurred.
During the second phase, five of the nine
assemblies tested had leaks, as shown in
Figure 7. Some assemblies again had leaks
at multiple locations. However, collectively,
the number of leak locations remained at
eight. Surprisingly, only two of the leaks
recurred during both phases of testing.
Three of the assemblies that leaked during phase one did not leak at all during
phase two. This appeared to be due to the
influence of the stucco cladding, which by
design reduced the quantity of water that
reached the face of the WRB. An example of
this was the fish mouth at the base flashing
of assembly 1.1.1. During phase one testing, it was observed that the fish mouth in
the metal flashing formed a reservoir that
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needed to be filled prior to water migrating
laterally to a fastener penetration. During
phase one, it took 16 minutes to fill this
reservoir, and presumably during phase
two, the longer test duration was still not
able to supply enough water to fill this
reservoir. The other two assemblies that
improved during phase two testing both
included building paper WRBs (assemblies

1.2.2 and 2.1.2). These examples show that
the WRB can be covered with stucco and
perform well under quality control testing
that may not discover potential problems in
the WRB. Additionally, assembly 1.1.2 had
no leaks during either phase of testing. This
shows that assemblies using building paper
WRBs—which are improved using fluidapplied flashings or preformed boots—can
meet the code-required level of performance
and can be checked for quality before or
after the cladding is installed.
Phase two testing included a differential pressure. Accordingly, three of the
assemblies had leaks occur at four new
locations during phase two testing. Three
of these four locations were at shiners,
as shown in Figure 8. These leaks began
quickly, within nine minutes of starting
the test. It is important to note that there
were many more shiners throughout the
assemblies that never leaked during either
phase of testing. Very interestingly, two
of these leaks at shiners stopped leaking
approximately 20 minutes into the test.
Both of these leaks occurred in assemblies
that contained building paper. Presumably,
the “wrinkling action” of the building paper
randomly deflected water away from the
shiner. One of these disappearing leaks
occurred on assembly 2.2.2, which was
one of the pair of identical assemblies and
had been exposed to testing during phase
one. This suggests that the “wrinkling abil-

Figure 8 – Leak at shiner on assembly 2.2.2, which leaked during phase two.
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issues that were not detected in
testing without pressure. If the
goal of testing is to identify and
remedy as many defects as possible to reduce the risk of leakage, our laboratory results indicate that testing should occur
before cladding is installed, for a
duration of 15 minutes minimum,
and should include a minimum
pressure differential of 6.24 psf.
Testing a building paper WRB
under pressure before cladding
is installed is a very difficult bar
to pass because the paper laps
are not sealed; however, we know
from prior experience that it is
possible.

FIELD EXAMPLES

Figure 9 – Leak at sheathing joint on assembly 1.2.2; note water drip on right.

Case Study #1
Recently we performed field
water testing of a private high
school for a design–build team.
They wanted assurance that the substituted window product would still meet the
same standard as the specified window. In
discussions with the team, it was agreed
that testing would be conducted with a
pressure of 5.33 psf (based on the window’s
rated performance) and would include a
portion of the surrounding window flashing
and building paper, as shown in Figure 10.

ity” of the building paper was unaffected with pressure would still be required. These
by the phase one testing. Additionally, the two phases of testing also showed us that
assembly that remained dry during phase testing the WRB with no induced pressure
one (2.2.2 Control), experienced leaks dur- before the installation of cladding does not
ing phase two that matched its partner. The have a deleterious effect on building paper
leaks that occurred during phase two were and is able to detect some installation and
of two types. They were either gravity-driven design problems that may not be detected
leaks from phase one testing that recurred, if testing occurs after cladding installation.
or new leaks that appeared to be water Testing with a differential pressure revealed
being “sucked” through small holes due
to the differential pressure. Of the eight
leak locations, all appeared on the interior quickly, in less than nine minutes.
The results indicate that if field
testing is conducted before cladding is
installed and without an induced pressure, the duration should be extended
to a minimum of 45 minutes; however,
several types of defects, such as shiners, may not be detected. If field testing
is conducted after cladding is installed
with a minimum induced pressure of
6.24 psf, a shorter test duration of 15
minutes is adequate. Also, during testing after the cladding is installed, several types of defects may not be detected
because the rainscreen cladding may
prevent water from reaching the defect.
These shorter (45- or 15-minute) durations are appropriate for quality control
testing; however, note that if the testing is required by an authority having
jurisdiction to show equivalency to the Figure 10 – Case Study #1. Field testing of window with exterior insulation and lath
code, the extended two-hour duration installed, before stucco application.
RCI International Convention
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water. The metal panel in this design, however, was not incorporated into the window.
Rather, it was simply sealed into the rough
opening below the window. Due to this
oddity, the CBSC technically required the
addition of a WRB behind the metal panel.
Taking advantage of the already-planned
preconstruction laboratory test, the team
added a two-hour water test to the agenda
to show equivalency to the code. During
the test, no issues occurred with the metal
panel or window systems; however, the
GFRC, being a porous material, became
saturated with wet spots appearing on the
interior face of the concrete. Neither the
code nor the project specifications required
the GFRC to resist water leakage during a
two-hour test, and the results were therefore considered acceptable.

Figure 11 – Case Study #2. Lab testing of metal panel inset into GFRC panels for a
university building.
The specification did not require the building paper to resist this pressure; however,
the team wished to understand the overall
performance of the building envelope before
cladding and window installation proceeded
in earnest. Leakage occurred not
at the window or the sealant
joint to the adjacent flashing;
rather, leaks occurred between
the flashing and the surrounding building paper.
In the construction of the
next high school, the design–
builder refined the window
details, but still used building
paper to meet the price point,
and were able to pass a field
test at 8.75 psf for 15 minutes
before stucco was installed. A
similar version of this wall was
later tested in the laboratory by
Brand X Metals, Inc. This test
was conducted with the stucco
installed and was able to pass
using a test pressure of 18 psf
for 15 minutes.

spandrel metal panel below each window,
shown in Figure 11. As mentioned in the
list of code exceptions discussed earlier,
concrete and window spandrel areas do
not require a WRB or a means of draining

Case Study #3
On a luxury housing project, the window
wall with stone panel rainscreen was valueengineered to window wall vision areas,
adhered stone veneer, and cement plaster
over a fluid-applied air barrier, as shown
in Figure 12. To ensure the level of performance was not reduced, the cement plaster
assembly was subjected to the same rigorous preconstruction testing as the custom

Case Study #2
The façade design for a new
university building included
glass-fiber-reinforced concrete
(GFRC) panels with punched Figure 12 – Case Study #3. Finished project with alternating vertical bands of balconies,
window openings and a small window walls, and stucco.
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window wall. A leak at a
louver and at the stucco
were both found during
testing, and the design
of the seals was adjusted accordingly to correct
the problem. In addition
to static and dynamic
water testing, as shown
in Figure 13, the stucco
wall was also voluntarily
subjected to tests for air
leakage, structural wind
loading, deflection of the
floor slabs, and interstory drift. With the use
of a robust air barrier,
the stucco wall was able
to resist all of the same
tests expected of a highend custom window system. These requirements
were clearly specified
and coordinated with the
owner’s expectations, validated at the laboratory
mock-up, and confirmed
by field testing during Figure 13 – Case Study #3. Laboratory testing of the stucco and window walls during the preconstruction.
construction mock-up.

CONCLUSION
A recurring theme is that the design and
performance of walls frequently falls below
the requirements for windows. Roofs must
resist persistent ponding, and below-grade
waterproofing typically must resist hydrostatic pressure. Windows must be transparent, operable, and resist a battery of specified testing or AAMA 101 requirements.
Why, then, are some walls not required to
meet any basic level of water resistance?
Opaque walls have the highest level of complexity, variation of products, suppliers, and
exterior and interior finishes. Even though
they seem to be the easiest component of
the envelope to seal, they frequently are
not. By including an air barrier and a drainage mat behind the stucco, we know it is
possible for stucco walls to meet the same
requirements as windows.
The use of air barriers in opaque walls is
becoming increasingly common, thanks to
changes in the energy code. In California, at
least, air barriers are now required in some
parts of the state, with a large exception for
buildings near the coast, which happens to
be where most buildings are located. With
the expanded use of air barriers, this is an
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opportunity to re-evaluate our expectations
for walls and their ability to resist water
under induced pressure. There does not
appear to be a consensus standard of care
for the water resistance performance of
walls, beyond the minimum level set by the
code for non-WRB systems, which excludes
several assemblies and is far lower than the
loads experienced by high-rise walls. It does
not make sense that our expectations for
which type of walls should be able to leak is
based upon code exceptions and prescriptive requirements. The window industry has
a logical method for determining how much
water resistance should be provided, based
upon the expected wind loading. Taller commercial buildings are subjected to higher
wind loads and should have a higher resistance to leakage, while shorter residential
structures should have a lower requirement. Walls and windows are exposed to
the same forces; why, then, are they not
designed to the same standards and verified
through the same testing?
Based on our experience in the field and
the evidence provided by the laboratory testing, we believe field water testing should be
performed before rainscreen claddings are

Trade Show •

installed, even if building paper is the only
WRB. Testing should include a differential
pressure equal to the pressure determined
to be appropriate for the adjacent window
system. Lab testing also showed that the
two-hour test duration is not necessary. A
test duration of 15 minutes is adequate as
long as appropriate differential pressure is
provided. The designer and specifier of the
exterior wall should also think critically
about the water management strategy of
their assemblies, and ensure the performance criteria and any quality assurance
testing are clearly defined and coordinated
with the owner’s expectations.
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