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ven well-designed and properly

installed cladding or siding will

eventually fail to prevent weather-

related water and air intrusion.

Therefore, additional barriers are

used to reduce the risk of weather-
related damage. Because of their many benefits,
synthetic building wraps (also known as house-
wraps) have replaced asphalt felt as the major
material for water- and weather-resistive bar-
riers and air barriers. This article surveys key
information about sheet membrane building
wraps, including their materials, uses, and test-
ing requirements.

TYPES OF BARRIERS

There are three basic types of weather-barrier
systems to keep weather out. They are face-sealed
(barrier), drained cavity or vented rainscreen,
and redundant or concealed barrier systems.' For
the vented rainscreen design and the redundant
barrier system, the acronym WRB may refer
to either a weather-resistive barrier or a water-
resistive barrier.” Previous building codes have
used WRB to refer to both water-resistive barri-
ersand weather-resistive barriers. Section 1402.5
of the 2021 International Building Code (IBC)?
and Section R703.2 of the 2021 International
Residential Code (IRC)* define WRB as “water-
resistive barrier.” However, the term “weather-
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Figure 1. A recent installation of a mechanically attached polymeric sheet membrane building

wrap used as both the air and liquid water barrier for a drainable wall system. Fasteners for
this membrane were covered by the overlapping sections. An open joint cladding system is to
cover this membrane, which is represented to be stable during ultraviolet exposure.

resistant” appears in Section 1402.2 of the 2021
IBC and Section R703.1 of the 2021 IRC, with
the codes stating that “exterior walls shall pro-
vide the building with a weather-resistant exte-
rior wall envelope.”

In the 2002 edition of the American
Architectural Manufacturers Association (AAMA)
2400, Standard Practice for Installation of Window
with a Mounting Flange in Open Stud Frame
Construction for Low Wind/Water Exposure,®
the AAMA (now the Fenestration and Glazing
Industry Alliance) defined WRB as “weather-
resistant barrier;” a surface or wall responsible for
preventingairand water infiltration to the building
interior. However, the definition in AAMA 2400-
10° was changed from “weather-resistant barrier”
to “water-resistive barrier.”

The IBEC Manual of Practice’ defines WRB
as “water-resistive barrier,” which is defined as
“a material, generally sheet or liquid applied,
behind an exterior wall covering that is intended
to resist liquid water that has penetrated behind
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the exterior covering from further intruding into
the exterior wall assembly.”

Some building wrap manufacturers use the
term “weather-resistive barrier” in their product
literature for WRBs, and that definition may be
used to denote both water and air resistance.
Most building scientists and technical publica-
tions have now resolved the terminology incon-
sistency for this internal protective layer, which is
used to control water intrusion, and often serves
adual function as an air barrier, is known as the
water-resistive barrier (WRB).

A building enclosure is enveloped by envi-
ronmental separators that must resist the flow of
heat, air, moisture (liquid) and moisture (vapor)
(HAMM). Though the air gap in a ventilated
rainscreen design controls inward conductive
heat flow, most WRB systems do not slow con-
ductive heat transfer. A properly installed con-
tinuous WRB does stop convective heat transfer
(airflow). The WRB for the vented rainscreen
and a redundant barrier system provides protec-
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tion for the building’s internal components from
HAMM flow through the enclosure.

Many different systems and material compo-
nents can be used fora WRB. These materials can
be building paper, mechanically fastened or self-
adhered synthetic building wraps, fluid-applied
systems, cellular plastic insulation, treated sub-
strate systems using sealants and taped joints,
and other materials and systems that have been
designed to resist liquid water. In many cases, the
WRBis also used to restrictair and vapor flows.
For this paper, we are focusing on the building
wrap or the sheet membrane WRB.

HISTORY OF BUILDING WRAPS

The first WRBs were vapor-permeable,
asphalt-impregnated felts (Grade A or D build-
ing paper). Asphalt-impregnated products
were introduced as early as the 19th century.
Although they were easily torn and sensitive to
ultraviolet (UV) exposure. Asphalt-impregnated
products provided additional protection, slow-
ing water ingress when the cladding leaks and
slowing airflow.

Even though most of the current WRBs are
analternative to the original asphalt-impregnated
felts, Section 1403.3 of the 2021 IBC and Section
R703.1.1 of the 2021 IRC still list asphalt-impreg-
nated material as an appropriate WRB. For the
IBCand IRC, approved substitutes now include
building wraps as well as many other materi-
als and systems for water control. IBC Section
1403.3 states:

Water-resistive barriers shall comply

with one of the following:

1. No. 15 felt complying with ASTM
D226, Type 1

2. ASTM E2556, Type I or Type 11

3. ASTM E331 in accordance with
Section 1402.2

4. Other approved material installed
in accordance with the manufac-
turer’s installation instructions.

The wording in IRC Section R703.1.1 is
mostly the same as this excerpt from IBC Section
1403.3. However, in IRC Section R703.1.1,
item 2 refers to ASTM E2568, Type 1 or 2, and
item 3 references Section R703.1.1.

The vapor diffusion theory was introduced
in the mid-1930s as the fix for exterior paint
failures.® This theory led to the introduction of
vapor barriers into wall systems and the initial
inclusion in our building codes. Inclusion of
vapor barriers have since been updated by many
references showing that air-transported mois-
ture, not vapor flow, was the cause of exterior
paint failures. As a result, the WRB began to take
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Figure 2. Diagram of
the rainscreen wall  cagging—o a
showing the positioning -
of the building wrap  Prained and vented cavity ———
as the controlling layer Heat Control
for liquid water and """
ai':flOW (left)’ Image Building Wrap
shows a drainage
matrix attached to a  substrat
self-adhered permeable
building wrap, creating ™" >
the drain and oypsum Board
vented cavity for the Vapor Control Y
ventilated rainscreen  paint
installation (right).

on an additional role of controlling airflow
in addition to its original role as a means to
keep water out.

In the 1950s, Hutcheon wrote, “Air mer-
its major consideration mainly because of its
influence on heat and moisture flow.” In the
1960s, building scientists documented and
recognized that air infiltration has a greater
impact than vapor diffusion on wall systems
and the interior environment.!!! This find-
ing is reflected in the “Build tight, ventilate
right” motto coined by Jack Hébert, founder of
the Cold Climate Housing Research Center.'?
Since the 1960s, building scientists have con-
tinued to cite air infiltration as a prominent
transport of nonbulk or nonliquid moisture
far exceeding that of vapor diffusion transport.

During the energy crisis of the 1970s,
conservationists emphasized that reducing
air leakage (convection) through the enclo-
sure would reduce energy consumption for
both heating and cooling demands. In the
late 1970s, the introduction of airtight, liq-
uid-water-tight, large-width polymeric sheet
products, also known as building wraps, pro-
vided ease of installation and the continuity
requirements for a better-functioning air bar-
rier. Building wraps quickly gained acceptance
in the 1980s due to their dual function for
water and air resistance, replacing the smaller-
width, heavier, asphalt-impregnated WRBs
(see Fig. 1).

The 1995 National Building Code of
Canada (NBC code)" was the first North
American code to require continuous air barri-
ers forall commercial buildings. Massachusetts
was the first US state to introduce a similar
requirement in 2001, with Wisconsin follow-
ingin 2003. The American Society of Heating,
Refrigerating and Air-Conditioning Engineers
(ASHRAE) 90.1-2010 introduced air barriers
in 2010 for commercial buildings.

BUILDING WRAP FUNCTION

Building wrap systems behind the cladding
are the secondary plane of protection against
water ingress, and—if continuous, detailed, and
sealed appropriately—they also enclose the wall
assembly as an air barrier. The materials behind
the exterior wall veneer now help control heat, air
(and its convective heat flow), water infiltration,
and water vapor—or heat, air, liquid moisture,
moisture vapor (HAMM). In most cases, the
materials are the separator between the exterior
and interior environments, blocking HAMM.
Their primary function is to resist liquid water
that has migrated through the exterior cladding,
Building wraps, when installed properly in a
drainage cavity wall system (vented rainscreen),
prevent liquid water movement into the overall
wall assembly by allowing free drainage out
of the wall system. When WRB systems are
combined with flashing and other supporting
materials to ensure that there is a shingled effect,
these systems directliquid water away from the
exterior sheathing.

With many state building code requirements
now requiring air barriers, building wraps can
provide multiple functions that include serving
as the buildings water barrier, air barrier, and,
in some cases, a vapor retarder. This multifunc-
tionality provides a broader range of function
for addressing HAMM than is offered by No.
15 asphalt-impregnated felts.

The dual function of the WRB as an air
barrier requires air permeance resistance. Air
permeance resistance requires the material’s air
permeability to be less than or equal to 0.004
cfm/ft? at 0.3-in. water gauge (0.02 L/sem? at
75 Pa) when tested in accordance with ASTM
E2178." For air barrier assemblies air leakage
must be less than or equal 0.04 cfm/ft* at 0.3-in.
water gauge (0.02 L/sem?at 75 Pa) when tested in
accordance with ASTM E2357.° The introduc-
tion of asphalt-impregnated membranes in the
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Figure 3. A woven, microporous building
wrap provides vapor permeability.

19th century did reduce airflow, though not as

effectively as properly installed building wraps

or the many other alternative WRB materials
available for the continuity requirements of an
air barrier. Building wraps have large surface
areas and are sealed with either self-adhesive
membranes or sealant tapes at the seams. These
features help building wraps meet the continuity
requirements of an air barrier, which asphalt
felts do not meet.

When a ventilated rainscreen design is used,

a building wrap should provide the following

basic functions (Fig. 2):

« Abarrier to prevent liquid moisture penetrat-
ing through the cladding from intruding into
the wall assembly

« Resistance to airflow, slowingair-transported
moisture and convective heat transfer (when
the building wrap is also used as the air bar-
rier)

« Vapor diffusion drying if the wall becomes
wet

BUILDING WRAP COMPOSITION
WRB synthetic sheets, referred to as house-
wraps or building wraps, are composed of syn-
thetic polyolefin (polyethylene, polypropylene),
polyester, polyamide, polyimide polymers, or a
combination of synthetic polymers. To create the
building wrap, these polymers are spun-bonded,
woven, single layer or multilayer films that are
laminated or coated. (Fig. 3,4, and 5).
Self-adhered building wraps use a wide range
of compounds, including modified bitumen,
butyl-based, styrene-butadiene-styrene rubber,
oracrylic compounds for adhesion. Self-adhered
synthetic sheet products with high water vapor
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Figure 4. Close-up view of a cross section of a
monolithic, spun-bonded, synthetic building
wrap.

permeance typically use adhesives that are water
vapor permeable and/or spot applied to provide
water vapor permeability.

Other additives or coatings may be incor-
porated into the manufacturing of the building
wrap. For example, fire retardants are added to
reduce the building wrap’s flame spread and
the smoke developed. Coatings or laminated
low-emissive materials, such as metals, are used
to reduce radiant heat transfer when the build-
ing wrap is installed properly. UV-stabilizing
compounds may be required if long-term UV
exposure is anticipated. Prolonged UV exposure
and the associated damage are problematic for
many synthetic polymers that are not adequately
UV stabilized. Even though the synthetic poly-
mers used for building wraps are in general
hydrophobic, hydrophobic compounds may
be added to enhance their capability for liquid

water resistance.

WATER VAPOR PERMEANCE

Both IRC, in Section R703.2, and IBC, in
Section 1403.2, define the water-resistive barrier
as No. 15 asphalt felt or other approved water-
resistive barrier. IBC Section 1402.2 requires
weather protection of the exterior walls to provide
the building with a weather-resistant exterior
wall enclosure. No. 15 asphalt felt has an approxi-
mate permeance of 5 perms (286 ng/Pa-sem?)
when tested using ASTM E96, Standard Test
Methods for Gravimetric Determination of Water
Vapor Transmission Rate of Materials,” desiccant
method. Procedure A of ASTM E96 is simi-
lar to ASTM F1249, Standard Test Method for
Water Vapor Transmission Rate Through Plastic
Film and Sheeting Using a Modulated Infrared

Figure 5. Close-up view of a cross section of a
triple-layer, spun-bonded, synthetic building
wrap.

Sensor"® using conditions of 23°C (73.4°F) and
50% relative humidity. The ASTM E96 water
methods (procedure B) typically provide a much
higher permeance value for asphalt felts, as high
as 60 perms (3431 ng/Pa«sem?). Procedure B of
ASTM E96 is similar to ASTM E398, Standard
Test Method for Water Vapor Transmission Rate
of Sheet Materials Using Dynamic Relative
Humidity Measurement," using conditions of
23°Cand 50% relative humidity. This implies a
permeance for the WRB and building wraps of 5
to 60 perms (286 to 3431 ng/Pas«sem?) depending
on ASTM permeance testing methods.”"" In the
past, IBC required ASTM E96 desiccant method
testing. The 2021 edition of IBC cites the ASTM
E96 water method for use in determining water
vapor permeance for vapor retarders.

Selection of appropriate water vapor perme-
ance fora WRB is dependent on the WRB’s loca-
tion within the wall assembly, as well as the inte-
rior and exterior environments including vapor
pressures. To assist in proper design, an evaluation
using a hygrothermal analysis program such as
Wirme Und Feuchte Instationdr (WUFI) will
assist in evaluating long-term hygrothermal per-
formance of the designs in the built environment.

IRC Section R702.7 and IBC Section 1404.3
require vapor retarders to be installed on the
interior side of framed walls, which is referred
toas the “warm side” of the enclosure during the
winter. Because a nonpermeable WRB isa vapor
barrier, this requirement suggests that a non-
permeable WRB should not be installed on the
exterior of the enclosure, unless hygrothermal
analysis provides an approved acceptance for an
alternative position. When two vapor retarders
are incorporated into a wall design, moisture
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Figure 6. Micrograph of a spun-bonded poly-
olefin membrane, showing the spaces between
the fibers that allow water vapor to travel.

Figure 7. A 100x image of a micropore in a
woven building wrap.

that enters the wall system can become trapped
between the two retarders.

Vapor diffusion drying is the process of water
vapor moving from a higher vapor pressure (wet)
to alower vapor pressure (dry). When moisture
accumulates inside the wall, this moisture can be
released only by vapor-diffusive drying. Water
vapor diffusion drying allows accumulated
moisture to escape through a permeable build-
ing wrap. A vapor-permeable building wrap next
to ora vented rainscreen is essential to allow the
release of moisture into the vented cavity and out
of the wall system.

Commercially available building wraps can
have very high water vapor permeability, 100-
200 perms (grains/hreft?sin. Hg) (5721-11,442
ng/Pass.m?) or greater, thereby offering very
high vapor diffusion drying rates. However,
because these highly permeable building wraps
have larger pore sizes to allow high water vapor
permeance, they typically no longer perform as
an air barrier.

Water vapor permeability is incorporated into
building wraps by two methods: spun-bonded
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fibers or microperforations. Spun-bonded build-
ing wraps allow water vapor to diffuse through the
spaces within the structure of the spun-bonded
material. These spaces are typically small enough
to limit liquid water and air molecules, so spun-
bonded building wraps can actasa dual-purpose
air and water barrier (Fig. 6).

Perforated building wraps are made from
vapor-tight polymer films. To provide water
vapor permeance, small holes are punched into
the film (Fig. 7). Laboratory tests have shown
that nonperforated building wraps resist liquid
water better than perforated building wraps.?
In addition to greater resistance to liquid water
transmission, nonperforated building wraps
show higher air resistance than perforated build-
ing wraps.* Multilayered building wraps have
an inner layer containing a microporous film
(Fig. 8). This combination of a microporous layer
sandwiched between two spun-bonded layers
helps control liquid water and air resistance, and
allow water water vapor movement through the

building wrap.

ATTACHMENT METHODS

Securing the building wrap to the enclo-
sure is important for the building’s water and
air resistance. Continuity of the building wrap
is critical when it is used as an air barrier and
is a key requirement for airtightness. Building
wraps typically come in large widths and lengths
that help limit the number of seams or overlaps.
This offers a distinct advantage over the original
asphalt-impregnated WRB materials.

Figure 8. Micrograph
of a microporous
synthetic membrane
thermally laminated
between two spun-
bonded membranes.

Figure 9. Fastener penetration
through spun-bonded building
wrap pushes the fibers aside,
allowing the fibers to cinch
around the fastener.

There are two types of attachment meth-
ods for building wraps: mechanically fastened
and self-adhered. Mechanical attachment uses
penetrating fasteners to attach the membrane
to the substrate. A self-adhered membrane uses
adhesive applied on the inner facing surface dur-
ing the manufacturing process. When attached,
the adhesive bonds the building wrap onto the
substrate. This removes the need for tapes or
sealants for the seams that ensure watertightness
and airtightness for most self-adhered building
wraps.

When mechanically attaching synthetic
membranes, installers must take care to ensure
that the penetrations created by the fasteners do
not leak. Leakage is prevented by incorporating
gasketed fasteners or sealing over the fasteners.
Although sealing fasteners and penetrations
are important for all building wraps, leaks are
less of an issue with nonperforated, nonwoven,
self-adhered building wrap membranes. Spun-
bonded, synthetic building wrap membranes
are made of a tough, uniform material of fused,
fine, high-density polyethylene or polypropylene
fibers. When fasteners penetrate a spun-bonded
sheet, the fibers separate and cinch around the
fasteners, helpingto lock outair and water ingress
(Fig. 9).

Fasteners used should be approved by the
building wrap manufacturer and tested to
ensure both airtightness and watertightness.
For air barrier continuity and water resistance,
mechanically attached membranes require
sealed laps and penetrations. Given the surface
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Low-Energy-
Surface Synthetics

Low-energy-surface synthetics used in building wraps have unique surface characteristics
that make them hydrophobic. This property allows the openings in spun-bonded materials
and the micropores in perforated building wraps to diffuse water vapor while keeping liquid
water out.

Permeable low-energy-surface building wraps, especially perforated wraps, are susceptible
to surfactants thatincrease the energy of the surface, causing water to pass through the build-
ing wrap.* A surfactant is a chemical or compound that lowers surface tension (Fig. 10 and
11). Some sealants and fluid-applied compounds contain surfactants, causing water to pass
through when applied to permeable
building wraps (Fig. 12).

Low-energy surfaces also make it
difficult for pressure-sensitive adhe-
sives to stick. A low-energy surface
allows water to bead up, as shown in
Fig. 10, as well as causing an adhesive
from flowing and beading up on the
building wrap’s surface. For an adhesive
to stick, it needs to be able to “wet out”
or “flow” onto the surface. “Wet out”
describes the many tiny, interactive
bonds that form with the surface of a
substrate, which depend on the surface
energy and texture (smooth or rough.)
Because of the low energy at the surface

Figure 10. Water on a low-energy surface without  of the low-energy-surface synthetics,
surfactants.

many adhesives cannot achieve ade-
quate interactive bonds and fail to form
a robust bond strength. The result is
poor adhesion.

Figure 11. Water on a low-energy
surface with surfactants.

Figure 12. A sealant is applied to the building wrap
and allowed to fully cure. An open bucket is sealed
to the building wrap to allow the addition of water
over the sealant. The underside of the building
wrap is monitored for water penetration through
the membrane as shown in the image.
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characteristics of the synthetics used in building
wraps, most notably their low-energy surfaces
(see sidebar, “Low-Energy Surface Synthetics”),
sealants, adhesives, and tapes for sealing laps
and the adhesive used for self-adhered building
wraps must be formulated to adhere tightly to
the building wraps surface. Sealants used should
be those recommended by the manufacturer
and field tested to ensure strong adhesion to the
building wraps surface.

Given the low-energy surface of building
wraps, applying adhesives or tapes in the field
for overlaps and penetrations to ensure water-
tightness and airtightness can be difficult. Many
manufacturers recommend or offer specially
formulated adhesives for both sealants and tapes
to ensure a long-lasting bond for a high level of
adhesive performance. Tapes, sealants, or both
are required for mechanically attached overlap-
ping seams, especially for airtightness.

Modified acrylic adhesive systems were
designed to help overcome the obstacles of
bonding adhesives to low-energy surfaces
without the need to modify the surface with
techniques such as flame treatment, corona
treatment, or the use of solvent-based adhesive
promoters/primers. These treatments add cost
and complexity; also, their use may involve
environmental or safety issues, and may affect
the building wrap’s water resistance.

Self-adhered building wraps with adhesive
coatings remove the need for penetrating fasten-
ers for attachment, but the adhesive layer used
for attachment reduces the permeability of the
installed product. When specialized adhesives
and special applications are used, many self-
adhered building wraps can maintain high water
vapor permeability. Asphaltic and butyl (synthet-
ic rubber) adhesives may require the application
of primers on the substrate to promote desired
adhesion. Any addition of primers reduce the
water vapor permeability and drying potential of
awall system. Newer adhesive technologies such
as acrylic pressure-sensitive adhesives (PSAs)
typically do not require primers for adhesion.
These PSAs are usually more UV stable and do
not harden, but rather stay fluid and increase
adhesion, over time. Modified bitumen, butyl-
based, or SBS rubber adhesives dry outand can
lose adhesion over time.

Self-adhered building wraps offer several
advantages compared with mechanically attached
building wraps. Billowing or movement of the
mechanically attached building wrap due to pres-
sure differences is reduced for a self-adhered mem-
brane. When fastener penetrations are needed for
cladding attachment, the surrounding adhesive
inhibits further migration of water or air should
it enter through the penetration.
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Figure 13. A fastener penetrates building
wrap, holding back a head of water in the
column above.

TESTING PARAMETERS

Heat, water, and UV exposure are the great-
est causes of degradation in building products.
Their damaging effects on building wraps are
exponential when combined.

Given the detrimental effects of heat, water,
and UV exposure, it is critical that WRBs have
specific characteristics and are thoroughly
evaluated through appropriate testing methods.
Published technical information should include
all testing methods used, the test results, and
exposure limits for the WRB. Most manufactur-
ers publish this information in their technical or
product data sheets.

There are many standards, test organizations,
and methods used to evaluate building wrap mem-
branes. One notable resource is the International
Code Council Evaluation Service (ICC-ES), which
reviews and certifies products, components, meth-
ods, and materials to ensure they meet require-
ments of the IBC, the International Fire Code,”
and the other model codes. ICC-ES acceptance
criteria AC38% lists the testing methods that
manufacturers use as an accepted alternative
to the IBC- and IRC-required Type 1 asphalt-
saturated membranes. Some of the tests related to
synthetic building wraps are tear resistance, UV
resistance, moisture tolerance, and air and water
vapor permeance.

Tear Resistance

The three tear resistance test methods includ-
ed in the ICC-ES acceptance criteria AC38* used
to measure membrane dry tensile strength or dry
breaking force are ASTM D828, ASTM D882,
and ASTM D5034.% These methods all provide
agauge of the building wraps strength (Fig. 13).
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Figure 14. Open-joint cladding over ultravio-
let-stable building wrap applied over mineral
wool.

Most building wraps far exceed values deter-
mined for the IBC and IRC for their referenced
WRB Type 1 asphalt-saturated membranes.

UV Stability Testing

UV exposure can affect a building wrap's
tear or puncture resistance as well as its water
resistance. Factors that affect the risk of UV
damage to building wraps include sun exposure
due to geographic latitudinal location, elevation
(atmospheric density and ozone levels), and
building exposure, including the time until the
building is covered by the cladding.

UV environmental exposure is difficult to
duplicate in a laboratory setting. The AC38 UV
light exposure speci-
fies a minimum of
210 total hours of UV
exposure. However,
as mentioned above,
exposure is dependent
on anumber of factors.
In laboratory testing,
a building wrap must
be exposed to a UV
lamp for a minimum
of 500 hours, which
is considered to be
equivalent to approx-
imately 3 months’
full exposure for an
installed building
wrap. UV lamp expo-
sure for 1000 hours
can equate to roughly
6 months exposure.™

Usually, building wrap

Figure 15. Water testing chamber capable of delivering 8 in. (203 mm)
water per hour with a calibrated spray and pressure system that can
simulate £100-mph (160 km/hr) wind pressure conditions.

manufacturers provide a maximum window of
allowable UV exposure to ensure the building
wrap will perform as expected.

Atpresent, a few building wraps that provide
long-term UV exposure stability are available.
These building wraps should be used when a
WRB is expected to have long-term UV expo-
sure. Use of this type of building wrap is espe-
cially critical for an open-joint cladding system
(Fig. 14) because open-joint cladding exposes
underlying materials to environmental risks
such as wind washing® and moisture, which can
reduce the thermal performance of insulation or
degrade underlying materials. A UV-stable build-
ing wrap placed over the surface of the insulation
will keep weather from affecting an exterior insu-
lation’s conductivity and hide the surface with a
UV-stable carbon black membrane. In addition
to hiding the exposed interior surface, the carbon
black also enhances UV stability. 2

This exterior-exposed building wrap is typi-
cally used as a cover for the insulation protection.
Typically, a secondary permeable building wrap
is installed onto the substrate for ease of instal-
lation and to ensure continuity for water- and
airtightness.

Water-Resistance Testing

Since the building wrap provides the WRB
and many times the air barrier, it is critical that
the material is tested thoroughly for water resis-
tance.” ICC-ES AC38% provides three methods
to test for water resistance: the ASTM D779*
boat method; the water ponding method in
Section 6.4.5 of the Canadian Construction
Materials Centre’s (CCMC's) Technical Guide for
Sheathing(CCMC 07102),* and the hydrostatic
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Figure 16. Hydrostatic head test showing failure of a building

wrap with poor water resistance.

head method in the American Association of

Textile Chemists and Colorists’ (AATCC’s)
Test Method for Water Resistance: Hydrostatic
Pressure (AATCC 127).%

« The ASTM D779 boat method is the least
rigorous of the water-resistance test meth-
ods. A moisture-detection material is placed
in a boat made of the building wrap, which
is placed in a water bath. Given the high per-
meability of building wraps and the sensitiv-
ity of this test indicator to high humidity,
the boat test may not be an applicable test
method for highly permeable WRB mem-
branes.

« The water ponding method in CCMC
07102 uses a waterhead of 25 mm (1 in.)
and requires a 2-hour water resistance
(Fig. 15).

« The hydrostatic head method in AATCC
127 is the most robust technique; it uses a
waterhead of 55 cm (22 in.) and requires a
5-hour water resistance. See an example of
a failure in Fig. 16.
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Figure 18. A wall with penetrations is
ready for air leakage rate testing of the
assembly.

Air Permeance

The 2012 edition of [IECC?Y introduced the
requirement for a complete air barrier system to
address air leakage surrounding the conditioned
space of the building, which is now required in
the 2021 IBC and IRC. The model energy code
defines “air barrier” as a combination of materi-
als and assemblies that restrict or prevent the
passage of air through the building enclosure.
Figure 17 shows apparatus that is used to evalu-
ate building wrap for airtightness in the ASTM
E2178 test method."

Some building wraps when installed as a
system can provide airtightness for the wall.
To pass as an air barrier system, a wall is tested
using the ASTM E2357' test method and must
notexceed 0.04 cfm/ft*at 3 in. water gauge (0.20
L/secsm?at 75 Pa) (Fig. 18).

Water Vapor Transmittance

In the past, water vapor transmittance (water
vapor moving through a material) was consid-
ered to be the primary mechanism for moisture

Figure 17. Equipment used to test air permeance using the ASTM E2178
test method.”

transport for interstitial condensation. In 1947,
E.B. Rowley wrote, “Use of a vapor barrier is
the most effective means of preventing interior
moisture from getting inside walls and ceil-
ings.”*® Soon thereafter, Hutcheon described
moisture carried by air leakage as a common
issue for inner wall condensation due to its
air-transported moisture.” To date, many still
confuse air- and vapor-transported moisture
and fail to understand their vast differences for
water vapor movement.* Water vapor transmit-
tance is the measurement of water vapor moving
through a solid material and not through air
movement at holes.

Vapor diffusion is usually many hundreds
of times slower than air-transported moisture.
However, vapor diffusion is still important
for both the possible accumulation of intersti-
tial moisture and the release of that moisture.
Because building energy codes greatly restrict
both heat flow and airflow that can dry inter-
stitial moisture, vapor diffusion may be the only
alternative to remove accumulated moisture. It
is important to evaluate vapor diffusion drying
and its ability to remove moisture that passes
through the WRB into interstitial space.

Both IRC and IBC reference ASTM E96"
Procedure B, the water or wet-cup method, asa
method to test water vapor transmittance mea-
surements of vapor retarders. The use of both
the ASTM E96 desiccant and water methods is
important to understand vapor diffusion under
those very different conditions (Fig. 19). Unlike
air movement through joints, seams, holes, and
gaps, water vapor transmittance is the rate of
water vapor through the material being tested.

The ASTM E96 test was adopted in 1947
and has known issues.*” Bomberg’s reference
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Figure 19. Diagrams of the test dishes for the ASTM E96' desiccant (left) and water (right) methods.

notes issues that include temperature and rela-
tive humidity variation of the chamber, baro-
metric pressure variations, cup size variation,
height of the water or desiccant in the cup, edge
mask of the cup, sample test area measurement,
and airflow over the cup. Further advances in
laboratory equipment have improved testing
devices, which now provide faster turnaround
and, in some cases, better reproducibility,
although results are still quite variable among
laboratories (by up to 20%), it is still the most
used test method for water vapor permeance
determinations.

The ASTM E96 desiccant method provides
values for vapor diffusion under dry conditions,
or when the vapor difference on either side of
the building wrap is between 0% and 50% rela-
tive humidity (RH). Although these conditions
would seem to be fairly common for a wall, the
testing method does not provide information
about the vapor movement when the substrate
orinner wall is wet. Because permeable building
wraps allow water vapor diffusion drying, it is
important to also measure the vapor diffusion
rates under wet conditions. The ASTM E96
water method provides values for vapor diffu-
sion under wet conditions, or when the vapor
difference on either side of the building wrap is
between 50% and 100% RH.

The vapor diffusion values for the desiccant
method are usually less than the water-method
values. Using ASTM E96 water-method values
provides a better understanding of the ability
of the building wrap to dry the wet underlying
surface. The desiccant method values provide
information about water vapor transmission in
dry conditions.

Two additional water vapor permeance test
methodsare ASTM E398" and ASTM F1249.1
The ASTM E398 method approximates the
ASTM E96 water method, and the ASTM
F1249 approximates the ASTM E96 desiccant
method. As testing laboratories become familiar
with the newer water vapor permeance testing
equipment used for the ASTM E398 and ASTM
F1249 standards, expect to see more testing data
from these testing methods.
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SUMMARY

WRB sheet membranes have been used as
weather- and water-resistant barriers since the
introduction of asphalt-saturated sheet materials
in the 19th century. In the 1970s, synthetic
membranes that were more durable than
asphalt-saturated sheets were introduced. The
introduction of building wraps coincided with
clear understanding by building scientists
that air leakage was the primary mechanism
for water moisture transport by airflow and
a contributor to energy loss through convec-
tion. The industry realized that tough, large
sheets of a building wrap have many advan-
tages over the older asphalt-impregnated felt
products. In particular, building wraps are
easier to install and can perform as both water
and air barriers.

Building wraps are manufactured using a
variety of polymer formulations and strategies.
The polymers can be spun-bonded, woven,
single-layer film or multilayer films, laminated
or coated. Most building wraps are designed to
be durable and resist water. Building wraps can
be attached by mechanical fastening or directly
adhered to the surface by specially formulated
adhesives. They must pass the testing methods
to be an acceptable alternative to Type 1 asphalt-
saturated membranes. The test methods and
results should be provided by the manufacturer
to ensure that the building wrap functions as
intended. Today, most building wraps are both
watertight and airtight, durable, UV stable to
some degree, and vapor permeable to allow dif-
fusive drying to occur.

Given the many test methods used to evaluate
building wraps and the variable results from these
tests, comparisons between the available building
wraps can be difficult. Perforated material is likely
to be less resistant than nonperforated material
to water, especially when surfactants are pres-
ent. In the author’s opinion, installations should
always include a ventilated rainscreen design to
ensure complete drainage and allow vapor dif-
fusive drying. When considering building wraps
to serve as both water-resistive and air barriers,
self-adhered membranes can typically provide

better continuity for the requirement of air barri-
ers. For continuity requirements for airtightness,
it is important to ensure that sealants and tapes
will perform over the life of the building, Ceec
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