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Water Vapor Migration 107

THE BASICS OF VAPOR RETARDERS

BY SEAN M. O'BRIEN, PE, LEED AP, AND MATTHEW VONG, SIMPSON GUMPERTZ & HEGER INC.
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Fig. 1 ] The “relative” nature of relative humidity: Warm air can hold
more water than cold air, so the “saturation point” of the air increases.

COURTESY SIMPSON GUMPERTZ & HEGER INC.

LEARNING OBJECTIVES

After reading this article, you should be able to:

+ UNDERSTAND the basic physical forces that result in water
vapor migration.

+ SELECT appropriate vapor retarder systems based on interior/
exterior climate and general building enclosure construction
parameters.

+ LIST the major factors that can impact water vapor migration
through building enclosure systems.

+ DESCRIBE one or more ways to design durable, reliable,
and effective building enclosure systems that appropriately
manage water vapor.
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Sean O’Brien is a Principal at the engineering firm Simpson Gumpertz & Heger
and head of SGH's Building Technology Division in New York City. Matthew Vong
is an Engineer in the same division, based in New York. Both specialize in building
science and building enclosure performance.

apor retarders play an important role in controlling water vapor
flow and can be a major element in durable building enclosure
design. (Note: Although there is some debate in the indus-
try over terminology, “vapor barrier” and “vapor retarder” are used
interchangeably here.) Experience shows that water vapor movement
through building enclosure systems can result in problems in any cli-
mate—not just cold climates—where there is a difference in moisture
levels between the interior and exterior.

Despite this understanding, there are still many misconceptions as
to how and why water vapor flow occurs. This course will describe
how to select and locate vapor retarders to control moisture migration
and prevent condensation within the building enclosure.

It is important to distinguish between vapor flow and air leakage. Air
leakage is three-dimensional in nature. It occurs through discontinui-
ties within the building enclosure—holes, unsealed elements, etc. —or
through air-permeable materials such as unsealed concrete masonry
units. Moving air carries both heat and moisture, so air leakage creates
the risk of condensation as well as heat losses and gains. That’s why
air leakage has become such an important factor in the recent addition
of air barrier requirements to most energy codes in the U.S.

Air barriers must be carefully detailed to provide continuity and may
or may not also function as vapor retarders. Vapor flow is generally
one-dimensional in nature, occurs via diffusion through solid materi-
als, and is primarily governed by the permeability of materials to
water vapor. Vapor retarders typically do not require the same level of
continuity and detailing as air barriers to be effective.

Although vapor flow resulting from air leakage is many orders of
magnitude greater than vapor flow through diffusion, this course will
concentrate on vapor movement that occurs by water vapor diffusion,
which is still an important element in building enclosure design even
though it has taken a back seat to air leakage in recent years.

WHAT EXACTLY IS ‘'VAPOR FLOW'?

Water vapor travels from areas of high water content (also known
as water vapor pressure, or the partial pressure of water vapor in

a sample of air) to areas of low water content. Vapor pressure is a
function of temperature and relative humidity (RH). The key con-
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Vapor Flow in Cold Climates

Colder
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(at cold sheathing)

Primary Direction of Vapor Flow
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Fig. 2 ] Water vapor migration in cold climates is typically from the
interior to the exterior. This leads to traditional code usage requiring
a vapor retarder on the “warm-in-winter” side of an assembly.

Vapor Flow in Humid Climates
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Fig. 3 ] Water vapor migration in hot/humid climates is typically the
reverse of cold climates, with higher exterior moisture levels tending
to “push” moisture into the building.

Vapor Flow in Mixed Climates
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Varying Direction of Vapor Flow

Fig. 4] Mixed climates do not have a dominant direction of water
vapor migration. This creates the need to design for vapor flow in
both directions, which may include split insulation and variable-
permeance membranes.
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cept in understanding RH is the “R”—for “relative.” RH, expressed as

a percentage, can also be thought of as the percentage saturation for

a sample of air at a given temperature.

RH alone cannot be used to determine the direction of water vapor
flow because the saturation point is dependent on temperature:
Warmer air has a higher storage capacity for water than cooler air.

For that reason, it is possible for water vapor to flow from an area of

low relative humidity (but high temperature) to an area of high relative

humidity (at low temperature), as shown in Fig. 1.

For typical buildings, water vapor flows from the warmer side to the
colder side of an enclosure system. This means that the direction of
water vapor flow will vary by season and sometimes even on a daily
basis, depending on the local climate. The ASHRAE psychrometric
chart is a useful tool for determining the primary direction of water
vapor flow under a given set of temperature and RH conditions. By
locating a specific temperature and RH condition on the chart, you
can read the absolute moisture content at those conditions. This is
the humidity ratio, or HR, expressed in pounds of water per pound of
dry air. As has been noted, water vapor will always flow from an area
of higher absolute moisture content to an area of lower moisture con-
tent—in this case, from the higher HR to the lower HR on the chart.

While the direction of water vapor flow is determined by moisture
levels on either side of an assembly, the magnitude of flow is deter-
mined by the vapor pressure differential across an element and the
properties of the layers within that assembly.

B Water vapor permeability, measured in U.S. permein (1 permein =
1 grain/hefteinHg, where 1 grain = 1/7000 Ib), is a material property
that describes the rate of water vapor flow through a material for a
given vapor pressure differential.

B Permeance, a layer property, describes water vapor flow through a
specific thickness of material. It is measured in U.S. perms (1 perm
=1 grain/hesfeinHg).

These measures are analogous to thermal conductivity and thermal
conductance (R-value) when calculating heat flow.

Historically, vapor retarders have been considered to be materials
with a water vapor permeance of 1.0 perms or less. Up through the
mid-1900s, most buildings were constructed using solid, mass-
masonry wall construction—brick, stone, and mortar—materials that
were designed to absorb and store moisture. Since the basic wall
materials were extremely durable and were not likely to be compro-
mised by water vapor accumulation or condensation, vapor retarders
were not used. Besides, vapor diffusion was not widely understood at
the time.

VAPOR FLOW IN TODAY'S CONSTRUCTION

The same design principles regarding vapor retarders cannot be
applied to today’s lightweight construction. Materials used in light-
weight construction do not have the same moisture storage capac-
ity as mass construction or the same durability in wet conditions.
Light-gauge steel framing and gypsum- and wood-based sheathing
are sensitive to moisture. The success of lightweight construction de-
pends on keeping the moisture-sensitive components dry. Managing

www.BDCnetwork.com



water vapor flow is one of several ways to accomplish that end.

As is well understood, condensation occurs when water vapor
migrates to a cold surface and changes phase back to a liquid.
Condensation requires a surface that is below the dew point—the
temperature at which water vapor in air at a given temperature and
RH will condense into a liquid—of the ambient interior environment.

In building enclosures, condensation is most often visible on
glazing and framing systems, which are usually colder than the sur-
rounding wall elements. Predicting condensation on directly exposed
surfaces does not require a moisture migration analysis. Instead, a
thermal analysis can be used to calculate surface temperatures, fol-
lowed by a simple comparison to the interior design dew point.

Predicting and preventing concealed condensation due to water
vapor flow can be much more difficult, for three reasons:

1] Predicting condensation potential involves calculating both heat
and moisture flows through an assembly. This is more complicated
than calculating dew points and surface temperatures alone.

2] Condensation-related damage to sheathing materials and walll
framing can lead to premature degradation and the growth of mold,
both of which are less likely to happen with exposed surfaces such
as metal and glass on windows.

3] Concealed condensation will typically not be noticed by building
occupants until it has progressed to a level where staining, material
failure, or odors have become apparent—at which point it is likely
significant damage or mold growth has already occurred.
Preventing concealed condensation in walls, roofs, and other

building enclosure components is the primary reason for using vapor

retarders.

DESIGNING FOR VAPOR FLOW

The most common question we get about water vapor flow is “Where
do | put the vapor retarder?” —often followed by “Do | even need a
vapor retarder?” Let’s look at the basic factors affecting vapor retarder
design in buildings, as well as common mistakes that can lead to
problems.

Until about 10 years ago, the most common way designers evalu-
ated water vapor migration problems was through manual calculations
using the ASHRAE dew point method. The chief disadvantage of
manual calculations is that they focus on a single point in time. They
do not account for the dynamic nature of changing weather condi-
tions, or for heat and moisture storage and release in materials.

Computer simulations use the same basic formulas as manual
methods, but perform thousands of calculations to account for the
dynamic nature of water vapor flow and the impact of changing condi-
tions, such as rainfall and solar heat gain.

In the following sections, rather than focusing on these specific
analytical methods, we will present general guidance on designing to
accommodate water vapor flow.

EVALUATING EXTERIOR CLIMATE FACTORS
The location of a project is often the primary factor that dictates the
need for a vapor retarder in the building enclosure, and how perme-
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able the barrier needs to be.
Historically, vapor retarders
have been more common

in northern climates due the
condensation and moisture
problems associated with
winter conditions in those
regions. That is why most
codes initially required that
vapor retarders be located
on the “warm in winter” side
of the assembly.

For typical interior environ-
ments in cold climates, water
vapor flow is primarily from
the interior to the exterior for
most of the year. The intent of
a vapor retarder on the interior
of the insulation is to limit
vapor flow to colder places in
the wall, where it can condense (Fig. 2).

In warmer climates, the opposite is true, since the primary direc-
tion of vapor flow is from the exterior to the interior. Here, the issue is
limiting water vapor migration from the exterior to the interior, where
it can condense on the back of interior finishes —especially relatively
impermeable layers like vinyl wallpaper (see photo above).

Mixed climates, such as the mid-Atlantic U.S., do not have a
primary direction of water vapor migration. This makes it difficult to
determine on which side of the assembly to place the vapor retarder.
In these climates, vapor-permeable membranes or vapor retarders in-
stalled between layers of insulation are often the best options (Fig. 4).
There are also vapor retarder materials, known as variable permeance
vapor retarders, that change their permeance in response to chang-
ing RH conditions. These can be useful in mixed climates, as they can
mitigate vapor migration in the cooler seasons but also allow drying
during warmer, more humid, weather.

One element of the exterior environment that is often overlooked
when designing vapor retarders is the moisture present in the local
soil, which can flow into basements and slab-on-grade floors. Install-
ing a vapor retarder below slab-on-grade construction greatly reduces
vapor migration (but not necessarily liquid water flow) through the
slab. Vapor migration through slabs can lead to problems with many
types of flooring, from the reemulsification of water-based adhesives
used for vinyl flooring, to warping of wood-based floor finishes.

For new construction, proper installation of vapor barriers below the
slab is critical. Since there is aimost always a higher moisture concen-
tration in the soil than in the interior air (and, at this point in the project,
the additional construction cost is relatively low), we almost always
recommend using sub-slab vapor retarders regardless of the climate.
Sub-slab vapor retarders should be installed directly below the
concrete slab, as gravel or sand layers between the retarder and the
concrete can allow water to build up below the slab, creating localized

Photo shows mold growth behind vinyl
wallpaper due to moisture migration in
a structure in a hot and humid climate.
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high moisture levels and driving vapor toward the building interior.

The potential for condensation depends on the magnitude of wa-
ter vapor flow, which is dependent on the difference in water vapor
pressure across a building element as well as the permeance of the
materials in the assembly. For very cold or very humid climates, the
great difference in vapor pressure between the interior and exterior
means that vapor flows can be significant, and moisture problems
potentially severe. This is why at least a Class (<0.1 perms) vapor
retarder is necessary in places like Alaska or Florida, while buildings
in mid-Atlantic (mixed) climates may only require a Class Il (0.1 to
1.0 perms) vapor retarder, or no vapor retarder at all.

INTERIOR ENVIRONMENT CONSIDERATIONS
Conditions within a building also have a significant impact on the
requirements for vapor retarders. In mechanically ventilated, non-
humidified buildings in northern climates, interior moisture levels are
generally lowest when condensation potential is highest, due to the
low levels of ambient moisture in the exterior environment. When
humidification is added, even at low levels (35-40% RH), the vapor
pressure differential between the interior and exterior can be double or
even triple when compared to non-humidified conditions.

At even higher levels, such as those found in museums or indoor
swimming pools, buildings with inadequate vapor retarders (or none
at all) can experience significant damage from condensation within the
enclosure, often in an alarmingly short period of time.

The use of wintertime humidification in a building is the biggest factor
governing vapor flow magnitude in cold climates. It should be a red
flag to the design team to be even more careful in the design of vapor
retarders and building enclosure systems under such conditions.

A less well-understood problem is the reliance on operable win-
dows for fresh air ventilation, which many building codes still allow.
Buildings with continuous air barriers often experience high interior
moisture levels during the colder months of the year, since occu-
pants don’t want to have their windows open. This can result in high
interior RH levels and consequent moisture problems in the enclosure.
This situation highlights the need for coordination among architects,
enclosure consultants, and mechanical engineers when designing the
enclosure and identifying the typical interior conditions.

In mixed climates, humidified interior conditions will often mean that
vapor retarders become necessary where they would otherwise not
be needed.

In warm, humid climates, maintaining low interior moisture levels will
increase the vapor pressure differential and the resulting vapor drive to
the interior. This is often the case in office buildings, where occupants
tend to undercool the space for better comfort. However, this should
not be a problem in warm, humid climates, since a well-designed
building will already have a strong exterior vapor retarder.

ENCLOSURE CONSTRUCTION FACTORS

Once the interior and exterior conditions have been determined,
designers must evaluate the overall makeup of a wall or roof as part
of designing for water vapor migration. Many factors need to be taken
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into account, notably:

Durability of materi-
als. Concrete block
and solid brick masonry
are less susceptible to
damage than materials
like gypsum wallboard
and oriented strand
board sheathing. Vapor
retarders may not be
necessary in this type
of construction. In older
buildings, such as those
constructed with solid
brick, adding a vapor
retarder may end up causing problems by limiting drying of the wall and
increasing the risk of freeze-thaw damage to the masonry.

Reverse vapor drive. In wall systems with highly absorptive
exterior cladding, such as split-face concrete masonry units or porous
brick masonry, solar gain on the wet cladding can lead to a localized
water vapor flow toward the interior of the building, even under rela-
tively cool exterior conditions. As solar heating forces the wall to dry
out toward the interior, a vapor retarder —even one installed per code
on the interior side of the wall insulation—can trap that moisture within
the assembly. A more permeable vapor retarder likely would allow the
system to dry out more quickly and prevent moisture accumulation.

This highlights the risk of using vapor retarders in solid masonry
walls that lack dedicated exterior weather barriers. Reducing the dry-
ing ability of the wall can lead to high moisture levels in the masonry,
which can raise concerns about durability and moisture buildup within
interior finishes.

Unexpected vapor retarders. Many building enclosure materials
or finishes can act as vapor retarders, even without being labeled as
such. The most common example is vinyl wallpaper, which can have
a permeance of 0.5 perms or less for some products. Metal back
pans in curtain wall construction and foil backing on some gypsum
wallboard products also can act as “stopping points” for moisture that
result in concealed condensation. They should be evaluated as part of
the overall water vapor flow plan.

Weather-resistive barriers often have very low permeance (<0.05
perms), making their use in some wall assemblies and climates prob-
lematic. This is often the case in colder climates, where designers and
installers routinely select self-adhered rubberized asphalt membranes
for use on exterior sheathing based on the superior waterproofing per-
formance of these products, without considering their impact on va-
por flow when installed on the sheathing outboard of the primary wall
insulation—the wrong side for this climate. Some exterior insulation
is almost always required to prevent condensation when impermeable
weather barriers are used in cold climates.

Vapor traps. Theoretically, putting a vapor retarder on both sides of
the wall or roof insulation would address vapor flow in both directions, but
doing so would eliminate the potential of the wall to dry out in the event of

; et o
Pictured: moisture-related damage to
insulation and wall framing due to the vapor
retarder having been installed —improp-
erly—on the “cold” side of wall insulation.
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a leak or excessive built-in moisture. That's why it's good practice to avoid  retarder within the wall.

using multiple vapor retarders in an assembly, and, depending on the
season, to allow the wall to dry to both sides of the vapor retarder.

In some cases, a variable permeance vapor retarder applied on the
interior can be useful if there is already an exterior vapor retarder, as
it can limit moisture migration to the exterior during cold weather but
allow for some drying to the interior during warmer weather.

One case where vapor traps are unavoidable is in low-slope, com-

Water vapor transmission is an important design consideration
that can determine the success or failure of the building enclo-
sure. Building codes provide some guidance, but they don’t cover
the wide range of factors that can affect enclosure performance. The
local climate, the interior environment, and the nature and configura-
tion of the other materials in the enclosure must all be taken into ac-
count to produce a system that functions not only under the design

pact (unvented) roof systems. In this case, especially in cold climates,
a vapor retarder is needed to limit vapor flow into the roof assembly,
which will typically have a relatively impermeable roof membrane on
the outboard side. This makes the assemblies inherently susceptible to
moisture accumulation in the event of leakage. However, leakage in a
roof is unlikely to go unnoticed, so the potential for significant accumu-
lation without detection is fairly low for most roofs.

Which side is the warm side? Back when typical exterior walls
only had insulation between the studs, the “warm” side was easy to
locate. Most modern energy codes now require continuous insula-
tion outboard of framed wall assemblies, which usually places the
weather-resistive barrier on the sheathing between layers of insula-
tion (Fig. 4). Computer analysis of moisture migration is often neces-
sary to analyze these cases and determine the appropriate levels of
insulation, as well as the appropriate vapor permeance for the vapor

conditions but also has sufficient redundancy to tolerate extreme
events such as water leakage or intermittent spikes in interior or
exterior conditions.

Designing the enclosure to address water vapor migration requires
an understanding of the general factors that impact vapor flow and
applying those factors to the specific conditions on a project. Where
the guidelines described in this course are not sufficient, computer-
ized analysis may be necessary to address water vapor migration.

> EDITOR'S NOTE

Brief additional reading is required for this course.
To earn 1.0 AIA CES HSW learning units, study
the article carefully and take the exam posted at
www.BDCnetwork.com/VaporMigration

Water V Miaration 101 E

1) True or False: Water vapor flow c. Concrete slab-on-grade a. Interior relative humidity

naturally occurs from areas of high d. Low-slope, unvented roof b. Exterior temperature

relative humidity to areas of low 5) "Reverse"” vapor drive in cold c. Interior air pressure
relative humidity. climates is primarily caused by: d. Interior temperature
a. True b. False a. High exterior relative humidity

9) Which of the following is an

2) The magnitude of water vapor flow . 3
example of a material with low vapor

b. Solar heating of absorptive cladding
c. Interior vapor retarders

d. Insufficient insulation

due to air leakage is typically
that due to vapor diffusion alone. permeance that may not be clearly
a. Much greater than 6)

b. Slightly greater than

. 2
True or False: Manual calculations for labeled as a vapor retarder?

determining water vapor migration a. Self-adhered waterproofing
C, Equa| to membrane
d. Less than

3) What is the typical measure of

take into account the dynamic nature
of real wall assemblies.

b. False

What is the defining feature of a

b. Sub-slab vapor barrier sheet
a. True c. Vinyl wallpaper
water vapor permeance in building 7)
materials in the U.S.?

a. The metric perm

b. ng/sem2ePa

c. The U.S. perm

d. The U.S. permein

4) A common “vapor trap” occurs in

d. Insulation facing
10) Which of the following types of
wall systems is most likely to be

mixed climate?

a. Typically humid exterior conditions

b. Very cold winters

. Higri: TS RS negatively impacted by the use of
: . . 7

d. No primary direction of water vapor A0 I T2 el G 2l

migration

What factor has the biggest impact

on water vapor flow magnitude in

cold climates?

a. Brick veneer

which of these assemblies? 8) b. Stucco

a. Solid masonry walls c. Metal panel

b. Brick veneer wall d. Solid masonry
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A BRIEF HISTORY OF VAPOR RETARDERS AND
BUILDING CODES

The first studies of vapor diffusion through building enclosures were
conducted in the late 1920s by Frank Rowley, PhD, Professor of
Mechanical Engineering at the University of Minnesota, according
to William B. Rose, writing in APT Bulletin (“Moisture Control in the
Modern Building Envelope: The History of the Vapor Barrier in the
U.S., 1923-1952,” 1997).

Up to that point, the primary means of preventing condensation
and mold growth in high-humidity buildings —typically factory and
mill buildings where wet interior operations led to high interior relative
humidity levels—was to use a lot of thermal insulation and raise the
interior surface temperature. Rowley first recommended the use of
vapor retarders after conducting an experiment in which the wood
sheathing in the test assembly he constructed collected more mois-
ture without a vapor retarder than with one.

Historically, building codes have not always specified the inclu-
sion of vapor retarders. Vapor retarders were only specified for crawl
spaces in the 1968 New York City Building Code. In the first edition
of the Massachusetts Building Code (1974), the only requirement for
vapor retarder use was that it not increase the fire hazard character-
istics of the building. Vapor retarders first became a requirement in
Massachusetts in 1980, where a maximum 1.0 perm vapor retarder
was required on the winter warm side of walls, ceilings, and floors
enclosing conditioned space. In 2001, Massachusetts increased this
requirement to 0.1 perms, before eventually going back to the more
typical 1.0 perm requirement in later editions.

Vapor retarders were incorporated into the Canadian Building
Code as early as 1970. Class | or Il vapor retarders were required
in above-grade walls, depending on resistance needed to control
vapor movement. The National Building Code of Canada requires
that vapor retarders for residential buildings have a vapor permeance

of <1 perm, but only requires that vapor diffusion be controlled if an
assembly “would be adversely affected by condensation.”

Most current building codes define three classes of vapor retard-
ers: |, Il, and lll. The rating is based on the manufacturer’s certified
testing or a tested assembly, typically per ASTM E96 — Standard
Test Methods for Water Vapor Transmission of Materials. Class |
vapor retarders are less than 0.1 perms. Class Il vapor retarders are
between 0.1 and 1 perms. Class Il vapor retarders are between 1
and 10 perms.

Most metal and plastic films qualify as Class |. Kraft paper facing
on insulation and some foam plastic insulations are generally Class
Il. Latex paint over gypsum wallboard, some types of building paper,
and some wood sheathings are generally Class IIl.

The term “vapor barrier” is often used interchangeably with “vapor
retarder.” While many practitioners consider a vapor barrier—which
effectively stops almost all water vapor flow rather than just retard-
ing or slowing it—to be a Class | (or less permeable) vapor retarder,
there is still no consensus in the industry on which is the proper term
to use. The most common use of the term vapor barrier is for materi-
als installed below slabs-on-grade, which are intended to eliminate
vapor flow from the ground, as opposed to wall materials that can
tolerate some water vapor flow, or where such flow is desired for
redundancy (to allow drying).

In the 2015 International Building Code, Class | and Il vapor
retarders are to be provided in climate zones 5, 6, 7, and 8 and
marine 4 on the interior side of above-grade framed walls. One of
the exceptions is in construction—primarily mass masonry construc-
tion—where moisture or frozen condensate would not damage the
materials. Class Il vapor retarders are only permitted where the as-
sembly demonstrates a sufficient ability for moisture to escape, such
as vented assemblies and certain insulated sheathing assemblies as
defined in the code.
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