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FOREWORD

Canada Mortgage and Housing Corporation
(CMHC), the federal government’s housing agency, is responsible for
administering the National Housing Act. This legislation is designed to aid in
the improvement of housing and living conditions in Canada. As a result, the
Corporation has interests in all aspects of housing and urban growth
development.

This publication is one of many items of information published by CMHC
with the assistance of federal funds.

The Building Envelope Research Consortium (BERC) was instrumental in
providing overall direction and guidance for the production of this document.
BERC consists of representatives from a wide cross-section of the building
construction community in British Columbia including architecture and
engineering associations, research organizations, various levels of
government, developers, contractors and product associations.

This Best Practice Guide is intended to be a living document and will be
updated as feedback is received and as more current technical information
becomes available. Users are invited to submit their comments and
suggestions to:

Canada Mortgage and Housing Corporation
Research and Technology Transfer

World Trade Centre

Suite 450-999 Canada Place

Vancouver BC V6C 3E1

DISCLAIMER

The information contained in this
publication represents current research results available to CMHC, and has
been reviewed by a wide spectrum of experts in the housing industry.
Readers are advised to evaluate the information, materials and techniques
cautiously for themselves and to consult appropriate professional resources
to determine whether information, materials and techniques are suitable in
their case. The drawings and texts are intended as general practice guides
only. Project and site-specific factors of climate, cost, aesthetics, and so on,
must be taken into consideration.
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BACKGROUND

Excessive building envelope performance
problems have been experienced in low-rise wood-frame residential buildings

in the coastal climate of British Columbia since 1985. The problems appeared

sometimes as moisture ingress and damage to interior finishes; however, the
most alarming symptom has been the occurrence of extensive wood decay.
The Survey of Envelope Failures in the Coastal Climate of British Columbia
identified key aspects of the design, construction, operation and maintenance
which lead to the problem. This document provides the construction industry
with the basis and impetus to develop solutions to these performance
problems. The production of this Best Practice Guide is one element of the
response to the recommendations made in the Survey. Other initiatives
funded by CMHC include Quality by Design: a Quality Assurance Protocol
for Wood-Frame Building Envelopes in British Columbia.

Wood-frame construction systems in use today have evolved over a long
period of time. Changes include the availability of materials, new building
materials, the growth of the population, and the pressure to use labour,
materials and energy more efficiently. While this evolution has accelerated
rapidly in the last 20 years, the fundamental wood-frame structural system
has remained unchanged for much longer.

Traditional construction using repetitive wood member systems (as opposed
to post and beam systems) has been codified in various local and national
building standards. The prescriptive requirements in the current National
Building Code of Canada serve as a model for the British Columbia Building
Code. These requirements apply to the use of wood construction for
residential structures up to four storeys in height. They are also used for
buildings of other occupancies, providing that they do not exceed certain
height, size and hazard limitations. Wood construction has been widely used
because it has a proven record of performance under a wide range of climates
throughout North America, when it is used in an appropriate manner with
attention to detailing and durability.

CLIMATE

There has been much speculation regarding
the prevalence of recent envelope failures in British Columbia’s coastal
climate. Although the Survey identified the physical reasons, it is more
difficult to determine how the industry collectively evolved to produce
problem buildings. What is clear is that the coastal environment of British
Columbia is intolerant of design and construction practices that result in the
accumulation of moisture in wood-frame assemblies. The graphic on the
cover (adapted from “Wood Decay Hazard in Canada Based on Scheffer's
Climate Index Formula”) illustrates the coastal climate area to which this
Guide is directed. The figure is based on a “Climate Index,” a function of
both temperature and precipitation. The coastal climate zone is also limited to
areas where the Celsius degree days are less than 4,000. Colder mountain
areas are not part of the coastal climate zone.

CHAPTER 1

INTRODUCTION
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Climate governs several important parameters that have an impact on the
performance of wood-frame envelopes:

* The frequency and intensity of wind-driven rain is a determining factor in
the amount of water entering from outside.

* The difference between indoor and outdoor temperatures determines
whether, how much, and where condensation of moisture can form inside
the assembly.

* The combination of temperature, humidity and sunshine determines the
rate and direction of vapour transfer and, therefore, the drying potential.

* Outdoor temperature determines the temperature of materials in the outer
part of an assembly. Fungal decay of wood will not progress unless the
temperature and the moisture content of the materials are within certain
ranges.

British Columbia’s coastal region has a maritime climate characterized by
moderate temperatures and a high frequency of rain and wind-driven rain
with little snow accumulation. As shown in Figure 1.1, there is a marked
difference between inland climates in colder regions of Canada, and the
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British Columbia coastal areas. For example, in the winter months Vancouver
receives most of its rain and very little sun. Wetting exposure of a building
is high and drying potential is low. The moderate temperatures reduce the
potential for condensation from interior humidity but conversely allow fungal
growth to occur even in winter.

The peak intensity of wind-driven rain in coastal British Columbia, measured
by a factor called the Driving Rain Wind Pressure, is no greater than it is for
some inland climates, but the frequency of wind-driven rain, as expressed by
the Annual Driving Rain Index, is much higher. There is almost always a
directional component to exposure to wind-driven rain. For most locations in
the British Columbia coastal region, wind-driven rain tends to come from the
east. However, this pattern can be greatly modified by local factors such as
location and orientation relative to mountains, other buildings and bodies of
water. Although wind-driven rain may occur more frequently from one
direction, it is not generally advisable to design particular elevations of a
building for differing exposure conditions, since it is probable that some
wind-driven rain will occur on all building faces. The exception to this rule
would be the high exposure conditions associated with an elevation oriented
towards the ocean or other large bodies of water where additional protection
or more moisture tolerant assemblies may be warranted.

This combination of climate factors dictates priorities for envelope design in

British Columbia’s coastal region:

* The most important wetting mechanism to control is rain penetration.

* There is little ability to dry materials by diffusion and venting, especially
in winter, so that the ability to drain any water that gets past the cladding
into the assembly is particularly important.

* Condensation from interior sources of moisture is a less important factor
than it is for colder inland climates but should not be ignored.

* Insulation levels should always be determined based on a specific building
analysis; however, the milder coastal climate zone will generally dictate
lower insulation levels than in other regions of Canada.

THE BEST PRACTICE GUIDE

This Guide is intended to provide guidance,
primarily to designers, for the design of the building envelopes of multi-unit
wood-frame buildings in the coastal climate zone of British Columbia. The
Guide should also be useful to the construction industry in general,
encouraging an understanding of the behaviour and performance of building
envelope assemblies. Much of the material in the Guide may also be
applicable to other climate zones and building types. However, some analysis
of the impact of the different climate factors and specific building attributes
must be considered before the assemblies, details and materials presented in
this Guide are utilized.

Although the Guide is intended to reflect good practice in general, its
primary focus is on the management of moisture, since moisture-related
performance problems prompted this initiative. The Guide therefore does not
deal specifically with structural, acoustic or fire and safety issues that may
also have an impact on the design of the building envelope. These
performance criteria must be considered together with the moisture
management criteria presented here.
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: The Guide is organized to take the user from a presentation of the unique
British Columbia coastal climate environment, through an understanding of
i the behaviour of wood as a material and the fundamentals of moisture

i management, prior to presenting design guidance specific to best practice

assemblies, details, components and materials. The two final chapters deal

with Quality Assurance during the design and construction phases, and
i Maintenance and Renewal of the building envelope during its service life.

The Guide reflects current recommended best practice in design and

construction. Best Practice in the context of this Guide means design and
construction practices which are an effective balance of currently available

technology and materials and normal skilled workmanship to produce

affordable and durable housing.

The document is not intended to be a research paper or an exploration of
i innovative technology. Although some of the proposed assemblies have
limited field performance history in British Columbia, they are based on

sound principles and are believed to be conservative for their intended uses.

Most of the assemblies are being used successfully in Canada and in other
i parts of the world. As further research initiatives are undertaken, better
i understanding of performance of the assemblies may allow a less

conservative approach in some circumstances. However, in the current
environment of widespread envelope failures it is prudent to be cautious.

The Guide is not intended to replace professional advice. When this

guidance is incorporated into buildings, it must be reviewed by
i knowledgeable building envelope professionals and reflect the specific
unique conditions and design parameters of each building. Use of the Guide

does not relieve designers of their responsibility to comply with local

building codes, standards and by-laws with respect to the design and

construction of the building envelope.

The Guide is not intended for use with taller buildings or those of non-
combustible construction. The different materials and exposure conditions

in these buildings often dictate quite different and more rigorous approaches
i to moisture management than are presented in this Guide. Furthermore, the

Guide is not intended to be applied directly to the restoration of three- and
four-storey wood-frame buildings. These projects require quite different
detailing in many cases due to the fact that much of the building form and
structure already exists and cannot be changed in a cost-effective manner.

An attempt has been made throughout the document to provide the user with

direction to other useful reference material. In particular, the construction
industry has historically been provided with good research and guidance on

wood-frame design and construction practices from Canada Mortgage and
i Housing Corporation and the National Research Council of Canada through

its Institute for Research in Construction. The following are the contact
addresses and numbers for these two organizations. Their publication lists

include many directly relevant documents.

Canada Mortgage and Housing Corporation

700 Montreal Road

Ottawa ON K1A 0P7

Tel: 1 800 668-2642

Fax: 613 748-4069

Outside Canada: 613 748-2003

Web site: www.cmhc-schl.ge.ca
www.cmhc-schl.ge.ca/research/multiples/
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National Research Council of Canada
Institute for Research in Construction
Publications Section

Ottawa ON KI1A OR6

Phone: 1 800 672-7990

Web site: www.nrc.ca/irc

Key Points

*  Wetting exposure of these coastal climate buildings is high and drying
potential is low.

* The most important wetting mechanism to control is rain penetration.

» There is little ability to dry materials by diffusion and venting, especially
in winter, so that the ability to drain any water that gets past the cladding
into the assembly is particularly important.

* Condensation from interior sources of moisture is a less important factor
than it is for colder inland climates but should not be ignored.

* Insulation levels should always be determined based on a specific building
analysis; however, the milder coastal climate zone will generally dictate
lower insulation levels than in other regions of Canada.

» The Guide is not intended to replace professional advice.

* The Guide is not intended for use with taller buildings or those of non-
combustible construction.
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CHAPTER 2
The very wet environment of the coastal B E HA Vl OUR

climate area and the fact that wood is subject to decay requires that our OF WOOD IN
building practices protect wood. This chapter discusses the unique properties

of wood and its use in wall and roof assemblies to assist in understanding CONS TRUCTI ON
how to build decay-resistant buildings. While traditional residential wood-

frame construction involved few variants on basic assemblies, the wide
choice in materials, components and architectural styles now available makes
it more important that we understand the behaviour and limitations of wood.

CHARACTERISTICS OF WOOD

To successfully use wood building
materials, some basic knowledge is needed regarding the cellular structure of
wood, how it holds and reacts to moisture, how it is processed and what
factors may result in its deterioration.

Softwood lumber, the product of coniferous (needle bearing) trees is most
often used for wood-frame construction in North America. The wood from
coniferous trees is used because it is economical and plentiful, more easily
worked, and has a higher strength-to-weight ratio than hardwood. It is also
readily available in the lengths needed for construction. Engineered wood-
based members are becoming available to fill the need for deeper and stiffer
structural sections.

Softwood is comprised of tubular cells which are about 4 mm long and

0.04 mm thick. Most of the cells are vertically aligned. Each year, trees grow
a new layer of cells called a growth ring. The density and other cellular
characteristics, including growth rate, account for some of the differences in
strength and stiffness of different species of wood parallel to and across the
grain.

The cells of normal wood shrink and expand mainly across their width as
they lose or gain moisture. See Figure 2.1.

MOISTURE CONTENT AND SHRINKAGE OF WOOD

Moisture is held in wood in the cell walls and the cell cavities. When timber
is felled, it has a high moisture content and needs to be dried before it can be
used in building construction. Moisture content is the weight of water
contained in wood, expressed as a percentage of the weight of oven-dry

CHANGE IN WIDTH AND

THICKNESS NO CHANGE IN

LITTLE CHANGE IN LENGTH DIMENSIONS
RELATIVE
SHRINKAGE

| | |
0% 6% 14% 19% 28%
lFIBRE SATURATION POINT
PER CENT MOISTURE CONTENT

Figure 2.1: Wood shrinkage and moisture content
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wood. The term ‘oven-dry’ indicates that there is no moisture in the cell
fibres or the cell cavities.

As wood dries, the water leaves the cell cavity first. When the cell cavities
are empty of water, the cell walls begin to dry out. The Fibre Saturation Point
occurs when the cell walls are saturated but the cell cavities are empty;
usually at about 28 per cent moisture content (Figure 2.2). Kiln drying
involves the rapid removal of moisture by the use of high temperatures. The
kiln drying process also helps arrest incipient decay, that is, decay that may
have been present in the standing timber or that may have developed prior to
sawing the lumber.

Expansion and contraction of wood occurs in relation to the amount of
moisture contained in the cell walls; therefore dimensional change occurs
only below the fibre saturation point.

S—DRY S—GRN
[ [
OVEN DRY EMPTY CELL CAVITY— [STRUCTURED CELL WALL
CELL FIBRE BOUND WATER
CELL CAVITY FREE WATER
) MOISTURE
IN CAVITY
\ |
0% 19% 28%

LF\BRE SATURATION POINT

PER CENT MOISTURE CONTENT

Figure 2.2: Fibre saturation point and wood cell structure

The behaviour of wood building materials after manufacture is closely related
to fluctuations in moisture content within the wood. This has implications for
the design of wood-frame structures and the performance of the building
envelope.

The change in length of wood along the grain is small, except where grain
irregularities occur or the lumber has been sawn at an angle to the grain.
Shrinkage is also greatest in the circumference of a log (the tangential grain
direction) compared to the radial grain direction. Table 2.1 provides the
approximate average shrinkage for a single percentage change in moisture
content in each orthogonal grain direction. For example, if the change in
moisture content is 10 per cent and radial shrinkage is 0.17 per cent for each
1 per cent change in moisture content, the resulting radial shrinkage expected
would be 1.7 per cent. Normally, a user has no control on ring orientation or
species selection and a composite estimate for transverse grain shrinkage of
0.25 per cent per unit moisture content change should be used. Unlike other
building products such as plastic or steel, expansion and contraction of wood
due to thermal conditions is relatively small and can be considered
insignificant for construction purposes.

Natural grain irregularities, knots and variations between each piece of wood
affect how each piece of lumber changes on drying. Heartwood usually has
less moisture than the sapwood located at the perimeter of the tree under the
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Table 2.1: Longitudinal, Radial and Tangential Shrinkage (See also Table 2.2)

Longitudinal Radial Tangential

per cent shrinkage per |0.005 per cent |0.11 per cent to | 0.15 per cent to

1 per cent change in 0.17 per cent | 0.30 per cent
moisture content

bark. The cross-sectional shape of wood products after drying can sometimes
be affected by the way it is cut from a log (see Figure 2.3). The lengthwise
shape after drying can sometimes be affected by the way it is cut from the log
(see Figure 2.4).

Twisting, bowing, cupping and crookedness may occur to different degrees
after drying. Lumber is graded for different applications in order to sort it
into categories that represent different qualities. These limits are defined in
the grading rules for each grade and species group.

LUMBER PRODUCTION AND MOISTURE CONTENT
S-GRN and S-DRY are the lumber grading terms used to describe the

Figure 2.4: Drying effects on lengthwise shape
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© moisture content of wood at the time of surfacing. Lumber is not graded until
it has been planed smooth or surfaced. S-DRY lumber has a moisture

i content of 19 per cent or less and is usually in the 15 to 19 per cent

i range. S-GRN has a moisture content above 19 per cent and must be further

i seasoned prior to use. Some lumber manufacturers add the designation Kiln

i Dried (KD) to their products to designate their greater desirability. Nearly all
i S-DRY lumber is kiln-dried.

Since S-DRY lumber has been dried before surfacing, and a significant

i proportion of the total shrinkage has already taken place, the lumber will be

¢ more stable after incorporation in a building assembly. Also, S-DRY lumber
tends to have higher-grade material since pieces that possess characteristics

i that lead to distortion will be easily identified by visual grading and be culled
i from the production line. Thus, S-DRY lumber that meets the moisture

i requirements is less likely to experience excessive:

* nail popping (in gypsum board)

* twisting

« differential movement

+ air leakage when it is part of a wall assembly.

S-DRY or KD must be protected against wetting by rain during shipment or
: storage at the building site.

i S-GRN lumber, on the other hand, has not had an opportunity to show a
predisposition for warping or bowing and the lumber grader cannot normally
i detect which piece will degrade. Thus, while S-GRN lumber (usually called

i “green”) is quite straight at time of purchase, its dimensional stability cannot
i be ensured when it is incorporated into the structure. Indeed, the restraint

i provided by the rest of the floor, wall or roof assembly may be insufficient to
hold every piece in line while the lumber dries, and remedial action may be

i required to replace distorted lumber in the structure after it has dried.

i The moisture content of wood products will continue to change after

i installation in a structure. Wood cells will absorb or release moisture from
i their immediate environment until they reach a state of equilibrium with it.
i The Equilibrium Moisture Content depends on the relative humidity
(Figure 2.5). Since this is always fluctuating, wood is constantly absorbing
i or desorbing moisture from the environment around it.

Factors that affect temperature and humidity conditions for wood at various
i locations in the structure include:

 natural seasonal variations in temperature and relative humidity

* location of the wood (interior or exterior)

* the solar orientation (north, east, south or west)

» shade conditions (heavy shade and shelter vs. open sunny location).

The wood will usually achieve a moisture content within the 8 to 14 per cent
range after an initial drying stage which may last up to one year, depending
i on the climate and the localized drying conditions.

MOISTURE CONTENT - COMPOSITE WOOD PRODUCTS

Douglas Fir Plywood and Canadian Softwood Plywood are manufactured

i from rotary-cut veneers cross-laminated under heat and pressure. The

i adhesive used to bond the veneers is a liquid phenol formaldehyde applied
i by a glue spreader. Plywood produced in Canada for construction sheathing
in this way is considered to be exterior grade material. Under the same

i environmental conditions as solid wood, the equilibrium moisture content
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Figure 2.5: Relative humidity versus moisture content

of plywood and OSB tends to be about 2 per cent lower than wood. The
absorptive properties of plywood are somewhat lower than solid wood. If
wetted on construction sites, it will absorb water fairly rapidly because of
lathe checks in the veneers. The adhesive layers tend to inhibit moisture
movement, but the adhesive spread is not a continuous film and both liquid
water and vapour can pass through it. Some swelling of the product takes
place on being wetted, but drying results in a near recovery of the original
thickness.

Oriented strandboard is usually made of aspen strands or wafers bonded
under heat and pressure. Pine or other hardwood species are also used. The
face layers of the panels are oriented generally in the long direction of the
panel, which increases its strength in that direction, while the core layers are
oriented primarily across the face layers. The resin binder most commonly
used in the past is powdered phenol formaldehyde. However, liquid phenol
formaldehyde, isocyanate or a combination of these two are also being used.
The strands are also sprayed with a wax system while blending with the
adhesive to impart some water repellency to the finished product. Since the
raw edges of oriented strandboard absorb moisture more readily than the
faces, most oriented strandboard producers spray apply an edge coating
consisting of an emulsion of wax and latex to control the rate of edge
swelling. On long exposure to water, the absorption of liquid water leads to
swelling of the strands or veneers and disruption of some of the adhesive
bonds in OSB and plywood. The swelling of conventional oriented
strandboard sheathing caused by a high intake of liquid water is largely non-
recoverable. Dimensional stability is related to the quantity of moisture
absorbed by a product. Even stable products can be affected adversely by
significant amounts of water.

The wood veneers and strands used to make these and other composite wood
products are dried to between 3 and 7 per cent moisture content prior to
fabrication. While the panel edges are usually protected with a paint or sealer
to slow absorption, panels need to be installed with a 3 mm space between
them to allow for the expected expansion.
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Since engineered wood I-joists are made using kiln dried lumber or
composite lumber flanges, and plywood or oriented strandboard webs, they
i are relatively dry products and are more dimensionally stable than lumber
¢ under normal protected conditions. Bowing, warping or twisting distortions
¢ are seldom experienced. These products need to be protected from moisture
during shipping and storage at the building site.

DECAY IN WOOD

i Wood-frame structures have generally withstood the test of time in the British

i Columbia coastal climate and most of these structures have remained free of

i decay. The most effective way to prevent decay is to keep the wood dry.

i However, in certain conditions, decay will occur and can cause costly damage

to the building structure. Knowing why it happens and how to avoid it are

i therefore important to envelope design. Decay, or rot, occurs due to the

i growth of specific fungi, which feed on cellulose fibres. Fungal spores are
found throughout the environment and will grow on wood in the presence of:

* oxygen
e moisture, and
¢ warm temperatures.

Air is found throughout the cellular structure of wood, so oxygen is nearly

i always available. Spores of decay fungi will germinate at 25 to 28 per cent

i moisture content and flourish when the moisture content of wood is between
¢ 35 and 50 per cent. The spores will not germinate on wood that has a low
moisture content. Other non-decay fungi can grow and flourish when the

i temperature is warm enough and relative humidity at the surface of the wood
i or other material is 85 per cent or higher. Decay fungi, once they have taken
hold, may continue to grow at a moisture content as low as 20 per cent. At or
i below 19 per cent moisture content, wood is considered immune to fungal
i growth (Figure 2.6). Building codes require that the moisture content of the
lumber be no greater than 19 per cent at the time of installation in a building.
i Although there can be local wet pockets in the lumber, the 19 per cent

i moisture content limit results in satisfactory long-term performance under
most conditions, because further drying is expected in an appropriately

¢ designed and constructed building envelope.

The temperature range for optimal fungal growth is 18°C to 35°C (65°F to
i 95°F). Above this range, the growth decreases and will cease at about 38°C
(100°F). As the temperature falls, the growth slows. In cold temperatures,

i fungi become dormant but will be activated again when it gets warmer. In

i the coastal climate zone, the temperature gradient through the wall

assembly, combined with the relatively warm exterior winter

i temperatures, can result in conditions conducive to fungal growth

i throughout the winter if the moisture content requirements are also

: present. If infected wood air dries at ambient temperature (not in a kiln), the

i fungi become dormant and will be revived when the moisture content
increases to a suitable level.

i When wood is kiln dried, the decay organisms are killed. If the wood is re-

wetted, it can be quickly re-infected in most environments. The use of kiln

i dried wood ensures that the likelihood of decay in the end product is far
lower, unless defects in the envelope lead to the accumulation of moisture
suitable for fungal growth.

The heartwood of some species of wood, such as western red cedar and
i Pacific Coast yellow cedar, contains naturally occurring chemicals, which
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Figure 2.6: Fungal growth in wood

inhibit the growth of fungi and provide greater protection against decay.
Western red cedar is classified as decay resistant, Douglas fir is moderately
decay resistant, and the spruce-pine-fir group and hemlock are considered
non-decay resistant. The sapwood of these species is not decay resistant and
therefore cannot be used in high moisture conditions without the onset of
early decay. However, lumber may be pressure treated with chemicals to
suitable levels to prevent the growth of fungi or attack by insects. Western red
cedar has relatively low strength properties so it is mainly used for non-
structural applications such as shakes, shingles, siding and fascia boards.

MOISTURE TOLERANT WOOD: NATURALLY DECAY RESISTANT
OR PRESSURE-TREATED

For interior applications, the use of moisture-tolerant or treated wood
products should be unnecessary unless there is a reasonable expectation that
the design, construction, building operation or maintenance/renovation
processes will lead to a moisture content repeatedly above 25 per cent. For
ground-contact exterior applications, non-decay resistant and moderately-
decay resistant woods should always be pressure treated if they are to last
more than a few years. For above-ground exterior applications, the decision
to use naturally decay resistant or pressure treated wood is more complicated.
It depends on the climate, the design, the degree of exposure, the design life,
the maintenance/replacement requirements and the consequences of
premature failure.

The climate region covered by this Guide is highly conducive to the decay of
wood. While careful design can promote deflection and drainage of water
from exterior wood elements, and small dimension lumber will dry out
rapidly after rain, these three lines of defence (deflection, drainage and
drying) may not be adequate. Rain is trapped in joints, on horizontal surfaces
or in cracks, and the end-grain of the wood readily absorbs this moisture. If
wood is not protected from exposure to rain, including wind-blown rain and




Wood-Frame Envelopes in the

BEHAVIOUR OF WOOD IN CONSTRUCTION Coastal Climate of British Columbia

© leaks, it can remain at a suitable moisture content long enough for decay to
begin. Paint alone is not adequate protection under these circumstances.

i Paint or stain can be applied to wood that has been pressure treated with
waterborne preservatives and will weather better than it does on untreated

¢ wood.

It is recommended that all inaccessible wood and structural elements outside
¢ the moisture barrier of the main environmental separator be pressure treated.
Inaccessible refers to wood elements that cannot be reached without

i removing an outer cladding. Chapter 7 gives guidance about specific

i components to be pressure treated and pressure treating standards. See
Part 5 of the National Building Code for building envelope requirements.

MOISTURE CONTROL AT THE
BUILDING SITE

In the British Columbia Building Code
i 1998, article 9.3.2.5. states ‘Moisture content of lumber shall be not more
than 19 per cent at the time of installation.” This requirement is better met by
i specifying kiln dried or KD lumber. Traditional construction has always
recognized the merits of well-dried wood. However, building practices have
i not always conformed to the requirements of the building codes in this
regard. In the past, traditional frame construction adapted to, and was tolerant
i of, the use of green lumber, since the lumber typically had the opportunity to
¢ dry significantly before being closed in. However, many of the building
practices that tolerated that use no longer prevail. The rapid pace of
i construction that is now common requires that S-DRY lumber be specified.
If site conditions lead to re-wetting, the construction schedule may have to be
adjusted to permit drying by natural means or to introduce forced drying.

! To minimize the distortion caused by re-wetting on site, the following

: precautions should be taken:

* Cover lumber to protect it from standing water, rain or snow and from
rapid re-drying by direct sunlight.

» Store lumber flat and strapped in bundles with spacers between layers
i to promote ventilation.

i« Store lumber close to the point of use and away from moisture sources
such as damp ground and new concrete.

* Roof the building quickly after framing to minimize rain exposure.

Although the Survey did not identify built-in construction moisture as a

i prevalent source of the moisture leading to damage in wood-frame wall
assemblies, the requirement for dry lumber cannot be ignored. Closing in wet
i lumber would simply create ideal conditions for decay within a wall

i assembly.

All building assemblies generally have the ability to absorb some moisture in
i a wetting period and safely store it until it can dry. This is especially true for

i wood-frame walls. The weight of wood in a metre width of plywood sheathed
¢ wall 2.54 m high is about 20 kg. It takes about 2 kg of water to raise the
moisture content of the wood from 15 per cent to 25 per cent (if it is evenly

i distributed).

: Since decay is governed by moisture content, time and temperature, the
i moisture tolerance of wood elements of a building assembly depends on both
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its tendency to absorb water and the speed at which it can dry. Impervious
exterior surfaces or coatings which were once thought to reduce moisture
problems by limiting water entry in face seal or concealed barrier wall
assemblies, may actually increase the probability of decay because they slow
the drying process and may increase the moisture content of materials just
inside the exterior surface.

Wood-frame structures in-service usually have a moisture content of 8§ to

14 per cent in the coastal climate. At higher elevations where greater heating
requirements are required, the moisture content of lumber framing may range
as low as 5 to 6 per cent. If the building is well maintained and the moisture
content of the lumber structure remains within these limits, wood can last for
hundreds of years. However, if moisture migrates into a wall assembly from
the interior or the exterior of a building and cannot escape in a reasonable
length of time, the moisture content of the framing lumber will rise rapidly
where it is wetted and the general level of moisture content throughout the
assembly may increase well above the normal in-service range. Under these
conditions, the moisture content of lumber may reach a point where fungal
growth occurs, and above 35 per cent moisture content, if decay fungi have
taken hold, decay will spread rapidly. Consequently it is essential that the
wall system be able to keep the moisture out and be able to allow moisture

to escape if some incidental moisture is introduced to the wall structure.

WOOD FRAMING ISSUES

Building Solutions: A Problem Solving
Guide for Builders and Renovators provides guidance on a variety of
technical problems related to wood-frame envelope construction. They also
deal with a variety of other wood-frame and moisture issues that are not
necessarily envelope related. Although these publications have a cold climate
bias, they are also largely relevant to the coastal climate zone. Specific
moisture related envelope problems relevant to the coastal climate that are
addressed in each document include:

Wood-Frame Construction Problems

» Deterioration of sill plates and headers

* Deterioration of studs and plates due to condensation

» Wall deformation caused by shrinkage

» Excessive heat loss from thermal bridging

* Disintegration of wall sheathing

* Deterioration of wood framing members

* Deformation of roof trusses

* Deterioration of roof framing, flat and cathedral ceilings

Moisture Problems

* Ice damming
* Dripping water from exhaust fans

* Moisture problems in walls. Note: in our climate and based on the Survey
of Envelope Failures in the Coastal Climate of British Columbia, exterior
moisture sources are of primary interest

* Moisture problems in basement or crawl space
* Moisture problems in cladding
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» Condensation on walls, ceilings and other surfaces
* Moisture problems in windows

There are two areas which require further elaboration. They are nail popping
i and compatibility.

i Nail Popping

Any shrinkage of wood along the length of an embedded fastener may cause
i its head to rise above the wood surface and its tip to penetrate slightly deeper.
i The result is that the nail head will rise above the surface of the gypsum
board or sheathing which it secures. The result is unsightly, and could lead to
i aloss in airtightness in some layers in a wall assembly. The use of the

i shortest fasteners, annular nails or screws necessary to secure the gypsum
board will reduce the incidence of nail popping.

i Shrinkage also leads to the slight opening of gaps in the frame. Without the

i use of membrane materials, it is difficult to maintain the airtightness that is

i necessary for the energy efficiency of a structure. With special attention to

i detail and the use of caulking and gaskets, systems such as the airtight
drywall approach system (ADA, discussed in Chapter 6) can overcome
deficiencies related to shrinkage and nail popping.

Compatibility with Other Materials

Over time, framed lumber attains a lower moisture content than at the time of
construction. It therefore shrinks during this period. Plywood and other
i engineered wood products generally have a lower moisture content at the
time of manufacture, so they gain moisture initially.

i When moisture content changes occur, differential movement will occur
i when wood is used in combination with other materials such as steel and
i masonry.

As described previously, shrinkage is expected in lumber across its width

i while longitudinal shrinkage is negligible. In a structure of several storeys,
i each of the wall plates and joists will contribute to an overall shrinkage

¢ which can be significant. Actual shrinkage varies between species. Refer to
Table 2.2 for actual shrinkage values.

i In a three-storey structure frame with 235 mm spruce joists installed at

i 19 per cent moisture content, the overall shrinkage of joists and plates will
be 15 to 20 mm when a moisture content of 10 per cent is reached. If the

i framing lumber was installed at 28 per cent moisture content, the overall

i shrinkage could be double this range (30 to 40 mm). This amount of
movement can create severe problems for connections to plumbing stacks,
i elevator shafts and other services that are relatively rigid. Good design of
i these systems will ensure that movement can be accommodated.

i Portions of the structure supported on masonry or steel will remain at a

constant elevation relative to the portions supported solely on wood bearing

i walls. A floor that was level at the time of construction may slope

i significantly as a result. Some examples of problems that might result from
differential drying shrinkage follow.

Example 1
i Steel columns may be built into exterior or interior walls to carry the load of
i beams or other columns. The horizontal wood-frame members shrink, but the
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Table 2.2: Shrinkage of Wood Species

Shrinkage (per cent) of

Green Wood to:

19% 15% 12% 6%
RED CEDAR radial 0.9 1.2 1.4 1.9
(WESTERN) tangential | 1.3 25 3.0 4.0
DOUGLAS FIR radial 1.8 24 2.9 3.8
(COAST) tangential | 2.5 3.8 46 6.1
DOUGLAS FIR radial 1.4 1.9 23 3.0
(INTERIOR) tangential 2.5 34 4.1 5.5
HEMLOCK radial 1.5 2.1 2.5 34
(WESTERN) tangential | 2.9 39 47 62
LARCH radial 1.7 2.2 2.7 3.6
(WESTERN) tangential 33 4.6 5.5 7.3
PINE radial 0.8 1.0 1.3 1.7
(EASTERN WHITE) tangential | 22 3.0 3.7 49
PINE radial 1.4 1.9 23 3.1
(RED) tangential | 2.6 3.6 43 58
PINE radial 1.5 2.0 2.5 33
(WESTERN WHITE) tangential 2.7 3.7 4.4 5.9
SPRUCE radial 1.5 2.0 24 32
(EASTERN) tangential 2.5 3.6 4.4 5.8
SPRUCE radial 1.4 1.9 23 3.1
(ENGELMANN) tangential 2.6 3.6 4.3 5.7
NOTES:
1. Tangential shrinkage applies to the width of the flat-grain face. Radial

shrinkage applies to the width of the edge-grain face.
2. To calculate expected shrinkage, determine the average equilibrium moisture
of wood for end use conditions.

steel columns do not. Gaps open up in the wall joints (Figure 2.7). In a multi-
storey construction, serious disruption can also occur in the floors and roof.

Recommendation: Support the loads using steel members that support the
same amount of horizontal framing lumber (and same moisture content) as
the rest of the structure so that the shrinkage and settlement under load is the
same. Carry the loads through the floor assemblies or to supporting bearing
walls using appropriate load transfer blocking so settlement under load is
uniform.

Example 2

Multi-unit wood-frame residential buildings are often built with concrete
block fire walls. If the exterior wood-frame walls are installed at 19 per cent
moisture content and the adjoining walls reach a moisture content of
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Figure 2.7: Shrinkage at steel column

10 per cent, this may result in a cumulative shrinkage of 15 mm in the
horizontal members (plates and joists). The gypsum board finish at the
junction of the party wall and exterior wall may then separate (Figure 2.8).

Recommendations: Support the gypsum wall board at the fire wall on
framing which is independent of the masonry, or provide a movement joint at
the junction of the two assemblies.

Example 3

The apartment balconies in a four-storey apartment building are supported on
steel columns. The wood structure shrinks 20 mm and the steel columns do
not shrink. The balconies develop a back slope which allows water to run
back into the building envelope (Figure 2.9).

Recommendations:

* Support the balconies on a wood structure which exhibits the same
shrinkage as the wall structure or construct the balconies as an
independent structure, or

* Provide sufficient slope in the wood balcony framing to ensure positive
drainage even after shrinkage has occurred, or
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* Design the length of steel columns to ensure positive drainage away from
the building envelope after shrinkage has occurred.

Example 4

A four-storey wood-frame apartment building is clad on the lower three
floors with brick veneer. A cap flashing covers the top of the brick. The wood
structure shrinks 20 mm and distorts the brick cap flashing allowing water to
flow into the wall (Figure 2.10).

Recommendation: Provide a flashing profile which allows movement
between the brick veneer and the wood-frame without distorting the flashing.

Key Points

* Moisture content is the weight of water contained in the wood, expressed
as a percentage of the weight of oven-dry wood. The term ‘oven-dry’
indicates that there is no moisture in the cell fibres or the cell cavities.
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* S-DRY Iumber has a moisture content of 19 per cent or less and is usually
in the 15 to 19 per cent range.

* The most effective way to prevent decay is to keep the wood dry.

* At or below 19 per cent moisture content, wood is considered immune to
fungal growth.

* In the coastal climate zone, the temperature gradient through the wall
assembly, combined with the relatively warm exterior winter temperatures
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can result in conditions conducive to fungal growth throughout the year if
the moisture content requirements are also present.

It is recommended that all inaccessible wood and structural elements
outside the moisture barrier of the main environmental separator
(envelope) be pressure treated.
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MOISTURE BALANCE

Moisture needs to be controlled from many
sources to ensure the durability of most building envelope assemblies.
Moisture flow must be managed to prevent water retention and the elevation
of moisture content of wood-based materials to levels conducive to fungal
growth. Wetting and drying mechanisms require balancing to maintain the
moisture content at the tolerance level.

Many building materials can be damaged by uncontrolled moisture. Interior
finishes are subject to mold, mildew and deterioration in the presence of
moisture. Masonry may spall if it remains wet and is subject to freeze-thaw
cycles. Steel will corrode in the presence of air and moisture. Wood changes
dimension and, more importantly, when exposed to sustained high moisture
content in suitably warm conditions, it can decay.

As discussed in Chapter 2, wood and wood-based materials always contain
some moisture; the amount varies over time with exposure to humidity and
water. Fortunately, the equilibrium moisture content of wood exposed to
humidity alone is still generally below that conducive to growth of decay
fungi. There generally needs to be liquid water present from some source to
lead to decay conditions.

The four Ds: Deflection—Drainage—Drying—Durability provide a ready
reminder of the considerations and priorities for the design of a successful
wall or roof, although they are perhaps an oversimplification of building
science.

Deflection: Components and features of the building to limit exposure of

assemblies to rain. These include:

» overhangs which protect an assembly from direct exposure to rain

* flashing with drip edges which divert water running down surfaces and
direct it off the face

Drainage: Assemblies redirect any liquid water that enters the system to
drain back to the outside.

Drying: Features that speed the drying of wet materials.
Durability: Assemblies and materials that are tolerant of moisture.

Deflection is the primary moisture control principle since it eliminates
the potential for water to impact on or enter an envelope assembly.

Drainage is the next most important principle. If a small amount of
water enters the assembly, it must be redirected out. Any moisture that
doesn’t drain quickly must be able to dry. Since the drying mechanism is
slower than deflection and drainage it should not be relied upon to the
same extent. The surface upon which moisture rests must be durable
enough to accommodate the moisture until it drains or dries.

WETTING MECHANISMS

Besides accidental sources of water such as pipe leaks, moisture can enter a
building envelope from any of the following sources:

CHAPTER 3
CONTROLLING

MOISTURE
SOURCES
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i Exterior Moisture: Enters from the outside environment into a completed
i building. It has several forms, including (in decreasing order):

* rain penetration
» groundwater
* snow melt

» condensation of vapour from high outdoor humidity or wet materials
driven by outdoor heat to a colder inside surface

e wind-driven snow.

: Interior Moisture: Generated from inside by the use and occupancy, when

i moisture migrates, via air movement or vapour diffusion, to a surface cold

: enough to allow condensation. Occupants or other sources of moisture within
the building generate water vapour which migrates through the envelope via

i air movement or vapour diffusion. When the vapour touches colder surfaces

within the envelope, condensation occurs.

Construction Moisture: Built into the structure by use of wet lumber or
other building materials or by precipitation during construction.

DRYING MECHANISMS

Water in an envelope assembly can be removed by several mechanisms:

Drainage: Gravity will tend to draw water down. Elements like sloped
i flashings use gravity to divert and drain water to a safe disposal area, usually
i the outside. Drains that go through, but not into, inside space are common on
¢ flat roofs and some skylight systems.

Drying to outside: Moisture in an envelope assembly will move by diffusion
and venting (air exchange between the envelope cavities and a dryer
environment) to an atmosphere of lower vapour pressure. Vapour pressure is
governed by relative humidity and temperature. In winter when a building is
i heated, the outdoor atmosphere usually has a lower vapour pressure than a
i wet building envelope assembly. Even under warmer conditions, this is
usually true since the outdoor relative humidity is below 100 per cent. Drying
i to outside is restricted by use of materials on the outside of the assembly that
i have low permeability to vapour diffusion and air movement. Drying will
i also be restricted by rain.

Drying to inside: Drying to the inside after construction is not a normal
operating condition in new buildings since heated indoor environments drive

i moisture outward. Our building codes require placement of a material of low

vapour permeability (vapour barrier) on the inside of the insulation and the

i insulation which is normally located within the stud space. Some less

i traditional assemblies are presented in Chapter 5 which will allow the stud

¢ wall assembly to dry to the interior because the insulation and vapour barrier
are placed on the exterior side of the wall or roof sheathing. In addition, the
ability to dry out construction moisture to the inside before closing the
assembly may be important.
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EXTERIOR SOURCES

Three conditions are required to move water through a material:
* asource of water at the surface of the material

» openings through which it can pass

» a force to move the water through the openings.

The elimination of any one of these three conditions will prevent water entry.

Sources

Limiting exposure to water is a valuable technique for reducing the
magnitude, frequency and duration of moisture entry into an envelope
assembly. Rain creates two types of exposure:

* Direct impact occurs as raindrops hit the surface. On vertical surfaces
like a wall, this requires wind to provide a horizontal component to the
raindrop path. Direct impact will, therefore, affect the windward face and,
because of the air flow pattern around the building, be most intense at the
edges (corners and roof).

* Run-off is another type of exposure. Some water can be absorbed in the
surface materials, but most of the water will run down the surface under
the influence of gravity. The volume of this run-off water increases with
the height of the building. It should be noted that its path is not necessarily
straight down. Wind can push the water sideways, and upward near the top
of the building. To a lesser extent, capillary action can also move water
laterally against the force of gravity.

Architectural features such as eaves and overhangs protect the walls below
from both direct rain impact and water running from surfaces above. Use of
features such as eavestroughs and flashing with drips can deflect run-off
water away from the exterior wall surface.

The Survey showed that using features that control water sources by
deflection pays enormous benefits in a coastal climate. If most of the water is
diverted before it impacts on the wall, then the requirements for drainage and
drying mechanisms are significantly reduced. Figure 3.1 shows the
relationship between the frequency of problems and the width of the
overhang.
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Figure 3.1: Effect of overhang on wall performance

(Reproduced from Survey of Envelope Failures in the Coastal Climate of British
Columbia)
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i Openings

The use of material combinations that are waterproof is required to eliminate
i openings. Most importantly, however, joints and interface details that are

¢ waterproof and durable are needed. This requirement for durability separates
acceptable assemblies and details from those that are not successful.

i Elimination of openings as the sole means of controlling exterior sources of
i moisture is very difficult to achieve. Most successful designs combine the

! elimination of most openings with other control strategies.

i Forces
i There are four main forces which can drive water leakage:

* Kinetic energy or raindrop momentum: Wind-driven raindrops can have a
significant horizontal velocity. Near the top of the building, there is an
upward component. The raindrops’ momentum can carry them directly
through openings of sufficient size. Intentional openings, such as drains
and vents, can be protected from direct entry of rain by cover battens,
splines or internal baffles.

* Gravity: The force of gravity will cause water to move down the wall face
and into any downward-sloped passages. Thus, drainage elements are
typically designed to slope downwards toward the exterior. However,
unintentional cracks or openings are more difficult to control. The
provision of a cavity directly behind the cladding will allow any water
penetrating past the cladding to be directed downward by gravity on the
inside face of the exterior cladding. At the bottom of the cavity, the water
can then be drained back to the outside through the use of flashing and
weepholes.

» Capillary action and surface tension: Surface tension draws water into
small gaps and fissures in a material until the material reaches saturation.
If these gaps extend from the exterior to the interior, water is drawn
through the wall. Capillary transfer is characteristic of porous cladding
materials, but the introduction of an air space or cavity behind the cladding
can break the capillary movement of water through the wall.

» Pressure differentials: An air pressure difference across the wall of a
building can be created by wind, stack effect, or mechanical ventilation. If
the pressure on the exterior face of the wall is higher than on the interior of
the wall, water can be forced through leakage paths in the wall, even those
having a limited upward slope. Air movement driven by pressure
differences can also carry droplets directly through larger openings. From
the perspective of water penetration control, pressures created by strong
winds are of the most concern because they are generally of much higher
magnitude than those caused by stack effect or mechanical systems.

In some cases, only one or two of these forces may be present, but in a windy
i rainstorm all of them will likely be acting to move the water through any
i available opening. Each must be addressed in the design of the envelope.

RAIN PENETRATION CONTROL

It is impractical to eliminate all exposure to water. Reduce water entry by
eliminating holes (waterproofing) or by controlling the driving forces.

The most successful approach depends on the assembly and application in
i question. For roofs, we usually rely on waterproofing membranes, but also
i minimize hydrostatic pressure (caused by gravity) by providing slopes and
© drains. Below grade, the provision of drainage to control hydrostatic pressure
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is essential and waterproofing or damp-proofing is employed as a second line
of defense.

Two basic strategies for stopping rain penetration through the cladding of
wood-frame walls are discussed here: face seal and rainscreen. Face seal
systems rely on eliminating holes through the cladding, and rainscreen
systems incorporate both a drained cavity behind the cladding and an air
barrier within the wood-frame portion of the wall assembly behind the
cladding. Rainscreen assemblies rely more on managing the air pressure
differentials which drive moisture into the wall assemblies than on
eliminating holes in the cladding. Other strategies, such as concealed barriers
and combinations of face seal and rainscreen, are possible.

If the first strategy (using a face seal) is employed, it is necessary to eliminate
all leakage paths through the outer cladding. Assemblies using a face seal
strategy have proven to be unreliable because installing and maintaining
perfect and durable seals at all joints and intersections between
assemblies is very difficult. Even if the problem of job site inaccuracies and
imperfect workmanship can be overcome and a perfect seal can be achieved,
the materials used to seal all openings are exposed to extremes of weather
and to movements of the building. These stresses will eventually cause the
deterioration and failure of the seals, creating openings through which water
can pass. Unfortunately, these openings can be small and difficult to identify.
Even a diligent maintenance program may not keep the building free of
openings. Virtually all studies show that defective or failed joints and
penetrations are the primary entry path for exterior water entry into
wall assemblies.

In addition, the lack of drainage or venting of the face seal assemblies to the
outside, combined with the use of finishes with moderate or low vapour
permeability limits the ability of these assemblies to dry. This makes these
assemblies very sensitive to moisture. Water that does get in can remain for
long periods of time.

The presence of a drained cavity in the rainscreen strategy provides
enormous benefit. Holes in the inner and outer surface are generally not
aligned so that direct rain passage by momentum is eliminated. Water that
passes through the outer surface (the rainscreen) is driven either by gravity,
capillary action or air pressure differences. It tends to run down the back side
of the cladding where it can be intercepted and drained back to the outside by
flashing and weep holes. The combination of a wall cavity and vent paths to
the outside improves the drying capability of the assembly. These features
mean that the amount of water reaching the inner surface of the cavity and
remaining in contact with moisture-sensitive materials is greatly reduced.

There are two schools of thought regarding the venting of cavities at the top
of walls or at the level of the cross-cavity flashings. Venting the cavity will
increase the volume of air that passes through the cavity and hence will
increase the potential to dry moisture from the cavity. However, venting at the
top of the cavity, particularly at the top of a building, may under some
circumstances result in a negative pressure in the cavity which will tend to
draw water into the cavity, or alternately wind-driven rain may enter through
its own momentum. In general, the Guide has adopted the philosophy that
eliminating the potential for water to enter the wall from exterior moisture
sources is more important than drying potential and therefore the cavities
shown in the details in Chapter 6 are not vented at the tops of walls.
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i Effective rainscreen performance in walls which incorporate cavities involves

the ability to minimize the pressure differentials between the cavity and the

i exterior. The provision of an effective air barrier within the stud wall
assembly together with some compartmentalization of the cavity are the
most critical aspects of managing air pressure differentials and thus

: rainscreen performance. Vent area is another variable; generally the greater

i the vent area, the quicker pressure equalization occurs.

The introduction of a cavity to the assembly does not eliminate the need
to address exposure by deflection or the need to limit major water entry
paths. The enhanced ability to drain and dry increases tolerance to minor
sources of moisture but it can be overwhelmed. In addition, the use of a less
sensitive wall assembly does not eliminate the need for good details and
construction practice. The Survey identified 17 different details that were
found to be sources of water entry and the majority of these are addressed in
Chapter 6.

Pressure Equalization Theory

In walls with a cavity, a further performance improvement can be gained by
limiting the air pressure difference across the cladding caused by the wind.
It is possible to design a rainscreen wall so that the pressure difference
across the exterior cladding is close to zero. This requires three things:

* negligible air flow through the inner surface (that is, the inner wall must
contain the air barrier system),

* the air space between the cladding and the inner wall must be vented to the
outside (that is, it must be much less tight than the inner surface) so that
air can flow quickly into the cavity,

* the cavity must be compartmentalized so that the air cannot flow laterally
through the cavity from a high pressure region to a low pressure region.

i When wind blows on the building facade, a pressure difference would

¢ normally be created across the cladding. However, if the cavity is vented to

the outside and air is stopped from going though the inner air barrier or

i laterally, air will enter the vents until the pressure in the cavity and the
outside pressure are the same. Note that the pressure that the wind applies to

i the wall is then carried by the inner layer which includes the air barrier, so it

i must be capable of withstanding the full wind loads.

Dividing the cavity laterally into compartments is required because the action
of wind flowing around a building creates pressures and suctions distributed
i over the entire surface of the building. Figure 3.2 chows how average wind
i pressures vary around a building. In fact, pressure variations are much more
i complex than this because winds are not steady in either speed or direction.
The pressure may be fairly uniform near the centre of the walls but steep
i gradients develop towards the corners and the roof line. At corners, there can
i be a strong positive pressure on one side and a strong negative pressure on
the other side. This spatial variation in pressure will cause lateral air flow
i within the cavity unless it is interrupted at suitable intervals. In order to
i provide some control, compartmentalization seals should be installed at
corners and parapets to isolate each face from the dramatic difference in
i pressure between adjacent faces. The discussion and figures on the following
i pages illustrate these points.
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Figure 3.2: Wind pressures on buildings

The Importance of Compartmentalization at Corners

Figure 3.2 shows a plan of a square building with the wind normal to one
face. For this discussion, we have scaled the pressure graphs to a wind
pressure of 250 Pa, (which is higher than Vancouver’s 1 in 5 year Driving
Rain Wind Pressure). In the centre of the windward face, the pressure on the
building wall acts inward and is about 175 Pa (pressure coefficient Cp = 0.7).
This tails off rapidly near the corner, and, in fact, acts outward at the corner.
At the sides and leeward face, the pressure acts outward.

No Compartmentalization

If a rainscreen wall assembly is used (where the inner wall is much more
airtight than the rainscreen) with a wide open cavity all around the building,
the pressure in the cavity would be an area-weighted average of the pressures
around the building. In our example this is -50 Pa. The pressure difference
across the rainscreen, as shown in Figure 3.3, is the difference between the
wind pressure and cavity pressure at that point.

Note that the inward pressure at the centre of the windward face is now about
225 Pa. This high pressure can drive moisture though openings in the
rainscreen and drive air flow and entrained water from the centre, to and
around the corner.
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Figure 3.3: Pressure difference—No compartmentalization

i Effect of Sealing the Corners

i If each facade is isolated by sealing at the corners, the pressure relationships
are dramatically changed (see Figure 3.4). On the windward facade, the

i cavity pressure would be about 150 Pa, and on a side facade about -135 Pa.

i The pressures available to drive water though the rainscreen and to create air
i flow in the cavity are greatly reduced. The peak inward pressure is about

25 Pa, or about 11 per cent of that without sealing at corners. Note also that

i the pressure difference across the corner seal is 285 Pa, which is higher than
i the total wind pressure the scale was based on.

Two design principles come out of this analysis:

» Isolating facades by sealing the corners of cavities dramatically
reduces driving pressures across the rainscreen, reducing the potential
for and magnitude of water entry.

* Corner seals in cavities must be strong. They should be designed to
withstand twice the structural wind load.

In low-rise buildings, compartmentalizing at corners and at the roofline is

i usually adequate. In larger or higher exposure buildings, the cavity can be

i compartmentalized into smaller spaces, both horizontally and vertically.

i Compartment seals must be tight enough to prevent air leakage and strong

¢ enough to resist the wind pressure. At corners, this pressure differential can
be twice the stagnation wind pressure.
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To deal with the changes in pressure due to wind gusts (the cyclic pressures),
the size of vents must be based on the working volume of each pressurization
chamber, as well as the leakiness of the internal air barrier and compartment
seals. In a high volume pressurization chamber, more air must move through
the vents to achieve pressure equalization. The stiffness of the internal air
barrier and the rainscreen must also be considered because this affects the
working volume of the chamber.

Whether or not a cavity wall is pressure equalized, some water can enter the
cavity from the exterior. The materials in the cavity and the face of the inner
wall must be designed to accommodate this water entry. This generally
requires that there be a second line of defense against moisture penetration
located at the outer face of the inner wall. This is usually not the air barrier
but is made up of water-resistant material, often building paper, lapped to
shed water towards the base of the cavity. Flashing and drainage paths to the
outside at the base of cavities to intercept water and direct it to the outside are
an integral part of a successful rainscreen design.

Application of Rainscreen Principles

The rainscreen approach can be applied to most types of claddings used on
wood-frame buildings to some degree. In any application, the following
components must be present:

* a continuous air barrier system,

‘g at 250 Pa DRwWP
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Figure 3.4: Pressure difference—Corner compartmentalization
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* an air space ventilated to the outside,

* a moisture barrier such as building paper or housewrap on the exterior face
of the wall sheathing,

* drain holes or gaps so the water can leave the cavity, with flashing at wall
base, doors and windows, etc., to direct the water to the outside,

* acompartmentalized cavity, achieved by blocking at corners, roof, and
sometimes intermediate points (for pressure equalized rainscreens).

The following is a discussion of how these components can be applied to
i common cladding systems. In all cases, the backup wall must incorporate an
effective air barrier system and a moisture barrier.

Masonry Veneer Cladding

Most masonry veneer walls use rainscreen principles because they

i incorporate the key elements of an air space between the cladding and the

i back-up wall, ventilation and drainage of the cavity to the outside through

i weep holes, and flashing at wall openings and at the wall base to direct water
© to the outside. To provide significant pressure equalization, it is also
necessary to compartmentalize the cavity at building corners and, perhaps, at
i intermediate points.

Factors that can lead to water entry problems in masonry veneer include:
» blockage of drainage and vent paths by mortar droppings,

» leakage through and at the ends of base flashing because it is difficult to
provide a slope at the brick bearing surface and at end dams,

» water getting across the cavity by running down back sloped masonry ties.

Vinyl and Aluminum Siding

¢ Most vinyl and aluminum sidings are hollow-backed and naturally create a

cavity when applied over sheathing. The nature of this cavity is not ideal,

i however. The cavity is not vertically oriented and can retain water against the

i sheathing paper at each horizontal bearing line. Alternatively, these sidings
can be applied over strapping to create a more effective rainscreen cavity.

i The overlapping nature of the siding discourages the flow of water into the

{ cavity. Any water that does enter should drain out through the integral

© ventilation/drain holes found in the lower edge of the siding profile. If the
siding is strapped, water can also drain down and out at cross-cavity flashing
i locations. At interior and exterior corners, the use of corner trims and

i blocking can be detailed to create effective compartment seals.

i In the Survey, walls clad with these types of sidings appeared to have a lower
i incidence of moisture problems than some others, but they still have

i problems. These types of claddings inherently have more joints in their
assembly and therefore more details which potentially could allow water past
i the cladding. It is therefore still important to detail the walls to limit exposure
i by deflection and properly detail penetrations to minimize water entry into

i the wall.

For further discussion on issues related to the installation of vinyl and
aluminum siding, see Building Solutions: A Problem Solving Guide for
i Builders and Renovators.

i Wood Siding

Lapped wood siding systems create a cavity of limited and varying depth
i between the siding and sheathing (which must be protected by a moisture
i barrier). Many of the wood siding profiles used in British Columbia are
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either not lapped or are of a profile that does not create a significant cavity. It
is therefore necessary to install the siding on strapping to create an adequate
cavity. Strapped installation is advisable for lapped products as well, because
it creates a vertically oriented cavity of a depth that limits capillary retention
of water. Corner trim should be used to block the cavity at corners. Lapped
wood and hardboard siding should be installed using round-headed siding
nails, to maintain a gap between successive boards allowing ventilation and
minimizing capillarity. Care must be taken not to overdrive the heads of the
nails. The base of the wall should be detailed to allow drainage to the exterior
(with flashing if necessary). Also refer to Siding Problems, published by
CMHC as part of the Builder’s Series.

Cement Stucco

Most of the conventional stucco wall assemblies constructed in the 1985 to
1997 period can be defined as face sealed assemblies or alternately as
concealed barrier assemblies. The stucco finish can be quite porous (unless
an acrylic or elastomeric coating is used), but behind the stucco there is a
water-resistant layer such as sheathing paper. The water-resistant layer should
include a flashing at the base of the wall to redirect any water that penetrates
to the outside. The continuity of this inner water-resistant layer determines
whether the wall is considered a face seal or a concealed barrier assembly.
Whether these systems actually drain is debatable, and probably dependent
on how the stucco was applied. In older stucco systems, in which tight mesh
or wooden lath was installed in a furred-out position, a series of small,
interconnected cavities can form between the stucco and sheathing paper,
allowing some drainage. With welded wire lath and the stucco forced fully
against the sheathing paper, there are no such gaps and capillary forces will
restrict drainage.

Face seal and concealed barrier stucco wall assemblies work well in many
dryer climates or where walls are sheltered by overhangs, but recent history
has shown a high frequency of moisture problems with both types of
conventional stucco wall assemblies in British Columbia’s coastal climate.
Many of these problems can be related to retention of water which enters at
penetrations and joints with adjacent assemblies rather than through the
stucco itself. This suggests that the limited capability for water to be removed
by drainage and drying is an important factor which limits the reliability of
these assemblies in exposed locations.

The City of Vancouver responded to these problems by introducing Bulletin
96-02 in 1996, which requires that wall assemblies include a vertically
drained cavity. This can be done by installing cladding on strapping to form a
cavity behind it. Sheathing paper is installed between the sheathing and
strapping, providing the required moisture barrier as well as flashing with
drainage openings at the base of the cavity. The rainscreen cladding is
provided by the combination of stucco, lath and sheathing paper.

Some alternate methods of providing drainage, including the use of
foundation drainage materials, are currently being evaluated.

Exterior Insulation Finish Systems

The use of exterior insulation finish systems (EIFS) on wood-frame buildings
is relatively rare in British Columbia, since the benefits that they provide to
wood-frame construction are limited. Conventional exterior insulation finish
systems are face seal systems with the disadvantages associated with this
water management strategy. Most proprietary exterior insulation finish
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systems manufacturers have now introduced drainage and pressure
equalization strategies into some of their assemblies. Some of these
i assemblies are now being used successfully in wood-frame buildings in the
i United States, and in climate zones which are similar to the coastal climate of
! British Columbia. These assemblies are currently being proposed for use here
: and do have some inherent advantages since most or all of the insulation is
i placed to the exterior of the sheathing and there is no need for the
polyethylene vapour barrier.

GROUND WATER

i Moisture can migrate through foundation walls and basement slabs to the

i building interior. Every effort must be made to eliminate the potential for

: developing hydrostatic pressure. Effective footing drains are the primary
defense against ground water. Where hydrostatic pressure may develop in the
soil, it is necessary to waterproof the foundation and slab. In less adverse
conditions, it is still necessary to control moisture by providing:

* wood components kept a minimum of 200 mm above finished ground
level,

* clear granular material or a moisture impermeable material below the slab,
» damp-proofing on the foundation wall,
» free draining material or a drainage system at the exterior of the wall.

i Wood framing must be separated from concrete or masonry by a moisture

! barrier so that moisture is not drawn into the wood through capillary action.
Acceptable materials include asphalt coatings, asphalt impregnated building
i papers and closed cell gaskets. It is also recommended that all wood framing
i in contact with concrete be pressure preservative treated (See Table 7.1,
page 7-2).

SNOW AND ICE

Snow and ice can cause water entry in building assemblies that don’t
normally suffer from rain penetration. In some climates, blowing snow can
i enter vents and holes that are protected from rain. However, this is not
i usually a problem in coastal British Columbia because snow is infrequent.

i A more common problem results from snow collecting on horizontal or

modestly sloped surfaces, and the subsequent formation of ice tends to block

i drainage paths. Snow melts in places where it receives heat from interior or
exterior sources. The melt water can then run to locations where it freezes,

i such as at the eaves, creating a dam that restricts further drainage of melt
water. The hydrostatic pressure and raised water level can lead to leakage that
would not otherwise occur. Adherence to Canadian building codes and well
designed flashing products will prevent this phenomena from creating a

moisture problem.

VAPOUR TRANSFER FROM EXTERIOR SOURCES

There is one other mechanism of moisture transfer from outside which is
worth mentioning. Vapour from a high humidity outdoor environment may be
driven into the wall assembly by diffusion and air movement, where it may
condense on surfaces cooled by air conditioning.

Coastal British Columbia rarely sees extended periods of hot weather, but it
i is possible that hot, humid conditions can be created locally at a wall. A
¢ porous cladding, such as brick or stucco, can absorb a large quantity of water
i in a rainstorm. The sun heating the cladding creates high vapour pressures
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that can drive moisture inward to cooler surfaces. This phenomenon is of
particular relevance in face seal or concealed barrier assemblies. A rainscreen
cavity wall provides much greater resistance to this inward vapour drive.

INTERIOR MOISTURE SOURCES

Moisture accumulation by condensation of
interior humidity is generally of less concern in British Columbia’s coastal
climate than rain penetration, but it can add to the moisture load in building
assemblies, particularly in buildings with higher than normal humidity, which
is around 40 to 60 per cent. Designers need to control this wetting
mechanism.

CONDENSATION

Condensation occurs on surfaces which are colder than the dew point of the
air to which they are exposed. Dew point is a measure of the absolute
humidity (kgwater/kg air) of the air. Three conditions are required for
condensation:

* a sufficiently cold surface,

 a source of humidity,

e amechanism to get the humid air to the cold surface.

In a heated insulated building, condensation can occur on inside surfaces of
building envelope materials or components of low thermal resistance, such as
windows, or where there are strong thermal bridges. This occurs when indoor
humidity migrates to cooler surfaces that are isolated from indoor heat by the
insulation.

Moisture transfer through the envelope from the building interior can occur
due to air movement and water vapour diffusion. In most cases, air
movement is the dominant interior moisture transfer mechanism.

For example, consider a wall constructed of 38 x 89 mm studs with a Type 11
vapour barrier (whose water vapour permeance is 60 ng/Passem?). At exterior
design conditions of -15°C and 60 per cent relative humidity and interior
conditions of 21°C and 58 per cent relative humidity, moisture can condense
within the cavity at a rate of approximately 4 g/ m*day due to vapour
diffusion alone. If indoor air exfiltrates through the cavity at a rate of

+ 1.4 1/ m%/s (a realistic example for older homes), the resulting rate of
condensation can increase to 480 g/ m*/day. This is more than 100 times the
amount of moisture that can potentially condense due to water vapour
diffusion.

The amount of water which condenses within a wall assembly due to air
leakage will depend on the length of its path of travel. If air goes directly and
quickly through the wall (for example, at a crack below the base plate of a
wall), a relatively small amount of condensation will occur. However, if the
exit path is longer, there will be more time for the air to cool and deposit
condensation.

Determining potential condensation within a wall is difficult. It is governed
by temperature, heat, air and vapour flow over time. Computer simulation of
wall assembly performance can be used to model these processes. EMPTIED
is one such software package. This program incorporates databases of
different building materials properties. Climatic information for geographic
locations across Canada is provided. The value of the program is its capacity
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© to compare the expected relative performance of various assemblies (this
information is not absolute, due to the complexity of moisture transport

i mechanisms). To some degree EMPTIED can also predict the level of
airtightness which is appropriate for different assemblies.

. CONDENSATION CONTROL STRATEGIES

In general, condensation can be resisted by controlling the humidity. Keep

i the dewpoint temperature of the air below the temperature of any surface it

i can contact. Keep surfaces warm enough to be above the dew point of the air
they contact, or isolate any cold surfaces from humid air.

i Controlling Humidity

During the heating season in the British Columbia coastal climate, the indoor
i air contains more water than the outside air. Moisture is released into the
atmosphere of a building in the following ways:

» day-to-day living activities such as breathing, cooking, bathing, washing

¢ and drying clothes,

¢« moisture accumulated in building materials prior to and during

: construction is gradually released until a point of equilibrium is reached,

* moisture accumulated in furniture and building materials during warm
H humid weather,

* soil moisture migrating through the basement walls or floor slab.

Many older homes have sufficient air leakage to prevent the build-up of high
i interior humidity levels. In newer, more airtight homes or ones in which the
occupant has taken action to limit air leakage, proper ventilation is needed.

i Otherwise, these homes can be too humid for comfort and for building

i durability.

! Health Canada has identified the optimum humidity range for human health
as 35 to 55 per cent relative humidity unless condensation is a problem.

i (Elements which promote condensation at lower relative humidity levels

i effectively dry interior air.) Above this range, levels of bacteria, molds,
mildew and mites, and susceptibility to infections and allergic reactions will
i be higher.

i Humidity can be controlled by reducing sources or by Mechnical Ventilation.
i These systems, which consist of either direct exhaust fans or heat recovery
ventilation, can also reduce humidity. Section 9.32 of the British Columbia

i Building Code 1998 has specific requirements for installing exhaust fans in

i residential dwelling units to control indoor air quality and humidity levels.
The mechanical ventilation system consists of one principal exhaust fan plus
i additional exhaust fans in every bathroom and kitchen. The principal exhaust
i fan is either run continuously or is connected to a time control device that
will run the fan at least twice for four hours every day.

Controlling Moisture Migration Due to Air Leakage
i Air leakage is a function of two factors:

» gaps in the joints, junctions and materials of an assembly through which
air can flow,

» a pressure differential between the inside and the outside of a building.
Winds generally create the highest peak pressure difference across the

i envelope. Positive pressure occurs on the windward side of the building,
i forcing air in through openings. At the same time, a negative pressure on the
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roof and leeward side will draw air out. (Figure 3.2, page 3-7). However,
wind pressure does not cause the most air leakage on an annual basis because
the wind is not sustained. Continuous stack and mechanical forces usually
create the most overall air movement.

Stack force is caused by the density difference between heated indoor air and
unheated outdoor air. During the winter months this creates a positive
pressure forcing air out of the envelope at ceiling and upper wall levels
through the lower portions of the building. A negative pressure draws in
cooler air. (Figure 3.5).

Ventilation equipment like exhaust fans and chimneys flues, help to create
an interior negative pressure, drawing in outside air through openings in the
building envelope (Figure 3.6). Supply fans create a positive pressure.

It is the outward flow of air (exfiltration) bringing indoor humidity to cold
surfaces that leads to condensation. Inward flow of air (infiltration) does not
normally create condensation except during the summer if the interior is air
conditioned, it can create other problems such as occupant discomfort due to
drafts, and can increase the likelihood of water penetration. This air flow also
affects the air change rate in the building, increasing heating needs.

An air barrier system controls air flow and is a critical component of rain

penetration control. The air barrier system must comply with a number of

design requirements in order to function adequately. These requirements are

summarized as follows:

* All the elements of the air barrier system must be adequately air-
impermeable.

* The air barrier system must be continuous throughout the building
envelope. It must span across dissimilar materials and joints. It must be
sealed around penetrations such as ducts and pipes.

* The air barrier system must be structurally adequate or supported to resist
air pressure forces due to peak wind loads, sustained stack effect or fans.

* The air barrier system must be sufficiently rigid or supported so that

displacement under pressure does not compromise its performance or that
of other elements of the assembly.

NEUTRAL PRESSURE PLANE — AIR

Figure 3.5: Stack effect forces
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Figure 3.6: Mechanical ventilation forces

* The air barrier system should have a service life as long as that of the wall
and roof assembly components or alternately be easily accessible for repair
or replacement.

i Clause 9.25.2.2 of the British Columbia Building Code 1998 requires an
effective air barrier in all envelope assemblies. The requirements are

i prescriptive in nature and the British Columbia Building Code does not give
i quantitative criteria for acceptance. The requirements of this section include
i the following:

* Where the air barrier system consists of an air impermeable, panel type

: material, all joints shall be sealed to prevent air leakage.

i » Where the air barrier system consists of flexible sheet material, all joints
' shall be sealed or lapped and clamped between stiffer panel materials, or
i between closely spaced strapping.

i« Continuity of the air barrier system shall be maintained where walls, floors
: and other penetrations extend through the envelope.

i The British Columbia Building Code 1998 and Section 5.4 of the National
Building Code of Canada 1995 have further quantitative criteria for air

i Dbarrier systems for buildings exceeding three storeys in building height, or
600 m? in building area:

» Sheet and panel materials providing the principal resistance to air leakage

shall have an air leakage characteristic of not greater than 0.02 L/sem’ at
75 Pa.

e An air barrier system shall be designed and constructed to resist 100 per
: cent of the wind load specified for cladding at the geographic location in
which it occurs.

For a complete description of air barrier requirements, see Section 5.4 and
i Appendix A-5.4 of the National Building Code of Canada 1995.

Air leakage performance criteria of envelope elements are generally specified
i rather than criteria for the entire building. It is difficult to determine the
entire building air leakage rates. Also, potential problem areas need to be

i isolated with components and materials.
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Initial efforts to achieve a satisfactory barrier to air movement in wood-frame
construction in the early 1980s focused on the use of polyethylene film. This
film was structurally supported by the frame and interior sheathing, acting as
a combination air/vapour barrier. This approach is still commonly and
successfully employed in wood-frame buildings.

Alternate approaches to achieving control of air leakage are to seal rigid
sheet materials used in construction by sealing the joints between them with
gaskets or sealant. Numerous materials have a low permeability to air
leakage. Table 3.1 refers to test data from specimens of random thickness
which provide an indication of the air permeability of these materials. Not
only the material, but also their joints, must be capable of staying airtight
under applicable wind loads.

Unlike the vapour barrier, the air barrier may be placed on the exterior of the
majority of the insulation. However, if the air barrier is located on the
exterior of the wall, it must be permeable to water vapour or have enough
insulation outside surfaces where condensation could occur to keep them
above condensing temperature for most of the time. The National Building
Code of Canada 1995 identifies restrictions on the placement of air barrier
materials with a water vapour permeance of less than 60 ng/Paesem’. One
may also wish to avoid use of external air barriers systems made of materials
with a low water vapour permeability if the framing lumber has a high

Table 3.1: Material Air Permeability Rates

Building Materials with Tested Building Materials with Tested
Air Permeability Rates below Air Permeability Rates above
NBC Part 5 Air Barrier NBC Part 5 Air Barrier
Requirements Requirements

Polyethylene sheet Concrete Block

Modified bituminous membranes Particle board (15.9 mm)
Extruded polystyrene (38 mm) Tempered hardboard (3.2 mm)
Expanded polystyrene (Type 2) Non-perforated asphalt felt (15 1b)
Foilback urethane insulation Perforated asphalt felt (15 1b)
(25.4 mm)

Foil back gypsum board (12.7 mm) | Fibreboard (11 mm)

Plywood sheathing (8 mm) Perforated polyethylene #1
Oriented strandboard (16 mm) Expanded polystyrene (Type 1)
Gypsum board (12.7 mm) Tongue-and-groove planks

Spun bonded olefin film sandwiched | Glass-fibre insulation
between two layers of fibre board

Fibre board with micro-perforated Vermiculite insulation
polyethylene facing

Glass-fibre rigid insulation board Cellulose insulation
with a spun bonded olefin film

on one face

Roofing felt (30 1b)
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© moisture content, as they inhibit drying. These same restrictions apply to
wood sheathing products. Clause 9.23.16.5 of the British Columbia Building
i Code 1998 requires that plywood and OSB sheathings be installed with gaps
between the panels. This will help permit drying of the assembly.

¢ The discussion of air barriers in this Guide focuses on moisture management
i issues. However, an air barrier is also a key element for fire safety provisions,
i noise and ventilation control within the building.

Effective Air Barrier Systems

Three approaches to air barrier systems are discussed here and subsequently
i illustrated through the details in Chapter 6. These systems have been

i extensively tested and found to perform well under sustained wind loads and
gust loads for the wood-frame buildings covered by this Guide. Some

i approaches may also be appropriate for larger buildings of non-combustible

i construction; however, the sealed polyethylene approach should not be used

i in these types of buildings.

Air barriers are generally located on either the interior or the exterior side of
i the wood-frame portion of the wall assembly. The following discussion

i describes several such approaches. Other systems may also perform
satisfactorily and it is not intended to discourage their development.

Interior Approaches
i Sealed Polyethylene Approach

i The polyethylene vapour barrier is sealed at the top and bottom plates to form
the wall air barrier. All joints in the polyethylene are sealed and clamped

i between the framing and gypsum board. The wind load is transferred to the

i gypsum board in the inward direction and the framing in the outward

¢ direction. The polyethylene must be supported by both the outboard
insulation and the drywall on the interior. Locations where interior finishes

i are not normally provided, such as below the rim of bathtubs, require specific
measures (installation of sheathing) to ensure support of the polyethylene.

The continuity of the air barrier at the floor header is maintained by sealing

i the polyethylene to the wood framing and by sealing layers of polyethylene

i together with sealant or gaskets, or by carrying a vapour permeable
membrane to the outside of the header. Special attention has to be paid to seal
i penetrations of the gypsum board at electrical fixtures or other services. Also
i carry the air barrier through the intersection of partition walls. Note that non-
! curing sealants are appropriate for placement between sheets of polyethylene
where drying of the sealant is not possible; however, other types of sealants

i and gaskets are required when sealing polyethylene to wood framing or

i between layers of wood. See Table 7.11 (page 7-31) for guidance on sealant
selection.

This interior approach can be used with most of the wall assemblies
discussed in Chapter 5 and is further illustrated in the detail drawings in
i Chapter 6 (see Table 6.1, page 6-2).

Airtight Drywall Approach (ADA)

The interior gypsum board and framing members provide the air barrier.

i Continuity between different materials is created with caulking or gaskets.
¢ Special attention has to be paid to seal penetrations of the gypsum board at
electrical fixtures and other services.
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An advantage of this system is that the gypsum board is exposed for
inspection and maintenance at all times. Nail pops, cracks and other damage
must be kept repaired over the life of the building.

The paper on gypsum sheathing is very susceptible to mold growth. The lack
of polyethylene in the ADA means that if moisture enters from exterior
sources it has ready access to the vulnerable surface of the interior gypsum
sheathing from the stud space. This can be regarded as both a positive and a
negative feature, since the symptoms of a moisture problem will be seen
sooner than if polyethylene was in the wall assembly; however, the potential
mold and associated health hazards will have better access to the interior of
the dwelling.

The airtight drywall approach can be used with most of the wall assemblies
discussed in Chapter 5 and is further illustrated in detail drawings marked
ADA in Chapter 6 (see Table 6.1, page 6-2).

A good source of examples of details of these interior air barrier approaches
is the Builders Manual.

Exterior Approaches

There are two exterior approaches for achieving airtightness. The first places
insulation outbound of the airtight surface. The second places the airtight
surface on the exterior of the insulation. The assemblies become more

sensitive to air leakage when the air barrier is located on the exterior side of

the insulation. That is, condensation is more likely to occur since cold

surfaces are readily available at any discontinuities in the air barrier. The key
advantage of both these exterior approaches is that penetrations of the interior :
wall finish for electrical outlets and disruptions such as stairs, plumbing '
fixtures and partitions, do not affect the continuity of the air barrier.

Exterior Membrane Approach

In this approach the exterior sheathing is completely covered with an adhered
waterproof membrane which is vapour impermeable. Sufficient insulation is
placed to the exterior side of the membrane so that condensation due to
vapour diffusion is not a risk. This approach is inherent in wall assemblies
such as stucco—exterior insulation rainscreen (ST-4), brick veneer—exterior
insulation rainscreen (BV-2), horizontal siding—exterior insulation rainscreen
(HS-3), and exterior insulation finish system-rainscreen (EIFS-1) described
in Chapter 5 and is illustrated in detail drawings marked EABA in Chapter 6
(see Table 6.1, page 6-2).

Exterior Sheathing Approach

One variation of this approach known as the Exterior Airtight Sheathing
Element, or EASE consists of housewrap sandwiched between two layers of
fibreboard sheathing. At the ceiling level, the air barrier is created by
sandwiching a polyethylene sheet between the gypsum board and fibreboard.
Alternatively, the airtight drywall approach system can be used at ceiling
level.

A second variation involves sealing all joints in the exterior sheathing and
framing with sealant or self-adhesive membrane strips. An alternative
strategy must be used over the ceiling assembly.

A third variation involves the use of housewrap that is not continuously
supported in the cavity of the wall but has joints taped and is held in place by
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strapping at regular intervals. Again an alternative strategy must be used over
i the ceiling assembly.

: 1t is worth mentioning that in face seal and concealed barrier wall assemblies
i the sealed surface of the cladding may in fact be the most airtight surface in
the assembly, regardless of which surface was intended to be airtight. As a

i result, issues associated with having the air barrier on the exterior side of the
i insulation are relevant to these assemblies.

i Regardless of which system or combination of systems is used, continuity
must be maintained at joints and interruptions. Allowance must also be made
i to compensate for movement in framing members due to seasonal variations
i in moisture content or initial drying. Gasketing or sealants should be selected
which will accept these movements and last the life of the assembly.

Controlling Vapour Diffusion

To avoid condensation inside an assembly, the vapour permeability of

i surfaces to the inside of the insulation should be lower than the vapour
permeability of surfaces outside the insulation. In Canadian building

i practices and building codes, this is accomplished by placing a low

i permeability material, the vapour barrier, on the warm side of the insulation.

i As arule of thumb, the vapour barrier should have a vapour permeance three
© to five times less than that of the surfaces outside the insulation. Selection of
i an appropriate vapour barrier should be done on the basis of the permeability
i of other materials in the assembly. Where relatively low water vapour
permeability sheathing is used, such as plywood or oriented strandboard, a

i Type I vapour barrier, such as polyethylene sheet or aluminum foil, may be

i necessary in cold climates or high humidity buildings. Where the sheathing
has a high permeability to moisture, such as laminated fibreboard or spun

i olefin faced fibreglass board, a Type II vapour barrier or some paints are

i generally satisfactory. Clause 9.23.16.5 of the British Columbia Building

i Code 1998 requires 2 mm gaps in the exterior sheathing to improve the
ability of the assembly to vent and therefore dry to the exterior.

In the British Columbia coastal climate zone, polyethylene is not required in
i the wall assembly to control vapour diffusion. In most commonly used wall
assemblies, the quantity of moisture potentially transported through this

i mechanism is small and can be controlled with other vapour barriers. This is
i a design decision that can be made knowing the characteristics of the
particular wall assembly proposed for use.

However, since polyethylene is also one of the materials commonly used to
i perform the function of the air barrier, its removal must be accompanied by
i the inclusion of an alternate air barrier strategy.

It is important to note that the presence of polyethylene did not cause the

i moisture problems in the wall assemblies examined in the Survey, nor

i will its removal from wall assemblies prevent problems from occurring in
i the future.

The maximum water vapour permeance of a Type I vapour barrier defined in
i CAN/CGSB-51.33M, Vapour Barrier Sheet, Excluding Polyethylene, for Use
i in Building Construction, is 15 ng/Passem’. This permeance can be met by a
broad range of materials including polyethylene sheet, foil, metal, and glass.
i A Type II vapour barrier has a maximum permeance of 60 ng/Passem? or less
: before aging.
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Table 3.2: Water Vapour Permeance of Common Materials*

Water Vapour Permeance

Metric Imperial
Material ng/Passem’ grain/ft.*/hr. (in. Hg)
=a Perm

Vapour Retarder Membranes
0.03-mm (1-mil) aluminum foil negligible negligible
0.15-mm (6-mil) polyethylene 1.6-5.8 0.027-0.10
0.10-mm (4-mil) polyethylene 34-5.0 0.059-0.087
0.05-mm (2-mil) polyethylene 7.0-13.0 0.12-0.23
Paints
1 coat vapour retarder paint 2 0.45
1 coat alkyd sealer plus

1 coat alkyd low lustre 2 0.48
1 coat latex sealer plus 1 coat latex paint 147-257 2.56-4.48
2 coats alkyd paint on plaster 91-172 1.58-2.99
Insulation
25-mm (1-in.) foil-faced polyurethane negligible negligible
25-mm (1-in.) extruded polystyrene

(Types 3 and 4) 23-92 0.40-1.60
25-mm (1-in.) extruded polystyrene

(Type 2) 60-200 1.04-3.40
25-mm (1-in.) expanded polystyrene

(Types 1 and 2) 115-333 2.00-5.80
100-mm (4-in.) fibreglass batts 1 666 28.97
100-mm (4-in.) rock wool 1 807 31.48
50-mm (2-in.) fibreglass batts 2 000-2 600 34.84-45.30
Framing and Sheathing
19-mm (3/4-in.) lumber 982 17.11
6-mm (1/4-in.) extruded plywood 23-74 0.40-1.29
11-mm (7/16-in.) OSB 44-200 0.77-3.48
12.7-mm (1/2-in.) asphalt-impregnated

fibreboard 2 645 46

Permeability=Permeance x thickness of materials in inches

Perm x 57.5 = ng/Passem’

* Vapour permeance varies from manufacturer to manufacturer.

Designers should verify the permeance of selected materials with the manufacturer.
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Table 3.2: Water Vapour Permeance of Common Materials* (continued)

Water Vapour Permeance
Metric Imperial
Material ng/Passem’ grain/ft.”/hr. (in. Hg)
=a Perm
Framing and Sheathing (continued)
38-mm (1 1/2-in.) fibreglass sheathing 30-1 723 0.52-30.02
12.7-mm (1/2-in.) gypsum board sheathing 2 860 49.82
12.7-mm (1/2-in.) foil-faced gypsum board negligible negligible
25-mm (1-in.) expanded polystyrene
(Type 2) 86-160 1.49-2.78
25-mm (1/2-in.) foil-faced cellular
plastic insulation negligible negligible
Breather-type sheathing paper 170-1 400 2.96-24.39
Spun-bonded polyolefin 3 646 63.51
Permeability=Permeance x thickness of materials in inches
Perm x 57.5 = ng/Passem’
* Vapour permeance varies from manufacturer to manufacturer.
Designers should verify the permeance of selected materials with the manufacturer.

The water vapour permeance of some materials is listed in Table 3.2. Others
i may be found in the 1997 ASHRAE Handbook (SI).

Keeping Surfaces Warm

i Another way of limiting condensation is to keep surfaces above the dew point
temperature of the air in contact with them. Windows are the most visible

i demonstration of this principle. Windows with high thermal resistance avoid

i condensation as well as save energy. The circulation of warm air at the

i surface of the window (or to another cold surface) also increases its

{ temperature.

Condensation within walls or other building assemblies can be reduced by
i placing some insulation outside the building frame and sheathing. This keeps
i surfaces inside warmer, which will reduce or eliminate condensation.

The presence of thermal bridges such as metal window sub-sills, which pass
i completely from the interior to the exterior, can result in colder interior
i surfaces and thus can create a greater potential for condensation.

CONSTRUCTION MOISTURE

: Clause 9.3.2.5 of the British Columbia

i Building Code 1998 requires that lumber have a moisture content of 19 per
cent or less at the time of installation. This requirement should be more

i rigorously enforced. Even where dry lumber is available, it can be wetted
prior to and during construction. The result is that the lumber may have an
i initial moisture content that is conducive to the start of decay. With today’s
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short construction schedules, building assemblies may be closed in before the
lumber dries enough to be out of the danger zone. In rare cases this has led to
moisture problems. If it is expected that wet materials will be used, measures
which speed drying can be used. One way is to delay installing the interior
vapour barrier and finish as long as possible to allow drying to the inside.

DEFLECTION, DRAINAGE AND
DRYING

As emphasized earlier in this chapter,
moisture control requires a balance between wetting and drying mechanisms.
To avoid major problems, designers must not only eliminate sources, they
must address removal mechanisms. For example, using a sealing type coating
may reduce moisture movement into and out of the cladding by 90 per cent.
However, if water entry through the cladding is only 50 per cent of the total
entry from all sources, and drying through the cladding is the main source of
moisture removal, the moisture balance has been tipped in favor of moisture
accumulation. Many problems with stucco and exterior insulation finish
systems in British Columbia can be attributed to the fact that these types of
wall have a limited ability to permit drainage and drying once water gets
behind the cladding, whether that water entered through the cladding or
elsewhere.

Deflection, while not a drying mechanism, is the first priority in assuring
moisture removal. If most of the water is diverted before it has a chance to
impact on and enter the wall assembly, then drainage and drying
requirements are significantly reduced.

Water can be removed by drainage, or wicking (capillary action) through
porous materials. Vapour moves by diffusion and evaporation toward a dryer
atmosphere.

Provision for the drainage of large quantities of water is important in wet
climates. This is a major advantage of drained cavity or rainscreen wall
assemblies. Sloping roofs, decks, balconies and walkways are fundamental
for effective drainage of horizontal features. If the drainage passages are too
narrow, drainage is impeded, a particular concern with scuppers. Capillary
action, or surface tension, also impedes water movement through small
orifices. An air space to the outside of the drained surface is generally
required for good drainage.

Draining water must be intercepted at appropriate locations and directed to
the outside by properly detailed flashing. Flashing should be sloped to the
outside. When the flashing is interrupted, it should have end dams to stop
water running off the ends. Poor flashing detailing is a major cause of
moisture problems in buildings. The publication, Best Practice Guide:
Flashings provides detailed discussions on flashing design.

The drying ability of the insulated assembly depends on the capacity of the
sheathing and cladding systems to allow water vapour to migrate through
them. Studies have been conducted to determine the drying rates of walls
with various commonly available sheathing materials. Their ranking is as
follows:

 Fastest: Fibreglass sheathing board and wood fibre board

» Relatively Fast:  Plywood and OSB (wood-based products)
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* Less Fast: Extruded polystyrene
* Least Fast: Laminated polyisocyanurate

Of these materials, the glass fibre and wood products have the ability to wick
water away. They have a good capacity for drying. The successful use of
: foam insulation boards depends on their ability to maintain a warmer
i temperature in the stud cavity. High permeability to water vapour diffusion is
i desirable in exterior sheathing materials.

Where dry lumber is accidentally wetted, it is desirable to use exterior
i sheathings which permit fast drying. Foamed plastic insulation, particularly
¢ those faced with foil, are less suitable because they significantly restrict
i drying to the exterior.

The driving forces for drying include internal heat sources, solar heating
(which can drive moisture in under some circumstances), and air movement.

i The drying process is enhanced in many wall assemblies by creating a

i ventilation space or cavity between the cladding and the sheathing. For

i example, when masonry veneer is used, a cavity is provided behind the brick.
When other siding systems are used, they can incorporate strapping to create
a cavity. How much venting is needed to enhance drying is the subject of
considerable ongoing research.

Key Points

* Deflection is the primary moisture control mechnism since it eliminates
the potential for water to impact on or enter an envelope assembly.
Drainage is the next most important mechanism. If water enters the
assembly, it must be redirected out of the assembly. Any moisture that
doesn’t drain quickly must be able to dry. Since the drying moisture
removal mechanism is slower than deflection and drainage, it is a second
line of defense and should not be relied upon to the same extent. Surfaces
upon which moisture rests must be durable enough to accommodate the
moisture until it drains or dries.

e Three conditions are required to move water through a material:
» asource of water at the surface
* openings through which it can pass
* a force to move the water through the openings.

* The elimination of any one of these three conditions will prevent water
entry.

» Assemblies using a face seal strategy have proven to be less reliable
because installing and maintaining perfect and durable seals at all joints
and intersections between assemblies is very difficult.

 Failed joints and penetrations are the primary entry path for exterior water
into wall assemblies.

* Air movement is the dominant interior moisture transfer mechanism.

* The introduction of a cavity to the assembly does not eliminate the need to
address exposure by deflection or the need to limit major water entry
paths.

* An effective air barrier is the most critical aspect of managing air pressure
differentials and, consequently, rainscreen performance. Some
compartmentalization of the cavity, particularly at corners, is necessary.

 Isolating facades by sealing the corners of cavities dramatically reduces
driving pressures across the rainscreen, reducing the potential for and
magnitude of water entry.
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* Corner seals in cavities must be strong. They should be designed to
withstand twice the structural wind load.

* The presence of polyethylene did not cause the moisture problems in the
wall assemblies examined in the Survey, nor will its removal from wall
assemblies prevent problems from occurring in the future.

» The use of a less sensitive wall assembly does not eliminate the need for
good details and construction practice.




Wood-Frame Envelopes in the

Coastal Climate of British Columbia

CHAPTER 4

The largest component of total energy
consumption for Canadian buildings is heating (fall, winter and spring). For HE A T F LOW
most British Columbia coastal zone residential buildings, this heating
requirement is between 30 and 60 per cent of the total energy consumption.

Retaining heat is a primary function of the building envelope. A basic
principle of physics is that heat flows from an area of higher temperature to
one of lower temperature. While the flow cannot be prevented, it can be
controlled to decrease the total energy consumption of the building.

Heat flow is also a major factor in the flow of moisture through building
envelope assemblies. It can be a driving force for both wetting and drying
mechanisms.

MECHANISMS OF HEAT FLOW

There are four principal mechanisms of heat
transfer through the building envelope:

* Conduction: Heat is conducted at the molecular level through the
envelope materials. The rate of heat flow depends on the materials present.
Every material has a different capacity to resist conductive heat flow
which is expressed as an RSI (metric) value or R (imperial) value.

* Convection: Heat transfer increases where convection currents are present
in the assembly. Convection loops effectively bypass the thermal resistance
of the insulation and may transfer significantly more heat than is
transferred by conduction. Convection currents can be resisted by
installing the insulation to completely fill the cavity so that it is in intimate
contact with the air barrier.

* Air Leakage: The leakage of heated interior air through the assembly
results in a direct loss of heat to the exterior. An effective air barrier
system will substantially reduce this mechanism of heat loss.

« Radiation: Radiant heat transfer differs from conduction and convection
in that it does not depend on an intermediate material as a carrier of
energy. It requires a medium (such as glass or air) which is transparent to
the electromagnetic spectrum of the radiated energy. This heat flow
mechanism is not generally significant to moisture management or the
behaviour of the opaque portion of wall and roof assemblies described in
this Guide. However, night sky radiation may result in some short-term
collection of moisture on the underside of roof sheathing.

The primary means of controlling heat flow from wood-frame buildings has
been to place insulation in stud cavities and attics. More recently, board
insulation has been placed on the exterior of the stud wall assembly.

The selection of insulation for wall cavities is based on a variety of factors
including cost, availability, and acoustic and thermal performance. Fibreglass
is the most commonly used material.

Sprayed cellulose insulation contains water which will raise the moisture
content of the framing. Therefore, the wall cavity should be allowed to dry
before the installation of the interior vapour barrier and a vapour permeable
wall sheathing should be used. The potential for fungal growth due to the
water is normally offset by the presence of fungicide in the spray application.
This must be verified with the manufacturer.
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Sprayed urethane insulation is relatively vapour impermeable and will not
i permit drying of the encased framing lumber. Care should be taken to avoid
conditions where the wood is fully encased when using this material.

The thermal resistance of materials commonly used in wood-frame
i construction can be found in Table 7.2, page 7-4.

THERMAL BRIDGING EFFECTS AND
CONTROL

i Woood has a lower thermal resistance than
i the insulation materials used between the framing members. More heat flow
will occur through a stud, wall plate or joist than at other locations in the

i framed wall or roof assembly. This increase in thermal conductivity is

i referred to as thermal bridging.

i Condensation due to thermal bridging at studs is usually not a significant

issue in wood-frame construction. It is occasionally found in wood-frame

i buildings, showing up as discolouration or mildew on walls, typically in the

i corners of rooms. Condensation on interior wall surfaces, due to thermal

bridging in wood framing, will generally only occur in the presence of some

i of the following factors:

i« high interior humidity,

i« poor circulation of interior air (pockets of low convection, such as

corners of rooms and at ceilings),

i« the presence of large masses of framing material in the wall, such as

¢ multiple studs and plates at corners, and the absence of insulated
sheathing,

* poorly installed cavity insulation.

Thermal performance of the wall assembly is reduced as a result of thermal
i bridging. About 15 per cent of the wall area is occupied by framing material,
i depending on stud spacing and layout.

With the drive to build more energy-efficient housing, higher insulation

i levels are being used than were used in buildings 20 years ago. The most
common and cost effective way of accomplishing this in walls has been to

i increase the stud depth from 89 mm to 140 mm and to add more insulation to
i the stud space. Other techniques include application of insulating sheathing

i to one face of the studs, or the addition of insulation to the outside of the
exterior sheathing. Insulating sheathings have the added benefit of decreasing
i thermal bridging effects and of reducing the potential for condensation
within the wall assembly.
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THERMAL PERFORMANCE
STRATEGIES AND REQUIREMENTS

Canada’s new Model National Energy Code
of Canada for Houses 1997 establishes energy performance requirements for
buildings based on cost benefit analysis. It considers the following criteria on
a region-by-region basis:

e climate,

» fuel types,

¢ fuel costs,

* construction costs.

The thermal performance levels in this new code refer to the entire assembly,
not the value of the insulation found in the cavities. Thermal bridging is
accounted for in meeting the requirements whereas it has generally not been
considered by other codes when prescribing insulation levels. A summary of
the suggested requirements for British Columbia’s coastal zone is provided in
Table 4.1.

Table 4.1: Minimum Effective RSI Values for British Columbia’s

Coastal Zone
Minimum Effective Thermal Resistance RSI (R)
Principal Heating Source
Natural Gas Electricity, Oil,
Propane or Air to Air
Heat Pump

Roofs
Type I: attic type, pitch 5.40 (R30) 7.00 (R40)
chord truss
Type 1I: all others 4.30 (R24) 4.30 (R24)
(for example, sawn
lumber joist, parallel-
chord truss
and wood I joist)
Above-Grade Walls 2.00 (R11) 3.10 (R18)
Below-Grade Walls 1.70 (R10) 2.10 (R12)

@ 600 mm below grade| @ 600 mm below grade
(adapted from Model National Energy Code of Canada for Houses 1997 for
Region A, British Columbia)

Section 9.25.2 of the British Columbia Building Code 1998 and the 1999
version of the Vancouver Building By-Law generally provide prescriptive
insulation requirements based on the insulating value of the primary
insulating material only, rather than the entire wall assembly. Both permit the
use of simulation programs to arrive at alternate insulation levels based on
overall performance criteria. Their prescriptive requirements are summarized
in Table 4.2.
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Table 4.2: British Columbia Building Code and Vancouver Building By-Law
Nominal Insulation Values

Insulating Value of Primary
Insulating Material RSI (R)
Principal Heating Source
Natural Gas Electricity, Oil,
Propane or Air to Air

Heat Pump
B.C. Building Code
Roofs
Type I: attic type, pitch 7.0 (R40) 7.0 (R40)
chord truss
Type 1I: all others 4.9 (R28) 4.9 (R28)
(for example, sawn
lumber joist, parallel-
chord truss
and wood I joist)
Above-Grade Walls 2.45 (R14) 3.5 (R20)
Below-Grade Walls 2.1 (R12) 2.1 (R12)
Vancouver Building
By-Law—Part 9
Roofs 4.2 (R24) 7.0 (R40)
Walls 2.45 (R14) 3.5 (R20)
Vancouver Building
By-Law—Part 3
Roofs 3.5 (R20) 3.5 (R20)
Walls 2.1 (R12) 2.1 (R12)
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SYSTEM REQUIREMENTS

GENERAL

A summary of building envelope functions is presented below, based on
Requirements for Exterior Walls, Canadian Building Digest No. 4B:

* Control heat flow

» Transfer structural loads

* Control air flow

* Be durable

» Control water vapour flow

* Be economical

» Control rain penetration

* Be aesthetically pleasing and marketable
» Control light, solar and other radiation
* Provide privacy and views

* Control noise

* Be constructable

* Control fire and smoke

* Interact with mechanical system

* Provide security

* Be maintainable

All of these functions need to be considered in the complete design of the
building envelope, but the design for moisture management purposes should
not be sacrificed to meet some other objective. The designer must
accommodate all of the purposes of the building envelope and develop a
building envelope which meets all objectives and performance criteria.

Chapters 5, 6 and 7 provide guidance on the selection and design of
appropriate assemblies, details, components and materials in order to manage
moisture sources which affect the building envelope. Chapter 5 considers
moisture management in the context of overall wall, window, roof and deck,
and balcony and walkway assemblies. Chapter 6 considers moisture
management at details, either where assemblies intersect or where various
penetrations of the assemblies occur. Chapter 7 provides guidance for the
selection of components and materials in relation to moisture management
performance.

The intent of this chapter is to assist in the selection of appropriate
assemblies exposed to exterior moisture sources. Its focus is on the moisture
management problems identified in the Survey. This focus on exterior
sources is not intended to minimize the need to design and manage all
sources of moisture. The assemblies represented are likely to be considered in
wood-frame residential construction. Each assembly is described by its
cladding type and the basic strategy for controlling external moisture sources
(face seal, concealed barrier, and rainscreen). This approach has been
previously used by the British Columbia Housing and Management
Commission in HOMES BC 1997, Non-Profit Development Guidelines.

No differentiation is made between rainscreen and pressure equalized
rainscreen assemblies, since the differences in these assemblies are primarily
associated with details designed to limit the air pressure differential across

CHAPTER 5

ASSEMBLIES




ASSEMBLIES

Wood-Frame Envelopes in the
Coastal Climate of British Columbia

the cladding. Compartmentalization, other than at corners, provides only
minimal incremental improvements in performance for the types of buildings
and assemblies for which this Guide is intended. In very high exposure areas
where better pressure equalization characteristics are warranted, the designer
must provide the special requirements and details for construction that are
needed.

The assemblies are presented in data sheet format, including a description of
the assembly and a discussion of the moisture control strategies used. In
addition, each data sheet describes the limitations of the assembly, that is, its
suitability for certain exterior exposures or interior conditions. Also included
is an overview of the long-term performance expectations of the assembly,
based on available documentation. Finally, there is a discussion of the relative
sensitivity of the assembly to moisture, detailing and construction quality
control.

Examples of detailing for two of the wall assemblies, namely stucco—
rainscreen wall assembly (ST-3) and stucco—rainscreen exterior insulation
wall assembly (ST-4), and three different airtightness strategies are presented
in Chapter 6.

The assemblies shown include many which are commonly used. Several less
common assemblies are also presented. These assemblies are almost all
rainscreen assemblies which incorporate the better moisture control strategies
discussed in Chapter 3. While not common in the British Columbia coastal
climate zone at present, many of the assemblies are in common usage in
other parts of North America and in Europe. Rainscreen assemblies generally
have a much lower risk of moisture-related problems, but they also have a
higher initial construction cost. The higher initial costs are generally balanced
by lower maintenance and renewal costs.

It may be possible to use variations of the assemblies shown, as well as other
assemblies not presented in this Guide. In this case, ensure that appropriate
consideration is given to each of the variables affecting their performance.
Performance testing of new or alternate assemblies is required to determine
their performance characteristics.

MOISTURE BARRIER

The moisture barrier is the surface farthest from the exterior which can
accommodate moisture without incurring damage to the assembly. It is not
always easy to establish this since some surfaces can accommodate small
amounts of moisture for a limited time without damage, while larger
quantities of water or longer exposure to moisture will lead to premature
deterioration or migration of moisture further into the assembly. The
assemblies shown use the strategies discussed in Chapter 3 for control of
exterior moisture. The particular strategy used is discussed on each data
sheet.

To assist in evaluating the potential performance of assemblies, and in
particular those not specifically discussed in this chapter, Table 5.1 should be
considered. Note that the table is only applicable to wall and window
assemblies, as most horizontal envelope assemblies (roofs, decks, balconies
and walkways) used in low-rise wood-frame construction will use a face seal
strategy (water shedding or waterproof membrane).

Table 5.1 compares general performance expectations for four exterior
moisture control strategies in four exposure categories: high, medium, low
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Table 5.1: Performance Expectations for Exterior Wall and Window Moisture Control Strategies

Exposure Level Face Seal Concealed Rainscreen Pressure Equalized
Barrier Rainscreen
High Poor Poor Fair Good
Medium Poor Poor Good Good
Low Fair Good Good Good
None Good Good Good Good

and none. While these ranges are somewhat arbitrary and require an

assessment by the designer, they are summarized as follows:

* High Wall is regularly wet under normal service conditions and is
subject to significant exposure to wind

¢ Medium Wall is often wet under normal service conditions
* Low Wall is rarely wet under normal service conditions
¢ None Wall is never wet under normal service conditions

An example of a wall in exposure category None would be a recessed ground
floor level wall effectively protected from wetting by large overhangs.

The three categories of expected performance are also somewhat arbitrary in

their definition:

* Good — Wall assembly is likely to meet its expected performance criteria.
There is low risk of failure during the intended service life,
provided an appropriate maintenance program is adhered to.

* Fair— Wall assembly may meet its expected performance criteria
although the performance will be very dependent on quality of
details, maintenance activity, and local exposure conditions. There
is a significant risk of failure within the expected service life of
the assembly.

* Poor — Wall assembly is not likely to meet its expected performance
criteria. There is an unacceptable risk of failure occurring during
the intended service life of the assembly.

Exposure

Design and environmental factors will determine exposure level. Design
factors range from building orientation to building features which deflect
water. Environmental factors include the duration and intensity of rainfall,
and wind velocity and the orientation during these rain events. Together these
factors will determine how often, and for how long, the building walls will be
wet. The process of evaluating exposure can be simplified by considering
only the three most influential factors: climate, overhang and terrain.

Although the British Columbia coastal climate zone contains various micro-
climate zones where rainfall intensity and wind directions vary, it is
reasonable to establish the entire coastal climate zone as a severe wetting
environment for the determination of building exposure categories. Therefore
the discussion which follows does not consider climate to be a variable.
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An overhang is usually created by the roof but may also be created by other
features of the building such as awnings or floor assemblies which are
extended. An overhang ratio can be defined as:

Overhang Ratio = Overhang Width
Wall Height

Where:

Wall Height is the height above the lowest affected wood
element (and would therefore not include concrete
foundation wall height).

Overhang Width is the horizontal distance between the outer
surface of the cladding and the outer surface of the overhang.

Terrain has a large influence on how much wind-driven rain will impact on
the walls of a building. For the purposes of this Guide, four categories have
been defined. They are described in Figure 5.1.

The nomograph in Figure 5.1 can be used to determine a general exposure
category for different combinations of overhang ratios and terrain. The scale
A to D in Figure 5.1 represents most-sheltered locations—A to least-sheltered
locations—D. Climate is assumed to be the coastal climate zone for all
combinations of overhang and terrain. A straight line drawn between

a calculated overhang ratio and an appropriate terrain description will pass
through the exposure category bar to obtain an exposure rating. The dotted
line on the nomograph below represents a situation where overhang

ratio = 0.3, Terrain class is C, and the resulting exposure category is medium.

The width of the exposure bar is intended to indicate the variability in this
simplified approach. The designer should also review the site location,
localized climate factors, and building features in detail before completing

Overhang Exposure Terrain
Ratio Category
0 - [~ D - Building located within 1 km of direct
T waterfront exposure or,
(Y} Small or few surrounding obstructions or,
o Located on a hill or cliff overlooking
0.1 adjacent buildings
= _-1— C- Rural areas, moderately treed or with
0.2 2| .- buildings mostly less than 4 stories,
E -7 which are within a distance of 5 building
_--T heights
,,,,, s
0.34-""
— B - Many large buildings which are within a
= distance of 2 building heights
0.4 S
0.5 w
2 L A- Adjacent buildings of equal or greater
(] height located within one building
z height in all directions

Figure 5.1: Exposure category nomograph
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the assessment of exposure category. The assemblies in the next section have
been assigned recommended maximum exposure ratings.

It is recommended that the selection of the wall assemblies be based on the
highest exposure category for any location on a building. It is possible to
design large wall areas for different exposure conditions on the same
building; however, there is increased detailing complexity when combining
more than one strategy. For example, the transition between a face seal and a
rainscreen assembly can be difficult.

AIR BARRIER

Usually, the selection of the assembly can be considered somewhat
independently of the air barrier system to be employed because the air barrier
system can use any of the strategies discussed in Chapter 3. Different
materials within the assembly can be employed. Regardless of the air barrier
system selected, the focus needs to be on continuity at details. Air barrier
continuity at details is presented in Chapter 6.

VAPOUR BARRIER

Most of the assemblies shown use polyethylene located to the exterior side of
the interior gypsum board as the vapour barrier. There are assemblies where
some insulation is located on the exterior side of the exterior sheathing. In
these assemblies, the vapour barrier is the adhered waterproof sheathing
membrane which is placed against the sheathing. Polyethylene sheet should
not be used in these assemblies.

INSULATION

The majority of the assemblies shown use fibreglass batt insulation solely
within the stud cavity. Some assemblies also show semi-rigid fibreglass on
the outside of the exterior sheathing. For each assembly, a table lists the
effective RSI and R values for the layers in the assembly, both for 38 x

89 mm studs and 38 x 140 mm studs in walls (both at 400 mm spacing),

and for 38 x 235 mm roof joists. Note that the effective RSI value of the batt
insulation is de-rated slightly to reflect the thermal bridging of the stud or
joist. (See assemblies beginning on page 5-8).

Table 5.2: Effective Insulation Values

Fibreglass batt insulation rating Effective value in stud wall
RSI 1.76 (R10) RSI 1.7 (R9.5)

RSI 2.1 (R12) RSI2.0 (R11.25)

RSI 2.46 (R14) RSI 2.3 (R13.0)

Building Code requirements are based on the nominal insulation value,
not the effective RSI.

DURABILITY

The bottom of each data sheet discusses particular durability issues for the
assembly. The actual life expectancy is very dependent on a variety of in-
service factors such as exposure, climate, and maintenance. The discussion
therefore focuses on appropriate selection of materials, components and
assemblies during the initial design and construction, so that the design
service life and functions of the assembly may be realized.
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The discussion also deals with the relative durability requirements of

particular components in the assembly. For example, the expected durability

of components hidden behind the cladding should have a life expectancy that
is equal to, or exceeds, that of the cladding itself. Otherwise, the repair or
replacement of these components will necessitate the removal or destruction
of'a component which still has some service life remaining.

Durability also influences maintenance and renewal plans. Issues relevant to

maintenance and renewal are discussed. An appropriate plan should be
i prepared by the design team. Maintenance and renewal planning is discussed

further in Chapter 9.

ASSEMBLIES EXTERNAL TO MAIN ENVIRONMENTAL

SEPARATOR

External elements are often not environmental separators, such as divider

© walls between balconies, or external columns. They do not separate indoor

and outdoor environments and therefore are not subjected to some of the

major driving forces for both wetting and drying. They are usually un-

insulated assemblies, although sometimes they are acoustically insulated. In

! most cases these elements still need to manage external moisture sources in
the same way that other building envelope assemblies do. These elements are
i usually completely enclosed and usually can only dry to the exterior if

i wetted. While none of these assemblies are presented in this chapter, they

should be designed, detailed and constructed to meet the same performance
criteria as an insulated wall assembly for given exposure conditions. In
addition, they should be vented to the exterior. Pressure-treated wood should

be used as discussed in Chapters 2 and 7. Venting details are provided in

Chapter 6.

CRAWL SPACES

Two strategies exist for managing moisture in crawl spaces. They can be
considered as being entirely outside the structure, with all the special
considerations attendant to that situation in the coastal climate. Alternately,
they can be considered part of the indoor environment and constructed with

the same attention to detail for moisture control as upper storeys. Except in
i the Far North when building over permafrost, the majority of crawl space

installations in Canada and British Columbia should be treated as indoor
space.

Within crawl spaces, as in full basements, ensuring proper drainage,

i preventing wood from coming in contact with moisture sources, installing

effective ground cover and ensuring proper air exchange in the space are

¢ needed to ensure that conditions for maintaining a durable structure are
present. Shallow crawl spaces are more difficult to inspect and maintain. In

i these circumstances, it may be more appropriate to install a ground floor slab
¢ with no space under it.

STRUCTURAL ISSUES

The sizes of studs and joists, as well as the thicknesses of sheathing products,
are arbitrary and are shown only as examples, such as for the calculation of
thermal insulation values. All structural requirements associated with these
assemblies must be determined on an individual building basis. In addition to

the wood framing and sheathing which forms the primary structure, fasteners

for the attachment of the cladding to the primary structure, or design of the
strapping and its attachment to the structure also need to be determined.
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WALL ASSEMBLIES

Ten different wall assemblies are presented
in this section.

Table 5.3 summarizes the assemblies recommended for differing exposure
levels. Refer to the individual assembly sheets for a more detailed
explanation of the performance expectations in varying exposure levels.

The arrow on each sketch indicates the moisture barrier surface for each
assembly. This helps in differentiating between otherwise similar assemblies
such as stucco—face seal (ST-1) and stucco—concealed barrier (ST-2).

Table 5.3: Recommended Wall Assemblies for Exposure Categories

EXPOSURE LEVEL
WALL ASSEMBLIES None Low | Medium | High
ST-1: Stucco—Face Seal O
ST-2: Stucco—Concealed
Barrier O O
ST-3: Stucco—Rainscreen O O OJ
ST-4: Stucco—Exterior
Insulation Rainscreen O O OJ OJ
BV-1: Brick Veneer—Rainscreen ] ] UJ
BV-2: Brick Veneer—Exterior [l [l U U
Insulation Rainscreen
HS-1: Horizontal Siding—
Concealed Barrier O O
HS-2: Horizontal Siding—
Rainscreen O O O
HS-3: Horizontal Siding—
Exterior Insulation Rainscreen O O O O
EIFS-1: Exterior Insulation
Finish System—Rainscreen O O u
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ST-1: Stucco—Face Seal Wall Assembly

Effective Effective
RSI (R) RSI (R)
38X 89 38 X 140
AIR FILM 0.03 (0.17) 0.03 (0.17)
22 mm STUCCO
(MOISTURE BARRIER) 0.14 (0.80) 0.14 (0.80)
SHEATHING PAPER 0 0
12 mm WOOD SHEATHING 0.11 (0.60) 0.11 (0.60)
INSULATION IN STUD SPACE 1.98 (11.25) 3.26 (18.50)
6 mil POLYETHYLENE 0 0
12 mm INTERIOR GYPSUM BOARD 0