RESEARCH REPORT

-

Moisture in Canadian Wood-Frame House

Construction: Problems, Research and Practice
from 1975 to [99]

Canada



CMHC—HOME TO
CANADIANS

Canada Mortgage and Housing Corporation (CMHC) has
been Canada’s national housing agency for more than 60 years.

Together with other housing stakeholders, we help ensure
that Canada maintains one of the best housing systems in the
world.We are committed to helping Canadians access a wide
choice of quality, affordable homes, while making vibrant,
healthy communities and cities a reality across the country.

For more information, visit our website at www.cmhc.ca

You can also reach us by phone at 1-800-668-2642
or by fax at 1-800-245-9274.

Outside Canada call 613-748-2003 or fax to 613-748-2016.

Canada Mortgage and Housing Corporation supports
the Government of Canada policy on access to
information for people with disabilities. If you wish to
obtain this publication in alternative formats,

call 1-800-668-2642.




Prepared for:

Submitted by:

Date:

Principal Consultant.

CMHC Project Manager:

MOISTURE IN CANADIAN
WOOD-FRAME HOUSE
CONSTRUCTION:
PROBLEMS, RESEARCH
AND PRACTICE FROM
1975 TO 1991

THE RESEARCH DIVISION

CANADA MORTGAGE AND HOUSING CORPORATION
700 Montreal Road

Ottawa, Ontario

K1A 0P7

Morrison Hershfield Limited
Consulting Engineers

1980 Merivale Road
Nepean, Ontario

K2G 1G4

Tel: (613) 727-9802
Fax: (613) 727-8165
September 1, 1992

Grant Wilson

A.J. Houston
Research Division



Canada Mortgage and Housing Corporation, 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 and development.

Under Part IX of this Act, the Government of Canada provides funds to CMHC to
conduct research into the social, economic and technical aspects of housing and related
fields, and to undertake the publishing and distribution of the results of this research.
CMHC therefore has a statutory responsibility to make widely available, information
which may be useful in the improvement of housing and living conditions. This
publication is one of the many items of information published by CMHC with the
assistance of federal funds.

The consultant wishes to acknowledge the many individuals who contributed to this
document through the interview and review process, and in particular, the contribution of
Mr. Robert Platts, Professor John Timusk, Dr. Don Onysko and Dr. Mark Bomberg.

This project was funded by CMHC. However, the views expressed are those of the
authors and no responsibility for them should be attributed to the corporation.



MOISTURE IN CANADIAN WOOD-FRAME CONSTRUCTION:
PROBLEMS, RESEARCH AND PRACTICE FROM 1975 TO 1991.
EXECUTIVE SUMMARY

Introduction

Canadian low-rise housing has evolved over a 100-year period using a wide range
of timber-based construction products and building practices. This approach provided,
for its time, essentially trouble-free housing. The evolutionary approach enhanced the
“forgiving” nature of wood-framing and its ability to safely withstand repeated seasonal
wetting and drying cycles.

During the period 1975 to 1991, significant advances were made in identifying,
understanding and solving moisture problems in wood-frame houses. This progress was
built on a substantial body of knowledge already existing. It was made possible because
substantial funding for research, development and technology transfer was made
available by various federal agencies.

This report collates and synthesizes the disparate research done by various
agencies, including Canada Mortgage and Housing Corporation (CMHC), universities
and the private sector and provides a consolidated picture of previous moisture-related
performance improvements. A focus for future research into energy-efficient building
product design and use has been developed, based in part on consultations with the
international community.

Objective

e Compile and review documents produced over the past 15 years in relation to
the study area and trace the role of Federal agencies in this area.

e Provide the perspective within which this federal effort was made possible,
and identify the value of these achievements.



® Discuss the system behaviour of low rise residential housing and its overall
effect on the moisture issue.

® Assess contributions the home building industry has made to the
achievements identified.

e Discuss the benefits that the relevant demonstration and educational programs
of both federal and private sectors have made on technology transfer.

e Identify current directions which the Canadian research community is now
pursuing to achieve low energy, problem free, timber-frame housing.

Discussion

This report identifies how the moisture-related work was carried out through
several public agencies, in concert with the house construction and retrofit industries.
The study identified that, while each agency pursued its own mandate, the work was
relatively well co-ordinated as a result of both formal and informal communication
linkages. Formal mechanisms, to ensure this co-ordination, included various committees
of the Inter-departmental Panel on Energy Research and Development (PERD) convened
by Energy, Mines and Resources (EMR), and various steering committees for a number
of major projects that involved other agencies and the industry. Ad hoc meetings of
experts were also held, as when CMHC convened groups of building science experts to
consider the evidence on moisture problems in the Atlantic region in 1981 and 1983.
Joint participation in codes and standards committees, and in technical committees of the
Canadian Home Builders' Association (CHBA), provided both formal and informal
communication.

This report provides an assessment of the work identified. It has placed this work
into a very broad, longer-term, historical perspective and, through use of an international
forum, identified research issues which might now be further explored. Additionally,
through the use of a number of appendices, the report identifies the work and the
contribution of academic institutions, private sector researchers, industry consortiums,
and building scientists at the Institute for Research in Construction of the National
Research Council (IRC/NRC) and CMHC.



Findings

Prior to the 1970's energy crisis, little systematic research had been undertaken to
better understand the systems aspects of moisture impacts on timber-frame housing.
Subsequent increased airtightness (to reduce heat loss), and a move to more affluent
lifestyles, increased internal moisture generation in a number of Canadian homes. These
factors led to design and construction changes in timber-frame houses. However, many
aspects of basic building sciences and traditional good-building practices were ignored.
Significant advances were made between 1975 and 1991, in identifying, understanding,
and solving moisture problems in wood-frame houses. The report emphasizes that this
progress was built on a substantial body of knowledge already existing. The study found
that more opportunities for formal communication and for identification of priorities and
planning of research, involving the research community, would be advantageous.

Conclusions

Each agency pursued its own mandate but the work was relatively well co-
ordinated as a result of formal and informal communication linkages.

CMHC and EMR ensured this co-ordination by creating steering committees for a
number of their major projects, involving various government agencies and industry.

Joint participation in codes and standards committees, and in the technical
committees of CHBA, provided both formal and informal communication.

In spite of the foregoing efforts, more opportunities for formal communication is
required, and an identification should be made of priorities for any new moisture-related
research.



PREFACE

Canadians have found, over the past 100 years, that wood frame systems provide
an effective and affordable means of house construction. During the last 50 years a
basement system has emerged which, when used with timber frame designs, increases
overall usable space without diminishing affordability of Canadian housing. There is no
lack of confidence in the structural durability of wood frame construction, however
confirmed experiences do exist of moisture-induced problems in a small percentage of
these houses. These experiences include warped sidings, collapsed flat roofs, moisture in
basements and, rarely, some rotting framing. Research, as reported here, has contributed
to the solution of these earlier problems.

With current moves to improved energy efficiencies in Canadian houses,
achieved in part with relatively airtight envelope systems, additional concerns have been
raised about the impacts of higher living-space relative humidities and local moisture
condensation within wall systems. The inter-related and sometimes conflicting
requirements of avoiding moisture problems, conserving energy, maintaining good
internal air quality and minimizing housing costs, illustrate the complexity of these
moisture problems. Fresh understandings have been developed in Canada and it is clear,
from the development of these understandings as outlined in this document, just how
difficult the task has been. The activities have ranged from basic scientific studies to
investigations of construction practices.

Most Canadian house construction materials and components, because of their
inherent low cost, have provided good value. However, due to the nature of many of
these materials e.g. wood, wood-fiber, their performance thermally and hygrothermally
varies over a wide range; for example, the vapour diffusion resistances of building papers
and wafer board sheathing can vary over at least an order of magnitude. When these
variabilities of properties in building materials are coupled with variabilities in
workmanship, construction type, moisture and thermal loading due to occupancy, and
with climatic variations from maritime, arctic and mid-continental conditions, the
problems facing Canadian building scientists begin to come into focus.

This document identifies current areas of uncertainty and new work which could
now be undertaken based on the Canadian knowledge-base developed to date.



The industry, evolving from the supply of wood and wood-based products to the
home market, has already progressed into an exporter of Canadian goods and services.
This exporting industry has the potential to expand. One of the hurdles facing this
expansion is acceptance of timber frame construction in parts of the world where
traditional masonry construction is known to be expensive but is seen as durable. The
moisture summary provided here together with the knowledge of the reduction in use of
“embodied" energy offered by timber-frame construction, should help those in other
countries, with pressing housing needs, in their evaluation of options.
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| INTRODUCTION

This report is concerned primarily with activities related to moisture problems in
Canadian wood-frame houses during the period from 1975 to 1991. These activities
include the identification of moisture problems, research and development into causes
and solutions, changes in materials and practice, and relevant changes in codes and
standards. A substantial amount of research into moisture problems has been carried out
and a number of changes in codes and practice have taken place during this period.
Much of the research was implemented by CMHC. The objectives of the report are to
review the issues that led to the research, the results of the research, the changes in
materials, practice, codes, and the overall role of CMHC; and to identify current
moisture-related issues.

Problems of building performance related to moisture have existed since shelters
were first constructed. The nature and extent of the problems have been strongly
dependent on climate, the details of the prevailing construction practice, and the indoor
conditions. They generally involve degradation of materials in the building envelope, or
degradation of the indoor air quality.

Buildings have traditionally been constructed to provide protection from the
outdoor environment, including protection from precipitation. The building envelope is
expected to tolerate exposure to moisture from this source. Buildings must also be
designed and operated to account for the effects of water vapour contained in infiltrating
outdoor air, and to avoid problems arising from condensation, within the building
envelope, of water vapour contained in exfiltrating indoor air. Basements, crawl spaces
and slabs on grade are expected to tolerate exposure to sub-surface moisture. Moisture
problems in contemporary wood-frame construction arise from all of these sources.

Work of the principal national agencies involved with moisture-related research
and development during the 1975-90 period, CMHC, EMR, NRC and Forintek, is
reviewed in Appendix A to D. Work at the Centre for Building Science of the University
of Toronto is covered in Appendix E. Work of certain other agencies is covered in
Appendix F. The references on which the reviews are based are given in the
bibliography (Appendix J). In addition, the views of a number of individuals, as listed in
Appendix H, were sought. Changes to moisture related clauses in the National Building
Code are reviewed in Appendix G.



Section 3 of the report begins with a summary of the energy conservation
programs that had a significant impact on new house construction and on renovation
practice throughout much of this period. The moisture issues of the time, and the results
of research and development relative to house performance and building practice, are
then summarized. This is followed by a summary of developments in new materials and
equipment and of changes in codes and standards. Section 3 ends with a discussion of
communication and interaction between the principal national agencies involved in
moisture-related work.

The overall role of CMHC during this period is discussed in Section 4 of the
report. Some current moisture issues are raised in Section 5 in relation to: science and
technology, construction and retrofit practice, training and education needs, driving
forces for change, and processes to encourage innovation.

In order to put this account into perspective, a review is provided in Section 2, of
the evolution of wood-frame construction in Canada and the development, to 1975, of
building science and practice in relation to the control of moisture in the building
envelope.



2. BACKGROUND

Wood-frame construction has been the predominant building method in Canada
for low-rise residential construction for the past 100 years [1] [2]. As first introduced
into Canada from the USA, about 1870, it was known as balloon framing, with
continuous 2 in. by 4 in. (25 mm x 51 mm) studs from foundation plates to roof plates.
Exterior sheathing was of nominal 1 in. (25 mm) boards, 8 in. (200 mm) or wider,
covered with one or more layers of building paper. Horizontal wood siding, shingles,
stucco or brick were commonly used as the outside finish. Early versions often
incorporated an inner sheathing of boards and building paper, which could be finished
with plaster on wood lath. Later, plaster on wood lath was widely used with no other
inner sheathing. Over the years, the balloon frame system was displaced by the platform
frame system. This was distinguished by continuous studs between each storey, with a
bottom wall plate supported on floor joists and a top plate supporting floor joists, and/or
ceiling and roof frame work.

For many years it was uncommon to place anything in the space between studs,
although saw dust, and even waste masonry material, was sometimes used to provide
some insulating effect. By 1922 [3] the value of insulation materials in walls was being
demonstrated in test huts at the University of Saskatchewan (similar huts were being used
for the same purpose at the University of Trondheim in Norway). The materials
available included saw dust and shavings used as fill. There were also a variety of batts
and blankets made from a range of materials, such as straw, seaweed and mineral fibres,
held between paper coverings. The use of insulation increased throughout the 1930's and
problems arising from moisture accumulation in walls and attics during the heating
season began to appear.

Rowley and colleagues at the University of Minnesota had been measuring
thermal characteristics of building materials, including insulation, and began to study
moisture movement and condensation in building envelope constructions under simulated
winter conditions in the laboratory [4] [5]. They concluded that the primary mechanism
of moisture movement in insulated wood frame walls during winter was diffusion of
water vapour through the building materials [6], from the higher water vapour pressure
indoors to that outdoors. Condensation occurred within the construction when the
temperature at any plane through the construction fell below the dew point temperature
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of the atmosphere at the same plane. Condensation could be limited, or avoided, if
materials with a high resistance to water vapour transfer (vapour barriers) were located
on the warm side of the insulation, while materials with a low resistance were located on
the cold side of the insulation. With pitched roofs, a low resistance to water vapour
transfer, from the cold side of the insulation to the exterior, could be achieved by venting
the roof space, preferably at both eave and peak levels.

In Canada, Babbitt [7] was measuring water vapour diffusion coefficients for
building materials and developing similar concepts from diffusion theory. By the 1940's
several research organizations in the USA were also measuring water vapour
permeability and studying vapour transfer characteristics of building envelope
components. These included the U.S. Forest Products Laboratory [8] and the
Engineering Experiment Station of Pennsylvania State College [9] [10] (now
University). The concept of diffusion as the primary mechanism for moisture transfer,
leading to condensation of water vapour in building envelopes under winter conditions,
was firmly entrenched. The use of vapour barriers for its control was widely accepted
among building researchers and major building materials manufacturers. By the time of
the post-war house building boom, beginning about 1946, insulation and some form of
vapour barrier (often the supporting paper covering on batt-type insulation) were being
widely used in new-wood frame construction, along with the venting of attics.

Canada Mortgage and Housing Corporation (CMHC) was founded in 1945, with
responsibility for housing constructed under the National Housing Act. It established
minimum house construction standards and a process for determining the acceptability of
new materials and systems for use in NHA financed construction. The Division of
Building Research (DBR) of the National Research Council (NRC) established in 1947,
devoted substantial resources to providing technical support to CMHC, and in supporting
the development of the National Building Code of Canada (NBCC).

CMHC Housing Standards of the period reflected the notions of condensation
control that were then current. In 1950, two Canadian Government Standards Board
(CGSB) Standards, 9-GP-2 and -3, were developed for building papers to be used as
sheathing and vapour barrier membranes, respectively. The standards specified a
maximum permeance of 0.75 perms for vapour barriers and a minimum permeance of 3
perms for sheathing papers. The latter were regarded at that time as having the function
of minimizing air leakage into and through the wall due to wind action, and providing a
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second line of defense (after the cladding) against rain penetration. A number of
building papers commonly used as sheathing membranes failed the minimum permeance
requirement, so some manufacturers incorporated small perforations to overcome this
problem. The perforations, in some instances, compromised the membrane's ability to
pass a water penetration test.

Air infiltration and exfiltration through building envelopes had long been
recognized as a significant component of heating load, and engineering methods to take it
into account for purposes of sizing heating equipment were well established. One, the
“crack method”, which is still widely used, assumed that most of the leakage occurs
through cracks associated with windows and doors. Estimates of air leakage were based
on leakage data for these components for selected wind pressure conditions. It was also
known that stack effect in high buildings could modify the pressure difference across the
building envelope in winter and thus influence air leakage through the cracks. Winter
humidities in commercial and institutional buildings were usually very low, however,
and condensation within the uninsulated envelope was not regarded as a problem.

Hutcheon, in 1950, had noted the role of air exfiltration through a leaky ceiling as
a major cause of winter-time water vapour condensation in the roof space of a building
known as a Quonset hut. Nevertheless, his seminal paper in 1953 on design principles
[11] does not identify air movement as a factor in water vapour transfer into the
envelope. However, a number of pieces of evidence over the next few years led
members of NRC's Division of Building Research (DBR) to the conclusion that air
movement is the dominant factor in winter-time condensation occurring within the
structure.

One of the key investigations, carried out in 1957/58 [12], was a study of factors
influencing condensation between panes of non-sealed double windows. Measurements
were made of air and water vapour flow characteristics of the air leakage paths around
the tight-fitting inner sash. Calculations then showed that under typical winter
temperature and humidity conditions, water vapour transfer by air movement was twice
that by diffusion, even when the neutral pressure plane was at the mid-height of the
window, i.e. under conditions where air exfiltration was occurring only through the
upper half of the window, and where the maximum air pressure difference due to
buoyancy forces over that height was only a fraction of a Pascal. With the neutral
pressure level at the bottom of the window, the calculated vapour transfer by air leakage
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was ten times that by diffusion. Calculations based on similar measurements of air and
vapour flow characteristics of !/, in. (6.4 mm) diameter vent holes in the top and bottom
of the sash, between the window air space and outdoors, showed that vapour flow by
diffusion was insignificant relative to that due to air flow resulting from buoyancy forces
acting over one-half the window height (i.e. at an air pressure difference of a fraction of
a Pascal).

These results were a revelation to a researcher steeped in the diffusion dogma.
The total equivalent leakage area of the inner glazing was less than one tenth of a square
inch, spread over a 10-foot (3.05 m) window perimeter. This showed that the amount of
moisture carried in exfiltrating air would overwhelm that due to diffusion, even with very
small cracks and very small air pressure differences.

Other relevant evidence began to appear at the same time. Studies at the
University of Illinois by Bahnfleth et. al [13] included measurements showing winter-
time neutral pressure levels in two residences with fuel-fired furnaces. In the winter of
1958/59, observations of the effect of house buoyancy forces on chimney draft in a
bungalow [14] indicated that the neutral pressure level was around ceiling height with the
furnace on, and about two feet lower with the furnace off. This meant that attics, at least,
were potentially vulnerable to significant moisture gains due to exfiltration through any
gaps in the ceiling. While airtightness data for ceilings was not available, the existence
of gaps around electrical boxes in ceilings, and around plumbing stacks, was well known.
This vulnerability of attics is noted by Handegord in an early Canadian Building Digest
(CBD) on vapour barriers [15]. An earlier study by Handegord [16] had identified the
marked influence of heat transfer by convection in a stud space, when there were gaps in
the insulation at top and bottom and an air space on either side. Joy, at Pennsylvania
State University, subsequently noted the potential this also offered for moisture to bypass
the vapour barrier.

During the period 1958-61, Wilson of NRC was Chairman of the ASHRAE
Technical Committee on Infiltration and Ventilation, which was guiding a study of air
leakage through entrance doors in high buildings [17]. The overwhelming influence of
building stack effect was evident and Wilson revised the chapter on infiltration and
ventilation in the 1961 edition of the ASHRAE Fundamentals Handbook accordingly. A
section in a 1961 CBD [18] appears to be the first published unequivocal statement in
North America on the importance of air leakage relative to condensation. It also
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introduces the notion of equivalent leakage area. A Scandinavian paper [19] on the
effects of air leakage on moisture migration in wood frame construction, based on work
in agricultural buildings, appeared the same year.

From 1961 onwards, field investigations by DBR/NRC [20] [21] uncovered
increasing evidence on moisture problems in envelopes of multi-storey buildings. When
NRC initiated the Building Science Seminar Series, first with in-house lectures to Public
Works Canada in 1963, great emphasis was placed on control of air leakage to avoid
moisture problems in high buildings. Increasing attention was also given to developing
design solutions that dealt with the control of air leakage, as well as other fundamental
concerns. The high air pressure differences across exterior walls of high buildings were
confirmed by subsequent field studies [22] [23] [24].

Although building science practitioners are now well aware of the principles,
moisture problems due to exfiltration continue to occur.

A number of changes in wood-frame residential construction occurred during the
period 1955 to 1965. Interior cladding of plaster on gypsum lath was replaced by
“drywall”, generally !/, inch (12 mm) paper-faced gypsum board. Use of tongue-and-
groove or shiplap wood sheathing was largely replaced by use of panel-type sheathings
of plywood and fiberboard. Waferboard sheathing was introduced during this period. In
many regions use of wood-board sidings was largely replaced by use of aluminum and
wood-composite sidings. Aluminum soffit panels were being used as an alternative to
plywood. Wood trusses, generally of 2 x 4 (38 mm x 89 mm) members, largely replaced
conventional 2 x 6 (38 mm x 140 mm) ceiling joists and roof rafters. Plywood largely
replaced wood-board sub-flooring. Polyethylene film became available for use as an air-
vapour barrier, and under-slab moisture barrier. Glass fibre insulation batts without
paper facings(“friction-fit”’) were introduced.

Serious moisture problems due to condensation in wood frame residential
construction as built in the 1955-1965 decade, did not appear to occur frequently (at least
in southern parts of Canada). An exception (the cause of frequent complaints) was
excessive condensation on indoor surfaces of windows, particularly on metal sash and
frames, and on the inside surface of outer panes of openable double windows.
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In the early 1960's, DBR/NRC carried out extensive laboratory tests on indoor
surface temperature characteristics of various window frame and sash arrangements in
support of the CMHC materials acceptance program. Convection in the air space, as well
as frame and sash design, were recognized as significant factors [25] [26] [27]. In
reference 26, the notion of the temperature index for defining one aspect of thermal
performance was introduced. The results led to the inclusion of a surface temperature
performance requirement in the CGSB standards for windows, then being formulated.
Work on window performance, including the study of factors influencing condensation,
was continued by Sasaki [28].

During this same period DBR/NRC carried out tests on air leakage characteristics
of various production windows [29] [30], which led to performance requirements in the
CGSB window standards, and to a general increase in window airtightness. The test
method developed in Canada became the basis of the ASTM procedure now widely used.
To assist in the control of condensation between panes of double windows, the CGSB
standards required that the airtightness requirements be met by the inner sash alone.
Fundamental considerations showed that, with normal residential indoor humidities,
venting the air space to outside is effective in controlling condensation between panes of
double windows when the inner sash is very tight and the indoor to outdoor air pressure
difference is small [29] [31].

Elimination of condensation on the inside of the outside pane of glass was one of
the advantages offered by factory-sealed double glazing. Until the late 1950's this
product was produced by only two of the major glass manufacturing companies, with
rigorous in-house quality control. New sealant materials became widely available at that
time, and this encouraged a large number of small companies to enter the market.
Achieving, in production, a hermetic seal with sufficient durability to perform
satisfactorily for even 5 years (which was then the normal guaranty period), was not
easy. Large numbers of failures came to the attention of CMHC, mostly involving
condensation between panes and “scumming” of the glass surface from alkali in the
glass. A research program led to the development of test methods to predict probable
performance [32] [33], and to the development of a CGSB standard (now CAN 2-12.8).
Water vapour transfer in this case was recognized as resulting primarily from air leakage
through very small passages, due to the pumping action induced by temperature and
barometric pressure changes.
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Hermetic seal failures were greatly reduced as a result of qualification testing
required by CMHC. The generally high conductance of the edge spacer detail resulted
however, in lower indoor edge temperatures than with non-sealed double glazing
arrangements in wood sash [34]. The design of thermally-improved edge details is
currently receiving considerable attention.

As noted above, condensation problems in the envelopes of wood-frame
residential construction were relatively infrequent in southern Canada during the 1960's.
This was, in part, due to the generally moderate indoor relative humidities in winter that
prevailed [35]. These levels were a reflection of the fairly high natural ventilation rates,
resulting partly from the presence of vented heating appliances [36]. With the furnace
operating, ventilation rates of 3 air changes per hour (ach), or more, were possible under
average winter conditions. The effect of the furnace operation on neutral pressure plane
levels, noted earlier [14], was confirmed [36]. Envelope airtightness data for houses
were not available then, but in 1964 fan depressurization tests were carried out on the
two houses that were the subject of reference 36. The results, which included data for
four other houses, were not published for over a decade [37]. They showed, among other
things, a relatively high equivalent leakage area (ELA) for the ceiling construction of
four of the houses, ranging from about 0.02 m? to 0.045 m2.

Wood-frame residential construction, which generally performed adequately in
southern Canada, had a much higher incidence of moisture problems under the severe
winter conditions in northern Canada. Ventilated roof spaces were particularly
vulnerable [38]. It was known that the problem was associated with excessive air
exfiltration and the limitations of roof space ventilation as a mechanism for moisture
removal under low temperature conditions. Field measurements in Ottawa residences,
carried out by DBR/NRC in 1950 and unfortunately never reported, had shown large
day-time increases in attic air temperature as a result of solar heating, even with low
outdoor temperatures. This increased the moisture removal effectiveness of attic
ventilation. Conditions of periodic solar heating, and outdoor temperatures above
freezing, did not occur as frequently in the latitudes north of 60, and the development of
airtight construction practices was not yet advanced.

Electric heating was being promoted by Ontario Hydro and other provincial
electric power utilities in this period. Electric heating was accompanied by higher
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insulation R-values than was normal at the time for houses heated with other fuels. By
the late 1960's condensation problems, primarily condensation on window surfaces and
in attics, were being reported in some electrically heated residences. An Ontario Hydro
study [39] established that there was a tendency for tighter houses to have higher
humidities, and for attic condensation to coincide with high indoor humidities. This was
the first extensive use of airtightness testing by fan depressurization. Equivalent leakage
areas (ELA's) for the 20 electric-heated houses ranged from 0.10 to 0.36 m?, which
would be regarded as moderately to very leaky by today's standards. Indoor relative
humidity (at 21°C in March) ranged from about 46% to 26% for the lowest and highest
ELA values respectively.

It was recognized that, in general, condensation problems were associated with
lower ventilation rates and greater exfiltration air pressure differences across the ceilings
of houses without vented heating equipment. Much more severe condensation was
observed in attics of electrically-heated houses in a northern community [40]. It was
concluded that it is necessary to exercise great care to achieve an airtight construction for
such conditions.

In the early 1970's, problems of excessive condensation were reported in flat
wood-frame roofs, which generally had eave vents leading to the air space above the
insulation. Most of these were electrically-heated row houses. Field studies in the
Ottawa area by DBR/NRC [41] indicated that condensation often occurred in joist spaces
in which air flow was restricted and opportunities existed for air leakage from indoors,
e.g. at the intersection of partition walls and ceilings. Air pressure measurements
confirmed the potential for exfiltration into the joist spaces. Pressurizing the space above
the insulation by mechanical ventilation (with outdoor air) was shown to be effective in
reversing the direction of flow. It was concluded that, for new construction, the most
effective approach was to increase the airtightness of the ceiling construction.

Similar problems occurred in electrically-heated row houses in Montreal and, as a
result, CMHC issued a Builder's Bulletin on construction practice for flat and cathedral
roofs. Subsequently, the 1977 NBCC called for special requirements for roofs with low
slopes (or no attics), when insulation is placed below the roof sheathing. These called for
application of cross purlins on top of the joists, and provision of a uniformly distributed
vent area, not less than 1/150 of the ceiling area, to improve roof space ventilation.
General requirements for vapour barriers required that they extend over the top of
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interior walls to form continuous vapour protection, with the clearances around chimneys
and vents sealed. For low-slope roofs, joints in the vapour barrier (overlapping) were to
be made only over framing or blocking, with the holes around service penetrations
sealed.

The 1977 NBCC also required a mechanical exhaust system with a capacity of at
least 100 cubic feet per minute (cfm) (47 1/s) when there was no fuel-fired heating
equipment within the dwelling unit. This was withdrawn in the 1985 NBCC when
ventilation systems were required in all dwelling units. The special requirements for
low-sloped roofs are generally the same in the 1990 NBCC.

During the 1960's and 1970's, DBR/NRC also gave much attention to the
problems of failures of waterproof membranes and wetting of insulation on structural
decks of flat roofs, and to developing good practice recommendations [42] [43]. The
literature is extensive, but will not be reviewed here, as roofs of this type are not widely
used in wood-frame residential construction.

During this period there was much emphasis at DBR/NRC in defining and
disseminating fundamental principles of building envelope design as an integrated
package. This included control of both condensation and rain penetration. The “open
rainscreen” approach to the latter, based largely on principles developed by Norwegian
researchers, was promoted as a preferred alternative to face-sealed joints [44] [45]. It
required attention to airtightness and the distribution of air pressures within the wall, as
did control of air exfiltration. Much of this attention was on application of the principles
to the design and construction of multi-storey buildings.

Drainage of any water penetrating joints in the exterior wall from outdoors has
long been a feature in design. The concept was advanced that walls be designed to allow
condensate, which might accumulate as ice, to be removed by drainage when it melted
[46]. The concept of storage of condensed moisture, at acceptable levels, in outer wall
components during cold weather periods, to be dissipated during more favourable
weather, has been a component of moisture control theory for many years. Protocols for
laboratory evaluation of condensation control in wood frame walls at Pennsylvania State
College in the late 1940's, on behalf of the U.S. Housing and Home Finance Agency,
incorporated a limit on moisture content increase for wood sheathing. Platts attributed
the successful moisture performance of insulated plywood panel construction in the far
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north to the absence of air leakage, to the capacity to store moisture (transferred from
indoors by diffusion during the winter) at acceptable levels in the outer skin, and to the
escape of this moisture by diffusion during the summer [47]. Seasonal storage of
moisture, transferred from the indoors by diffusion, has also been a consideration in
moisture control concepts for roof design [48] [49].

Seminars and practice documents during the 1960's and 1970's dealt extensively
with the importance of airtightness for condensation control. The concept of an air
barrier, as distinct from a vapour barrier, was used. The importance of the continuity of
the air barrier, and the need for it to be able to withstand wind loads, was stressed, along
with the lesser importance of continuity in the vapour barrier.

A document by Latta [50] in 1973 summarizes the theory and design concepts
being put forward at that time. An air barrier to stop air movement was identified as the
primary requirement for the control of condensation in winter. Placement of the air
barrier in contact with the insulation was regarded as essential. The purpose of this was
to ensure that air spaces do not occur on both sides of the insulation, which would allow
the transfer of air by convection (and therefore moisture and heat) through the insulation
[51]. Placing the air barrier on the warm side of the insulation, rather than on the cold
side, was recommended in order to minimize stresses on it due to temperature change and
to avoid the possibility of condensation on a cold air barrier. Diffusion was identified as
only of secondary importance (although not to be ignored) as a mechanism of moisture
transfer in relation to condensation control. An analysis of steady state vapour pressure
gradients and flow, to and from potential condensation planes under winter design
conditions, based on diffusion theory, was recommended as a basis for determining the
potential for drying of components that might become wetted.

Building Science Status in 1975

By 1975, the primary importance of air exfiltration in relation to condensation in
building envelopes was well established in building science. The influence of stack
effect was well known, and the greater susceptibility of attics and upper wall areas to
condensation problems was recognized. Venting of roof spaces and unheated crawl
spaces was a long established practice. It was known, however, that traditional ceiling
and attic construction did not perform adequately in the far north, and that a more
effective air barrier was required.
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The principles for rain penetration control were well established, including
requirements for both face-sealed and rain screen systems. Joint technology was quite
well advanced. Practice, however, often failed to meet the principles. Joint and flashing
details in wood-frame construction were often inadequately executed.

The requirement to control air leakage, as well as vapour diffusion, had appeared
in Part 4, Design, of the NBC since 1965. Part 9, Housing and Small Buildings, had not
yet made explicit reference to the control of air leakage, but it did call for the vapour
barrier to protect the entire wall area, including framing membranes, and for it to be
continuous where interior partitions intersect ceilings and exterior walls. Both Part 4 and
Part 9 recognized a potential problem when materials having a high resistance to water
vapour transfer were used on the exterior side of the major thermal resistance. Part 4
required a vented air space (or other effective method) to remove the water vapour. Part
9 called for Type 1 vapour barrier with a higher resistance to water vapour transmission
by diffusion. In retrospect, this would have resulted in little reduction in winter-time
moisture accumulation because moisture transfer was caused mainly by air exfiltration.

By 1977, Part 9 called for weather-stripping of attic hatches, and sealing of
clearances around chimneys and vents at the entry to attic and roof spaces. Openings for
other services were to be cut so that the vapour barrier fitted snugly. There were also
special air sealing and roof-space venting requirements for low slope and cathedral roofs.
The increased probability of higher relative humidities and condensation problems in
electrically heated houses was known. Part 9, accordingly, called for the installation of
mechanical exhausts in houses not heated by fuel-fired equipment.

Dampproofing requirements for basements had not changed for a number of
years. The typical exterior dampproofing of basement walls, with asphalt emulsions or
cut-backs, probably did little more than color this outer surface black. Interior
dampproofing of 2-mil poly, or two coats of bitumen, required when interior cladding
was to be applied, was probably more effective. Basement slabs had either to be
supported on granular fill, or dampproofed with 6-mil polyethylene or 45 1b. roll roofing
on the underside.
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3. EVOLUTION OF PERCEIVED MOISTURE ISSUES
1975 - 1990

Impact of Energy Conservation Programs

The single most significant factor influencing building research, technology and
practice for more than a decade, beginning in 1975, was the energy crisis. This
resulted from increased oil prices initiated by the OPEC cartel in 1974. In the
government programs that followed, aimed at security of supply and self-
sufficiency, energy used for buildings (both existing and new) was a primary
target for conservation. Conversion from the use of oil to other energy sources
was also a priority.

At the federal government level Energy, Mines and Resources Canada (EMR)
was given the primary mandate to implement the energy policy. New branches
were established and new programs with major budgets were initiated. The
principal ones concerned with residential buildings are summarized in Appendix
B. Energy programs were given one of the highest priorities by the government
and all government agencies were expected to respond accordingly, under overall
EMR direction. Staff at EMR were recruited for their initiative and their
commitment to achieving energy objectives. They were given substantial
responsibility and authority. For the most part they did not have extensive
experience in building science and practice. They were generally results-oriented
and prepared to take risks to achieve objectives.

The National Research Council was given a primary responsibility for
implementing energy R and D, and were allocated funds dedicated for this
purpose. It established a new division of Energy to manage the program, most of
which was contracted out to universities, provincial research organizations,
industry and private consultants. Some research was carried out by transfer of
funds to NRC operating divisions. The Division of Building Research, for
example, carried out major energy projects, including technical support for the
preparation of the Measures for Energy Conservation in New Buildings (under
the Associate Committee on the National Building Code). Some new staff were
recruited, but a number of experienced regular staff members were heavily
engaged in this energy work.
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The Canadian Home Insulation Program (CHIP) was delivered by CMHC, from
1981, through contractual agreements with EMR. EMR retained responsibility
for implementing related research, standards and technology transfer. EMR also
initiated the R-2000 Program (initially known as the Super Energy Efficient
Home Program) and retained responsibility for its implementation, including
related R and D, standards and technology transfer.

CMHC did not have a major role in the national energy program. It continued to

be responsible for assessing the acceptability of materials under the NHA, and for
the general adequacy of NHA financed housing. It began to build up an in-house
research capability, including building science, and to contract out research, with

less reliance on DBR/NRC.

Urea formaldehyde foam insulation (UFFI) was one of the products accepted for
use in the CHIP program. Reports of apparent adverse affects on the health of
residents of UFFI-insulated homes led Health and Welfare Canada to take the
decision to ban the use of UFFI. Consumer and Corporate Affairs (CCA) added
UFFI to its list of hazardous products in order to make the ban effective.
Extensive research on the problem was initiated by CCA, mainly through NRC.
It was claimed that the market value of houses that had been insulated with UFFI
had been reduced because of the adverse publicity. Court action to obtain
compensation was initiated by home owners.

CMHC was in an unenviable position, with its dual responsibility for the CHIP
program and the building products acceptance program. There is a view that this
experience was a factor in accelerating the decision to transfer the management of
new product assessment to NRC (CCMC), and in the build up of an in-house
research capability. There is also a perception that CMHC technical staff had a
somewhat negative approach to some of the energy conservation programs
initiated by EMR, concentrating on potential problems. This included moisture
and indoor air quality issues. Some of the concerns, particularly in regard to
energy retro-fitting, appear to have been justified.



-16 -
Early Moisture Issues

By the early 1980's, a number of concerns were being raised about the potential
for moisture problems resulting from implementation of energy conservation
measures in residential construction. These included:

» reduction in flue action resulting from the use of high efficiency furnaces, or
its elimination by the use of electric resistance heating, causing a reduction in
the rate of natural ventilation and, therefore, leading to a higher indoor
humidity,

» reduction or elimination of effective flue area resulting in a lower neutral
pressure level and, therefore, a higher potential for air exfiltration through
ceilings and upper wall areas,

« air sealing, and increased insulation, reducing overall air leakage and,
therefore, causing increases in indoor humidity,

» increased airtightness increasing the probability of spillage of combustion
gases from vented fuel-fired appliances. This presents a potential health
hazard and a potential source of increased indoor humidity,

+ night-time reduction of indoor air temperature increasing the probability and
extent of condensation on interior surfaces,

» increased condensation on interior surfaces increases the potential for mould
growth and related health problems,

» while air sealing reduces overall air exfiltration, some points of leakage may
not be eliminated. The potential for interstitial condensation is higher at these
locations because of the higher indoor humidity,

» increased cavity insulation reduces the temperature of the outer envelope
components and, therefore, increases the potential for condensation, and

« some insulation practices, €.g. use of low permeability insulation sheathing,
reduce the potential for drying of moisture in wall framing.
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While there was little argument that energy conservation measures would tend to
increase the probability of certain moisture problems, there were questions about
the extent and nature of the increase, and what needed to be done to minimize the
risk. The CMHC cross-Canada survey (Reference 5, Appendix A) provided some
evidence on the extent of moisture problems (whether or not due to energy
conservation measures) and became a point of departure for subsequent studies.

Summary of Results of Research, 1975 - 1990

A large amount of research and development was carried out, in Canada, during
the period 1975 - 1990. Much of it is summarized, or referenced, in Appendices
A,B,C,D,E and F. Some additional research was carried out by the building
industry, provincial agencies, and universities. The following is an attempt to
summarize the results as they relate to building practice.

» It was confirmed that houses without flues are likely to have higher indoor
humidities in winter and are more likely to experience moisture problems than
those with flues, other conditions being similar.

» With the exception of the Atlantic Region, and to some extent coastal B.C.,
the frequency of serious moisture problems in traditional wood-frame houses
in southern Canada is relatively low.

» Moisture problems arising from indoor moisture sources are usually
coincident with high indoor relative humidity.

* Mould and mildew on interior surfaces of building envelopes is not
uncommon with high indoor humidity, particularly in locations where heating
is relatively ineffective or thermal resistance of the envelope is low. Periodic
reduction in indoor temperature can exacerbate the problem.

» Serious winter-time moisture problems in traditional houses in southern
Canada, arising from indoor moisture sources, can generally be avoided by
maintaining indoor humidity at reasonable levels, as indicated by the extent of
condensation on double windows, and sealing major air leakage paths from
indoors into wall and roof spaces.
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Excessive indoor humidity in winter can be avoided by controlling obvious
indoor moisture sources and by providing the necessary rates of outdoor air
supply. In tight houses, mechanical ventilation will usually be required. The
rates of ventilation required for humidity control will usually be less than
those required for other aspects of indoor air quality, when appropriate
attention is given to the control of indoor moisture sources.

While passive vent stacks can significantly increase rates of natural
ventilation in winter, the practicality of their widespread application for
humidity control is questionable. Exhaust rates through such stacks can vary
widely with changing outdoor air temperature and wind. Noise is also an
occasional problem.

Basements can be a significant moisture source in winter; sources are transfer
of soil moisture through walls and floor slabs under some conditions, and soil
gas entry through joints and cracks. The rates of basement moisture
generation are difficult to quantify and have not been well established but are
already known to vary widely.

The moisture source strengths in houses in winter can be quite variable. The
contribution of spring-to-fall moisture storage indoors to winter-time moisture
supply has not been quantified.

The potential for dissipation of moisture (drying) in building components,
during the spring-to-fall period, is significantly less in some parts of the
Atlantic provinces than in other parts of southern Canada, with the possible
exception of coastal B.C.

The moisture content of construction framing in Atlantic Canada is likely to
be above the recognized limit of 19%, and may be above the fibre saturation
limit.

The moisture content of framing used in other parts of Canada is generally,
although not always, at or below 19%.
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The moisture content of initially wet framing in finished walls is likely to
remain above desirable levels for extended periods in Atlantic Canada, and
may result in some moisture damage, depending upon the properties of the
sheathing and cladding components. In other parts of southern Canada, with
the possible exception of Coastal B.C., initially wet framing lumber is likely
to dry to acceptable levels in a short period, depending on the wall
construction. The use of wet framing lumber leads to drywall “nail popping”
and reduction in airtightness of exterior nails. The latter increases the
possibility of moisture problems due to air exfiltration.

Low vapour permeability sheathing and cladding arrangements reduce the rate
of dissipation of moisture in framing materials. With these arrangements it is
prudent to minimize the amount of moisture to be stored in winter months,
particularly in locations where the spring-to-fall drying potential is poor, e.g.
Atlantic and northern Canada.

Application of cladding over furring strips may increase, appreciably, the rate
of drying of wet wall framing in Atlantic Canada when sheathings with a low
resistance to vapour transfer are used, but does not have a significant effect on
the rate of drying when sheathings having a high resistance are used, at least
when the furring air spaces are blocked at the top and relatively airtight siding
is used.

Insulating sheathings can be effective in reducing winter-time condensation in
insulated wall spaces when their use significantly reduces the accumulated
time over the winter during which the inner surface temperature of the
sheathing is below the indoor dew point temperature.

Insulated wood-frame walls appear to be capable of handling relatively large
amounts of moisture in air flowing from indoors to outdoors in temperate
Canadian winters if there is appropriate provision for storage of condensate
during below freezing periods and drainage during periods of melting.

Air interchange between cavities of wood-frame walls and the indoor
environment, due to pumping action induced by fluctuations in wind speed or
in outdoor temperature, is likely to be small in comparison with air flows due
to buoyancy forces between the cavity and indoors, or air flows due to indoor-
outdoor pressure differences caused by wind and building stack action. Such
pumping action is therefore not likely to contribute significantly to winter-
time condensation in these walls.
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Wood-based sidings need to incorporate features to minimize their sensitivity
to moisture and to utilize application details that minimize wetting from both
interior and external moisture sources. The Atlantic Canada climate presents
a particularly severe service environment for moisture-sensitive sidings.

It was confirmed that repetitive paint failure on wood siding, as typically
installed and finished, is relatively common in the Atlantic region.

Problems with moisture of outdoor origin often occur in the Atlantic region,
as a result of poor detailing and poor installation of siding systems and
flashings.

Severe attic condensation problems are not extensive in southern Canada, and
occur primarily in houses with excessive indoor humidity and without flues.

Traditional roof construction with ventilated roof space does not provide
adequate moisture performance in the Canadian north because of: the
difficulties of achieving adequate airtightness; the problem of blowing snow;
the long winter during which condensation can occur; and the relatively low
spring-to-fall drying potential. A well sealed cathedral-type roof
construction, without ventilated air space, generally provides acceptable
performance.

If concrete basement walls are to be insulated and finished on the interior
within a few months of basement construction, special provision is required
for dealing with construction moisture in the concrete and for preventing
moisture transfer from indoors to the inner concrete surface.

Some systems for insulating the exterior of-basement walls provide a number
of proven advantages for moisture control.

Glass fiber insulation for below-grade exterior applications has advantageous
fiber orientation and size distribution characteristics which limit the
penetration of soil moisture, provide effective drainage, and limit moisture
content so that thermal resistance is not significantly reduced.

Thought must be given to the moisture and durability consequences when
insulating existing basement foundation walls on the indoor side, particularly
those of clay brick or stone. Potential damage due to the movement and
concentration of salts in the foundation materials is of special concern.
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Reports of structural damage due to adfreezing of soil to walls of heated
basements with interior insulation have not been verified. Theory indicates
that such damage is unlikely to occur with most such walls; concrete block
walls with interconnecting air spaces may be an exception.

Super energy efficient envelopes, meeting R-2000 airtightness standards
(maximum of 1Y/, ach at 50 Pa, or normalized ELA not more than

0.7 cm?/m?), as constructed in southern Canada, appear to be free of winter-
time moisture problems due to indoor sources when mechanical ventilation, at
levels required for indoor air quality, is provided.

It is practical to achieve house airtightness levels corresponding to 1-!/, ach at
50 Pa with carefully sealed polyethylene air-vapour barriers, or with carefully
implemented airtight drywall methods. An exterior wall wrap of spun-bonded
polyolefin (SBPO) membrane, or equivalent, potentially offers another
approach to achieving the required level of wall airtightness, assuming that air
interchange between wall spaces and indoors is appropriately restricted.

The service life of polyethylene membrane may be unacceptably short if it is
not properly formulated with virgin resin.

A reasonably effective resistance to air leakage is required in the outer layers
of wood frame walls, to protect the cavity insulation from local air leakage
due to wind action. While this was one of the functions of traditional building
paper, typical methods of application generally have not achieved the desired
results. A wrap of SBPO membrane, with joints taped and adequately
supported to withstand wind loads, has been shown to be effective.

The airtightness of tract-built project houses in Winnipeg is approaching that
required by R-2000 standards. Average house leakage values in other parts of
the country are two times higher, more or less, except for Vancouver with
values that are about four times higher. Average air leakage values of houses
across Canada have been reduced by about 30% from 1982 to 1989.
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» Naturally aspirated fuel-fired vented appliances will spill flue gases when the
house is depressurized (with respect to outside) by about 5 Pa during mild
winter weather. This level of depressurization is likely to occur in reasonably
tight houses with activation of typical exhaust devices. Thus it is prudent to
use fuel-fired devices that have higher depressurization limits (e.g. 20 Pa), or
to provide make-up air for exhaust devices so that depressurization is
maintained within the tolerance of the venting systems.

» The materials properties, driving forces and transport mechanisms affecting
moisture content in wood frame walls as a function of time are very complex,
and accurately predicting the moisture content changes in the components of
complete walls throughout the annual weather cycle is quite difficult. The
extent to which models currently under development can provide useful
results has yet to be established.

» The potential of the dynamic wall concept for energy savings associated with
both ventilation air and with incident solar radiation has been demonstrated, at
least for weather conditions in southern Ontario. The development of systems
to take advantage of this potential, that can be economically and effectively
applied by the building industry, remains a challenge.

Changes in Materials and Practice, 1975 to 1991

The Saskatchewan Conservation House demonstrated that relatively tight
enclosures could be achieved with careful application of continuous polyethylene
film, with special attention to sealing of overlaps and penetrations. This approach
was widely used with success in the R-2000 Program. The “airtight drywall”
approach to providing air barrier protection was developed subsequently, and was
also shown to provide the level of airtightness required by R-2000 standards
(protection against vapour diffusion is provided by other components). In
utilizing these approaches there has been substantial reliance on the use of caulks,
sealants and gaskets. A variety of caulks, sealants, and weather-stripping
products are also used for air sealing of existing houses. Polyethylene “pans” are
now commonly used to enclose electrical boxes in outside walls in order to
provide continuity in the air barrier protection.
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There has been increased use of spun bonded polyolefin products as weather
wraps on the exterior of sheathing materials. These provide protection against
wind-induced air leakage through stud-space insulation, and may be suitable as
the primary wall air barrier if adequately supported to withstand wind loads. As
noted in Appendix A, envelope tightness has been generally increasing over the
past decade, and the trend is likely to continue with more explicit requirements
for the provision of airtightness in the 1990 NBCC. There has also been a
substantial increase in insulation levels. R-20 (RSI 3.5) wall insulation, with

2 x 6 in. (38 mm x 140 mm) studs, is now widely used. R-40 (RSI 7) roof
insulation is also common. There is also greater use of insulating sheathing
materials of glass fibre (covered with SBPO) and foamed extruded or expanded

polystyrene.

High efficiency fuel-burning furnaces are used increasingly. These generally
have improved venting systems which can tolerate greater levels of house
depressurization than naturally-aspirating furnaces.

The R-2000 Program called for installation of mechanical ventilation systems and
its energy performance standards favored the use of heat recovery ventilators.
With the requirement for the provision of mechanical ventilation systems in all
houses in both the 1985 and 1990 NBCC, and the development of CSA Standard
F326 on residential mechanical ventilation systems, there has been a considerable
advance in ventilation technology for residential construction.

A number of improvements have been introduced in basement construction
practice. Many of these are reflected in the 1990 NBCC. A granular layer and
6-mil polyethylene membrane are required under floor slabs. The slab is to be
sealed around the perimeter of the adjacent wall with flexible sealant, and all
penetrations of the slab are to be sealed, in order to prevent water vapour and soil
gas leakage. Floor drains are to have a method of ensuring that the entry of water
vapour and soil gas into the house is prevented.

Insulation products suitable for use on the exterior side of the basement wall are
being used increasingly. Some of these provide for gravity drainage of soil water
to the footing drains. There is also a patented fluted moisture barrier for this
purpose. Further improvements to basement dampproofing, airtightness and
insulating practices are anticipated as a result of current studies, and the industry's
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interest in improving this aspect of house performance (to avoid warranty claims
that are commonly encountered with leaky basements) is growing. Systems for
venting radon, soil gas and water vapour, which would otherwise enter basements
through cracks and openings in walls and floor slab, offer potential for venting
moisture evaporating from finished, insulated, basement walls of new houses.

Some notable improvements have been made in construction practices for
northern housing. Air sealing practices have been improved. The use of weather
wraps of SBPO membrane or equivalent is now common. Roof space
condensation and snow entry have been largely overcome by the use of fully
insulated cathedral-type ceilings (no attics) with effective air/vapour barriers and
with no exterior vents.

Documentation and Technology Transfer, 1975 to 1991

Documentation of developments in science and technology, and the transfer of
scientific and technical information, can involve a range of targets and can take
different forms. At the primary level it involves the production of scientific and
technical reports and papers. These are generally directed toward a sponsor or a
peer group. The process of presenting and defending scientific and technical
papers before a peer group is another form of technical information transfer.
Many of the documents referenced in Appendix A, B, C, D, E and F are in this
category. Some are client reports, and are not documents offered to the public or
made available in public technical libraries. They have, however, been available
on request to building science practitioners.

In the case of many of the CMHC and EMR projects, an advisory committee was
established to review progress and results. This provided another vehicle for
technology transfer. In some instances special meetings of building science
specialists were held to exchange ideas on research priorities (see Appendixes A,
D and I). Meetings of committees under the Program for Energy Research and
Development, held for similar purposes, provided another vehicle for
communication.

Codes and standards represent another type of technical document that has a
technology transfer function, as well as regulatory and standardization functions.
The changes in the provision of the NBCC respecting moisture have been
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reviewed in Appendix G, and summarized in Section 3.6 The NBCC, and
corresponding provincial building codes, have had a major role in influencing
building practice and in transferring technology to the practitioners, including
builders, manufacturers, designers and building officials.

The emphasis in codes is on what to do, rather than on why and how. A
commentary in the NBCC, incorporated as an Appendix, begins to address why
and how. Standards perform a similar technology transfer function. They inform
the manufacturer, testing agency, specifier and installer. The commentary now
incorporated in some standards (e.g. CSA F326) provides information on the
rationale for the various provisions in the document. The process of developing
codes and standards is also a vehicle for transfer of information among those
involved.

Building codes are intended to be a set of minimum provisions for the health and
safety of building occupants. Part 9 of the NBCC, nevertheless, has generally
been taken by house builders as representing acceptable practice. As noted, codes
generally do not explain, in detail, how to build. CMHC has produced a number
of documents intended specifically for education and training purposes, addressed
to builders. On the issue of housing moisture problems, CMHC, in association
with the Canadian Home Builders Association (CHBA) has published:
. Construction Principles to Inhibit Moisture Accumulation in Walls of
New Wood Frame Housing in Atlantic Canada

. Moisture Problems

The former was largely the result of the work of the joint CMHC/CHBA Task
Force on Moisture Problems in Atlantic Canada, which itself was a notable
example of information exchange on building practice. The latter document deals
with a range of moisture problems and solutions, and was one of the documents
used for instructional purposes in a series of builders workshops delivered
through CHBA. CMHC documents and workshops have promoted a systems
approach in the design and operation of houses.

As noted in Appendix B, EMR has produced a range of practice documents for
the R-2000 Program, and has offered courses to builders through CHBA. EMR
also produced good-practice documents on Insulation and on Air Leakage Control
for the retrofit industry, and has offered courses through the National Energy
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Contractors Association (NECA). It also supported the development of a design
and installation manual for ventilation systems, and offered courses through the
Heating, Refrigerating and Air Conditioning Institute (HRAI). The EMR-
sponsored training courses emphasized the interaction of the house envelope,
mechanical systems and occupants in influencing different aspects of house
performance (the “house as a system” concept).

NRC has dealt extensively with fundamentals and design principles relating to
moisture problems in its Building Science and Building Insights series of
seminars. These have been generally directed to practitioners who are interested
in the application of building science.

It should be noted that a number of provincial agencies have had a significant role
during this period, both in developing good practice documents and in promoting
information dissemination related to moisture problems in buildings.

While the need for dissemination of information on good practice and new
technology continues, the extent of technology transfer, including that relating to
moisture problems, to the house building and renovation industries over the past
ten years, has probably been greater than in any previous decade.

Changes in Codes and Standards, 1975 - 1990

Appendix F summarizes changes in moisture provisions of the National Building
Code of Canada from its inception in 1941 to 1990. Most noteworthy is the
extent of increased provisions in the 1990 edition. Since 1975 the principal
changes are as follows:

1977

. additional requirements for improved ventilation of low-slope and
cathedral roofs in Part 9.

. additional clauses related to reducing indoor air leakage into roof spaces.

. requirement for the provision of mechanical exhaust capability in houses
without vented fuel-fired appliances.

. reference to NBCC 1977 Residential Standards for recommended

minimum values for thermal resistance.
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the lower portion of mansard-style roofs need not be ventilated, the upper
portion required to be ventilated as with other roof spaces.

withdrawal of references, in earlier codes, to areas to be insulated (i.e.
required between heated and unheated spaces, between heated spaces and
the exterior, and around the perimeter of concrete slabs-on-grade; not
required for masonry or concrete cellar walls, including space between
joists, enclosing unfinished space), probably because of publication of the
1978 Energy Measures document.

withdrawal of reference to NBCC 1977 Residential Standards for
recommended minimum values for thermal resistance (see above).

insulation in factory-built walls to be installed so that it will not become
dislodged during transportation.

vapour barrier need not extend across framing members if the interior
finish consists of panel-type material attached to all framing members
with an adhesive, in addition to regular fasteners.

all dwellings to have a mechanical ventilation system capable of providing
1/,ach (withdrawal of requirement for exhaust systems in houses without
vented fuel-fired appliances).

incorporates separate sub-sections on control of vapour diffusion and
control of air leakage in Part 5; previously the reference was to a
continuous vapour and air barrier.

withdrawal of requirement for cross-purlins on top of joists of cathedral-
type roofs with slopes of 1 in 6 or greater, where there is a clearance of
75 mm or more between insulation and roof sheathing; 50% of the
required vent area (V/,,, of ceiling area) is to be near the lower edge and
50% is to be near the ridge.

where the slope of cathedral-type roofs is less than 1 in 6, the vent area is
to be Y/,,,of ceiling area, with the vents uniformly distributed.

ceiling insulation is to be installed so that it will not restrict the flow of air
through vents.

all joints in vapour barriers are to be sealed, or lapped 100 mm over
framing members.
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holes through vapour barriers for services are to be sealed.

a new Appendix refers to the importance of air leakage and the need to
prevent it, including air leakage around service penetrations, at wall-floor-
ceiling intersections, and through gaps due to lumber shrinkage.

exception allowed in earlier codes, for venting roof spaces of 1-storey
buildings, when protected with a Type 1 vapour barrier, is withdrawn.

new separate sub-sections on “barrier to air leakage” and “barrier to
vapour diffusion”.

thermally insulated wall, ceiling and floor assemblies are to be constructed
to provide a continuous barrier to leakage of air into wall, floor and roof
spaces.

reference made to a new CGSB standard for polyethylene.

air barrier materials are to possess the characteristics necessary to provide
a barrier to air exfiltration due to pressure differences from stack effect,
mechanical systems and wind.

where air barrier protection is provided by an air-impermeable panel-type
material, all joints are to be sealed to prevent air leakage (as in airtight
drywall construction).

where an air barrier is formed of flexible sheet material, all joints are to be
sealed, or lapped 100 mm and clamped.

where an air barrier has a water vapour transfer rate less than the
maximum allowed for Type II vapour barriers, it is to be installed at a
location where the temperature will not be below the dewpoint
temperature of inside air when the outside temperature is 10°C above the
2'/,% January design temperature (no indoor dewpoint temperature is
given).

air barrier protection is to extend across the intersection of interior walls
with exterior walls, ceilings and floors that are required to have air barrier
protection.

penetrations of the air barrier are to be sealed to maintain its integrity.

every dwelling is to have a mechanical ventilation system capable of
providing 0.3 ach.

the Appendix includes additional information on air leakage protection.
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. all concrete slabs on ground are to be dampproofed (there is an exception
where drain tile is used under the slab).

. dampproofing is to be at least 0.15 mm polyethylene (reference to 45 1b.
roll roofing is withdrawn).

. the basement floor slab is to be sealed around the perimeter of the adjacent
wall with flexible sealant.

. all penetrations of the basement floor slab by pipes, etc., are to be sealed

against water vapour and soil gas leakage.

. all penetrations of the basement floor slab, to drain water from the slab
surface, are to be sealed so as to prevent the upward flow of water vapour
and soil gas without preventing downward flow of water.

. masonry walls which are not dampproofed on interior surfaces are to have
a course of masonry units without voids, or are to be sealed with flashing,
at or below the level of the slab.

. where mineral fibre or crushed rock backfill is used against the exterior
surface of the foundation wall, it is to extend to footing level to facilitate
drainage of ground water to the drainage system.

. the Appendix has information on how to control the infiltration of soil
gas.
. all walls and floors separating heated space from the exterior soil are to be

provided with sufficient insulation to prevent condensation on indoor
surfaces in winter.

The NBCC is developed as a model code of minimum regulations for health, fire
safety and structural sufficiency. Nevertheless, in terms of the basic construction
of a wood-frame house, Part 9 is also generally regarded by the industry as a
guide to good practice. There are sometimes complaints from building science
practitioners that Part 9 does not adequately reflect the state of the knowledge. In
reviewing the provisions relating to moisture, however, it appears that Part 9 has,
for the most part, responded to new knowledge, and to the introduction of new
materials and practices, within the five year revision cycle. It has been slow to
recognize, explicitly, the need for incorporating a barrier to the exfiltration of air
through the envelope, although this was the implicit objective of many of the
provisions beginning in 1970. Reference to the provision of air barrier protection
was not incorporated into Part 9 until the 1990 NBC, although it was dealt with in
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the explanatory material in the 1985 NBC. It was dealt with in Part 4 (and
subsequently in Part 5) beginning in the 1965 NBC.

During the period 1975 - 1990 a number of new standards that have an impact on
moisture control in dwellings have been promulgated. These include:

. CAN/CGSB-149.10-M86, Determination of the Airtightness of Building
Envelopes by the Fan Depressurization Method.

. CAN/CSA-C439-88, Standard Methods of Test for Rating the
Performance of Heat Recovery Ventilators.

. CAN/CSA-C260-M90, Rating the Performance of Residential Mechanical
Ventilating Equipment.

. CAN/CSA-C444-M87, Installation Requirements for Heat Recovery
Ventilators.

. CAN/CSA-F326-M91, Residential Mechanical Ventilation Systems.

. CAN/CGSB 51.33-M80 Vapour Barrier Sheet for Use in Building
Construction.

. CAN/CGSB 51.34-M86 Vapour Barrier, Polyethylene Sheet for Use in
Building Construction.

Milestones in Moisture Related Activities

The term milestone implies a point at which a recognizable amount of progress
has been made in travelling toward an objective. Thus the importance of the
milestone will depend on one's view of the objective, the purpose of the journey
and its importance. The identification of milestones is, therefore, rather
subjective.

A number of interviewees have identified the R-2000 Program as having had
more influence on wood-frame construction practice, including that related to
moisture control, than any other single factor during this period. The Program
produced a new standard of energy efficient house construction, with very low air
leakage and without condensation problems. Mechanical ventilation systems
provided controlled ventilation with outdoor air to maintain acceptable air quality



-31-
and relative humidity, while maintaining house pressures relative to outside
within acceptable limits.

A large number of builders were trained to build houses to meet the R-2000
requirements. The Program, of course, depended heavily on what had been
learned previously, and on technical knowledge that was still evolving. This does
not take away from the achievement of bringing all the technical and
organizational components together to produce a successful development
program.

In terms of understanding the relative importance of moisture problems in the
existing housing stock, and some of the principal factors involved, the CMHC
national survey (reference 5, Appendix A) is regarded as a milestone. It
confirmed the high incidence of moisture problems in the Atlantic Provinces
relative to the rest of Canada. It also concluded that moisture troubled houses
generally had high indoor relative humidity in winter, and that this condition was
more likely to occur in houses without flues. It pointed the way to reducing the
probability of the occurrence of moisture problems arising from indoor moisture
sources in traditional wood-frame construction.

The CMHC regional test hut studies (references 20, 34, 38, Appendix A)
probably represent a milestone in that they demonstrated significant differences in
the spring-summer drying rates for wall framing related to differences in climate,
as well as to differences in the vapour permeance of the sheathing system. This
raises the question of the extent to which the acceptability of construction
practices should be dependent on regional climate and the relevance of the NBC
in relation to provisions for moisture control. The study also serendipitously
identified the initial moisture content of construction framing as a potential cause
of moisture damage in regions with poor drying conditions.

The CMHC research program on back-drafting of fuel-fired vented appliances,
due to house depressurization caused by exhaust devices, while somewhat
peripheral in relation to moisture, might be regarded as a milestone because of its
significance for the design of mechanical ventilation and exhaust systems for
houses.
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In relation to moisture control in insulated basement construction, the work at the
University of Toronto, in adapting to Canadian conditions the Scandinavian
technology for externally applied insulation, could be regarded as a milestone.
Similarly, its work on the application of building science principles to the control
of moisture, and related degradation effects, in the retrofit of existing basements
is notable. Its work on adfreezing eliminated a major concern about the
possibility of frost-heaving damage resulting from the application of insulation to
the inside surfaces of foundation walls of heated basements.

There have been many other studies related to moisture during this period, as
noted, for example, in Appendices A, B, C, D, E and F. It may turn out, in
retrospect, that some of these will appear as important milestones. For example,
it is still too early to judge the significance of the computer based moisture model
work being pursued independently by NRC and CMHC, or that being developed
at the Alberta Home Heating Research Facility. Studies by the University of
Toronto on the use of externally applied air barriers of SBPO, and the dynamic
wall, might well be judged as a milestone from the perspective of the year 2000.
As noted at the beginning, the significance of a milestone depends on the purpose
of the journey.

In relation to codes, Part 9 of the 1990 NBC might be regarded as a milestone for
its provisions on air barriers, mechanical ventilation systems, and sealing of
basements against moisture and soil gas penetration.

Technical Communications and Co-ordination on Moisture Research and
Development

Presentation of papers at conferences of scientific & technical organizations, and
their publication in proceedings, is a principal mechanism for exchange of
information among scientists and engineers. Exchange of information on
moisture research takes place in this way, for example, through the biennial
Conferences on Building Science and Technology of the Canadian Society of
Civil Engineers (CSCE), the Conferences of the Building Thermal Envelope Co-
ordinating Committee and conferences of ASHRAE and ASTM. While this is an
essential feature of the knowledge transfer system, the work on which a paper is
based has often been completed one or more years earlier.
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There is thus no opportunity for technical involvement by others before, during,
and immediately after completion of a research project. The regular meetings of
the Technical Research Committee of the CHBA are an important exception,
where discussions take place on current problems and presentations are made on
current work. They are of special importance in relation to house construction.
The Canadian Building Envelope Councils, formed in several cities in recent
years, are another interesting exception in that their meetings are relatively
informal and presentations are generally on current or quite recent work.

Participation in the development of standards has provided another important
vehicle of communication between researchers and practitioners. In a number of
instances, responsibility for the research required to resolve a technical issue was
taken on by one or another of the government agencies involved (e.g. CMHC,
NRC, EMR), or was shared.

As already noted, a large amount of moisture research has been carried out by
federal government agencies over the past several years. It is not irrelevant to
consider what formal and informal vehicles existed for technical communications
and coordination between the agencies. Those involved with R and D related to
housing were generally CMHC, EMR and NRC. Forintek Canada Corporation
also had a considerable involvement. It is a joint venture between the private
sectors and government, and derives a considerable amount of its funding from
work for federal agencies.

Some of the funds for moisture research were derived from the interdepartmental
Panel on Energy Research and Development (PERD). The process of funds
allocation was a mechanism for coordination, as it was necessary to put
applications for research funding before a peer group for consideration. This,
however, represented only a small component of funds allocated to moisture
work.

CMHC appointed technical advisory committees for a number of its research
projects, which included representatives from NRC, EMR and Forintek. This
provided an opportunity to be informed of the project and to offer comments
periodically during its course and on completion. The CMHC/CHBA Task Force
on Moisture Problems in Atlantic Canada (a steering committee) included
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participation by representatives of federal and provincial agencies, as well as
builders in the region. Widespread communication through attendance at
meetings and distribution of reports marked its work.

A number of major EMR projects also had advisory committees. That for the R-
2000 program included representatives from CMHC, NRC, industry associations
and universities. Advisory committees met periodically during the course of the
MAPP and VAPP projects (see Appendix B).

Taken in total, there has been a very substantial amount of communication
between those responsible for research activities, and a considerable opportunity
to express points of view during the course of a number of specific projects.

For the most part, decisions about research priorities and the terms of reference of
projects were established in-house by the management of the various agencies.
There were, of course, exceptions when one agency (e.g. NRC) carried out work
under contract for another (e.g. CMHC, EMR). Research projects would
normally be expected to further the objectives of the agency, and it is therefore
appropriate that decisions be made in-house.

It has been suggested that the agencies with the major research programs in
moisture would further benefit from more regular organized meetings to discuss
the results of on-going research, to exchange views on problems and priorities,
and to exchange information on research plans. Examples are the special meeting
sponsored by CMHC, in Kingston in 1983 (see Appendix A), and the meeting
sponsored by Forintek, in Ottawa in 1991, to discuss its research priorities (see
Appendix D). Such meetings have been few and far between.

The possibilities of increased cooperation in areas of common interest could be
another topic for such meetings. Different perspectives could be expected, given
that organizations have different priorities and time frames, and individuals have
different views on what to do and how to do it, sometimes influenced by personal
objectives. In order to increase the probability of useful results from such
meetings, careful thought should be given to planning and managing the process,
building on the experience gained during the process of developing this summary.
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4. OVERALL ROLE OF CMHC
1975 - 1990

Moisture related work at CMHC during this period is reviewed in some detail in
Appendix A. It is summarized briefly here.

Work in the late 70's and early 80's was largely driven by reports of moisture
problems in the Atlantic provinces, including buckling of siding materials. A major
national survey concluded that about 1% of the Canadian housing stock had moisture-
related structural damage, while about 10% had moisture problems such as window
condensation and mould growth on indoor surfaces. The incidence of these problems
was significantly higher in the Atlantic provinces than in other regions, and it was
concluded that this was related to climatic conditions, including reduced potential for
seasonal drying of wall components.

To develop a better understanding of the factors affecting the annual moisture
content cycle of wall materials, test buildings which incorporated wood-frame wall
specimens, were constructed in three Atlantic provinces. These employed a number of
different sheathing materials, with and without strapping beneath the siding. One of the
outcomes was observation of very high initial moisture contents of the wood framing.
This led to a survey of initial moisture content of framing in Atlantic Canada, and a
subsequent national survey.

The Atlantic test buildings indicated relatively slow drying rates of framing
components, particularly with sheathing materials having a low water vapour permeance,
with mould growth in the cavities of some of the panels. Similar test buildings
subsequently built in Ontario and Alberta indicated much more rapid drying and no
mould growth.

In parallel with the test building studies, a user-friendly finite difference
computer model was developed to predict moisture content changes in wall components.
It was meant to model, approximately, many of the moisture flow processes taking place,
both in the furred cavity and the insulated wall. Air flow through the wall was not
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included, as there was no agreement on how it could be easily modelled. Comparison of
predictions and test building measurements gave encouraging results but led to the
conclusion that better moisture transfer properties and a more complex model were
needed. A revised model has been assembled, using a finite element approach, and is
awaiting verification trials.

The 1982 national survey of moisture problems, and other subsequent field
studies, found that most troubled houses had high levels of indoor relative humidity.
This led to some studies on moisture sources, which indicated that moisture stored in
indoor materials in summer, and ground-related moisture could be major winter-time
sources. A project sponsored by Energy, Mines and Resources Canada used the CMHC
results as a starting point in the development of a procedure, for use by the retrofit
industry, to assess how much airtightening of houses could be carried out before moisture
problems were likely to occur. CMHC has also carried out some work on moisture
problems in crawl spaces, and on summer-time condensation in insulated basements of
new houses. CMHC has supported demonstration work on a patented system for venting
of soil gas, radon and water vapour entering a basement through foundation walls and
floor slab. Work has been initiated on the effectiveness of venting of attics in controlling
winter-time condensation.

Another series of CMHC projects has been directed to requirements for wall
design to reduce air leakage, and thus moisture transport by exfiltration, and to reduce
rain penetration through application of rain screen principles. Tests have been carried
out to establish the air permeability of wall components, and the airtightness of wood
frame wall specimens incorporating a range of air barrier systems and construction
details. Other studies have involved evaluation of air barriers for masonry construction
and evaluation of structural requirements for air barriers. Concern over the long-term
stability of polyethylene film, widely used as a vapour and air barrier in wood frame
walls of low-rise residences, led to studies on the condition of polyethylene in service
and on measures to achieve extended service life. As a result, the relevant materials
standard was appropriately revised.

A computer program and moisture content guideline for materials have been
developed to allow determination of airtightness requirements for wood-frame
construction to avoid excessive wetting from moisture in exfiltrating air. Variables
include sheathing and siding components, thermal properties, weather, indoor
hygrothermal conditions, and factors affecting pressure differences due to buoyancy
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forces. A recent study has provided data on the airtightness of recently constructed
houses across Canada.

A number of parallel studies have been carried out on the performance (including
moisture) of high-rise residential construction employing steel-stud curtain wall systems,
and on the development of good high-rise construction practices. Field examination of
masonry clad, steel-stud wall systems revealed problems with corroding studs, wet walls,
and fungal contamination. Current studies involve application of recommended
construction practices to a major building project, to be followed by monitoring of
performance; and determination of the air leakage, air movement and air quality in
several multi-storey residential buildings across the country. Airtightness in one building
is being determined before and after an airtightening retrofit. The objectives are to
establish good construction and retrofit practices for high-rise residential construction.

CMHC activities in the late 70's and early 80's focused the attention of the house
building industry on moisture problems with wood frame residential construction in
Atlantic Canada. Proposals to resolve the problems of moisture-sensitive sidings by
applying them over furring strips, with spaces vented, were opposed by some house
builders on the basis that there was insufficient evidence to support this requirement.

This resulted in the formation of the joint CMHC-CHBA Atlantic Moisture Task
Force to search for the nature, causes and solutions of the moisture problems. It provided
a mechanism for participation by the regional house building industry and local housing
authorities. The review of problems by the Task Force led to conclusions that were
somewhat at variance with those of some building science consultants involved with the
siding issue. While the latter had stressed the importance of the transfer of moisture
from indoors as a moisture source, the Task Force emphasized the entry of water from
the exterior due to poor detailing, and poor installation of siding systems and flashing.
Probably both moisture sources were involved in wetting, and maintenance of high
moisture contents, in a number of the observed problems.

Test hut work in the Atlantic provinces, sponsored by the Task Force, resulted in
the identification of another moisture source in new construction, wet construction
lumber. A subsequent survey of the moisture content of framing lumber in the Atlantic
Provinces, sponsored by the Task Force, showed that most lumber delivered to the job
site was very wet. This led to a national survey, sponsored by CMHC, on the levels of
moisture in framing in houses, as constructed [D10]. It has not been established,
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however, that wet construction lumber was a cause of the problems that initiated the
original concern over the performance of moisture sensitive sidings in the Atlantic
Provinces.

The Atlantic test hut study was designed to develop a better understanding of the
factors affecting the rate of drying, in wood-frame walls, of framing lumber already
wetted by any cause (e.g. condensation during the winter period). The study is described
in Appendix A. Principal construction variables were sheathing and sheathing
membranes, and the presence or absence of a vented space behind the exterior siding.
Insulation used between studs was a secondary variable. All wall panels had a well-
sealed polyethylene air/vapour barrier over the inner surfaces of the studs, so that any
moisture interchange with the indoors was by diffusion only. Panels were duplicated on
north and south facing walls.

All panels had vinyl siding placed both directly against the sheathing, and on
vertical furring strips in duplicate panels. The vinyl siding that was originally selected
had substantial ventilation openings at each horizontal joint. It was decided (on the basis
of computer simulation) that ventilation of the air space between the furring strips would
be adequate with the bottom of the space open to outdoors and the top closed. Closing of
the top was thought to be advantageous in practice, to avoid venting of the space into the
attic, via the soffit. Unfortunately, the siding actually installed had only a small integral
vent area, so that interchange of air between the space and outdoors was probably much
less than intended. This was discovered only after the tests were well advanced.

The principal test series were designed to determine the time required for
construction framing, initially wet in March, to reach a moisture content of 19% during
the spring and summer period. Framing used had an initial moisture content generally in
excess of 30% (by weight), and usually much higher.

As noted in Appendix A, the relative rates of drying appeared to depend primarily
on the water vapour permeability of the sheathing. The furring strips may have increased
the drying rate with sheathings having a relatively high permeance (which had the faster
drying rates anyway), but apparently had no significant effect on drying rates with
sheathings having a relatively low permeance. Thus it would seem to be particularly
important to avoid excessive moisture content in framing lumber in Atlantic Canada,
whether from initial lumber moisture content, or winter-time accumulation of moisture,
when using relatively impermeable sheathing arrangements. While there was a similarity
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in the results for the panels at all three locations (St. John's, Charlottetown and
Fredericton), drying performance at St. John's was generally poorer.

Subsequent observations on similar panels with wood sheathing, initially wet in
August, indicated relatively slow drying during the following winter period, particularly
on the north wall. It would be interesting to know the rates of drying in the spring-
summer period with initially wet wood sheathing, and how these rates are affected by a
well ventilated air space behind the siding. It would also be relevant to know if
improved venting of the air spaces, created by the furring, would have a significant effect
on the drying rates of any of the panels.

The extension of the test hut studies to Waterloo and then Edmonton
demonstrated that spring-summer conditions for dissipation of excessive moisture in
construction framing are much more favourable there than in Atlantic Canada and initial
moisture contents in new construction framing are more likely to be at acceptable levels
(although high initial moisture content is still a possibility). Moisture problems in wood-
frame walls are therefore less likely. This is consistent with other available evidence.
The studies also confirm that some construction arrangements that perform adequately in
one Canadian climate may perform less well in another.

While the test hut studies have enhanced understanding of drying of walls, one of
the primary issues that led to the formation of the CMHC-CHBA Atlantic Moisture Task
Force, the problems with moisture sensitive sidings and the effectiveness of using furring
strips, appears not to have been fully resolved. The test hut study indicated that furring
strips, in the configuration employed, were not especially effective in promoting drying
of wet framing. It did not establish if a well ventilated air space behind exterior siding
would provide a significantly better moisture environment for moisture-sensitive siding,
or for any underlying sheathing materials, where the moisture source was exfiltrating air
in winter, and/or wind-driven rain. One expressed view is that the problems with
moisture-sensitive sidings no longer exist because the types of sidings that were
experiencing buckling and other types of failures are no longer in use. Another is that
the products and application have been improved so that performance in Atlantic Canada
is acceptable. There is also the opinion that, while siding failures are less common,
hidden problems associated with excessive moisture in sheathing and framing may
continue to be widespread with a variety of siding types (see Appendix F).
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CMHC is seen to have taken a particularly critical view of the impact of energy
conservation programs on moisture damage and indoor air quality in the existing housing
stock. To a large extent the issues appear to have been resolved, partly through the
application of the results of research by CMHC and others. Similarly CMHC raised a
number of technical issues during the development of the R-2000 program. Again, these
appear to have been successfully resolved. The resolution of moisture problems in
R-2000 houses has provided knowledge applicable more generally to wood-frame
residential construction.

A number of building science practitioners see CMHC's role in research and
development coordination as having been particularly useful. Moisture problems were
dealt with in the context of the “house-as-a-system” approach. CMHC maintained a
broad program related to moisture issues, and provided an opportunity for
communication with and between others through advisory committees and its contracting
out process, as well as through its participation on the advisory committees of other
agencies. NRC's role in this coordination and communication in relation to the house
building industry is seen, by some, to have declined over the past decade or so (at least in
relation to moisture issues). It is seen as having given more emphasis to understanding
the detailed mechanisms of moisture movement in materials and assemblies, rather than
stressing practice issues. There is a view that CMHC's moisture research program could
have benefited from even more involvement in its planning by extra-mural experts.

CMHC is also seen as having produced good training material and good trainers
during this period. The implementation of the training, through CHBA, was not seen to
have been equally effective, possibly because the extent of volunteerism required was too
high. On the other hand, the implementation of the R-2000 training program, again
through CHBA, was seen as quite successful.
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5. SOME CURRENT MOISTURE ISSUES

Science and Technology

There will always be science and technology issues related to moisture in
residential construction. The perception of issues is dependent on one's role,
knowledge, philosophies and interests. Following are some examples:

1. Inadequate performance of moisture sensitive sidings was the primary issue

that led to the survey of moisture problems in the Atlantic Provinces in 1982,
the issuing of Builder's Bulletin T-6 calling for the use of furring strips under
siding (subsequently withdrawn), and the formation of the CMHC/CHBA
Task Force on Moisture Problems in Atlantic Canada. There is now a widely
held view that the primary source of moisture causing wetting of walls was
exfiltration of moist indoor air resulting from wind and house buoyancy
forces. The Task Force chose to take a broader view of moisture problems,
rather than concentrating on the problems with moisture-sensitive sidings. In
its investigative site visits, it emphasized problems resulting from the entry of
water from the exterior, due to poor detailing (in addition to problems of
interior surface condensation and mould). In its test hut study, the Task Force
was concerned primarily with the factors that influence the rates of drying of
initially wet framing lumber.

Some building science consultants (see Appendix F) are of the opinion that
the more serious moisture problem in Newfoundland was rotting of sheathing
and framing, and that this was not particularly related to the type of siding
used. They are concemed that this problem persists, even though hidden by
the application of new siding.

¢ Have the problems with moisture sensitive sidings in the Atlantic
Provinces been resolved (e.g. do wood-based sidings as currently
manufactured and installed in Atlantic Canada perform adequately)? If
so, what changes in materials, practice, operation and/or maintenance have
been responsible? If not, what changes are needed?

¢ Have other wall moisture problems (e.g. wet sheathings and framing)
identified in the 1982 survey been resolved. If so, how? If not, what
steps should be taken?
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e Are wood frame houses as currently constructed in the Atlantic Provinces
dealing effectively with moisture arising from indoor and outdoor sources,
and with construction moisture, as they affect wall performance? If not,
what practices are recommended.

e What new practices are needed, if any, to avoid problems arising from
initially-wet construction framing? e.g. require the use of S-DRY lumber,
or identify construction details to ensure drying in-situ within acceptable
time limits.

2. A number of experts recommended the application of siding over strapping as
a step in resolving the moisture problems of wood frame walls in Atlantic
Canada. The CMHC/CHBA Atlantic Task Force, in its final report, did not
support mandating the use of furring strips under siding unless shown, by
further research, to provide a significant benefit. The Atlantic test hut study
indicated that the use of a marginally ventilated air space behind siding did
not contribute substantially to the rate of drying of initially-wet framing
lumber (especially with low-permeance sheathing). It did not establish if a
well ventilated air space would significantly improve the moisture
environment for moisture-sensitive sidings and sheathings.

Some building science consultants (e.g. see Appendix F) are of the opinion
that vertical strapping under horizontal siding, with the air space well vented
at top and bottom, can be effective in limiting the adverse effects on sheathing
and wall framing of moisture contained in exfiltrating air in winter, as well as
in providing a better moisture environment for moisture-sensitive sidings.

» Are there conditions in Canada where strapping under wood-based siding
significantly enhances the performance and maintainability of the siding?

o Are there conditions in Canada where strapping under siding, or some
other positive provision for drainage and ventilation is a necessary feature
(or at least, a very desirable one) to minimize rain penetration and/or
promote drying of outer wall components? If so, what are they?

e Are there conditions in Canada where strapping under horizontal siding
serves to limit moisture damage to wall sheathing and framing?



-43 -

3. Painted wood siding is still relatively common on existing houses in Atlantic
Canada. Incidental observations, during moisture-problem studies, indicated
that paint failure was widespread, and that frequent re-painting was necessary.
The problem of paint failure on wood siding, and the role of back-priming,
was not investigated.

» Are there practical approaches for reducing the frequency of failure of
paint on wood siding in Atlantic Canada, and elsewhere?

» How effective is back-priming of wood-based siding in promoting the
durability of the siding and the exposed paint coat.

« Is replacement of painted wood siding with alternate products the
preferred solution? If so, what are the appropriate retrofit practices, and
are they generally being followed?

4. Platts proposed that the use of low-permeance sheathing papers contributed to
some of the observed wall moisture problems in Atlantic Canada, by
inhibiting the spring-to-fall drying of moisture stored during the winter, and
noted the relatively weak drying conditions in that region. Timusk proposed
the use of a vapour-permeable air barrier (e.g. SBPO membrane), under the
siding system, as one of the remedial measures. This would have the
additional beneficial effect of preventing wind-action from reducing the
effectiveness of the insulation, and cooling inside surfaces, particularly at
corners. Part 9 of the NBCC, for many years, has included detailed
requirements for sheathing papers, intended to inhibit the entry of wind and
rain and to allow spring-to-summer drying of moisture in wall components.
However, there are no limits placed on the permeance of sheathing and siding
materials, except as they may appear in the relevant materials standards.

» Are current sheathing paper/sheathing system practices adequate for
inhibiting air leakage into and out of insulation systems due to wind
action?

« Are studies required to establish the effectiveness of these systems?

e Are there moisture problems resulting from the use of inappropriate
sheathing membranes, or from the use of low-permeance sheathing
materials? Should there be some special requirements (e.g. airtightness,
drainage, vapour barrier system permeance) when low-permeance
sheathing systems are used?
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5. Timusk proposed the use of insulating sheathing as one of the remedial
measures for the wall moisture problems in Atlantic Canada. Handegord
(Prediction of the Moisture Performance of Walls - ASHRAE Transactions
1985, Vol. 91, Pt. 2) analyzed the beneficial effects of insulating sheathing in
raising the winter-time temperature at the sheathing-stud interface (normally
the condensing plane), and in reducing the total amount of moisture
condensing at this location from exfiltrating air. For climates where
condensation is likely, he proposed that there should be some resistance to
vapour diffusion and air leakage at this location, so that condensation would
not occur within the insulating sheathing. If the amount of condensation was
likely to be excessive, he recommended provision for drainage. In laboratory
studies at the University of Toronto (see Appendix E), in which moist indoor
air was injected in the glass-fibre-insulated stud cavity, the amount of
condensation accumulating in the cavity (mainly at the interface with the
sheathing) was about the same with polystyrene and glass fibre insulating
sheathings when the SBPO membrane on the latter was on the warm side.
When the position of the SBPO membrane was reversed, most of the
condensation occurred within the glass fiber insulating sheathing, with very
little in the cavity. It was concluded that the latter position was advantageous
when moisture-sensitive sidings are used, as the sheathing can store the
moisture harmlessly and it can drain away harmlessly under more favourable
conditions. When narrow slots were cut through the polystyrene across the
width of the stud spaces, at top and bottom and at two additional levels, the
amount of condensation in the cavity insulation was not reduced, and the
amount in the sheathing was increased because of frost accumulation in the
slots. The Atlantic test hut studies indicated that the rate of drying of initially
wet framing was substantially lower with low permeance sheathings (e.g.
extruded polystyrene) than with glass fiber sheathing. Differences in drying
rates with the two materials in southern Ontario and Alberta test huts were
apparently not significant.

» Are current practices adequate for the use of low permeance insulating
sheathings? Should there be any special provisions for their use in
Atlantic Canada?
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» Which is the preferred location for the SBPO membrane on glass fiber
insulating sheathing if there is no effective air barrier on the exterior (i.e.
if the joints of the SBPO membrane are not taped or there is no other
effective air barrier at this location) or if there is a separate air barrier at
this location?

» Is an additional sheathing membrane required if the joints in the SBPO
membrane on glass fiber sheathing are taped (i.e. does the taped SBPO
membrane meet all the requirements for sheathing membranes)?

« Are there conditions where there should be provision for drainage when
insulating sheathings are used?

6. The R-2000 Program and other experience have demonstrated that the
construction of relatively airtight wood frame walls is practicable, using
polyethylene air/vapour barriers, the airtight drywall approach, or an exterior
membrane of SBPO as the principal contributor to airtightness. No wall
moisture problems due to indoor moisture sources have been observed. The
R-2000 houses have ventilation systems, intended for continuous operation,
providing about 0.3 ach. This would normally be sufficient to prevent
excessive indoor R.H. These are generally balanced systems, having a more
or less neutral effect on pressure differences across the house envelope, and
thus not contributing significantly to infiltration or exfiltration.

CS A Standard F326 covering residential mechanical ventilation systems
allows the system to provide an excess of supply over exhaust equivalent to
0.12 L/s per m? of envelope. This value was based on estimates of the excess
supply air introduced by outdoor air connections to return air plenums, a type
of system widely used in various parts of Canada. It is assumed that only a
fraction of this finds its way into wall or ceiling cavities, and that the rest
passes directly to outside through chimneys, exhaust vents, and cracks around
doors and windows. A house pressurization limit of 10 Pa is set, which would
occur only with very tight houses (an ELA of about 0.004 m? for a small
house and 0.034 m? for a large house) at excess supply rates less than the
equivalent of 0.12 L/s per m2.

As noted, a number of experts reasoned that exfiltration of indoor air was the
primary source of water causing the wall moisture problems observed in
Atlantic Canada. There was certainly considerable circumstantial evidence



- 46 -
supporting this belief. Platts noted that average wind velocities in St. John's
were highest from the westerly direction, which would induce exfiltration
through easterly facing walls. He observed that the wet locations occurred
more frequently on these walls (this was not noted in the 1982 moisture
survey reports). There was also a higher frequency of problems with flueless
houses, which would tend to have exfiltration through upper wall areas. A
superficial analysis of wind data for St. Johns suggests that exfiltration on
easterly walls due to wind, from October through March, could be equivalent
to that resulting from continuous pressurization of the house in the vicinity of
3.5 Pa, depending upon local shielding. A similar analysis of easterly walls in
Toronto yields an equivalent house pressurization of about 1.4 Pa. This
indicates that the total exfiltration, due to wind through easterly walls could
be about 80% higher in St. John's than in Toronto, for similar ELA values.
Both locations have an average house buoyancy factor of about 0.75 Pa per
meter over the period. Thus the average buoyancy pressure difference across
the top parts of walls, and across ceilings of houses without flues is about
1 Pa.

The 1982 survey reported that moisture troubled houses had higher than
average indoor R.H., and that a relatively high percentage had electric heat.
Analysis of the CMHC/CHBA Atlantic Task Force questionnaire indicated
that nearly all moisture troubled houses in the sample had indoor R.H. above
40% at the time of the survey, and about one half had no chimneys. A very
high percentage of respondents reported interior mould or condensation
(presumably on windows); over one third in Newfoundland reported siding or
paint problems, and/or roof space problems.

Platts concluded that very few houses with moderate relative humidity had
moisture problems, and that problems originating from indoor sources
anywhere in southern Canada could be largely resolved in existing houses by
limiting humidities to those that would not result in excessive condensation on
inside surfaces of double glazed windows (see Appendix B), as long as major
gaps in the air barrier were avoided or corrected.

Controlling indoor R.H. so that excessive condensation does not occur on
indoor window surfaces would appear to be a logical upper limit. However,
with the increasing improvement in window thermal performance, including
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edge temperatures of sealed glazing, the R.H. that can be carried is increasing.
Where the “cautionary” R.H. in St. John's and Toronto is about 45%, based on
the MAPP (see Appendix B), it would be substantially higher based on the
thermal characteristics of high performance windows and may then be
questionable as a guide for avoiding wall and attic condensation problems.

« What equivalent average pressure differences due to wind action, house
stack effect, and mechanical system operation, particularly those causing
exfiltration, are wood frame walls and ceilings likely to be subjected to in
different parts of Canada throughout the winter? What are appropriate
winter-time indoor design humidity ratios for different regions of Canada,
now and a decade hence? What wall and ceiling airtightness criteria for
typical assemblies, both existing and new, are appropriate for these
conditions?

¢ Are the criteria for allowable excess of supply over exhaust air in CSA
Standard F326 reasonable for current house construction or for R-2000
construction?

. Considerable effort has gone into developing an understanding of and
obtaining performance data on the dynamic wall concept at the University of
Toronto. Fiberglass Canada attempted to introduce a system based on the
concept, but has apparently withdrawn this initiative. At least one tract
builder has built a house intended to be operated in the dynamic mode. The
apparent potential for energy efficiency utilizing the concept (see

Appendix E) catches the imagination.

« How is the performance of the system affected by differences in climate
encountered in Canada?

o What are the advantages and limitations of the approach based on overall
house depressurization? Is it likely to be adopted by builders and home
owners?

» Is the approach more amenable to a factory built envelope system?

» Are appropriate packaged air heat recovery units available (e.g. to heat
domestic hot water)?

» Are there existing or pending patents that will limit access to the system,
and limit the use of public funds for research and development?

«  What priority should be given to further research and development?
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There have been numerous cases of moisture problems in vented roof spaces
over the years, although in the majority of houses such roofs appear to
perform satisfactorily in southern Canada. Problems have occurred as a result
of high indoor humidities, deficiencies in the air barrier, inappropriate venting
arrangements, and increased air pressure differences (e.g. electrically heated
houses, multi-storey residences). The National Building Code has
strengthened clauses relating to air and vapour flow over the years, and it
seems likely that the airtightness of ceiling constructions has increased over
the years, along with overall house tightness.

The vented roof space has not performed very well in northern Canada, at
least as executed. It appears that current practice utilizes cathedral type roof
arrangements, with an effective air barrier and no vented space, with greater
success.

*  Would the vented roof-space system perform adequately in northern
Canada if it were constructed to R-2000 airtightness standards, assuming
vents were designed to avoid entry of snow?

« Is it possible to avoid entry of the very fine-grained snow found in this
region?

« Is the moisture performance of roofs with vented air spaces as currently
constructed adequate in all parts of southern Canada? Could they tolerate
an increase in indoor R.H. (e.g. by 10%)? Are current venting
requirements logical?

« Does the cathedral-type roof system as currently constructed in northern
Canada perform adequately? Does this practice have merit for southern
Canada?

« Are the consequences of failure of the primary roofing membrane more
serious with the unvented system?

Basement moisture problems are among the most common of complaints
from home-owners. These include leakage of ground water or rain run-offs
through cracks in basement walls or at the wall-floor interface, moisture
transfer through floor slabs and walls, and entry of soil gas. Recent
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requirements in the NBC appear to go some way toward addressing some of
these.

Interior insulation of basement walls has also led to moisture problems due to
both construction moisture in the insulated concrete wall and condensation
from basement air in the summer (see Appendix A). Condensation on the
inner concrete surface in winter is also a potential problem. These problems
can be largely overcome by use of good external insulation practices. Interior
insulation, however, appears to be the majority choice of builders because of
its lower cost. Providing for moisture control appears to present a challenge,
because the temperature of the foundation wall in contact with the soil will be
below the indoor dew point temperature much of the time. For most of the
year, the direction of water vapour transfer by diffusion will be from inside
toward the basement wall. Any penetration of indoor air to this surface will
add to the moisture transfer. With proper air sealing and a good vapour
barrier, the rate of moisture transfer will be very small. Nevertheless, water
will condense on the surface at a slow rate and build up, unless it can be
absorbed by the foundation wall. If the construction moisture in the wall has
been dissipated, and there is no free water on the exterior, the wall will
probably absorb the moisture reaching it from the inside and transfer it to the
soil. The amounts to be transferred will be very small, something like 0.49 kg
per square meter (0.01 Ib. per square ft.) per year with a 0.1 mm (4 mil)
polyethylene vapour barrier. If condensed, this corresponds to a layer of
water about 0.05 mm thick. Nevertheless, the relative humidity at the surface
will be close to 100% most of the time, unless the wall is in contact with
relatively dry soil.

The NBCC calls for a moisture barrier on the inside of the basement wall, up
to grade when it is to be finished. Presumably this is to separate the framing
from direct contact with the moisture in the foundation wall, either
construction moisture or that subsequently absorbed. It has the disadvantage
of inhibiting absorption of moisture transferred from indoors when the
foundation wall has come to equilibrium with the soil.

Basement dehumidifiers (or whole-house air-conditioning) are needed in
many parts of Canada to avoid condensation (and the growth of mildew) on
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indoor surfaces of basement walls in contact with the ground and on basement
floors. They also reduce the average potential for water vapour transfer into
insulated basement walls.

» If requirements and practices referenced in the NBCC for insulating the
interior of concrete basement walls are properly applied, along with other
requirements, will moisture problems be largely avoided? If not, what
practices should be adopted? Is the moisture barrier on the inside surface
of the foundation wall, as required by the NBCC, advantageous: most of
the time, sometimes, or never?

» Should any framing lumber used for wall finishing be pressure treated?

+ Are adequate good practice documents available on avoiding moisture
problems in finishing basements?

Work was carried out in the early 1980's on the preparation of a document on
Measures for Energy Efficiency in Northern Housing. A start was also made
on drafting a document for northern construction (see Appendix C). Neither

of these was completed.

e Is there a need for documents detailing good practice for wood frame
house construction in northern Canada?

Both CMHC and NRC are involved in developing computer models for
prediction of the moisture performance of building envelope components.
The Alberta Home Heating Research Facility is also developing models to
predict hygrothermal conditions in walls and attics.

e What are the moisture problems and related envelope design issues that
require improved methods of performance prediction? Who will use them
and why?

e What are the required features of computer models required for such
predictions? What are the current limitations in developing such models?
What are the estimated costs and time to develop such models?

« Will the use of models currently under development enable parametric
studies that will adequately assess the limits of indoor/outdoor conditions
under which various wall designs will perform satisfactorily? Will it be
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possible to recommend changes to building practice based on the results
of such studies?

« Are there alternative methods for obtaining some of the required
information in a shorter period, and/or at less cost?

It has been suggested that building science research and development in the
past has been largely reactive. In one sense, technological research and
development are reactive by definition. They always are (or should be)
concerned with the development of new knowledge or understanding, a
method or process, or a product to fulfill a perceived need or exploit a
perceived opportunity. They are not, by definition, driven only by the desire
to advance knowledge.

Perhaps research carried out to resolve an immediate problem might be
classed as more reactive than research carried out to develop knowledge and
understanding that will contribute to the solution of a broader range of
problems; or a more generalized solution. Similarly, research and
development on how to improve an existing product, or process, might be
regarded as more reactive than research carried out to develop a new product
for an anticipated use. The latter in each case usually requires a longer time
perspective, and usually involves more risk (e.g. the research results may be
redundant or may be too late, or too early, to be of practical significance;
similarly the product may not be marketable for a variety of reasons). There

is, however, the possibility of greater reward (more return for the investment).

The extent to which research should be carried out to provide answers to
immediate problems, rather than to provide more fundamental knowledge or
more powerful tools that may have broader application (or the extent to which
development should stress incremental improvement to existing products
rather than the creation of new products) would seem to depend on the
mission of the organization and the nature of the problems or challenges it
faces. Articulation or understanding of mission and goals would appear to be
necessary in order for logical identification of current objectives and the
development of plans to fulfill them.



5.2

-52-

For most organizations, research and development are not an end in
themselves, but are intended to support broader objectives. Even with an
organization like IRC/NRC, research is not intended to be an end in itself, but
is carried out to fulfill a stated mission and goals. Universities may be a
special case, where the ultimate goal of research is presumably the provision
of opportunities for an advanced education.

As noted, embarking on programs and projects that address longer term
objectives, or that invest in new development, involves more risk and requires
clear articulation of objectives. Professional planning and on-going
management are also essentials for success, or for limiting risk. Usually the
funds available are limited, relative to the demand, so that making good
choices is the initial problem. Unfortunately, either short term or long term
projects can be carried out badly.

* What organizations are most appropriate for conducting short term and
long term research?

» Should public agencies involved in building research and development be
giving more priority to addressing longer term issues? Should they be
investing more in the development of new concepts, products and
processes?

* What processes, not currently being used, might be helpful in the
identification of research and development priorities, and in the planning
and management of projects?

» What are perceived as longer term goals worthy of consideration at this
time?

« What funding sources exist or could be developed?

Construction and Retrofit Practice

There has been a significant increase in the average airtightness of tract houses
over the past decade, with houses in Winnipeg approaching the maximum
allowable R-2000 rate of 1-1/,air change per hour at 50 Pa. At the same time,
there is still much room for improvement, particularly in the Toronto and Ottawa



-53-
regions, and in Vancouver. It is a challenge to construction practice to improve
the airtightness of houses in these and other regions. In the recent Canadian
survey of airtightness, the average normalized leakage area for 20 Winnipeg
houses was 0.91 cm?/m2. The average values for Toronto (30 houses) Ottawa (20
houses) and Vancouver (20 houses) were 1.92, 2.07 and 2.87, respectively. St
John's (10 houses) was not much better with 1.75 cm?2/m2.

The installation of mechanical ventilation systems in all houses is now being
required by building officials. While considerable advances have been made in
the use of heat recovery ventilators for this purpose, particularly in R-2000
houses, there remains a challenge to the manufacturing and home building
industries to develop and install effective, reliable, and economical systems for
the majority of houses.

The issue of spillage of flue gases from combustion devices sensitive to house
depressurization has not yet been fully resolved. Use of naturally-aspirated fuel-
burning equipment in tight houses, with a range of exhaust devices for various
purposes, would appear to be an anachronism. At the same time, use of high
capacity exhaust devices without positive provision for make-up air is also
problematic. Resolution of this problem is a challenge for code authorities,
manufacturers and builders.

Framing lumber with excessive initial moisture content is being supplied by mills
and merchants, and used by builders, particularly in Atlantic Canada. Itisa
challenge for all to ensure that the wood used in construction is adequately dry
when the house is closed in.

Excessive moisture in basements is still one of the most common complaints of
new home owners. Systems and materials are now available, which, if properly
used, can largely avoid these problems. It is a challenge to the housing industry
to improve this aspect of construction practice.

Houses are still being built that do not adequately control the adverse effects on
envelope performance of rain and snow. The requirements for good practice are
generally known. It is a challenge to the industry to build houses with good
flashing and drainage details, and with cladding arrangements that minimize rain
penetration and wetting of moisture sensitive-materials.
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There is a great variability in the quality of work carried out by retrofit
contractors. It is to be hoped that the various components of the industry can
provide mechanisms that offer the home-owner some assurance of competent
advice and workmanship. The suppliers of products used by the retrofit industry,
for example insulation, caulking, insulated sheathings, air barriers, sidings,
windows, and ventilation equipment, might take more responsibility in seeing that
they are used properly, recognizing the effects of their products on other aspects
of house performance.

Training and Education Needs

The house building industry has been faced with the need to adopt a number of
changes in materials, equipment and practices over the past 15 years. Industry
training and “good practice” documents, supported by CMHC and EMR, have
assisted in this adaptation. The need for training, with appropriate resource
material, continues. In areas related to moisture control, there is a need for
education and training on improving airtightness, improving moisture control in
basements, improving practices in controlling wetting from rain and snow and
handling run-off, selecting and installing ventilation and exhaust equipment, and
ensuring acceptable construction framing moisture content.

As costs of energy and concerns over global warming increase, it seems likely
that the trend toward more energy efficient house construction will continue, and
that performance standards comparable to R-2000 will become the norm. This
will require ongoing education and training programs.

Despite the investment in energy retrofit in the late 70's and early 80's (e.g.
CHIP), there are large numbers of existing houses with RSI 1.2 (R7) insulation
(or less) in the walls and RSI 1.8 (R10) in the ceilings. This presents a significant
opportunity for upgrading. Programs are required to ensure that it is done
properly. A large investment has been made in the development of retrofit
standards and guidelines, and in training materials. It seems likely that these will
need to be dusted off, and brought up-to-date where necessary, to provide
resource material for retrofit training courses.
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Ultimately, the home owner is faced with making decisions on repair, retrofit and
renovations. The number of alternatives is increasing. It would seem that easily
understood, informative material would assist homeowners in making good
choices and would increase the probability of obtaining a satisfactory job.

Similar material, to assist new home buyers in making informed purchases, would
also have merit.

Driving Forces for Change

Increasing energy costs and environmental concerns are likely to be significant
factors over the next decade, with renewed pressure for efficient use of energy
and use of energy sources that contribute least to global warming. This suggests
that the pressure for improvements in the energy efficiency of both new and
existing houses will continue.

There is also likely to be increasing concern over indoor air quality, which may
influence the materials used, as well as affect ventilation techniques, and house
cleaning and maintenance practices.

Higher costs for accommodation may result in pressure to convert larger homes to
multiple dwellings, with higher occupant densities. This in turn will increase
moisture and pollutant generation.

The on-going reduction in tariffs and other barriers to trade (i.e. FTA, NAFTA,
GATT) is likely to be a factor in encouraging change. Some of the immediate
changes in the building products industry appear to have been negative, with the
withdrawal of research and development activities of some US-based multi-
national companies, and the movement of research and development, as well as
manufacturing, of some Canadian based companies to the USA. With the trend
toward global marketing, it seems possible that there will be less concentration on
producing products to suit the Canadian market, at least by major companies. On
the other hand, there may be a wider choice of products originating in other
countries, and it will be a challenge to select the most appropriate and adapt them
for use in the Canadian environment. It will, of course, be a continuing challenge
for Canadian companies to compete successfully in the global market place, and
for governments to foster an environment to promote such success.
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Encouraging Innovation

There is a continuing need to strive for improvements in the energy efficiency,
indoor environmental quality, safety, useability, durability and affordability of
housing for the Canadian population. This generally requires innovation,
including technological innovation.

Innovation in manufactured products is usually thought to occur best in economic
systems that minimize unnecessary controls, encourage competition and reward
success. This in turn is expected to encourage risk taking, research and
development in both product and production, and aggressive marketing. While
this may be sufficient to produce better vacuum cleaners, it is not likely to be

sufficient to encourage significant changes in the wood-frame housing industry.

In the 1960's, following the success of the U.S. space program, which employed
the “systems” approach and the “performance concept” in its development
program, it was thought that a similar approach might lead to innovation in the
housing industry. The notion was that, if housing requirements were expressed in
performance terms, rather than in prescriptive terms, the industry would be free
of unnecessary constraints, and would respond with innovative housing designs
and construction methods. Operations Breakthrough, a major demonstration
program, was launched by the U.S. federal housing administration. Proposals
were requested for several types of housing in different locations. The National
Bureau of Standards (now the National Institute of Science and Technology
(NIST)) was charged with developing performance specifications, which in itself
was a major undertaking. While much was learned about needs for performance
criteria and methods of performance evaluation, and a number of innovative
schemes were put forward and implemented, it is not apparent that this had any
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