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NOTICE 

This report is an internal Forintek Canada Corp. ("Forintek") document, for release only by permission 
of Forintek. This distribution does not constitute publication. The report is not to be copied for, or 
circulated to, persons or parties other than those agreed to by Forintek. Also, this report is not to be 
cited, in whole or in part, unless prior permission is secured from Forintek. 

Neither Forintek, nor its members, nor any other persons acting on its behalf, make any warranty, 
express or implied, or assume any legal responsibility or liability for the completeness of any information, 
apparatus, product or process disclosed, or represent that the use of the disclosed information would not 
infringe upon privately owned rights. Any reference in this report to any specific commercial product, 
process or service by tradename, trademark, manufacturer or otherwise does not necessarily constitute 
or imply its endorsement by Forintek or any of its members. 
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SUMMARY 

The objective for this work was to prepare a project plan for the development of moisture 
management guidelines to maximize durability of wood-based building systems. Exploration of the 
complexity of the technical issues involved led the conclusion that access to the use of a reasonably 
accurate computer model was needed to explore the performance of systems we feel have shown good 
track performance. Essentially, parametric sensitivity studies are needed, both to confirm the 
suitability of walls built in the different regions of the country based on current field experience, and 
to extrapolate limits to these systems that might also be used as a guide for unconventional systems. 
With this assurance, information of the performance of typical wall systems as a function of the 
variables noted in this report should be obtained by modelling. It should then be possible to develop 
or assist in the developing of simpler user-friendly design tools for the building industry which 
incorporate advice on good construction practices. 

While we have identified an interest in the moisture performance of all wood systems in buildings, we 
should continue to focus on wall design at this time, reserving research on ceiling/roof systems for a 
later phase. 

A detailed research plan should be completed during the 1994/95 year. 
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1.0 OBJECTIVE 

The objective for this work is to prepare a project plan for the development of moisture management 
guidelines to maximize durability of wood-based building systems. 

2.0 BACKGROUND 

Moisture has always been a major factor affecting the durability of building systems, whether they are 
built in wood or in other materials. Measures aimed at energy conservation are making moisture 
management even more critical. Since wood products are susceptible to moisture-related degradation, it 
is important to establish the design principles on which to base wood building systems with durability 
expectations comparable to or better than those involving other building materials. The need for this work 
relates to both residential and commercial construction in North America and in export markets. 

Research at Forintek over the last 5 years has been devoted to obtaining air leakage information on 
assemblies as affected by drying out of lumber framing. This work was initially identified because no 
information was then available on the topic, and because it was key to modelling actual performance. Our 
cooperation with Canada Mortgage and Housing Corporation (CMHC) in conducting a field moisture 
survey of construction lumber is another project that obtained a unique data base for assessing the state of 
moisture in lumber framing on building sites. This latter study showed that decisions on materials use, 
and especially building practices, greatly affect the amount of moisture that will be initially locked into 
walls at time of construction. 

While our work to date has been concerned with the performance of walls, ensuring the durability of 
wood structures involves consideration of the moisture performance of other systems including roofs, 
basements (or crawlspaces) as well as walls. Wood-based siding and roofing elements that are exposed 
directly to the elements are in a special, but related category. Our past studies and recommendations 
concerning truss uplift continue to hold in dealing with one aspect of performance related to moisture 
changes in wood that it is not possible to entirely avoid. Another example is our recent study on the 
performance of preserved wood foundations and recommendations for improved practices and research 
(van Rijn et al, 1993), that should also be considered in developing future program. 

3.0 PROPOSED APPROACH 

A program plan for research by Forintek Canada Corp. on wood building durability has yet to be 
prepared from a global perspective. The work undertaken at the Eastern Laboratory in the recent past 
was guided by a problem analysis prepared some years ago (Onysko 1985). It is intended that this current 
document review the objectives originally considered. One goal will be to provide an overview of the 
status of research on moisture performance of walls and to provide recommendations concerning areas 
where detailed work plans should be developed. Discussions will be undertaken with CMHC, CHBA, and 
IRC. Ultimately, the detailed research plan will receive the oversight provided by a joint CWC/Forintek 
Task Group on this general research area. 

1 



4.2 Developing the Basis for Guidelines 

The durability of each type of building assembly involves unique considerations. Each system (walls, 
roofs, foundations) has occupied members of the research community in experimental studies and 
mathematical modelling of behaviour for many years. Extensive resources have been expended to achieve 
the level of sophistication in construction that now prevails, yet many areas remain unresolved. It would 
be correct to say that no single organization can provide the total solution to all problems because 
resources are limited. Indeed, international cooperation has been found to lead to fruitful efforts when the 
work of many can be channelled to common purpose. 

It will be instructive to list the variables that influence the performance of wall systems. 

Initial conditions: 
• moisture contents of the lumber and other wood materials 
• the time of start and duration of construction (seasonal effects) 
• wall construction type 
• hygrothermal properties of moisture sensitive products 

After closing of walls: 
• climatic conditions 
• interior moisture conditions, in part dependent on behaviour of the occupants 
• inclusion of defects 
• orientation of walls which define the microclimate 
• heating and ventilating equipment used. 

Some variables listed above represent families of other variables that depend on the geographic location of 
a building. Building practices and details in different countries are also different, which may lead to 
different performance. Material behaviour may also change as the structure ages or dries out. 

Given these diverse influences, it is impossible to extrapolate by inspection from the performance of one 
type of system in one area of the country to other quite different situations. Moisture management 
guidelines have been needed for ages. In the absence of research data, builders have coped by not being 
too innovative, by copying what others had done in past years and by doing what seemed to work most of 
the time. At the present time, we are in a period of great innovation, and we have little experience with 
some systems and some materials. To be able to keep out of difficulties, we need good analysis tools, and 
we need to investigate the theoretical performance of walls under various situations and to compare this 
performance with what we have observed in a few locations. That is essentially the work needed to arrive 
at moisture management guidelines, in whatever form they might take. 

4.3 Expert Systems and Design Tools 

Development of an expert system by which to effect technology transfer involving moisture management 
guidelines was considered. An advantage to such a system is that it could be designed for easy use by 
most designers and builders; it could be made to be very user-friendly in that all the complications that 
we know exist would be transparent to the user. When we considered the large catalogue of wall types 
that could be built from the large number of materials available, in the face of all the property variables, 
construction variables, and occupant variables, all of which affect performance of individual walls, it was 
concluded that a design tool was needed primarily. Judgmental evaluation of only a few well known 
systems in all climatic areas of the country could be set down now. 

3 
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Given the variables that affect performance at both the initial boundary conditions and subsequent 
influences, it was also clear that the accurate modelling of all the conditions could not be practically 
entertained at time of design by a builder. Hence an analysis tool of the type we might rely on for 
research purposes, could not form the basis for such a routine design guide, except as a proxy for one of 
the simplified models under certain conditions. 

Considering these interim conclusions, it was concluded that parametric studies were needed with which it 
would be possible to identify, for each class of wall systems that can be built, the limits of applicability of 
simpler analysis tools. It would also permit an assessment of the collinearity of variables which might 
permit radical simplification of climatic influences. These are research issues, but they are extremely 
important to answer as they lead to practical technical directions that might be taken in preparing user
friendly design tools that permit flexibility in choice of materials in different climates, even different 
countries. Effectively, it is necessary that a design tool can be made useful for non experts. Cautions 
about details in construction and good building practices can be built into such a tool to make it an 
"expert system". 

4.4 Presentation at the Betec Bugs Mold & Rot ll Conference 

The planning of research program in a particular area depends not only on the analysis of experimental 
data. In a more important way, it is influenced by the collective experience of many researchers and 
building practitioners. One forum in which the writer participates is the Building Environment and 
Thermal Envelope Council based in Washington DC. During the current fiscal year, he was asked to 
provide a summary of the fmdings of the previous Bugs Mold & Rot conference two years earlier. That 
presentation, as submitted for inclusion in the proceedings, is attached to this report as Appendix ill. Of 
significance to this report is the sea-change that occurred at that first conference. The following is 
extracted from the trip report that was prepared at the conclusion of the first meeting. 

Overview: Every so often, something important happens at conferences. Sometimes it is because 
an important breakthrough was reported. At other times, a shift in thinking occurs when a 
community of researchers are presented with information that impacts on their realm of expertise, 
and provides then with a fresh view as to the importance to their work. This was one such rare 
occasion. 
The Workshw: The awareness that the workshop engendered is one that some researchers in 
Canada and the USA had already arrived at and have been working to expand. This workshop 
went a long way towards bringing a greater cross{ertilization of disciplines. It also made many 
realize that degradation of wood structures by decay is likely to be of far less imporlance than the 
health effects caused by fungal growth and by insects (cockroaches and termites). Building to deal 
with these factors is of far higher priority. 

In recent years, there has emerged a realization that degradation by decay organisms is only the 
last stage in degradation of wall systems that have moisture problems - mold and mildew growth 
are far more likely. From these types of infestations originate many illnesses. The consequences 
are allergies, pulmonary disorders, and other illnesses- some of which are a direct consequence 
ofmycotoxins produced by fungal growths. In some climates, cockroaches and termites create a 
significant problem. Cockroaches and their body parts lead to allergies; the presence of termites 
leads to structural damage as well as allergies. 

The extensive survey by Health and Welfare Canada (15000 questionnaires), and a less extensive 
survey in the USA are providing that link with indoor pollution, much of which is related to 
"mismanagement" of moisture in houses. Of course, much of this is also due to ignorance by 
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occupants, and poor housekeeping. As much as 37% of the house population (in Canada) have 
moisture problems and this is reflected in the correlation with allergic reactions. The smaller 
survey in the USA provided a 30% figure. This level of "trouble" is similar in Holland and other 
European countries. In fact, health effects are not limited to wood-framed structures, as we have 
previously learned from presentations concerning mold growth effects in high-rise masonry 
buildings in New York City. 

The workshop also was presented with evidence from inspections of existing houses in the USA. 
About 800,000 to a 1,000,000 houses are inspected yearly by private inspection companies. One 
talk for over 2 hours, in which we were shown 5 trays of slides, summarized the true horror 
stories out there. As building scientists, builders, and material suppliers (including the wood 
products industries), there are limited actions that we can take to deal with some of the problems 
out there. Poor house structures and systems (walls, attics, crawl spaces) we can deal with- poor 
housekeeping is another thing. 

Implications tor Research: Current research in the transport of heat, moisture and air flow 
through materials and systems has been driven by issues related to the degradation of materials 
and lack of performance ofwall and roof systems. Material scientists have been examining 
material properties and the workings of differential equations explaining the physics of the 
interaction of materials with water in both the liquid and vapour form. Those at ease with 
computers have been busy developing computer models to explain how various building materials 
interact together in systems and as influenced by varying weather conditions. 

Many in this genre have spent a long time doing this, and many years of experimental work have 
been done to confirm assumptions and to investigate all the physical "events" that take place. In 
both of these areas we can point to the work at IRC, CMHC, FPL, NIST and many others in 
Europe. Our own work on characterizing the air leakage characteristics of joints in sheathing 
materials and the changes caused by drying of lumber after construction contributes to that 
overall effort. The biggest empty void in all this has been the lack of easily quantifiable criteria 
concerning the conditions that will lead to degradation of untreated wood. Anyone involved in 
research on treated wood products can more easily relate to protection that will prevent 
degradation, not to the complex conditions that can eventually lead to degradation of untreated 
wood. This is not a trivial problem - it is not soluble as an equation might. 

Now, that picture has been broadened to include conditions that lead to growth of mold and fungi 
in interstitial spaces. The weighing of hazards for infestation are more difficult to evaluate. What 
will likely be pushed for are building techniques that produce least hazard for these events to 
occur. All the computer model development and material property characterization gathered to 
date will assist in this effort. The consequences of the research will have to be very carefully 
weighed. 

Implications for the wood products industries: The implications of this reordering of priorities for 
the wood products industries will have to be carefully evaluated in the future. Wall systems that 
dry slowly (after construction) will allow mold growth to develop. The necessity for enforcement of 
the building code regarding moisture in framing lumber will go a long way to minimizing these 
effects. The introduction of appropriate ventilation systems in modem construction will likely 
better control the indoor relative humidities that can contribute to excessive moisture loading of 
wall systems. Education of builders to build more trouble-free housing will have to be pursued by 
the appropriate agencies and the wood industries will have to provide strong support for these 
efforts. 
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4.5 Canada/Japan Workshop on Advanced Housing Research and Development 

In view of the work currently in progress on wall moisture, Forintek was invited to participate in the 
Canada/Japan Workshop on Advanced Housing Research and Development that was held in Whistler BC 
in June 16-17, 1994. At this meeting, researchers from both Canada and Japan met to consider advanced 
housing construction for humid/mild climates, which is typical in heavy populated regions of Japan and in 
some parts of Canada. A presentation on wall moisture research in Canada was prepared for his meeting, 
and the final paper for the proceedings is attached in Appendix I. 

Subsequent to this meeting, an overview of potential cooperative research between Canada and Japan was 
prepared to focus the discussion on the various topics that affect decisions on appropriate wall systems for 
these climatic. This overview is included in this report as Appendix IT. 

The broadening of our network to include the Japanese is an indication of the relevance of the research 
we and others in Canada are currently engaged in. A parallel approach will be needed for dealing with 
many of these issues in the specific climatic circumstances Japan experiences. 

The above activities and output are noted in this report as a manifestation of the need for moisture 
management guidelines that lies well beyond our traditional experience. Cooperative work can lead to a 
more rapid achievement of the goal and to the benefit of both builders in Canada and in other countries 
where our building materials are used. 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

While we have identified an interest in the moisture performance of all wood systems in buildings, we 
should continue to focus on wall design at this time, reserving research on ceiling/roof systems for a later 
phase. 

It will be necessary to confirm that one or more models can now be used given some of the data we have 
generated on wall leakage characteristics. With this assurance, information of the performance of typical 
wall systems as a function of the variables noted in this report should be obtained by modelling. 
Essentially, parametric sensitivity studies are needed, both to confirm the suitability of walls built in the 
different regions of the country based on current field experience, and to extrapolate limits to these 
systems that might also be used as a guide for unconventional systems. With this broad background, it 
should then be possible to develop or assist in the developing of simpler user-friendly design tools for the 
building industry. A detailed research plan should be completed during the 1994/95 year. 
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WALL MOISTURE RESEARCH IN CANADA 

ABSTRACT: 

Canada has a relatively long experience in building wood frame constructions in a wide range of climates, from 

the very cold to the relatively moderate. Research on the performance of walls accelerated during the 1970's due 

to the need to conserve energy, first in the use of oil, then more recently, involving all forms of energy. Many 

field and laboratory studies have been done to refine our knowledge about the distribution and flow of energy, 

moisture, and air within and through walls. Field studies have taught us that construction practices can have a 

large influence on the actual performance. This knowledge has enabled our building practices to be refined to 

produce better and more durable buildings, and to apply this experience to construction in many other 

circumstances. 

INTRODUCTION 

While the subject material ascribed by the title of this paper is very broad, the following discussion will be 

narrowly focused. It would be difficult to describe all of the work that Canadian researchers and builders have 

done over the years. Others 1
•
1.3 have already provided very thorough reviews, both concerning the historical 

framework and the substance of research done, as well as identifying what additional research is needed. Few 

have addressed the various construction influences that affect wall performance and their durability. 

Canadian builders often work under extreme conditions, yet the structures they build generally survive well. The 

construction practices embodied in the R-2000 program result in structures that are particularly well built and are 

likely to be more trouble free than homes built in any other period in our history. By understanding the pitfalls 

and accommodating for the deficiencies that can occur, long-lived buildings result. 

Overall, the objectives of the research programs undertaken by our public institutions, our universities, and the 

design community, have been 

to understand construction factors that lead to condensation in walls; 

to study the behaviour of walls constructed in extreme situations; 

through this understanding to modify and improve traditional wood frame construction, and to 

propose new systems that will function well in all climates. 

We know that when we altered our building practices in the 1970's to build tighter and more energy conserving 

homes, some problems were encountered because we did not fully appreciate the necessity of dealing with the 

system performance of our houses. This was especially true when existing structures were retrofitted. Once this 

was realized, more thorough studies were undertaken, building upon the research of the past. 
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A fairly good fundamental understanding had already been established. But with new wall systems and materials 

coming into more general use to improve the thermal performance of walls, new questions arose. This required 

field studies of wall performance to supplement those in laboratories under controlled conditions. To enable more 

thorough study of wall systems, computer programs were developed to model the complex physical phenomena 

involved in walls exposed to real climatic conditions, to a far greater degree than had been possible before 4.s. 
By using laboratory and field data to validate the models, it is believed that far more detailed parametric studies 

can be accomplished without doing expensive field testing for each type of wall system. 

MOISTURE TRANSPORT 

Most of our concerns about durability relate to one or more forms of moisture transport, whether it be from 

outside or from inside the structure. To resist entry from outside the structure, we must provide protection from 

wind-driven rain; we must also provide resistance to the flow of air through the structure as this results in loss 

of energy, and lead to condensation of moisture in the structure. To a lesser degree we must provide vapour 

diffusion resistance at an appropriate location in walls. For our climates, this usually implies that we provide 

resistance to vapour diffusion on or near the inner faces of our walls. 

The latter two mechanisms, air leakage and vapour diffusion are of concern whether the climate is largely heating 

dominated or cooling dominated. Proper attention to good detailing is the solution for wind-driven rain transport. 

When problems occur, it is largely because of poor construction, poor design and detailing, or inappropriate use 

of materials. To an extent that had not been previously realized, an appreciation is being gained about the 

importance of our construction practices, and the necessity of designing systems that are more immune to poor 

construction. 

There are several construction practices that cause difficulties. We can say that each influences the performance 

of the built product. Green or wet wood is often used, and if there are heavy rains, even wood that is initially 

dry gets wet. Some builders are very efficient and can complete houses so rapidly that the materials used in 

construction do not have a chance to dry before they become enclosed in the structure. The complication of 

applying flimsy vapour barriers and house wraps under difficult field conditions does not always result in a good 

installation. Construction during winter, particularly our winters, cannot be avoided. The ability of materials to 

dry at the time of construction depends on the climate but this cannot be relied upon to speed drying. Finally, 

once houses are occupied, particularly those which are airtight and do not have proper ventilation equipment, 

higher indoor relative humidity is experienced. At defects or unintended leakage paths in the envelope, far greater 

quantities of moisture can be driven into the wall envelope. 

Aside from defects in the envelope which permit entry of rain water into walls, by far the largest quantities of 

moisture are deposited when leakage paths develop, or are built into a house, which permit flow of air carrying 

moisture into the wall structure. The success of good construction lies in blocking the majority of that flow. The 

R-2000 program, for example, owes its success not only to the energy efficiency for that form of construction, 

but also to the attention to detail which results in the production of houses with tight building envelopes which 

restrict entry of air into wall cavities. 
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While in cold climates, we are concerned about air entry from the living space because the moisture sources are 

higher there; we also realize that in warm climates that are cooling-load dominated, we must guard against the 

flow of moist warm air into wall systems. 

CONSTRUCTION MOISTURE 

One source for moisture in wall materials that has been investigated recently is that which is built-in during 

construction. Canadians have traditionally built using green wood, i.e., wood that has experienced little drying 

between the time it was manufactured and when it was used in construction. In the past, our houses were 

sufficiently over designed, and the sources of lumber came from large trees from which straight and good quality 

lumber was routinely produced. The wood frame construction system evolved with few problems. But we no 

longer build with lumber that is all from large trees, and we no longer build leaky non-insulated homes. What 

we now consider as traditional is construction in the 1950's when panel sheathing materials came to be used and 

use of insulation became universal. Some builders still build in the old traditional way but to modern technical 

requirements; with proper understanding of good practices, they are able to achieve performance as high as any 

involving more modern materials. 

In a recent field survey6
•
7 for CMHC in 1990, we studied the moisture content of framing lumber at time of 

construction. The study was performed over a period of one year to ensure that all seasons of construction were 

included at each of 10 different regional population centres across the country. Moisture measurements were 

made shortly before the insulation, vapour retarder and drywall were installed. At least two wall studs and one 

wall plate were measured in each of four exterior walls at each house. The moisture contents were obtained at 

two depths to account for moisture gradients and to get a better estimate of the mean. Included in this study was 

a questionnaire that was completed for each house to gather information on the building practices used by 

individual builders. CMHC field staff conducted the moisture measurements and completed questionnaires for 

houses included in this survey. 

In all, the moisture contents of 4093 wall studs and 2046 wall plates were obtained from a total of 515 houses. 

Sample sizes ranged from a total of 19 houses (in Sudbury) to 79 houses (in each of St. John's and Edmonton). 

The production of about 227 different builders was represented in this field survey. Over 465 wood samples were 

also sent in for species identification. 

On the Prairies there was predominant use of surfaced-dry (S-DRY) lumber. Based on current lumber industry 

practices, most S-DRY lumber is kiln dried. In the Atlantic and Quebec regions a majority of the houses were 

built using green lumber (S-GRN). The survey showed that 57% of studs and 53% of wall plates were S-DRY 

material, i.e., that under a half of the wood used was green. In some parts of the country almost all the wood 

used was green (Eastern Canada) and in other parts of the country (Western Canada) the use of dry wood for wall 

construction predominated. This is shown in detail by region and season in Table 2 for wall studs, and in Table 

3 for wall plates. 
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S-DRY lumber studs were quite dry at some locations at some times of the year. The means were often under 

the 19 percent moisture level. The grading rules permit the inclusion of up to 5 percent of the pieces having an 

average moisture content over the 19 percent specification. Most of the time, this criterion was not met in most 

parts of the country. Based on the year-round data in each region, it was found that excursions over the 19 

percent moisture level were 46% in the Atlantic Region, 69% in Quebec, 30% in Ontario, 9% in the Prairies, 

and 55% in the Pacific region. In Quebec, the sample was quite small and the percentage is not reliable. While 

the excess moisture found may be due to re-wetting for some houses, the extent of excess moisture could be due 

to insufficient initial drying. The regional nature of the problem is also aggravated by the varying percentage of 

difficult-to-dry balsam fir and alpine fir in the lumber mix. 

In these tables, it is apparent that the maximum moisture contents for GREEN lumber (S-GRN) can be very high. 

Indeed, in some walls it is estimated that there was almost as much weight of water enclosed as there was weight 

of wood. Whether this was due built in water as well as precipitation is not known. 

Wall plates tend to have higher moisture contents than wall studs. Plates tended to be subject to greater wetting 

by rain and cannot dry as quickly as studs, due to their contact with floors. S-DRY plates, on the other hand, 

were usually much drier, and only over fibre saturation where it was suspected that re-wetting was the cause. In 

some parts of the country (particularly the Prairies) the dry wood was very dry. The climate there was more 

conducive to drying during construction. 

At least 77 percent of the builders whose houses were visited noted that they had problems with drywall cracking 

or nail popping. This is explained by the high proportion of builders using S-GRN lumber ( 45%) and the presence 

of a significant proportion of S-DRY lumber over the 19% MC level. Nail popping and drywall cracking occur 

because of lumber shrinkage, which only begins when lumber starts drying under fibre saturation (approximately 

30% MC). Final moisture contents in a wall may be as low as 6 to 8% in some parts of the country. A large 

proportion of the shrinkage may only take place following installation of drywall. 

Some builders feel that "dry" wood supplied to them is not dry enough. The tables show that for DRY lumber 

(S-DRY) the maximum moisture contents could sometimes be as high as for GREEN lumber. This was 

understood to be due largely to re-wetting on site by rain. 

DRYING STUDIES 

Field studies of drying of wall systems have been done in three climatic regions by CMHC. The first study in 

the Atlantic region involved three test huts, in St. John's (Newfoundland), Halifax (Nova Scotia), and Fredericton 

(New Brunswick)8
• The second region involved a test building at the University of Waterloo in Ontario9

, and the 

third region involved a test hut at the University of Alberta in Edmonton10
• These studies were done in recognition 

of the poor site conditions that can frequently occur. 
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Only one example will be examined from this work. It concerns the drying of walls in the test hut at Fredericton. 

Briefly, eight south-facing and eight matching north-facing walls 1200 mm by 2400 mm in size were instrumented 

with moisture sensors, RH sensors and thermocouples. They were built with S-GRN wood, that was also sprayed 

with water to maintain a high moisture content. The moisture-time histories of 7 matching pairs of walls 

representing slightly different or completely different systems are shown in Figure 5. For simplicity, the 

representations are drawn from single monthly moisture readings 150 mm from the bottom of one wall stud in 

each wall. 

In these examples, the moisture measurements although relatively unreliable at high levels do show that very high 

levels were used for initial conditions. Some wall types dried very quickly, while others took significantly longer. 

The drying rates were greatly affected by the diffusion resistance of the outer wall, while some were also affected 

by their air permeability to the outside. The south-facing walls dried particularly faster than the north facing 

walls. 

For the north-facing walls on the same building, while some walls dried out equally well as on the south side, 

others took much longer to dry than they did on the south face of the building. This shows that the micro climate 

experienced by a wall, not only the general climate in the area, has an influence on how a wall performs in these 

situations. 

When long drying times were experienced mould growth was found. No decay was found in any of the material 

at the conclusion of the study. But, if the walls are not built to prevent the continued deposition of moisture 

through adsorption, it is possible that decay could have occurred. Again, this underlines the need to minimize 

air leakage and to either reduce the initial moisture load, or provide construction systems that allow drying in a 

reasonable length of time without being susceptible to resorption under certain climatic regimes. The example 

provided here was typical of the response found at all sites and all wall systems examined. While the walls dried 

eventually, problems associated with shrinkage can not be avoided when initial moisture conditions for the wood 

lie above fibre saturation. 

SHRINKAGE EFFECTS 

Despite the existence of high moisture contents in lumber at the time of construction (our building codes prescribe 

use of wood under 19% moisture content), the above examples show that most wall systems generally dry out 

with time. In the process, some types of problems are experienced. These include nail popping, drywall cracking, 

settlement, mould growth if drying is slow, bowing of studs, separation at corners and truss uplift. All symptoms 

described are caused by shrinkage drying, whether it occurs uniformly or differentially. 

For example, nail popping, a term that describes the emergence of nails from wood when the wood dries out after 

the nail has been driven into it, can cause the nail to emerge from the lumber leaving a gap behind the gypsum 

board and the nail head may bulge the gypsum or even break through the surface (Figure 1). The gap that forms 

behind the gypsum can also be found behind wall sheathing, whether it is plywood or some other structural 
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sheathing. This leads to the potential for air leakage through joints in the sheathing, or behind gypsum board into 

wall cavities (Figure 2 and 3). Another example, this time due to differential shrinkage, is the bowing of walls 

(Figure 4). Despite these problems, some of which are frequent, while others only occur occasionally, the 

combination of materials used and the attention paid to detailing can still lead to good system performance. 

To understand the magnitude of the change in air tightness that occurs and its relative magnitude compared with 

air permeability of sheathing materials, Forintek is currently completing a study of the influence of lumber drying 

on the development of leakage paths between the wall cavity through joints in the sheathingl1·u. Full-sized walls 

were built and individual joints were tested for leakage before and after the framing dried. 

Figure 6 shows the typical results for testing on one wall. This figure shows the air leakage characteristics of 9 

joints at wall studs in one wall before and after the lumber dried. The pressure versus leakage characteristics for 

both positive and negative pressures before drying of the framing took place. The plots show the leakage 

characteristics before and after the drying occurred. Not only does this show how much more leakage took place, 

it also shows how variable leakage can be for a particular type of joint, even in the same wall. While this is partly 

due to the variation in shrinkage of the studs, it is also due to the variation in the ability to construct the joints 

uniformly tightly. Consequently, we cannot rely one type of element to block flow when shrinkage occurs. 

From Figure 6 it is also apparent that increased flow at low pressures can be many time greater (from 3 to 30 

times more). That would partly explain why one sees a major change in air leakage of houses over the first year 

or two. But, that is only where significant leakage occurs through cracks in the construction. Walls that employ 

effective use of caulking and air barriers will not be this sensitive; nor will walls that have structural air barriers. 

It may well be asked, if there was a major change in airtightness during the first year, will there be additional 

changes over the succeeding years ? The answer to this is "probably yes", but at a much reduced rate. Experience 

shows that further emergence of nails can occur when the wood experiences continued swelling and shrinkage 

cycles. This would open joints further. Buildings, whose airtightness is governed by leakage through joints will 

experience this change with time. Since there is air leakage through joints, and this in turn leads to deposition 

of moisture, seasonal changes in moisture content at these locations lead to a progression in the quantity of 

leakage. But this progression is seen only if the system is susceptible to shrinkage changes. 

What this experience teaches us, is that air tightness that is achieved by means that do not provide redundancy 

will likely change with time as the structure shrinks and swells with changes in moisture content over the years. 

These tests also showed that radically different leakage (air permeability) properties can be achieved depending 

on negative or positive pressurization. This occurs when a flexible air barrier does not have sufficient restraint 

within a wall. When suction holds the flexible material in contact with a wall, the leakage through major cracks 

is partially blocked and the combined air leakage depends on the air permeability resistance that is the sum of 

the sheathing material and the flexible material in series. When the pressure is reversed, the air passes easily 

through the major cracks in the frame, and the air resistance is primarily that of the membrane only. If the 

membrane billows and the overlap joints are not clamped, this membrane leaks easily as well. The lesson from 
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this is that a flexible air barrier membrane must be well clamped to the structure to ensure air tightness of the 

building. 

CONCLUSION 

So, overall, what can we say that the Canadian research community and the building industry have learned ? 

Total system performance depends on the provision of adequate vapour resistance, air resistance, and attention 

to good detailing. Despite severe moisture conditions during construction, moisture problems can be avoided 

through design. With good design, light frame construction (using wood) can provide redundancy, it can provide 

temporary storage of moisture where there are defects or failures, and it can be designed to dry out. The driving 

forces must be understood -both those due to the exterior climate, as well as the indoor climate caused by the 

lifestyle of the occupants and the mechanical equipment used to condition the space they occupy. 

Given this understanding of system behaviour, we can say that some wood frame construction systems are 

specifically suitable for predominately cold climates, some systems are especially appropriate for predominately 

hot/humid climates, while some systems are appropriate for any climate. The construction that is durable and 

suitable for use by a particular society depends on factors beyond the scope of this paper. Construction of systems 

in a climate that requires substantial heating or cooling can benefit from Canadian experience. If energy must be 

used for conditioning of living spaces, energy use will be minimized using these systems. 
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Table 1. 

CONDITION 

S-DRY 

S-GRN 

Table 2. 

CONDITION 

S-DRY 

S-GRN 

Summary of average moisture content of wall studs by SEASON (all regions) and by 

REGION (all seasons) 

SEASON MEAN STANDARD MAXIMUM MINIMUM 
OR MOISTURE DEVIATION MOISTURE MOISTURE 

REGION CONTENT CONTENT CONTENT 
(%) (%) 

(%) (%) 

WINTER 19.2 4.5 47.6 11.3 
SPRING 14.8 3.7 53.7 8.1 
SUMMER 13.8 2.9 48.1 6.8 
AUTUMN 17.2 3.6 32.0 10.1 

ATLANTIC 18.7 4.4 33.2 12.4 
QUEBEC 24.0 10.6 53.7 13.0 
ONTARIO 17.9 5.6 47.6 10.4 
PRAIRIES 14.8 3.1 48.1 6.8 
PACIFIC 19.5 5.1 35.9 10.9 

WINTER 29.1 6.1 68.2 15.5 
SPRING 25.0 10.6 89.4 9.2 
SUMMER 22.2 8.4 95.5 11.7 
AUTUMN 30.0 12.1 110.0 15.3 

ATLANTIC 27.8 9.4 109.9 14.4 
QUEBEC 26.8 12.1 79.2 11.7 
ONTARIO 21.3 7.8 61.5 9.2 
PRAIRIES - - - -
PACIFIC 14.5 0.9 16.4 13.0 

Summary of average moisture content of wall plates by SEASON (all regions) 
and by REGION (all seasons) 

SEASON MEAN STANDARD MAXIMUM MINIMUM 
OR MOISTURE DEVIATION MOISTURE MOISTURE 

REGION CONTENT CONTENT CONTENT 
(%) (%) 

(%) (%) 

WINTER 22.8 9.8 88.2 10.6 
SPRING 17.6 5.7 61.9 9.1 
SUMMER 15.7 4.1 32.0 9.0 
AUTUMN 17.1 3.0 28.1 9.3 

ATLANTIC 19.9 4.2 37.7 14.7 
QUEBEC 20.8 2.5 23.5 17.4 
ONTARIO 21.7 8.4 61.9 10.1 
PRAIRIES 16.3 3.7 32.0 9.0 
PACIFIC 33.8 12.3 88.2 14.7 

WINTER 32.9 11.6 117.4 11.1 
SPRING 29.3 15.2 104.9 11.0 
SUMMER 26.3 12.3 105.5 12.8 
AUTUMN 34.1 14.2 109.9 17.7 

ATLANTIC 33.9 14.7 117.4 13.8 
QUEBEC 29.7 13.1 97.5 14.6 
ONTARIO 23.7 8.7 77.8 11.0 
PRAIRIES 20.9 6.9 46.1 11.1 
PACIFIC 18.6 6.1 38.4 12.8 
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NAIL POPPING 

S473 

Figure 1. Shrinkage of lumber leads to "popping" of nails attaching gypsumboard to lumber. 

Figure 2. 

BUTT JOINT 

Nail popping when lumber dries leads to the development 
of leakage paths at joints in wall sheathing. 
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Air Leakage Due To Nail Popping 

Figure 3. Nail popping caused by drying of the lumber leads to the 
development of air leakage into wall cavities if these paths 
are not blocked. 

Sheathing 

Stud 

.... 
Figure 4. Differential shrinkage caused by moisture gradients can lead to 

seasonal bowing of walls. 
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Drying curves for one stud in each of seven south-facing and 
seven north-facing wall systems in the Fredericton Test Hut. 
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Figure 6. Air leakage testing on nine joints in the oriented strand 
board sheathing of Wall 7. Both positive and negative 
pressure tests were done before and after drying of the 
lumber framing. 
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SOME THOUGHTS ON COOPERATIVE RESEARCH AND DEVELOPMENT BETWEEN CANADA 
AND JAPAN 

RELATED TO EXTERIOR ENVELOPE CONSTRUCTION 

SCOPE 

The intent of the following discussion is to explore some ideas about research and development that could have 
beneficial application to the Canadian house building industry. At the same time, these represent potential 
solutions to problems faced by the Japanese housing industry as well as other countries having a mild to 
hot/humid climate. The commonality of interest between our industry and that in Japan suggests that there are 
common areas of research and development that deserve support in both countries. This discussion paper can form 
the basis for inital discussion amongst cooperators. 

INTRODUCTION 

Before one can find a basis for cooperation with another person or group, it is useful to "walk in his shoes". At 
the Japan/Canada Advanced Housing Workshop in Whistler BC on June 18-19, representatives from government 
agencies, the research community and the construction industry from each country met to share their experiences 
by providing descriptions of house construction conditions in Japan and Canada. Each group also learned about 
the status of advanced housing construction in the other's country. 

From a Canadian perspective, most of the climate experienced by the bulk of the Japanese population can be 
described as mild, to hot/humid. Housing based on R-2000 construction practices in Canada is gradually gaining 
acceptance, mainly in the northern island ofHokkaido. We learned that their costs for R-2000 houses were more 
than 20% higher than for conventional 2x4 construction and they expressed an interest in seeing that differential 
reduced. 

Does Canada have any experience to offer for climates in Japan that are quite different from our own? The 
answer is "yes", because building science and principles of heat, moisture, and air flow are universal. We also 
understand many of the changes that occur in construction as a consequence of site conditions. However, if we 
are to offer useful advice to the Japanese building industry, or to others, we have to consider more than principles 
of physics. We must also consider some factors that Canadians have come to take for granted in our own 
construction infrastructure. What and how we build now draws upon our traditional construction and experience 
in more ways than we realize. At our Workshop meeting with the Japanese, we did not consider some of these 
other differences, such as the relationships between the different construction trades that might impact on how 
well, and with what materials, housing units might best be assembled in an economic fashion in our respective 
housing markets. 

THE ENVIRONMENT 

In Canadian climate and experience we seldom encounter large scale storms that create sweeping damage, such 
as hurricanes regularly do in the southern United States. We appear to accept that when major storms occur that 
lead to damage to roofs, windows and siding, these are of a limited nature, and the damage can be covered by 
insurance paid for by the owner of the building. Rather than pay up-front for more expensive construction 
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solutions of all dwellings, we accept that damage will occur and we put the responsibility on the homeowner to 
insure himself against loss on an annual basis. How much of these insurance fees could be used to pay for more 
durable construction is not known. 

As Canada's population density increases, in regions where natural disasters have a greater probability of 
occurring, we must begin to reexamine the effect of these events on our whole economy. Damage caused by 
Hurricane Andrew in the United States, for example, resulted in a demand for materials for reconstruction that 
caused price escalation for building materials in North America. The ripple effects in the demand/supply chain 
are still with us. From a purely environmental point of view, a very large wastage occurred which, while it 
revived a sluggish building industry at the time, necessitated a capital expenditure that might have been used 
elsewhere in the economy to greater benefit. The recent damage wrecked by flooding in the Midwest USA is, 
as yet, an unknown complication to the North American economy. Our current laissez faire attitude to risk of 
damage may have to be reconsidered, at least in some regions. 

Other societies which have experienced large losses due to hurricanes (typhoons) and earthquake damage on a 
regular basis, regulate their building industry to provided higher resistance to these calamitous events. The ability 
of a society's infrastructure for fire fighting, medical teams and police to come to the aid of those affected by 
large scale disasters may be seriously impaired. Severe earthquakes damage fire fighting capabilities; the damage 
caused to structures also places them at greater risk to fire initiation. 

Japan has experienced these calamities more frequently than we have. The recent earthquake just off Hokkaido 
resulted in structural damage as well as fire damage. This event may further reinforce the concerns of the 
Japanese participants at the Workshop. Japan has parts of the country designated as "fire zones" where greater 
restrictions have been placed on the building design, as well as in the resistance of the windows exposed to near
fire sources. Indeed, even they acknowledged that the required standards might not be met by some of their 
constructions. 

The probability of this happening in some parts of Canada is not negligible. Climatic change is no longer accepted 
as an improbable event. The disruption that could be created suggests that we could gain by building houses in 
a way that makes them more immune to damage. How much reserve our current housing stock has from the point 
of view of durability and structural capacity has not yet been considered. 

Some regions in Japan experience severe condensation from dew formation and fog. They currently use 
considerable volumes of treated wood in housing, largely because of this kind of exposure. 

With the above in mind, we can now consider topics related to wall construction that may be of mutual interest 
for research and development. At the conclusion of the Japan/Canada meeting in Whistler, it was implied that 
wall/moisture issues, and possibly the ventilated siding issue would be of common interest. The Japanese 
considered Canadian window design impressive, but expressed reservations about committing interest for various 
reasons, one of which was that no window manufacturers were present. Subsequent feedback by attendees at the 
Housing Innovations '93 Conference showed that there was strong interest in all of these topics. The following 
discussion will explore several additional aspects of wall design are immutably linked to those already identified. 

MOISTURE-THERMAL-AIR PERFORMANCE OF WALLS 

As already noted in a background document for the Japan/Canada Workshop (Lawton1
) Canadian experience in 

construction, field experiments, and computer simulation of most of the physical processes involved z,3 could 
provide the basis for recommendations of wall constructions that would be suitable for any of the climates 
experienced by the Japanese. 
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The airtightness of Japanese construction reported by Yoshino4 revealed that some of the construction techniques 
being employed led to radically different leakage characteristics depending on whether the housing units were 
pressurized or depressurized. As well, in one of the slides shown, significant seasonal changes in airtightness was 
measured, and increases in air leakage continued to develop for one unit that was repeatedly tested over an 
extended period of time. 

In his presentation, Onysko5 described the air tightness changes that occurred in joints as a result of drying of 
lumber framing. This led to nail popping which allowed joints to loosen and become more leaky. He also 
demonstrated the difference in tightness when flexible unsupported materials in a wall were either pressurized 
or depressurized relative to the sheathing. The air tightness of walls possessing two layers, one being structural 
and the other being flexible, can exhibit radically different air permeability (leakage) depending on the sign of 
the pressure difference. He also suggested that repeated seasonal moisture content changes (leading to expansion 
and contraction of the wood) will lead to additional nail popping and more air leakage with time. Usually, leakage 
characteristics through cracks and joints in rigid materials can be slightly different depending on the flow path 
but the differences are relatively small. Consequently, radical differences in airtightness are attributable to system 
design that involves a flexible membrane layer(s) in the wall that tries to act as the air barrier and leaks badly 
when pressurized in the unrestrained direction. 

The development of progressively leakier construction mentioned by Yoshino4 may be related to the very high 
condensation deposition potential in their hot-humid climate, and perhaps even in their mild climate. Moisture 
cycling of the outer wall could lead to loosening of connections and air leakage development in buildings 
susceptible to it. 

A successful wall design is one that overcomes this behaviour and is relatively immune to shrinkage of lumber 
framing. Such a system will be suggested at the end of this discussion paper. 

Canadian construction practices sometimes involve dealing with large amounts of construction moisture. The 
CMHC field survey of moisture in lumber framing (Garrahan et af') showed that the initial conditions at many 
Canadian sites are not conducive to drying. The high levels of moisture included in the framing by the use of S
GRN lumber (surfaced green, and probably still green when delivered to the building site) together with the 
moisture added by precipitation, puts a far higher moisture load in Canadian construction than recommended 
(mandated) by the National Building Code of Canada. That the general quality of construction averages out so 
well is remarkable indeed. That the airtightness of new homes is generally high is an indication that many of the 
techniques being used to achieve airtightness provide a degree of redundancy that overcomes the changes in 
airtightness that some portions of the building frame experience. 

The consequence of this experience is that much of Canadian field research has been devoted to studying the 
drying out, rather than the wetting of walls. The recognition that proper control of air flow minimizes the 
potential for condensation, had permitted us to remove from consideration, by the system design chosen, certain 
kinds of defects that can lead to local moisture performance failures. 

Nonetheless, it is necessary that walls be designed to minimize mould growth. Long before decay fungi overcome 
the inhibitory restraint caused by other fungi and lead to structural degradation, non mycotoxin-producing and 
mycotoxin-producing fungi can flourish and lead to conditions that should be avoided by design. If we consider 
the consequences of inundation by floodwaters on the biological activity that can resume within wall cavities, we 
should consider including drainability to speed drying when it occurs. The health consequences of biological 
activity in dwellings are currently under study by CMHC, and a study is being planned by Forintek concerning 
fungal growth potential. 

While our ability to measure and model wall drying or wetting performance can be considered impressive, this 
knowledge far exceeds our ability to judge whether one or another moisture/humidity history within a wall cavity 
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represents a low or high risk. 

Some of the Japanese attendees at the workshop reported their experience saying that they only use "dry" wood. 
The experience on building sites may lead to the absorption of a high moisture load, particularly where rainy 
conditions are common and ambient relative humidities are high which may lead to a re-wetting of lumber and 
slow drying. It is suspected that in Japan, as in Canada before the CMHC survey, the actual levels of construction 
moisture locked in walls at time of closing in some constructions is not known. If the vapour barrier is maintained 
on the inner side of the wall, despite being in a largely air conditioning rather than heating climate, surprising 
biological activity could develop. Problems of this nature have been found in hot/humid regions in the USA. 

Recommended cooperative research topics : 

1. In Japan: Some information is needed on the moisture content of lumber being enclosed in 
current wood construction. 

2. In Canada: A fungal growth index study should be developed to assess the relative potential for 
fungal growth given different moisture content histories of wood in walls. The flora east and west 
of the Rocky Mountain Range are different; those on the west coast are more similar to those 
found around the Pacific rim countries. 

3. In both Canada and Japan: Modelling of moisture performance and construction of houses 
with conventional and improved wall designs for the mild and hot/humid climates should be 
undertaken. The field studies should be monitored for two full years, together with repeated air 
tightness tests and monitoring for biological growth within wall cavities. (This topic will be 
revisited later in this discussion paper.) 

VENTILATED SIDING 

Canadian research on siding performance is limited. As reported in the background document by Lawton1
, the 

CMHC studies in the Atlantic region which involved vented and non-vented cavities did not show a significant 
influence on the drying out of walls. The related study on wood siding was not designed to evaluate the influence 
of a vented cavity on siding durability. Yet, experience in Norway and Sweden, and in various localities in North 
America have generally shown better durability performance when venting is done. Since the time constants for 
air change and moisture processes are short in siding, modelling of these effects was not previously possible. 
Given the current modelling capabilities2

•
3

, studies of this nature can at last be attempted. 

Prior to suggesting what aspects might be worthy of study, it will be constructive to state what functions siding 
accomplishes, and which functions siding may accomplish by default. 

1. Rain Screen: Siding should protect the wall from most wetting by wind driven rain. 

2. Sun Screen: Siding can act as a sun screen. The surface of the siding can achieve high 
temperatures from direct exposure to sunlight, depending on its colour. When installed on furring 
strips so that it has a vented cavity, a thermal break is provided. Otherwise there is a more direct 
conductive path for high temperature loading of the wall behind. If the vented cavity is deep 
enough, and if the joint between each siding course is adequately sized, it is possible for 
sufficient ventilation to take place that the surface of the main wall is closer to ambient 
temperature instead at some superheated level. This is an important consideration when cooling 
loads must be minimized. 

3. Fire Screen: This is a function that siding can serve depending on the material used, and 
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depending on the properties of the coatings employed. Just as siding can act as a break in the 
conductive path to minimize solar gain, it can act to shield the wall behind from radiation from 
fires in adjoining properties both by reflection and by absorption. But, infrared radiation is not 
necessarily intercepted. With proper attention to venting, the micro climate in the cavity behind 
can be modified to reduce the temperatures experienced by the main wall, and to increase its fire 
rating. 

Debris Barrier: Siding can act to intercept flying debris to protect the wall behind from 
penetration during severe storms. Whether the siding itself is easily repairable depends on the 
siding system employed. Siding installed with a vented cavity may better able to accomplish the 
task as a structural debris barrier. 

Current practice with regard to vented siding in most countries is to install siding on nominal l-inch lumber 
furring straps. This leads to the provision of a 19 mm gap behind siding. Given that it has only recently become 
possible to study the behaviour of vented cavities exposed to varying climatic conditions by computer simulation, 
it is likely that the gap now being provided is one of convenience rather than one derived from experimentation 
or analysis. Heavy precipitation of dew (condensate) can be expected in some climates, but especially so in hot
humid climates. The moisture adsorption resistance of the siding is necessary for its long term durability. In 
Japan, vented siding is built as a matter of course, but some attendees at the Workshop expressed the opinion that 
they did not know if the advantages had been demonstrated. 

We are unaware if any parametric analyses have yet been attempted to determine what optimum gap depth is 
beneficial for moisture related performance of the siding, for the shielding to minimize thermal solar gain or to 
provide protection to fire exposure. While some materials, such as metal siding, wood-cement fibre composites, 
and even some wood-based siding systems may qualify for most, if not all, aspects of the above performance 
attributes, vinyl siding can not be expected to sustain exposure to a near fire. Most vinyl siding used in today's 
market requires direct attachment to the wall without vented cavities. A new study initiated by Forintek is at the 
planning stage to examine the fire performance of different exterior wall constructions, particularly for exterior 
walls of closely neighbouring dwellings. 

Recommended cooperative research projects. 

1. In Canada and Japan: to study, experimentally and theoretically, wall constructions that 
will provide the required fire separations between dwellings under "normal" and 
"disaster" conditions. Gap depth, and siding properties (including leakage between joints) 
should feature in this examination. As part of this work, the potential benefits of 
reflective foil-faced foam board insulation to reduce long wave radiation reaching the wall 
behind should be studied. A beneficial ancillary property is that this class of product is 
not moisture absorbent (an important property when one considers the need to resist 
condensation of dew and fog). 

2. In Canada and Japan: to study the performance of exterior walls over these same 
parameters in reducing thermal gain, versus wall systems not employing a vented cavity. 

3. In Canada and Japan: to study the moisture performance of exterior siding systems over 
these same parameters, with respect to both durability and maintainability. 

WINDOWS 

The function of windows, from the perspective of a builder of energy efficient homes, is to provide the maximum 
thermal insulation possible with the least negative effects (involving air leakage, thermal losses, or excessive solar 
gain in the summer). As noted in the workshop background document (Lawton1), the analysis capabilities recently 
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developed by Canadian researchers at NRC and ORTEC with support from CANMET are enabling Canadian 
window manufacturers to design window systems tailored to the needs of specific climates. 

But, in addition to thermal performance functions, windows must also perform as rain, air and debris shields for 
some but not all conditions. In our climate and experience we seldom encounter large scale storms that create 
sweeping projectile damage, such as hurricanes do in the southern United States. Japan has experienced typhoons 
on a frequent basis, and the ability of windows to resist damage may be part of the reason some areas of the 
country require armoured glass. 

While, some Canadian window designs may perform well to minimize solar gain, and the window frames are 
superior to those used in the past, it is not known how they would perform relative to Japanese test standards. 
It is possible that the current analysis programs may be modified to study the performance of windows exposed 
to fire. The use of appropriate materials facing the outdoors compared to those facing the indoors, as is being 
done for some Canadian window designs, may lead to superior performing windows. In any case, testing of good 
quality Canadian windows both in Canada and in Japan to Japanese standards would provide a bench mark 
concerning the upgrading, if any, needed to achieve superior performance. The Workshop attendees from Japan 
stated that many of the windows they currently used, even in "fire zoned" areas, may not meet the Japanese 
standards. 

Superior windows meeting requirements for both protection against excessive solar gain and fire performance may 
be significantly more expensive than windows currently on the Japanese market. Given that cost, in areas where 
damage from projectiles from typhoons is highly probable, protection by use of exterior shutters or louvres seems 
the most logical way to go. If used, these in turn will benefit both thermal shading and fire performance. 
Marketing these superior properties is part of the job of marketing the R-2000 system in Japan. 

A recent edition of Popular Science (July 1993, p 82) refers to Angle 21, a glass now only available in Japan 
which incorporates a diffraction grating that looks frosted from the side and scatters light coming at it from angles 
greater than 20 degrees. Head on, it is clear in appearance. This glazing combined with Canadian experience and 
computer modelling may provide the needed performance without requiring more than a two pane thermal 
window for hot/humid climates. Studying the condensation potential on the outside in air conditioning climates 
will be necessary. 

Recommended cooperative research projects 

1. In Canada: Testing of some likely window designs that might pass Japanese fire requirements. 
The subsequent testing in Japan of these same windows, if they are found to be suitable. This 
would at least demonstrate that Canadian window design capabilities were up to the job for 
Japanese requirements. 

2. In Canada and Japan: The use of Canadian computer modelling and design capabilities for the 
design of windows that would provide the shading coefficients needed to minimize cooling loads 
yet maximize liveability, passively and without resorting to more expensive window technologies. 
There may be a major benefit for economical solutions to superior windows in that market, as 
well as for Canadian south-facing windows. An economic production opportunity may arise from 
this cooperative work. 

3. In Japan: The development of shielding systems possessing improved projectile resistance for 
these more expensive fenestration solutions. 

4. In Japan and Canada: The study of fire resistance of windows employing shielding systems. 
Potentially (without knowing whether Canadian computer window analysis programs would 
handle simulated fire exposure conditions), the adaptation of these analysis programs for the 
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design of windows and shielding systems for fire resistance. 

FIELD AND LABORATORY MONITORING OF APPROPRIATE WALL DESIGNS 

Finaily, expanding on Recommendation 3 from a previous section on the moisture thermal air performance of 
walls, let us explore the potential for a class of wail designs that have suitable features for both cold and hot 
climate regions and which possess greater immunity to damage and change in properties with time than many, 
if not most, other systems. 

Let us treat this issue as a design problem and see where it takes us. We currently waste wood at a high rate. 
Most Canadian builders use 2x6 wail studs and wail plates when, for structural purposes, 2x4 material would do 
just fine. This is because we have simply expanded our traditional building approach to accommodate more glass 
fibre insulation. It was the least expensive materials cost approach. As a whole, we did not rethink the system 
to produce a more logical solution. Considerable care and use of caulking has enabled Canadian builders to 
maintain a high degree of airtightness while continuing to build in a way similar to that used in the past. 

Engineering Approach: Consider taking an engineering approach and building the wails and wood framing 
to meet the structural requirements, whether they be the minimum used in traditional construction, or those 
engineered using Limit States Design. 

Now, the conventional R-2000 program house is usually an extension of traditional construction with the vapour 
barrier on the warm side of the wall, just behind the drywall. In some systems, rigid or semi-rigid insulation are 
used on the outside of the structural frame as well as an air retarder, and some form of siding or other finish. 
The use of air wraps around floor headers, the maintenance of continuity of the wraps with vapour barriers and 
caulking assures that continuity is provided for air and vapour resistance. As there are so many places where this 
must be done, an air tightness test is almost necessary to confirm that ail has been done properly and that 
airtightness at a 50 Pa pressure differential meets the technical requirements. This attention to detail is now 
relatively commonplace with good builders. 

In taking the engineering approach, we would supply only as much structural resistance as is needed. We ail agree 
that an air barrier is best applied on the outside of the wall because it is easiest to do completely. We could also 
agree that if the vapour barrier were applied there as well, it too would be relatively easy to make continuous. 
If we were to give up on assuming that the wall cavity is necessary for insulation purposes so it can be left empty 
and essentiaiiy at room temperature, then we could put the vapour retarder on the outside of the framing. A 
flexible air/vapour barrier it would not be restrained if applied directly to the framing, so a structural sheathing 
is needed to be applied first and the air/vapour membrane would be applied against it. 

Insulation: The main insulation would be applied to outside of the wall against the membrane. In this case, 
to provide immunity from moisture absorption, foam insulation is the preferred solution, and there are several 
other products that could be used. The vapour barrier is sandwiched between the structural sheathing and this 
mostly rigid foam insulation. It is now able to serve as both the air barrier and vapour barrier. It can be made 
fully continuous and it can function in this way without concern for leakiness that develops in the main structural 
frame, or in the wall to floor connections, or corners, etc. And, no caulking need be used to achieve a high level 
of airtightness. 

Empty Cavities ? The main break with tradition is that the wail cavities are kept empty to serve as distribution 
system for electrical, communication, water, sewage, and ventilation air ducts whether for heating or 
heating/cooling, or simply for cooling. Whether those ducts have to be wrapped for acoustic purposes or to 
prevent condensation on pipes and ducts will depend on the HV AC system, or other systems which require it. 
The main thing to remember is that they are all essentially going through spaces that are at, or near, room 
temperature. We don't have to be concerned about air sealing their penetration through the floor, or between the 
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wall cavity to the inside occupied space. We could even introduce holes in the wall plate in each wall cavity to 
provide drainability without concern about airtightness. 

Some may want to insulate these cavities too. From an economic standpoint, there is a benefit to use that space 
for insulation to achieve part of the total resistance required. From a building science point of view, this will have 
to be examined for each climatic region to see if the condensation risk would permit it. Some insulations, 
particularly cellulose with their fungal growth inhibition and insect control properties may perform better in this 
application. 

Structural Frame: Now for the structural frame. Certainly, in Japan, a more rigid structure has been favoured 
for 2x4 and R-2000 construction. Depending on the loadings and the partial composite action developed with the 
sheathings, 2x3 material might also be considered. In Japan, plywood sheathing has generally been used. But, 
either waferboard/OSB or plywood could be considered. A system that would be favoured is one that provides 
the needed structural rigidity, and hold-down capacity between walls, floors and foundation. Examples of these 
construction approaches are in use the Western USA, as reported in an article by Harf. Longer sheets of 
waferboard or plywood can be produced for that system. But, one could also consider using the typical1200 by 
2400 size of structural sheathing horizontally, as long as the tie-down capacity was considered. The more 
horizontal joints in the sheathing, the more locations that compression shrinkage can be accommodated as the 
frame settles and dries out. It is not necessary to consider these design details now - it is only necessary to note 
that it is possible to achieve very high holddown resistance against both wind and earthquake forces. If special 
length panels provide a structural advantage, it is up to industry to respond to the market opportunities. Currently, 
some manufacturers in Canada are prepared to deal with special requests. 

The use of horizontal let-in battens (into the foam) securely clamps the foam insulation to the framing, and 
provides a nailing base for the siding system. These have to be attached directly to the framing, consequently, 
longer fasteners may have to be used. 

Second Layer of Insulation ? If additional insulation is desired, that can be added against the base insulation 
and fastened to these batten strips. In this way, insulation is provided for the fasteners to minimize even those 
conductive paths. 

In connection with this added layer of insulation, it is suggested that a foil-faced polyurethane or isocyanate panels 
would have beneficial properties. Full panels of this foam sheathing can be used. They add to the redundancy 
of the system for both airtightness and vapour resistance. The foil makes the panel non absorbing of moisture; 
and it also may provide radiation resistance and ablative properties to improve fire resistance. 

Vertical Furring: Whether additional insulation of this form is used or not, vertical batten strips would be 
attached to the horizontal batten strips to which the siding system would be attached. At this point, we do not 
know what ventilation gap depth would be most advantageous for the different functions it must serve. The 
material for these furring strips could continue to be the relatively inexpensive 19 mm lumber strips now used, 
or they could be metallic shapes - whether hat, channel or box shaped, or reconstituted wood/plastic composites. 

Construction: Dealing with the construction of so many layers and elements on a vertical face is not logical. 
Instead it is more logical to build the wall frame on the floor platform, install the structural sheathing, install the 
polyethylene vapour/air barrier, and install the polystyrene or other insulation as well as the batten strips. The 
wall could be erected at this point if preferred. However, some may prefer to install the second layer of foam 
and the final furring strips before raising the wall. Wall weight should not be an issue, as there are numerous 
lifting aids available. 

The marriage of the wall/floor junction during construction will not be discussed here, but it can be inferred from 
some of the above discussion. 

11-8 



0 

c 
0 
0 
D 

We note also, that the entire insulation system, including the polyethylene barrier comprise a system that could 
be built in a cold climate, or a hot/humid climate. The materials contained within it are immune to condensation 
damage from the outside, especially for the little that might diffuse in at butt joints. It is essentially a closed 
system with the polyethylene membrane acting as the ultimate water, air and vapour backup barrier. The system 
has redundancy because it is a mixture of panels and continuous restrained membrane sheeting. 

Nailing: Some specialty hardware may be needed. The nail (or screw) performance needs to be examined. 
Good connection is needed to the studs, so suitable slender nails can be used to minimize the nail weight required. 
There are currently a wide range of fasteners on the market, some of which might be especially suited. It is 
beyond the scope of this discussion to go into greater detail at this time. 

Tradeoffs: It is expected that the entire system can be built to have extremely low air permeability and system 
airtightness, and the performance analysis using HOT2000 can be entertained assuming no air infiltration from 
any source. Insulation requirements can thus be minimized, because so little loss will occur from air exfiltration. 
Cooling loads can also be optimized because of the minimum uncontrolled air entry that will occur, and only 
where it can be dealt with by the HV AC system. 

Structural versus Non Structural Sheathing: It will be noted that we have placed emphasis on the use of 
structural sheathing. Others may wish to use other materials to provide the hold-down and the clamping action, 
say exterior grade gypsum board, or some of the new recycled board products. Others would prefer to rely on 
the robustness of wood-based materials that also have structural capacity even when wetted. You never know 
when you will have inundation from floods, or failure of the upper roof which will lead to entry of water. 
Wetting during construction before the frame is completed also has to be accounted for and resistance provided. 

Marketing: It may well be desirable to determine if the resistance provided by this class of wall designs will 
survive a one-in-a-hundred year storm, earthquake, floor, or fire. Now THAT is an advanced house in more ways 
than one. Think of the selling point for R-2000 purpos~s both in Canada and Japan. You get a lot of mileage for 
doing something that may cost you little more than you have used traditionally, when both material and labour 
costs are considered, but doing it smarter. 

The earthquake resistance of the completed wall system should be examined. It is suspected that superior damping 
will be achieved and the system should be capable of withstanding repeated occurrences. The decoupled siding, 
and decoupled second foam layer (if present) should have very good benefits in this regard. But, it must remain 
attached to the wall. A cementatious product might perform better than some other materials in fire exposures, 
but its higher mass requires that its attachment to the structure be looked at separately. 

Variants: The wall system outlined above is one that could be applied in severe cold climate locations. The 
conceptual design issues regarding fasteners, for examples, only arise if thick foam layers are required. For 
warm/humif/hot climates, a somewhat less insulated system would be more economical. 

The membrane vapour/air barrier would still be applied on the outside of the structural frame, and one thinner 
layer of rigid foam would be applied against it to provide clamping, but without let-in battens. Again, this layer 
should probably consist of some foil-faced panel product. Vertical furring would be applied for clamping the foam 
and for attachment of siding. The interior wall cavities would be insulated for added thermal resistance capacity. 
The system continues to take advantage of an exterior air/vapour/thermal system that is relatively immune from 
shrinkage and discontinuities. The interior construction continues not to require special care with regard to air 
sealing. Only in bathroom areas where there can be extended periods of high humidity might special care be taken 
for use of higher moisture resistance products. 

CLOSURE 
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The ideas expressed above are a composite of the thinking of many people. One might mention Peter Russell and 
Jim White at CMHC amongst others there, Bill Brown at IRC, Eric Burnett at the University of Waterloo, Bob 
Platts at Scanada, Garry Proskiew at Unies in Winnipeg and others. 

The design of walls for Forintek's Vancouver Laboratory includes some of these ideas. And finally, there is 
Laurent Goulard in Quebec City, architect of the new Eastern Laboratory to be built for Forintek in Quebec City 
by the summer of 1994. That building will have 75 mm thick single-layer extruded polystyrene insulation applied 
to the outside of the wood frame wall. The water/vapour/wind barrier will be a self-stick 
rubber/asphalt/polyethylene membrane applied to the outside of the OSB sheathing. And the siding will be treated 
wood on furring strips attached to horizontal let-in batten strips. Does this sound familiar ? 

Are there other solutions? Of course ! ! Through discussion and design, other possibilities will become apparent. 
Sandwich panels offer a completely different structural opportunity and solution for air/vapour/moisture 
resistance. But they also offer a new set of untested structural and building science questions/issues. Proponents 
of these systems have so far assumed there to be no problems but, as with any new system, that is not necessarily 
the case. 

Recommended research and development leading to testing the suitability of advanced wall systems in 
Canada. 

• A team of designers, builders, and researchers will be needed to firm up a range of wall systems 
for investigation in Canada and Japan. It is presumed that the exercise might lead to systems that 
can more readily achieve the principles of R-2000 technical requirements in Canada, and 
whatever technical requirements are needed in Japan for both the cold climate and the hot/humid 
climates of their southern islands. 

• The task of the team would also be to identify the research needs. Structural earthquake (and 
typhoon/hurricane) resistance testing of different strategies for both stick-built and prefabricated 
systems is suggested. (It is noted that a joint Forintek/UBC seismic study was begun in 1993 in 
Vancouver, BC). Connection details, particularly dealing with seismic conditions, should be part 
of this effort. 

• Houses should be built in both Canada and Japan to test new construction techniques and to assess 
costs and benefits, as well as monitoring the performance of both the structure and the HV AC 
systems that are necessary to provide a healthy environment within the living space. 

Research and Development in Japan. 

• To build houses along the lines identified above as well as other systems they suggest, and to 
monitor both their energy utilization, and the thermal and moisture performance of the structure. 
Houses should be designed for particular application in each major climatic region, including 
Hokkaido. This would enable Japanese builders to cost out these construction techniques relative 
to their current R2000 systems. 
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SUMMARY OF "BUGS, MOLD & ROT I" 

The last Bugs, Mold and Rot conference in 1991 was subtitled A workshop on residential moisture problems, 
health effects, building damage, and moisture control. There were over 90 registrants and about 100 attended. 
More important than the number of people that showed up, was the cross fertilization of ideas that occurred. 

Every so often, something important happens at conferences. Sometimes it is because an important breakthrough 
is reported. At other times, a shift in thinking occurs when a community of researchers are presented with 
information that impacts on their work, and provides them with a fresh view as to its importance. This was one 
such rare occasion. 

What we learned was that excessive moisture is bad for the structure, promotes insect infestation, promotes dust 
mite activity, and promotes mould growth and spore dissemination; and, that this can cause serious health 
problems for the occupants exposed to these conditions. The sources of moisture include ground sources, 
humidifiers, clothes driers, inadequate air changes, poor window designs, and poor design and choice of materials 
for the external envelope for the expected climatic loadings and the internal moisture loads. 

Did we not know all that before? Probably- to some degree- what we didn't realize was how pervasive some 
of the problems are and how little effect our current advanced knowledge seems to have had on building (and 
living) practices, so far. 

Henry Spies gave us an "Overview of Moisture Problems in Houses". In this delightfully personalized 
presentation, he reminded us that fairly severe degradation problems occur because of the construction of houses 
in flood plains. 

The floods in the Midwest this year showed how vulnerable houses can get. To repair, they must all be gutted, 
and washed thoroughly to remove organic materials, then dried out before they can be renovated to ensure that 
a healthy environment is provided for the occupants. 

When this is not done properly, the occupants are storing up grief for future years. All it takes is money to fix. 
What about less obvious flooding ? How many temporary incursions by water or sewage do not lead to 
appropriate action. And, how often is appropriate action inhibited because of cost? 

Dr. Spengler introduced us to "Biological Agents and the Home Environment". Specifically he introduced us 
to the things we cannot see that exist to a greater or lesser degree in all constructions, fungi, bacteria, protozoa, 
viruses, pollens from plants, the ellusive arthropods, and dander from our pets. He described the health effects 
and the sources that each arises from. 

Recent health studies in the USA, Canada, the United Kingdom, the Netherlands were noted in which strong 
correlations were found between respiratory symptoms and wet basements. Mouldy conditions and flooding lead 
to various aspects of morbidity. 

He recommended further more-detailed study because more than respiratory problems result from these 
exposures. Certain health effects may be related to chronic exposure to low levels of mycotoxins produced by 
molds. 

Measures he suggested to reduce contamination require a degree of housekeeping and cleanliness that only a 
portion of our populations are likely to achieve on a regular basis, and some not at all. 

The important preventive measures needed are to limit access to water. Leaks occur and when they do, they must 
be repaired and wetted material must be dried properly or removed. Other sources of moist environments where 
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biological activity gets out of control include humidifiers, swamp coolers, and so on. Air handling equipment can 
be part of the solution or part of the problem. Control of humidity is very germane to control of growth of fungi 
and other critters. 

Richard Brenner provided us with a discourse on "Insect Pests, Construction Practices and Humidity." The 
presence of arthropods, their body parts and their faeces, makes an important contribution to the allergenic load 
for asthmatics and those with other allergies. These allergens may well be found in house dust. The home 
environment probably provides the most prolonged exposure to allergens derived from arthropods that people 
experience. These arthropods are primarily cockroaches and some other species that include dust mites. 

In all cases, humidity and access to sufficient moisture are required for arthropod survival. How the building is 
constructed affects their access to the living space and their sources of food and water. Their movement from the 
living space and food sources also depends on the housekeeping practices of the occupants. 

Humid conditions in the foundation structure or even in attic spaces where dew points can be achieved under 
certain conditions supply sufficient moisture to encourage their congregating. He demonstrated the focallity of 
cockroach populations on the basis of their water supply both within the structure and outside it. He then 
discussed how we might build to have greater resistance to arthropod infestation. 

Ventilation strategies in attics are one unresolved area of research. Air leakage from attics into the living space 
in cooling climates could introduce potentially allergenic materials. 

Building redundant systems for air tightness control can probably help to ensure that paths leading to the ceiling 
spaces as well as other paths into our living space from outside are blocked. 

Don Fugler reported on attic research in Canada and the USA, with his summary "Recent Field and Test Hut 
Research in Attics". Attic ventilation rates have been found to be highly dependent on the orientation of the attic 
and its ventilation system, as well as the climatic influences. Ventilation rates measured ranged from 1 to 50 air 
changes per hour or more. Current construction techniques typical of that in highly energy efficient housing can 
ensure that there is negligible air exchange between the attic air and the living space. This implies that it is 
possible to block air flow and passage of contaminants, both ways. 

Moisture content of wood in attics experiences a seasonable variation, lower in summer and higher in winter. 
High levels of moisture accumulation occur where there is poor attention to detailing, ducting and air sealing. 
All it takes to get good performance is the conscious effort currently practised in the super-insulated house 
programs. 

It was not yet possible to say whether intentional omission of venting of attics is the a safe procedure. Venting 
reduces summer temperature highs and cooling loads. But we must also consider durability of the roof shingles 
and the sheathing, as well as cooling demand for the space beneath. 

Sebastian Moffat in his discourse on "Ventilation Control of Humidity in Crawl Spaces" illustrated the 
confusion that builders experience in dealing with code requirements for crawlspaces. 

The codes are schizophrenic on this. Sometimes crawlspaces should be ventilated and sometimes not. Deciding 
on the best time to ventilate a crawlspace or not is not simple in most climates. Because it is not simple, it is no 
wonder that so many problems are encountered. 

He illustrated typical problems found in their field investigations. In addition to high humidity conditions which 
lead to decay of the wood substructure - out of sight out of mind - there is inadequate attention to drainage, loss 
of energy during heating periods, cross contamination between these undesirable conditions and the interior living 
space and the attics. From this litany of problems and from other sources, there seem to be so many examples 
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of poor performance in all parts of the world where this practice is employed, that one wonders why changes to 
codes are not made. 

Many logical recommendations were provided about better ways to build crawlspaces - if one must. But many 
questions remain. 

Working on the KISS principle (keep it simple, stupid), and perhaps egged on by these recent findings and these 
recommendations, the 1995 edition of the National Building Code of Canada will be revised to reduce the 
confusion reigning about crawl space construction. 

Effectively, crawl spaces will now be considered "outside" permanently, or "inside" permanently. In Canadian 
climate regions it makes sense to treat them all as shallow basements, with the same attention paid to drainage, 
insulation and sealing, as we do for full basement construction. Use of poly under basement slabs is becoming 
common now to control of radon entry, soil gases and moisture. Over permafrost where it has to be protected 
from thawing, crawlspaces are definitely "outside" and ventilation must be very good. That clarity in the 
Canadian code should save us from a lot of grief. 

In a talk that represented a great eye-opener for us, Jeffrey May described his experiences in a talk titled 
"Moisture Problems: from Case Studies and Home Inspection". The building inspection industry inspects 
hundreds of thousands of homes throughout the USA and Canada. The horror stories they encounter on a regular 
basis just have to teach us something. We cannot pretend that what we do in the building industry is either going 
to last forever or be foolproof. Whether it is the moisture behaviour of the structure, or the degradation of our 
mechanical systems, we should expect and plan for failures to occur. That presumes the buildings and the systems 
contained within them were built properly to begin with. 

The ill-conceived circulation of moist air from clothes driers into the living spaces, the inadequate detailing to 
deal with W(,lter on the outside of the building, drainage from roofs and from around the foundation, and leaks 
in our plumbing and humidification systems, tell us that something is missing. 

Although it didn't come out in the written record of his talk, I was struck by the naivety that so many of us have 
as homeowners and occupants vis-a-vis what we individually must do to protect our interior environment to ensure 
healthy conditions. The occupant is his own biggest enemy. If nothing else, this talk struck a blow on the anvil 
of reality checks, loud and clear. 

Why are we not dealing with the main problems of moisture control ? Why are we not attempting to make our 
systems more fool proof? I think the building industry is doing better than before, but there continue to be many 
examples of building practices that show they are "unclear about the concept". Also, how do we get better 
awareness out to the public so they can become more understanding of their responsible for their own "healthy 
environment" ? 

What Jeffrey May showed us were mistakes of the past. Let us hope that we are not building these mistakes all 
over again. 

Finally, we heard about two recently completed documents- ASTM Manual on Moisture Control in Buildings, 
a compendium of authored chapters edited by Heinz Trechsel, and the DOE Moisture Control Handbook by 
Jeffrey Christian, Joesph Lstiburek and John Carmody. 

Each is directed at a different audience. The ASTM manual is directed at those who deal with moisture protective 
design from the engineering viewpoint. The DOE handbook provides a more how-to approach for builders. Both 
deal with the sources of moisture and what must be done with respect to moisture control. Let us hope that the 
message is getting out there. 
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Only some of the discussions that followed the formal presentations were recorded for posterity. But what was 
recorded: 

• What to do about the venting of cathedral ceilings, 
• What low RH conditions can we put up and maybe live with. 

I recall what Kevin Kelly once said, if you had a tomato plant that needed water, you wouldn't put it in a sauna, 
you would give it a glass of water. He concluded that maybe all we need is to drink more water and keep our 
buildings drier. Water the occupants and restrict water and food supply from "critters": how novel ! It might 
even work! 

Perhaps that is sufficient reason to meet again for Bugs, Mold and Rot II. Controlling, or otherwise limiting the 
moisture content of the atmosphere immediately around us is what we must end up doing. We have to do it in 
a manner that is sensitive to the climatic conditions outside, the limitations of the building envelope in which this 
control is exercised, and the requirements of the humans and objects that occupy it. 
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