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Long Term Goals / Strategies 
Expand markets for wood products and systems through global recognition of wood as a high-performance 
building material in terms of durability. 
 
Key Objectives 
• Develop two-way technology transfer instruments that achieve a connection with specifiers, designers, 

builders, homeowners and maintenance supervisors. 
• Explore opportunities for collaborative field studies of durability performance where information gaps exist. 
 

Key Actions and Deliverables 

Deliverables Expected Delivery Date 
Completed Item  

Wood durability website—conversion from Forintek prototype to full, public site jointly 
developed with the Canadian Wood Council. June 2000  

Research spin-off project: Test Hut feasibility study. December 2000  

Tech transfer spin-off project: Fact Sheets (jointly with CWC and CMHC). December 2000  

Research spin-off project: Moisture meter guideline. March 2001  

Research spin-off project: Test Hut phase 2. March 2001  

External research project support—U. Sask. on hygrothermal properties and IAQ, Ph.1. March 2003  

External support – Co-funded UBC adj. prof. in bldg science, 4 years May 2004  

External collaboration – BCIT working group to establish a Master’s in Bldg Science 2007 

Report on current activities and status. Quarterly 

Report addressing current state of durability knowledge and summary of international research 
activity. Annually 

Wood durability website—improvements and updates. Ongoing 

Support and/or assist building science activities at UBC, BCIT and Concordia University. Ongoing 
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Status 
This project is focussing efforts in four main areas: further development of the durability website, support of new 
efforts in building science at UBC and BCIT, exploring opportunities for participation in field studies and 
maintaining a knowledge base in durability activities in North America.  
 
The joint CWC/Forintek durability website continues to be a strong component of this project, however, technical 
difficulties with all CWC websites since February 2006 caused the site to be compromised in functionality and we 
have also been unable to track usage since then.  CWC started to resolve this issue from the last quarter of 
2006/2007.  Meanwhile, we received review comments on the new draft material on exterior architectural coatings 
(finishes) and are in the process of major revisions in response. CWC is currently updating material on codes and 
standards.  We are also closely tracking recent developments related to treated wood and fastener corrosion and 
will update website information if necessary. 
 
We are maintaining several strong relationships and memberships within various sectors and organizations of the 
building industry to assist us in understanding and meeting needs of the end-users, and to help us forge links in the 
pursuit of collaborative field studies.  We have been working closely with Homeowner Protection Office (HPO) 
and Canada Mortgage and Housing Corporation (CMHC) on their joint project to explore possible conflicts 
between design-for-durability and design-for-sustainability.  Within the context of the Building Research 
Committee of BCBEC (formerly BERC), this topic area is currently of great interest with respect to green roofs; 
this will likely develop into an area of collaborative work in the next few months. We are also advising HPO in its 
desire to deliver information to builders regarding the use of fasteners with the new wood preservatives.  HPO 
contracted with John Ruddick (UBC) to perform a preliminary study, and we are assisting in moving the work to a 
more extensive second phase. 
 
UBC is still providing courses delivered by the adjunct professor in building science (a position we co-funded for 
four years, completed last year), and we still provide technical and guest lecture support to this position when 
requested.  UBC is currently fundraising for a chair and new program development in wood design, and they 
intend for that funding to cover the adjunct professorship in the coming years.  
 
BCIT has made substantial progress in its development of greater depth in building science.  Their new chair in 
building science has built a teaching lab, has developed an initial research program, is pursing the development of 
a Master’s program in building science (we serve on the working group), and was successful in obtaining a CFI 
grant to develop an outdoor test facility – this is the test hut concept we promoted several years ago.  The test hut 
has now been completed. We are serving on the steering committee for this facility and we are in discussions with 
this new chair regarding possible collaborative work. 
 
Partners 
Canadian Wood Council 
BCBEC Building Research Committee (BRC) 
Homeowner Protection Office (HPO) 
Canada Mortgage and Housing Corporation (CMHC) 
UBC 
BCIT  
 
Rationale and Potential Impact 
A mechanism is needed for the wood industry to influence decisions made in the design, construction and 
occupancy phases of buildings. This is because the long-term performance of wood in construction is becoming 
increasingly dependent on the behaviour of the building industry and building occupants, due to a wide variety of 
factors. For example, changes in construction practice have yielded building envelope assemblies that are 
seemingly far less forgiving of errors in design and construction; this puts greater weight on the skill level of the 
practitioner. In addition, regulations on the use of wood preservatives and finishes are placing limitations on our 
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ability to protect wood from biodeterioration. While these and many other factors are increasing the risk that wood 
will suffer a premature durability failure, wood products are, nonetheless, expected to last longer than ever due to 
global concerns about forest sustainability. 
 
The growing perception of wood as a non-durable material, whether due to fungal or termite attack, is a potentially 
serious threat to the wood market. Both the steel and concrete industries actively highlight the non-biodegradable 
advantages of their products over wood. The potential market impact is large. For example, if the steel industry 
were to realize its target of capturing 25% of the U.S. residential framing market, and assuming any reduction in 
U.S. wood demand would affect imports more than the domestic market, this could mean a loss 4.8 billion fbm of 
Canadian lumber exports and 0.3 billion fbm of domestic consumption. A similar substitution of non-wood 
products for sheathing could impact 2.7 billion square feet, 3/8” basis, of OSB across North America. One key to 
stopping future market erosion is by shifting the responsibility for durable performance away from the material and 
on to the designer, builder and homeowner. Much like structural performance is considered to be the result of an 
engineer’s decisions and not a function of basic material properties, durability performance should also be 
identified with the decisions of the user. However, we cannot achieve this shift until the decision-maker has been 
equipped with adequate knowledge and tools for how best to use wood. Some knowledge already exists and merely 
needs to be more effectively communicated, a function Decision Aids can serve by providing a better link between 
the suppliers and the users of wood products. Valuable information can flow in both directions through this 
channel. In addition, Decision Aids will discover areas of information gaps. 
  
Impact of this project includes: 
• An improved perception of wood durability, which will inhibit product substitution or restrictive legislation. 
• A better pathway to the building industry, which will assist the wood industry in pursuit of new markets. 
• Savings for the building owners in resource use and replacement costs over the life of a structure. 
• Better assurance of long-term performance for designers and builders, reducing their risks. 
• A cohesive knowledge base useful for consumer education by the treated wood industry. 
• Identification of knowledge gaps to help guide future research priorities. 
 
Work Completed this Fiscal Year 
The progress of the project during 2007-2008 is summarized according to the following topics, based on the 
following four major focuses of the project: further development of the durability website; support of new efforts 
in building science at BCIT and other universities/colleges; exploring opportunities for participation in field 
studies; and maintaining a knowledge base in durability activities in North America. Due to increased 
commitments in other program areas for Jennifer O’Connor, Jieying Wang took over as project leader at mid-year. 
 
Progress on www.durable-wood.com: 
• CWC completed transferring the majority of this website to the new platform. We completed an extensive 

review and edit of the transitioned website, including creation of new text for page “holes” that resulted from 
CWC’s restructuring of the content organization, identifying missing pieces and broken links, and so forth.  
Most fixes were put in place, while some are still pending. Meanwhile, we have been trying to increase its 
publicity by recommending the website to the building science community. Unfortunately the statistics on the 
visits are not currently available due to the reconstruction of the whole website.  

 
• We carried out extensive discussions with coatings experts Dr. Sam Williams of USDA FPL and Dr. Phil 

Evans of UBC on our proposed new architectural coating material for the durability website. After integrating 
their comments, we finished a thorough internal revision process. Currently it is being reviewed by our 
industry members, and a French version will soon be prepared. Both versions will then be uploaded to the 
website (See Appendix I).  
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Collaborations with BCIT:  
• The construction of BCIT’s test hut was completed, and we have been following the progress and attended all 

the related meetings. BCIT’s test hut is a 44' by 28' (13.5m by 8.6m) two-storey test hut, with flexibility to 
accommodate up to 62 different wall panels at one time and with a 600-channel data acquisition system. It has 
the capacity and flexibility for quantification of wind-driven rain, rain runoff and rain penetration, 
hygrothermal behaviour of wall assemblies, effects of overhang and other roof geometries, interfaces between 
window/door and wall assemblies, balcony/floor/wall junctions, and so on. During the current commissioning 
period, preliminary research on drying rates, wetting potential due to long-wave sky condensation, and cavity 
ventilation rates on wood-frame brick veneer walls is under way, supported by BCIT and NSERC, with in-
kind contributions from the Masonry Institute of BC. BCIT is currently seeking funding from the stakeholders 
for collaborative research for the next phase. At the meeting on potential collaborative research projects for the 
next stage arranged by Hua Ge of BCIT at the end of January 2008, representatives from organizations 
including Forintek, CMHC, HPO and industry organizations offered a lot of advice. Dr. Paul Morris talked 
about our wish list at the meeting, including validating hygrothermal models, quantification of rain loads and 
rain penetration into each layer of typical assemblies in Vancouver, effects of wet treated sill plates, effects of 
outboard insulation, necessity and downsides of vapour diffusion ports on OSB and plywood sheathing, 
chemical loss from borate-treated strapping in service, effects of roof profiles on rain shedding, vapour barrier 
design and installation, cavity gap optimization, necessity of double-layer building paper, and so on. There 
seemed to be general agreement around the table that these are still important issues. It was confirmed by the 
engineers that industry is already using wet treated sill plates and borate-treated strapping, and they did not put 
much faith in the vapour diffusion ports either. Mark Lawton of Morrison Hershfield suggested carrying out 
research on the effects of the indoor environment, particularly under constant vapour pressure difference 
between indoor and outdoor, not only focusing on effects of real outdoor conditions. He also mentioned a mold 
growth phenomenon on sheathing in attics on the north side of houses. Brian Hubbs of RDH suggested that the 
test hut should be used as a research facility for developing protocols and testing standards for building 
materials, that can be done with certain certification programs and agencies such as CCMC, in order to secure 
funding from the private industry. He also suggested carrying out research on data normalization for various 
researches in the building science field. Research ideas on developing a more realistic climate index than MI, 
unvented roof, comparisons and collaborations with other test huts were also suggested at the meeting (See our 
wish list for BCIT’s test hut in Appendix II).  

 
• We also assisted BCIT in developing a Master’s Program in Building Science. At BCIT’s request, we 

prepared a letter of support for their proposed new Master of Building Science degree program. 
 
Interactions with Other Organizations: 
• We have been communicating with NRC-IRC on related research. We attended NRC-IRC’s official opening of 

their new mold lab in Ottawa in September on our trip to Petawawa for field testing work. We also took the 
opportunity to meet with key researchers on building envelope and indoor environment on a few building 
science related issues, and explored potential collaborations (See Appendix Ⅲ: Trip report to the Open Mold 
Lab at NRC-IRC). Later, we engaged in deep discussions with NRC-IRC about potential collaboration in 
measuring wood equilibrium moisture contents at high relative humidity levels using sorption, desorption 
(both using environmental chambers) and their pressure method. The purpose was to explore whether the 
pressure plate method is an appropriate method for determining wood moisture content at relative humidity 
close to 100% and also try to provide realistic values for various hygrothermal models being developed and 
used in the building science community. However, the collaboration has been put on hold after we found out 
that NRC’s equipment was not able to create overlaps of relative humidity points between the 
sorption/desorption and the pressure method and hence not able to validate the reliability of the pressure plate 
method. We are still trying to figure out a different way to do this within the limited resources, funding, and 
precision of equipment. 
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• In addition to BCIT, we have been working with other universities in this field. We reviewed papers from the 
CRD project by Concordia University, and kept abreast of their research progress. We also acquired two 
interesting master’s theses from the University of Waterloo, one on mold growth on wood materials within a 
real-scale testing facility, and the other on moisture performance of rainscreened walls in service, coupled with 
modeling work using the WUFI model. We also delivered our typical annual lecture on wood and moisture for 
one of the building envelope training modules for the Architectural Institute of BC. 

 
• We had Dr. Vahik Enjily, a visitor from BRE of England, and listened to his presentation on wood-frame 

construction development in England, particularly on their previous test building of a six-storey wood-frame 
construction, and related codes and standards development. In England, low-rises up to seven storeys are 
currently being built countrywide within the provisions of the building codes. 

 
Field Testing Work:  
• At the beginning of the year we were considering a potential project on surveying and monitoring moisture 

conditions of glulam beams in ice rinks and swimming pools in Vancouver.  The issue was raised because 
huge-span glulam beams are being used for the new ice arena in Richmond for the coming Olympic Games, 
and it would be necessary to investigate the safety of wood material for such applications with potentially 
severe hazard caused by condensation. As a spin-off project from that thought, we looked into moisture 
monitoring technologies for monitoring components in service and completed a pilot test using the DETEC 
moisture monitoring system in our lab. We concluded that the technology was viable for many of our needs, 
including potential field testing of wood in service. However, we had to put this idea on hold after we 
reviewed our budgets, objectives and other research priorities. 

 
• In recent years, with the wide application of wood treated with CCA-alternative copper-based new 

preservatives, corrosion of fasteners and other connectors used for treated wood has become a concern. We 
joined HPO in funding Dr. John Ruddick of UBC for his second-phase work on corrosion. We also engaged 
Paprican in a meeting to explore possible collaborative work that would make use of Paprican’s expertise in 
corrosion as a backup for other research opportunities. 

 
Conferences and Meetings: 
• In order to maintain a knowledge base in durability activities in North America, we attended a few relevant 

conferences and meetings. We attended the Building Envelope Research Committee meeting to keep abreast of 
developments in Vancouver, particularly with regard to corrosion associated with copper-amine preservatives. 
We couldn’t make it to the 11th Canadian Building Science and Technology Conference in Calgary, but were 
briefed by Mr. Eric Burnett by contracting him to attend the conference on our behalf.  We reviewed a paper 
for the 10th International Conference on Thermal Performance of the Exterior Envelopes of Whole Buildings 
X (a major US building science conference) at the request of Mr. Silvio Plescia of CMHC, a session organizer, 
and Jieying Wang attended this conference in Clearwater (See Appendix IV: Trip Report for the Building 
Science Conference in Clearwater). 

 
• We also attended the Building Research Committee meeting on 27 Nov. 2007 at BCIT. At the meeting the 

effects of sidewall venting of gas appliances on potential moisture damage to adjacent walls was discussed, 
and HBO was interested in supporting it as a field investigation project. An issue regarding actual wood 
shrinkage after construction with initial wood moisture content below 19% and the corresponding design 
shrinkage gaps on brick cladding, raised by Mr. Bill McEwen of the Masonry Institute of BC as a potential 
field investigation project for BCIT students, was discussed. We have been following up with CWC and BCIT 
on this. Other issues including the proposed BC green building code, and the effects of lowered threshold 
values of radon gas on basement construction were also brought up. A tour of the new test hut of BCIT was 
arranged by Hua Ge at the end of the meeting. 
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Publications 
Morris, P. I and J. Wang. 2008. Effect of climate changes on above-ground decay hazard for wood products 
according to the Scheffer Index. Submitted to Wood and Fiber Science (It was submitted to the Forest Products 
Journal but was turned down because unfortunately the reviewers did not believe climate change is an issue).  
 
Appendix list 
Appendix I Coating Material for www.durable-wood.com 
 
Appendix II Research Interest List from Forintek Using BCIT’s Test Hut  
 
Appendix Ⅲ Trip report to the Open Mold Lab at NRC-IRC in Ottawa 
 
Appendix Ⅳ Trip Report for the Building Science Conference in Clearwater 
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Appendix I 
Coating Material for www.durable-wood.com 

Draft last updated Feb 15, 2008 
 

Underlines will be hot links to other parts of the website 
 

New menubar and sitemap listings: 

Finishing exterior wood 
• Quick tips 
• About exterior wood coatings 
• Choosing and applying exterior wood coatings 
• Performance factor 
• Glossary 
 
Add under FAQs 
• Finishing exterior wood 
 
Add under Links 
• Finishing exterior wood 
 
 

Quick tips 

For new wood, remember: 
• The wood must be dry.  Drying time depends on a few factors. 

o Ideally the wood should be kiln dried (stamped “S-DRY”, “KD” or “KDAT”, see glossary of 
“dry lumber”). If the wood is only surface wet from rain or washing, let dry 1 to 2 days. 

o If the wood is wet through (green lumber, pressure-treated lumber not stamped “KDAT”), 2 
days of drying is acceptable if using a “damp-friendly” coating.  Otherwise the wood must be 
allowed to thoroughly dry to a stable outdoor moisture content; about 15% in most climates. 
The characteristics of the wood and the climatic characteristics of its environment are so 
variable that drying time is hard to predict.  The common way to determine wood moisture 
content is with a moisture meter (Note specific correction factors should be applied if a 
moisture meter is used on preservative-treated wood).  

 
• Weather conditions during coating application can affect the coating drying, appearance and performance. 

Follow the coating manufacturer’s recommendation. 
 
• Coat as soon as possible after the wood has been planed or sanded.  Apply finishes within two weeks of 

exposure, or sooner if possible (Surface Preparation for Fresh Wood).  Otherwise, follow the instructions for 
aged (weathered) wood below. 

 
• If the wood is very smooth, lightly sand it to roughen the surface with 100-120 grit sand paper.  This greatly 

improves the coating bond.  Brush free of dirt and sawdust. 
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• If painting the wood, apply a primer coat. Use an extractive-blocking primer, if needed (for example, with 
western redcedar or redwood) over the entire piece, or a knot sealing primer if needed (Special 
Considerations).  When dry, apply two coats of top quality paint. For stains and water repellants, follow can 
instructions regarding number of coats. 

 
• Carefully follow the instructions on the can regarding best environmental conditions for coating, application 

recommendations, safety precautions and clean-up. 

For aged (weathered) wood, remember: 
• For wood that has been previously coated, please read about refinishing. 
 
• Clean the wood and remove discolourations, if desired.  Expose fresh wood because coatings perform best 

when applied to freshly exposed wood surfaces.  Allow to dry. See our Surface Preparation for Aged Wood. 
 
• Brush free of dirt and sawdust, and proceed with application of the coating. 

When maintaining or refinishing, remember: 
• If you are planning to strip paint that may be older than 1978, please see our FAQ on lead paint. 
 
• Avoid the need to refinish by keeping an eye on the coating and adding a fresh coat before the previous coat 

wears away, cracks or peels.  This may be as frequently as every six months with water repellants, every year 
or two with stains, and every few years with paint (See Maintenance). 

 
• Spot-treat worn areas to extend the period between full applications of a fresh coat.  Sand away any failed 

coating and any weathered wood, and re-apply the coating (See our Maintenance). 
 
• If the coating has failed on a large scale, or the coating is getting too thick for refinishing, or if a change in 

type of coating is desired, completely strip away the old coating – please read about refinishing. 
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About Exterior Wood Coatings 
 
The appearance of wood can be modified with the application of an architectural coating. Architectural coatings 
are surface covering such as paint and stain applied to a building or exterior structures such as a deck. Coatings are 
multi-functional, not only being decorative, reducing the effort needed to clean buildings and structures, but also 
providing protection against moisture uptake and assisting in extending the life of wood. However, coatings can 
not be considered as substitutes for preservative treatment. On this page, we explain the basics of different types of 
exterior wood coatings, and what they can and can’t do for wood.   

Types of Coatings - Opacity 
Architectural coatings available for wood generally include paints, stains, vanishes and water repellents. There are 
a number of ways to classify coatings, and it can be confusing to understand the differences between types of 
products.  One common method is to differentiate based on appearance: coatings are often identified as 1. opaque, 
2. semi-transparent or 3, transparent.  These terms indicate how much of the natural wood features will still show 
through the finish. Opaque coatings include paints and solid color stains. 
 
An opaque coating doesn’t allow any of the wood’s natural colour to show through and may also hide much of its 
texture. It thoroughly protects the wood from damage caused by sunlight. It can also help keep moisture out of the 
wood.  These coatings tend to last the longest.   
 
A transparent or semi-transparent finish such as a stain or water repellent may change the colour of the wood, 
but because it exposes the grain and texture, the wood still looks “natural.”  These finishes help keep moisture out 
of the wood but there is considerable variation between stains in their ability to restrict moisture ingress. They also 
help protect the wood from sunlight damage to varying degrees depending on their content of organic UV 
absorbers or inorganic pigments. The difference between transparent and semi-transparent coatings is also 
sometimes unclear.  Transparent coatings allow more grain and texture to show through. Transparent exterior 
coatings labeled as “clear” may still contain some pigment to enhance wood’s natural color and assist in revealing 
the wet edge during application. However, please note that clear products intended for interior use only are not 
appropriate for exterior use as they will quickly fail in sunlight.  
 
There are many transparent products marketed as providing water protection for wood (water repellents) – these 
might technically be considered wood “treatments” rather than wood coatings as they mainly provide water 
protection and help reduce checking (splitting), and have very limited, if any, UV protection.  This means they 
have shorter lives than pigmented finishes, but they do help slow down the weathering process by restricting water 
ingress.  Please note that water repellents are often solvent-borne and contain wax which affects the adhesion of 
subsequent coatings, which means most of these products should not be used as a pre-treatment beneath paint.  
However, transparent water repellents have the unique benefit of being the most aesthetically-forgiving treatment 
when there is lack of maintenance.  In other words, these products don’t change the colour of the wood, so bare 
patches of wood aren’t evident as the product wears away. 

Types of Coatings - Carriers 
Another popular way to categorize coatings is by the type of carrier (the base) – products are water-borne or 
solvent-borne.  When low VOCs (volatile organic compounds, which are implicated in lowering air quality) and 
easy clean-up are important, a water-borne product is usually the choice.  Water-borne coatings now dominate the 
market due to increasing regulatory activity and customer demand.  Compared to solvent-borne finishes, water-
borne finishes usually have less odour and can be cleaned up with water instead of mineral spirits. Water-borne 
coatings are generally more flexible (less prone to crack as wood shrinks and swells from moisture changes) and 
more vapour permeable.  The technology for water-borne finishes is now mature, and they can match or exceed the 
properties of solvent-borne products. 
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Water-borne paints are often called latex. Solvent-borne paints are commonly known as oil paints.  Also, paints 
labeled as alkyds are typically solvent-borne (but not always).  Although it is popular to refer to paints as either 
latex or oil/alkyd, it is more useful to think of them as water-borne versus solvent-borne.   

Types of Coatings — Film Thickness 
Sometimes wood coatings are classified by the thickness of film they form on the surface of the wood.  Paints, 
solid colour stains, and varnishes are often called film-formers, as these create a layer of material sitting on top of 
the wood.  Semi-transparent stains, transparent stains, water repellents, and natural oils are often thought of as 
penetrating the wood rather than leaving a thick film on top of the wood. Hence, they are often called penetrating 
finishes.  However, all coatings leave a film on the surface - thick for some, thin for others – and the “penetrating” 
products only penetrate a very small distance into the wood.  Nonetheless, it’s helpful to know if a product leaves a 
thick film, as this type of product can be more difficult to remove if allowed to degrade prior to refinishing.  This is 
because their failure modes are different – a thick coherent coating like paint fails by cracking and peeling, 
whereas a thin-film “penetrating” product such as a stain fails by erosion. 

Can Coatings Protect Wood? 
Coatings protect wood, but coatings do not actively protect against decay.  Their purpose is primarily aesthetic. 
But they slow down the damaging effects of weathering, and do provide some moisture protection, which is a 
decay factor.  Coatings also help preserve the natural durability of species like western red cedar, by helping to 
prevent the natural protective agents in this wood from washing out.  The protective benefits of all coatings are, of 
course, dependant on proper maintenance of the coating.  No coating will last indefinitely, and all need to be 
periodically reapplied. 

Weathering  
Weathering is the slow surface degradation that occurs when wood is exposed to the weather. Note that 
weathering should not be confused with decay (rot) caused by decay fungi, which can penetrate deeply into wood 
and significantly reduce wood strength in a relatively short period.  In contrast, weathering of wood is caused by 
UV, water, oxygen, visible light, heat, windblown particular matter, atmospheric pollutants, sometimes together 
with some specialized micro-organisms.  Under these factors, wood exposed outdoors above-ground with no 
coating will quickly change appearance. The colour will change due to the photodegradation, chemical leaching 
and other chemical reactions; light woods will typically darken slightly and dark woods will lighten, but all woods 
eventually end up a silvery-grey colour.  The surface will also roughen, check and erode, due to repeated 
ultraviolet radiation, wetting and drying, and mechanical abrasion from wind-blown particles. Hence the weathered 
wood will have a “rustic” look.  Some microorganisms and lichens may colonize wood, but the wood surface 
condition does not usually favor decay.  Note that the weathering only occurs to the surface of wood, usually in a 
depth of 0.05 to 0.5 mm.  As long as decay doesn’t start, weathered wood will still be completely serviceable for 
years. There are many examples of wood structures such as the stave churches (Wood’s Heritage) in Norway that 
are still structurally sound despite having been exposed to weather for over 1000 years.  In order to reduce 
weathering and improve the aesthetic appearance of wood, wood exposed to outdoor above-ground can be 
protected with coatings. 
 
Link to articles on weathering at the website of USDA FPL: 
Weathering and Protection of Wood: http://www.fpl.fs.fed.us/documnts/pdf1983/feist83a.pdf 
Weathering of Wood: http://www.fpl.fs.fed.us/documnts/pdf2005/fpl_2005_williams001.pdf 
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(new page) 

Choosing and Applying Exterior Wood Coatings 
 
Choosing a coating depends on what appearance is desired and what level of maintenance would be tolerable.  For 
many people, the basic choice is paint versus stain. The trade-off is often between maintenance frequency and 
appearance.  
 
For many people, additional criteria include VOC emissions, ease of clean up, and cost.  See our Links page for 
websites and books with detailed information on choosing and applying wood finishes.  Read our About exterior 
wood coatings page for an understanding of the differences between paints and stains, pigmented versus clear 
coatings, and so forth.  
 
Because exterior wood shrinks and swells with moisture changes, the coating needs to be flexible.    Flexibility 
varies by product – some products may be clearly identified as suitably flexible for wood’s dimensional changes.  
Coatings containing urethanes tend to be more flexible (and durable) than coatings containing acrylics.  
 
For factory finishing with transparent coatings, with special considerations for UV and mildew control, please see 
our fact sheet Requirements for Maximizing Longevity of Transparent Coatings. (Link, see the last page) 

Special Considerations 
If a coating is desired for a wear surface such as a deck or stairs, consult carefully with the coating manufacturer 
to choose the right product for this demanding application.  All coatings will be challenged by foot traffic and 
increased exposure to weather in a horizontal application.  High traffic routes will show wear faster than other 
areas. Paints and other thick film-formers may fail quickly in this situation, and then a time-consuming refinishing 
process will be necessary each time the coating fails.  Hence many people will find a stain the more convenient 
choice for decks and stairs. 
 
Knots may require a bit of extra care as some wood extractives or resin may leach out or bleed. Extractive 
bleeding can cause discoloration, but these can usually be prevented by applying special stain-blocking primers. In 
some species, especially the pines and Douglas fir, knots and pitch pockets contain resin. The resin can bleed and 
may discolour the finish, leave hard beads of resin on the surface, or may otherwise interfere with the coating 
bond. The best way to prevent this is to purchase kiln dried wood where the resin should be set (hardened and fixed 
in place). If painting is desired, choose higher grades of lumber as these will have fewer knots, and choose kiln-
dried lumber if using a resinous species.  
 
If siding or sidewall shingles are to be painted, the US Forest Products Laboratory (USFPL) recommends they be 
backprimed.  This application of a coating to the back side will plug the wood pores, preventing extractive bleed 
without blocking water vapour transmission and also preventing liquid water uptake.   
 
If possible, round out any sharp corners for best coating adhesion on these edges – for example, a square-edged 
stair tread will show coating degradation quickly, but bullnosed stair tread edges will retain a coating much longer.  
This is because a coating applied to a corner tends to pull away from the corner, leaving a much thinner layer there 
than elsewhere. 

Surface Preparation 
Don’t just “slap on a coat of paint”!  Durability of any finish is highly dependant on proper application, which 
includes good preparation of the surface to be coated.  Specific details on surface preparation depend on what 
condition the wood is to begin with – read on for tips that apply to various scenarios.    
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Surface Preparation for Fresh Wood  
For best results apply a coating to a fresh wood surface as soon as possible – if allowed to weather or age for more 
than two weeks coating adhesion will deteriorate. This is mainly due to wood damage from sunlight. In addition, 
aging even in the absence of sunlight, can increase the acidity of wood surfaces.   Coatings do not bond well to a 
surface with a highly acidic pH  before the wood can be coated.  The weathered or aged surface should be restored 
by sanding. The surface must also be free of anything that will interfere with coating adhesion, such as dirt, 
damaged wood fibers, and moisture. 
 
If there are discolorations on the wood surface, cleaning may be desired. It is always preferable to achieve cleaning 
with sanding when possible.  Another safe way to clean wood without damaging the surface is to simply use a 
garden hose, with or without a pressure nozzle.  Use pressure-washing only with extreme care as it can damage 
wood, especially low-density species such as western red cedar.  The pressure should be kept at a minimum, and 
never hold the nozzle in one place for a long time.  If necessary, use a little bit of dish detergent, and lightly scrub 
(not with steel wool, as this will leave iron stains) in the direction of the grain for any stubborn discolourations.  
For discolourations that resist soap-and-water cleaning, chemical cleaners will be effective.  The chemicals in 
commercial wood cleaners can be caustic soda (sodium hydroxide), sodium metasilicate, oxalic acid, citric acid, 
phosphoric acid, borax or some mixture. Wood cleaners containing caustic soda at a 1-2% solution will remove 
nearly all discolourations with the least damage to wood. Some acid cleaners are especially effective for removing 
extractive stains and iron stain.  However, any acidic wood cleaner needs to be thoroughly rinsed off. Coatings do 
not bond well to a surface with a highly acidic pH. Bleach is commonly used for cleaning wood, but we do not 
recommend this, since a poor wood substrate will usually be left behind for subsequent coating.  Resin (pine pitch) 
can be generally removed with mineral spirits. When chemicals are used, follow instructions for safety. 

Surface Preparation for Aged Wood  
Wood coatings need a fresh surface or the coating simply won’t last. The longer wood has been allowed to 
weather, the poorer the coating adhesion.   
 
Restoring an aged wood surface is necessary before applying a coating.  The damaged (aged/weathered) wood 
fibers must be removed, exposing fresh wood.  Also, any discolourations will typically be removed along with the 
damaged fibers, so the process of restoration is simultaneously a cleaning process.  Wood restoration can be 
achieved with sanding or with chemicals, but sanding is always preferable when possible.  Sanding can be done 
by hand or machine until the true wood colour shows. Then brush off the sawdust and apply a coating immediately.  
For many jobs, a chemical method will be far easier.  Read the label of each product to identify the active 
components.  In general, caustic soda (sodium hydroxide) is the best chemical choice for both cleaning and 
restoration.  It effectively removes weathered wood fibers from the surface and leaves the surface at a suitable pH 
for coating.  Oxalic acid is also commonly identified as a wood restorer, however, it is only effective at 
discolouration removal and does not remove the damaged wood fibers from the surface – in other words, it is not 
restoring the wood to be an appropriate substrate for a coating.  However, oxalic acid can be used to return the 
original wood colour after the use of sodium hydroxide.  Sodium hydroxide will slightly darken the wood, and, if 
this is undesirable, simply rinse the wood with oxalic acid after restoration with sodium hydroxide.  Please note 
that handle all these chemicals with care and follow all instructions by the manufacturers, as the chemicals can be 
toxic, corrosive or harmful. Wood surfaces should also be thoroughly rinsed before coating.   

Maintenance 
Maintaining a coating means giving it a wash occasionally, watching for signs that the coating is losing integrity, 
and applying a fresh coat before full failure sets in.  If you re-apply a coating before the last coat has failed, you 
may not need to go through the process of stripping. It’s time to apply another coat when the surface no longer 
beads water, when paint has worn down to the primer, or if the coating colour has undesirably faded.  Then wash 
or brush off dirt and apply a new coat.  Any areas showing failure (the coating has lifted from the surface or 
cracked, or bare wood is showing) can be spot-treated.  Remove any loose pieces of paint and use sandpaper to 
feather the edges of adjacent sound paint so the transition won’t be evident through the new paint layer.  Also sand 
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away any weathered wood.  For large scale failure, you will need to refinish. For all coating systems, there is a 
limit to the number of coats a surface can support. When the coating gets too thick, refinish will also become 
necessary.  When stripping paint that may have been applied before 1978, please see our FAQ on lead paint.  

Refinishing 
Refinishing a coating means stripping off the old coating and starting over.  This is necessary when large areas of 
the coating have failed, or the coating is getting too thick for refinish, or if you wish to change the type of coating.  
A coating has failed when it no longer adheres to the wood surface.  If the coating has bubbled, cracked, or peeled, 
it must be removed.  If the coating has simply faded but otherwise appears to still be well-bonded, it may not need 
to be removed.  When a change of coating type is desired, the new coating may be incompatible with the old 
coating – to insure a good bond for the new coating, strip off the old one.  Remove coatings by sanding or with a 
chemical product.  Sanding has advantages over chemical stripping in restoring the fresh wood surface, but even if 
sanding is done by machine, it is still very labour-intensive for large painted areas typical to outdoor projects.  
Sandblasting is not recommended except for large timbers and logs, as it will pit the wood and is hard to keep 
away from elements like window frames.  Powerwashing will only remove loose paint, leaving behind paint that is 
still adhered.  So, a chemical approach is generally regarded as the most effective and least labour-intensive way to 
strip a coating.  Sodium hydroxide at a 6-8% dilution is the recommended chemical for stripping – and offers the 
additional benefits of cleaning discolourations and restoring the wood surface at the same time.  Products 
containing sodium hydroxide are corrosive and should be prevented from touching skin. Follow manufacturers’ 
instructions.  There are also other chemical products for stripping coatings in the market.  After stripping with 
chemicals, always give the wood a final rinse with water.  Many projects will still require some light sanding 
around stubborn stains or heavily damaged wood.   
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Performance Factors 
How long will an exterior wood coating last?  Anywhere from a few months to 20 years or more, depending on the 
choice of product, how it was applied, and how severe is its environment. 
 
Paints tend to last the longest, assuming they are applied properly (see Choosing and applying exterior wood 
coatings page).  But the range of lifespan for a paint coating is very large.  A low quality product badly applied to a 
weathered wood surface may barely last two years.  If everything is done right, the coating might last 20 years.  
High quality paints and stains generally last longest, and coatings that are in locations protected from sunlight and 
water tend to last longer.   
 
Stains and water repellents have much shorter lives than paints, but are easier to maintain.  This is one of the 
reasons they are a popular choice for stairs and decks.  Depending on the degree of exposure to sun, water, foot 
traffic, and the pigment amount in the stain, expect a life of 1-2 years for a stain applied to deck boards and 2-5 for 
a stain applied to products that are not subject to wear.  Water repellents generally last 6-12 months. 
 
Results from numerous tests on exterior wood finishes by many experts in this field, particularly by the US Forest 
Products Lab (USFPL), are summarized below.  See the USFPL link for more information. 

Effect of Wood Anatomy 
• Coatings last longer on dimensionally stable species such as western redcedar, eastern white cedar and Alaska 

yellow cedar, as these will shrink and swell less than other species and will therefore put less stress on the 
coating bond. 

 
• Coatings last longer on wood with narrow latewood bands (the dark part of the annual ring) due to density 

differences between the earlywood (the light part of the ring) and the denser latewood.  The southern pines are 
characterized by their wide bands of latewood, and therefore these species are considered to be somewhat poor 
for painting.  

 
• The amount of extractives or resin in wood also affects coating performance. Special primers can be used to 

block water-soluble extractives, and kiln drying is most effective for fixing resin in wood.  Nutrients in wood 
can migrate through the coating to support fungal growth on the surface, and heartwood can be chosen to 
minimize the nutrient content in wood. 

Effect of Grain 
• Finishes last longer on vertical (also called edge grain) versus flat grain, as these surfaces will shrink and swell 

less and therefore put less stress on the coating bond.  However, it can be difficult to specify type of grain 
when ordering a product.  Western redcedar and redwood may be available in a premium grade, which will 
likely be all heartwood, vertical grain. 

 
• If using flat grain, place it bark side out if possible, because the grain is less likely to raise on that side, 

particularly in species with dense latewood bands such as the southern pines, and raised grain is a problem for 
coating adhesion.  This is not an issue when using vertical grain products. 

Effect of Surface Roughness 
• Rough-sawn (saw-textured) or roughened wood creates a better coating bond and thicker coating buildup than 

smooth wood.  The life of a coating can be substantially extended if the wood is roughened. 
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Effect of Sanding 
• Sanding (coarse, not smooth – see above) can double the life of a coating, for both weathered and freshly 

planed wood.  This is because sanding removes any damaged surface fibers and also changes the surface 
chemistry to improve bonding of the coating. 

Effect of Wood Preservatives 
• Finishes last longer when applied to CCA-treated wood – treated wood purchased prior to 2004 was probably 

treated with CCA.  Research is under way on finishing for wood treated with new preservatives.  

Effect of Blue-Stain 
• Blue-stained wood is more permeable than unstained wood, therefore it may absorb more coating.  Make sure 

there is good film formation.  

Effect of Weathering 
• Sunlight quickly degrades the ability of a wood surface to bond with a coating.  Research has shown a 

tremendous difference in paint performance on weathered versus unweathered wood.  Paint on boards with no 
exposure to weather prior to painting lasted at least 20 years.  Boards that had weathered for 16 weeks prior to 
painting began showing cracks in just 3 years.  Even just one week of exposure in sunny weather degrades the 
wood surface –tests have shown those boards start cracking in 13 years.  For maximum coating life, sand the 
surface if the wood has been exposed to any sunlight at all, particularly if for more than two weeks. 

Effect of Product Manufacturing 
• Plywood:  Coatings on plywood are challenged by the small cracks (face checks) on the surface that are caused 

by the lathe when the veneer is cut from the log during manufacturing.  As the plywood goes through moisture 
cycling outdoors, these cracks tend to get larger and stress the coating bond.  Plywood surface, edges and 
joints in outdoor applications should be protected, and coatings and other products for helping plywood resist 
cracking can be applied for prevent moisture ingress.  Generally a good stain can effectively protect plywood. 
Since checking in stained plywood usually occurs during the first six months of outdoor exposure, best coating 
results can be obtained by applying a first coat and allowing any checking to occur, then six months or so later 
applying a second coat.  Paints can fail quickly on plywood, unless efforts are made to reduce moisture uptake 
and also use flexible products to accommodate dimensional changes of the wood. Roughening the surface is 
also important. For plywood protection and other issues with plywood, see the recommendations from the 
Canadian Plywood Association (http://www.canply.org/pdf/main/plywood_handbookcanada.pdf).  

 
• Finger-jointed products: Coatings may perform differently on different parts of these products, as they are not 

likely to be uniform in grain orientation, in heartwood versus sapwood content, or even in species.  Roughen 
the surface to extend the life of the coating and minimize these differences. 

Effect of Priming 
• Field tests have shown that coatings last much longer when a primer coat is used. 
 
• Field tests have shown that siding or shingles last much longer if they are back-primed. 

Effect of Design and Installation 
• Use good design and installation practices to protect wood from sunlight and water, and prevent moisture 

accumulation in wood structures. 
 
• By providing adequate clearance to grade, adequate roof overhang, rainscreen wall and back-priming, the 

coating life on siding can be effectively extended. 
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• If using flat grain, place the bark side out if possible to avoid raised grain. 
 
• Use corrosion-resistant fasteners. 
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Glossary 
 
Acrylic 

A type of water-borne coating products containing acrylic polymers. 
 
Alkyd 

A type of polyester resin. Term often used to signify solvent-borne coatings, e.g. oil paints. 
 
Backpriming 

The application of a finish coat to the back side of a wood piece such as a shingle or siding. 
 

Binder 
The non-volatile film-forming solid portion of the vehicle in a coating, which binds the pigment particles 
together after the film is dry and creates the bond with the substrate.  Typical binders include alkyd resins, 
acrylic resins, and polyurethane resins.  

 
Bleeding 

When the color of a discolouration or other material works up through a coating to the surface.  
Commonly used to describe leaching of tannins in extractive species like western redcedar and redwood 
(typically happens for the first year or so if not stain blocked). 

 
Blistering 

When a coating forms bubbles due to air, water vapour or solvent under the film. 
 
Dry lumber 

Lumber which has been dried to a moisture content of 19% or less. Any 4” and thinner boards or 
dimension lumber surfaced at a moisture content (MC) of 19% or less may be stamped “S-DRY” and 
stamped “KD” if kiln dried to a maximum moisture content of 19%.  Lumber in the USA may be stamped 
“KDAT” if kiln-dried after pressure treatment with preservatives. 

 
Enamel 

Generic term for an alkyd-based pigmented coating that dries to a smooth, hard, glossy finish. Also refers 
to water-based acrylics that contain a thermosetting resin. 
 

Extractives 
Soluble chemicals particularly present in the heartwood of some species which provide the wood with 
resistance to decay and insects. 

 
Fungicide 

A substance which inhibits the growth of fungus.  Often added to coatings to protect the coatings 
themselves from fungal growth (called “in-can preservative”). 

 
Latex 

Term used to signify water-borne paints. 
 
Lacquer 

Coating material characterized by rapid evapouration of the solvent to produce a thin, hard film. 
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Linseed oil 
Obtained by crushing flax seeds, this natural oil can be used as a vehicle in paints, as a softening agent for 
the resins in varnishes, or can be used alone as a wood finish material.  Raw linseed oil is a food source for 
fungi and must be boiled to destroy these nutrients. Most “boiled” linseed oil is not boiled but contains 
metallic dryers and biocides. 

 
Oil-based paints 

Paints using natural oils such as linseed or tung oil as the binder, with turpentine as the usual solvent.  No 
longer in wide use – replaced by alkyds. 

 
Paint 

An opaque coating generally made with a binder, liquids, additives, and pigments. Applied in liquid form, 
it dries to form a continuous film that protects and improves the appearance of the substrate. 

 
Pigment 

Finely ground solids that impart color, hiding power (opacity) and ultraviolet protection. 
 
Pitch 

Also called resin, this sticky substance is a mixture of rosin and turpentine and is found in most softwoods 
but particularly the pines, spruces and Douglas fir.  Can ooze from the pitch pockets and sometimes the 
knots for a year or two if not set by kiln-drying.  Resin can bleed through finishes and will harden into 
beads, but this can be cleaned up with mineral spirits and will stop eventually. 

 
Primer 

The first complete coat of paint applied in a painting system. Many primers are designed to enhance 
adhesion between the surface and subsequent topcoats. Most primers contain some pigment, some lend 
uniformity to the topcoat, some inhibit corrosion of the substrate, and some stop the discoloration of the 
topcoat. 

 
Resin 

For tree resin, see Pitch. In coatings, see Binder. 
 

Sealer 
A liquid that seals wood pores so they will not absorb subsequent coats.  Sealers may be transparent, and 
can act as primers. Some sealers are designed to be left uncoated. 

 
Semi-transparent stain 

Stain that alters the natural color of the wood, yet allows the grain and texture to show through. The term 
is generally applied to exterior products, but technically applies also to interior wiping stains used for trim, 
furniture and floors. 

 
Shellac 

Alcohol-soluble, clear to orange-colored resin derived from lac, a substance secreted by insects.  
Previously used as a sealer and clear finish for floors, for sealing knots, and in "alcohol-borne" primers; 
rarely in use anymore. Thinner is denatured alcohol. It is an environmentally friendly product and usually 
available from finish suppliers.  

 
Solid-color stain 

Exterior stain that obscures the natural color and grain of wood, but still allows the texture to show 
through – essentially, a thin paint. 
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Stain 
A coating product which can either be opaque such as a solid colour stain or partly transparent such as a 
semi-transparent stain. Also refers to wood discolourations such as discolourations caused by tannins in 
wood extractives, or stain caused by fungi such as blue stain. 

 
Solvent 

In generic coatings terminology, refers to the volatile liquid used to improve the working properties of a 
coating, typically water or hydrocarbons.  In “solvent-borne” coatings, refers specifically to a coating 
based on hydrocarbons. 

 
Tung oil 

Obtained from the nut of the Asian tung tree. Hardly ever used in the raw state as it dries to a non-lustrous 
finish.  Used in varnishes. 

 
Varnish 

Generic term for clear film-forming finish. Transparent or translucent liquids applied as a thin film, which 
harden.  Can be solvent or water-borne.   

 
VOC 

Volatile organic compound.  VOCs are organic chemical compounds that have high enough vapour 
pressures under normal conditions to significantly vapourize and enter the atmosphere where they may 
participate in photochemical reactions. They are often associated with solvents, typically considered to be 
pollutants, and are the subject of regulations in many jurisdictions.   
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FAQS – Finishes 

Does a finish on wood make it last longer? 
Yes. A well-maintained finish maintains the appearance, helps keep water out of the wood, reduces 
cracking, and lengthens the frequency with which wood needs to be replaced for aesthetic reasons.  

Do finishes protect wood against decay? 
No.  But a well-maintained coating helps keep moisture out of the wood, which in turn reduces the chance 
of decay.  Unfortunately, painted wood is typically not well-maintained, and this can lead to trouble.  
Water that gets through cracks in a damaged paint layer will wet the wood, which can have trouble drying 
out through the paint.  If water vapour trying to escape can’t easily get through the paint, it will break the 
bond between the paint and the wood, causing the paint to blister.  Meanwhile, if the wood remains too 
wet for too long it can become an inviting environment for decay – decay may be hard to detect if the 
paint is hiding the damage. Bottom line: with or without a finish, you should use a durable wood product 
outdoors. 

Do I have to apply a coating to treated or naturally durable wood? 
No.  Not if you prefer the look of weathered wood. The purpose of a coating is primarily aesthetic.  For 
most coatings, the effect is to stabilize the colour and to reduce surface cracking.  But carefully consider if 
you are willing to regularly recoat the wood in order to maintain the desired look. 

What’s the difference between paints and stains? 
Technically, the differences can be subtle – some products called stains are more like a thin paint (“solid 
stains”), so the line between the two labels isn’t always clear-cut.  However, the term “stain” is typically 
used to indicate that the product will allow some of the wood’s natural features to show through, while 
“paint” indicates a completely opaque coating. “Stain” usually means the product will not form a thick 
film, therefore coating failure will not appear as blistered or peeled – it will simply wear away. 

Which is best, water-borne or solvent-borne? 
Water-borne products perform as well as solvent-borne (except for blocking extractive-bleed), are more 
flexible (to accommodate dimensional changes in the wood), can be cleaned up with water, and have less 
odour. 

What are the best brands? 
Sorry, we don’t provide product recommendations.  We suggest consulting sources like Consumer Reports 
when choosing brands.  Most consumer and laboratory reviews of paints and other coatings suggest that 
“you get what you pay for” – higher-cost paints are often higher quality, will last longer and will have 
better hiding power. 

What’s the best choice of finish if I’m concerned about VOCs? 
Choose a water-borne product. 

I want to paint cedar but I’ve heard it can “bleed” – what should I do? 
Apply a primer coat with a product specifically labeled as effective for blocking extractive stains. 
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I want an exterior finish that protects the wood but still looks natural – what should I choose? 
Depends on how you define “natural.”  To some people, natural means allowing the wood to weather, 
which will eventually turn it gray and rough.  In that case, don’t use any finish. One step up from that is to 
use a water repellent.  This doesn’t change the look of the wood (and won’t prevent the natural graying 
process) but still provides some water protection.  For some people, natural means maintaining a stable 
brown colour with some of the wood grain still visible.  To achieve that look, select a semi-transparent or 
transparent stain in a wood-coloured tone. But generally clear finishes (vanishes) don’t perform very well 
against UV. 

I want a deck/fence/stairs with the least amount of maintenance – what should I choose? 
If you don’t mind the rustic look of weathered wood, don’t use any finish at all.  Note that even pressure-
treated wood will slowly weather to a natural gray colour.  Otherwise, for anything except a wear surface, 
choose the highest quality water-borne paint, strictly follow surface preparation rules, and use two coats 
over a primer coat.  This system should last a long time.  For a wear surface such as a deck or stairs, 
choose a stain or a water repellent.  It will need to be reapplied often.  If it’s likely that maintenance may 
fall off over time, the evidence of this will be least visible with a non-pigmented product like a water 
repellent.  If a pigmented coating isn’t maintained, bare patches of wood will contrast against the areas 
that still have coating adhering to them.   

Can I apply a water-borne product over an solvent-borne one, or vice versa? 
The answer is generally no but you consult the manufacturers recommendations for the specific brand of 
coating you are using. 

I know many finishes contain a fungicide – won’t this protect the wood from decay? 
The fungicide is there to protect the coating, not the wood.  There may be some small benefit to the wood 
as well. 

What is this reddish-brown stain on my wood? 
Probably extractive bleed.  Water-soluble substances called extractives are present in many species, 
especially ones with natural durability like western redcedar, Alaska yellow cedar and redwood, but also 
in Douglas-fir and some of the pines.  These extractives can leach out of wood in moist conditions and 
“bleed” through many finishes. If excessive, these stains can interfere with coating adhesion.  Remove 
stains by gently scrubbing with soap and water.  Don’t use steel wool, as this can leave iron stains.  Oxalic 
acid will remove these stains if soap-and-water isn’t effective; handle carefully and rinse thoroughly.  
Other possible sources of this stain: pine pitch leaching from a knot, or rust from a corroding fastener. 

What is this bluish-black stain on my finish? 
Probably iron stain, caused by a reaction between iron (usually from ungalvanized fasteners) and wood 
extractives.  Black staining associated with iron degrades wood, but generally it is not a problem with nails 
but can be significant with large bolts. If removal of such stain is desired the stain can be scrubbed with a 
dilute solution of oxalic acid.  Handle the cleanser carefully as it is toxic, and rinse thoroughly.  

My pine siding is oozing something – is there a finish that can stop this? 
This is probably resin coming out of the pitch pockets or knots, a common occurrence with the pine 
species, spruces and Douglas fir.  This is one reason why kiln-drying is recommended for this application, 
as the resin will be “set” by the heat of the kiln.  You can try priming the knots with a product marketed as 
a knot sealer, although this may not work.  Any resin on the boards can be removed with mineral spirits. 
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Can I paint or stain pressure-treated wood? 
Yes.  (In fact, field tests have shown finishes last longer on CCA-treated versus untreated wood.  Note that 
CCA was discontinued for many uses starting in 2004.  We are unsure if the newer preservatives have a 
beneficial effect on coatings.)  Note that coatings will not adhere to creosote-treated wood.   

I’ve just installed some new wood – how long should I wait before coating? 
Apply coatings as soon as possible.  Even two weeks of exposure to weather will degrade the bonding 
capability of the wood surface.  For wood that was installed dry, you should try to coat within a few days.  
For wood that was installed wet, you have a more complicated situation.  For example, pressure-treated 
wood is nearly always sold quite damp – too wet for most coatings to adhere well.  For these cases, we 
recommend that you select a coating which is tolerant of wet wood (“damp-friendly”), and apply within 
two weeks of installing the wood.  For other types of coatings, allow the wood to air dry but keep a careful 
eye on dirt and algae.  If you don’t want to see any stains through your coating, scrub away dirt and 
especially algae before they become too difficult to remove. 

How do I prepare the surface for coating or recoating? 
Wood must be dry and free of anything that will interfere with adhesion of the coating.  Please see our 
page on choosing and applying finishes. 

What is the best way to clean wood? 
We recommend using a garden hose, with dish detergent and light scrubbing if the wood has stubborn dirt.  
Pressure-washing can damage wood, so only use this method with light pressure and take care to keep the 
spray in motion rather than focusing too long on any one spot.  For most stains, caustic soda (sodium 
hydroxide) is the recommended chemical cleaner when water isn’t adequate.  For difficult stains like 
extractives, wood cleaners containing oxalic acid, citric acid or phosphoric acid are effective; however, 
these need to be rinsed off thoroughly.  We do not recommend the use of bleach, as this is more damaging 
to wood.  

How do I know when it’s time to repaint or restain? 
Wood is easier to recoat before the coating fails (cracks, peels, blisters, or fades away) – otherwise, you 
have to do far more surface preparation.  Repaint when the primer layer is just starting to show. For wood 
with a water repellent or stain, reapply the product when water no longer beads on the wood. 

What happens if I never repaint or restain? 
If the finish is something “breathable” like a semi-transparent stain, then allowing it to simply wear away 
shouldn’t be problematic for the wood.  The wood will weather (change colour and perhaps crack), and it 
won’t reject water as well, but it can dry out when wet.  For painted wood, it’s more critical to either 
maintain a good paint coat or to remove the paint.  Otherwise, as the paint fails over time, water will reach 
the wood through paint cracks but will have trouble drying out and may lead to decay. 

Is it possible to make weathered wood look new again? 
Yes.  You can remove damaged wood fibers and any old coating material by sanding or by using chemical 
wood restorers such as dilute sodium hydroxide (1-2%).  This process reveals fresh wood, which can 
either be left alone to naturally weather again, or can be coated with a finish.  See our text on wood 
restoration.   
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What should I do about lead paint? 
If you plan to remove paint that may date back to 1978 or earlier, chances are good that it contains 
dangerous amounts of lead and you need to hire a professional for removing the paint.  If in doubt as to 
whether or not you are dealing with lead paint, you can do a simple chemical test – ask for a kit at your 
paint store. 
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(new part of links page) 

Links – Finishes 
 
Finishes for Exterior Wood.  R. Sam Williams, Mark Knaebe and William Feist.  1996.  Forest Products Society. 
128 pages.  This handy guidebook prepared by finishing experts at the US Forest Products Laboratory contains 
comprehensive technical details regarding wood properties relevant to finishes, surface preparation, stain blocking 
and much more.  Order by phone at (608) 231–1361.  Also available at amazon.com. 

US Forest Products Lab 
• Fact sheets: http://www.fpl.fs.fed.us/faqs/finishing.html 
• Textbook: Wood as an engineering material, chapter on finishes. 

http://www.fpl.fs.fed.us/documnts/fplgtr/fplgtr113/ch15.pdf 
• Article: “Clear Exterior Finishes: Finding the balance between aesthetics and durability.” 

http://www.fpl.fs.fed.us/documnts/pdf2004/fpl_2004_daniel001.pdf 
• Article: “Finishes Checklist: A guide to achieving optimum coating performance on exterior wood 

surfaces” 
http://www.fpl.fs.fed.us/documnts/pdf2004/fpl_2004_bonura001.pdf 

Master Painters Institute 
www.paintinfo.com. Provides practical and technical information on all types of coatings, plus product links.  

Finishing Cedar 
http://www.wrcla.org/finishingcedar/overview.asp.  From the Western Red Cedar Lumber Association, several 
web pages specific to this species. 
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Fact Sheet for Factory Finishing 
 

Requirements for Maximizing Longevity of Transparent Coatings 
 

• Select heartwood where possible to minimize nutrient content of wood surfaces and prevent nutrients 
migrating through the coating to support fungal growth on the surface. But see instructions on dealing with 
extractive bleeding. 

 
• Ease all edges to 5 mm radius to eliminate corners where coating can thin out. 

 
• Prepare surface by sanding with 100-120 grit sandpaper to physically and chemically activate the surface. 

Pretreatment and coating should be applied immediately after sanding. Research shows this can double 
coating life. 

 
• Pretreat with an aqueous formulation containing a hindered amine light stabilizer/UVabsorber system 

designed to absorb the visible light that must penetrate transparent coatings to permit the wood to be 
visible. Not only does system prevent degradation of the wood-coating interface, it also prevents release of 
lignin breakdown products that can be used as a food source by black-stain fungi and prevents UV 
breakdown of the biocide components. This pre-treatment also ideally should contain three low-dose 
carbon-based biocides with differing chemistries to provide cross protection against detoxification and 
with complementary spectra of activity providing resistance to the full range of black-stain fungi. It should 
ideally also have water repellent properties and must maintain wood surface pH close to neutral or slightly 
alkaline. 

 
• Apply a transparent water-borne catalyzed urethane coating, containing organic and inorganic UV 

absorbers with absorbance that extends from UVB through to the high-energy part of the visible spectrum 
(violet light). The coating must virtually eliminate UV from penetrating to the wood, preventing 
breakdown of wood, biocides and water repellents. This coating will be formulated to be damp-wood 
friendly to allow application soon after pre-treatment. It will contain no nutrients for fungal growth. It 
must have an optimum combination of moisture excluding efficiency and vapour permeability to minimize 
moisture uptake and allow drying after rain. The first coat to be designed to penetrate and bond to the 
wood, subsequent coats to be designed to ensure maximum intercoat adhesion without sanding between 
coats. Sufficient coats to be applied to give a film thickness no less than 80 microns to minimize the ability 
of black-stain fungi to penetrate the film with their infection pegs. The surface layer to have sheeting 
rather than beading properties to ensure rapid drying after rain or dew, reducing the time available for 
spore germination. 

 
• The situation with oil vs. water-borne systems has changed rapidly in the last 10 years and has become 

less clear cut.  Even a few years ago we would have said that a solvent-borne formulation would always 
give better performance than a water-borne formulation. That was mainly because solvent-borne systems 
had been around for many years and had gone through many iterations of improvement.  Water-borne 
systems have now been around long enough that some of them have caught up and surpassed many 
solvent-borne systems.  Solvent-borne coatings with a great reputation based on their performance 10 
years ago are not at all the same product today.  We have tested a wide range of both and the best 
performing system was water based.  One of the biggest advantages is that the wood does not have to be 
bone dry to achieve good bonding with water-borne systems.  However, for optimum performance the 
selection of resin (urethanes appear best), UV protectants and biocides are more important than whether 
the formulation is water-borne or solvent-borne. 
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Appendix II 
Research Interest List from Forintek Using BCIT’s Test Hut 

Paul Morris, Jennifer O’Connor, Jieying Wang 
 

 
1. What are the moisture loads that walls in coastal BC must be able to tolerate, given typical current 

building designs and 95th percentile worst case construction defects? The input from the industry about 
typical defects should be collected. 

2. Could building codes allow treated wood sillplates to be greater than 20% MC (perhaps 30% mc) at time 
of close in?  What are the consequences in terms of shrinkage and in terms of mold and decay resulting 
from moisture redistribution to untreated components? 

3. What is the effect on wall moisture performance of moving some or all insulation outboard of the wood 
sheathing. If possible, the combined effects of membranes are to be looked into.  

4. Are vapour diffusion ports necessary in plywood? Are there any downsides to using vapour diffusion 
ports, such as entry of humidity from outdoors into stud spaces? 

5. Is it safe to use borate treated battens in rainscreen cavities?  What is the leaching hazard for borates in this 
application given the possibility of defects allowing water into the cavity and its function as a drainage 
layer? It may take long time to get valuable data. 

6. What are the effects, in terms of increasing or reducing wind-blown rain impacting walls, of various roof 
profiles, singly and in combination, such as overhangs, low pitched roofs, high pitched roofs, parapets, 
false pitched roofs and other wind-deflecting projections? 

7. Is a polyethelene vapour barrier a bad idea in the BC coastal climate?  What are the effects of removing it? 
Some work may have been done with other test huts on the west coast. 

8. Are there moisture performance differences for the sheathing when using building paper vs. tyvek? What 
is the effect of double layer of building paper? Some work may have been done with other test huts on the 
west coast. 

9. Can we reduce the cavity gap of the rain screen? Some work may have been done with other test huts on 
the west coast. 

10. Verification of lab tests on the effects of being vented from the top of the cavity as well as from the 
bottom? Some work may have been done with other test huts on the west coast. 
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Appendix Ⅲ 
 

Trip Report 
07-1052 

 
Trip to NRC, Ottawa 
September 17th, 2007 

 
Jieying Wang, Paul Morris 

 
 

Objectives 
• To attend NRC-IRC’s official opening of their new mold research facilities, provide our input on priorities 

and seek potential collaboration on mold research. 

• To meet with key researchers in building envelope research, particularly on issues about the relationship 
between wood equilibrium moisture content (EMC) and relative humidity (RH) NRC is using in hygIRC 
models, and re-state our concerns about the pressure plate test method for measuring wood EMC at high 
RH levels. 

• To present preliminary results of moisture content cycles from our project Time to Decay under 
Fluctuating Conditions, and seek input about whether our spray cycles are realistic enough and whether 
our results can be fed into their models easily. 

• To visit NRC-IRC’s Field Exposure of Walls Facility, which they have been marketing for outside 
funding, and explore potential collaborations on testing wall assemblies in the Ottawa climate. 

We will report these discussions under project headings 

Durability of Wood  
Before our official meetings Paul took the opportunity to connect with Fadi Nabhan of CCMC to discuss CCMC 
approvals of wood products where durability is an issue. 

Decision Aids for Durable Wood Construction 
The NRC researchers at the first meeting included Madeleine Rousseau, Enzo Gardin (marketing manager), Michel 
Swinton, and Wahid Maref. Paul asked them the assumptions dealing with potential condensation on sheathing 
they used in their hygIRC models, whether it was assumed that all moisture can be sucked in by sheathing 
instantaneously, and whether it is more reasonable to assume that some water may run off and some may 
evapourate back into the air. Concerning the Field Exposure of Walls Facility, Paul made it clear that we are more 
concerned about rain penetration rather than condensation, and we are more interested in the climate of Vancouver, 
the southeastern USA and China, rather than that Ottawa.  The major durability related crises in wood-framed 
buildings that we are focusing on have been caused by rain penetration resulting from failures of design and 
construction, rather than vapour condensation in assemblies. Unfortunately rain loading may not be sufficiently 
taken into consideration in the hygIRC models. There are, however, concerns with condensation in northern 
climates with occupier lifestyles that create high indoor humidity which accounts for the heavy presence from the 
Department of Indian and Northern Affairs, Health Canada and the Quebec equivalent at the opening of the mold 
lab in the afternoon (see below). Before we left for the airport after the open mold lab event, Madeleine Rousseau 
and Enzo Gardin showed us their test house with the Field Exposure of Walls Facility. Jieying was interested in 
learning that NRCan is collaborating with NRC testing a wall assembly with exterior insulation, together with 
cavity insulation and vinyl siding to create a wall with the similar concept to “SuperE”. NRCan are presumably 
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more interested in the energy saving effect of this type of wall, we are also interested in its moisture control 
capabilities, considering its potential applications in northern China. 
 
Paul is still very concerned about the unacceptably high wood MC they assume in their hygIRC models for a RH 
levels approaching 100%, since they have been using the pressure plate method to measure MC of various 
materials for RH levels above 90%. Basically the pressure plate method measures moisture content under specified 
levels of suction, using samples totally saturated with water, and as a result, produces EMC predictions with free 
liquid water in cell lumens.  Joining the points generated by the pressure plate method to the points generated by 
exposure to RHs up to 90% in environment chambers, yields a graph predicting moisture contents above 27% and 
therefore capable of supporting decay, at RHs between 95 and 100%. This is completely contrary to wood science 
where the term fiber saturation point defines a state with saturation of bound water in cell walls without liquid 
water in lumens as the RH approaches 100%, giving a moisture content around 30%. 
 
Phalguni Mukhopadhyaya gave us a brief lab tour and introduction to methods used to determine hydrothermal 
properties. The graph showing exponential increase of OSB MC up to over 150% at the 100% RH, based on results 
from the pressure plate method, was posted on the wall.  This work was done in the MEWS project and Jieying 
asked for a copy of the relevant report.  Perhaps due to Paul’s objections at the time, the graph is not in the report 
but the data are. NRC-IRC now has a chamber capable of operating around 95% RH and the chambers being 
constructed for their mold lab may be able to go higher.  This, together with Jieying’s expertise in wood science 
may provide the opportunity to revisit this issue and prevent building scientists predicting decay under conditions 
we know cannot support the growth of wood-rotting fungi. 
 
Phalguni is also interested in supporting building science research in China and possibly collaborating with us on 
this. 

Environmental Performance of Wood 
Phalguni also showed us some results from their insulation research, and inspired by the impressive insulation of 
precipitated silica in vacuum insulated panels, Paul suggested carrying out preliminary research on wood nano-
crystallites, and even solid wood, in this type of product.    

Time to Decay under Fluctuating Conditions 
Later we met briefly with Hans Schleibinger and Phalguni for their input about our research on decay development 
under fluctuating conditions, but unfortunately they didn’t have firm opinions, and we may need to pursue this with 
other more relevant researchers at NRC-IRC. Fitsum Tarika may be able to provide input on fitting data into their 
model.  Steve Cornick may be able to provide data on how realistic these cycles are.  This input will be coordinated 
through Mike Swinton. 

Limiting Conditions for Mold Growth 
In the afternoon, during the mold lab open house, presentations were made by the Indoor Environment Group on 
the new mold research facilities, focusing on the research NRC is going to carry out on mold detection, mold 
growth risk assessment, and recommendations for remediation of mold damage in buildings. Paul suggested that 
recommendations for remediation were the purview of health departments rather than NRC and this was supported 
by the representative of the Quebec department of health. We were also shown the new facilities, including 
leading-edge mold growth chambers, mold enzymatic activity fluorescent detection techniques, polymerase chain 
reaction (PCR) techniques, and so on.  The facilities are extremely impressive and must have been very expensive 
to set up.  This means they should be able to generate good data without the problem associated with earlier work 
such as chambers taking days to equilibrate to the target RH and poor temperature control resulting in inaccurate 
RH estimates. 
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While Hans Schliebinger is very careful in his discussion of molds, some of the wording in the promotional 
material for the mold lab was more inflammatory. It was interesting to read the wording about the health 
implications of molds considering we were fed blue cheese and brie, both permeated with Penicillium species, at 
the open house. 

Action Items 
1. Work with NRC on establishing a valid relationship between wood EMC and RH, and sponsor adsorption 

and desorption experiments, if necessary. 

2. Continue to seek input from key researchers of NRC to the Time to Decay under Fluctuating Conditions 
project, identify realistic moisture cycles and ensure compatibility with NRC’s hygIRC models. 

3. Seek potential collaborations on building science research for the China market. 

4. Pursue the possibility of using wood nano-crystallites as a novel insulation material in vacuum insulated 
panels.   
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Appendix Ⅳ 
 

Trip Report 
07-1052 

 
10th international conference on Thermal Performance of the Exterior 

 Envelopes of Whole Buildings X 
 

December 3rd – December 7th, 2007  
Clearwater, Florida 

 
Jieying Wang 

 
 

Primary Objectives 
• To develop and maintain contacts in the building science community from Canada, the USA and Europe  

• To keep abreast of research developments in building science, and seek potential collaborations 

• To learn more basic building science knowledge 

Introduction 
The Buildings X Conference is one of the most influential conferences in the building science field and it has been 
organized by the Oak Ridge National Laboratory (ORNL) and the U.S. Department of Energy once every three 
years since its inception in 1979. This year’s conference received 158 abstracts in total and attracted over 240 
people from the USA, Canada and Europe. A number of researchers from NRC-IRC, CMHC, universities, and 
consulting companies from Canada attended the conference. The following covers the brief abstracts of interesting 
papers, and communications with key researchers during the meeting duration, as well as my personal thoughts. 
 
The following papers mainly deal with performance of building enclosures with certain design and construction 
features, or interior and exterior loadings, with the majority of the studies coupled with simulation modelling: 
Hannu Viitanen and Tuomo Ojanen from VTT Technical Research Centre of Finland presented an improved model 
for predicting mold growth in building materials. Their original model only included wood materials based on 
laboratory results under constant and short-term fluctuating conditions, with a mold index rating from 0 to 6. This 
paper presented new results for modelling other building materials including gypsum board, cement screed on 
concrete, porous wood fiberboard, and spruce plywood. The results showed that no mold could start in any 
material at relative humidity (RH) of 78% to 80% but all the building materials tested were susceptible to mold 
growth at RH higher than 90% and temperature above 15°C. Wood-based materials, particularly particle board, 
needed lower humidity levels and shorter exposure time for fungal growth. It should be noted that all the work was 
based on Northern European softwood species, and lab work should be carried out for North American species if 
this model or similar models are to be developed and used in North America. 
 
Achilles Karagiozis of the Oak Ridge National Laboratory, in collaboration with Joseph Lstiburek of Building 
Science Corporation, presented their work on vapour control and corresponding vapour retarder recommendations 
for different climatic zones in the USA, based on the climate zone map of the 2003 International Energy 
Conservation Code (ICC 2003). The work was part of the initiatives to provide recommendations for the future net 
zero energy buildings, with support from the U.S. Department of Energy. The study selected two different wall 
systems for analysis: a brick veneer system and a vinyl system, and was carried out using hygrothermal computer 
simulations. The modelling incorporated an impact of 1% rainfall penetration to the sheathing as well as the impact 
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of air conditioning during summer months. The threshold used in the study for potential mold growth was moisture 
content (MC) of 16% by weight or RH of 80% at the interior surface of the OSB. The study concluded overall that 
non-absorptive vinyl cladding was safer than a brick veneer system, probably attributed to the loose structure of 
vinyl siding and the potential reverse vapour drive caused by the absorptive but much airtighter brick siding, 
except for colder areas without any interior vapour control. Unvented/ventilated brick cladding could have a higher 
chance of problems in cold areas with poly or without any vapour control measures. 
 
Fitsum Tariku of NRC-IRC presented their simulation work on effects of wind-driven rain penetration on 
performance of a typical stucco-clad wall without air space for six locations in Eastern Canada, using NRC-IRC’s 
hygIRC model. The failure criterion used in the study was 90 consecutive days above 10°C and 95%, and it was 
indicated that this criteria was more for mold growth, reportedly cited from a previous paper by Nofal and Morris. 
But later I found that there was a deviation in the criterion from that literature source, since the paper by Nofal and 
Morris suggested a threshold of 5°C and 95% for decay, based on VTT’s study. The paper presented the 
percentages or the numbers of years of wind-driven rain for the wall to fail in each location. The overall trend was 
the higher the MI index, the less number of years it took, but with obvious conflicts in outcomes between the MI 
index and the wind-driven rain index. The MI index was developed by NRC-IRC as a moisture load index 
combining a wetting and a drying component, and has been used for developing a moisture hazard map for North 
America. The conclusion from the study was that the wind-driven rain index could give a better indication of the 
severity of the climatic condition than the MI index for the sites studied. At the conference it was commented by 
somebody that the failure criteria used in the study must be reliable since Dr. Morris of Forintek was involved, 
which really reflected the reputation of Forintek as well as Dr. Morris in this field. I learned later that Mr. Fitsum 
Tariku is working on his Ph. D. thesis under the supervision of Dr. Paul Fazio of Concordia University, on a model 
different from NRC’s hygIRC models. 
 
Anton TenWolde of FPL presented a paper on the effects of indoor humidity on water vapour release in homes. 
Since the design value for indoor humidity is very important for determining the need for vapour retarders and 
other building enclosure features, the paper reviewed and calculated the important moisture sources at typical 
homes including occupants, pets, and plants. The paper emphasized the overwhelming effects of moist foundations 
which also change with ambient conditions. These effects could be reduced if reliable damp-proofing is 
implemented to separate the indoor environment from the underground and provide a capillary break. The author 
was the chair of the committee that drafted the new ASHRAE standard, “Design Criteria for Moisture Control in 
Buildings”, which obviously has become an important moisture engineering tool in the design community. 
 
There was another paper from FPL. Charles Carll presented changes of moisture conditions in a FPL research 
house in Madison starting at the completion of construction. The house was insulated with spray-applied cellulose 
with an initial MC of 25-40%, without interior vapour retarder in order to accelerate moisture dissipation from the 
wet insulation, as suggested by the insulation manufacturer. But a few years later, mold was detected on the OSB 
sheathing, with MC exceeding 16% during heating seasons. An interior vapour retarder seems necessary to control 
outward vapour diffusion in heating seasons, which has been indicated from other papers on vapour control for 
cold and mild climates. But the purpose of the study was somehow obscure to me, and a couple of people from the 
audience asked about the construction quality and other related details.    
 
Xiangjin Yang, a student of Concordia University under the supervision of Paul Fazio and Hua Ge, presented 
preliminary results on moisture buffering effects of gypsum boards and wood panels, using a full-scale two-storey 
wood-framed test hut built inside an environmental chamber. The effects of different indoor ventilation and 
moisture generation rates on buffering were discussed. The data showed that the RH difference across the room 
could be as high as 15% at high indoor RH levels, which really contributes to the challenge of measuring RH 
precisely. Her presentation showed that paper-covered gypsum boards had higher buffering capabilities than wood 
panels, which was a surprise to me. After the meeting I discussed with Yang and Hua Ge about their test methods, 
and it seemed to me that the short fluctuation cycles they used with humidification and dehumidification every 24 
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hours could retard the sorption by wood. In similar work by Hannelore Derluyn from Belgium, the buffering 
effects of books and textiles were highlighted for interior humidity design.  
 
Constance Thivierge presented a study on behalf of Deminique Derome of Concordia University about 
performance of 15 wall assemblies within a 2-storey test hut built in a large environmental chamber, with 
simulated rain penetration in a cold climate, simulating Montreal’s winter. The rain penetration was simulated with 
a wetted bottom plate inserted at the beginning of each climatic period.  This work was done with funding from 
NSERC, with a contribution from Forintek. I could not find the initial moisture content of the wetted bottom plate 
in the paper. The paper showed results which were not new in this field. Among all the parameters studied, 
including different cladding, sheathing, sheathing membrane, with and without poly as the interior vapour retarder, 
it was found that the cladding had the largest impacts on moisture performance of wall assemblies, and the 
assemblies with a stucco cladding without any air space behind reached higher moisture contents and dried more 
slowly than those with a wood cladding. Among the sheathing materials, it was found that the fiberboard absorbed 
the most and also dried fastest under given conditions. 
 
Andreas Holm from Germany, one of the key persons developing the WUFI models, presented the experimental 
investigations and validation of the WUFI-Plus on its new function for predicting moisture buffering capacity. 
They used two identical test rooms, one with non-absorptive aluminum foil, and the other with absorptive 
painted/unpainted gypsum board or traditional painted gypsum plaster, to generate data for comparison with results 
from models. The investigations showed that the gypsum boards, even painted ones, had a better moisture 
buffering effect than the traditional painted interior gypsum plaster.  
 
B. Blocken and J. Carmeliet from Belgium presented a paper about the effects of time resolutions of wind and rain 
climate data for precise calculation of wind-driven rain index. Overall, use of ten-minute input data can provide 
accurate results. But for data with lower resolutions, hourly and daily data are not appropriate when they have been 
obtained by arithmetic averaging of the ten-minute data; however, they can be suitable for related calculation and 
simulation work when they have been obtained by weighted averaging of the ten-minute data. But unfortunately 
ten-minute data are not easily available from most weather stations. In addition, the paper also demonstrated the 
effects of types of rain events, cumuliform versus stratiform as examples in the paper, on the time resolution 
requirements of the climate data.  
 
Hua Ge of BCIT discussed the potential ventilation drying of rainscreen walls in the coastal climate of British 
Columbia. She used a simplified analysis method using mass and energy balance theories and estimated the 
potential drying provided by cavity ventilation for a stucco wall under steady-state conditions, under the condition 
of initially wet sheathing. She also used a commercial model to simulate the potential drying under initially wet 
sheathing, together with an assumed 1% rain leakage into the sheathing panel. Both of the results showed that 
cavity depth and vent size had impacts on the drying capability, and there seemed to be an optimum ventilation 
rate. The investigation indicated that the properties of sheathing membranes also had effects on moisture removal 
efficiency from sheathing, as opposed to Forintek’s EDRA research that no clear indication of the choice between 
conventional 30-minute building paper and Spun Bonded Polyolefin (Tyvek) on the drying performance of wall 
assemblies was found in the lab study. 
 
Graham Finch and John Straube also did a study on the ventilation of wall claddings. They compared field data 
from four field monitored buildings, three in Vancouver plus the test hut in Waterloo, with results from simulation 
using WUFI 4.1. The paper highlights the importance of cladding ventilation to drying of sheathing and reducing 
wetting caused by rain infiltration. It also shows that some obstruction of the air space behind claddings, such as 
the installation of insect screens, could reduce ventilation significantly. With regard to the effect of cavity 
ventilation, these two studies largely confirmed Forintek’s EDRA research  
 
John Straube presented a review of his previous projects on modelling and measurements of drainage, storage, and 
drying behind cladding systems. It was shown that even a gap of 1 mm behind the cladding could drain water at a 
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rate higher than rain penetration behind cladding in extreme conditions, which emphasized the importance of 
designing and building a gap behind claddings. Non-absorptive materials including polyethylene and acrylic sheets 
also retained water and stored water, but it was not discussed whether the retained water could penetrate further 
into sheathing through common sheathing membranes. The paper suggested that the moisture loads in most current 
test standards are much higher than reality and may make material which could perform well in the field 
unacceptable using certification requirements. 
 
John Straube, on behalf of his former student C. J. Schumacher, presented the performance of an unvented 
cathedral ceiling (UCC) in Vancouver. The UCC of the test house was built using an air impermeable, vapour 
permeable, low-density, open-cell sprayed polyurethane foam insulation. It did not have a poly vapour retarder, but 
with interior painted drywall to control outward vapour diffusion during winter time. It was found that without 
poly, the north-facing roof sheathing had the highest moisture content in the first winter, ranging from 17 to 24%. 
But no mold or decay was found on the sheathing plywood. 
 
Dan Auer, together with Achilles Karagiozis and other co-authors, also looked into the hygrothermal performance 
of a retrofitted unvented energy-efficient roof assembly in the Pacific Northwest, in comparison with a standard 
western frame, vented flat platform roof assembly. It was found that the retrofitted unvented insulated roof system 
did not perform badly in terms of hydrothermal performance, although it had issues to be resolved, and no moisture 
accumulation was found on a yearly basis, with maximum moisture content below 25%. 
 
Michael Lubliner et al. investigated the energy performance of crawlspaces with different design details using 
three energy simulation models with field testing data as inputs. The eight houses investigated were all built to 
Energy Star Homes Northwest standards in the USA, with four in coastal Washington, a west coast marine climate 
and the other four in the interior of Washington, a cool climate. The simulation mainly looked at the effects of 
foundation types (vented or conditioned crawl space), duct locations (in conditioned or conditioned space) and duct 
insulation levels on the energy performance. Highlights from the work included: in the marine climate, the vented 
and conditioned crawlspaces were comparable on a cost basis, and the radon mitigation for sealed crawlspaces 
increased the costs by $405; in the cool climate, the vented crawlspace actually cost $719 more than the 
conditioned crawlspaces. The results justify building conditioned crawlspaces even from the perspective of energy 
saving, not to mention the potential benefits of moisture control. In addition, the investigation indicated that the 
incremental cost of all of the energy efficiency measures ranges from $2,800 to $3,800, not considering any tax 
credit or other incentives. All of the models predicted savings from bringing the ducts inside the heated space, and 
savings were expected for insulating ducts, especially for those in vented crawlspaces. 
 
Wahid Maref of NRC-IRC presented on their test house in Ottawa for wall assembly field testing. Major features 
of the house were illustrated, and preliminary results about the effects of air barrier leakage by introducing cracks 
on the poly, as well as the effects of different indoor humidity and pressure difference were also presented. NRC 
has been promoting this test facility for collaborative research for cold continental climates. I was told by Wahid 
after the conference that Forintek’s Eastern Lab, mainly Constance Thivierge, is going to use this test house for a 
project. 
 
Madeleine Rousseau from NRC-IRC presented the indoor hygrothermal conditions in houses in the far northern 
climates, as one part of NRC-IRC’s four year research aiming towards development of durable building envelopes 
for extreme northern and northern coastal climates. A survey was done about the indoor temperature and relative 
humidity in 24 homes located in one northern coastal climate and two interior northern climates. The findings 
showed that a high occupancy load did not translate into either higher humidity indoors or higher occurrence of 
moisture problems. The absence of good heating systems compounded by high air leakage rates could lead to 
moisture-related problems such as occurrence of mold growth in interior finishes. But no inspection was conducted 
during the survey to probe for the building enclosure conditions.  
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The following papers are mainly about material characteristics or new materials:  
Phalguni Mukhopadhyaya, M. Kumar Kumaran and Fitsum Tariku of NRC-IRC submitted a paper about 
hygrothermal properties of major materials for building enclosures, including exterior claddings, sheathing, 
membranes, and insulation materials. Property values including thermal conductivity, equilibrium moisture content 
(EMC) from sorption/desorption and pressure plate methods, vapour permeability, water absorption coefficient, 
and air permeability are listed in the paper. I checked the data afterwards but did not find EMC for wood-based 
material, except fiber cement board with EMC of 29.9% at RH of 100% from the pressure plate method. 
Considering the low proportion of wood in the sample, 30% is still too high for RH of 100%. The pressure plate 
method assumes a water saturation point as EMC at 100%, which introduces a very large error into the EMC 
measurement. 
 
After the meeting I talked with Tariku, the major modeller at NRC for the hygIRC, about the EMC data they were 
feeding into the models. Fitsum said that in their modelling the highest EMC data for wood was about 29% for RH 
levels around 99.9%. He was not sure about the exact data, but that is the meaning of his answer, and sounded very 
reasonable to me. Hopefully thanks to the efforts of Dr. Paul Morris and other people, NRC is not using 
unacceptably high EMC from their pressure plate methods for the damage function of their models. If it is truly the 
case, we may not need to carry out additional lab work in collaboration with NRC for comparison between sorption 
and pressure methods for measuring EMC. The pressure plate method and the pressure membrane method being 
used by some researchers for measuring EMC at RH close to 100%, and even the ASTM standard C 1498: 
Standard Test Method for Hygroscopic Sorption Isotherms of Building Materials, have one thing in common. That 
is that the liquid water saturation point of wood, not achievable even by the most vigorous trees, is taken as the MC 
starting point for the RH of 100%, which is totally different from the fiber saturation point at 100% in wood 
science. In reality, wood in building enclosure service can be reasonably assumed to be dry before getting wetted. 
As long as the RH is below 100%, it is always the cell walls that adsorb vapour from air, without generating liquid 
water in cell lumens. Condensation will not happen until the surrounding air becomes oversaturated with steam, 
and even it does happen, it takes time for wood of considerable size to get a high moisture content. But the main 
difficulty in validating the differences between normal sorption methods and the pressure methods is the difficulty 
of setting up RH close to 100% and measuring it precisely.   
 
Stanley Gatland and Achilles Karagiozis presented the performance of a relative humidity-dependent vapour 
retarder which was used in wood-framed wall systems in the Pacific Northwest, with the test hut in Puyallup, 
Washington, together with an occupied residential home in Olympia, Washington. The 2 mil (50 um) polyamide 
film was compared with the commonly used 4 mil (100 um) polyethylene film and a polyvinyl acetate primer/latex 
paint coating, and, in parallel, one-dimensional hygrothermal modeling was carried out.  The results highlighted 
that the polyamide film and the polyethylene film performed well in reducing wintertime condensation, with the 
former having better drying performance during the warmer months. It was found that interior gypsum board 
finishes with a single coat of polyvinyl acetate primer and a single coat of latex paint were not sufficient to control 
outward vapour diffusion for such a climate, which is consistent with results from studies by researchers including 
John Straube. 
 
Marcus Jablonka and Achilles Karagiozis demonstrated a study on a three-dimensional weather-resistive barrier 
and drainage membrane. The advantage of the 0.55-mm thick profiled HDPE sheet is that it is able to provide 
drainage and ventilation space on both sides of the sheet, if incorporated with appropriate design and construction 
features. In the study, this product was compared to No. 15 felt (or Grade D Kraft Paper) in a lab test. The lab test 
data was used to validate a hygrothemal model, and then the model was used to simulate the hygrothermal 
performance with a brick veneer-cladded assembly for five climates: Toronto, Seattle, Atlanta, Baton Rouge and 
Norfolk. The results showed very good drying performance of this product due to the introduced ventilation, and 
surprisingly the wall assembly showed better performance for Seattle and Toronto, with cold climates, than cities 
in warm and hot humid climates. I guess different wall assemblies, mainly the vapour control layers, should have 
been designed differently for these different areas.    
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Hartwig Kunzel from Germany presented the effects of exterior wall coatings, especially for EIFS, on surface 
condensation and the related microorganism growth on exterior walls. The condensation is mainly caused by long-
wave sky radiation at night, a different moisture accumulation mechanism on exterior walls from wind-driven rain. 
Hartwig discussed three types of coatings, including silicate paint, silicone paint, and a “so-called” nanostructure 
paint, with water absorption coefficients decreasing in that order. The results showed that the nanostructure paint 
retained the least wind-driven rain during rain events due to its low water absorption and high water repellency, but 
retained the highest amount of condensation after a clear night. It seems that not only the moisture features, but 
also the thermal properties, all matter for such applications.  
 
Jan Kosny et al. presented a paper on aerogel insulation, about their work on applying the insulation to wood-
frame construction and steel-frame construction, with field data and model simulation. Aerogel is a type of 
extremely light, nano-scale thermal insulation material, typically consisting of 90% to 99.8% of air, with a network 
of interconnected nanoparticles, based on silica (currently used), alumina, chromia and tin oxide. Aerogel has been 
used for NASA’s space suits and some underwater oil pipelines. The Oak Ridge National Laboratory (ORNL) 
analyzed the feasibility of using it for building assembly locations where high-R-value insulation is needed and can 
be economically justified. The cost of this material is getting lower, but is certainly still very high compared to 
common building insulation materials. 
 
Jeff Alcott from Dow Chemical Company presented termiticide-treated polystyrene insulation mats for exterior 
insulation. In areas with very heavy termite hazards, foam insulation on exterior walls is usually discouraged or 
even banned by building codes, since the insulation may provide a hidden and protected passageway for termite to 
tunnel through and enter building enclosures. Hence foam products treated with termiticides, such as deltamethrin 
as used in this work, as well as borates, have been developed. Jeff presented efficacy results against Coptotermes 
formosanus and Reticulitermes flavipes using a short-term extreme field exposure study and a long-term field 
performance study, and concluded that 1000 ppm of the chemical should provide adequate safety for such 
applications. My discussion with him later confirmed that this product is not able to prevent termites from sneaking 
up into building enclosures from between the foam and the exterior wall. I suggested to him that design and 
construction details, including insect screens and proper installation, could be incorporated and marketed as a 
package.  
 
I intended to attend a workshop on termite prevention and control, presented by Terry Amburgey and Michael 
Sanders of the Mississippi State University. But disappointedly nobody else showed up, except me, later joined by 
Hua Ge. Terry and Michael had to cancel it, and said it was not their first time to run into such an embarrassment 
with engineers and designers having no interest in termite control, although the southern USA is known for a 
severe termite hazard. As a result, the four of us had a chat, and I asked them all the questions I could think of 
about termite hazard and control. They have developed a method with real-scale houses for testing termite 
resistance of building components. They also mentioned that they have been testing a termite spray system, with 
major active chemical DOT and glycol, supported by Jeff Lloyd’s company Nisus. Three-years’ testing is showing 
that the system is very promising. If it does turn out to be positive, it could reduce the wood treatment cost for 
areas with a moderate termite hazard.  
 
I also had a good chance to network with researchers including Silvio Plescia of CMHC, Eric Burnett, Heinz 
Trechsel and Don Onysko. Don helped a lot by introducing me to other people. He also gave me a briefing about 
projects he had been working on, and I was particularly interested in two projects. One was a project he did for 
CMHC in collaboration with Chris Mattock, on assembly recommendations for different climates. Since it would 
be relevant to my current China Durability project, I asked him for a copy. Later he got permission from CHMC, 
and I did reference it in the China Durability report I have been working on. The other was a project supported by 
the Natural Resources Canada (NRCan) that he was involved in about MC monitoring of borate-treated wood for 
five houses built in England and Ireland, using Canadian wood. Since borate affects MC meter reading, and 
Forintek did a contract work for US Borax a few years ago, Don asked me whether we could approach Mark 
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Manning for permission to use the correction coefficient in the contract report for that project. Fortunately Mark 
did give Don the permission to use the data for the project. 

Actions to be Taken 
• Continue to expand my building science knowledge 

• Improve the communication with building scientists, by collaborating with them on field testing work if there 
are opportunities, providing assistance to students who are working on building science related projects, and 
presenting relevant wood science papers at key conferences  

• Improve communication and cooperation with NRC-IRC, if possible 

 
 
 


