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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 
• Provide data for a numerical model that will provide an indication of the time required for initiation of strength 

loss in wood-based panels when the panels are exposed to a range of fluctuating moisture contents and 
temperatures. 

 
Key Actions and Deliverables 

Deliverables Expected Delivery Date 
Completed Item  

Report on critical times and moisture contents for detectable strength loss in plywood, OSB 
and solid white spruce under fluctuating moisture conditions.  This information will be 
provided to NRC/IRC and to Oakridge National Laboratories for incorporation into 
predictive programs for damage in building components, resulting in more accurate models 
with a more positive outcome for wood. 

March 2010 
(revised from Mar. 2009) 

 

 
Status 
The previous project, Limiting Conditions for Decay, had a similar objective and was designed to develop data 
under constant moisture conditions. A literature review showed that very little data was available from work 
specifically designed to supply data for damage functions associated with hygrothermal models.  
 
Trials of OSB, Canadian softwood plywood (CSP) and hemlock heartwood under constant relative humidity   were 
done in the previous study.  Mold was the first coloniser of wood products in high humidity conditions.  OSB and 
hemlock heartwood at 40% MC began to decay in less than 21 weeks; decay was not seen in CSP at the 
termination of the test at 74 weeks.  OSB at EMC at near-saturated RH lost stiffness and strength in 36 weeks in a 
pilot study.  After three years at 90% and 95% RH, OSB, CSP and solid hemlock did not show any loss in stiffness 
or failure strength nor was there any visible decay.  A probability function for decay initiation in hemlock 
heartwood and OSB at 40% MC was calculated. Further work is needed to evaluate the effect of humidities 
fluctuating between 80% and 99%.  
 
In 2005-06 discussions took place with research partners at NRC/IRC and Oakridge National Laboratories. Visual 
examination proved a more sensitive indicator of decay initiation than the strength testing used in the previous 
project, and natural infection played a large role in decay initiation.  As a result, it was determined that less 
emphasis be placed on both these parameters in the new project, and this is reflected in the project protocols 
prepared.  Material for testing was sourced.  The technical requirements for operating the two rooms under the 
chosen fluctuating conditions were examined and work was commenced on establishing these cycles. In the 
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previous project considerable difficulties were encountered in operating rooms at high relative humidity.  In 2005-
06 emphasis was placed on ensuring that the proposed fluctuating conditions operate reliably. 
 
Input was sought from NRC regarding test protocols that would yield data useful in modeling; response to these 
requests has been slow. Specimens of OSB, CSP and white spruce heartwood were prepared and conditioned at 
65% RH and 20°C.  Specimen weights will be determined when they are moved to the test chambers before the 
end of the 2007-08 fiscal year; it is intended that, at the end of the test, specimen MC’s at  the start and termination 
of the test will be determined.  Major modifications to the test chambers were undertaken in 2007-08.  Heating, 
cooling, humidification and fresh air intake equipment and cycles were modified and programmable logic 
controllers and monitoring systems were installed to ensure reliable operation of the rooms at the challenging high 
humidity conditions required.  Sprinkling systems and controllers were installed in one room and wetting and 
drying cycles for the three commodities determined.   
 
It was decided to operate both rooms on one-week cycles.  One room would operate at near-saturated conditions 
for three days and then the RH will be lowered to 80% RH for four days.  The second room would be run at 80% 
RH but samples will be sprinkled for nine seconds each hour for 18 hours, providing a target specimen MC over 
30%, and then allowed to equilibrate to EMC at 80% RH, providing a target EMC of 14 to 18%, depending on the 
commodity.  Delays in receiving input from NRC-IRC on test protocol and the delay in introducing the specimens 
into the test chamber have necessitated extending the completion date to March 2010. 
 
Partners 
Canadian Wood Council  
National Research Council / Institute for Research in Construction 
 
Rationale and Potential Impact 
The data generated in this project will be used to develop damage functions for hygrothermal models designed to 
predict the performance of wall systems in a variety of climates. In the absence of these data, the building science 
community has used inappropriate data from laboratory tests never intended for this purpose, mostly on European 
wood species. Changes in building codes, mainly related to energy conservation, may have resulted in reduced 
ability of wood wall systems to tolerate moisture ingress caused by poor design and construction. While efforts are 
under way to improve design and construction (see Decision Aids for Durable Wood Construction), research is also 
needed in improved moisture control strategies for wall systems. NRC/IRC has completed the Moisture 
Management in Exterior Walls (MEWS) research program funded, in part, by a consortium of interested parties. 
This has implemented a hygrothermal model, now called HygIRC, which predicts the change in moisture contents 
of materials over time under a range of climatic conditions. They had intended to link this to a damage function for 
biodeterioration of wood components, but we convinced them the available data were not appropriate for North 
America. We have committed to developing the necessary data. If this work is not done and wood buildings get a 
broader reputation for decay problems or conservative designs lead to increased costs for wood, the steel industry 
could realize its target of 25% of the framing market. A reduction in U.S. wood demand would likely affect 
imports rather than domestic production. A 25% substitution by steel could impact 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. 
 
Work Completed this Fiscal Year 
The test had been initiated in February 2008. The hygIRC model developed by NRC was used by Dr. Jieying 
Wang to calculate the RHT Index obtained in the previous study of decay initiation under constant conditions. The 
RHT Index shows the cumulative time spent above a certain threshold relative humidity in a building envelope 
with a given design and known construction defects under a given set of climate conditions. It was determined that 
the OSB exposed to near-saturated RH and showing decay at 36 weeks, and the hemlock at 40% MC that first 
showed decay at 21 weeks had similar RHT values.  
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Using the time, temperature and RH conditions in the current test, the RHT values were calculated for commodities 
in each chamber. The intent is to produce the same RHT in the current study as in the previous, constant conditions 
study and provide data that can be utilized in the NRC model. In order to achieve the same RHT Index that 
produced decay in the previous study, it was determined that it would be necessary to move to a ten-day schedule 
in both chambers with modifications to the RH in both cases.  
 
As a result of these calculations, conditions in the wet/80% RH chamber were adjusted to provide a constant 90% 
RH with 18 hours of nine seconds of water sprinkling per hour followed by a drying period of nine days and six 
hours for a total cycle time of ten days. It is estimated that the resultant RHT Index will result in decay initiation in 
1.5 to 2 years. Similarly, the cycle in the 98/80% RH chamber was changed to seven days at 98% RH followed by 
three days at 90% RH. Dr.Wang has also spent some time familiarizing herself with other hygrothermal models 
that could be used in this work. 
 
The material and conditions in both test chambers were regularly monitored throughout the year. While the air 
temperature and humidity is being controlled at the specified targets, many of the samples in the 98/80% RH room 
are becoming visibly wetted during the 98% RH portion of the cycle.  The experimental design called for an EMC 
without the presence of liquid water, so this wetting of the specimens above EMC may prove problematic.  It was 
noted that 10 of the 50 OSB specimens inspected in December 2008 showed small traces of basidiomycete (decay) 
fungi; there was no visual evidence of decay on any of the spruce or CSP specimens. 
 
Publications 
None in 2008-09 


