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Notice 
This report is an internal Forintek Canada Corp. (Forintek) document, for release only to Forintek 
members and supporters. This distribution does not constitute publication. The report is not to be copied 
for, or circulated to, persons or parties other than Forintek members and supporters, except with the prior 
permission of Forintek. Also, this report is not to be cited, in whole or in part, unless prior permission is 
secured from Forintek. 

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



Summary 
The project objective is to identify the wood-rotting fungi causing decay in Canadian buildings, and to 
provide data for a numerical model which will provide an indication of the time required for initiation of 
strength loss in wood-based panels when exposed to a range of moisture contents and temperatures. 

The MEWS consortium led by the National Research Council's Institute for Research in Construction is 
developing a computer model to predict the moisture and temperature conditions within a construction 
assembly in service. By including a damage function calculation for the various building components, the 
model can predict the consequences of these conditions in terms of strength loss. 

We do not have strength data on North American wood species exposed to decay fungi under limiting 
conditions (20-30%). There is also no standard protocol for assessing strength loss due to decay in non-
ideal conditions. Forintek's role is to develop an experimental protocol that will be universally acceptable 
in the field of wood science, and generate a data set from which one could derive a damage equation for 
wood decay as a function of time, temperature and moisture conditions. Discussions have established that 
strength loss in sheathing is the first priority. 

A series of proposed test methods were examined. In consultation with members of the consortium task 
force, a method was selected which was felt would provide suitable strength loss data within the 
constraints of the funding available 
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1 Objective 
To 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 moisture contents and 
temperatures. 

2 Introduction 
The Moisture Management in Exterior Wall Systems (MEWS) consortium led by the National Research 
Council's (NRC) Institute for Research in Construction (IRC) is developing a computer model to predict 
the moisture and temperature conditions within a construction assembly in seivice. While this is an 
interesting calculation in and of itself, it is only practically useful i f the model can then predict the 
consequences of these conditions. Therefore, the computer model will also include damage functions, 
which for the purposes of this study are equations to predict the cumulative loss in strength over time for 
various construction materials when exposed to certain environmental conditions that may be conducive 
to decay. Appendix 1 contains a brief description of the fundamentals of decay and the types of fimgi 
growing on wood. 

We know that wood will decay rapidly under ideal conditions; however, the process of decay under less 
than ideal conditions has not yet been fully explained quantitatively. We know that i f wood stays above 
30% moisture content (mc) for a year or more, wood decay fungi will probably infect it. We know that i f 
it stays below 20% mc, even in the presence of fungus spores, it will probably remain free from decay 
forever. The unknowns concem short periods of exposure to moisture contents above 30% and extended 
periods of exposure to moisture contents between 20 and 30%, exactly the sort of conditions that can 
occur in buildings due to errors in design and construction. Consequently, we do not have adequate 
information at hand that will allow the development of equations describing the process of decay in 
buildings. In order to develop these equations, or damage functions, we need to first perform a significant 
level of laboratory work to increase our understanding of the relationship between decay and 
environmental conditions. 

This is not a simple piece of work, and thus we have very few precedents upon which to draw. Our 
closest model is the work of Viitanen (1996, 1997a, 1997b), who has produced the only published work 
that examines decay at limiting conditions (non-ideal conditions), in other words, at temperature and 
relative humidity (RH) ranges that could reasonably be found in building assemblies. Unfortunately, his 
findings are not directly applicable to our problem at hand for the following reasons: 

1. He examined weight loss, which is an imperfect proxy for strength loss. 
2. He used non-North American wood species. 
3. He used a decay fungus that is not the most common in buildings in North America. 
4. Much of his work was done using pure cultures of the fungi. In real buildings, non-decay fungi will 

initially inhibit the growth of decay fungi. 

Others have examined rates of decay due to wood-rotting fungi; however their work has used pure 
cultures in ideal conditions for growth, which is not representative of the circumstances found inside real 



walls. This work is published in Bravery and Lavers (1971), Schmidt et al (1983), Nicholas and Jin 
(1996) and Wilcox (1978). 

We do not have strength data on North American wood species exposed to decay fungi at limiting 
conditions for decay. There is also no standard protocol for assessing strength loss due to decay in non-
ideal condidons. Forinteks's role in the NRC/IRC consortium is to develop an experimental protocol that 
will be universally acceptable in the field of wood science, and generate an adequate data set from which 
one could derive a damage equation for wood decay as a function of time, temperature and moisture 
conditions. Previous discussions have established that the first priority should be strength loss in 
sheathing. 

3 Staff 
J.E. Clark 

P.l. Morris 

E . Karacabeyli 

C. Lum 

J. O'Connor 

P. Symons 

Mycological Technologist, Project Leader, Durability and Protection Group 

Group Leader, Durability and Protection Group 

Group Leader, Wood Engineering Group 

Research Scientist, Wood Engineering Group 

Building Industry Advisor, Markets Group 

Systems Technologist, Wood Engineering Group 

4 Initial Plans 
Initially the strength testing was to be conducted at IRC. It quickly became evident that it was not 
feasible to conduct the infection and incubation phase of the test in Vancouver, ship the specimens to 
Ottawa for strength testing and then retum them to Vancouver for further incubation without introducing 
major problems. The decision was made to conduct the entire testing program in Vancouver with input 
from IRC. To correlate strength data with hygro-thermal data developed at IRC, it was originally 
intended to test the same panels. However, when the sheathing arrived in Vancouver there was 
insufficient material available after the IRC tests. The decision was made to use oriented strand board 
(OSB) and plywood panels surplus to needs in another project, as hygro-thermal data would also be 
available from this second project. 

Early discussions on proposed methods focussed on the panel edge as a key location for panel 
performance. The main concern was how long panels could stay at a particular RH and temperature 
combination without suffering loss of function - specifically the ability to transmit load via a nailed 
connection. Additionally, the area is particularly vulnerable to fungal attack because of slowed drying 
with studs behind, rapid fungal colonisadon through exposed end grain, and wetting of exposed end grain 
through capillarity. 

To keep sample numbers and costs within reasonable limits, a non-destructive test was designed which 
was self-indicating, ie, a failed specimen was visible without instrumentation. A second concern was to 
ensure a realistic test. The test was to be done under non-sterile conditions so that fungal colonisation 



sequences and interactions affecting decay could take place. Test fungi were selected based on a survey 
of decay fungi in Vancouver buildings and a literature search (Clark and Morris, 2000). The resulting 
proposed test was a nail pull-through test under conditions of continuous load at a range of temperature 
and humidity, giving a measurement of time-to-failure (Figure 1). However, the nails connecting the 
sheathing to the studs in most shear walls will never see a continuous load, and adapting the test to apply 
only short-term loads was not possible. 

Figure 1: Nail Pull-Through Test 

It was planned to examine the following combination of variables: 

To be determined after a pilot study Replicates: 
Fungi: 

Panels: 
Temperature (°C): 
RH (%): 

Gloeophyllum trabeum (brown rot), Trametes versicolor (white rot) and non-
inoculated control 
1 OSB (aspen/poplar) and 1 plywood (Canadian Softwood Plywood) at 12.7 mm 
10, 20, 25,30,35 
75, 80, 85, 90, 95, 100, and 100 with sample pre-conditioned to 40% moisture 
content 

As a result of limited project funding, it became necessary to re-evaluate the proposed test method. 
Additionally, as discussions took place with interested members of Task Group 5 of the MEWS 
consortium, it became evident that other methods of assessing strength loss needed to be considered. It 
was decided to form a working group to aid in developing an acceptable test protocol, which would 
provide useful data for the IRC model. This working group meets by telephone conference call and at the 
twice-yearly MEWS meetings in Ottawa. 

In a first step towards a revised experimental design, Forintek staff listed a variety of strength tests. A 
number of criteria were prioritised and the tests were then rated for suitability, from -2, considered a 
major disadvantage, to +2, a major advantage in favour of the method. A summation of this comparison 
is presented in Table 1. The conclusion reached was that the most appropriate test would be a 

Forintek 



combination of Modulus of Elasticity (MOE), or bending stiffness measurements, and Modulus of 
Rupture (MOR), or strength measurements. The M O R tests, being destructive, would be done only when 
the non-destructive M O E test indicated a strength loss. 

Following extensive discussions within Forintek and with the working group, a test protocol was 
developed incorporating parts of the initial plan but measuring decay using bending stiffness and strength 
loss. The emphasis moved from examining strength at connections to strength of the panel. 

5 Final Plan 
The main question is how long panels can be exposed to a relative humidity and temperature combination 
(constant or varying) without suffering problematic strength loss. This will be assessed by systematically 
subjecting the test samples to various combinations of temperature and humidity in environmental 
chambers. 

A major concem was to ensure that the test conditions would simulate real service conditions whenever 
possible. The test will therefore be done under non-sterile conditions so that fungal colonisation 
sequences and interactions affecting decay can take place. The result is a plan to expose samples to a 
constant temperature and relative humidity environment that is conducive to decay, and to repeat the tests 
at other constant conditions that are progressively less conducive to decay. The resulting database would 
then be used to estimate functions of temperature, relative humidity and rates of strength loss. 

The test piece face will be repeatedly inoculated at two-week intervals with one of two wood-rotting 
basidiomycetes using very small pieces of inoculum simulating as closely as possible natural infection; 
non-inoculated controls will also be stored under the same temperature and R H . With time and suitable 
fungal grow1:h conditions, decay and strength loss will occur. 

To keep sample numbers and costs within reasonable limits, the samples will be monitored non-
destructively in bending and then destructively tested in bending when the non-destmctive test suggests a 
change in strength. The test load levels used in the non-destructive tests will need to be kept as low as 
possible so as to not cause damage to the specimens. 

There are many unknowns in the study that may affect the reliability of the test results and the effort 
required. These include the variability in the material both before and after decay has initiated, and the 
sensitivity of the non-destructive test to detect a strength loss. To facilitate the development of the 
desired database, a pilot study (Phase One) was proposed followed by the main experimental study (Phase 
Two), a modelling phase (Phase Three), and some full-scale verification tests on wall assemblies (Phase 
Four). 
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5.1 Phase One: Pilot Study 

The pilot study was designed to indicate the number of replicates required. The method was to be 
verified by setting up a test at the conditions thought to be most conducive to decay (ie, high wood mc 
and 20°C). Because of the large number of samples involved, the pilot phase examined only OSB while 
both plywood and OSB will be tested in the other phases. Various conditions were considered, including 
the method for wetting the samples to 40 percent mc and the face grain orientation of the sample (parallel 
or perpendicular to long axis). It is proposed that a single point inoculum be applied to the tension side of 
the bending samples but it is yet to be decided whether to inoculate the stamped or unstamped (screen) 
side of the OSB panels. A decision is also required regarding the method of sample matching. It will be 
necessary to determine the most appropriate measure of time to strength loss, (ie, mean or median). 

This portion of the test is currently in progress and results to date are included in "Critical times, moisture 
contents and temperatures for detectable strength loss in plywood and oriented strand board: pilot study" 
(Clark, Morris and Lum, 2000). 

5.2 Phase Two: Development of Database 

Test samples will be prepared according to the methods determined in Phase One and placed in 
conditioning rooms at one of the combinations of constant temperature and R H previously listed. 
Following conditioning to equilibrium moisture content (emc), samples will be inoculated with one of the 
test fungi (controls are non-inoculated) at two-week intervals and monitored. It is anticipated that the 
latent or lag time for decay to be initiated will be the major portion of the time to strength loss. Once 
decay is established, the decay will progress fairly rapidly, in part because of the production of water as 
the fungus metabolises complex carbohydrates to carbon dioxide and water. 

Because of limitations in the number of conditioning chambers available, only two sets of conditions can 
be tested at any given time. It is not anticipated that all temperatures and R H levels listed will require 
testing. 

Data developed in this phase should be considered exploratory as only one source each of OSB and 
plywood is being examined. Analysis of the data should consider the variability in properties that is 
known to occur both between mills and within a mill's production. In the application of the data, 
consideration should be given to developing broad categories (e.g., mild, moderate and severe decay 
hazards). 

5.3 Phase Three: Modeling 

The exploratory database developed in Phase Two will be used by NRC scientists to obtain preliminary 
predictions on full-size wall performance; Forintek will have a consultative role. This is the current end 
point of the planned Forintek study based upon funding available or anticipated. Subsequently these 
predictions need to be verified by full-size wall tests, possibly in an outdoor test facility or in test 
chambers, and the limitations of the experimental method determined. This work will require additional 
funding. 



5.4 Phase Four: Full Size Database 

Having developed and verified the test method and model, it will be necessary to further develop the 
database for a full range of sheathing products of various thicknesses from assorted wood species and 
produced at a number of mills. Because the exploratory database will have previously determined the 
likely threshold condidons, it will not be necessary to test the full range of temperature and relative 
humidity levels to establish the position of the new materials in the database ranking. Additional funding 
will be required to undertake this testing. 
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Appendix I 

Fundamentals of Decay 

Wood decay, or rot, is the decomposition of woody material by fungi. Fungi are a special class of 
organisms, neither plant nor animal, that reproduce via spores. A few species of fungi are capable of 
using wood as a food source, given adequate levels of oxygen, water and warmth. Because spores are 
always present in the air, the risk of decay exists whenever temperature and, more critically, moisture 
levels are adequate to support fungal growth. For wood under normal service conditions, the temperature 
and moisture content of the wood are typically well within the safety limits to avoid growth of decay 
ftingi. However, i f a building failure causes large amounts of moisture to enter constructed assemblies, 
the wood may become susceptible to decay. The types of fungi that can grow on wood are briefly 
described below. 

Moulds and Staining Fungi 

Mould is a term for a group of organisms within the fungus kingdom which includes species that can 
grow on a wide range of organic substrates including food, paint, wood, paper, textiles or dust. With 
respect to construction materials, these organisms are associated with surface stains, odours, and potential 
effects on human health. These organisms do not cause significant structural damage to wood as with 
certain other types of fungi, as they do not eat the wood material itself (lignocellulose). Staining fungi are 
similar in that they do not cause structural damage and are instead associated with deep discolouration. 

Soft-Rot Fungi 

These are closely related to mould and stain fungi, however, soft-rot fungi are capable of breaking down 
lignocellulose and can therefore cause strength loss. Soft-rot fungi are rarely seen in buildings, as they 
are normally overgrown by the faster wood-rotting basidiomycetes (see below). Soft-rot ftingi require 
wood to be in a permanently moist condition and they also need more nutrients than are normally present 
in wood. They typically obtain these from soil and are therefore more common on wood in soil contact. 

Wood-Rotting Basidiomycetes 

This is the group of fungi which causes most of the damage in buildings. Basidiomycetes are a higher 
order of fungi than the ones previously listed, can damage wood faster than soft-rot fungi, and are 
typically characterised by large fruiting bodies (mushrooms, etc.). This group is divided very simply into 
the brown-rot fungi and the white-rot fungi. 

Brown-Rot Fungi 
These fungi preferentially attack softwoods, which comprise the majority of construction lumber. They 
primarily degrade cellulose, but also modify the lignin, leaving a brown, oxidised appearance. Brown-rot 
decay is characterised by a cubical cracking pattem; the wood appears to be broken up into small blocks. 
Brown-rot fungi cause rapid strength loss and are the most economically important agent of destruction in 
wood buildings in temperate climates. 



WhitCTRot Fungi 
Tliese fungi preferentially attack hardwoods, like the aspen in some OSB. They degrade both lignin and 
cellulose, leaving the wood bleached. Decay may start in small pockets and may result in a stringy 
texture to the wood. Strength loss is slower than with brown-rot. 

Dry-rot is a term commonly and erroneously used to describe any wood decay. The dry-rot fungus is 
actually a special type of brown-rot fungus that is capable of transporting water to wood that would 
otherwise be dry and thus safe from decay. 

Forintek 
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