
Forintek Canada Corp. 
Westem Division 

2665 East Mall 
Vancouver, BC 

V6T 1W5 

Project No.: 1963 

Critical Times, Moisture Contents and Temperatures for 
Detectable Strength Loss in Plywood and Oriented Strand Board: 

Pilot Study 

by 

Jean Clark Paul Morris Conroy Lum 
Mycological Technologist Group Leader Wood Engineering Scientist 

Durability & Protection Group Durability & Protection Group Wood Engineering Group 

April 2000 

Forintek Canada Corp. would like to thank its industry members. Natural Resources Canada, 
and the Provinces of British Columbia, Alberta, Quebec, Nova Scotia, New Brunswick and 

Saskatchewan, for their guidance and financial support for this research. 

Jean Cook 
Department Manager 

Forintek 
Canada 

wKT] Corp. 

\ Jean Clark 
' Project Leader Reviewed 



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. 

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. Sheathing samples will be subjected to various combinations of 
temperature and humidity and repeatedly inoculating with a wood-rotting fungus to represent natural 
infection. The samples will be monitored using non-destructive testing and then destructively tested when 
the first test suggests a strength change. The result is a two-stage test at a range of temperatures and 
humidity levels, giving a measurement of time to strength loss. 

An initial pilot study is concemed with development, refining and verification of the method. "Method 
B " of A S T M 3043 is being evaluated to determine i f it will be appropriate. The test is monitoring the 
bending stiffness and strength of oriented strand board samples, using a 2-point flexure test. The pilot 
study is underway, with samples exposed to 20°C and a relative humidity of approximately 96%. 
Problems involving moisture control in the environmental chambers have been resolved, as have 
questions around the sample size, the number of test specimens required in the pilot study, the time 
required for conditioning prior to inoculation and the actual bending and strength test procedures. The 
inoculation protocol is being evaluated. At this time none of the test pieces have shown significant losses 
in bending stiffness. A number of test conditions remain to be defined, however, and these will be 
established at the conclusion of the pilot study. 
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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 service. 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 

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. 

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 conditions. 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. Clark and Morris (2000) identified suitable fungi for use in evaluating strength loss, and Clark 
et al (2000) reported on the development of the proposed test method. An initial pilot study is required to 
evaluate the appropriateness of the method and to further refine the test protocol. This report covers 
progress to date on the pilot study. 
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4 Materials and Metliods 
"Method B " of A S T M 3043 (ASTM, 1999) is currently being evaluated in the pilot phase to determine 
the appropriateness of the method. Because of the limited number of panels available for use in Phase 
Two of the test, the decision was made to acquire 12 panels for use in the pilot study from the same 
production run at one OSB mill. The panels were checked for general conformance to CSA 0325-88 
using the small bending bond durability test in CSA -0325.1 (1988), measuring both modulus of elasticity 
(MOE) and modulus of rupture (MOR) on dry samples and on samples that were boiled for 2 hours, as 
per the standard method. The pilot study will involve testing the bending stiffness and strength of OSB 
samples, each 50 mm x 457 mm x 12.7 mm, using a 2-point flexure test with a span of 406 mm. A flow 
chart detailing the planned sequences is presented in Figure 1. Table 1 gives the details of the test 
groups. 

Test pieces were cut from OSB panels and placed on racks in the conditioning room at 20°C and at the 
maximum obtainable R H that could be maintained by the conditioning chamber (Figure 2). It was 
necessary initially to experiment with controls in the conditioning chamber in order to achieve the 
maximum RH possible without excessive equipment wear or breakdown. OSB weights were taken at 
regular intervals to determine the time to emc. Spruce blocks were placed in the conditioning chamber 
and their mc monitored for use in determining the RH. Because of the extreme difficulty of accurately 
measuring RH above 90%, the most accurate readings are obtained by measuring the wood mc directly 
and either back calculating or reading the humidity from a chart. 

Initially (at TQ), 30 conditioned samples were tested for bending stiffness and strength to establish a 
baseline at the test sample's emc (Figures 3, 4), group 0.1 in the test group allocations in Table 1. A 
further 30 non-inoculated samples were tested at each of To + 2 weeks and To + 4 weeks. In measuring 
stiffness, the sample is placed in a test j ig with the screen face up and the deflecdon measured over a 10-
18 pound range. Stiffness is calculated using the formula 

^ . „ Moad 
Stiffness = 

ADeflection 

Strength is measured by increasing the load on the specimen until failure. Stiffness and strength tests are 
done outside the conditioning chamber. Time out of the chamber is minimised. On removal for testing, 
samples are placed in plastic bags, except when actually tested. 



(^Obtain OSB Panels ^ 

Check panels for general conformance to CSA 
0325 using the small bending durability test. 

I 
Cut panels into SO-mm by 800-mm specimens. 

Conditions samples to EMC at 20"C, =100% RH. 
EMC has been reached if the expected increase 
in MC over tine next 6 months is 0.5% or less. 

T 
Separate into 18 groups of 30 pieces and 

determine MOE for each specimen. 

Initial innoculatlon of MOE and MOR samples 
except control group (at time T ^ 

Usi &msll hendina dursbility test from the 
CSA 0 3 i 5 . ) i-tsridsrd 

Ler.'gtti r»ay be reduced after coi>ditior>ing 
to suit tfie test span. 

Enviromnents! corxiitian needs to i>e ss 
close to 100% RH as possible. 

Ssf/^ples frorft each panel evenly 
distributed amona the groups. 

SIn.gie point Innoculatlon on ttte tension 
face St mid-span. 

Yes 

Tiro point loading: half shear span = 
24 times nominal thlcline-iis., distance 
between load points 100 mm. 

J Procedure to be determined. 

Test MOR sample and control group after MOE 
trigger + y weeks. 

Test MOR sample after MOE trigger + z weeks. 

Done ~ ^ No Test 

Figure 1: Flowcltart for Pilot Study 



Table 1: Pilot Study Test Group Allocations 
— Group Number 

Fungi N'liiiibcr or Samples Test niid Purpose 

None 0.1 120 Establish MOE and MOR scatter diagram 

None 0.2 10 Check panels for general conformance to CSA 0325 
None (control) 1 30 MOE monitoring (check mean and variability) 

G.trabeum (brown rot) 2 30 MOE monitoring (check mean and variability) 

T. versicolor (white rot) 3 30 MOE monitoring (check mean and variability) 

None (control) 4 30 MOR To + X months (check MOR) 
None (control) 5 30 MOR after MOE trigger + yi weeks for G. trabeum sample 
None (control) 6 30 MOR after MOE trigger + y2 weeks for T. versicolor samp\e 

G. trabeum (brown rot) 7 30 MOR To + X months (check MOR) 
G. trabeum (brown rot) 8 30 MOR 1st response to MOE trigger 
G. trabeum (brown rot) 9 30 MOR 2nd response to MOE trigger (spare) 
G.trabeum (brown rot) 10 30 MOR 3rd response to MOE trigger (spare) 

G.trabeum (brown rot) 11 30 MOR after MOE trigger + yi weeks 

T. versicolor (white rot) 12 30 MOR To + X months (check MOR) 
7. versicolor (white rot) 13 30 MOR 1st response to MOE trigger 
T. versicolor (white rot) 14 30 MOR 2nd response to MOE trigger (spare) 

T. versicolor (white rot) 15 30 MOR 3rd response to MOE trigger (spare) 

T. versicolor (white rot) 16 30 MOR after MOE trigger + y2 weeks 

Total 16 610 

Tally 

360 samples inoculated biweekly 
90 samples tested for MOE biweekly 

610 samples tested for MOE at or prior to To 

Notes: 
Sample sizes for each pane! type. 
Matching by position within each panel. 
Use small bending bond durability test in CSA 0325.1 for conformance check (Group 0.2) 
Use resampling technique on Group 0.1 to quantify variability in bending results. 
All samples 50-mm by 457 mm by 12.7-mm thick (ASTM D3043 - two point load test) 
Except for Group 0.2, all samples to be conditioned to emc at 20°C/>95%RH 



Figure 2: OSB Test Pieces on Racks in Figure 3: Positioning Sample for Bending 
Conditioning Room Stiffness Test 

Figure 4: Bending Stiffness Test Figure 5: Fungal Inoculation of OSB Test Piece 

The fungal inoculations started at To and take place every two weeks. Pure cultures of the two test 
basidiomycetes are grown on malt agar petri plates. Small pieces of fungal mycelium are placed in the 
centre of the test piece on the non-screen face (Figure 5). The brown rot fungus Gloeophyllum trabeum 
and the white rot fungus Trametes versicolor are being used. These two fungi were identified as the most 
appropriate in the survey of decay fungi in Vancouver buildings reported by Clark and Morris, 2000. 

Groups I, 2 and 3 (Table 1) are tested every two weeks from TQ, for bending stiffness. From the 120 
specimens in Group 0.1, 30 non-inoculated specimens are tested for strength every two weeks from TQ. 
Groups 1-16 and Group 0.1 have approximately the same number of specimens from each panel in each. 
When a "significant change" in bending stiffness has occurred, an increased number of destructive 
bending strength tests will be done. The results obtained every two weeks will be compared to the 
bending stiffness results from To to determine the likelihood of a change in the bending strength. If the 
results show a significant decrease in M O E , bending strength tests will be done to quantify the strength 
loss. It is proposed to allocate samples as follows: one set half way to the expected decay initiation point, 
one set to break when the bending stiffness results indicate strength loss due to decay, two sets to plot the 
decay progress at one-half or one week intervals, and one spare set in case the first indication of decay 
was wrong. The number of sets in subsequent test phases may be reduced after the pilot test results are 



assessed. Results obtained in the pilot study will be used to determine how many specimens to test in 
each Group in the second phase of the study to ensure statistical confidence. 

5 Results and Discussion 
The pilot study is still in progress and much of the test remains to be done. This report will present the 
results to date but cannot at this stage discuss them in any depth. 

Considerable effort was expended to set the conditioning room controls to achieve the maximum possible 
RH. The RH was monitored by measuring the emc of small spruce blocks with known oven-dry mass. 
The fluctuations seen in these blocks as the humidity was adjusted can be seen in Figure 6. During the 
last two weeks depicted, the room was operating at a constant RH and 20°C. The relatively flat line 
during this period indicates that the RH within the room was stable. Utilising standard charts, it is 
estimated that the RH in the room is approximately 96%. The relative humidity was derived from the 
emc of spruce blocks at 20°C and measurements with a Vaisala model HM414 Humidity and 
Temperature Indicator accurate to ± 2 %. At higher RH's than this, problems were encountered with 
condensation in the chamber and equipment overload. The mc peak between Feb. 14 and Mar 5 was 
caused by overriding the controls and introducing continuous steam into the chamber. It was necessaiy to 
establish good air circulation within the room to ensure uniform RH throughout and prevent stratification 
and condensation problems. 

26 T 1 1 1 1 1 I I 

25.5 

23 -I ! ^ ' \ ' ' 
15-Jan 25-Jan 04-Feb 14-Feb 24-Feb 05-Mar 15-Mar 25-Mar 

Date 

Figure 6: Spruce Block Moisture Content with Time. 



In addition to the spruce blocks, the moisture content of the OSB samples was also monitored throughout 
this period. This information for the first portion of the period is presented in Figure 7. Random 
sampling after the period shown indicated that the OSB mc had stabilised by the end of February. This 
graph represents the change in mc based on an estimated starting moisture content. The actual mc, 
measured by the oven-dry method, was done on the tested specimens in Group 0.1 immediately after 
breaking at TQ. The average measured mc was 27.0%. 

31.0 

15-Jan 20-Jan 25-Jan 30-Jan 04-Feb 09-Feb 14-Feb 19-Feb 

Date 

Figure 7: Estimated OSB Moisture Content with Time 

OSB pieces in test group 0.2 were tested for conformance to CSA 0325.1-88. The results of the tests are 
presented in Table 2. The results have not yet been analysed. 



Table 2: Average and Percent Co-efficient of Variance Stiffness and Strength Results for 
CSA 0325 sec 5.18-5.19 

Max Load 
(pounds) 

Stiffness 
(pounds/inch) 

Width 
(inches) 

Depth 
(inches) 

MOR 
(psi) 

MOE 
(psi X 10̂ ) 

MC 
% 

MOR 
(MPa) 

MOE 
(MPa) 

Dry Test 190 768 2.94 0.53 4117 
17.0% 

0.751 
10.4% 

7.4 

Two Hour 
Boil Test 

90 558 2.95 0.69 1145 
21.1 % 

0.247 

17.1 % 

7.9 

21.1 % 

1700 
17.1 % 

The baseline OSB stiffness and strength results obtained at To, To + 2weeks and To + 4 weeks for the non-
inoculated controls are presented as a scatter plot in Figure 8. The linear nature of the points in this plot 
indicates a good co-relation between stiffness and strength. 
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Figure 8: Stiffness Versus Failure Load for Non-inoculated Controls (Group 0.1) at To, To + 
2 Weeks and To+ 4 Weeks. 



In addition to the strength and stiffness testing on the non-inoculated controls, all of the samples were 
tested for stiffness. Stiffness measurements taken later in the test will be compared to these baseline 
values, and if there appears to be a drop in stiffness, this will be taken as an indication of possible strength 
loss. At this stage, one of the test groups designated for strength testing will be broken. The average 
stiffness results and the coefficient of variance for the test groups at To are presented in Table 3. Within 
the test groups, there is a variation in stiffness, as seen by the coefficient of variance for that group. An 
example of this is visually depicted in Figure 8. When the groups are compared, the group averages are 
fairly uniform, giving confidence that final results between the groups should also be comparable. 

Table 3: Initial Stiffness for Test Groups at TQ. 

Fungi Group 
Number 

Average 
Stiffness 

(pounds/inch) 

COV 
(percent) 

None (Control) 1 214 15 
4 234 14 

5 238 16 

Brown rot 2 230 17 

7 229 16 
8 230 18 
9 235 19 
10 235 19 

White rot 3 220 18 
12 240 18 
13 235 16 
14 229 20 
15 232 15 

The first three sets of stiffness tests on Test Groups One, Two and Three have been completed. The 
results are presented in Figure 9, with each point representing the average stiffness for a test group of 30 
pieces. The information plotted for Feb 24 is presented as test Group 1, 2 and 3 in Table 3. In view of 
the scale on the vertical axis, and the variance in the measurements, these can be considered to be straight 
lines, not yet indicating any loss in stiffness to trigger strength testing. 
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Figure 9: Average Stiffness Versus Time for the Three Control Groups 

6 Conclusions 
The pilot test is still in progress and the data acquired to date has not been fully analysed. It is not 
possible to draw any conclusions at this point. 
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