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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.1 
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Summary   
 
Experimental roof panels constructed using western red cedar shakes, untreated and treated with three 
waterborne preservatives, have been in test for 20 years at two locations in the Lower Mainland of British 
Columbia.  Moderate erosion and splitting are present in both treated and untreated samples, but only 
minor decay has been detected on some of the untreated shakes. 
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1 Objective 
 
To assess the condition of untreated and preservative-treated western red cedar shakes after exposure for 
20 years in a field test. 
 

2 Introduction 
 
For many years the preferred species for the manufacture of wood roofing materials has been western red 
cedar (Thuja plicata Donn) due to its natural durability and dimensional stability. Thujaplicins are the 
natural biocides responsible for this durability, but these are not present in sapwood and are at lower 
concentrations in second-growth trees.  While currently the majority of the cedar source is from old 
growth trees, this supply is diminishing. In addition, thujaplicins gradually leach out, to the extent that 
after three years’ exposure they were almost entirely lost from the butts of untreated shakes (Johnson and 
Cserjesi 1980).  To supplement the natural durability of western red cedar shakes and shingles, pressure 
treatment with wood preservatives is therefore recommended (Canadian Standards Association 1999). 
 
Between 1973 and 1980 Forintek initiated a series of exposure trials of treated and untreated shakes.  
Previous reports have described the results of inspections of the original shakes test at Haney, BC after 
exposure for 15 years (Morris 1989), 20 years (Morris and Ingram 1994) and 25 years (Ingram and Morris 
1998).  Fifteen-year data on shakes exposed since 1980 at Vancouver and Haney, BC were also reported  
(Ingram and Morris 1995).  This report describes inspection of these shakes after 20 years of exposure at 
Vancouver and Haney. 
 

3 Staff 
 
J.K. Ingram  Wood Preservation Technologist, Durability and Protection 
 
P.I. Morris  Group Leader, Durability and Protection 
 

4 Method 
 

4.1 Treatment and Installation of Test Material 
 
Barn shakes were pressure-treated at Forintek’s laboratory in Vancouver, and retentions were based on 
gauge uptake.  Treatments included chromated copper arsenate Type-C (CCA-C) at 9.7 kg/m3, modified 
ammoniacal copper arsenate (modified ACA) at 13.9 kg/m3, and acid copper chromate (ACC) at 13.0 
kg/m3.  Analysis samples were taken at 0 to 25 mm from the butt and at the midpoint of the shake, and 
analyzed for preservative retention using x-ray fluorescence (XRF) spectrometry.    
 

 
 

1  
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Experimental roof panels were constructed using the shakes laid on 1.2 m x 1.2 m squares of 19 mm 
plywood with a building paper interlayment.  The three treatments plus untreated controls were applied to 
two panels each.  Application of the shakes to the panels was according to procedures recommended by 
the Council of Forest Industries of British Columbia (COFI 1972).  Approximately 40 shakes were 
applied to each panel.  The test panels were installed in 1980 on frames about 1 m above ground level, 
sloped about 20o to the horizontal, facing south, and without obstruction to sunlight.  The majority of 
panels was located for 11 years at Forintek’s field test site at Westham Island, BC.  These racks were 
moved in 1991 to the rear of the Forintek facility in Vancouver.  The Westham Island and Vancouver 
sites have the same climate, with about 1900 hours of bright sunshine and approximately 1250 mm of 
precipitation per year.  The climate index here is 45 (Setliff 1986).  Two ACC-treated panels were located 
at the University of British Columbia Research Forest at Haney, BC.  This is an area of high rainfall of 
over 2000 mm per year and relatively high sunshine, and falls within the moderate decay hazard zone 
using Scheffer’s climate index (Setliff 1986).  The climate index at the Haney site is 55. 
 

4.2 Inspection 
 
The shakes were visually evaluated for physical condition, appearance, and the presence of decay, and 
rated based on the following criteria: 
 

 Decay Erosion Splitting 
Rating 0 None None none 

Rating 1 Trace < 1 mm 0-10 mm 

Rating 2 Moderate 1-3 mm 10-50 mm 

Rating 3 Advanced 3-5 mm 50mm-full 

Rating 4 Failure > 5 mm full length 
  

5 Results and Discussion 
 
Preservative retentions as determined by gauge uptake and by assay are shown in Table 1.  When the 
shakes were treated with the three waterborne preservatives in 1980, the CSA shakes and shingles 
standard (CSA 0118.1 1980) recommended a gauge uptake of 9.6 kg/m3.   Since then the recommended 
retention has been reduced to 4.0 kg/m3 (CSA 080.35-99 1999).  The gauge uptakes achieved in these 
shakes were slightly higher than the recommended level, but the assayed retentions of the faces were very 
close to 9.6 kg/m3. 
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Table 1: Shake preservative retentions by gauge uptake and assay 

Preservative Gauge retention Assay retention kg/m3 

 kg/m3 Face Butt 

CCA-C 9.7 8.0 26.3 

Modified ACA 13.9 9.9 30.2 

ACC 13.0 9.5 30.9 
 

 
Mean ratings of the shakes are given in Table 2.   The untreated control shakes, located at Vancouver, 
contained minor decay, with five samples on the two panels rated 1, although the mean ratings remained 
at 0.  Algae growth was very heavy on these panels.  Erosion had progressed significantly since the 
inspection five years previously at which time all but one sample were rated 1.  After 20 years in test the 
majority of samples were rated 2 for erosion, with a mean rating of 1.9.  Splitting was also moderate 
overall, but three shakes were split the full length, rated 4. 
 

Table 2: Shake  ratings after 20 years’ exposure at Westham Island/Vancouver and Haney, 
BC 

Preservative Mean rating 

 Decay Erosion Splitting 

A) Westham Island/Vancouver test site 
    

Control - panel 1 
             - panel 2 

0.0 (0.2) 
0.0 (0.2) 

1.9 (0.3) 
1.9 (0.4) 

0.8 (1.2) 
0.7 (1.1) 

CCA-C - panel 1 
             - panel 2 

0.0 (0.2) 
0.0 (0.0) 

0.8 (0.4) 
0.9 (0.3) 

1.8 (1.6) 
1.6 (1.3) 

Modified ACA - panel 1 
                       - panel 2 

0.0 (0.0) 
0.0 (0.0) 

1.0 (0.3) 
1.0 (0.2) 

1.2 (1.5) 
1.8 (1.4) 

ACC – panel 1 
         - panel 2 

0.0 (0.0) 
0.0 (0.0) 

1.0 (0.2) 
1.0 (0.2) 

1.8 (1.5) 
1.7 (1.5) 

B) Haney test site    

ACC – panel 1 (sun) 0.0 (0.0) 1.1 (0.3) 1.4 (1.4) 

ACC – panel 2 (shaded) 0.0 (0.0) 1.0 (0.0) 1.2 (1.7) 
 

Standard deviations are given in parentheses 
 
Shakes treated with CCA-C exposed at Vancouver were virtually free from decay, with just one sample 
on the two panels with a suspicion of decay, rated 1.  As was the case with the untreated shakes, erosion 
had progressed significantly in the five years since the previous inspection when all but one sample were 
rated 0.  At this evaluation most shakes were rated 1, for a mean erosion rating of 0.9.  Splitting was 
significantly more extensive than in the untreated controls using a two sample t-test, with nine shakes on 
the two panels split through the whole length.  Increased splitting is considered to be a concern with 
CCA-C-treated shakes and shingles.  However, Forintek’s previous data on shakes at the Haney test site 
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(Morris and Ingram 1994) have indicated that CCA-C treatment simply accelerates checking in the first 
year of exposure that would have occurred anyway on the same untreated sample. 
 
Shakes treated with modified ACA and ACC exposed at Vancouver contained no visible decay.  Erosion 
and splitting of both treatments were comparable to the CCA-C panels.  All three chemical treatments 
reduced erosion, relative to untreated samples (Table 2).  Three ACA-treated samples were badly split, 
rated 4.  ACC-treated samples were similarly split, with nine on two panels rated 4. 
 
When installed at Haney the two ACC-treated panels were both in full sun, but in the ensuing years 
surrounding trees have grown so that one is in partial shade, providing an additional variable to the test.  
No decay was present on either panel.  On the sunny panel, one ACC-treated shake was rated 4 for 
splitting, while in the shade six were completely split, rated 4.  There was no significant difference in 
splitting of the ACC-treated shakes between the Haney and Vancouver sites, using a two-sample t-test.  
Erosion was also comparable to the shakes at Vancouver, and the difference in erosion between sunny 
and shaded samples noted at the 15-years inspection was no longer present.  
 
It would not be unexpected to find the preservative-treated shakes in this test to be in excellent condition 
after 20 years, considering by today’s standard they were overtreated by a factor of two.  
 
Untreated shakes and shakes treated with CCA-C and modified ACA have also been exposed at the 
Haney test site and were examined after 20 years’ exposure (Morris and Ingram 1994).  The treated 
shakes were in good condition, similar to this inspection, while the untreated shakes were in worse 
condition than those examined this year in the Vancouver test.  Mean ratings for the controls were 1.7 for 
decay, 2.4 for erosion, and 1.5 for splitting.  This difference could be due to the higher climate index at 
Haney (55 vs. 45) or to the different sources of wood being used in the shake test set up in 1973 and the 
latter test initiated in 1980. 
 

6 Conclusions 
 
After 20 years of exposure in field tests at two locations in southwestern BC, western red cedar shakes 
treated with CCA-C, modified ACA, and ACC at gauge retentions close to that recommended in CSA 
0118.1 (1980) are in very good condition, with no visible decay.  Untreated shakes are also still in good 
condition.  
  

7 Recommendations 
 
The tests should be re-inspected in five years to evaluate any improvement in performance provided by 
chemical treatment and to allow a comparison with the 25-year performance of cedar shakes at the Haney 
test site. 
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