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SUMMARY 

This report contains three draft papers concerning field test data. The first paper, "Modelling data 
from stake tests of wood preservatives," presents a simplified method for using such data. The 
second paper, "Using stake test data in wood preservation standards," provides a number of examples 
of how this method can be used to draw practical conclusions from such data. The third paper, 
"Performance of preservative-treated veneered composites: 1993 data," discusses the efiiect on 
performance of using preservatives in plywood and LVL rather than solid wood. 

Before any substantial change can be made to standards, data must be generated in support of such 
a change. In the case of wood preservatives the most important part of the data package is the 
performance in field tests. The standard method for interpreting stake test data is seldom used 
because it is somewhat unwieldy. What was needed was a simplified method which would be easily 
understandable by industry, academics and other standards committee members alike. 

Regression lines have been fitted to plots of decay rating against time for a range of preservative 
retentions. The slope of these Unes was then plotted against retention using a log-log transformation. 
A rate of decay can then be determined for any given retention. This method has been used to 
compare the efficacy of different preservatives, compare the effect of wood species and evaluate the 
extension of service life resulting from increasing preservative retention. 

The model developed shows an excellent fit to the data from most of the waterborne preservatives in 
tests. Comparison between preservatives can be made on the basis of the retention required to give 
the same decay rate as 6.4 kg/m' of CCA-C. For ACC this was 8.2 kg/m^ virtually identical to the 
retention specified for this preservative in the AWPA C2 standard. Increasing the retention of CCA 
from 6.4 to 9.6 kg/m' increases the estimated stake service life (time to a rating of 70) by 54%. The 
effect of wood species can be assessed by determining the retention required to give the same decay 
rate as a standard retention in a standard wood species. For example, aspen was projected to 
require around 24 kg/m' CCA to give the same decay rate as 6.4 kg/m' in ponderosa pine. 

Using the methods developed here, retentions for new preservatives can now be suggested based on 
a practical comparison to already-standardised preservatives. There are indications that the higher 
retentions specified for PWF plywood and lumber will indeed provide the extended service life 
required of this system. 

Conventional stake tests use solid pine sapwood which treats through and through. In contrast, 
treatment of plywood commonly results in a patchy distribution of preservative. The influence of this 
preservative distribution on performance needed to be determined. The impact on performance of 
changing wood species and of field cut preservative application also needed to be addressed. 

Test stakes were cut from commercially treated plywood made from hem-fir and Pine-spruce. Some 
of this material was installed in a field test 14 years ago with and without field-cut preservative 
treatment on the edges. The hem-fir plywood was CCA- or ACA-treated. The pine-spruce plywood 
was CCA-treated. CCA- and ACA-treated aspen LVL was also put into test Hem-fir plywood with 
the same preservative retention but a range of degrees of preservative penetration was installed in a 
soil-bed test. 

Despite small areas of untreated wood in the outer plys, hem-fir plywood has performed as well as 
solid wood treated to similar retentions over 14 years in test. Failure to apply field-cut preservative 
will substantially reduce the service life of preservative-treated plywood. Pine plywood with 
heartwood face veneers and field-cut treatment performed as well as hem-fir plywood. Plywood with 



sapwood face veneers did not perform as well. Variation in degree of preservative penetration has 
shown no effect on performance after 2.5 years in a soil-bed tests. Aspen LVL will require 
extremely high preservative loadings if it is to be used in exterior exposure. 

The data on plywood performance continues to support the recent modification to the CSA 080.15 
standard to allow small areas of untreated wood in the outer plys. With further data, pine-spruce 
plywood might be considered for some applications where preservative treatment is required. 
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ABSTRACT 

A number of alternative methods for modelUng and interpreting stake test data have been 
proposed in the Hterature, but none has gained widespread use by the wood preservation 
research community. In this paper an intuitive and easy to use general method, 
consistent with the intent of the AWPA Standard E7-83, is suggested. The use of this 
method is intended to facilitate the use of existmg field test data in suggesting retentions 
for new preservatives, commodities with different service life expectations and new wood 
species. 

INTRODUCTION 

Wood preservatives are chemicals appUed to wood products to provide durability under 
conditions where a biodeterioration hazard exists. Before a new wood preservative can 
be accepted into the standards it must pass a series of tests, the most important of which 
is the field or stake test. Proposals for standardization of new preservatives rely on 
comparison of new preservatives to reference preservatives already in the standards. 
Internationally the appropriate field test is the lUFRO test (Becker 1972). In North 
America the appropriate test is the American Wood Preservers' Association standard E7-
90 (AWPA 1991b). This allovî  for a variety of stake sizes including the lUFRO size, but 
the rating system, though equivalent in interpretation, is numerically different from that 
used in the lUFRO method. 

Data from field tests of wood preservatives are commonly presented as decay rating 
against time for a range of preservative retentions. The standard method for 
interpretation of the data from the E7-90 test is the AWPA E3-83 procedure for 
calculation of the performance index (AWPA 1991a). The performance index, multiplied 
by 100, is intended to give a single estimate of the added service life in years to be 
obtained by a standard retention of the test preservative. Preservatives are compared by 
evaluating the significance of the differences in their performance indices. 

The development of this test method was begun by CoUey (1970) and fiirthered by 
Hartford (1972). The method has been explained, and further developed for other 
applications to include the log-probability index, in a number of papers (inter alia 
Hartford and CoUey 1976, CoUey 1984, Hartford and CoUey 1984). The performance 
index and the log-probability index have been frequently used by their developers to 
interpret test data (inter alia Hartford et aL 1979, Hartford and Colley 1981, Hartford et 
al 1982). The log-probability index was also used by Wallace (1986). These methods 
have not, however, found widespread use by the wood preservation research community. 
None of the recent submissions to the AWPA or CSA O80 for standardization of new 
preservatives have used the E3-83 method, or the log-probabihty model (Arsenault et al 
1993. Anderson et al 1993, Archer et al 1993). 

The lack of use of the standard method may be partially explained by the observation 
that the method outUned in E3-83 is complicated and the intuitive basis is not obvious. 
Some authors have also questioned the vaUdity of the measures of variability used to 
mterpret these indices on technical grounds. (link and DeGroot 1989, 1990). To 



compute the performance index (AWPA Standard E3 83) or the log-probability index, as 
explained by Colley (1984), individual stake decay scores are first averaged before 
applying the method. link and DeGroot (1989, 1990) rightly maintam that averaging 
eliminates the most important source of variability. 

Bartlett (1978) and link and Degroot (1989,1990) suggested methods for modelling 
individual stake time to failure directly. However, neither of these methods has been 
universally adopted. The main drawback is that the methods rely on having extensive 
data on time to failure. For effective retentions of a good preservative, complete time to 
failure data may take 30-50 years to generate. Often decisions must be made with much 
shorter durations of test. Furthermore, statistical analysis would require many more 
replicate stakes, considering the observed level of variability in the E7-90 test. Given the 
design of historical field test experiments and the subjective nature of the decay ranking 
systems, it seems uiueasonable to expect that timely decisions based on existing field test 
data can be formed using rigorous statistical methods. 

Recent submissions to the AWPA or CSA O80 committees for standardization of new 
preservatives have relied on intuitive interpretations of plots of decay rating scores versus 
time in test (Arsenault et aL 1993, Anderson et aL 1993, Archer et aL 1993). This paper 
proposes a slightly more formal method of analysis for interpretmg the results of field test 
data, but similarly makes no attempt to quantify the variabiUty for the reasons stated 
above. The suggested method expands on and generalizes a technique used by Gray and 
Dickinson (1983). 

Gray and Dickinson (1983) compared the performance of different preservative 
formulations using strength loss data from a soil bed test. For each preservative 
retention, they fitted regression Unes to their plots of strength loss against time. They 
then plotted log of rate of strength loss against retention. Fitting a second set of 
regression lines allowed them to determine the retention for each preservative which 
would theoretically give a constant rate of decay. This method has potential for much 
wider application when average strength loss is replaced by average log-score. Using rate 
of decay is suggested here as a simple method for comparing retentions of wood 
preservatives. 

MATERIALS AND METHODS 

One data set from a stake test trial conducted in accordance with AWPA E7-90 on 
Forintek's Westham Island Test Site in British Columbia is used to illustrate the basic 
method. A detailed description of the materials and methods used for the field tests are 
given by Morris and Cook (1994). In summary, pine sapwood stakes 25 x 12.5 x 250 mm 
were through-treated with a range of retentions of various preservatives, planted to half 
their depth in a grass field and evaluated annually using the lUFRO scale. The raw data 
were transformed to the AWPA scale as follows: 



AWPA rating lUFRO scale Description 

10 0 Sound - no decay 

9 1 Trace of decay 

7 2 Moderate decay 

4 3 Heavy decay 

0 4 Failure due to decay 

An average "log" stake score was then calculated on a 100 to 0 scale for each retention of 
each preservative. Log scores from 15 stakes treated with CCA at each of 5 retentions: 
2.7, 4.4, 6.4, 8.7 and 10.3 kg/m' are used here. The data were first summarized by 
averaging the log scores for each year over the 15 stakes for each retention. As in 
AWPA E3-83, average log-scores less than 20 were omitted from further analyses to 
remove plateaus from the data. This seems intuitively valid since the AWPA rating 
system effectively changes its test method between the rating of 40, determined by visual 
evaluation, and zero, determined by failure during flexing. 

The method used to interpret these data can be summarized as follows: 

1. Average AWPA log-score vs year was plotted for each retention. 

2. A straight line was fitted through the data for each retention, forcing the intercept 
to be (0,100). The slope, measurements describing the fit of the hne and the 
decay rate (-1 times the slope) were recorded for each retention. 

3. Decay rate versus retention was plotted and the axes rescaled to ln(decay rate) 
and In(retention) (i.e. natural log-log) to produce an approximate straight line. A 
straight line was fitted to the transformed data, thereby resulting in an equation 
relating decay rate to retention. 

4. The equation developed in step 3 was used to predict decay rate from a common 
log-score of 100 for several retentions and was used to predict times to "failure" 
(log-score 70, or log-score 20) for retentions within the range of those tested. 

Log score 70 was selected, as in earlier methods (Hartford and Colley 1976), as the point 
where decay is firmly established and a structural unit might require replacement. Log 
score 20 was selected as the point at which a non-structural unit would require 
replacement and to avoid, where possible, extrapolation beyond the data used in the 
model. 



RESULTS AND DISCUSSION 

Averaging the log-scores and eliminating log-scores below 20 resulted in 5 points for 
retention 2.7 kg/m' and 16 points for each retention exceeding 2.7 kg/m'. The results of 
using the method outlined above are discussed in terms of a stepwise approach to data 
analysis. 

Step 1. 

Figure 1 shows a plot of average log-score versus time on test for CCA-C at the five 
levels of retention. Superimposed on Figure 1 are regression lines fitted through the 
data, without constraming the intercept. Visual inspection shows the data look 
approximately Unear for each retention. 

Step 2. 

lines fitted though a common intercept, the point (0,100), yielded slopes ranging from 
-10.2 for retention 2.7 kg/m' to -0.8 corresponding to retention 10.3 kg/m' (Table 1). 
The linear model fits the data well, (R̂ 's ranging from 0.93 to 0.99), with the standard 
errors being roughly proportional to slope, indicating similar % prediction error. 

Step 3. 

Figure 2 shows a plot of ln(rate of decay) versus In(retention) and a regression line fitted 
through the points. The modelled relationship is: 

hi(rate of decay) = 4.17 - 1.89 hi(retention) 

or 

Rate of Decay = (retention)!"' £4.17 

Step 4. 

Table 2 shows time to log-score 70 and 20 calculated by first using equation 1 to calculate 
predicted rate of decay for several retentions and then computing time to log-score X=70 
and time to log-score X=20 using equation 2. 

Time to log-score X = (100 - X)/Rate of Decay (2) 

Figure 3 shows a plot of predicted log-score versus time for several sample retentions: 
6.4, 8.0 and 9.6 taken from the Canadian and American standards. The average times to 
failure derived from this method are given in Table 2. Although the times to log-score 70 
are relatively short compared to the expected service life of commodities, it must be 
remembered that this test site has been found to be extremely aggressive. Ruddick and 
Morris (1991) and Morris and Ingram (1991) showed that this site gave 2.5 times the 



decay rate of other test sites m temperate climates. Caution should also be exercised 
when extrapolating beyond the data available. When estimating lifetimes the assumption 
is that the decay rate will remain constant beyond the observed range. 

One benefit of the method is that the graphs at each step provide a visual check on 
whether the method is appropriate for the data. If the conclusions run against common 
sense, one of the graphs should already have shown up a problem with the method. 

The method outlined here may also require fine tuning to accommodate analyses of other 
firequently encountered forms of stake test data results. For example, the data presented 
by Colley (1984), when plotted for step 1, result in sigmoidal curves instead of 
approximate straight lines. For these data it would be sensible to transform the log-
scores using a probit transformation before fitting the lines in step 2 and determine decay 
rate using a probit log-score scale. This is exactly what Colley (1984) does when 
calculating the log-probability index. Steps 2 to 4 can then be followed as proposed. 

Another modification may be required in step 2 with regard to the constraint that the 
mtercept be (0,100). A common intercept is essential to this method because the decay 
rate only makes sense if it can be interpreted as a constant decrease in decay rating firom 
some common point. In the CCA-C example a common initial rating of 100 was 
appropriate. In our experience, low retentions of some preservatives demonstrate a 
sudden drop in log-score fairly quickly into the test, for some retentions, but then decay 
linearly thereafter. With this type of data an appropriate modification may be to choose 
another reference log-score, and express the decay rate as decay rate fi-om that initial log-
score. "Lifetimes to log-score 70" are then added to the number of years observed to 
reach the reference log-score. Other preservatives stay at or near log-score 100 for a 
number of years, the so called lag phase, and then drop rapidly. In these cases duration 
of lag phase should be plotted against retention and the time to failure determined by 
adding duration of lag phase to time taken to drop from 100 to 70. 

It may also be appropriate to vary the transformation of the axes m step 3. For some 
preservatives, the natural log-log transformation may not result in a straight line. As the 
transformation is only a mathematical device used to derive a relationship between decay 
rate and retention, any other transformation resulting in a better fit may be used. Colley 
(1984) showed that the log-log transformation was suitable for Unearizing the probit log-
scores. Gray and Dickinson (1983) used ln(rate of decay) versus retention, although it 
appears fi-om their graphs that a log-log transformation may also have provided a good fit 
to their data. 

The method as outUned here has one major weakness. It does not provide an indication 
of variability for the predicted values. The most important variability to capture is that 
between stakes. A possible way to deal with this is to compute the predicted lifetimes 
using an appropriate percentile instead of the average log-score. For example, if the 10th 
percentile were used, the calculated Ufetime could be interpreted as the predicted lifetime 
for 90% of the stakes. 



In summary the method described in this paper may be easily generalized, when 
appropriate, to describe many types of stake test data sets. 

1. Chose a measure representative of the data (mean, median or a percentile) and 
plot versus year in test. If not approximately linear, try transforming the log-
scores to achieve linearity. 

2. Choose a suitable reference point (preferably sound, rating 100, at time zero) and 
replot the data as rating versus time after reaching the reference score. Fit lines 
for each retention, constraining the intercept to be the reference point, and record 
the decay rate. 

3. Plot decay rate versus retention on a linearizing transformed scale and determine 
a relationship between decay rate and retention. 

4. Calculate rate of decay for given retentions and predict lifetime (time to a given 
decay rating representing failure). 

When determining the retention to be specified for a new preservative, calculate 
the retention which gives the same decy rate as the retention of a reference 
preservative already in the standard. Examples of this procedure are discussed by 
Morris and Cook (1994). 

CONCLUSIONS 

The use of rate of decay and its relationship to preservative retention is proposed as a 
simple practical method for deriving useful conclusions from the results of stake tests. 
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Table 1 

Summary of Results from Step 2 for CCA-C. 

Retention 
(kg/m') 

Slope Standard Error Number of 
points 

R2 

2.7 -10.2 0.44 5 0.99 
4.4 -3.9 0.10 16 0.99 
6.4 -1.8 0.06 16 0.98 
8.7 -1.1 0.08 16 0.93 
10.3 -0.8 0.06 16 0.93 

Table 2 

Predicted Times to Log-Scores 70 and 20 for CCA-C 

Retention (kg/m') Years to Log-Score 70 Years to Log-Score 20 

6.4 
8.0 
9.6 

16 
24 
33 

42 
64 
90 



Figure 1. 
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Figure 2. 
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Figure 3. 
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ABSTRACT 

Data from a field test of wood preservatives were analyzed by a simple method to suggest retentions 
for new preservatives, commodities with different service life expectations and new wood species. 
Regression lines were fitted to the change in decay rating over time then rate of decay was plotted 
against retention. A comparison of decay rates showed that the retention of 8.0 kg/m' specified in 
AWPA C2 for ACC gave equivalent performance to 6.4 kg/m' CCA-C at Forintek's Westham Island 
test site. Using the equation showed that the higher retentions specified for PWF lumber were 
projected to provide a 54% longer service Ufe than the retentions specified for normal lumber in 
ground contact at this test site. Aspen was projected to require 24 kg/m' of CCA and 32 kg/m' of 
ACA to provide equivalent performance of 6.4 kg/m' of these preservatives in pine. 



INTRODUCTION 

Wood preservatives are applied to wood products to extend their service life under conditions 
conducive to biodeterioration. Before a wood preservative can be accepted into a national standard 
it must undergo a series of tests to demonstrate its suitabiUty for the intended purpose. Paramount 
among these tests is the demonstration of performance under the semi-controlled natural conditions 
of a field exposure test. In North America the appropriate test is the AWPA standard E7-90 
(American Wood Preservers' Association 1991c). The standard method for interpretation of the data 
from the E7-90 test is the AWPA E3-83 (American Wood Preservers' Association 1991d) procedure 
for calculation of the performance index, developed by Hartford and Colley (1976). Increasing 
numbers of new preservatives are being put forward for approval, and standards committees are 
wrestling with the problem of what retentions to specify. Most of these preservatives use active 
ingredients with a higher cost but with a perceived lower risk of adverse environmental impact. 
These preservatives often have a narrower spectrum of activity than the preservatives in use up to 
now. Nevertheless the chemical suppliers prefer to see these new systems specified at similar 
retentions to the older preservatives to simplify their adoption by the treating industry. Proposals for 
standardization of new preservatives therefore rely on comparison of new preservatives to reference 
preservatives already in the standards. 

A number of alternative methods for interpreting stake test data have been proposed (Hartford and 
Colley 1984, Bartlett 1978, Wallace 1986, Unk and DeGroot 1989, Unk and DeGroot 1990), but 
none has found widespread use within the wood preservation industry. This is partly because the 
AWPA E7-90 test does not lend itself to rigorous statistical analysis. Cook and Morris (1994) took a 
simplified approach, based on that of Gray and Dickinson (1983), to derive practical information 
firom stake tests. This paper shows a number of examples of how this approach can be used. 

MATERIALS AND METHODS 

The stake test procedure was essentially as described in AWPA E7-90, but it can be summarized as 
follows. Ponderosa pine {Pinus ponderosa Laws.) sapwood stakes (25 x 50 x 500 mm) were prepared 
from kiln-dried lumber free from visible defects as outlined in the lUFRO standard (Becker 1972). 
Aspen (Populus tremuloides Michx.) was also used to produce stakes to examine the preservative 
retentions required for hardwoods. The stakes were all treated by the full-cell process using an 
initial vacuum of 550mm Hg for 30 minutes and a minimum two hour pressure period at no less than 
700 kPa. The stakes were weighed before and after treatment and samples of the treating solution 
were analyzed. From these data a retention by uptake was calculated for each stake. 

Twenty-five stakes with retentions as close as possible to the target were selected for each 
preservative retention level. Fifteen stakes were used for long-term exposure and visual evaluation 
while, the remaining 10 were intended for removal at selected time intervals for chemical depletion 
and biological studies. A further five stakes were retained as unexposed treated samples for later 
chemical analysis. For the most recent installations, stakes were treated as double-length units then 
cut into two daughter stakes and a central section for analysis. 

For each preservative, five retention levels are normally used: 40%, 60%, 100%, 130% and 160% of 
the recommended level. Control stakes treated with the preservative solvent are also included. The 
preservatives considered in this paper are listed in Table 1. 



The ACQ used here contained a benzalkonium chloride rather than the didecyl dimethyl ammonium 
chloride which is the quat component of the ACQ formulation standardized by the AWPA The 
comparatively poor performance of ACA-treated material at this site prompted the suggestion that 
the distribution of ACA may have been affected by rapid drying after treatment. A second set of 
stakes treated with modified ACA were wrapped for 48 hours prior to drying to simulate the slower 
drying of large dimension commodities. Aspen stakes were also treated with a range of retentions of 
CCA and ACA 

Test stakes were installed during the summer at Forintek's test site on Westham Island in the delta 
of the Fraser River in British Columbia. They were planted to half their depth in holes made with 
an iron bar. Temperatures at the site annually averaged 9°C with a December average of 2°C and a 
July average of 16°C. Aimual precipitation totalled around 1000mm with 13mm in July and 150mm 
in December. The soil was an orthic gleysol, a silty clay loam with a high water table. Standing 
water was common in the winter months when the water table averaged 250mm below the soil 
surface. It lowered to 1250mm from the surface during the summer. The pH was 5.7 to 6.0 and the 
organic matter content was 4.7 to 9.3%. 

This site has been found to be unusually aggressive in its rate of decay of copper/arsenic based 
preservatives (Ruddick and Morris 1991, Morris and Ingram 1991). This is thought to be due, in 
part, to detoxification of arsenic by iron (Morris 1993) which moves into the wood from the soil 
under the suboxic conditions which prevail during the winter and early spring (Ruddick and Morris 
1991; Ruddick and Kunzewicz 1992). It may also be due, in part, to leaching of copper associated 
with bacterial action (Ruddick 1993). 

During the annual inspection the stakes were removed from the ground, scraped free of adhering soil 
and examined for evidence of decay. They were assigned a visual rating as described in the lUFRO 
standard (Becker 1972). For presentation of results to North American audiences each data point 
was converted to the AWPA scale as follows: 

AWPA rating lUFRO scale Description 

10 0 Sound - no decay 

9 1 Trace of decay 

7 2 Moderate decay 

4 3 Heavy decay 

0 4 Failure due to decay 

An average "log" stake score was then calculated on a 100 to 0 scale for each retention of each 
preservative. Data from these tests have previously been presented graphically as log stake score 
against time for each retention (Morris and Ingram 1991). It was noted that, for many of the 
preservatives and retentions, the change in log stake score over time was close to linear. It was 



therefore considered that Unear regression analysis might be appropriate. A generaUzed data 
analysis method, developed from that of Gray and Dickinson (1983) and consistent with the 
principles of the log-probability model (Hartford and Colley 1984), was described in full by Cook and 
Morris (1994). It can be summarized as follows: 

Step 1: Plot average AWPA score vs year for each retention excluding controls (untreated). 

Step 2: Fit a straight line, if appropriate, through these data for each retention, forcing the 
intercept to be (0,100). Record the slope (decay rate) for each retention. If the data 
do not fit a straight line use an appropriate transformation to achieve linearity. 

Step 3: Plot decay rate versus retention. If necessary, rescale the axes to produce a straight 
line. (For the data on waterborne preservatives from the Westham Island test site, log 
decay rate versus retention, or log retention, provided a very good linear fit.) 

Step 4: This relationship can be used to predict decay rate for any retention. Such decay rates 
can then be used to predict lifetimes. For example, time to log score of 70 as a 
function of retention is: 

Time to 70 = (100 - 70)/decay rate 

The method has one weakness in that it does not provide a measure of the variability in the data. 
This is because the experiment design has too few replicates and too many unquantified variables to 
warrant such analysis (Cook and Morris 1994). 

RESULTS AND DISCUSSION 

The analysis of the stake test data from the Westham Island site allowed a number of comparisons 
to be made. These include examination of the effect of increased retention on service life, 
comparisons of performance among preservatives and evaluation of the efiiect of wood species on 
preservative performance. 

Regression lines fitted the AWPA data for CCA-C very well (R} = 0.93 - 0.99) making it possible to 
determine rates of decay for each retention without transforming the data (Figure 1). Natural 
logarithm of rate of decay was plotted against natural logarithm of retention to yield a linear 
relationship for the CCA-C data (Cook and Morris 1994)). The equation derived from this analysis 
showed an excellent fit to the data (Figure 2). The data for untreated stakes were not included in 
this analysis for two reasons. First, the accuracy of a decay rate based on two points is questionable 
and second the natural logarithm of zero retention is minus infinity. Since untreated stakes failed in 
one to two years fitted lines passing through zero retention at decay rates between 50 and 100 were 
considered valid (Figures 2 and 3). For other preservatives such as CCF a single logarithmic 
transformation of the slope yielded the best fit to the data (Figure 3). Gray and Dickinson (1983) 
only log-transformed the decay rates to get a linear relationship. However, their data still exhibited 
some curvature around the line and may therefore have benefitted from a log transformation of the 
retention as well. Two preservatives, CCP and ACB, produced data which fitted neither model. A 
review of the raw data revealed that both of these preservatives had large drops in decay rating in 
the first few years including some early failures (Morris and Ingram 1991). They then began to 



decay at a linear rate. In the case of CCP it is possible that the phosphate acted as a nutrient to 
stimulate early decay until it was used up. There is no comparable explanation for ACB. 

Using the realtionship illustrated in Figure 1, decay rates were calculated for selected retentions and 
theoretical plots of decay score against time were generated (Figure 4). A limited range of CCA-C 
retentions are of prime interest because of the widespread appUcation of this preservative. A CCA-
C retention of 6.4 kg/m' is specified in the Canadian standard CSA O80.2 for treatment of lumber in 
ground contact (Canadian Standards Association 1989a). For the species which are predominantly 
sapwood such as the southern pines this is indeed the retention in the wood exposed to the decay 
hazard, however for most Canadian species treated to meet the standard this does not represent the 
true retention in contact with the soil. This is because for Canadian species which contain 
predominantly heartwood the zone for chemical assay is 16 mm deep while the penetration 
requirement in the heartwood is 10 mm. Since heartwood is difficult to treat the 10 mm penetration 
requirement is rarely exceeded. Consequently, to get 6.4 kg/m' in the 16mm assay zone it is 
necessary to have 10.2 kg/m' in the outer 10 mm. Similarly, for permanent wood formulation (PWF) 
lumber in CSA 080.15 (Canadian Standards Association 1989c) it is necessary to have 12.8 kg/m' in 
the outer 10 mm to get the 8.0 kg/m' specified in the 16 mm assay zone. One more retention of 
interest is 9.6 kg/m', specified for utihty poles in CSA O80.5 (Canadian Standards Association 
1989b), PWF plywood (CSA 080.15) and PWF lumber in the USA (American Wood Preservers' 
Association 1991b). 

The calculated decay rates allowed a mean time to failure to be generated for each retention. It is 
not intended to accurately predict the life of treated commodities firom these data but to describe 
relative performance in test. Nevertheless, some consideration must be given to the fact that the 
definition of failure could vary between commodities depending on the allowable loss of strength. 
Two definitions of failure were therefore chosen. A score of 20 could represent the point of 
replacement for non structural components. It is also the point below which the data are deleted 
from the analysis method of Cook and Morris (1994). A score of 70, as used by Hartford and Colley 
(1984), could represent the point of replacement for load bearing structures with tight strength 
tolerances. For example, for residential fencing time to 20 might be used, for utihty poles or 
permanent wood foundations (PWF) time to reach a score of 70 might be more appropriate. 

The mean time to 20 for 6.4 kg/m' CCA-C, the retention specified for fence posts, was 42 years 
(Table 2). This is not a bad service life considering the aggressiveness of this test site, giving 2.5 
times the decay rate of other temperate test sites (Ruddick and Morris 1991). The estimated 
average time to 70 for 9.6 kg/m', the retention specified for utihty poles, was 33 years (Table 2). 
Despite the aggressive conditions of this site this is still within the region of the average service Ufe 
required from utihty poles. Similarly 38 years is a respectable service life (Time to 70) for 10.2 
kg/m', the retention in the treated zone of heartwood lumber meeting CSA O80.2 for ground 
contact. 

One question which should be of particular interest to standards committees is the increase in service 
life as a result of the higher retention specified for PWF lumber. Service Uves of over 40 years were 
expected for sapwood species treated to 6.4 kg/m' based on data from older field tests at more 
"normal" test sites (Gutzmer 1991). Since a life of 60 years was required for PWF a safety factor was 
added to the specified retention in the standards. The techniques used here predict a 53% mcrease 
in mean time to reaching a score of 70 by increasing the CCA-C retention from 6.4 to 8.0 kg/m' for 
sapwood species and a 54% increase by increasing the retention from 10.2 to 12.8 kg/m' for 



heartwood species (Table 2). A retention of 12.8 kg/m' was projected to give a service life of 58 
years under these aggressive field test conditions. This is very reassuring for the users of PWF, 
although caution should be exercised in considering these results since we are extrapolating beyond 
our data. Furthermore there is no demonstrated relationship between the performance of small test 
stakes and that of full sized commodities with a limited depth of preservative penetration. 

Comparisons among preservatives can be made by determining the retention required to give the 
same decay rate as a standard retention of a standard preservative. The retentions for chromated 
preservatives giving the same decay rate as 6.4 kg/m' CCA-C range from 8.2 kg/m' for ACC to 45.7 
kg/m' for CCB (Table 3). Of the alternatives to CCA (types B and C) discussed here only ACC is 
currently listed in the AWPA C2-91 standard (American Wood Preservers' Association 1991a). This 
work would strongly support the retention of 8.0 kg/m' ACC now specified for ground contact 
applications where CCA-C is specified at 6.4 kg/m'. Interestingly, while ACA 
performed poorly at this site, wrapped modified ACA performed as well as CCA-C, requiring 6.7 
kg/m' for equivalent performance to 6.4 kg/m' CCA-C. The retentions for ammoniacal preservatives 
giving the same decay rate as 6.4 kg/m' ACA are given in Table 4. Modified ACA required a 
retention of 4.3 kg/m' and wrapped modified ACA required only 3.9 kg/m' for equivalent 
performance to 6.4 kg/m' of ACA 

Comparison between wood species can also be done by calculating the retention required to provide 
the same decay rate as 6.4 kg/m' of standard preservatives in a standard species. For Aspen the 
model predicts that 24 kg/m' of CCA and 33 kg/m' of ACA are required to give the same 
performance as 6.4 kg/m' of these preservatives in ponderosa pine sapwood (Table 5). Around 60 
kg/m' CCA-C would be required to give equivalent performance to 9.6 kg/m', the retention specified 
for utility poles. These high levels are not unreasonable considering that earlier work suggested a 
retention of 40 kg/m' would be required to stop decay in aspen (Morris and Parker 1988). 
Furthermore, a retention of 40 kg/m' is specified for eucalyptus poles in Queensland, Australia 
(Leightley and Norton 1983). 

Decisions on preservative retentions for standards would obviously have to be made on the basis of 
data from more than one test site. The minimum number and the types of sites which should be 
used to make such decisions is currently under investigation by the International Research Group on 
Wood Preservation (Dickinson 1993). 

CONCLUSIONS 

The higher retentions specified for PWF lumber were projected to provide a 54% longer service life 
than the retentions specified for normal lumber in ground contact at the Westham Island test site. 

Aspen was projected to require 24 kg/m' of CCA and 32 kg/m' of ACA to provide equivalent 
performance of 6.4 kg/m' of these preservatives in pine at the Westham Island test site. 

The retention of 8.0 kg/m' specified in AWPA C2 for ACC gave equivalent performance to 6.4 kg/m' 
of CCA-C at the Westham Island test site. 
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Table 1 

Preservatives in Test 

Preservative Abbreviation 

Chromated copper arsenate type C CCA-C 

Chromated copper arsenate type B CCA-B 

Chromated copper borate CCB 

Chromated copper fluoride CCF 

Chromated copper phosphate CCP 

Acid copper chromate ACC 

Ammoniacal copper arsenate ACA 

Ammoniacal copper arsenate (modified) ACA* 

Ammoniacal copper borate ACB 

Ammoniacal copper quat ACQ 



Table 2 

Time to "Failure" for Various Retentions of Standard Preservatives 

mean time (years) to 70 mean time (years) to 20 
retention kg/m̂  retention kg/m̂  

pres. 6.4 8.0 9.6 10.2 12.8 6.4 8.0 9.6 10.2 12. 

CCA-C 16 24 33 38 58 42 63 90 100 154 

CCA-B 12 17 22 24 35 31 44 59 65 94 

ACC 8 14 27 33 90 21 39 71 89 240 

ACA 6 8 11 12 17 16 23 29 32 45 



Table 3 

Retentions Giving Comparable Performance to 6.4 kg/m' of CCA 

preservative retention kg/m' 

CCA-C 6.4 

CCA-B 7.7 

CCB 36.2 

CCF 11.2 

CCP N.A. 

ACC 8.2 

ACA 12.2 

ACA* 8.1 

ACA** 6.7 

ACQ 10.7 

modified ACA (2:1 copper to arsenic) 
modified ACA wrapped prior to drying 



Table 4 

Retentions Giving Comparable Performance to 6.4 kg/m' of ACA 

preservative retention kg/m' 

ACA 6.4 

ACA* 4.3 

ACA** 3.9 

ACB N.A 

ACQ 5.7 

modified ACA (2:1 copper to arsenic) 
* modified ACA wrapped prior to drying 

Table 5 

Retention in Aspen Giving Decay Rate Equal to Specified Retention in Ponderosa Pine 

preservative retention in ponderosa pine 

6.4 9.6 

CCA 24 61 

ACA 32 129 
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ABSTRACT 

This report addresses a number of issues around the performance of preservative-treated 
plywood and laminated veneer lumber. These include the effect of various preservative 
penetration patterns on performance, the effect of field-cut preservatives and the use of 
alternative wood species. 

The presence of small areas of untreated wood in CCA-treated hem-fir plywood did not 
accelerate decay compared to completely-treated sohd-wood stakes at similar retentions. 
Stakes without field-cut preservative treatment decayed at a faster rate, but this may have 
been due to a lesser degree of initial preservative penetration which had occurred by 
chance. Hem-fir plywood treated with ACA did not perform as well as CCA-treated 
plywood in the Westham Island field test. This was probably due to the particular 
conditions of this site. With regard to the effect of penetration on performance, it is too 
early to draw conclusions from the soil-bed test about relative performance of plywood 
treated to meet the old and new CSA 080.15 PWF penetration requirements. 

Plywood with lodgepole pine heartwood face veneers, CCA-treated to the PWF standard 
retention and edge-treated with copper naphthenate, performed as well as hem-fir 
plywood treated to the same level. Stakes with CCA edge treatment decayed more 
rapidly, and those without edge treatment decayed more rapidly still. Pine plywood with 
sapwood face veneers did not perform as well despite better preservative penetration. 

Aspen LVL treated with up to 16 kg/m^ of ACA fell below a rating of 70 within 8 years 
of installation in the field test. LVL with CCA treatment at 16.6 kg/m^ remained above a 
rating of 70 after 11 years. 

INTRODUCTION 

The major use of preservative-treated plywood in Canada is for permanent wood 
foundations (PWF), but sign boards and bus and truck flooring are other significant uses. 
Smith (1982) reviewed the use of preservative-treated plywood and suggested that there 
were a number of information gaps relating to long-term performance. A number of 
these information gaps can be addressed by reference to data from field tests set up in 
the late 1970s. This report focuses on the performance of hem-fir and lodgepole 

This project was financially supported by the Canadian Forest Service under the Contribution 
Agreement existing between the Government of Canada and Forintek Canada Corp. 



pine/spruce plywood after 14 years' ground-contact exposure at the Westham Island test 
site. Performance of aspen laminated veneer lumber (LVL) at this test site is also 
reviewed. 

Currently, Canadian standards only allow PWF to be constructed only with pressure-
treated plywood made with a limited range of wood species. These include western 
hemlock (Tsuga Heterophylla Raf. Sarg. and amabilis fir (Abies amabilis (Dougl.) Forbes) 
otherwise known as hem-fir or hem-bal and coastal Douglas fir (Pseudotsuga menziesii 
(Mirb.) Franco.). This restriction was based on a comprehensive program of research 
into the treatability and performance of various types of plywood during the late 1970s 
and early 1980s by the Western Forest Products Laboratory, later Forintek (Smith and 
CIserjesi 1979, CIserjesi, Ruddick and Johnson 1987). The use of field-cut preservatives is 
mandatory for PWF but it may occasionally be missed. The effect on performance of not 
applying such preservatives therefore needs to be quantified. The hem-fir plywood in 
test at the Westham Island site consists of material with and without edge treatment. 

The CSA 080.15 standard, covering PWF plywood, specifies very stringent preservative 
penetration requirements (Appendk 1). Because these requirements were almost 
impossible for treaters to meet, the penetration requirements were relaxed slightly in 
1989 to allow small amounts of untreated wood to be present. This was based, m part, 
on penetration and performance data fi-om Forintek's field tests of hem-fir plywood. To 
back up these data, a study was set up in a soil-bed facihty to determine whether this 
change in penetration requirement would have an effect on performance of PWT 
plywood. 

With the decUne in the production of coastal plywood, there is increasing interest in the 
preservative treatment of plywood made from species such as lodgepole pine (Pinus 
contorta Dougl.) and western spruce (Picea glauca (Moench) Voss). Fortunately some 
test material was installed into Forintek's field test site at Westham Island, B.C. in the 
late 1970s. This material has been in test for 14 years and represents the only source of 
information on performance of treated pine-spruce plywood under (Danadian conditions. 

Engineered wood products are increasingly utilizing aspen as a raw material. Due to the 
extremely low natural durabihty of aspen, these products will require preservative 
treatment if they are to be used in exterior construction. Earlier laboratory work has 
suggested that aspen would require much higher loadings of waterborne, copper- and 
arsenic-based preservatives to provide equivalent performance to softwoods treated to 
standard retentions (Morris and Parker 1988b). Aspen LVL has been used as a test 
material to evaluate the performance of aspen composites that have been pressure 
treated with waterborne wood preservatives. 

MATERIALS AND METHODS 

Field Test Method 

Test stakes were installed during the summer at Forintek's test site on Westham Island in 
the delta of the Fraser river in British Columbia. They were planted to half their depth 



in holes made with an iron bar. Temperatures at the site aimually averaged 9°C with a 
December average of 2°C and a July average of 16°C. Aimual precipitation totalled 
around 1000mm with 13mm in July and 150mm in December. The soil was an orthic 
gleysol, a silty clay loam with a high water table. Standing water was common in the 
winter months when the water table averaged 250mm below the soil surface. It lowered 
to 1250mm firom the surface during the summer. The pH was 5.7 to 6.0 and the organic 
matter content was 4.7 to 9.3%. 

This site has been found to be unusually aggressive in its rate of decay of copper/arsenic-
based preservatives (Ruddick and Morris 1991, Morris and Ingram 1991b). This has 
been found to be due in part to detoxification of arsenic by iron (Morris 1993), which 
moves into the wood fi-om the soil under the suboxic or anaerobic conditions which 
prevail during the winter and early spring (Ruddick and Morris 1991). It may also be 
due, in part, to leaching of copper possibly associated with bacterial action (Ruddick 
1993). 

During the annual inspection the stakes were removed from the ground, scraped free of 
adhering soil and examined for evidence of decay. They were assigned a visual rating as 
described in the lUFRO standard (Becker 1972). For presentation of results to North 
American audiences each data point was converted to the AWPA scale as follows: 

AWPA rating lUFRO scale Description 

10 0 Sound - no decay 

9 1 Trace of decay 

7 2 Moderate decay 

4 3 Heavy decay 

0 4 Failure due to decay 

An average "log" stake score was then calculated on a 100 to 0 scale for each retention of 
each preservative. 

Preparation of Hem-Fir Plywood 

Twenty sheets of five-ply plywood were commercially prepared from hem-fir veneer. 
Half were commercially treated with 3% CCA Type-C and half with 3% ACA, using a 
full cell process with pressure of 830 kPa applied for four hours. Core samples were 
analyzed for preservative retention. Stakes of dimensions 1.5 x 5 x 50 cm were sawn 
fi-om each sheet. Half of the CCA-treated stakes were brush-treated with copper 
naphthenate and half received no edge treatment. The ACA-treated stakes received 



3.1% copper naphthenate, 5% CCA, 5% ACA or no edge treatments. The stakes were 
installed in the Westham Island site in 1979 and evaluated aimually since then. After 
nine years of exposure a triangular piece was removed from the top comer of each CCA-
treated stake and the preservative penetration was assessed. 

Accelerated Test of Preservative Penetration 

Sheets of hem-fir plywood, commercially treated with CCA, were cut into stakes, 5cm x 
55 cm X the plywood thickness, taken from the central section of the sheets. The stakes 
were then cut into two 25cm long daughter stakes, with a 5cm central section being used 
to analyze penetration and CCA retention. Stakes that did not meet the retention 
requirement of 9.6 kg/m'were discarded. A total of 100 stakes were selected in four 
groups of 25: those meeting the current and pre-1989 CSA 080.15 penetration 
requirements, those meeting just the current requirement, those meetmg just the pre-
1989 standard and those that failed on penetration. 

Two brush coats of copper naphthenate PWF field cut preservative were appUed to all 
cut edges of the plywood stakes. They were allowed to dry for two weeks, then leached 
in running water for three days. After drying, the stakes were randomly installed in the 
Forintek soil-bed facility, with 75 mm between all faces. The soil-bed was maintained at 
24-30% moisture content and the room was kept at 26oC and 80% RH. This facility has 
been fully described by Morris and Parker (1988a). At six-month intervals the stakes 
were removed from the soil, examined for signs of decay and rated according to the 
lUFRO rating scale (Becker 1972). This is converted to the AWPA scale for North 
American audiences. 

Preparation of Pine-Spruce Stakes 

Plywood panels were commercially prepared from various combinations of lodgepole 
pine sapwood, lodgepole pine heartwood and western white spruce veneers. In normal 
mill operation any veneer containing a little sapwood will be labeled "sapwood". For the 
purpose of this study veneers with 95% sapwood were selected on the basis of a visual 
inspection. The combinations studied were: 

A) pine heartwood face veneers with sapwood inner plies 
B) pine heartwood face veneers with heartwood inner plies 
C) pine heartwood face veneers with spruce inner plies 
D) pine sapwood face veneers with sapwood inner plies 
E) pine sapwood face veneers with heartwood inner plies 
F) pine sapwood face veneers with spruce inner plies 

The plywood sheets were commercially treated with a 2% solution of CCA Type-C using 
a full cell process. The treating cycle consisted of an initial vacuum of 71 cm Hg for one 
hour, pressure at 1400 kPa for nine hours, then a final vacuum of 38 cm Hg for 10 
minutes. Coit samples fi:om each sheet were analyzed for preservative retention and 
penetration. Penetration measurements at the time were not as detailed as those 
performed on the hem-fir plywood. 



Stakes, 1.5 x 5 x 50 cm, were sawn from the middle of the plywood sheets with the face 
grain direction parallel to the longest dimension. The stakes with pine heartwood face 
veneers were divided into three groups. One received no edge treatment The edges of 
the second group of stakes were brush-treated with two coats of 3.1% copper 
naphthenate and the third group with 5.0% CCA. The pine sapwood face stakes were 
not edge-treated. All of the treated stakes and a group of untreated control stakes were 
installed to half their length in the Forintek field test site at Westham Island, B.C in the 
summer of 1979. 

Preparation of Aspen LVL 

Stakes were cut from aspen LVL to dimensions of 500 x 50 x 38 mm (LVL thickness). 
The stakes were pressure treated at Forintek's Ottawa laboratory to a range of retentions 
of CCA and ACA. Installation in the Westham Island site was completed in the summer 
of 1982. 

RESULTS AND DISCUSSION 

Influence of Test Site Variables on Results 

Before discussing the performance data it should be noted that the Westham Island test 
site presents an extremely severe decay hazard. It has an acceleration rate of 2.6 
compared to both another Forintek test site in the Vancouver area and to other test sites 
in the temperate zones (Morris and Ingram, 1988, 1991a). The 14-year data from 
plywood exposures would therefore be comparable to 36 years exposure in most other 
locations. 

Performance of Hem-Fir Plywood 

The untreated control stakes failed during the first three years of exposure and had an 
average Ufe of 2.2 years (Figure 1). 

CCA-treated hem-fir plywood showed a gradual deterioration with time (Figure 1). The 
edge treated material had reached a mean rating of 82 after 14 years' exposure. As a 
benchmark for evaluating the performance of this plywood, a rating of 70 can be 
regarded as representing significant loss of strength. Solid ponderosa pine stakes treated 
to 10.3 kg/m' with CCA-C also had a log stake score of 82 after 14 years of exposure 
(Cook and Morris 1994). These soUd wood stakes had no patches of untreated wood in 
them, unUke the plywood stakes. This may indicate that small areas of untreated wood 
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Figure 1 Decay of CCA-treated hem-fir plywood 
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Figure 2 Decay of ACA-treated hem-fir plywood 



do not have a major negative unpact on the performance of treated wood products. This 
supports the 1989 revision to CSA 080.15 to allow up to 10% of face veneers to have up 
to 10% of untreated wood (Appendix 1). 

McNamara (1982) concluded, from nine-year field test data, that complete preservative 
penetration was unecessary for adequate performance of CCA-treated plywood. He also 
concluded that there was no effect of edge treatment after nine years. 

Performance of the CCA-treated hem-fir plywood without edge treatment was 
substantially reduced compared to that with copper naphthenate edge treatment (Figure 
1). The estimated decay rate for edge-treated plywood was 1.1 units per year and for 
non-edge-treated plywood it was 1.8 units per year. This means it would take 27 years 
and 17 years respectively to reach a rating of 70. At sites other than Westham Island 
these tunes would be 70 and 44 years respectively. The difference in performance may 
also be due, in part, to the differences in the original CCA penetration which had 
occurred by chance in these two groups (Table 1). 

ACA-treated hem-fir plywood, even with copper naphthenate edge treatment, has not 
performed well, with most rapid deterioration occuring m the last four years (Figure 2). 
The type of edge treatment did not appear to make a difference in this material. The 
poor performance of ACA-treated plywood is comparable with the poor performance of 
ACA-treated soUd stakes at this site (Morris and Ingram 1991a). This has been 
attributed partly to tunnelling bacteria (Morris and Ingram 1991b), partly to leaching of 
copper (Ruddick 1992) and partly to the effect of soil iron in detoxifying arsenic (Morris 
1993). None of the treated material in the field test would meet the current standard for 
preservative penetration for PWF in CSA 080.15 (Table 1), although all would meet the 
retention requirement of 9.6 kg/m'. 

Accelerated Test of Preservative Penetration 

The stakes have been in test for 2.5 years. No decay has yet been found, even among 
those stakes that failed the penetration standards. Previous work has shown that there is 
a five-fold acceleration of decay processes in CCA-treated wood exposed in the soil bed 
when compared with similar material at the Westham Island test site (Morris and Parker 
1988a). However, hem-fir stakes which did not meet the standard had early indications 
of decay at the field test site (AWPA rating 80 to 90) after 12.5 years. It is therefore 
difficult to determine the equivalent length of natural exposure to 2.5 years in the soil 
bed. 

Performance of Pine-Spruce Plywood 

Performance of the CCA-treated pine-spruce plywood with heartwood faces and copper 
naphthenate edge treatment has been similar to hem-fir plywood. Without edge 
treatment performance of pme-spruce plywood has not matched up to hem-fir (Figures 1, 
3, 4 and 5). This does, however, demonstrate that effective edge-treatment can 
compensate for poor preservative penetration in the irmer veneers (Table 2). 



TABLE 1 

Treatment characteristics of pine-spruce and hem-fir plywood. 

Pine-Spruce Plywood 
Composition 

Pentration from Cores Pine-Spruce Plywood 
Composition (kg/m') % Witli Face Penetration % With Face Penetration 

Face inner " CCA-C 100% < 100% 100% < 100% 

Heart Sap 114 33 67 61 39 
Heart Heart 10.4 33 67 0 100 
Heart Spruce 11.6 67 33 5 95 
Sap Sap 12.3 67 33 33 67 
Sap Heart 11.8 75 25 5 95 
Spruce Spruce 12.1 95 5 0 100 
Hem-firi 13.8 70 30 25 75 
Hem-fir2 13.8 80 20 80 20 
Hem-fir' 10.7 - - - -

^ CCA-treated with no edge treatment 
2 CCA-treated with copper naphthenate edge treatment 
' ACA-treated 



TABLE 2 

Detailed penetration data for hem-fir plywood. 

CCA/No Edge CCA/Cu Naph. Edge 

% of all veneer 100% 43 80 

% of face veneer 100% 70 80 

% of face veneer 90-99% 17.5 20 

% of iimer veneer 100% 25 80 

% of inner veneer 90-99% 65 20 

# of cores with > 3 veneers 100% 13 0 

# of cores with 2 face veneers < 100% penetrated 1 0 

Yaais intBst 

Decay of lodgepole pine plywood with heartwood face and heartwood inner 
plies. 



Years in test 

Figure 4 Decay of lodgepole pine plywood with heartwood face and sapwood inner 
plies. 

Years in test 

Figure 5 Decay of lodgepole pine plywood with heartwood face and spruce 
heartwood inner plies. 



Years hi test 

Figure 6 Decay of lodgepole pine plywood with sapwood face and various inner 
plies. 

In most cases copper naphthenate was a more effective edge-treatment than CCA 
(Figures 3-6). This was likely due to better penetration of the organic-solvent-bome 
copper naphthenate, though no measurements were done on penetration of edge 
treatments. It is fortunate that copper naphthenate proved superior, since CCA is no 
longer registered for use as a field-cut preservative in CJanada. 

The best performance of pine-spruce plywood without edge-treatment was seen in the 
stakes with heartwood faces and sapwood irmer veneers (Figure 4). These had the best 
penetrated inner veneers of any group; a finding which supports the 1989 increase in the 
penetration requirement for iimer veneers of PWF plywood (Appendk 1). 

None of the stakes with sapwood face veneers performed as well as stakes with 
heartwood face veneers (Figure 6), despite better, but incomplete, preservative 
penetration (Table 2). The type of iimer phes had no effect on performance. Sapwood 
is more susceptible than heartwood to soft-rot attack, due to higher nutrient and lower 
extractive content. It has been shown that soft-rot fungi colonize CCA-treated plywood 
(Morris and Parker, 1987). This may suggest that Canadian species consisting 
predominantly of heartwood might outperform U.S.A species which consist mainly of 
sapwood (Morris and Ingram, 1991a). 



Field Testing of Aspen LVL 

Stakes prepared from aspen laminated veneer lumber and treated with up to 16 kg/m' 
CCA and modified ACA have not performed well in the Westham stake test. The 
AWPA standard defines failure as a mean log stake score of under 70. Stakes at all 
retentions except CCA at 16.6 kg/m' reached that level within eight years of testing 
(Figures 7 and 8). Stakes at 16.6 kg/m' CCA had a ratmg of 75 after 11 years. This 
performance would be comparable to ponderosa pine stakes treated to between 4.3 and 
6.5 kg/m' (Morris and Ingram 1991a), although the larger size of the LVL stakes may 
influence performance. Modelling of the effect of preservative retention on performance 
has shown that retentions of around 30 kg/m' of CCA may be required in aspen to give 
equivalent performance to 6.4 kg/m' CCA in pine (Cook and Morris 1994). 

CONCLUSIONS 

o The presence of small areas of untreated wood in CCA-treated hem-fir plywood 
did not accelerate decay compared to completely-treated solid-wood stakes at 
similar retentions. 

o Hem-fir plywood treated with ACA did not perform as well as CCA-treated 
plywood in the Westham Island field test, 

o It is too early to draw conclusions from the soil-bed test about relative 
performance of plywood treated to meet the old and new CSA 080.15 PWF 
penetration standard. 

o Plywood with lodgepole pine heartwood face veneers, CCA-treated to the PWF 
standard retention and edge-treated with copper naphthenate, performed as well 
as hem-fir plywood treated to the same level, 

o Aspen LVL treated with up to 16 kg/m' of ACA fell below a rating of 70 within 
eight years of installation in the field test. CCA treatment at 16.6 kg/m' remained 
above a rating of 70 after 11 years. 

RECOMMENDATIONS 

The field tests should be continued until the termination of tenure at the Westham Island 
test site in 1997 and ideally should be transferred to a new test site as appropriate. The 
accelerated soil-bed test should be continued indefinitely, as it will provide back-up data 
to support the current PWF Standard. 
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Figure 7 Decay of aspen LVL treated with a range of rentions of CCA 

Yaaisinlest 

Figure 8 Decay of aspen LVL treated with a range of rentions of ACA 
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APPENDIX 1 

CSA 080.15 Penetration Requirements 

Pre-1989 Requirements* 1989 Requirements* 

Complete Incomplete Complete Incomplete 

Face veneers 40 0 36 4 (>90%) 
Inner veneers 50 10 (>0%) 48 12 (>50%) 
All veneers 90 10 85 15 

* Based on 20 cores, 100 veneers 


