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SUMMARY 

A field test of simulated decking under natural weathering conditions was estabUshed to compare the dimensional 
stability in service of amabihs fu- (Pacific silver fu-) and westem hemlock. After 30 months of exposure, incised 
and CCA-treated amabilis fir outperformed westem hemlock in terms of bow, crook, and cross-checking 
associated with compression wood. 
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1.0 OBJECTIVE 

The objective ofthe project was to compare the dimensional stability of amabilis fir and westem hemlock 
decking. 

Hem-fir is normally comprised on average of about 20% amabilis fu- but this can range from 0% to 100%. A 
previous stutfy by Forintek quantified the increased treatability with chromated copper arsenate (CCA-type C) of 
amabilis fir {Abies amabilis [Dougl] Forbes) compared to westem hemlock (Tsuga heterophylla Raf Sarg.), and 
determined that the difference was common to several coastal British Columbia sources of hem-fir (Morris, 
1995). This study concluded that separating hem-fir into the two species could have advantages. Amabilis fu-, 
known in the U.S.A. as Pacific silver fu-, could be marketed as a treatable wood product, while hemlock would be 
preferred for its higher strength. It was noted that strength is not critical for many end-uses of treated wood, 
which are non-structural or over-engineered. 

One of the over-engineered uses of treated wood is decking, for which dimensional stability is paramount. 
Surveys conducted in the United States in 1989/90 of do-it-yourself and professional contractors using treated 
wood found that the most important attribute to customers was board straightness, followed by general 
appearance (Smith and Sinclair, 1989 1990). Deviation from straightness is particularly associated with 
compression wood. Westem hemlock tends to contain a high proportion of compression wood (Josza, 1996), 
possibly associated with branch scars (Kellogg and Warren, 1979), whereas amabilis fir has little or no 
compression wood. It is known that amabilis fir suffers less degrade than westem hemlock during kiln drying 
(Dobie, McBride, and Parry 1966), but whether the repeated cycles of wetting and drying which occur in service 
would produce the same effect is not known. 

The study reported here made use ofthe wood generated by the above mentioned treatability experiment, and 
involved installing a field test of simulated decking designed to assess the relative dimensional stability in service 
of amabilis fir and hemlock, both untreated and treated with CCA-C. 

2,0 INTRODUCTION 

3.0 STAFF 

P.I. Morris Wood Preservation Scientist, Composites and Treated Wood Products 
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4.0 MATERIALS AND METHODS 

4.1 Preparation and treatment 

Twenty green western hemlock and twenty amabiUs fir 16ft 2 x 4s, or the similar metric size (38 x 85 mm), were 
collected from each of five coastal British Columbia sawmills. The mills supplying the wood were located on the 
east coast of Vancouver Island, the west coast of Vancouver Island, the lower mainland, the north coast ofthe 
mainland, and the south-west coast of Vancouver Island. The boards were delivered to the Forintek laboratory in 
Vancouver, at which time the species identifications were verified microscopically. 

Each 16ft board was cut into two 2300 mm samples, one 10 mm slice for species ID, and a residual sample. All 
boards were planed to one size (nominal 2x4 inch). From each 2300 mm piece, a 250 mm non-incised sample 
was cut, and a 2000 mm sample for single- or double-density incising. The 2000 mm long samples were incised 
by B.C. Clean Wood Preservers Ltd. in Surrey, B.C. 

After air-drying for several weeks, the 2000 mm incised pieces were cut into two 1000 mm lengths, end-sealed 
with three coats of epoxy, and shipped to B.C. Clean Wood for treatment. One ofthe end-matched 1000 mm sets 
was treated with 1.9% CCA using Schedule A: 30 minutes pre-vacuum, 3 hours pressure at 150 psi, and 10 
minutes of post-vacuum. The second end-matched set was treated witii 1.9% CCA using Schedule B: 30 minutes 
pre-vacuum, 6 hours pressure at 150 psi, and 10 minutes of post-vacuum. 

After treatment, the lumber was covered for 1 week to allow fixation, then uncovered for 3 days to dry. Core 
samples were taken from between incisions in the middle ofthe heartwood face of each board. 

For analysis, each core was cut to 16 mm in length and split longitudinally. One half was sprayed with chrome 
azurol S, a copper indicator, and the depth of copper penetration was measured. The twenty cores ofthe same 
species per mill, with the same incising pattern and treating schedule, were considered as one charge and a mean 
penetration was calculated. For each set of twenty, the other core halves were combined and ground to 40 mesh 
sawdust, 0.4 g of which was combined with 0.1 g of cellulose powder and pressed into a pellet. These pellets were 
analyzed for chromium, copper, and arsenic using an energy dispersive x-ray fluorescence specti-ometer, corrected 
for matirbc effects and interelement interferences. Results were converted from a weight/weight to a 
weight/volume basis (kg/m̂ ) using the specific gravity of westem hemlock and amabilis fir. Treated boards for 
exposure were selected on the basis that they met, or came close to meeting, CSA 080.2 (Canadian Standards 
Association, 1989). Twenty boards were selected from each ofthe 3- and 6-hour treatments, single- and double-
incised. 

End-matched untreated samples were not available. Therefore boards were selected from fresh hem-fu- in stock at 
Forintek. The species were identified microscopically, and the boards were planed to nominal 2 x 4 and cut to 
1000 mm in length, then air-dried. Ten unti-eated boards of each species were selected. 

4.2 Exposure of the boards 

The test was set up in Febmary 1994 on the grounds of the Forintek laboratory in Vancouver, which is in the zone 
of medium above-ground decay potential, as calculated by Setiiff (1986) using Schefifer's (1971) climate index. 



Temperatures annually average 10°C, with a December average of 3°C and a July average of 17°C, and the site 
receives about 1900 hours of bright sunshine and approximately 1250 mm of precipitation per year, with an 
average 34 mm of rain in July and 140 mm of rain in December. 

The 1000 nun-long CCA-treated and untreated 2x4 boards were placed 25 cm from the ground on CCA-treated 
2 X 4s supported by concrete blocks. They were secured loosely, about 4 cm apart, by rope tacked to the 
supporting 2 x 4s. 

43 Inspection of test material 

After 30 months of exposure, each board was assessed for checking and warping. Warp is defined as "any 
deviation from a true or plane surface, including bow, crook, cup and twist or any combination thereof (NLGA, 
1996). The following properties were measured: 

- crook: maximum deviation edgewise from a straight line drawn from end to end of a piece (mm) 

- bow: maximum deviation flatwise from a straight line drawn from end to end of a piece (mm) 

- twist: deviation flatwise, or a combination of flatwise and edgewise, in the form of a curl or spiral, 
measured as the distance an edge of a piece at one end is raised above a flat surface against which both 
edges at the opposite end are resting snugly (mm) 

- surface checking (0 = none, to 4 = split all the way through or multiple checks) 

- depth ofthe deepest check (mm): assessed by probing with a thin metal feeler gauge marked with mm 

- cross-checking (0 = none, to 4 = severe) 

- presence of boxed heart 

- pith at the surface 

A decision was made not to evaluate cupping on these pieces because 4" was not considered wide enough to get a 
practical measurement. 

5.0 RESULTS AND DISCUSSION 

There was very little difference between treatment results achieved using 3 or 6 hours pressure. The mean results 
for all samples were: CCA retention of 9.6 kg/m̂  and penetration of 14 mm for amabiUs fir, and 6.6 kg/va? and 
10 mm for westem hemlock (Morris, 1995). Therefore material from 3- and 6-hour treatments was grouped 
together for this evaluation. 

A comparison of warping and checking between double- and single-incised samples found no statistically 
significant differences using a two-sample /-test, therefore all the incised and treated samples were grouped 
together for assessment in this experiment. 



Table 1 summarizes the results obtained in this evaluation. Comparisons between amabiUs fir and westem 
hemlock were made using two-sample ̂ tests. For CCA-treated samples there was a statistically significant 
difference at the 0.05 probabihty level in crook, bow, and cross-checking, but no difference in twist, surface 
checking or check depth. In all cases where there was a difference, the defects were worse in westem hemlock 
than in amabilis fir. Between untreated boards there was no significant difference in any parameters. The lack of 
statistically significant differences between species in untreated boards may be due, in part, to the lower number 
of replicates. 

For treated samples where the replication was adequate to do so, die data fi-om boards which contained boxed 
heart and/or pith at the surface were separated fi-om those which did not, to evaluate the effect of juvenile wood 
(Table 2). In CCA-treated amabilis fir, juvenile wood substantially increased the incidence of bow, twist, and 
cross-checking. Similarly, in CCA-treated westem hemlock, crook, bow, twist, and crossrchecking were much 
greater in boards with boxed heart or pith at the surface. When CCA-treated amabilis fir and westem hemlock 
boards were compared, the differences between the species noted above were no longer statistically significant, 
with the exception of bow. These results illustrate the importance of avoiding juvenile wood in selecting boards 
where dimensional stability will be important. 

Comparisons using two-sample /-tests made between treated and untreated samples of each species showed that 
incising and CCA treatment significantly reduced checking, both in number and depth of checks. 

6.0 CONCLUSIONS 

After 30 months of exposure of incised and CCA-treated boards in a simulated deck, amabilis fu- was superior to 
western hemlock in terms of crook, bow, and cross-checking. The differences in crook and cross-checking were 
largely a function ofthe presence of boxed heart and pith at the surface of certain boards. 
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TABLE 1: Mean properties of amabilis fir and westem hemlock boards 

%of 
Treatment Species No. of 

samples 
crook 

(mm) 

bow 

(mm) 

twist 

(mm) 

surface 
checking 
(0-4) 

check 
depth 
(mm) 

boards 
with 
cross-
checking 

cross-
checkin 
(0-4) 

CCA fir 80 0.03 0.63 4.01 1.24 5.79 9 0.10 
(0.22) (1.53) (6.27) (0.48) (5.01) (0.37) 

CCA hemlock 80 0.55 2.40 3.21 1.15 5.09 20 0.40 
(1.74) (4.79) (4.91) (0.53) (5.36) (0.89) 

none fir 10 0.00 0.90 0.90 1.90 9.00 0 0.00 
(0.00) (1.81) (1.37) (0.83) (4.36) (0.00) 

none hemlock 10 0.00 1.60 0.80 2.20 12.80 20 0.60 
(0.00) (3.23) (1.33) (0.60) (5.29) (1.20) 

Standard deviations are given in parentheses 



TABLE 2: Mean properties of treated boards sorted by die presence of boxed heart &/or pith at the surface 

%of 
Treatment Species No. boxheart 

&/or pith 
crook 

(mm) 

bow 

(mm) 

twist 

(mm) 

surface 
checking 
(0-4) 

check 
depth 
(mm) 

boards 
with 
cross-
checking 

cross-
checkin 
(0-4) 

CCA fir 65 no 0.03 0.43 1.98 1.20 5.88 0 0.00 
(0.25) (1.14) (3.24) (0.44) (5.32) (0.00) 

CCA fir 15 yes 0.00 1.47 12.80 1.40 5.40 60 0.53 
(0.00) (2.45) (8.08) (0.61) (3.34) (0.72) 

CCA hemlock 61 no 0.26 1.25 1.43 1.13 5.33 5 0.07 
(0.89) (2.26) (1.81) (0.56) (5.90) (0.31) 

CCA hemlock 19 yes 1.47 6.11 8.95 1.21 4.32 68 1.47 
(3.02) (7.88) (6.90) (0.41) (2.92) (1.23) 

Standard deviations are given in parentheses 


