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Summary 
The performance of decking with relatively shallow preservative penetration is currently of interest to 
standards committees. A variety of non-incised nominal 2 x 4 inch decking was put into test by Forintek's 
Vancouver laboratory between 1981 and 1985. Two sets of non-incised CCA-treated hem-fir with 
preservative penetrations close to the 1997 CSA O80 decking standard have remained in very good 
condition after 21 and 24 years’ exposure. These results confirm that the reduced penetration requirement 
introduced in 1997 provides effective protection from decay in above-ground applications. Decking 
double-vacuum treated with 0.5% PCP performed better than material dip-treated with 5% PCP when 
evaluated after 24 years in test. Following 20 years’ exposure, decking treated with Arquad B-100 at 6.4 
kg/m³ by uptake has performed as well as decking CCA-treated to the new CSA O80 decking standard. 
Untreated western white pine has performed better than hem-fir after 23 years’ exposure. 
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1 Objective 
To assess the condition of untreated and preservative-treated decking after exposure for 20 to 24 years. 
 
 

2 Introduction 
The performance of decking with relatively shallow preservative penetration is of interest to the treating 
industry and standards committees. North American wood preservation standards (AWPA and CSA O80) 
for above-ground exposure have traditionally required 16 out of 20 pieces (less than 113 mm dimension) 
sampled from a charge to be penetrated to a depth of 10 mm. To meet this penetration requirement, 
lumber of most Canadian species must be incised, in some cases with a high density of incisions (Morris 
1990; Morris et al. 1991). Until the early 1980’s, incising resulted in an unacceptable surface appearance, 
leading most specifiers to waive the incising requirement and accept material that did not meet the 
Canadian standard. Since that time, however, advances in incising technology (de Lissa 1987; Silcox 
1987a, b; Ruddick 1989) have resulted in the increasing use of close-spaced fine-tooth incisors with little 
detrimental impact on the appearance of the treated product. 
 
Nevertheless, incising has gained widespread acceptance only in western Canada. The major markets in 
Canada have resisted these moves and questions have been raised as to whether 10 mm penetration is 
needed for above-ground exposure. Examination of the records of the American Wood-Preservers' 
Association has revealed no firm basis for the 10 mm penetration requirement. In 1997, the CSA O80 
Technical Committee on Wood Preservation proposed a standard with a reduced penetration requirement 
(5 mm) for 2-inch decking lumber in above-ground residential construction. This change was 
standardized in 1997 with the publication of a new CSA standard for decking (CSA 080.32-97), a change 
that was based on a limited amount of short-term data partly from Forintek's field tests (Morris and 
Ruddick 1993). Further data on the performance of decking are needed to support the continued use of 
this standard. 
 
The non-incised nominal 2 x 4 inch decking in test at Forintek's Vancouver laboratory was installed for a 
variety of purposes between 1981 and 1985. The majority of the material is unincised hem-fir treated with 
chromated copper arsenate-type C (CCA), pentachlorophenol in light organic solvent, or quaternary 
ammonium compound. The CCA-treated material is the most relevant to current concerns of standards 
committees. The performance of these decks was last reported after 15 to 19 years’ exposure (Ingram and 
Morris 2000).   
 
 

3 Staff 
J.K. Ingram  Wood Preservation Technologist 
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4 Materials and Methods 
Decking was installed in three phases over a period of 4 years. For the first 9 years, the decks were 
exposed at Westham Island, BC, then they were moved to Vancouver, BC. Both sites are within the zone 
of medium above-ground decay potential as calculated by Setliff (1986) using Scheffer's (1971) climate 
index. Temperatures annually average 10°C, with a December average of 3°C and a July average of 17°C. 
Precipitation annually averages about 1250 mm, with 140 mm during December and 34 mm during July. 
 
The test sections were constructed by assembling individual 1.2 x 1.2 m decks together to form a larger 
composite deck (Figure 1). Each small deck unit allowed one test variable to be studied. A basic 
framework of CCA pressure-treated hem-fir 2 x 6 inch lumber was built to support the individual decking 
units. This framework was mounted on cement blocks so that the deck surface was approximately 25 cm 
above the ground. The decking was nailed to the sub-frame using hot-dipped galvanized nails. Each board 
was placed approximately 5 mm from the next. 
 
Although most of the boards in a test deck were full length (i.e., 1.2 m), a few were deliberately cut short. 
These short pieces were then mounted end to end in a deck, with the joint being made over a supporting 
member. Care was taken to ensure that there was no gap between the boards at the joint. The 
incorporation of butt joints into the test deck was designed to provide one of the features that frequently 
leads to decay in decks constructed from untreated material. The butt joints tend to trap water and 
airborne debris, and were supposed to accelerate the deterioration of the deck. 
 
4.1 CCA, Controls, and PCP (Initiated 1981) 

Commercially CCA-treated hem-fir lumber, a mixture of western hemlock  (Tsuga heterophylla (Raf.) 
Sarg.) and amabilis fir (Abies amabilis (Dougl.) Forbes) was purchased from a lumber yard, cut to length, 
and treated with field-cut preservative. Untreated hem-fir lumber was obtained from a sawmill and kiln-
dried at the laboratory. Half of the CCA-treated boards and untreated control boards were stained on all 
surfaces with an exterior brown stain. 
 
At Forintek's laboratory, hem-fir boards were treated with four concentrations of pentachlorophenol 
(PCP) in light organic solvent: 2.5% PCP and 5.0% PCP by 1-minute and 3-minute dip, and 0.5% and 
1.75% PCP by double-vacuum. The double-vacuum treatment consisted of a 10-minute initial vacuum at 
625 mm Hg, flooding of the retort, 1 hour pressure at 110 kPa, and a 20-minute final vacuum of 500 mm 
Hg. This is the schedule recommended for hem-fir in the UK (British Wood Preserving Association, 
undated). All of the PCP-treated boards were stained on all surfaces prior to installation. 
 
4.2 Untreated Hem-Fir and Pine (Initiated 1982) 

Commercially available nominal 2 x 4 inch air-dried, untreated hem-fir, and what was thought to be 
lodgepole pine (Pinus contorta Dougl.), were each used to construct a 1.2 x 1.2 m deck using 11 full-
length boards and four half-length (0.6 m) boards. The details of the construction method were described 
above. No treatment or surface finish was applied to these decks. 
 
4.3 Brown-coloured CCA (Initiated 1984) 

During the early 1980s, there was increasing demand for CCA-treated wood coloured brown to simulate 
natural colours of other woods such as western red cedar. This could be achieved by staining or painting 
the CCA-treated wood. However, when done in two steps, this process was costly. In response, two 



Performance of Decking After 20 to 24 Years' Exposure 

 
 

 
 
  3 of 10 

 

commercial “brown-coloured” CCA-treated products were developed for use by the general public in 
“do-it-yourself” home renovation projects. “Sunwood” was an organic dye incorporated into the CCA 
formulation. "Cedartone" was an iron-based pigment applied prior to pressure treatment. Because of the 
public demand for non-incised material at that time due to the poor appearance caused by blunt tooth 
incisors, the lumber was not incised prior to treatment. 
 
Lumber purchased from two retail outlets, each of which regularly supplied one of the brown-coloured 
CCA-treated products, was used to construct two decks that were placed in test in 1984 (Ruddick and 
Ralph 1984). 
 
4.4 Quaternary Ammonium Compound (Initiated 1985) 

Hem-fir lumber was pressure-treated at the Forintek laboratory with aqueous solutions of Arquad B-100, 
an alkyldimethylbenzylammonium chloride, to retentions of 6.4 and 10.0 kg/m³ measured by solution 
uptake. The decks were constructed as described above. The decks were brushed with one coat of a 
penetrating semi-transparent stain. 
 
4.5 Inspection of Test Material 

Each deck member was non-destructively and non-invasively inspected for evidence of biodeterioration, 
and the entire 1.2 m x 1.2 m deck module was given an overall rating for appearance. 
 
The inspection method involved probing of checks, joints and end-grain with a metal spatula for signs of 
softening or cavities. Particular attention was paid to areas of high moisture content, discoloration or 
collapse visible on the surface, and areas sounding hollow or dull when tapped with the blunt end of the 
spatula.  The presence of moss was also noted, since it indicates areas that remain moist for long periods. 
Basidiomycete fruitbodies were noted on some deck members and these were given a rating of 2 even if 
no decay could be detected by probing. Each deck member was rated on a 0 to 4 scale as follows: 
 

0 Sound: no evidence of decay 
1 Minor softening on end-grain or on sides of checks 
2 Distinct evidence of decay pockets, but insufficient to substantially affect 

load bearing capacity of board 
3 Severe decay likely to affect load-bearing capacity 
4 Failure when stepped on sharply by a person of moderate weight (60 to 

80 kg). This could be breakage of the board or severe surface collapse. 
 
An overall appearance rating was also given on a 0 to 4 scale where 0 was perfect, 1 was slightly 
deteriorated, 2 would require refinishing, 3 would require minor repair of one or two boards, and 4 would 
require major repair or replacement. 
 
In 1984, prior to construction of the brown-coloured CCA decks, 6 mm core samples were taken for 
chemical analysis using AWPA standard methods. In 1988, cores were also taken from the two CCA-
treated decks installed in 1981. Preservative penetration was measured on one-half of each split core after 
each was sprayed with chrome azurol S reagent (AWPA A3-97). The other halves of the cores were 
ground and pooled for retention analysis by x-ray fluorescence spectroscopy (AWPA A9-97).  
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5 Results and Discussion 
5.1 Untreated and CCA-treated Hem-Fir 

After 24 years’ exposure, the untreated, unstained hem-fir deck had reached a mean rating of 3.5 with 
88% (15 of 17 boards) needing replacement (Figure 2). Four of the boards had already failed at the 7-year 
inspection. This deck was disposed of after this inspection. 
 
Table 1 Performance of non-incised decking 
 

Years 
In test Species Preservative Process Ret’na 

kg/m³ 
Penetration 
% ≥ 5 mm Finish Mean 2005

Rating 

 %  Boards
rated 
3 or 4 

Overall 
Rating 

24 Hem-fir None - - - - 3.5 88 4 
24 Hem-fir None - - - stain 2.2 44 3 
24 Hem-fir CCA-C pressure 2.3 65 - 0.4 0 2 
24 Hem-fir CCA-C pressure 1.6 35 stain 0.4 0 2 
23 Hem-fir None - - - - 2.9 67 4 
23 Pine None - - - - 1.1 7 3 
21 Hem-fir CCA-C pressure 3.7b 80b Sunwood 0.3 0 2 
21 Hem-fir CCA-C pressure 5.3b 40b Cedartone 0.7 0 2 
24 Hem-fir 2.5% PCP 1 min. dip - - stain 2.1 31 4 
24 Hem-fir 2.5% PCP 3 min. dip - - stain 1.8 13 4 
24 Hem-fir 5.0% PCP 1 min. dip - - stain 1.3 13 3 
24 Hem-fir 5.0% PCP 3 min. dip - - stain 2.4 38 4 
24 Hem-fir 0.5% PCP double-vac - - stain 0.3 0 3 
24 Hem-fir 1.75% PCP double-vac - - stain 0.6 0 4 
20 Hem-fir Arquad B-100 pressure 6.4c - stain 0.2 0 3 
20 Hem-fir Arquad B-100 pressure 10.0c - stain 0.4 0 3 
a  Ret’n = retention in a 16 mm assay zone.  
b    Five samples only.  
c   Retention by uptake. 
 
Unexpectedly, the stained untreated boards had a lower decay rating of 2.2, with 44% of the boards 
requiring replacement (rating 3 or 4). The stain was not intended to provide anything more than a 
cosmetic effect, but it may have imparted some degree of water repellency to the lumber.  
 
The non-stained CCA-treated deck was in very good condition after 24 years’ exposure with a mean 
rating of 0.4. Interestingly, this deck would probably have met the retention requirement of the CSA 
O80.32 standard for decking of 6.4 kg/m³ in a 5 mm assay zone and would have come close to meeting 
the penetration requirement (80% ≥ 5 mm). The appearance rating was 2 due to severe splitting. The 
stained CCA-treated deck, though taken from the same stock, would probably not have met the retention 
requirement and would also have failed the penetration requirement by a wide margin. This deck also had 
a mean decay rating of 0.4. 
 
5.2 PCP-Treated Hem-Fir 

The decks dip-treated with PCP contained moderate decay, with mean ratings of 1.3 to 2.4, and up to 38% 
of boards rated 3 or 4. In contrast, the double-vacuum treated decks contained very little decay and had 
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mean ratings of 0.3 and 0.6 despite much lower solution strengths. Although PCP is no longer 
recommended for applications such as decking, these results are still useful in demonstrating the principle 
that treatment process (preservative penetration) can be more important than solution strength (retention). 
The double-vacuum treatments provide much deeper penetration than the dip treatments. Consequently, 
decks double-vacuum treated with 0.5% PCP performed better than decks dip-treated with 5% PCP after 
24 years in test. Carey and Bravery (1989) demonstrated similar results for painted L-joint tests. The dip-
treated decking modules were disposed of after this inspection. 
 
5.3 Untreated Pine and Hem-Fir 

Of the decks installed in 1982, pine was unexpectedly showing the best performance after 23 years’ 
exposure (Table 1), with only one board rated 4. In contrast, 67% of the hem-fir boards needed 
replacement. The pine deck was reported to be lodgepole pine, but given the unusually good performance, 
chips were removed from the underside of each board for species identification. Under the microscope, 
these boards were determined to actually be western white pine (Pinus monticola Dougl.). Although hem-
fir and western white pine are both classed as non-durable based on ground contact tests, the higher level 
of extractives in pine heartwood appears to have conferred some degree of durability in above-ground 
exposure.  
 
5.4 Brown-Coloured CCA Treatments 

Both of these decks were in good condition after 21 years in test. Despite a lower retention, the well-
penetrated Sunwood material performed better with respect to decay (rated 0.3) than the less well-
penetrated Cedartone material (rated 0.7). The Sunwood material would have met the CSA 080.32 
decking standard for penetration, and most likely both would have met the retention standard of 6.4 kg/m³  

in the outer 5mm. However the Cedartone performed better than the Sunwood with respect to colour 
retention. 
 
Figure 3 graphically compares the performance of the untreated hem-fir and unstained CCA-treated decks 
after 24 years, and the Sunwood and Cedartone CCA-treated decks after 21 years. 
 
5.5 Quaternary Ammonium Compound 

The Arquad B-100 treated decks (6.4 and 10.0 kg/m³) after 20 years’ exposure were in good condition, 
with decay ratings of 0.2 and 0.4. In practice, quaternary ammonium compounds (quats) failed in similar 
above-ground uses in New Zealand in as little as 4 years (Hedley 1987). Subsequent work on quats for 
wood preservation has focussed on combinations with co-biocides.   
 
The retention of quats specified in New Zealand for above-ground use was 2.5 kg/m³ (Vinden and 
McQuire 1981). This was based on laboratory test data showing that quats were effective against wood-
rotting fungi at half the retention required for CCA (Butcher 1979). At that time, the retention for CCA 
for above-ground use was around 5.4 kg/m³ (salts). The much higher retentions used in the test reported 
here may account for the much better performance than that experienced in New Zealand. The wood used 
in this experiment has suffered little or no checking and this may be delaying decay. No untreated 
controls were installed with this material.  
 
5.6 Overall Appearance 

As would be expected, the 23- and 24-year-old untreated, unstained hem-fir decks with ratings of 4 had 
the worst appearance. All required major repair or replacement. The stained, untreated hem-fir deck and 
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the western white pine decks were marginally better, with a rating of 3. The stained CCA-treated deck 
looked substantially better than the stained untreated decks. This may be due to the protective effect of the 
chromium in the CCA formulation against ultraviolet light, as demonstrated by Feist (1979). The 
Sunwood deck had completely lost its original colour and was similar in appearance to conventional CCA 
treatment. The Cedartone deck still had patches of the original tan colour, although in practice both decks 
required refinishing. 
 
The PCP-treated decks, even those containing little or no decay, were rated 3 and 4 for appearance, bad 
splitting and erosion. The two decks treated with a quaternary ammonium compound were rated 3. 
 
5.7 General Discussion 

The evaluation of surface appearance after 20 to 24 years without refinishing is an extremely harsh way to 
judge these materials, and this should be borne in mind when one is comparing the overall ratings. In 
summary, two sets of non-incised, CCA-treated hem-fir decking with preservative penetrations close to 
the 1997 CSA O80 decking standard have remained in very good condition after 21 and 24 years’ 
exposure. 
 
Comparable data on the performance of treated decking of refractory species with a non-durable 
heartwood appears to be limited. Dost (1988) reported no signs of decay in non-incised, commercially 
treated spruce-pine-fir decking with very limited preservative penetration after 6 years’ accelerated 
testing. Boutelje (1990) reported no "visible rot damage" in non-incised, treated spruce decking after 6.5 
years. These were early indications of better-than-expected performance from this type of material used 
as decking. Richards and McNamara (1997) also reported that no decay was present in CCA-C treated 
refractory softwood decking exposed for eight years in Ontario. 
 
Forintek established a field test of untreated and commercially CCA-treated decking of 11 species on 
behalf of the Canadian Institute of Treated Wood in 1991 at Vancouver and Ottawa. After nine years, an 
inspection revealed that the CCA-treated samples were virtually free of fungal attack irrespective of 
whether or not they were incised or end-coated (Morris and Ingram 2002). 
 
 

6 Conclusions 
• The data on CCA-treated hem-fir decking supports the continued use of the 1997 CSA O80.32 

decking standard. 
 
• Hem-fir treated to the new decking standard should give a minimum service life of 20 years as 

decking under the moderate decay hazard conditions that are present in Vancouver and in much of 
North America. 

 
• Deeper preservative penetration is more effective than higher retention in providing long-term 

performance. 
 
• At a retention of 6.4 kg/m³, Arquad B-100 has proven effective without a co-biocide in an above-

ground application. 
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7 Recommendations 
The remaining decks will be left in place without evaluation unless there is a special need until 25 years. 
At 25 years the deck boards will be destructively sampled to determine if there is undetected internal 
decay.  
 
 

8 References 
American Wood Preservers' Association. 1997.  AWPA Standard A3-97. Standard methods for 

determining penetration of preservatives and fire retardants. Granbury, TX. 5 p. 
American Wood Preservers' Association. 1997.  AWPA Standard A9-97. Standard method for analysis of 

treated wood and treating solution by x-ray spectroscopy. Granbury, TX. 4 p. 
American Wood Preservers' Association. 1997.  AWPA Standard C2-97. Lumber, timbers, bridge ties and 

mine ties: Preservative treatment by pressure processes. Granbury, TX. 11 p. 
Boutelje, J. 1990. Treated spruce timber for exterior purposes: Views and experiences. Tratek Report I 

9006031. Tratek, Stockholm, Sweden 
British Wood Preserving Association. (undated). Methods of applying preservatives to wood. Leaflet 

No. 4. 
Butcher, J.A. 1979. Testing new preservatives for protection of wood exposed in above ground situations. 

Mat. u Org. 14(1):43-53. 

Canadian Standards Association. 1997 CSA O80.32-97. Preservative treatment of decking lumber with 
waterborne preservatives by pressure processes. In CAN/CSA - O80 Series 97 Wood Preservation, 
Rexdale, ON., pp. 127-128. 

Carey, J.K. and A.F. Bravery. 1989. Cooperative research project on L-joint testing: Progress report to 
May 1989. International Research Group on Wood Preservation. Doc. IRG/WP/2338. IRG 
Stockholm, Sweden. 14 p. 

de Lissa, R. 1987. Improved CCA treatment of several western species using a fine-tooth close incising 
pattern. In Proceedings of the 1987 Annual Meeting, Canadian Wood Preservation Association, 
Mississauga, ON., pp. 58-73. 

Dost, W.A. 1988. Performance of different qualities of durable lumber exposed as decking in California: 
A progress report. Proceedings of American Wood Preservers’ Association, Vol. 83:70-71. 

Feist, W.C. 1979. Protection of wood surfaces with chromium trioxide. USDA Forest Service, Forest 
Products Laboratory. Research Paper FPL 339. 11 p. 

Hedley, M. 1987. Decay of AAC-treated timber. Trees and timber. New Zealand Ministry of Forestry. 
Report no. 7. 4 p. 

Ingram, J.K. and P.I. Morris. 2000.  Performance of decking after 15 - 24 years’ exposure. Report to 
Canadian Forest Service. Forintek Canada Corp., Vancouver, BC. 11 p. 

Morris, P. I. 1990. Recent developments in incising technology. In Proceedings of the 1990 Annual 
Meeting of the Canadian Wood Preservers’ Association, pp.72-83. 

Morris, P.I. and J.K. Ingram. 1994. Performance of decking after 9-13 years’ exposure. Report to CSA 
O80 Technical Committee on Wood Preservation. Forintek Canada Corp., Vancouver, BC. 9 p. 

Morris, P.I. and J. K. Ingram. 2002.  Nine-year inspection of the CITW decking test. CWPA Proceedings 
2002. p. 156-169. 



Performance of Decking After 20 to 24 Years' Exposure 

 
 

 
 
  8 of 10 

 

Morris, P.I. and J.N.R. Ruddick. 1993.  Performance of non-incised CCA-treated hem-fir decking. 
International Research Group on Wood Preservation, Document IRG/WP/93-40004. IRG Stockholm, 
Sweden. 9 p. 

Morris, P.I., J.N.R. Ruddick and R. Silcox. 1991.  Development, design and construction of a double-
density incisor. Forest Products Journal 41(2):15-20. 

Richards, M.J. and W.S. McNamara. 1997.  The field performance of CCA-C treated sawn refractory 
softwoods from North America. International Research Group on Wood Preservation. Document 
IRG/WP 97-40085. IRG. Stockholm, Sweden. 26 p. 

Ruddick, J.N.R. and C.D. Ralph. 1984.  Field testing of treated and untreated wood products. Report to 
Canadian Forest Service. Forintek Canada Corp., Vancouver, BC. 58 p.  

Ruddick, J.N.R. 1989. Multi-head incisor for lumber, timber and the like. United States Patent No. 
4,836,254. 

Scheffer, T.C. 1971. A climate index for estimating potential decay in wood structures above ground. 
Forest Products Journal 21(10):29-31. 

Setliff, E.C. 1986. Wood decay hazard in Canada based on Scheffer's climate index formula. Forestry 
Chronicle (October) 456-459. 

Silcox, R. 1987a. Mechanical incising and the clean ring concept. In Incising Workshop Proceedings. 
Special Publication No. SP-28. Forintek Canada Corp., Vancouver, BC. pp.57-59 

Silcox, R. 1987b. Incisor cleaning system. Canadian Patent No. 1,230,830. 

Vinden, P. and A.J. McQuire. 1981. Treatability tests with alkylammonium compound preservatives. 
International Journal of Wood Preservation 1(4):185-195. 



Performance of Decking After 20 to 24 Years' Exposure 

 
 

 
 
  9 of 10 

 

 

 
 
Figure 1 Overview of decking tests 
 
 

 
 
Figure 2 Untreated hem-fir deck after 24 years’ exposure 
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Figure 3 Comparison of performance of hem-fir decks 
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