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ABSTRACT 

Field tests of untreated and preservative-treated glulam beams in outdoor exposure, in ground contact 
and above ground, were inspected for decay after five years. Copper azole and ACQ-D-treated material 
was in excellent condition, while moderate to severe decay was present in untreated non-durable 
material. Early stages of decay were also noted in yellow cedar glulam in the above-ground test.  Using 
galvanized rather than stainless steel fasteners appeared to have a protective effect against decay in 
untreated material, supporting the hypothesis that zinc from the sacrificial coating on galvanized bolts 
inhibits germination of basidiospores. 
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1 OBJECTIVES 

• To investigate the performance, in terms of decay, of preservative-treated glulam beams in both 
ground contact and above-ground outdoor exposure 

• To investigate the effect of galvanized or stainless steel bolts on the performance of beams 
tested above ground 

 

2 INTRODUCTION 

Expansion of wood use in non-residential construction would greatly benefit the Canadian forest 
products industry. Many of these applications require large glulam beams in environments susceptible 
to condensation and decay such as swimming pools and ice arenas. Exterior or semi-exterior uses of 
glulam are popular with architects expressing West Coast design. Existing markets in Japan and the 
US South are under threat from expanding termite activity and increasing restrictions on soil 
treatments. Many new overseas markets, such as China, India, and Taiwan may require termite- 
resistant glulam. It is therefore important to confirm that glulam can be protected against decay and 
termites by preservative treatment.  Industrial markets such as guardrails, posts, and fencing in the 
transportation sector, where strength combined with decay and insect resistance are important 
performance criteria, represent another opportunity for treated glulam. 
 
Most Canadian wood species are predominantly heartwood which is not receptive to preservative 
treatment (Cooper and Morris 2007, Morrell and Morris 2002), However sapwood of lodgepole pine 
(Pinus contorta) affected by the mountain pine beetle is readily separated based on its colour and has 
increased permeability to preservative treatment (McFarling et al. 2006). Red pine (Pinus resinosa) has 
a relatively wide treatable sapwood band and Pacific silver fir (Abies amabilis) has relatively permeable 
heartwood (Morris 1995).  Using thin, pure-sapwood lamina of post-MPB lodgepole pine and red pine 
and thin lamina of Pacific silver fir was felt to give the best chance of producing a well-treated glulam.  
A preliminary study by FPInnovations and sponsored by BC Forestry Innovation Investment (FII) 
demonstrated that post-MPB lumber treated with ACQ-D could be laminated successfully with phenol-
resorcinol-formaldehyde adhesive when used with a resin modifier (Feng and Knudson 2006). 
Lamination quality without the use of the modifier was not satisfactory. CA-treated material was also 
successfully bonded. Planing of the treated lumber prior to lamination was an essential step for 
achieving good gluing performance. However, planing of the treated lumber represents an additional 
manufacturing process plus a challenge for disposal of the treated shavings. A further FPInnovations 
study funded by FII found that the need for planing the treated lumber prior to gluing can be eliminated 
by smoothing the lumber surface with roller-pressing under ambient conditions (Knudson et al 2008, 
2009). A study on gluing ACQ- and CA-pretreated Pacific silver fir sponsored by the Canadian Forest 
Service led to similar results (Knudson et al 2009). A mill trial was identified as the next logical step 
towards commercial production of pretreated glulam (Knudson et al 2010).  
 
As part of this mill trial in 2010, field tests were initiated to investigate the performance, in terms of 
decay, of preservative-treated glulam beams in both ground-contact and above-ground outdoor 
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exposure. Sections of laminated beams composed of lumber well penetrated with preservative were 
installed in ground contact, buried vertically to half their length in the ground.  Sections of beams 
composed of lumber not as well penetrated with preservative were installed above ground in contact 
with masonry blocks (no soil contact). These above-ground samples had one galvanized and one 
stainless steel bolt inserted vertically in pre-drilled holes in each sample to test the hypothesis that zinc 
from the sacrificial coating on galvanized bolts would inhibit germination of basidiospores. This report 
describes the condition of material in these two glulam exposure trials after five years in test. 
 

3 STAFF 

Paul Morris Research Leader, Wood Protection Group 
Janet Ingram Wood Preservation Technologist 
Dave Minchin Wood Protection Technologist 
Rod Stirling Wood Chemist 
Daniel Wong Wood Preservation Process Technologist 
 

4 MATERIALS AND METHODS 

4.1 Ground-Contact Test 

Glulam sections (five-ply) were obtained from stock retained from a previous FPInnovations study 
(Knudson et al 2009a, 2009b). The treated material was chosen because it had generally high levels of 
preservative penetration.  However, replication was limited by the available material. Beams were 
untreated or treated with alkaline copper quat, type D (ACQ-D) or copper azole (CA). 
 
Each beam section was crosscut to one 66 cm in length test “post” and one 10 cm reference piece.  
The reference pieces were retained for possible future analysis.  Both cut ends of the 66 cm posts were 
given two brush coats of 2% copper naphthenate, and stainless steel labels were applied to each 
sample. The glulam posts were installed at FPInnovations’ test site at Maple Ridge, BC in April 2010, 
buried vertically to half their length (Figure 1), with samples representing the test variables randomly 
located among the four quadrants of this test site to offset variations in soil conditions within the Maple 
Ridge plot.  Post holes were pre-drilled using a six-inch diameter powered auger and a sample layout 
map was prepared.  
 
Unexposed pieces which had been retained at the laboratory for five years since the study was initiated 
were analyzed in 2015 for penetration and retention. Cores, 9 mm in diameter, were removed from the 
two outer and the central ply of each beam, and cut to 13 mm in length.  The cores were split 
longitudinally, and the preservative penetration was measured on one half-core.  The other halves from 
all the cores per species/treatment group were combined as one sample, and ground to sawdust, which 
was analyzed for copper using ICP. Using the specific gravity of each species, the copper content was 
converted to kg/m³ of ACQ-D or copper azole. 
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Figure 1 Glulam posts buried vertically to half depth in the ground 

4.2 Above-Ground Test 

Sections of 12-ply beams were obtained from stock retained from a previous FPInnovations study.  
Beams were untreated or treated with ACQ-D. This material was selected for above-ground testing 
because it contained substantial zones of untreated wood.  In the case of the post-MPB lodgepole pine 
this was due to a high proportion of untreatable heartwood in this batch of material.  The reason for the 
lower penetration in the Pacific silver fir in this study is unknown. Replication was limited by the 
available material. Untreated yellow cedar glulam was included as reference material, since this 
naturally durable material is being used untreated for bridge timbers in British Columbia. 
 
Each beam section was crosscut to one 39 cm length and one 15 cm reference piece.  The reference 
piece was retained for possible future analysis.  Both cut ends of each 39 cm sample were given two 
brush coats of 2% copper naphthenate.  Each section was drilled completely through at two locations 
on the narrow face to accommodate bolts.  The bolts were dropped into the holes but did not protrude 
through the samples and were not fastened.  The two bolt holes were located at two of the four 
intersections one-third the distance from the ends and one-third the distance from the edges, such that 
the holes were staggered on the faces as shown in Figure 2.  One galvanized and one stainless steel 
bolt, with matching washers, were placed into the two holes at the time of installation.  The samples 
were placed on masonry blocks with the bottom face of the sample and both ends in contact with the 
blocks to promote retention of moisture at the contact surfaces. Stainless steel labels were applied to 
the samples and the samples were installed at FPInnovations’ Maple Ridge test site in April 2010 
(report cover photo). 
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Figure 2 Bolt locations staggered at one–third distance in length and width dimensions in above- 

ground test samples 

 

 
Figure 3 Beam sections exposure above ground on and between masonry blocks 

 
Unexposed sections of the beams were analyzed for preservative penetration and retention after five 
years in storage, as described above for the ground-contact samples. Lamina nos. 1, 5, 8, and 12 (out 
of the 12 lamina on each piece) were sampled on these above-ground beams. 
 
4.3 Test Site 

The test site at Maple Ridge, BC is located within the University of BC Malcolm Knapp Research 
Forest. The area is a clearing in second growth coastal western hemlock forest but has been a grass 
field for decades.  It was previously used as a deer pen. The soil is a sandy silt loam to a depth of 0.3 m 
(12 in).  It has a pH around 5.1 and is relatively high in organic matter (15 - 21%). Below this is a layer 
of fine- to coarse-grained sand with some gravel and silt.  In summer, groundwater is between 0.5 and 
2.4 m below grade and flows in a predominantly southwest direction. During the winter months, the 
groundwater reaches the surface at the southwest end of the site. This site has a rainfall of over 
2150 mm (85 in) per year and an average yearly temperature of 9.6°C with mean daily maximum and 

Galvanized bolt (with washer) 

Stainless steel bolt (with washer) 
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minimum temperatures of 6°C and 1°C in January, and 23°C and 12°C in July.  It falls within the 
moderate decay hazard zone for outdoor above-ground exposure using Scheffer’s climate index 
(Scheffer 1971; Setliff 1986), with an updated Scheffer index (SI) of 63 based on 30-year climate 
normal data (Morris and Wang 2008). The calculated Scheffer Index for the 10-year test period (SIt) 
was 56. The moderate decay hazard zone includes most of the major population centres of North 
America. Soil-inhabiting wood-rotting basidiomycetes including Leucogyrophana pinastri (Fries) Ginns 
& Weresub, Fibroporia vaillantii (DC.) Parmasto, Antrodia serialis Ryvarden & Gilb. and Tapinella sp. 
are found on test material sporadically across the entire site. 
 
4.4  Decay Inspection 

Annually since installation, in August or September, each glulam stake was removed from the soil, 
loose grass and dirt were brushed off, and it was examined visually for indications of decay such as the 
presence of fungal mycelium or discolouration.  If decay was suspected, the area of interest was gently 
probed with a metal spatula.  Each specimen was then assigned a rating for decay, based on the 
AWPA E7 grading system: 

Table 1 AWPA decay ratings 

Decay Rating Condition Description 

10 Sound No sign or evidence of decay, wood softening, or discoloration 
caused by microorganism attack. 

9.5 Trace-suspect Some areas of discolouration and/or softening associated with 
superficial microorganism attack. 

9 Slight attack 
Decay and wood softening is present. Up to 3% of the cross 
sectional area affected. 

8 Moderate attack Similar to “9” but more extensive attack with 3-10% of cross 
sectional area affected. 

7 Moderate/severe 
attack Sample has between 10-30% of cross sectional area decayed. 

6 Severe attack Sample has between 30-50% of cross sectional area decayed. 

4 Very severe 
attack 

Sample has between 50-75% of cross sectional area decayed. 

0 Failure 
Sample has functionally failed. It can either be broken by hand 
due to decay, or the evaluation probe can penetrate through the 
sample. 

 
A rating of 9.5 was given when mycelium with the appearance of wood-rotting basidiomycetes was 
seen on the wood surface but no softening was detected.  The presence of a fruitbody would generate 
an automatic rating of no higher than 8 on the basis that the fungus must have degraded a substantial 
volume of wood to produce the fruitbody. 
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After five years of exposure, each above-ground beam was removed from the masonry block, 
examined visually for indications of decay, as described above, and assigned a decay rating at six 
locations: on the top surface, bottom surface, the end closest to the stainless steel bolt, the end closest 
to the galvanized bolt, and inside each of the two bolt holes.  A screwdriver specially adapted with a 
bent end was used to probe inside the bolt holes for softness associated with decay (Figure 4). 
 

 
Figure 4 Inspecting above-ground beams 

5 RESULTS AND DISCUSSION 

5.1 Ground-Contact Test 

The AWPA T1 penetration requirement specified for these samples (use category UC4A) is 90% 
meeting 19 mm, and the specified retention is 6.4 kg/m³ for ACQ-D and 3.3 kg/m³ for copper azole. 
Only the ACQ-treated red pine met the penetration requirement (Table 2). The material in this study 
was treated to above-ground loadings (Table 2), consequently it does not meet the retention 
requirements. 
 
Preservative-treated glulam in ground contact remained in excellent condition after five years in test 
(Table 2, Appendix I). Copper azole-treated specimens were completely sound (all rated 10) while 
some early decay (ratings of 9) were found in ACQ-D-treated material. In contrast, moderate to severe 
decay was found after five years in the untreated controls of all three species. 
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Table 2 Glulam stakes in ground contact 

Species  Treatment Retention 
(kg/m³) 

Penetration 
(mm) 

%≥19 
mm 

Decay after 5 
years 

% of samples 
rated ≤9 

Pacific silver fir None NA NA NA 5.5 (2.1)1 100 
 ACQ-D 4.5 17 (5) 83 9.5 (0.5) 50 
 CA 2.0 13 (7) 56 10.0 (0.0) 0 

Lodgepole pine None NA NA NA 8.5 (0.7) 100 
 ACQ-D 5.0 11 (7) 33 9.5 (0.5) 40 
 CA 2.6 13 (7) 50 10.0 (0.0) 0 

Red pine None NA NA NA 7.5 (0.7) 100 
 ACQ-D 4.5 18 (3) 94 9.8 (0.4) 16 
 CA 2.3 16 (5) 72 10.0 (0.0) 0 

1 Standard deviations shown in parentheses; NA: not applicable 
 
5.2 Above-Ground Test 

The AWPA penetration requirement specified for these samples (use category UC3B) is 90% meeting 
12 mm, and the specified retention is 4.0 kg/m³ for ACQ-D. Assay results given in Table 4 show that 
this material met the specified retention in Pacific silver fir and was close to the requirement in 
lodgepole pine. Preservative penetration failed to meet the standard in both species. 

Table 3 Assay of ACQ-D-treated above-ground glulam beams  

Species  ACQ retention (kg/m³) Penetration (mm) %≥12 mm 

Pacific silver fir 4.2 9 (5)1 55 

Lodgepole pine 3.7 7 (6) 50 
1 Standard deviations shown in parentheses 
 
No confirmed decay was found in any of the ACQ-D-treated beams of both lodgepole pine and Pacific 
silver fir exposed above ground (Table 4, Appendix I).  One bolt hole in lodgepole pine was rated 9.5 for 
a suspicion of softening. It was noted that in these specimens the galvanized bolt showed some rust 
(not quantified) while the stainless steel bolt was in perfect condition (Figure 5).  
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Table 4 Glulam beams above ground 

Species Treatment 

Mean decay ratings at 5 years % of 
samples 
with a 

rating of 9 
or less 

Top Bottom 
End with 

Galvanized 
Bolt 

End with 
Stainless 

Bolt 

Bolt Hole, 
Galvanized 

Bolt Hole 
Stainless 

Pacific silver fir None 9.1 
(1.2)1 

7.8 
 (3.3) 

6.6 
(2.7) 

6.5 
 (1.2) 

9.6 
 (0.7) 

8.6 
 (0.5) 100 

 ACQ-D 10.0 
(0.0) 

10.0 
(0.0) 

10.0 
 (0.0) 

10.0 
 (0.0) 

10.0 
 (0.0) 

10.0 
 (0.0) 0 

Lodgepole pine None 9.7 
 (0.7) 

9.4 
 (0.5) 

7.8 
 (0.9) 

7.0 
(1.3) 

10.0 
(0.0) 

9.6 
 (0.7) 100 

 ACQ-D 10.0 
(0.0) 

10.0 
(0.0) 

10.0 
 (0.0) 

10.0 
 (0.0) 

10.0 
 (0.0) 

9.9 
 (0.2) 0 

Yellow cedar None 10.0 
(0.0) 

9.6 
(0.5) 

9.4 
 (0.7) 

9.4 
 (0.7) 

10.0 
(0.0) 

10.0 
 (0.0) 67 

1 Standard deviations shown in parentheses 
 

 
Figure 5 Rust on galvanized bolt in an ACQ-treated sample 

In contrast, the untreated beams showed moderate to severe decay (ratings around 7.0) at the ends in 
contact with the masonry blocks. Fruitbodies of Gloeophyllum sepiarium were noted on several beams 
of both of the non-durable species.  This is the fungus most commonly found decaying wood above 
ground in Canada (Morris 1999).  In both of the non-durable species, decay was notably inhibited in 
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untreated material in the vicinity of the galvanized bolt when compared to the stainless bolt (Figures 6 – 
7). In untreated Pacific silver fir, where decay was the most advanced of the three species (Figure 8), 
decay was detected inside the stainless steel bolt hole in all eight beams, but in only two out of the 
eight galvanized bolt holes. This supports the hypothesis that zinc from the sacrificial coating on 
galvanized bolts will inhibit germination of basidiospores. 
 
Somewhat surprisingly, considering its natural durability and good performance as decking (Morris et 
al. 2016), untreated yellow cedar beams showed early signs of decay at the ends in contact with the 
masonry blocks. This confirmed that naturally durable species cannot be considered as a direct 
substitute for preservative-treated wood. 
 

 
Figure 6 Fruitbodies of Gloeophyllum sepiarium on the top surface of an untreated Pacific silver fir 

glulam beam close to the stainless steel bolt. 
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Figure 7 Fruitbodies of Gloeophyllum sepiarium towards the end of an untreated lodgepole pine 

beam with the stainless steel bolt 

 

 
Figure 8 More extensive mycelial growth on the underside of an untreated Pacific silver fir glulam 

beam at the end with the stainless steel bolt. 

Where decay was found in the above-ground test material, it was most severe at the ends in contact 
with the masonry block, confirming that this is an effective water trap. This location of the test design 
was intended to simulate a poorly designed bridge where the end of the glulam could be in direct 
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contact with a concrete abutment with no waterproofing or preservative-treated bearing plate. In most 
cases the soil level had risen during the five years of exposure to the top of the masonry block 
underneath the glulam beams, and in a few cases soil had percolated between the beam and the block.  
This also simulates a worst case, but realistic, scenario for bridge timbers designed as above-ground 
components. 
 

6 CONCLUSIONS 

Field tests of untreated and preservative-treated glulam beams in outdoor exposure, in ground contact 
and above ground, were inspected for decay after five years. Copper azole and ACQ-D-treated material 
was in excellent condition, while moderate to severe decay was present in untreated material. Early 
stages of decay were also noted in yellow cedar glulam in the above-ground test. Galvanized fasteners 
appeared to have a protective effect against fungus colonization via bolt holes in untreated material. 
 

7 RECOMMENDATIONS 

Inspections of the glulam posts at Maple Ridge should continue to be done annually, and the above-
ground test should be inspected again after ten years in service (2020). 
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Decay in ground-contact glulam stakes 

Treatment Species Sample 
ID 

Decay rating 
1 year 2 years 3 years 4 years 5 years 

Untreated 
controls 

Pacific 
silver fir 

26B 9 9 9 8 7 
27B 10 9 9 8 4 

Lodgepole 
pine 

40B 9 9 9 9 9 
62B 9 9 8 8 8 

Red pine 
29B 9 9 9 9 8 
30B 10 9 9 8 7 

ACQ-D 

Pacific 
silver fir 

1B 10 10 10 10 10 
2B 10 10 10 9 9 
11B 10 10 10 10 10 
12B 10 10 10 9 9 
41B 10 10 10 10 10 
43B 10 10 10 9 9 

Lodgepole 
pine 

3B 10 10 9.5 9.5 9 
5B 10 10 10 10 9.5 
7B 10 10 10 9.5 10 
8B 10 10 10 9.5 9 
9B 10 10 10 10 10 

Red pine 

13B 10 10 10 10 10 
14B 10 10 9.5 9.5 10 
16B 10 10 10 10 10 
17B 10 10 10 10 9 
18B 10 10 10 10 9.5 
60B 10 10 10 10 10 

CA 

Pacific 
silver fir 

34B 10 10 10 10 10 
35B 10 10 10 10 10 
36B 10 10 10 10 10 
37B 10 10 10 10 10 
38B 10 10 10 9.5 10 
39B 10 10 10 10 10 

Lodgepole 
pine 

53B 10 10 10 10 10 
54B 10 10 10 9.5 10 
55B 10 10 10 10 10 
59A 10 10 10 10 10 

61B-1 10 10 10 10 10 
61B-2 10 10 10 10 10 

Red pine 

45B 10 10 10 10 10 
46B 10 10 10 10 10 
47B 10 10 10 10 10 
48B 10 10 10 10 10 
50B 10 10 10 10 10 
63B 10 10 10 10 10 
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Decay in above-ground glulam beams 

Treatment Species Sample 
ID 

Decay ratings at 5 years 

Top Bottom Galvanized 
End 

Stainless 
End 

Galvanized 
Bolt Hole 

Stainless 
Bolt Hole 

Untreated 
controls 

Pacific 
silver fir 

FU-1 8 9 8 7 10 9 
FU-2 10 9 8 8 10 9 
FU-3 10 10 8 7 10 8 
FU-4 8 10 7 7 10 9 
FU-5 10 8 8 7 10 9 
FU-6 10 0 0 4 8 8 
FU-7 10 9 7 6 10 9 
FU-8 7 7 7 6 9 8 

Lodgepole 
pine 

PU-1 10 9 8 7 10 10 
PU-2 10 9 8 7 10 10 
PU-3 10 9.5 8 7 10 10 
PU-4 10 9.5 9.5 9 10 9.5 
PU-5 9 9 8 4 10 8 
PU-6 10 10 6 7 10 10 
PU-7 8 9 7 7 10 9 
PU-8 10 10 8 7 10 10 
PU-9 10 10 8 8 10 10 

Reference 
material 

Yellow 
cedar 

CU-1 10 9 10 9.5 10 10 
CU-2 10 10 10 10 10 10 
CU-3 10 10 9 9 10 10 
CU-4 10 10 9.5 10 10 10 
CU-5 10 10 9 10 10 10 
CU-6 10 9 10 9 10 10 
CU-7 10 9 9 8 10 10 
CU-8 10 9 8 9 10 10 
CU-9 10 10 10 10 10 10 

ACQ-D 

Pacific 
silver fir 

FTR-1 10 10 10 10 10 10 
FTR-2A 10 10 10 10 10 10 
FTR-2B 10 10 10 10 10 10 
FTR-3 10 10 10 10 10 10 
FTR-4 10 10 10 10 10 10 

Lodgepole 
pine 

PTR-1 10 10 10 10 10 10 
PTR-2 10 10 10 10 10 10 
PTR-3 10 10 10 10 10 10 
PTR-4 10 10 10 10 10 10 
PTR-5 10 10 10 10 10 10 
PTR-6 10 10 10 10 10 9.5 
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