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ABSTRACT 
This paper presents the results of a research programme that investigated the flexural 
and axial behaviour of glue-laminated metal truss plate connected dimensional lumber 
posts for use in post-frame buildings. A total of 299 specimens fabricated from 3-ply and 
4-ply nominal 2x6 and 2x8 SPF No.1/2 dimensional lumber were tested. The 5th 
percentile value was determined and compared with CSA O86 Wood Design Standard. 
Two splice configurations were evaluated for the 4-ply posts. Results of the test 
programme indicate that the spliced posts compare favourably with design values as 
determined using CSAO86. 
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INTRODUCTION 
The use of “pole buildings” emerged as an option for structures along shorelines and 
other areas to raise their elevation. These structures then found their way for use as 
shelter for hay and equipment storage. Fundamentally, these structures eliminated the 
use of concrete foundations by embedding posts into the ground to act as a foundation 
system. ASAE(1992) point to two developments that brought post-frame building more 
into the mainstream – pressure treated wood products improved durability, while the use 
of lightweight metal cladding systems reduced material loads on the supporting posts. 

The use of preservative-treated solid-sawn timber posts replaced the use of round 
timber in most applications and led to what are now referred to as post-frame buildings. 
Squared posts eliminated the taper of round posts and made connection of trusses and 
girts more effective. While squared timber was an improvement there was still the 
potential for initial out-of-straightness over the post length that could have structural and 
aesthetic implications. Also, the entire post was treated which reduced its design values 
and was unnecessary above grade.  As the demand for taller structures grew the ability 
to obtain appropriately graded solid-sawn timber of the required length became a 
challenge. This led to the next evolution in post-frame buildings, the use of laminated 
dimensional lumber mechanically connected. The application of dimensional lumber 
allowed for only that portion of the post 
from approximately 600 mm above grade 
down to be treated, while the remainder of 
the post could be non-treated (Fig.1). This 
did, however, lead to the need to determine 
design properties for the splice region of 
the post. There has been much research 
over the years evaluating the effect of the 
splice region on the behaviour of laminated 
posts. Bohnhoff (1990, 1991, 1992) and 
Williams et al (1992) investigated various 
splice, nailing and reinforcing 
configurations for laminated posts.  

Within a building the posts are subjected to 
lateral and axial loads resulting in flexural 
and axial stress respectively. The designer 
will evaluate the combined stress index to 
determine the appropriate dimensions for a 
particular application. Typically, the majority 
of the stress will be as a result of flexure. 
The length, configuration and connection 
method are critical to post behaviour. The 
research presented in this paper 
investigated the application of metal truss 
plates as a  means of laminating 
dimensional lumber for use in post-frame buildings.  

 
 

 

Fig. 1 Typical Post 
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MATERIALS AND METHODS 
All tests were conducted using a test 
frame in the Biosystems Strawbale 
Research Facility at the Alternative Village 
on the University of Manitoba campus in 
Winnipeg Manitoba. Figure 2 shows the 
setup used for the tests. 

Test Specimen Types 
A total of 299 specimens were tested to 
evaluate the flexural and axial behaviour. 
The laminated posts were fabricated using 
nominal 2x6 and 2x8 SPF No.1/2 
dimensional lumber. All of the posts were 
fabricated by the producer and shipped to 
the test facility at the Alternative Village. 
The dimensional lumber laminations were connected using MT20 - 20 gauge galvanized 

metal truss plates manufactured by Mitek Canada to form posts with an overall length of 
4.87m (16ft). In addition, there was a bead of construction adhesive between the 
laminations. During manufacture a bead of adhesive is applied down the centre of the 
lumber prior to clamping. The plates were hydraulically pressed into the 38 mm (1-1/2”) 
edge of the laminations. The orientation of the truss plates can be described as load 
parallel to the grain with the plate length parallel to the load. 3-ply posts use 114 mm 
x125 mm (4-1/2” x 5”) truss plates, while the 4-ply used 125 mm x 150 mm (5”x6”) 
plates. 

Three and four ply posts were tested as illustrated in Figure 3. The four-ply posts had 
two splice configurations while the three-ply were evaluated with one splice type. Each 
of the specimens had incised pressure treated (PWF) dimensional lumber in accordance 
with CSA S407 (CSA, 2009). The rationale for including the PWF in the test programme 

Fig.2: Setup for Flexural Tests 

Fig.3: Specimen Types ( shaded members indicate PWF) 
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was to evaluate the typical as-fabricated post. Furthermore, the gripping values for metal 
truss plates used in PWF lumber are subject to modification factors in accordance with 
the Truss Plate Institute of Canada design requirements (TPIC, 2007). Un-spliced posts 
were also tested to provide a baseline value.  Table 1 summarizes the specimens for 
this programme. 
Table 1: Summary of Test Specimens 

Test Type Material Identification Number (1) 

Flexure 3-Ply 2x6 No Splice  NS36 28 

  2x6 Splice S36 20 

  2x8 No Splice NS38 20 

  2x8 Splice S38 28 

 4-Ply 2x6 No Splice  NS46 28 

  2x6 Splice Type 1 S1S46 28 

  2x6 Splice Type 2 S2S46 28 

  2x8 No Splice  NS48 28 

  2x8 Splice Type 1 S1S48 28 

  2x8 Splice Type 2 S2S48 28 

  Flexural Test Total Specimens 264 

Axial 3-Ply 2x6 Splice ASP36 10 

  2x8 Splice ASP38 10 

 4-Ply 2x6 Splice ASP46 15 

  Axial Test Total Specimens 35 

Note: 1. A target normal COV of 0.15 was set for flexural tests.  

 
Load Test Configuration 
Figure 4 provides an illustration of 
the load configurations for both 
flexure and axial tests. Load was 
applied with a hydraulic cylinder. A 
222kN (50kip) load cell was 
attached to the ram.  

Flexural tests were conducted in 
accordance with ASTM D198 
(ASTM, 2005) with failure occurring 
at not less than 5 minutes and not greater than 20 minutes. The load was applied at the 
centre of a spreader beam that had roller supports at a distance greater than the splice 
length. The rationale for this load application was to place the splice region in a zone of 
moment with minimal shear influence. Linear potentiometers were used to record 
displacement of the load cell and the load points. The post was simply supported.  

Axial tests were conducted in accordance with ASTM 198 (ASTM, 2005). The axial load 
was applied at the mid-depth of the post by means of a hydraulic ram (Fig.5). The load 

Fig. 4 Test Specimen Loading 
Flexure 
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cell was attached to the ram. Each 
end of the post was allowed to freely 
rotate. Lateral support was provided 
for the post in accordance with ASTM 
D198, Clause 20.1 that requires a 
slenderness ratio of less than 17 
(ASTM, 2005). Linear potentiometers 
were used to record the displacement 
of the load cell and at the same 
locations along the post as the flexural tests. 

Data from the tests were recorded using an Agilent™ 34972A data switch with a 16 
channel multiplexer.  Agilent Benchlink™ software was used to capture the data from the 
linear potentiometers and load cell. These data were then analyzed using Excel™ 
software and curve-fitting software.   

 

RESULTS AND DISCUSSION 
Flexural Tests 
The load-deformation data were analyzed to determine the ultimate bending moment for 
each specimen. Table 2 summarizes the results of this analysis. 

Table 2: Parameters Determined from Flexural Tests     
Parameter Mult Mavg M5% 

(1) SD (2) COVnor (3) CVW (4) 

 (kN-m) (kN-m) (kN-m) (kN-m)   

Specimen       

NS36 17.81 13.41 10.66 1.62 0.12 0.12 

S36 9.30 8.02 6.32 0.87 0.11 0.12 

NS38 28.20 22.66 15.95 3.20 0.14 0.15 

S38 18.56 13.83 8.74 2.41 0.18 0.19 

NS46 19.92 17.52 13.73 1.84 0.10 0.13 

S1S46 13.94 8.13 8.24 1.54 0.13 0.15 

S2S46 17.25 8.80 8.39 2.25 0.19 0.18 

NS48 35.41 30.27 18.67 3.98 0.13 0.18 

S1S48 22.47 16.60 12.20 3.02 0.18 0.15 

S2S48 20.57 16.49 13.87 2.42 0.15 0.12 
Note:  1. Based on 2-parameter Weibull distribution 
 2. Sample standard deviation 
 3. Coefficient of Variation based on normal distribution 
 4. 2-parameter Weibull coefficient of variation estimate based on CVw= α-0.92 as per 
 ASTM D5457-04a Clause 6. Sentence 6.4.  

Aside from the moment capacity of the posts, of particular interest was the effect of 
splice configuration for the 4-ply posts. Prior to testing it was hypothesized that Splice 
Type 1 would be significantly inferior to that of Splice Type 2. The rationale for this 
opinion was based on an assumption that the splice did not alternate between plies as 
with Type 2. It was felt that the two inner members would act as a plug and rotate 

Fig.5. Axial Test Setup 
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together, resisted only by the truss plates and adhesive layer between the outer plies.   It 
can be seen from Table 2 that there is a difference in moment capacity between the 
splice types.  Based on the 5th percentile moment (M5%) Splice Type 2 performed better 
for both lamination sizes.  This difference is, however, not as great as anticipated. 
Nevertheless, it is recommended that Splice Type 2 be used for fabrication. 
A comparison with CSA O86-09 Engineering Design in Wood was done. The purpose 
was to compare the M5% of the spliced posts with the design moment resistance Mr in 
accordance with CSA O86 Clause 5.5.4 (CSA, 2009) for a non-spliced nail-laminated 
beam.  Using the following relationship from CSA O86 an apparent specified strength in 
bending fb was back calculated from expression in CSA O86 Clause 5.5.4.1.  

    

! 

M r = "FbSKzbKL  , where  Fb = fb( KD KH KS KT )    Eqn.1 
where: φ = Reliability factor 
 Fb = Factored specified strength in bending (MPa) 
 fb = Specified strength (MPa) 
 S = Section modulus (mm3) 
 Kzb = Size modification factor 
 KL = Lateral support factor 
 KD = Load duration factor 
 KH = System factor 
 KS = Service condition factor 
 KT = Treatment factor 

Table 3 summarizes this comparison.  

Table 3: Comparison of Splice Section of Test Specimens with O86 Standard 

Post Type 
M5% (1) fb (2) ftest/fO86 

kN-m Mpa  

3 Ply 2x6 No Splice NS36 10.66 20.7 1.75 

  Spliced S36 6.32 12.2 1.04 

  O86  6.09 11.8 1.00 

 2x8 No Splice NS38 15.95 20.9 1.77 

  Spliced S38 8.82 11.5 0.98 

  O86  9.03 11.8 1.00 

4-ply 2x6 No Splice NS46 13.87 20.2 1.71 

  Splice S1 S1S46 8.24 12.0 1.01 

  Splice S2 S2S46 8.29 12.2 1.03 

  O86  8.12 11.8 1.00 

 2x8 No Splice NS48 18.87 18.5 1.57 

  Splice S1 S1S48 12.20 12.0 1.01 

  Splice S2 S2S48 13.87 13.6 1.15 

  O86  12.02 11.8 1.00 
 Note:  1. 2-parameter Weibull 5th percentile from test data  
 2. Specified strength in bending back calculated from Eqn.1  
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With the exception of post type S38, all other post types performed equal or better than 
the baseline design value as determined from O86. The moment capacity determined 
from these tests was that of the splice region. Depending upon the location relative to 
finished grade level the splice region may experience much less than the full factored 
moment on a post. 

The fabricator used adhesive between the laminations with the intent of increasing post 
capacity. With the exception of Specimen S2S48 there is only a nominal difference in 
flexural capacity. One hypothesis for this behaviour is that any additional capacity 
provided by the adhesive is not mobilized 
until there is geometry change and relative 
movement between the laminations. If, for 
example, all of the plies moved the same, 
the magnitude of the shear flow would be 
much less than the flexural stress 
experienced by the laminations.  

The principal failure mechanism was 
progressive for all of the flexural tests. 
Curvature of the post buckled the truss plate 
on the compression side. Tension failure of a 
lamination was next followed by tension 
failure of side truss plates (Fig.6).    

 

Axial Tests. 
Tests were conducted on 3-ply 2x6 and 2x8 posts, and 4-ply 2x6 only. Table 4 
summarizes the results of the axial tests.  

Table 4. Summary of Ultimate Post Loads 
Post Type Pult SDPult (1) COVnor

(2) CVw (3) P5% (4) PrO86 (5) 

kN kN   kN kN 

3 Ply 2x6 148.55 30.40 0.31 0.41 49.37 48.12 

 2x8 207.42 46.08 0.38 0.24 72.87 102.31 

4-ply 2x6 204.80 36.87 0.28 0.29 69.11 64.17 
Note: 1. Sample standard deviation ultimate axial test load 
 2. Coefficient of Variation based on normal distribution for test loading 
 3. 2-parameter Weibull coefficient of variation estimate based on CVw= α-0.92 as per 
 ASTM D5457-04a Clause 6. Sentence 6.4.  
 4. 5th Percentile of test data using 2-parameter Weibull distribution 
 5. Axial compressive resistance as per CSAO86, Clause 5.5.6 with L’/r = 17 for a nail-
 laminated non-spliced post. 

The predominant failure mode for the axial specimens was in-plane bending at the splice 
location. The load-deformation curve was monitored during testing to determine when 
the peak load had been reached. For safety reasons the tests were stopped shortly after 
the maximum load was achieved. In only two occasions was there a material failure of 
the laminations. In three instances an out-of-plane buckling failure occurred between the 
lateral supports. Figure 7 provides a sample plot of an axial load-displacement curve for 
a 3-ply 2x6 post. 

Fig.6. Characteristic Flexural Failure 
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The 5th percentile axial 
compressive value in Table 4 
for 3-ply and 4-ply 2x6 posts 
was slightly greater than the 
calculated Pr based on CSA 
O86-09. There is a substantial 
difference between these 
values for 3 ply 2x8 posts. It 
can be seen from the summary 
in Table 4 that the target COV 
was not achieved, thus these 
values are taken as indicators 
of a trend. Additional axial 
testing is proposed to address 
the high COV values.  While 
not clearly demonstrated with this particular sample, observations of the posts while 
under test seem to indicate that the presence of an adhesive has a greater effect on 
axial performance than it does with flexural behaviour. Based on the greater design 
values typical for glulam in axial compression it is hypothesized that the use of 
adhesives between the laminations will result in higher design values when compared to 
traditional nail-laminated posts. 

CONCLUSION 
A series of flexural tests were conducted on a total of 264 truss-plate glue-laminated 
dimensional lumber posts to investigate their performance. With the exception of the 
spliced 3-ply 2x6 all of the specimens provided equal or better performance when 
compared to posts designed in accordance the CSA O86 standard at the 5th percentile 
for a nail-laminated, non-spliced beam. There was as much as a 15% increase in post 
capacity in flexure. Two splice types were examined for the 4-ply posts. Splice type 2 
was found to perform better than Type 1.   

Axial tests were conducted on 3-ply 2x6 and 2x8 posts as well as 4-ply 2x6 posts. The 
5th percentile values were compared with the design value as determined from CSA O86 
for non-spliced columns. Two of the specimen types had results greater than the axial 
compressive resistance determined from the standard.  The COV for these tests was 
above the target value and thus it is proposed that further axial tests be conducted. 

Based on these tests it appears that posts fabricated with metal-plate truss plates and 
adhesive between the laminations provide an option for post frame structures. Further 
testing is needed, however with regards to long-term performance and durability.            

FURTHER RESEARCH 
The research outlined above investigated the strength characteristics of metal-truss-
plate connected posts. Further research is needed to evaluate the long-term 
performance of this post type. The following are directions of ongoing research: 

• In-situ testing of posts to evaluate the effect of groundwater and soil interaction 
with the long-term performance of truss plates 

• In-situ testing of the adhesive bond between the laminations when subjected to 
groundwater, soil compounds and freeze thaw conditions. 

Fig.7. Typical Load-Displacement Plot for 3-ply 2x6 Post 

Mid-span 

Axial 
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• Long term evaluation of the possible impact of moisture change and freeze thaw 
conditions on plates above grade. 
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