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ABSTRACT: This paper presents the mechanical properties of rotary veneers peeled from small-diameter hardwood 
plantation logs, recovered from early to mid-rotation hardwood plantations. Two species planted for solid timber end-
products (Gympie messmate - Eucalyptus cloeziana and spotted gum - Corymbia citriodora) and one species 
traditionally grown for pulpwood (southern blue gum - Eucalyptus globulus) were studied. The logs were peeled to 
produce 2.5 mm nominal thick veneers. The compressive and tensile Modulus of Rupture (MOR) of the veneers, 
parallel to the grain, were experimentally investigated and compared to their measured Modulus of Elasticity (MOE). 
The variability within each species is presented herein. The study aims to ultimately predict the capacity and reliability 
of plywood and LVL structural products manufactured from rotary veneers recovered from early to mid-rotation 
hardwood plantation logs. Future work and methodologies are discussed.  
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1 INTRODUCTION 123 

Australian hardwood ‘industrial plantations’ cover about 
one millions hectares and represent about half all 
Australian plantations. About 84% of these hardwood 
plantations have been primarily established for 
pulpwood production, leaving a smaller proportion of 
these estates established for high quality sawn timber [1, 
2].  
The Australian timber industry is rapidly changing and is 
increasingly relying on plantations as a supplementary 
resource or as an alternative to native forests [3]. Yet, to 
justify continued expansion of Australia’s current 
hardwood plantation estates and to increase the value 
gained from existing estates, it is becoming necessary to 
develop high-value end-use products from early to mid-
rotation hardwood plantation logs. These logs are usually 
harvested 12 to 15 years after establishing the plantation, 
either by clear felling the plantation for pulpwood 
resources or in a thinning operation for saw log 
management regimes.. With an unfavourable market for 
pulpwood [4] and thinned logs deemed of poor quality, 
these small diameter (about 15 to 30 cm) logs have 
currently little to no commercial value in Australia [5].  
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Moreover, while these logs yield a poor recovery rate 
when processed using traditional sawmilling techniques 
to produce sawn timber, the use of spindle-less 
technology has been demonstrated to be an efficient 
process by recovering up to 70 % of the logs into rotary 
veneers [6]. It therefore offers the possibility to use these 
resources for Veneer Based Composite (VBC) products. 
With this in mind, plywood and LVL products have been 
manufactured and tested by the Queensland Government 
[7]. The results showed that these products can exceed 
the mechanical properties of similar products 
manufactured from mature plantation softwood (e.g. 
Pinus species). However and despite proven potential to 
make attractive structural products, veneer-based 
composite products manufactured from veneers 
recovered from early to mid-rotation hardwood 
plantation logs cannot currently be commercialised. 
Indeed, due to the high proportion of natural defects 
(knots, resin veins, etc.), the variability in their 
mechanical properties is not fully understood, and the 
statistical characteristics of their actual strength needs to 
be fully investigated to develop probability-based limit 
state design criteria. Additionally, for hardwood species 
traditionally used for pulpwood, species selection and 
breeding have focused on achieving high pulp yield, 
density and volume, which may adversely affect 
important mechanical properties for high value-added 
solid wood products [8, 9] 
In an effort to assess and quantify the mechanical 
properties of veneers peeled from early to mid-rotation 
hardwood plantation logs, tension and compression 
parallel to the grain tests on veneers peeled from three 
different hardwood Eucalyptus species are investigated 
and presented. Gympie messmate (GM) (Eucalyptus 



cloeziana) and spotted gum (SPG) (Corymbia 
citriodora), planted for solid timber end-products, and 
southern blue gum (SBG) (Eucalyptus globulus), 
traditionally planted for pulpwood, were selected.  
The variability in mechanical properties of the veneers is 
discussed. The future use of the findings in this paper to 
numerically predict the Modulus of Elasticity (MOE) 
and Modulus of Rupture (MOR) of Plywood and LVL 
structural products manufactured from these small 
diameter logs is developed.  
 
2 SAMPLES PREPARATION 

Logs in 1.3 m lengths were rotary peeled to produce 
nominal 2.5 mm thick dried veneers at the Salisbury 
Research Facility, Brisbane, Australia, using a spindle-
less lathe. The resources were sourced from two 
different sites in Northern New South Wales and one site 
in South East Queensland for the spotted gum logs, three 
different sites in Victoria for the southern blue gum logs, 
and one site in South-east Queensland for the Gympie 
messmate logs [3]. The trees were 10 to 12, 13 to 16 and 
12 to 15 years old, and had an average diameter at breast 
height over bark (DBHOB) of 20.6, 30.6 and 31.9 cm, 
for the spotted gum, southern blue gum logs and Gympie 
messmate plantations, respectively (see [3] for more 
details). 
In this research, 90 veneer sheets of nominal 1.2 m width 
(and 1.2 m long) were selected per species. The sheets 
were selected to best represent the entire range of veneer 
quality encountered for each species. The sheets were 
peeled from 20, 44 and 43 different trees for the Gympie 
messmate, spotted gum and southern blue gum 
plantations, respectively, as detailed in Table 1. 

Table 1: Number of different trees from which veneer sheets 
were selected  

 Number of trees sampled 
Species 1st site 2nd site 3rd site 
GM 20 -- -- 
SPG 9 10 25 
SBG 16 11 16 
 
Each veneer sheet was then cut parallel to the grain into 
three 400 mm wide strips.  
The MOE of each strip was determined using a non-
destructive acoustic method by recording the natural 
frequency of the veneer strip and analysing it using the 
software BING® (Beam Identification by Non-
destructive Grading) [10]. Figure 1 shows the acoustic 
test set-up. 
 

 

Figure 1: MOE determination test set-up 

The three strips per veneer sheet were then glued 
together in a LVL configuration (i.e. all veneer grain 
aligned in the same direction) at elevated temperature 
and pressure using a readily available commercial 
Phenol-Formaldehyde adhesive system (Momentive 
Specialty Chemical PP1158). This configuration aimed 
at capturing the average properties of each veneer sheet, 
including the effects of both hot pressing the sheets and 
the glue used during the manufacturing process. After 
manufacture, the obtained 3-Ply LVLs were sawn into 
one 630 mm long × 100 mm wide sample for 
compression testing and one 1,130 mm long × 150 mm 
wide sample for tension testing. Other samples were also 
cut to quantify other mechanical properties in future 
tests, not reported in this paper. The cutting pattern is 
shown in Figure 2. 
The samples were conditioned at 20°C and 65% relative 
humidity before testing, with the compression and 
tension samples stored in two separate rooms. 
 

 

Figure 2: Three-Ply LVL cutting lines 

3 MATERIAL TESTING 

3.1 COMPRESSION TESTS 

The 630 mm long samples were tested in compression 
using a 500 kN universal MTS testing machine, at a 
stroke rate of 0.8 mm/min, to reach failure between 3 
and 5 minutes. A similar method to the one recommend 
for plywood in Clause 7.5 of the Australian and New 
Zealand standard AS/NZS 2269.1 [11] is applied. The 
samples were prevented from lateral buckling every 55 
mm by rollers. The samples were tested between platens, 
both mounted on a half sphere bearing, which could 
rotate, so as to provide full contact between the platens 
and the specimens. Before testing, the ends of the 
samples were cut with a high quality fine cut circular 
saw blade to ensure a uniform contact pressure between 



the samples and the platens. Figure 3 shows the test set-
up. 
The compressive MOR (MORc) of the samples is 
calculated as, 

wt

F
MORc

max=  (1) 

where Fmax is the maximum recorded force, and t and w 
are the measured thickness and width, respectively, of 
the samples. 
Immediately after testing, pieces were cut from selected 
samples to determine the samples’ moisture content 
(MC) at the time of testing. The weight of the pieces was 
recorded and the pieces were later left in an oven at 
103oC until they reached constant mass. Sample 
moisture content was calculated in accordance to the 
Australian and New Zealand standard AS/NZS 
1080.1:2012 [12]. 
 

 

Figure 3: Compression test set-up (schematic and actual) 

3.2 TENSION TESTS 

The 1,130 mm long samples were tested in tension in a 
custom built 600 kN testing machine, at a load rate of 30 
kN/min, targeting failure between 3 and 5 mins. The 
samples were clamped between curved and knurled jaws, 
leaving a testing length of 500 mm between the jaws. 
The curved jaws aimed at minimising stress 
concentration at clamping and ensuring failure between 
jaws. Figure 4 shows the test set-up. 
The tensile MOR (MORt) of the samples is calculated 
using the same equation as Eq. (1). 
Similar to the compression samples, pieces were cut 
from selected samples, immediately after testing, to 
determine the moisture content of the tested specimens at 
the time of testing. 
 

 

Figure 4: Tension test set-up (schematic and actual) 

4 RESULTS AND DISCUSION 

4.1 MOISTURE CONTENT 

The oven dry moisture content of the samples is reported 
in Table 2 for each species and testing method. The 
coefficient of variation (CoV) between recorded samples 
is also reported in Table 2. The moisture content 
between the compression and tension samples is similar. 
The difference in moisture content of the Gympie 
messmate compression and tension samples is higher 
than the other species, with a difference between the 
mean values of 1.3 %. 

Table 2: Average test sample moisture content results  

 Compression samples Tension samples 
Species MC 

(%) 
nb 

pieces 
CoV 
(%) 

MC 
(%) 

nb 
pieces 

CoV 
(%) 

GM 11.0 5 4.1 9.7 7 4.0 
SPG 10.5 10 3.6 10.0 11 4.2 
SBG 11.0 6 2.6 10.9 4 1.1 
 
4.2 COMPRESSION TESTS 

Figure 5 gives the relationship between the average 
measured MOE of the veneer strips and compressive 
MOR of the 3-ply LVL samples for all investigated 
species.  
The relationship between the compressive MOR and 
MOE is usually represented by a linear or power 
equation. A power relationship in the form,  

βα MOEMOR ⋅=  (2) 

is chosen in the paper. Table 3 gives the coefficients α 
and β in Eq. (2) obtained by performing a regression on 
the compression test results. The coefficients of 
determination R2 are also given in Table 3. 
  



Table 3: Coefficients α and β in Eq. (2) between MOR and 
average MOE 

 Compressive tests Tension tests 
Species α 

×10-3 
β R2 α 

×10-3 
β R2 

GM 417.6 0.52 0.55 1.40 1.12 0.61 
SPG 48.0 0.74 0.61 0.10 1.38 0.53 
SBG 489.8 0.49 0.64 11.4 0.91 0.57 

 
The curves provided using Eq. (2) and the coefficients in 
Table 3 are also plotted in Figure 5 for all species.  
Figure 5 shows that a large variation in the compressive 
strength is found, which ranges from about 30-50 MPa 
for low MOE (less than 12,000 MPa) to up to 90 MPa 
for high MOE (greater than 22,000 MPa). At 12% 
moisture content, plantation softwood species for 
structural purposes typically have MOE in the order of 
10,000 to 15,000 MPa and compressive strength ranging 
from 30 to 60 MPa [13]. Therefore, in its low MOE 
range, the analysed veneers would be comparable to 
plantation softwood in terms of mechanical properties. 
Yet, veneer MOE greater than 12,000 MPa represent 
more than 80% of the veneers recovered from the 
analysed species [3]. Therefore, early to mid-rotation 
hardwood plantation logs produce a large proportion of 
veneers with higher MOE and MOR than the ones 
typically encountered in softwood species for structural 
applications.  
 
4.3 TENSION TESTS 

The relationship between the average measured MOE of 
the veneer strips and tensile MOR of the 3-ply LVL 
samples is plotted in Figure 6 for all investigated species.  
The equation given in Eq. (2) also usually best represents 
the relationship between the tensile MOR and MOE. 
Table 3 gives the coefficients α and β in Eq. (2) obtained 
by performing a regression on the tension test results. 
The coefficients of determination R2 are also given in 
Table 3. 
The curves provided based on Eq. (2) and the 
coefficients given in Table 3 are plotted in Figure 6. 
Figure 6 shows that a larger range variation of the tensile 
strength when compared to the compressive one. The 
MOR ranges from about 30-60 MPa for low MOE and 
above 140 MPa for high MOE.  
At 12% moisture content, plantation softwood species 
for structural purposes  typically have tensile strength 
ranging between 60 and 90 MPa [13]. Therefore, in its 
low MOE range, the analysed veneers encounter lower 
MOR than plantation softwood. However, similar to the 
compressive strength and due to the analysed resources 
having MOE significantly larger than typical softwood 
MOE, the analysed species would recover a large 
proportion of veneers with higher MOE and MOR than 
the ones typically encountered in plantation softwood 
species. 
 

 
(a) Gympie messmate 

 
(b) Spotted gum 

 
(c) Southern blue gum 

Figure 5: Compressive MOR vs veneer MOE for all species 

4.4 COMPARISON BETWEEN SPECIES 

To simply compare and clearly visualise the strength of 
all species, Figure 7 plots the best fit prediction using 
Eq. (2) for all investigated cases.  
As discussed in previous sections, Figure 7 shows that 
for veneer MOE less than about 12,000 MPa, and for all 
species, the tensile strength tends to be equal to or lower 
than the compressive strength. For this range of MOE, a 
large proportion of natural defects are usually 
encountered. These defects have a larger influence on 
the tensile strength than on the compressive strength, 
explaining this phenomenon. For high MOE veneers, 
greater than 22,000 MPa, less natural defects are 
encountered and the tensile strength is 35% to 70% 
larger than the compressive strength. The larger 



difference is encountered for the southern blue gum 
species. 
Still for high MOE veneers, the tensile strength across 
the three species tends to be similar and within 5 % of 
each other. For low MOE veneers, the tensile strength of 
the spotted gum samples is 10% to 30% lower than the 
other two species. 
Especially for veneers with an MOE greater than 15,000 
MPa, the compressive strength of the southern blue gum 
is 10% to 20% lower than the other two species. 
However, despite being a species traditionally planted 
for pulpwood, the southern blue gum has high 
mechanical properties similar to the two other species 
planted for sawn timber. In all tests performed, the three 
tested samples with the highest tensile MOR were 
southern blue gum (see Figure 5). 
 

 
(a) Gympie messmate 

 
(b) Spotted gum 

 
(c) Southern blue gum 

Figure 6: Tensile MOR vs veneer MOE for all species  

4.5 WEIBULL DISTRIBUTION (SIZE EFFECT) 

For brittle materials, such as timber in tension, the 
Weibull distribution [14], based on the weakest link 
theory, is commonly used to characterise the size effect 
and variability in the material properties. While the 
Weibull strength theory has been developed for isotropic 
and homogeneous material [15], its use for timber 
products is well accepted [16, 17]. Moreover, despite 
timber not experiencing brittle failure in compression, 
the Weibull strength theory still applies in compression 
as failure occurs in the weakest cross-section [16].  
The probability of failure Pf of a volume V at an applied 
stress σ is given by a two-parameter Weibull distribution 
as, 

∫ 
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where V0 is the reference volume, m the scale parameter 
and k the shape factor. k reflects the size effect and, for 
the same probability of failure, the relationship between 
the tensile or compressive strength MOR1 of a volume V1 
is given relative to the reference strength MOR0 of 
volume V0 as, 
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Figure 7: Best predicted compressive and tensile MOR vs 
veneer MOE for all species  

As the Weibull parameters are usually dependant on the 
grade of the material, they should be estimated based on 
tests performed on timber products of the same grade. 
Assuming a constant shape factor k, it is also possible to 
follow a similar approach to Foschi and Barrett [18] by 
normalising the strength using its best prediction given 
in Eq. (2). Eq. (3) therefore becomes, 

∫ 
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where the new scale parameter M is a constant. The 
strength can then be expressed in terms of the failure 
probability Pf by rearranging Eq. (5) as, 
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In timber, the shape factor k is different for tension and 
compression failure and also usually varies with 
specimen dimensions (width, thickness and length). The 
shape factors associated with each dimension are best 
found using the slope method, where specimens from the 
same batch, from which one dimension varies, are tested 
[15]. However, as the tests reported herein are performed 
at a constant volume, the volume shape factor k in Eq (6) 
is adopted in this paper using the shape parameter 
method [15], consisting of finding the Weibull 
parameters that best fit the cumulative distribution 
function of the MOR. 
Figure 8 shows the cumulative probability distribution of 
the ratio MOR/α.MOEβ for both tension and compression 
tests, and for all investigated species. 
The scale parameters M and shape factors k obtained by 
performing a regression analysis on all curves in Figure 
8 are reported in Table 4. The corresponding two-
parameter Weibull distributions are also plotted in 
Figure 8 for comparison. 
Table 4 shows that the shape factor for tension failure is 
typically about half the shape parameter for compression 
failure. Gympie messmate has the highest shape factor to 
all investigated species and is therefore less sensitive to 
size effect. 

Table 4: Two-parameter Weibull scale parameters and shape 
factors 

 Compressive tests Tensile tests 
Species k M(V0/V)1/k k M(V0/V)1/k 

GM 14.6 1.04 7.3 1.07 
SPG 12.7 1.04 5.7 1.07 
SBG 11.4 1.05 5.2 1.11 

 
5 CONCLUSIONS 

This paper quantified the compressive and tensile 
mechanical properties of rotary peeled veneers recovered 
from early to mid-rotation hardwood plantations (10 to 
16 years old). Three hardwood species were analysed. 
One species (Southern blue gum) is traditionally 
established and managed for pulpwood and the other two 
(Gympie messmate and spotted gum) for high-quality 
solid timber end-products. Results show that for low 
MOE (less than 12,000 MPa) and for all species, the 
tensile and compressive strength are similar and in the 
range of 30-50 MPa. For high MOE (greater than 22,000 
MPa), the tensile strength can be as high as 140 MPa and 
is 35% to 70% higher than the compressive strength. 
Despite being traditionally established for pulpwood 
end-use, the southern blue gum veneers show similar 
tensile strength to and 10% to 20% lower compressive 
strength than the other two species. 
Future research to establish appropriate probability-
based limit state design criteria for LVL and plywood 
structural products manufactured from rotary peeled 
veneers recovered from early to mid-rotation hardwood 
plantations is discussed. 

 

 
(a) Gympie messmate 

 
(b) Spotted gum 

 
(c) Southern blue gum 

Figure 8: Cumulative distribution test results for all 
investigated species 

6 FUTURE WORK 

The international timber design specifications cover the 
design of structural composite timber products made 
from well-understood forest resources where mechanical 
and grade information is well documented. The proposed 
LVL and plywood products considered herein, however, 
are manufactured from veneers recovered from early to 
mid-rotation hardwood plantation logs, a resource that 
need to be characterised to be used for structural 
purposes. Because of the high proportion of defects in 
the resource, the new structural products are expected to 
have a reduced mean strength and larger variability in 
their mechanical properties than the conventional LVL 



and plywood products, to a degree currently unknown. 
As mentioned in the introduction, it is important to 
quantify the statistical data (i.e., mean, variance, 
distribution type) of the strength properties for the new 
products for the development of probability-based limit 
state design criteria. 
The next phases of the project are articulated into two 
main stages: 
(1) To accurately predict the reliability of these 

structural products, without the need of expensive 
and time consuming experimental testing, a Finite 
Element Analysis (FEA) model is currently being 
verified against 4-points bending test results. 7-Ply 
LVL were manufactured from spotted gum veneers. 
For each LVL, seven different 1.2 m × 1.2 m veneer 
sheets were selected for each ply. The sheets were 
cut into four strips and one strip was used to 
manufacture the LVL while the remaining three 
strips were glued together similarly to the research 
outlined in Section 2. These 3-Ply LVL were then 
tested in tension and compression as outlined in 
Section 3 to measure the mechanical properties of 
each ply constituting the LVL. While very little 
research has been performed on modelling LVL and 
plywood products based on the strength of each ply, 
the research developed for Glulam beams (such as 
[18, 19] is currently being applied to the tested LVL. 
The shape factors reported in Section 4.5 are also 
used, in a similar manner to [17], to compensate for 
the size difference between the compressive and 
tensile material testing and the 4-points bending 
tests. 
For the LVL, both 4-points bending tests on flat and 
edge have been performed. 

(2) When the FEA model will be adjusted, the model 
will be used with the MOR distribution reported in 
this paper in conjunction with Monte-Carlo 
simulations to estimate the strength and reliability of 
plywood and LVL manufactured from various 
veneer grades. The limit state design (LSD) criterion 
will be developed and should be in the following 
format, 

∑≥ niin QR γϕ  (7) 

in which Rn is the nominal structural strength, and 
Qni are the load effects due to structural loads such 
as dead load and wind. The factors φ and γi are the 
capacity factor and load factors (respectively) that 
account for the uncertainties in structural strength 
and loads, and the potential adverse effects on 
structural safety arising from those uncertainties. 
Structures are deemed safe if the probability of 
failure is below a targeted reliability index. The 
target reliability index for the proposed new product 
will be determined by adjusting the proposed design 
criteria to conventional timber structure design with 
Australian wood design specification AS 1720.1 
[20].  
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