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Abstract: Finger jointing has long been a method of extending the longitudinal span of short-length
timber pieces through a tooth-like profile of a nominated length and bonded with adhesive. With the
high-density hardwood resource in the sub-tropics, local industries have found it difficult to obtain
adequate bond integrity for high moisture areas and outdoor applications, where a good bond is
governed by the dry modulus of rupture (MOR) and the percentage of wood fibre present in the
separated joint after exposure to water impregnation. This paper presents the finger joint performance
in terms of MOR, stiffness (MOE), and wood fiber amount (WFA) under different variables, joint
profile (10 and 20 mm long fingers) using two structurally rated adhesives (a single-component
polyurethane (1C-PUR) and resorcinol formaldehyde (RF)) on spotted gum (Corymbia citriodora) and
Darwin stringybark (Eucalyptus tetrodonta) jointed boards. Dry bending strength or MOR testing
indicated the 20 mm joints with the PUR adhesive had the best performance across both tested species
compared to the RF adhesive. The measured MOE of the joints showed the RF samples to have higher
MOE (7% to 13%) than the PUR samples for both joint sizes and species. Testing of joint durability
through water impregnation resulted in MOR and MOE values decreasing by up to 50% for the RF
and PUR joints. Conversely, the performance of water-impregnated joints after being allowed to
re-condition to a 12% equilibrium moisture content produced a regain of MOR for the PUR joints
across both species of 30% to 40%. Furthermore, it was found that the WFA increased for the PUR
samples between the water-impregnated samples and the re-conditioned samples.

Keywords: finger joints; adhesion; mechanical performance; service class performance; design;
hardwoods; high-density; polyurethane; resorcinol; environmental conditioning

1. Introduction

The inclusion of finger joints (FJs) in engineered wood products (EWPs) allows for the
longitudinal transmission of stresses through two or more adjoining laminates [1]. Finger
jointing has long been used for non-structural applications [2,3] with many studies inves-
tigating their performance for furniture products [3-6]. They are also used for structural
applications, such as structural glulam or decking, with the performance of finger-jointed
products studied for instance through finger profile influences [7,8].

FJs have been shown to achieve comparable mechanical properties to non-jointed
boards with tensile strength values of 90% compared to the original, un-jointed board.
When compared to the tensile strength of other joint types, finger joints present reduced
variability in measured tensile strength values [8,9]. Studies commonly indicate that the
finger length and joint profile directly influence performance [5,10-12]. Non-structural
joints, where strength is not the primary concern, generally use short finger lengths due to
the aesthetic preference for the application [7,8,13]. A structural joint, with longer fingers,
is used where the objective is to match (or come close to) the performance of the original
board strength. The use of structural FJs is commonly governed by their performance
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against the relevant testing standards [14,15]. In the Australian standards, AS 5068 (2006)
Timber—Finger joints in structural products—Production requirements [15], and AS/NZS
8008 (2022) Timber—Finger-jointed structural timber—Performance requirements [14];
performance consists of both a strength and a durability evaluation aspect.

The jointed products are required to meet specified service class exposure criteria
which are determined by the intended application of the product. The product confor-
mance to these service classes governs the expected performance. The three service class
environments are listed hereafter and have been extracted from AS5068 [15]. Service Class 1
(SC1): defined as material that is exposed to a temperature of 20°C and a relative humidity
(RH) of 65%. The equilibrium moisture content (EMC) is thus not expected to exceed 12%.
This service class has been likened to an indoor product testing condition. Service Class
2 (S5C2): similar environmental conditions to SC1, although the EMC range increases to
20%. This service class aims to represent the exposure conditions of the outdoors but with
a protected application. Service Class 3 (SC3): climatic conditions that result in EMC above
SC2, similar to an exposed outdoor condition. The different service classes are illustrated
in Figure 1.
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Figure 1. Service class exposure scenario AS5068 [15].

Queensland contains some of the most high-density species of wood globally [1] with
spotted gum (Corymbia citriodora—SPG) and Darwin stringybark (Eucalyptus tetrodonta—
DSK) being two of these species, with an average air-dry density measured for the boards
used in this study of 1075 kg/m3 and 1002 kg/m?3, respectively. Finger jointing on high-
density, high-strength hardwood species is difficult due to low adhesion penetration,
complexities attributed to high extractive content, as well as low permeability [2,16,17].

While the mechanical performance of high-density hardwood FJs is suitable for most
applications, the lack of adhesive penetration relates to poor mechanical inter-lock occurring
in the fibers of the jointed boards. When exposed to harsh environmental conditions, as
specified by AS 5068 [15] and AS/NZS 8008 [14], this poor mechanical inter-lock has been
seen to decrease FJ performance and relate to low wood fibre amount (WFA) between
adjoining boards [18]. A minimum percentage of wood fibre failure in the joints is a
requirement of both standards and for these high-density hardwoods, and it has proven
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difficult to pass the criteria requirements; it is a complexity facing the industry in obtaining
standard compliant high-density hardwood FJs.

This complexity is as much a timber issue as an adhesive one as the anatomical nature
of some high-density species (hardwoods and softwoods) makes the tearing of fibers for
visual assessment difficult. Furthermore, different adhesive characteristics can affect the
joints” ability to retain wood fibre post-failure. Many studies have investigated the effects
of adhesive types on bonding high-density hardwood species with the majority of works
focusing on single-component polyurethane (1C-PUR) or resorcinol formaldehyde (RF)
adhesives [18,19]. Comparisons of the two adhesives [19] on beech wood (Fagus sylvatica L.)
jointed boards suggest FJs dried after environmental exposure see a reversal in strength loss,
as is seen for non-jointed boards.

Smardzewski [5] evaluated the distribution of stresses concentrated in an F] through
both theoretical and experimental analysis. Smardzewski [5] found that the transferred
stress needed to be considered differently for a bending arrangement than in tension due to
the tensile and compressive sides of the member in bending. These changes in axial forces
during bending disturb the distribution of stresses along the joint profile, although can be
alleviated by the number of finger profiles and length (for both joint geometry and fibral
interlock from adhesive).

FJ geometry has been reported by many as a key influential parameter in FJ designs
governing the bending strength [8,10,11]. The main properties, shown in Figure 2, that
govern the joint geometry, are pitch (p), length (L), slope (s), and width (b) of fingertips [10].
As the design of the joint profile encompasses all the previously mentioned properties,
they can all influence, to a degree, the joint end performance [10]. Rao et al. [8] found that
the interrelationship between the parameters of F] geometries makes design evaluation
complicated. This interrelationship prevents the geometrical change of one aspect for
means of investigation, as this change will in turn affect the whole geometry (Figure 2).
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Figure 2. Geometric parameters of FJs according to AS5068 [15].

Rao et al. [8] found high-strength FJs to correspond highly with a flat slope and sharp
(or small) tip width. It was also concluded that a target slope ratio of 1:12 produced the
optimal performing joint design. Practically tip thickness (b) and slope (s) will have a larger
influence on the performance of the joint over the pitch (p) and length (L) of the joint [8,10].
Serrano [20] reported that decreasing the size of b can reduce geometric discontinuities
in the FJ and lead to a reduction in stress concentration about the tip gap (/t). For most
finger-cutting applications, controls are limited around b as these are parameters restricted
by the cutter design. Klausler et al. [19] investigated the moisture-related performance of
PUR-bonded beech wood (Fagus sylvatica L.) glulams for environmental exposure testing
(referred to as WET as part of this paper) and performance changes from re-drying after the
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WET process (referred to as COND as part of this paper). Klausler et al. [19] achieved the
WET condition by boiling the specimens for 6h; the COND condition followed the same
wetting approach but the specimens were re-dried at 103 °C. The changes in bond strength
of the glulam specimens were evaluated using a tensile test conducted perpendicular to the
sample face. Klausler et al. [19] found that the WET testing condition produced a reduction
in tensile strength of 50%. The COND sample performance found that the strength loss
effects reported from the WET condition were reversed with strength increasing within
75% to 90% of the original tensile strength (referred to as DRY as part of this paper).

Sterley et al. [12] evaluated both RF- and PUR-type adhesives on both high- and
low-density European spruce (Picea abies) to measure the performance changes in glued
FJs manufactured from seasoned boards versus green (unseasoned) boards. Testing was
conducted on batches of finger-jointed boards according to ASTM D 4688 [21] for both
tensile strength and bond integrity (WET). Results of Sterley et al. [12] showed that (i) the
PUR-type joints presented around a 50% decrease in strength between the DRY and WET
tests, (ii) RF specimens presented only a 25% decrease in strength, and (iii) there was no
difference in strength noted between the PUR joints manufactured from seasoned and
unseasoned timber. Muller et al. [22] evaluated a range of wood adhesives (PUR, phenol
resorcinol formaldehyde (PRF), and melamine urea formaldehyde (MUF)) for their fracture
energy as an alternative to wood fibre evaluation on European spruce. It was found that
while PUR adhesives produced a lower wood fibre amount (WFA), they recorded higher
ultimate strength values compared to PRF- and MUF-type adhesives, which are often
considered brittle in comparison to the PURs.

Based on the literature reviewed, it is clear the performance of jointed timber products
is well understood, specifically regarding the effect of joint configuration, various adhesive
systems, and testing conditions. However, the link between performance and product
application has been identified as a notable gap in the reviewed studies. This study
complements the referenced work by extending the performance evaluation testing for the
application of residential decking and how the product performance characteristics suit the
performance standard referenced through the study (AS 5068). Therefore, the aims of this
study were to investigate the use of sub-tropical, high-density hardwood species (SPG and
DSK) for their performance (MOR MOE, and WFA) in finger-jointed applications intended
for residential decking. Ahmad et al. and Rao et al. [7,8] found that the joint or finger
length is influential for the joint performance; 10 and 20 mm long fingers were targeted
and evaluated for the study. RF and PUR adhesive types have been investigated for the
species, as well as testing water impregnation of the joints and re-conditioning them to a
targeted 12% moisture content.

2. Materials and Methods
2.1. Materials

Boards were selected to ensure defects were avoided and trimmed to ensure ends
were square as required for FJ cutting and pressing. A total of 15 samples were pre-
pared per tested configuration, as presented in Table 1. A total of 360 seasoned boards of
both (180) spotted gum (Corymbia citriodora—SPG) and (180) Darwin stringybark (Eucalyp-
tus tetrodonta—DSK) were prepared for the study measuring 145 mm (width) x 25 mm
(depth) x 400 mm (Iength).

2.2. Manufacture

Boards were weighed and measured for their respective density and then separated
into density batches of 15 systematically. Once boards were weighed and groupings
assigned, FJs of the sizes provided in Table 2 were machined. The cutters used were manu-
factured by Leitz (Minifinger joint cutters, Leitz, Oberkochen, Germany). The machining of
the fingers was conducted using an SCMT110 (SCM Spindle Moulder T110, Rimini, Italy).
Joints were machined on opposing ends of the 400 mm long sample, and then docked in
half, allowing the two machined ends to be joined together. The actual finger length as
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reported in Table 2 is the length of the machined finger that was created once the cutters
were tuned to give a tip gap between 0.5-1 mm.

Table 1. Number of specimens tested per configuration.

. . Test Condition
Species * Joint Type Adhesive
DRY WET COND
10 mm PUR 15 15 15
20 mm PUR 15 15 15
SPG 10 mm RF 15 15 15
20 mm RF 15 15 15
10 mm PUR 15 15 15
20 mm PUR 15 15 15
DSK 10 mm RF 15 15 15
20 mm RE 15 15 15

* Each joint length and species were manufactured using both PUR and RF adhesive types.

Table 2. Finger configurations.

Finger Configurations Values
Cutter Size 10 mm 20 mm
Length (L)—mm 7.77 17.91
Pitch (p)—mm 3.67 6.02
Fingertip (b)—mm 1.15 1.42
Slope (s)—mm/mm 0.088 (~1:12) 0.089 (~1:12)

After machining, adhesive was prepared where the PUR was a single component
and therefore did not require any preparation while the RF is a two-part adhesive system
that required the resin and hardener to be mixed prior to application at a 4 to 1 ratio of
resin to hardener as outlined in the technical data sheet. The adhesive was applied to
one side of the freshly machined joints at a rate of 250 gsm for the PUR (Jowapur 681.40,
Jowat Adhesives, Australia) and to both sides at a rate of 450 gsm total (225 gsm per side)
for the resorcinol formaldehyde (950.82 RF resin and 950.85 paraformaldehyde hardener,
Jowat Adhesives, Australia). Both RF and PUR adhesive types are thermosetting, meaning
the curing periods are affected by the environmental conditions during pressing. The RF
adhesive cures during pressing with the assistance of the paraformaldehyde hardener,
whereas the PUR adhesive cures with moisture. The matching pairs of boards were pressed
together using a Shimadzu universal testing machine (AG-100X, Shimadzu Corporation,
Kyoto, Japan). A pressure of 7.5 MPa was applied to the joints for a period of 60 seconds
after the adhesive was applied; pressure and press periods were applied in consultation
with the adhesive supplier. The jointed boards were stored horizontally until they could be
placed in a constant environment chamber at 20 °C and 65% relative humidity (RH), and
12% equilibrium moisture content (EMC). All samples were allowed a minimum of seven
days to ensure full adhesive cure prior to testing, as specified by the adhesive supplier.
Prior to testing the samples were machined to a nominal cross-section of 135 mm x 19 mm
to represent the final product dimension.

2.3. Conditioning and Treatment

The Australian timber design standard AS 1720.1 (2010) Timber structures—design meth-
ods [23] and the glulam design standard for structural timber products AS/NZ51328.1 [24],
EWP materials must meet the requirements of a service class 3 (SC3) exposure level for
external applications. Therefore, testing to SC3 was adopted.

The testing stages and conditions are defined as DRY: Samples are tested in the ‘as
glued’ condition after curing. WET: As detailed in AS 5068 [15], samples are exposed
to a vacuum water impregnation process where samples submerged in water between
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10 °C and 27 °C are cycled between a vacuum of 65 kPa and pressure of 500 & 30 kPa at
1.5 h increments for a total of 6 h; these two processes were then repeated a second time,
totaling 6 h. Samples were tested as soon as the process concluded. COND: After first being
exposed to the process detailed for ‘WET’ samples, they are then conditioned at 20 °C and
65% to a targeted 12% MC prior to mechanical testing; this method has been adopted from
the referenced studies presented above [19,25]. During conditioning, the COND sample
masses were monitored until a constant mass was reached before testing.

2.4. Bending Strength (MOR) and Stiffness (MOE) Testing

Testing of the FJs was conducted in accordance with Appendix B of AS5068 [15] where
the 3-point, flatwise bending test arrangement was adopted, as shown in Figure 3. The
testing arrangement places the FJ at the center-span point where loading is concentrated.
The flatwise orientation satisfies the intended application of the jointed products for outdoor
flooring (decking). A 3-point test setup has been selected to test the worst-case scenario for
the in-service joint to be stressed. The span was 12 times the depth d, i.e., 228 mm.

F Finger

¢ joint

E f‘?.- AId=19mm

} 114 mm

114 mm

Figure 3. Experimental test setup schematic [15].

Testing was conducted using a 100 kN Shimadzu universal testing machine. The
applied rate of loading was 2.5 mm/min to ensure failure was obtained in not less than 10 s
and no more than 3 min of load being applied as required by AS5068 [15]. At the conclusion
of testing, the maximum load (F) reached was recorded and the bending strength (MOR)
determined as per Equation (1) (AS5068 [15]).

1.5FL;

MOR =
w d?

(MPa) @

where L; is the span, and w and d are the measured width and depth of the boards, respec-
tively. Once all testing was conducted, the mean, and coefficient of variation (COV) were
calculated as per AS/NZS4063.2 [26] using Method 3 in Appendix B, i.e., non-parametric
statistical evaluation. The results of MOR testing were evaluated for their statistical signifi-
cance through the Fisher least significant difference (LSD) comparison with a 95% confi-
dence level. Statistical interpretation has been conducted using RStudio (version 1.3.1058,
RStudio, Boston, MA, USA).

As the bending stiffness (MOE) of the specimens, considering the rotational stiff-
ness of the finger joints, is directly proportional to the elastic slope of the load versus
deflection curve (N/mm), the MOE has been determined according to Section 2.4 of
AS/NZ54063.1 [27] and used to compare the relative stiffness between samples (Equation (2)).

23 AF, L¢3

E=—
MOE = 108 ae, wd®

(MPa) 2

where the slope (2—2:’) has been taken as the linear portion of the load versus displacement
curve between 10% and 40% of the maximum failure load. MOE has been considered a
determinant of the treatment conditions on the joint potential deterioration, and therefore,
has been presented in this paper for reference and information only.
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2.5. Wood Fibre Amount (WFA)

The failed FJ samples were also visually assessed for the percentage of wood fibre
amount (WFA) across the two joint halves in accordance with Appendix D of AS5068 [15].
This standard demands that each joint must meet a minimum visual wood fibre percentage
of 20% for hardwood samples and 30% for softwood samples, and an average percentage
of 40% for hardwood samples and 60% for softwood samples per configuration across
all boards.

2.6. Analysis of Results

The assessment of MOR and MOE has been applied to the three testing conditions
discussed for the two adhesive types to determine their statistical significance through
the Fisher LSD comparison with a 95% confidence level. A paired t-test was adopted
to determine a significant difference between the two means when two variables were
analysed. The normality of the datasets was also tested using the Shapiro-Wilk normality
test with a 95% confidence level. Analyses were conducted separate to F] size and statistical
interpretation were conducted through the use of RStudio (ver. 1.3.1058).

3. Results and Discussion
3.1. Bending Strength

Figures 4-7 present the distribution of MOR values for each tested treatment and
manufacturing configuration for SPG and DSK, respectively.

(@) o
o o
! L

Bending Strength (MPa)

= - J-ﬁ

B2 PUR
_ BE RF

DRY WET COND
Condition

Figure 4. MOR distribution for SPG with 10 mm fingers. Box distributions followed by the same
letter are not significantly different (p-value > 0.05).

A normal distribution was found for all treatment conditions, species types, and
joint sizes, except for the PUR DRY configuration (Figure 5). The PUR DRY was found to
be not normally distributed due to two outliers, which upon inspection, showed defects
(knots) near the FJ. These contributed to failure initiated at the defect point, and, therefore
these samples had been removed from further analysis. The results of Figure 4 present
an unexpected result in the RF samples between DRY and COND test treatments where
the COND produces a higher mean when compared with the DRY. Figure 5 presents no
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significant change between RF WET and COND indicated by the same subscript value on
the distribution plots.

B8 PUR
BE RF

FE

DRY WET COND
Condition

Figure 5. MOR distribution for SPG with 20 mm fingers. Box distributions followed by the same
letter are not significantly different (p-value > 0.05).
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Figure 6. MOR distribution for DSK with 10 mm fingers. Box distributions followed by the same
letter are not significantly different (p-value > 0.05).
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Figure 7. MOR distribution for DSK with 20 mm fingers. Box distributions followed by the same
letter are not significantly different (p-value > 0.05).

The data presented in Figures 6 and 7 for DSK indicate a normal distribution for all
treatment conditions as suggested by the Shapiro-Wilk normality test (p-value = 0.37). The
comparison of RE WET and COND presented in Figure 7 indicates no significant difference
between datasets. A summary of the data presented in Figures 4-7 is detailed in Table 3.

Table 3. Summary of MOR data from joint testing.

SPG DSK
Properties PUR RF PUR RF
10mm 20mm 10mm 20mm 10mm 20mm 10mm 20 mm
Dry Conditions (DRY)
Mean (MPa) 59.1 102.8 50.9 84.0 53.6 101.7 50.9 66.7
COV (%) 8.1 23.3 149 26.5 13.0 11.7 19.8 15.6
Wet Conditions (WET)
Mean (MPa) 33.9 50.3 454 71.5 24.2 57.6 32.3 53.0
COV (%) 9.5 189 22.2 319 12.0 164 17.0 16.4

Re-Dry Conditions (COND)
Mean (MPa) 52.6 86.1 61.9 73.1 30.0 89.5 449 56.8
COV (%) 17.8 11.3 22.7 35.2 8.5 18.5 22.7 21.2

From the results presented in Figures 4-7, a number of observations can be made re-
lated to the MOR of each of the tested configurations. These have been summarized below:

e  On the impact of FJ length, the 20 mm PUR DRY samples produced a significantly
higher mean MOR value (p-value < 2.2 x 10~ 12) with an increase of 43% (SPG) and
47% (DSK) when compared to the 10 mm FJs. FJ length had a similar impact on the RF
DRY samples with a mean MOR increase of 29% (SPG) and 24% (DSK) for the 20 mm
joints when compared to the 10 mm. This observation was consistent across all testing
conditions for the two species, adhesives, and joint types.

e The 20 mm PUR FJs produced significantly higher MOR values (p-value < 2.0 x 10716)
with an increase of 34% and 19% (DSK) and 37% and 15% (SPG) for both DRY and
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COND, respectively, when compared with corresponding RF samples. The 10 mm
PUR DRY results produced slight increases in MOR compared to RF DRY samples
for SPG. The same comparison for PUR and RF DRY samples for DSK produced no
significant difference (p-value > 0.05) for the 10 mm FJs. The 10 mm RF COND samples
produced higher (p-value < 0.001) MOR values with an increase of 5% and 33% (DSK)
and 14% and 15% (SPG) when compared to PUR COND.

e Inall treatment conditions, with the exception of the 20 mm DSK FJ, the variation in
the distribution plots is lower for the PUR samples when compared to RE.

e  The impact of the COND phase of testing was measured by comparing the reversal in
MOR loss from the WET phase. The reversal was largest for the PUR samples with
SPG presenting a 36% and 42% (10 and 20 mm) increase and DSK presenting a 19 and
36% (10 and 20 mm) increase. RF samples showed a minimal reversal in MOR loss for
the 10 mm FJs (for both SPG and DSK) and no significant difference in MOR for the
20 mm FJs.

The results indicating an increase in MOR capacity with an increased finger length are
consistent with the data presented in the literature where Smardzewski [5] discussed the
advantages of longer finger lengths in stress distribution. It was also found by Rao et al. [8]
that the slope of the finger cutters had an effect on the joint performance, regardless of
the length (found when comparing 28.3, 15.9, and 12.7 mm joints). For the experiments
discussed in this paper, the finger slope was fixed based on the supplied cutters. The higher
DRY strength produced by the PUR adhesive for both SPG and DSK is consistent with
the results of Muller et al. [22]. Klausler [25] highlighted the ability of 1C-PUR adhesives
to reverse strength loss post-wetting and after re-drying, reinforcing the findings of this
section specifically, as well as the following MOE results.

3.2. Bending Stiffness (MOE) Results

The results presented in Table 4 contain the MOE (MPa) separated into the tested
conditions of DRY, WET, and COND. The results are summarized as the mean and COV
for the measured dataset.

Table 4. Summary results of MOE for all FJ test samples. Means followed by the same subscript letter
are not significantly different (p-value > 0.05).

SPG DSK
Properties PUR RF PUR RF
10 mm 20 mm 10 mm 20 mm 10 mm 20 mm 10 mm 20 mm
Dry Conditions (DRY)
Mean (MPa) 14,761 € 15,750 P 17,269 @ 16,909 2 15,254 b 16,718 2 17,4702 17,304 @
COV (%) 14% 14% 8% 15% 11% 9% 7% 6%
Wet Conditions (WET)
Mean (MPa) 10,2114 13,311 °¢ 15,088 be 11,6214 13,447 € 11,757 € 11,307 d 11,732 ¢
COV (%) 25% 14% 16% 18% 8% 22% 24% 11%
Re-Dry Conditions (COND)
Mean (MPa) 14,227 be 15,273 b 16,586 2b 16,356 2b 15,243 b 16,358 ab 13,632 be 16,375 @b
COV (%) 13% 17% 7% 10% 16% 9% 24% 8%

The results of Fisher’s LSD testing indicate a number of groupings where no significant
change exists as indicated by the subscript letters used in Table 3 (p-value > 0.05). The
MOE (MPa) is influenced by the various treatments as the WET tests show a decrease in
MOE compared to DRY followed by an increase (or reverse in loss) for the COND tests.
When comparing DRY and WET, a significant decrease in MOE is noted with PUR SPG
presenting 30% and 16% (10 and 20 mm) mean decreases and DSK presenting 12% and 30%
(10 and 20 mm) mean decreases. The RF samples also produced significant decreases in
MOE with 13% and 31% (10 and 20 mm) mean decreases and DSK presenting 35% and 32%
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(10 and 20 mm) mean decreases. From the mean differences, the RF samples experience a
larger decrease in MOE when compared to the PUR samples.

The PUR samples for both SPG and DSK present no significant difference when
comparing DRY and COND results for both the 10 and 20 mm FJ size with mean differences
for SPG of 3.7% and 3.0% (10 and 20 mm) and of 0 and 2.2% (10 and 20 mm) for DSK. The
RF SPG samples present no significant change between DRY and COND for both 10 and
20 mm FJs. However, the 10 mm RF DSK samples produce a significant difference between
DRY and COND but no significant difference was noted for the 20 mm RF DRY samples.

When comparing the impact of FJ length, there is no significant difference (p-value > 0.05)
between RF DRY samples (both SPG and DSK with 10 and 20 mm FJs) and PUR DRY
20 mm DSK samples. Across both 10 and 20 mm FJs for both species, MOE reported
from PUR DRY sample testing is slightly lower than RF DRY samples. The comparison to
Muller et al. [22] reinforces the finding that MOE of the PUR samples is slightly lower than
the RF samples, as was present across the three tested conditions of DRY, WET, and COND.
The findings of Klausler [25] confirmed the observations regarding MOR loss reversal
through conditioning and thus would suggest a reversal in changes to stiffness would
be linked. The decrease in mechanical performance for 1C-PURs being higher than that
observed in RF was also reinforced by Klausler [25].

3.3. Wood Fibre Amount (WFA) Results

The results of the visually evaluated WFA are summarized in Table 5. The results are
presented as the mean and maximum values of the WFA (%).

Table 5. Summary results of WFA of the evaluated FJs tested in the previous section.

SPG DSK
Properties PUR RF PUR RF

10mm 20mm 10mm 20mm 10mm 20mm 10mm 20 mm

Dry Conditions (DRY)

Mean (%) 2 6 36 15 6 33 45 24
Maximum (%) 10 25 70 35 20 60 60 70
Wet Conditions (WET)
Mean (%) 0 5 7 15 0 18 2 17
Maximum (%) 5 5 25 50 0 50 5 80
Re-Dry Conditions (COND)
Mean (%) 4 12 10 19 10 25 4 14
Maximum (%) 5 60 25 50 25 50 5 35

The results of the Shapiro-Wilk normality test indicated that the distribution of the
datasets was significantly different (p-value < 2.47 x 10~'2) from a normal distribution.
Because of this, the Fisher LSD test was not conducted. Figure 8 presents an example of
the separated FJs from which the WFA was obtained through visual evaluation. Figure 8
provides six example joints and their corresponding WFA for the readers’ information.

A decrease in the WFA is noted between DRY and WET conditions for both species,
joint size, and adhesive types. Table 4 shows a difference between the two finger lengths,
where a 20 mm FJ is more likely to result in a higher area of WFA compared to a 10 mm
FJ, regardless of the adhesive and species. Comparing mean values, the RF SPG samples
produce higher percentages of WFA for the three testing conditions when compared with
the mean results from the PUR samples for both 10 and 20 mm FJs. The DSK samples
produce higher mean percentages of WFA for the PUR 20 mm samples when compared
with the RF 20 mm samples. The change in joint slope that comes with an increased finger
length (between the 10- and 20 mm joint lengths) may have contributed to failures closer
to the finger base in some instances as observed during testing of the 20 mm joints. The
increased WFA for the 20 mm joints compared to the 10 mm is consistent across the three
testing conditions for the two adhesives and two species used.
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Figure 8. Example of separated finger joints showing exposed surfaces for visual wood fibre assess-
ment, (A) DSK 10 mm RF joint with 25% WEFA, (B) DSK 10 mm PUR joint with 5% WFA, (C) SPG
20 mm PUR joint with 80% WFA, (D) SPG 20 mm RF joint with 70% WEFA, (E) SPG 10 mm RF joint
with 0% WEFA, and (F) SPG 10 mm RF joint with 0% WFA.

It was also noted that the DSK groups recorded higher mean WFA’s, when compared
against the SPG samples. Comparing WET and COND WEFA, the re-conditioning of samples
appears to result in additional WFA. This observation is particularly interesting for the
PUR samples with increases of 40% to 70% in WFA measured for both SPG and DSK across
the two joint profiles. The RF samples measured increases in WFA of 30% to 50% for
the SPG samples, while the DSK samples presented a 0% to 17% decrease in measured
WEFA, all between WET and COND. As presented in the literature [16-18], the bonding of
high-density wood species such as SPG and DSK can result in a lack of wood fibre being
obtained in the bonded interface (across both finger jointing and face lamination). As
such, it is expected that the WFA results show low percentages of wood fibre across all
permutations. The longer finger lengths appear to lead to increased WFA, most likely due
to the increased surface area being bonded [5,22].

4. Conclusions

This study investigated the performance of finger-jointed sub-tropical native hard-
wood species (SPG and DSK) across three testing conditions (DRY, WET, and COND), two
FJ geometries (10- and 20 mm finger length), and two adhesive types (PUR and RF). The
hypothesis drawn from the literature that MOR strength reversal was possible post-WET
through specimen conditioning (COND) was proven for both adhesives, joint sizes, and
species types. PUR test specimens regained MOR to within 36% (10 mm SPG), 19% (10 mm
DSK), 42% (20 mm SPG), and 36% (20 mm DSK) of DRY samples. RF samples regained
MOR to within 20% (10 mm SPG), 44% (10 mm DSK), 12% (20 mm SPG), and 15% (20 mm
DSK) of DRY samples.

The 20 mm FJs compared to the 10 mm joints resulted in significantly higher
(p-value < 2.2 x 10716) MOR values for both species and adhesive types tested with
the PUR DRY results for both species and joint sizes being higher than the RF results.
Typically, the MOR variation in the distribution plots was lower for the PUR samples when
compared to RF. This was consistent across both 10 and 20 mm FJ samples and across
both species. Based on the sample population evaluated through this study, there was a
relationship between MOR, MOE, and WFA loss when comparing results from DRY- and
WET-tested conditions. There was also a reversal relationship across those three parameters
where the MOR, MOE, and WFA loss measured for these properties was reversed once the
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COND samples were dried from the WET condition. Although this reversal was noted for
all permutations, a significant impact was noted for the PUR-type samples when compared
to the RE.

A trend was observed for the change in MOE where the PUR samples for both species
and joint sizes produced a slightly lower result when compared with the RF samples.
Changes in WFA found the PUR-type adhesive for both FJ profiles and species to produce
a measured WFA increase between the WET and COND samples. WFA measurements
showed that DSK samples returned higher values than the SPG samples with the 20 mm
joints producing higher WFA values across both species and adhesives. The findings
presented through this study provide a testing method for high-density hardwood species
that, due to their anatomical nature, do not meet the wood fibre criterion of the product
testing standards (such as AS 5068). The method presents validated data for two high-
density hardwood species and two structural adhesives indicating the presence of wood
fibre has minimal effect on the MOR in a dry, wet, or re-conditioned state.
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