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Abstract
The use of glued finger joint in green wood, directly from the sawing process, would open the possibility to obtain glued 
timber from small-sized wood, achieving an efficient use of the original raw material. The gluing of finger-jointed green 
wood, with moisture content above the fibre saturation point, may improve the efficiency and the manufacturing process 
of glulam or joinery. This may be especially beneficial for a hardwood such as Eucalyptus globulus L., which is a globally 
important forest resource, but is a challenging wood to dry. This article presents a study on the possibility to develop finger 
joints with wood in green state. To compare them, conventional finger joints on dry wood and solid boards without end joints 
were also manufactured. Cold-setting and fast-curing commercial one-component polyurethane adhesive systems were used. 
Finger-jointed samples were tested to determine mean and characteristic values (5th percentile) of density, bending strength 
and modulus of elasticity, and the results were analysed and discussed. Green-glued joints showed no statistically significant 
differences compared to the solid boards and improved strength properties with respect to dry-glued joints.

1 Introduction

Blue gum, Eucalyptus globulus, is an important plantation 
tree species worldwide, especially in Mediterranean cli-
mates of Europe, in South America and in its native region 
of Australia (Kirkpatrick, 1975). Its rapid growth, light wood 
and high mechanical properties make it suitable for various 
purposes. However, in the Iberian Peninsula, it is mainly 
used for pulp in the paper industry, as well as for the con-
struction of floors and roofs, albeit in smaller quantities. Its 
use in other areas, such as structural timber, would only be 
possible if the gluing and drying processes were efficient. 
The possibility of gluing the finger joints before the drying 
process reduces the raw material losses and improves the 
final quality of the product after drying.

Gluing is the common process to increase wood length-
wise, using mainly finger joint to splice boards head to head. 

The moisture content (MC) upon jointing interacts strongly 
with the adhesive. Conventional gluing of finger joints for 
softwood and hardwood is carried out on dry wood, prefer-
ably with a MC of 12–18%; however, Blümer (2005) and 
Sterley et al. (2004) described some advantages of green 
finger jointing in technical, economic and environmental 
aspects. Some of these advantages are identified as: (1) less 
raw material, finding 16% less material for green finger-
jointed grade C24 structural spruce timber, compared to 
the dry finger-jointed timber of the same grade as a refer-
ence; (2) increases in the quality of the final drying process, 
like less distortions and shrinkages; (3) increased revenue 
for by-products, such as pulp chips compared to dry chips; 
(4) shorter lead time from order to shipping; (5) no energy 
needed for preheating cross-cut wood surfaces; (6) the pos-
sibility of using cold adhesives and cold pressing to con-
nect joints; (7) the high MC in the fibre, which allows for a 
greater initial contact between the surfaces to bond, due to 
the high ductility; (8) cost reduction, on the one hand, for 
kiln drying, which reduces the energy requirements, as only 
the best parts of the wood are selected and dried after glu-
ing, thus less undesired parts need to be dried (e.g., defects 
or knots), and, on the other hand, less pressure is needed to 
glue green wood; and (9) the decrease in the use of formal-
dehyde-free adhesives.
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The growing demand for timber, leading to younger trees, 
with fast growing and thin logs, and a great proportion of 
juvenile wood, has an unavoidable need for gluing to achieve 
final products with larger sizes, although this raw material 
shows more drying difficulties. Gluing of green timber was 
first used over 20 years ago with the finger-jointing tech-
nique (Parker 1994; Stephens 1995) and has been success-
fully tested by many researchers with several adhesive types 
and processes (Karastergiou et al. 2008; Srivaro et al. 2019; 
Wessels et al. 2020).

In the use of green gluing with finger-jointing for struc-
tural timber products, there are several important condition-
ing parameters, such as the previous classification of wood 
in green state, the density of the wood in dry state and the 
dry process once the wood is glued to reduce the MC, as 
well as the adequate performance of the adhesives and the 
process. In this sense, Troughton and Chow (1979, 1980) 
successfully developed and tested finger joints from unsea-
soned rough western red cedar and spruce, with 30–100% 
MC, using commercial phenol-resorcinol glues. Good 
results were also shown by Parker (1994), with high-MC 
wood, using the Greenweld process with a specific formula-
tion of phenol-resorcinol–formaldehyde (PRF) adhesive and 
an accelerator to manufacture engineered wood products. 
Karastergiou et al. (2008) and Sterley et al. (2004, 2014) 
reported very promising results on green-glued finger joints. 
Mantanis et al. (2011) investigated, with phenol resorcinol 
formaldehyde adhesive, the efficiency of green gluing with 
black pine, evaluating the bending strength and also the 
effect of finger joint orientation (vertical or horizontal fin-
gers), obtaining a feasible modulus of rupture (MOR) and 
modulus of elasticity (MOE) of green glued finger-jointed 
specimens, and they also found that green finger joints pre-
vented the boards from end-splitting and face gluing.

Research results on the bonding quality of green finger-
jointed wood using 1C-PUR adhesive were generally very 
positive on several softwoods, as confirmed by Pommier and 
Elbez (2006) with maritime pine and Sterley et al. (2014) 
with spruce, and also with hardwoods, such as oak and 
eucalyptus. Karastergiou et al. (2008) studied the proper-
ties of finger jointing green Hungarian oak using 1C-PUR. 
The effect of finger-joint orientation (vertical or horizontal 
fingers) was also examined. In general, the results from the 
measurements of MOR and MOE of green-glued finger-
jointed specimens indicated that the green gluing of a high-
density species such as oak wood is feasible. Crafford and 
Wessels (2016) used unseasoned Eucalyptus grandis with 
1C-PUR adhesive and showed that the young finger-jointed 
lumber had very good bending, tensile parallel to grain and 
shear properties in green state. In this work, mean and char-
acteristic MOR and MOE values of green finger-jointed 
wood were higher and the variation lower with respect to 
coniferous species, and the initial MC had a slight effect 

on both values. These results show the possibility of using 
this lumber in structural applications. Srivaro et al. (2019) 
suggest that the finger jointing process of green rubber-
wood with PUR and EPI adhesives could be performed 
without notably reducing the strength of the final products 
with respect to control dry finger joints. The previously 
cited authors have also reported good results for 1C-PUR 
with green or high-MC softwoods and hardwoods, showing 
that green-glued joints provide a wide, continuous wood/
adhesive interface from one substrate to the other, since the 
adhesive penetrates several cells deep and the density of the 
wood adjacent to the joint surfaces increases. Sterley et al. 
(2014) obtained results that also indicate that the adhesive 
forms covalent bonds with the wood substrate, in line with 
the findings of Di Landro et al. (1991) and Na et al. (2005). 
Wessels et al. (2020) found that green finger-jointing of E. 
grandis with 1C-PUR adhesive provided good quality bonds, 
although they also proposed new green stress grades before 
the gluing process.

Regarding the subsequent drying of green finger-jointed 
wood, Källander and Welling (2005) made a compilation 
focused on the drying of green glued wood and a study 
for dried green glued beams in a vacuum kiln. The results 
published on the drying of green glued material indicate 
that the drying procedure can be carried out with accept-
able quality and similar to unglued or non-bonded wood if 
the MC variation and residual stresses are controlled within 
acceptable limits. Improvements were achieved compared 
to the drying of non-bonded wood regarding contractions 
and deformations, since the bonding prior to the drying of 
elements can be better for the balance of certain properties. 
For green glued material where two pieces are joined, such 
as finger joints, a combination of two pieces with different 
or unsuitable material properties can lead to severe twist-
ing and bowing. Moreover, these authors proved that drying 
defects in green glued material normally lead to higher value 
losses compared to the corresponding drying degradation in 
non-bonded wood. The optimisation of the drying schedule 
must be focused on reducing damage rather than increas-
ing the drying rate; however, since the lamellas that will be 
joined with a green finger joint are the size of the lamellae 
that would be used with dry wood, drying the lamellas with 
a green finger joint does not differ considerably from drying 
with non-bonded wood.

In relation to E. globulus, no relevant studies conducted 
with green finger joints were found. This wood is the sec-
ond most important species in the Northern Iberian Penin-
sula (Spain and Portugal), where the largest extension of 
all Europe is found (Xunta de Galicia 2018). Despite its 
main uses as raw material to manufacture boards and pulp 
paper, using green glued finger jointing could lessen its main 
problem regarding the deformations and shrinkages as a con-
sequence of the drying process. The main objective of this 
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article was to investigate wet or green finger jointing in order 
to compare the mechanical behaviour of green and dry glued 
polyurethane joints, with the same 1C-PUR adhesive, and 
to compare it with solid wood without finger joints. The 
comparison of the characteristic values allowed determining 
whether the results are satisfactory with the grade classes 
for structural solid wood. This will show whether the use of 
an unconventional gluing system using green wood can add 
value and improve the efficiency of small log material from 
a species with high industrial potential.

2  Materials and methods

2.1  Materials

Finger joints were manufactured from wet and dry boards 
of clear wood of E. globulus. For comparison of the results, 
dried boards without finger joints were also tested. Each 
lamella was cut in the middle and rejoined again with a fin-
ger joint. Figure 1 shows the geometry and dimensions of 
the finger joint tested in this study.

All the lamellas were randomly selected from the com-
mon supply of the company Laminados Villapol S.A 
(Spain). The original trees came from the north of the 
Iberian Peninsula and had diameters greater than 30 cm. 
The boards used did not contain sapwood, singularities or 
defects, such as knots, fiber deviation, pit and/or cracks. The 
cutting was in the radial direction. The visual classification 
under the criteria of the UNE 56546 (2013) standard was 
“MEF” class, with a characteristic bending strength of 47 N/
mm2, characteristic modulus of elasticity of 13,500 N/mm2 

and with a mean density of 797 kg/m3 (Fernández-Golfin 
et al. 2007). This classification is also included in the D45 
class of EN 338 (2016).

2.2  Gluing of finger joints

Commercial cold setting 1C-PUR adhesive systems were 
employed,  Jowapur® 686.60 provided by Jowat AG—Ger-
many. Glue in a spread rate of 210 g/m2 was used to manu-
facture the green joints, applying it manually with a soaked 
brush and checking with a laboratory standard balance, put-
ting over the lamella with one part of the finger joint and 
setting the null-value before the application of glue. The 
same process was repeated for each part, ensuring that all 
finger surfaces were covered. This allows excluding the vari-
able “lack of wetting or diffusion”. The machining of the 
teeth, their gluing, assembly and pressing were carried out 
in a short period of time. No primer surface treatment was 
applied, since similar previous works of Pommier and Elbez 
(2006), Sterley et al. (2014) and Karastergiou et al. (2008) 
did not include it. Fingers were visible on the flat side. For 
pressuring the finger joints, DIN 68,140–1(1999) norm was 
used as a reference, which establishes certain requirements 
for softwoods, like a pressure between 2 and 5 N/mm2 for 
finger lengths > 35 mm, and a pressure between 5 and 15 N/
mm2 for shorter finger lengths < 35 mm. It also establishes a 
maximum pressure for a minimum of 2 s, achieving full con-
tact between the surfaces. This was adapted to the green and 
dry E. globulus wood, utilizing an industrial press for press-
ing the green finger joints, with a nominal pressure in green 
joints of 7 N/mm2 for 10 s. This pressure was adjusted to 
minimise the risk of indentation due to excess compression 

Fig. 1  Geometry and dimensions of the finger joint and solid wood 
specimens. l = finger length (9.5  mm), p = finger pitch (4  mm), 
bt = thickness of finger-tip (1  mm), lt = finger-tip gap (1.5  mm). Ini-
tial nominal dimension of lamellas: green finger joints lamellas 

102 × 34 × 760 mm; dry finger joints lamellas 100 × 24 × 570 mm and 
solid wood lammellas100 × 24 × 570  mm. The final nominal dimen-
sions of lamellas from green finger joints were 100  mm in width, 
570 mm length and 29, 27, 23, and 20 mm thickness
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in the assembly of the teeth, since it works with much softer 
green wood. For dry glued joints the pressure was 12.5 N/
mm2 for 10 s. Once pressure had been applied, the speci-
mens were carefully transferred to the curing area, where 
they remained for more than 4 h.

2.3  Bending tests

Specimens with green-glued joints, specimens with dry-
glued joints and specimens without any type of joint were 
tested in the dry state. For this reason, all results correspond 
to a dry MC, with mean values between 10 and 12%. The test 
was carried out to determine the mean and the characteristic 
value (corresponding to the 5th percentile) of the bending 
strength, the global modulus of elasticity in bending and the 
density. For this work, the reference documents were the EN 
14080 (2013), EN 15497 (2014) and EN 408 (2012) stand-
ards. Samples of finger joints with green and dried wood 
were determined as the mean value of two sections, cut as 
close as possible to the break zone and to each of the joined 
sheets (sections A and B in Fig. 1 top), once the green glued 
specimens were dry and tested, with a MC close to 12%. For 
pieces of wood without a finger joint, density was obtained 
by measuring a section taken from a cut as close as possible 
to the break zone (section A in Fig. 1 bottom).

The initial nominal dimension of the green finger-jointed 
lamellas was 102 × 34 × 760 mm, with a mean MC of 80%. 
After gluing, they were dried in a conventional drying cham-
ber. The same specific drying schedule based on the work 
of Baso et al. (2004) was used for all groups of specimens. 
With these drying conditions, the green finger-jointed lamel-
las with a thickness in green of 34 mm reached an average 
humidity of 10% in 122 days of drying. Once dried, the 
green finger-jointed lamellas were planed on both sides and 
edges. As the green glued finger-jointed lamellas had a dif-
ferent shrinkage grade in thickness by drying, four finally 
planed-thickness groups were established in order to develop 
the bending test, with a total of 127 finger joint samples. In 
general terms, in the planed thickness after green finger-joint 
gluing, a 75% output was obtained (from 34 mm in green to 
29–27–23–20 mm in dry state and planed), compared to the 
output after dry finger-joint gluing, which was 69% (34 mm 
in green to 24 mm planed). The causes of thickness reduc-
tion were not characterized or analysed in detail, since it was 
not an objective of this work, although a combination of col-
lapse, deformations (cup) and shrinkages during the drying 
process may have affected the final thickness. Table 1 sum-
maries the initial and the four final thickness groups before 
drying and planing, as well as the number of specimens in 
each group according to thickness.

In parallel, 50 dry finger joints were made with the same 
system in lamellas with dimensions of 100 × 24 × 570 mm, 
with an initial MC of 11%. A cut was made in the middle 

of each lamella, which was then re-joined with a finger 
joint. In addition, 30 dried specimens without joints were 
also tested, with dimensions of 100 × 24 × 570 mm and a 
MC of 12%. All these lamellas were previously dried with 
the same process of green finger-joint lamellas. In total, 
211 bending tests were carried out according to the criteria 
of the EN 408 standard (2012). The following properties 
were determined: MC, density, mean and global modulus 
of elasticity in bending and bending strength.

Bending strength and global elasticity modulus were 
tested, laying the specimens according to the scheme in 
Fig. 2, where h represents the depth of the cross section 
in the bending test (mm). The calculation was made fol-
lowing Eq. 1 and 2;

where fm is the bending strength (N/mm2), F is the 
maximum load (N), a is the distance between a loading 
position and the nearest support in a bending test (mm), 
b is the width of the cross section in bending test, or the 
smaller dimension of the cross section (mm), and h is the 

(1)fm =

3Fa

bh2

(2)Em,g =
3al2 − 4a3

2bh3
(

2
w2−w1

F2−F1

−
6a

5Gbh

)

Table 1  Final dimensions for testing the green glued toothed joint 
samples

Initial nominal thick-
ness in green

Final nominal thickness before 
dry and brushed (mm)

Number 
of sam-
ples

34 mm 29 mm 10
27 mm 80
23 mm 20
20 mm 15

Total 127

Fig. 2  Dimensions and position of the samples in the bending test 
where h = depth of cross section in bending test (mm). Original 
source: EN 408 (2012)
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depth of the cross section in the bending test (mm). F2 – F1 
is an increment of load (N) on the regression line with a 
correlation coefficient of 0.99 or higher, w2 – w1 is the 
increment of deformation in mm corresponding to F2 – F1 
(Fig. 3) and G is the transversal elasticity modulus.

The data were statistically analysed using the Statgraphics 
C-XV software (v15.2.14) to perform a normality test (Sha-
piro–Wilk test), in order to determine the variance homo-
scedasticity (Levene’s test) and to conduct an ANOVA test.

3  Results and discussion

The individual, mean and characteristic (5th percentile) 
values of bending strength (N/mm2), global modulus of 
elasticity (N/mm2) and density (Kg/m3) were determined 
and compared between the green glued finger joints, dry 
glued finger joints and the samples without finger joints. 
All these properties were determined with a MC close to 

12%, as identified in Table 2. The different gluing pres-
sure of the green and dry finger joints was not considered 
in this discussion, since this was adjusted to minimize the 
risk of indentation in the green finger assembly. The green 
finger joint is a much softer wood. Therefore, using the 
same pressure on the green and on the dry finger is not 
suitable. Thus, high pressure on dry wood would cause 
indentation with green wood, and low pressure on green 
wood would not be sufficient for dry wood.

3.1  Density, glue, moisture content and destructive 
test results

The green sample group had a mean MC of 80% at the time 
of gluing. After drying, the mean density of the 127 samples 
of green finger joint was 862 kg/m3, with a standard devia-
tion of 119 kg/m3 (measured with 10% MC). There was a 
wide range of density values, from 589 to 1095 kg/m3, with 
a standard deviation of 115 kg/m3. Table 2 shows the mean 
density of the dry finger joints and for solid wood without 
finger joints. There were no great levels of variation in MC 
in green finger joints before gluing, with a standard devia-
tion of 6.2%.

The values for the green finger-joint density data shows 
a p value of 0.071. Since the lowest p value of the tests 
performed was ≥ 0.05, the normal distribution cannot be 
rejected for green finger-joint density population with 95% 
interval (Fig. 4). Similar values were obtained for the density 
of dry finger joints and solid lamellas without using finger-
joint specimens, which had a normal distribution according 
to the same test. This population distribution on wood sam-
ples allowed approximating the value of a random variable 
to an ideal situation.

The results from the destructive values are summarized 
in Table 2. The majority of failures of the bending test 

Fig. 3  Example of a green finger joint test of load-deformation graph 
within the range of elastic deformation with an adjust of  R2 ≥ 0.99

Table 2  Results of maximal 
load, MOE (global elasticity 
modulus), MOR (bending 
strength), density and MC 
(moisture content in bending 
test)

SD standard deviation, CV coefficient of variation
*Determined as a mean of the density of each part joined at 12% MC
**Also corresponds to the initial MC of wood

Finger joint group Initial MC in 
green state 
(%)

Max. Load (N) MOE
(N/mm2)

MOR
(N/mm2)

Density
(Kg/m3)

MC in test (%)

Green Mean 80** 14,503 20,288 107.7 862* 10
SD 6.2 2487 3416 16.8 119.2 0.6
CV 0.08 0.17 0.17 0.16 0.14 0.06

Dry Mean 11,779 18,856 83.8 776* 11**

SD 1548 2715 11.0 76.0 0.5
CV 0.13 0.14 0.13 0.10 0.05

Without finger Mean 14,705 18,482 108,1 821 12**

SD 2044 2700 15.1 83.9 0.3
CV 0.14 0.15 0.14 0.10 0.03
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specimens occurred at or close to a finger joint in the board. 
A typical broken finger joint, in this case with a green finger 
joint, is shown in Fig. 5. This held true for both green and 
dry specimens in a similar way without detecting an obvious 
gluing failure.

In comparison with previous works with a high-density 
hardwood such as Q. conferta, Karastergiou et al. (2008) 
obtained mean MOR results of the green finger joint (verti-
cal orientation and 10 mm finger length) with a reduction 
of 25% with respect to the solid wood without finger joints. 
However, in this work with E. globulus wood, there was no 
significant reduction between green finger joints (vertical 
orientation and 9.5 mm finger length) and the wood without 
finger joints. In relation to the mean MOE, previous work 
with Q. conferta had an increase of 12%, while in this work 
E. globulus had an increase of 10% compared to solid wood 
without finger joints.

Crafford and Wessels (2016) found a good result for E. 
grandis, with a mean density of 425 kg/m3, mean MOR of 
43.7 N/mm2 and mean MOE of 9826 N/mm2 with green 
finger joints, tested in dry state. According to these data, and 
compared with the results of this work, since the wood of E. 
grandis had 50% lower density than E. globulus, 60% lower 
MOR and 51% lower MOE were obtained for E. grandis 
with respect to E. globulus. In absolute terms, the results 
were similar when taking into account the lower density of 
E. grandis.

3.2  Comparison of the destructive test results

The graphic comparison in the mean density values of the 
three groups of tests did not show significant differences 
(Fig. 6). As the three groups show a normal probability dis-
tribution, a Levene’s test was used to assess the equality of 
variances. There was no statistically significant difference 
between the standard deviations of the three groups, with 
95% confidence level (Table 3). An ANOVA test was also 

performed, which showed a statistically significant differ-
ence between the means of the 3 density groups, with 95% 
confidence level (Table 3).

Additionally, a Fisher’s LSD test was carried out with the 
minimum significant difference procedure. No significant 
difference was found between wood without finger joints 
and with green and dry finger-joints (Table 4). A significant 
difference was found between the results of green and dry 
finger joints.

Moreover, the green finger joint did not remarkably 
decrease the MOR with respect to non-bonded wood 
(Fig. 7). The mean MOR value of green finger joints was 
22% higher than the mean values of dry finger joints.

The ANOVA test of the three MOR groups showed sta-
tistically significant differences between the groups. Addi-
tionally, a Fisher’s LSD test with the minimum significant 
difference procedure was carried out. Significant differences 
were found in the mean MOR between the green finger joints 
and dry finger joint, although no significant differences were 
detected between green finger joint and wood without finger 
joint.

In relation to the MOE results (Fig. 8), the ANOVA test 
of the three MOE groups showed statistically significant dif-
ferences between the groups. Fisher’s LSD test showed no 
significant differences in the mean MOE between the dry 
finger joints and the wood without finger joints. A significant 
increase in the mean value for the green finger joints was 
found, with respect to the dry finger joints and the wood 
without finger joints (7% and 9% respectively).

According to the obtained results, the mechanical values 
were improved in the green-glued joints compared to the 
dry-glued joints. To interpret this information, it has to be 

Fig. 4  Normality distribution for the green-glued finger joint popula-
tion

Fig. 5  Example of a green finger joint bending test showing a com-
mon failure near the finger joint (this lamella corresponds to the data 
of Fig. 3)
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taken into consideration that the average density of the dry 
finger joint population was slightly lower and, therefore, its 
predictable mechanical properties would be lower. Moreo-
ver, the MC at the time when the tests were conducted was 
quite high, which could slightly increase the mechanical 
properties. In any case, the results show that gluing finger 
joints with wet wood was satisfactory.

Table 5 summarises for the three groups of samples the 
corresponding characteristic values (5th percentile val-
ues). Since the lamellas fulfill the requirements of the most 
demanding visual structural grade mentioned above, accord-
ing to the structural codes, the 5th percentile values are rel-
evant as ‘characteristic’ values used to design structures. In 

this sense, they are also included in the results and in the 
discussion.

According to the results obtained for green and dry fin-
ger joints, and considering only the characteristic values 
determined as the 5th percentile, a D50 class (strength class 
included in the EN 338 (2016) norm with the following 
characteristic values: MOR = 50 N/mm2; MOE = 14,000 N/
mm2; density = 620 kg/m3) was achieved, while solid wood 
without finger joints achieved a D45 class (strength class 
included in the EN 338 norm (2016) with the following char-
acteristic values: MOR = 45 N/mm2; MOE = 13,500 N/mm2; 
density = 580 kg/m3).

Due to the characteristics of the solid timber of E. glob-
ulus, under the visual classification “MEF” in dry state, 
according to the criteria of the Spanish standard UNE 56546 
(2013), this species is classified in the EN 1912 (2012) 
standard, with D40 and D45 strength class. This shows that 
the characteristic results obtained with green finger joints 

Fig. 6  Comparison of mean density values

Table 3  Results of the Levene’s test and the ANOVA comparing den-
sity of green, dry, and without finger-joint groups

Test of 
Levene

Test P-Value

2.86951 0.059031

ANOVA 
Test

Square Sum Gl Mean 
square

F-Reason P- Value

Between 
groups

267,305 2 133,652 11.96 0.000000

Intra groups 2.26928E6 203 11,178.7
Total (Corr.) 2.53659E6 205

Table 4  Contrast method to discriminate between means is Fisher's 
least significant difference (LSD) procedure

Contrast Sig Difference

Density without finger—Density dry finger 45.0218
Density without finger—Density green finger − 40.7333
Density dry finger—Density green finger * − 85.7551

Fig. 7  Comparison of mean bending strength values

Fig. 8  Comparison of mean modulus of elasticity values
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would initially meet the criteria of the currently most strict 
E. globulus grade.

In relation to the results of other authors with other spe-
cies of hardwood, such as Crafford and Wessels (2016) and 
Wessels et al. (2020) with E. grandis, using the green finger 
joint is feasible and has a good structural classification, simi-
lar to that of solid wood without finger joints. It allows using 
E. globulus green gluing with wood to produce engineered 
products with high added value.

3.3  Comparison between MOR and MOE 
with individual, mean and characteristic values

A simple graphic comparison was performed between the 
individual, mean and characteristic values of MOE and 
MOR. It can be restated that there was no significant vari-
ation between the green finger joints and the wood without 
finger joints in the characteristic values of MOR and MOE 
(large square symbols for green finger joints and circles for 
non-finger joint wood in Fig. 9).

However, a higher characteristic MOR value was found in 
the green finger joints with respect to dry finger joints, while 
their characteristic MOE was very similar (large symbols 
of circles and triangles in Fig. 9). The individual values of 
green finger joints show a regression fit (long dashed line 
in Fig. 9) that lies between the regression of the individual 
values of lamellas of dry finger joints and those of solid 
wood lamellas without finger joints.

4  Conclusion

Density and bending strength tests of finger-jointed wet 
wood show that there is no significant difference with 
solid wood. The mean value of density and MOR had no 

statistically significant difference between green finger joints 
and wood without finger joints and these values are very 
close. On the contrary, significant differences and higher 
mean MOE value were obtained with finger-jointed green 
wood with respect to dry finger-jointed wood and solid 
wood. The 5th percentile values of strength (MOR and 
MOE) obtained from the results of green glued finger joints 
and solid wood without finger joints were very similar, 
despite the slight reduction in characteristic density values 
of the green finger joints.

Therefore, the green finger joint shows better results than 
the dry finger joint, and such results are very close to solid 
wood without finger joints, which clearly indicates that glu-
ing finger joints in green wood is feasible and improves the 
quality of the joints with eucalyptus wood. The characteris-
tic results obtained with green finger joints would initially 
meet the criteria of the current most strict solid E. globulus 
grade. These results, along with other results obtained by 
previous works with green hardwood finger joints, confirm 
the potential of using green wood to develop engineered 
products, which would allow using waste material from saw-
mills and other lower quality wood byproducts to give them 
added value. However, although a green finger joint could be 
used for structural timber products, further research on cri-
teria of green wood grade in a previous classification is still 
required. Considering that knotless pieces were used, the 
characteristic values of the mechanical properties analysed 
would include the elements studied in D45 class.

Table 5  Results of characteristic values (5th percentile) of MOR 
(bending strength), MOE (global elasticity modulus) and density

*Determined as a mean of the density of each part joined at 12% MC

Finger joint 
group

MOR (N/mm2) MOE (N/mm2) Density (Kg/m3)

Green 83.1 14,476 646*

Dry 62.2 14,746 662*

Without finger 82.9 13,567 710

Fig. 9  Comparison of the individual and characteristic values of 
MOE and MOR
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