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FINGER JOINTING OF THERMALLY COMPRESSED OIL PALM WOOD
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ABSTRACT: Finger jointing performance of thermally compressed (TC) oil palm wood was explored. TC_oil palm 
wood was manufactured from low (TC_LD) and medium (TC_MD) density wood, and the same type of wood samples
were then finger jointed with two different finger orientations; vertical and horizontal fingers. During finger profiling, 
fracture of finger tips was found in TC_LD specimen, and the number of fractured fingers in the vertical finger specimen 
was higher.  Finger jointed TC_MD had higher tensile strength than finger jointed TC_LD. Vertical finger gave higher 
tensile strength, and the strength increase was more pronounced in TC_MD specimen due to its finger was intact.
However, the finger joint’s strength was found to be relatively low compared with the tensile strength of solid specimens.
The loss of tensile strength of TC_LD joint was larger than that of TC_MD joint due to the presence of fractured fingers 
in TC_LD occurred during finger profiling stage. Characteristic value of vertically profiled finger jointed TC_LD was 
found to be lower than that of horizontally profiled finger jointed TC_LD, which showed the opposite trend to that of the 
mean values, resulting from the presence of the larger number of fractured fingers in vertically profiled finger jointed 
TC_LD.
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1 – INTRODUCTION

Oil palm tree is one of the important economic crops    
widely planted around tropical zone for the production of 
oil palm fruits. A total of global planted area of oil palm 
tree is approximately 15 million hectares, and most of 
them are distributed in South East Asia [1]. After 
approximately 25 to 30 years of its cultivation where the 
yield of oil palm fruits become relatively low, oil palm 
tree is generally disposed either by injecting the toxic 
chemical substance (pesticide) into the trunk and leave the 
standing tree die in the plantation area or by felling the 
trees and burn them out. Approximately 150 cubic meter 
oil palm trunk biomass is estimated to be disposed each 
year globally [2].  This have caused a large amount of cost 
to plantation’s owner without any economic return from 
this biomass, and also results in a negative impact to 
environment.

With abundant of oil palm trunk biomass, many attentions 
have considered oil palm wood as raw material for wood 
industry [3-6]. However, utilization of this wood material 
for further processing of wood products is challenging. 
Oil palm wood has a large variation in properties due to 
varying amount of fiber cells, major cell supporting the 
mechanical performance of oil palm wood, within a trunk. 
[1, 7, 8]. Basically, high density wood has more fraction 
of fiber cell but lower fraction of parenchyma cells, and 
also higher strength [1, 8]. On average, strength of oil 
palm wood is relatively low compared with that of typical 
softwood/hardwood species commonly used for structural 
application, as well as wood-based products (i.e., 
particleboard) used for furniture production [9-11]. To 
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utilize this wood material for wood composite products 
either for non-structural or structural applications, its 
properties should therefore be firstly improved.

Recently, Tomad et al. [12] has successfully improved 
the properties of oil palm wood for a whole trunk using 
thermal compression (TC). They found that material 
characteristic and properties of the resulting wood was 
dependent on original wood density and compression 
ratio used in the thermal compression process. Thermally 
compressed wood manufactured from low density wood 
(191-350 kg/m3) at a compression ratio of 40% have 
shown potential for non-structural application. For 
TC_wood manufactured from medium density wood 
(350-530 kg/m3) at compression ratio of 25%, however, 
its strength was found to be greater than ones 
manufactured from low density wood, and its application 
for structural application has been confirmed. Thus, 
further research to promote the utilization of TC_oil palm 
wood for wood-based products is worth to be done.

Generally, wood jointing is needed to be performed in the 
manufacturing process of wood-based products to 
increase the width or the length of the final products as 
desired [13]. For adhesive bonded joint, end jointing (to 
increase the length) is more difficult than lateral jointing 
(to increase the width) due to poor bonding ability of 
wood material in longitudinal direction of wood grain 
[13, 14]. Thus, there are various kinds of end jointing 
techniques have been used to join wood pieces together 
such as plain scarf joint, butt joint and finger joint [13,
14]. From the joint performance and manufacturing 
process efficiency (i.e., loss of wood material during 
cutting wood for jointing and production rate)
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perspectives, finger jointing outperforms the most [14].
Thus, finger jointing of TC_oil palm wood material was 
focused in this work.

2 – BACKGROUND 

Finger joint is one of the most widely used end-jointing 
techniques for achieving a longer piece of lumber for 
non-structural and structural applications. The finger 
joint quality is affected by the factors categorized in two 
groups: material characteristics (i.e., annual ring 
orientation, moisture content and wood species, adhesive 
formulation) and manufacturing process (i.e., adhesive 
application method, finger profile, profiling speed, 
clamping pressure) [15-19]. Finger joint strength could 
reach approximately 90% of the solid wood’s strength 
parallel to grain if the optimum material characteristic 
and manufacturing process were used [13-14].

The material characteristics of thermally compressed 
(TC) oil palm wood recently studied by Tomad et al. [3] 
were different from that of TC softwood (or hardwood). 
It was reported that TC-oil palm wood manufactured 
from medium density wood at 25% compression ratio 
had more uniform density profile along the thickness 
(i.e., vertical density profile) and higher mechanical 
properties than ones manufactured from low density 
wood at 40% compression ratio. The vertical density 
profile would result in wood’s strength variation along 
the thickness, which consequently could affect the 
quality of finger profile as well as finger joint strength.
Thus, in this work, the influence of the thermal 
compression on the horizontal and vertical finger jointing 
performance was experimentally evaluated. 

3 –MATERIALS AND METHODS

3.1 PREPARATION OF FINGER JOINTED 
TC_OIL PALM WOOD SPECIMEN

Oil palm with low (190-350 kg/m3) and medium (350-
530 kg/m3) density was thermally compressed at 40% 
and 25% compression ratios, respectively to 27 mm thick 
boards, denoted as TC_LD and TC_MD, respectively,
using the method described in Tomad et al. [12]. After 
thermal compression process, these samples were kept in 
conditioning room at temperature and relative humidity 
of 20 °C and 65%, respectively for about one month. The 
average density of TC_LD and TC_MD at the time of 
finger jointing process were 369 ± 74 kg/m3 and 551 ± 52 
kg/m3, respectively. 

Two TC-oil palm wood specimens of the same type 
(TC_LD or TC_MD), each had dimensions of 27 mm 
(thick) × 100 mm (width) × 160 mm (length), was finger 
jointed (Finger profile was shown in Fig. 1; finger length 
(L) = 12 mm, tip thickness (t) =0.9 mm, finger pitch (p)
=4.1 mm) with two finger orientations; vertical and
horizontal fingers (Fig. 2a and 2c), using finger jointing
machine (YNF-16L., Taiwan) at the Center of Excellence
in Wood and Biomaterials, Walailak University.

Polyurethane adhesive was applied to profiled fingers 
and jointed at a clamping pressure of 0.25 MPa for 30 
seconds in accordance with the suggestion from the local 
rubberwood finger jointing industry. After finger jointing 
process, the finger jointed samples were kept in a
conditioning room for about one week, and subsequently 
cut and sanded to obtain the specimen with the final 
dimensions of 25 mm (thick) × 100 mm (width) × 305 
mm (length) as shown in Fig. 2a and 2c. 

Figure 1. Finger profile used in finger jointing process.

Figure 2. (a,b) Horizontally finger-jointed thermally compressed oil 
palm wood and the tensile test specimen and (c,d) vertically finger-
jointed thermally compressed oil palm wood and the tensile test 
specimen.

775 https://doi.org/10.52202/080513-0097



3.2 TENSILE TEST OF FINGER JOINTED 
SPECIMEN

For each finger jointed wood type, 30 tensile test 
specimens with dimensions of 25 mm (thick) × 6.4 mm 
(width) × 305 mm (length) were prepared as shown in 
Fig. 2b and 2d. Also, the specimens of the same size and 
amount from solid TC_LD and TC_MD were prepared 
for the test as a control. Thus, a total of 180 specimens 
were tested. The tensile test specimen was loaded using 
the constant cross head speed of 5 mm/min until fracture 
in accordance with ASTM D 4688 [20]. Tensile strength 
of finger joint (FJT) or solid wood (ST) was then 
calculated using the following equation.

FJT or ST= Fmax
A

(1)

where, Fmax is the maximum tensile force and A is cross 
sectional area of the test specimen. The characteristic 
values of TC oil palm were derived based on 
nonparametric 5th percentile values with 75% confidence 
in accordance with the ASTMD 2915 standard [21].

3.3 DETERMINATION OF FINGER JOINT 
EFFICIENCY

The term “Finger joint efficiency” is basically used to 
evaluate the performance of wood jointing by comparing 
its strength to that of solid wood (un-jointed specimen) 
[14]. For tensile strength property, finger joint efficiency 
(FJE) is determined from the ratio of tensile strength of 
finger jointed wood product (FJT) to the tensile strength 
of solid wood (un-jointed specimen) (ST), using the 
following equation:

FJE= FJT
ST

×100 (2)

4 – RESULTS

4.1 QUALITY OF FINGER PROFILE

The profiling quality of the horizontal and vertical fingers 
of TC oil palm is shown in Figs. 3 and 4, respectively. 
Regardless of the finger orientations, the TC_LD finger 
profile tips were fractured followed by tear-out, while 
TC_MD finger profiles were intact. These observations 
can be explained by the anatomical features of oil palm.  
As the stiffness and strength of vascular bundles are 
significantly larger than that of parenchyma cells in oil 
palm wood [1], a greater resistance capacity against 
knife-cutting force is expected by vascular bundles.
Hence, an abrupt change in the strength and stiffness of
wood cells might induce the relatively high stress 
concentration around the interface zone of the two cells
during the knife passing through them, and have caused 
the fracture of the parenchyma cell, which has relatively 
low strength [1]. Thus, the high parenchyma cell-to-
vascular bundle ratio of low-density oil palm contributed 
to the fracturing of the tips of the TC_LD finger profiles.  

Figure 3. Appearance of fingers after horizontal finger profile cutting:
(a) thermally compressed oil palm wood manufactured from low-
density wood (TC_LD) and (b) thermally compressed oil palm wood
manufactured from medium-density wood (TC_MD).

Figure 4. Appearance of fingers after vertical finger profile cutting: (a) 
thermally compressed oil palm wood manufactured from low-density
wood (TC_LD) and (b) thermally compressed oil palm wood 
manufactured from medium-density wood (TC_MD).

4.2 FAILURE MODE OF FINGER JOINTED 
SPECIMEN AFTER TENSILE TEST

Examination of the tensile test specimen revealed that the 
horizontally profiled finger specimen failed by three 
main types of failure modes; i) failure initiated at the joint 
and progressively away from the joint (Figure 5a), ii) 
failure occured mostly along the joint profile but with 
some failure at the finger roots (Figure 5b), and iii) failure 
occurred at the finger roots, which were a result of tensile 
and shear forces (Fig. 5c). It was also observed that the 
shear failure of the fingers was observed from the inner 
region of the specimen, where its density was lower than 
the outer region [12]. 

For vertically profiled finger specimen, two types of 
failure modes were observed; i) failure occurred at the 
finger joint roots and with high overall wood failure (Fig.
6a), and ii) failure occurred mostly along the joint profile 
but with some failure at the finger roots, especially the 
outermost layer finger roots (Figure 6b). The first failure 
mode type was observed only in TC_LD specimen. The 
lower number of intact fingers of TC_LD specimen 
might promote this type of failure mode due to lower 
tensile resistance capability. For the second type failure 
modes, it was observed only in TC_MD specimen.
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Figure 5. Failure modes of horizontal finger specimen after tensile test.

Figure 6. Failure modes of vertical finger specimen after tensile test.

4.3 TENSILE STRENGTH OF FINGER 
JOINT

The calculated average tensile strengths (TS) of finger 
jointed TC_LD and TC_MD were 4.8 ± 1.1 MPa and 11.2 
± 1.7 MPa, respectively for horizontally profiled finger 
specimens and 5.8 ± 2.4 MPa and 19.5 ± 4.1 MPa,
respectively for vertically profiled finger specimens (See 
Fig. 7). The TS of finger jointed TC_MD was higher for 
both finger orientations due to higher tensile and shear 
strengths of TC_MD sample [12]. In addition, it was also 
noticed that finger orientation seemed to notably affect
the tensile strength of finger jointed specimen as well. As 
can be seen in Fig. 7, tensile strength of vertically 
profiled finger specimen appeared to be higher for both 
types of specimens. This result was correspondent with 
the result of Ahmad et al. [22], who found that bending 
strength of vertically profiled finger hardwood specimens 
was higher than that of the horizontally profiled finger 
specimen. This observation might be due to the different 
failure modes observed in both types of specimens 
(horizontal or vertical fingers) as well as the differences
of the surface properties of finger gluing area. For 
horizontal finger specimen, when the first crack was 
initiated around some fingers (with less side surface area
of finger compared with that of the vertical finger), the 
crack propagated to some extent which caused the other 
fingers to lose the load carrying capacity. For vertical 
finger specimen, wood failure was observed over the 
whole glued surface area of the finger after the test (See 
Fig. 6b). More effective shear resistance along the finger 
joint bond lines of the vertically profiled specimens 
resulted in achieving higher tensile strength than the 
horizontal finger specimens.

Figure 7. Tensile strength of horizontally and vertically profiled finger 
jointed TC_LD and TC_MD specimens.

Fig. 8 shows the characteristic value of horizontally and 
vertically profiled finger specimens’ tensile strength for 
both type of specimens (TC_LD or TC_MD). The 
characteristic values of horizontally and vertically 
profiled finger specimens’ tensile strength were 2.9 MPa 
and 1.8 MPa, respectively for TC_LD and were 8.0 MPa 
and 13.6 MPa, respectively for TC_MD. Notably, the 
characteristic value of vertically profiled finger TC_LD 
specimen was lower than that of horizontally profiled 
finger TC_LD specimen, which was in contrast to the 
trend of the mean tensile strength (See Fig. 7). The higher 
number of the fractured fingers in vertically profiled 
finger might have caused a huge reduction in tensile 
strength of this type of specimen. However, the 
characteristic value of TC_MD specimen showed the 
similar trend to that of the mean tensile strength; it was 
higher for vertically profiled fingers. 

Figure 8. Characteristic value of horizontally and vertically profiled 
finger specimens’ tensile strength. 

4.4 FINGER JOINT EFFICIENCY

Fig. 9 shows finger joint efficiency (FJE) calculated 
using equation 2 of all specimens examined. It was found 
that the vertically profiled finger specimen manufactured 
from medium density wood (TC_MD) showed higher 
FJE due to its higher tensile strength (See Fig. 7). The 
FJE of the vertically profiled finger jointed specimens 
were 40% for TC_LD and 44% for TC_MD, and the FJE 
of the horizontally profiled finger specimens were 48%
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for TC_LD and 76% for TC_MD (See Fig. 9). This 
indicates that the tensile strength of all finger jointed 
specimens was lower than that of the corresponding solid 
TC specimen. In other words, finger jointing has caused 
the loss of tensile strength with respect to the original 
wood. As the wood’s shear strength is much lower than 
its tensile strength [12], the shear failure can reduce the 
tensile strength of finger jointed wood if the effective 
glue-joint area is not large enough to provide the required 
shear resistance for reaching the tensile strength of solid 
wood [23].  Based on the works reported in literature, the
effective glue-joint area (EGJ) could be calculated from 
the finger length (L) and the finger pitch (p) using the 
following equation [14]

EGJ= 2L
p

(3)

By substituting the finger length (L = 12 mm) and the 
finger pitch (p = 4.1 mm) of the finger profile used in this 
work (see Fig. 1) the calculated effective glue joint area
was found to be 5.9, which was lower than that of the 
recommended value (8 to 10) for typical wood species
[14]. Thus, the effective glue-joint area of the finger 
profile used in this work might be not sufficient to 
withstand the shear force to achieve the tensile strength 
of the solid wood.

Also, since the parenchyma cell’s strength is relatively 
low, it might be possible that there might have some 
micro-cracks generated along the cells during finger 
profiling, and manufacturing process of the finger jointed 
products, which resulted in reducing the tensile strength 
of the joint. For TC_LD specimen, the machining 
parameters should be optimized to avoid fracturing of 
fingers, as fractures hinder the fingers’ capability of 
transferring tensile stress between the jointed pieces. 

Figure 9. Finger joint efficiency of horizontally and vertically profiled
finger specimens. 

5 – CONCLUSION
The conclusion can be drawn as follow:

Thermal compression affected the quality of finger of
TC_LD specimen only, which might be due to the
strength gradient of the wood cells have caused the
relatively high stress concentration around the

interface of wood cells, causing the fracture of the
relatively low strength parenchyma cell.
Tensile strengths of finger jointed TC_oil palm wood
was affected by its original density and finger
orientation. Higher density TC-oil palm wood and
vertically profiled finger specimen gave higher the
joint’s tensile strength.
The tensile strengths of finger jointed products were
lower than that of the un-jointed ones. The loss of the
tensile strength due to finger joint of TC_LD was
larger than that of TC_MD, which might be due to the
fractured fingers observed in TC_LD hindered its
capability in transferring tensile stress.
The characteristic value of vertically profiled finger
joints of TC_LD was lower than that of the
horizontally profiled finger joints, which might be
due to the presence of the larger portion of the
fractured fingers.

Based on the overall result, it is suggested that finger 
jointing performance of TC-oil palm wood should be 
improved. Investigating the optimum manufacturing 
parameters is recommended for the future research.
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