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Abstract One of the main parts of any wooden structure is its joints, which must meet the requirements
for bearing applied loads. Wood welding is a new technology that has made it possible to produce
wood joints with considerable strength without the use of glue. Therefore, this research aims to
investigate and compare the withdrawal resistance of dowel wood joints made by the welding method
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dowel joint (welded joint and joint with polyvinyl acetate glue), dowel diameter (10 and 12 mm), and
dowel surface shape (smooth and grooved) were considered as variables. After preparing the
specimens, the dowel withdrawal resistance test was performed. The results of the analysis of variance
showed that the independent effects of joint member, joint type, surface shape, and dowel diameter

on dowel withdrawal resistance were significant at the 1% level. The results showed that, for all
studied variables, the withdrawal resistance of welded dowel joints was greater than that of joints
made with polyvinyl acetate glue, indicating the superiority of wood welding technology over the use

of this glue.
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1. INTRODUCTION

Conventional joints used in furniture and building
structures, including mortise-and-tenon connections,
round dowels, metal fasteners, and adhesive-based
joints, remain widely applied; however, they suffer from
several drawbacks. These include complicated
manufacturing procedures, considerable waste of wood
materials, susceptibility of metals to corrosion, and
relatively low production efficiency (Wang & Lee,
2018; Barcik et al., 2014; Chen et al., 2023; Li et al.,
2023a; Zhang et al., 2023; Golovin et al., 2023). Using
dowel wood joints and polyvinyl acetate (PVA) glue is
one of the common joining methods in the construction
of wooden furniture and structures; however, most
common adhesives used in making joints contain
solvents that may emit toxic fumes during curing or
throughout the service life of wooden furniture and
structures. In addition, their long curing time increases
production time and cost, they have low moisture
resistance, and their supply cost is high.

In woodworking applications, adhesives are
predominantly  synthetic and  derived from
petrochemical resources. Besides their typically
extended curing periods, these adhesives pose risks to
human health and contribute to environmental pollution
(Belleville et al., 2013a; Belleville et al., 2013b; Sotayo
et al., 2020). To address these limitations, researchers
and industry have increasingly focused on wood
welding technology, which has emerged as a sustainable

and highly efficient joining method (Pizzi et al., 2011;
Yin et al., 2022; Zhang et al., 2018; Zhu et al., 2017;
Vaziri & Sandberg, 2021).

Wood welding technology involves the softening
process caused by the heat generated due to friction
between two pieces of wood, the melting of some wood
components (mainly lignin and, to some extent,
hemicellulose), and the formation of an internal phase
between the surfaces of the two joined wood pieces
(Gfeller, et al., 2003). These molten materials form a
strong and solid bond line after cooling.

The rotational welding technique for wooden dowels
offers several notable benefits, including strong joint
performance, rapid production cycles, and
environmentally friendly characteristics, making it
particularly suitable for connecting components in
furniture and other wood-based products (Li et al.
2023b).

At present, wood welding as a joining method has
reached a mature level of development, with successful
implementation not only in furniture manufacturing but
also in load-bearing and structural applications (Vaziri
et al., 2021a; Vaziri et al., 2021b). Since this technology
is still under development, this research investigated and
compared the effectiveness of selected parameters on
the withdrawal resistance of dowel wood joints made
using wood welding technology.

2. MATERIALS AND METHODS
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In this study, the joint member pieces were selected
from Hornbeam (Carpinus betulus) with a density of 0.7
g/cm?® and Fir (Abies alba) with a density of 0.4 g/cm?.
The wooden dowels used were also prepared from
Hornbeam with diameters of 1 and 1.2 ¢cm, smooth and
grooved surfaces, and a moisture content of 2%. The
adhesive used was polyvinyl acetate with the following
specifications: white color, density of 1.08 g/cm?,
viscosity of 30,000-40,000 cP, solid content of
approximately 60—65%, pH of 5, and gelation time of
approximately 20-30 min (at 20 °C).

To prepare the test specimens, in both welded and
glued joints, the wood pieces were first cut to
dimensions of 2.5 X 5 x 5 cm, and the wooden dowels
were cut to a length of 10 cm. Then, pre-drilling was
carried out at the center of the wood pieces to a depth of
2.5 cm, proportional to the diameter of the wooden
dowels. In the rotary dowel welding method, a drill
operating at 3000 rpm was used, whereas in the glue
method, wooden dowels impregnated with polyvinyl
acetate glue were used. The dowel withdrawal resistance
test was performed according to ASTM D1037 using a
tensile testing machine (STT-5T) at a loading speed of 2
mm/min.

3. RESULTS AND DISCUSSION

The results showed that the withdrawal resistance of
welded dowel joints with Hornbeam joint members was
higher than that of joints with Fir joint members. Wood
species is one of the parameters that has a significant
effect on the strength of rotationally welded wood
dowels (Pizzi et al., 2004). Since wood density affects
its mechanical properties, it can be stated that Hornbeam
performed better than Fir due to its higher density.
Furthermore, higher density means more wood material
and, consequently, a larger bonding surface, which can
increase the withdrawal resistance of the joints. The
findings of (Belleville et al., 2016) also demonstrated
the importance of density in the welding process.

The results of the dowel withdrawal resistance tests
for both Hornbeam and Fir showed that welded joints
had greater strength than joints made with PVA glue.
Other studies have also shown that welded dowel joints
have better strength than joints made with PVA glue
(Pizzi et al., 2006; Omrani et al., 2018; Omrani, 2020).
In fact, the melting of wood cell wall materials during
welding leads to an increase in material volume density
at the joint surface and the formation of new bonds
between the dowel fibers and the joint member.
Furthermore, Zhong et al. (Zhong et al., 2024), through
microscopic examination of rotationally welded dowel
joints, reported that changes in chemical composition at
the interface led to a more structured crystalline bond
and enhanced connection strength due to fiber
entanglement and interlocking.

The results showed that larger-diameter dowels
resulted in greater joint strength. Increasing the dowel
diameter effectively increases the dowel surface area,
and it has been reported that the tensile strength of dowel
joints increases with increasing adhesion contact area
(Eckelman, 2002). With the increase in welding surface
area, the amount of lignin acting as a binder between the
joint member and the wooden dowel, as well as the

number of bonds formed between the joint components,
increases, resulting in greater joint strength.

The results showed that joints welded with grooved
dowels produced stronger joints than those welded with
smooth dowels. One reason is that the grooves on the
dowel surface increase the welding surface area and,
consequently, mechanical strength. In addition, dowels
with grooved surfaces, due to the helical arrangement of
surface fibers, are more prone to greater and more
effective entanglement of the dowel fibers with the
surface fibers of the joint member during the welding
process. Although the presence of generated water vapor
can influence bond formation between fibers, excessive
water vapor and its entrapment in the welding zone
during the welding process can negatively affect the
continuation of welding (Omrani et al., 2018).

4. CONCLUSION

In this study, the holding power of dowel wood joints
made by welding and the conventional method using
PVA glue was investigated and compared. The results
showed that, in both types of joints, the withdrawal
resistance of dowel wood joints made with Hornbeam
joint members was higher than that of joints made with
Fir joint members. The withdrawal resistance of welded
dowel joints was greater than that of joints made with
polyvinyl acetate glue, indicating the superiority of
wood welding technology over the use of this adhesive.
Increasing the dowel diameter increased the withdrawal
resistance of the joints. The grooved dowel surface
produced greater withdrawal resistance than the smooth
surface. Furthermore, the highest withdrawal resistance
was obtained using a grooved dowel with a diameter of
12 mm welded into a Hornbeam joint member, whereas
the lowest was obtained using a smooth dowel with a
diameter of 10 mm bonded with glue in a Fir joint
member. Therefore, it can be concluded that the
investigated parameters have a significant effect on the
withdrawal resistance of welded dowel joints. Along
with other advantages of wood welding, these findings
support its application in the wood and furniture
industry, wooden structures, and the construction
industry. These advantages include eliminating the
curing time required for PVA glue, faster bonding,
significantly greater joint strength compared with PVA-
bonded joints, cost-effectiveness, and environmental
friendliness.
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2. Duncan’s Multiple Range Test

1. A multifactor analysis of variance (factorial ANOVA)
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