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Abstract

This paper presents a numerical investigation of the mechanical behaviour and failure modes of a timber beam with a lapped scarf joint
connected by wooden dowels. A finite element model was developed in Abaqus to analyse the structural response of the joint under
bending loading. The timber material was modelled as an orthotropic material with nonlinear behaviour, incorporating an appropriate
failure criterion to capture stiffness degradation and damage initiation in the structural components. In addition, different contact
modelling assumptions between the elements of the joint were considered in order to evaluate their influence on the numerical results.
The analysis shows that the numerical model is able to reproduce the global structural response of the beam with reasonable accuracy.
However, significant differences in stress distribution and predicted failure modes are observed when different contact assumptions
are adopted. The results highlight the important role of contact modelling in the numerical simulation of timber connections with

wooden dowels and provide further insight for the development of more reliable finite element models for traditional timber joints.
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1 Introduction

In recent years, timber structures have attracted increas-
ing attention in the construction sector due to their low
density, renewability, and reduced environmental impact.
Along with the growing demand for sustainable structural
solutions, mechanical timber connections using wooden
dowels and wooden nails have been reconsidered as
potential alternatives to metal fasteners in specific appli-
cations [1]. Within this context, lapped scarf joints with
wooden dowels represent a traditional joining technique
of practical relevance, particularly in the repair of deterio-
rated beam ends in historic timber structures [2].

From a design perspective, dowelled timber connections
are commonly assessed on the basis of Johansen's yield the-
ory and the provisions of Eurocode 5 [3, 4]. However, for tra-
ditional joints such as lapped scarf joints with inclined con-
tact surfaces and wooden dowels, current design provisions
remain limited. The behaviour of this type of connection
depends simultaneously on the joint geometry, the number
and arrangement of dowels, the interaction at the contact
interface, and the tensile resistance of wood perpendicular

to the grain. As a result, simplified design formulae are
often insufficient to describe the actual load-transfer mech-
anism and failure development of the joint [2].

Many previous studies have investigated dowelled tim-
ber connections through both experimental and numerical
approaches. Experimental works have clarified the load-car-
rying capacity, stiffness, and failure mechanisms of timber
joints [5, 6]. Recent studies have also investigated the use of
densified wood dowels and wooden fasteners in timber joints
and repair applications. Xu et al. [7] analysed the mechanical
performance of timber-to-timber joints with densified wood
dowels, while Conway et al. [8] examined the reinforcement
of timber perpendicular to the grain using densified wooden
dowels. Additional studies have explored the use of densi-
fied wooden nails and swelling dowels for timber assemblies
and restoration works [9, 10]. These developments further
demonstrate the growing interest in sustainable timber con-
nection systems based on wood-based fasteners. Several
authors have combined experiments with finite element
modelling to study mortise-and-tenon joints, single-dowel
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connections, and traditional scarf joints, showing that
numerical simulation is an effective tool for analysing stress
distribution, displacement, and damage concentration in
such systems [11-14]. In addition, studies on perpendicu-
lar-to-grain tension, pull-out resistance of wooden pegs, and
local failure mechanisms around dowel holes have contrib-
uted to a better understanding of brittle failure in mechanical
timber joints [15-18]. For lapped scarf joints with wooden
dowels in particular, Arciszewska-Kedzior et al. reported
that repaired beams retained approximately 65% to 75% of
the load-carrying capacity of the original member, while the
elastic stiffness was not significantly reduced; the dominant
experimentally observed failures were related to tension per-
pendicular to the grain in the vicinity of the dowel holes [2].

Studies published in Periodica Polytechnica Civil
Engineering have also contributed to the numerical and
experimental investigation of timber structures. Saad and
Lengyel [19] developed a parametric finite element model
to analyse the influence of knots and associated fibre devi-
ations on the flexural behaviour of Norway spruce beams,
highlighting the importance of local stress concentration
and failure initiation in timber members under bending.
Mili¢ et al. [20] investigated a bolted steel-CLT compos-
ite connection through experimental push-out tests and
finite element modelling, emphasizing the important role
of nonlinear timber behaviour and contact phenomena in
the force-transfer mechanism of timber-based connec-
tions. These studies further demonstrate the importance
of advanced numerical modelling approaches for analys-
ing stress redistribution, damage development, and con-
tact-dependent mechanical behaviour in timber members
and timber connections.

Furthermore, recent research has highlighted the
important role of drying cracks and checks in aged timber
members. Lengyel and Saad [21] showed that pre-existing
checks may significantly modify stress distribution and
initiate premature shear-related damage mechanisms in
timber beams. This aspect is particularly relevant for tim-
ber repair applications, where existing defects and deteri-
oration are often unavoidable.

In parallel with experimental research, several nonlin-
ear constitutive models have been developed to describe
the orthotropic, inelastic, and damage-sensitive behaviour
of wood. Theoretical frameworks based on Hill's anisotro-
pic yield criterion, Hoffman's failure criterion, and nonlin-
ear orthotropic constitutive formulations have been widely
used in the numerical analysis of timber structures [22-25].
More advanced studies have combined plasticity and
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damage in order to improve the description of wood
behaviour under complex stress states [26, 27]. On this
basis, our most recent study developed an elasto-plas-
tic-damage constitutive model for lapped scarf joints with
wooden dowels and showed that the model could reproduce
the load-displacement response and the experimentally
observed failure location with satisfactory agreement [28].

Nevertheless, although material modelling has been
increasingly refined, the role of contact modelling in numer-
ical simulations of traditional timber joints has not yet been
sufficiently clarified. In lapped scarf joints, the transfer of
forces depends not only on the constitutive response of wood
and dowels, but also on the mechanical interaction between
the inclined contact surfaces and the dowel-hole interfaces.
Different contact assumptions may therefore modify the
stiffness of the joint, the redistribution of stresses, and the
predicted damage pattern, even when the geometry, bound-
ary conditions, and material parameters remain unchanged.
This aspect has received far less attention than joint geome-
try or constitutive modelling, despite its direct influence on
the predictive capability of finite element analyses.

The present study addresses this issue by investigating
the numerical simulation of timber beams with lapped scarf
joints connected by wooden dowels, with particular empha-
sis on interface interaction assumptions. Using the same
experimental reference configuration and the same consti-
tutive framework as in [28], the present study investigates
a tie-contact representation and compares its response with
the previously validated friction-contact model reported
in [28]. The objective is not to propose a new material
model, but to clarify how contact assumptions affect the
global structural response, the stress-transfer mechanism,
and the predicted failure pattern of the joint. The results
provide a more explicit basis for evaluating the reliability of
finite element models for traditional timber joints and show
that contact modelling should be treated as a key modelling
parameter rather than as a secondary numerical detail.

2 Experimental reference

This section briefly summarizes the experimental config-
uration used as the reference basis for the numerical study.
Since the present paper focuses on numerical simulation,
only the information required to define the joint geome-
try, material arrangement, support conditions, and loading
scheme is presented. The reference test was adopted from
the experimental work of Arciszewska-Kedzior et al. [2]
and corresponds to the same configuration used in our pre-
vious numerical study [28].
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2.1 Test configuration

The reference specimen was a timber beam with a lapped
scarf joint connected by two wooden dowels. The beam
was made of Norway spruce, whereas the dowels were
made of English oak. Each dowel had a diameter of 24 mm.
The beam had a total length of 6.0 m and a cross-section
0f 0.20 x 0.24 m [2, 28].

The scarf joint had an overlap length of 1.38 m, and
its centre was located 1.5 m from the nearest support,
corresponding to approximately one quarter of the beam
span [2, 28]. The geometry of the beam and the joint con-
figuration are shown in Fig. 1.

2.2 Loading setup

The beam was tested under three-point bending, with a
concentrated load applied at mid-span and two supports
located at the beam ends [2, 28]. During the test, load and
displacement were recorded, and the mid-span deflection
was used to characterize the global mechanical response
of the beam. The loading rate was 30 mm/min, and the test
was continued until failure [2].

The same support arrangement and loading positions
were adopted in the present finite element model to ensure
consistency between the experimental reference and the
numerical simulation. The experimental setup is pre-
sented in Fig. 2.

2.3 Experimental results
The reference experimental results consisted of three
load—displacement curves obtained from timber beams
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Fig. 1 Geometry of the lapped scarf joint with wooden dowels
(unit: mm) [2, 28]
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Fig. 2 Experimental setup for the three-point bending test
(unit: mm) [2, 28]

with lapped scarf joints connected by wooden dowels,
corresponding to three test specimens. The curves show
an approximately linear response in the initial stage, fol-
lowed by a peak load and a post-peak softening phase
associated with damage development in the joint region.
For comparison with the numerical results, the experimen-
tal curves are presented in Fig. 3 [2, 28].

Regarding the observed failure behaviour, two char-
acteristic mechanisms were reported by Arciszewska-
Kedzior et al. [2]: tension failure perpendicular to the
grain developing through the dowel-hole region and along
pre-existing drying cracks, and a less extensive tension
failure perpendicular to the grain at the bottom of the
beam. These experimental observations are used as the
reference basis for evaluating the predicted failure pat-
terns of the numerical models.

3 Numerical model

The numerical model was developed on the basis of the ref-
erence experimental configuration presented in Section 2.
The model geometry, boundary conditions, and material
constitutive laws were adopted from our previous vali-
dated study [28]. The validated model reported in [28] was
previously calibrated and validated against the experimen-
tal three-point bending tests conducted by Arciszewska-
Kedzior et al. [2], including comparisons of the load—
displacement response and the experimentally observed
failure locations in the joint region.

Compared with the numerical model reported by
Arciszewska-Kedzior et al. [2], the present model employs
the same experimental reference configuration, includ-
ing the general geometry of the lapped scarf joint, the
three-point bending setup, and the softwood beam—hard-
wood dowel arrangement. However, the two modelling
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Fig. 3 Load—displacement curves obtained from the experiments [2, 28]



approaches differ in several important aspects. The model
presented in [2] was developed in ANSYS using SOLID95
elements, with Norway spruce and English oak repre-
sented as linear elastic orthotropic materials, and was
primarily intended for investigating the influence of geo-
metric parameters such as the number of dowels, joint
length, and joint position. In contrast, the present model
is based on the previously validated Abaqus framework
developed in [28], in which the timber material response
is described using a nonlinear elasto—plastic—damage for-
mulation. Furthermore, the objective of the present study
is not the optimization of joint geometry, but the investi-
gation of contact modelling assumptions. Therefore, fric-
tion contact and tie contact are compared using the same
geometry, boundary conditions, and material parameters
in order to isolate the role of the contact formulation in the
predicted structural response and failure pattern.

3.1 Finite element model

A three-dimensional finite element model of the timber
beam with a lapped scarf joint connected by two wooden
dowels was developed in Abaqus. The model repro-
duced the same beam geometry, joint dimensions, support
arrangement, and loading position as those used in the ref-
erence experiment and in the previous numerical study [28].
The corresponding finite element model is shown in Fig. 4.

(a) The lapped scarf joints with inclined faces and wooden dowels

(b) Beam-Part 1

(c) Beam-Part 2 wath 2 wooden dowels

Fig. 4 Finite element model of the lapped scarf joint with wooden
dowels [28]
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Both the beam segments and the dowels were modelled
using three-dimensional solid elements. The support con-
ditions and loading scheme followed the three-point bend-
ing configuration described in Section 2. The mesh arrange-
ment was directly inherited from the validated model
reported in [28]; therefore, the mesh convergence procedure
is not repeated here. This modelling strategy allows both the
global load—displacement response and the local stress and
damage development in the joint region to be captured.

3.2 Material model for wood
The material models used in the present study were also
adopted from [28].

Norway spruce was used for the beam and was repre-
sented as a nonlinear orthotropic material combining elas-
tic, plastic, and damage responses. Although wood is fre-
quently idealized as a brittle orthotropic material, previous
experimental and numerical studies have shown that tim-
ber may exhibit nonlinear inelastic behaviour before fail-
ure, particularly under compression parallel to the grain
and under combined stress states. In the present model, the
plastic component was introduced to represent irreversible
deformation and stress redistribution prior to damage initi-
ation, while the damage formulation was used to describe
stiffness degradation and the development of failure in
the timber members. English oak was used for the dowels
and was modelled using the same constitutive framework
with material parameters appropriate for hardwood [28].
This choice makes it possible to preserve consistency with
the previously validated model while focusing the compar-
ison on the contact conditions only. The anisotropic repre-
sentation was considered necessary because timber exhib-
its strongly direction-dependent mechanical properties.
This aspect is particularly important for lapped scarfjoints,
where the stress transfer around the dowel-hole region and
the experimentally observed failure modes are closely
related to tensile stresses perpendicular to the grain.

The principal mechanical properties adopted for
Norway spruce and English oak are summarized in
Tables 1 and 2, respectively [28]. Keeping the material
parameters unchanged from the previous study ensures
that any differences observed in the structural response,
stress distribution, and predicted failure pattern can be
attributed primarily to the adopted contact assumptions.

3.3 Contact modelling
The interfaces between the timber members and the
wooden dowels were represented using contact constraints.
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Table 1 Mechanical properties of Norway spruce used for
the beam model [28]

Property Symbol Value Unit
Elastic properties
Longitudinal modulus E, 13201 MPa
Radial modulus E, 763 MPa
Tangential modulus E, 279 MPa
Vi 0.014
Poisson's ratios Vi 0.557
Voy 0.023
G, 458 MPa
Shear moduli G, 554 -
G,, 512 -
Plasticity parameters
Hardening modulus o 100 MPa
Hardening coefficient b 2.5
Yield stress a, 22 MPa
. fo 45 MPa
Compressive strengths ’
Sioo 45 -
Tensile strengths f['O 2 MPpa
fz,go 2.9 -
Shear strength Son=ls 1.75 MPa
Damage parameters
Damage threshold S 0.00375
Damage exponent s 1.4

Table 2 Mechanical properties of English oak used for the
dowel model [28]

Elastic properties Symbol Value Unit
Longitudinal modulus E, 11178 MPa
Radial modulus E, 1028 MPa
Tangential modulus E, 2046 MPa
Vi, 0.064
Poisson's ratios Vi 0.37
Vs 0.033
G, 1100 MPa
Shear moduli G, 234 -
G 1041 -

In the previously validated model reported in [28],
Coulomb friction contact was adopted, allowing relative
displacement between the contacting surfaces. In the pres-
ent model, tie-contact constraints were employed, mean-
ing that the connected interfaces were assumed to move
together without relative displacement. A schematic illus-
tration of the tie-contact representation adopted in the
present numerical model is shown in Fig. 5.

The main objective of the present study is to evalu-
ate the influence of contact modelling on the behaviour

Fig. 5 Schematic illustration of the tie-contact representation adopted

between the timber beam segments and the wooden dowels in the
present numerical model

of lapped scarf joints connected by wooden dowels.
The present tie-contact model is therefore compared with
the previously validated friction-contact model reported
in [28], while preserving the same geometry, boundary
conditions, and material parameters.

In the friction-contact model reported in [28], load
transfer occurred through local contact interaction com-
bined with friction, which can better represent the actual
mechanical interaction between the inclined scarf surfaces
and the dowel-hole interfaces. In contrast, the tie-contact
formulation adopted in the present study assumes per-
fectly bonded interfaces without relative displacement.
Compared with friction contact, this assumption intro-
duces a stronger kinematic constraint and may therefore
alter the load-transfer mechanism, stress redistribution,
and predicted damage evolution in the joint.

The comparison between the previously validated
friction-contact model and the present tie-contact model
makes it possible to evaluate the sensitivity of the numeri-
cal results to the adopted interface assumption.

4 Results

4.1 Structural response

The overall response of the timber beam was evaluated
through the mid-span load-displacement relationship.
Fig. 6 presents the three experimental curves together
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Fig. 6 Load—displacement curves obtained from the experiments, the
previous friction-contact model [28], and the present tie-contact model
with the numerical result obtained from the previous fric-
tion-contact model [28] and the result obtained from the
present tie-contact model. This comparison enables a direct
assessment of the capability of the new numerical model to

reproduce the global behaviour of the structural member.

The curves indicate that both the previous model [28§]
and the present model reproduce the initial stiffness of
the structural member reasonably well in the near-lin-
ear stage. The response predicted by the present model
follows the experimental curves more closely within
the small-to-moderate displacement range, indicating
that the finite element model retains a satisfactory abil-
ity to capture the initial elastic response of the jointed
beam. Compared with the model reported in the previous
study [28], the present model also shows a trend that is
closer to the experimental results during the loading stage,
particularly in terms of the initial slope and the evolution
of load before the peak is reached.

However, noticeable differences appear as the structural
member approaches the maximum load. The three exper-
imental specimens exhibit a certain scatter in both the
peak load and the corresponding displacement, reflecting
the inherent heterogeneity of timber as well as the influ-
ence of natural defects in the joint region. Within this con-
text, the present model predicts a peak load that lies within
a reasonable range relative to the experimental results,
although it remains lower than that of the specimen with
the highest load-carrying capacity. This suggests that the
present model provides a relatively conservative predic-
tion of the ultimate resistance of the jointed beam.

After the peak load is reached, the experimental curves
show a pronounced drop in load, associated with the ini-
tiation and development of damage in the joint region.
The present model is also able to reproduce this general
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descending trend, although the magnitude of the drop and
the shape of the post-peak branch do not fully coincide
with those of each individual test specimen. This discrep-
ancy is acceptable, since the post-peak response of timber
elements is strongly influenced by local cracking mecha-
nisms, contact conditions, and the progression of damage
around the dowel holes, all of which are highly sensitive
to modelling assumptions.

Overall, the results shown in Fig. 6 demonstrate that the
present model is capable of describing the global struc-
tural response of the timber beam with a lapped scarf
joint connected by wooden dowels with reasonable accu-
racy, especially in the pre-peak stage. At the same time,
the difference between the present model and the results
reported in [28] indicates that modifying the modelling
assumptions, particularly those related to contact interac-
tion, has a significant influence on the load-displacement
response of the structural member. This provides the basis
for a more detailed analysis of stress distribution and fail-
ure modes in the following sections.

4.2 Stress distribution

To clarify the load-transfer mechanism in the lapped
scarf joint with wooden dowels, the equivalent stress dis-
tribution of the present tie-contact model was examined at
three characteristic displacement levels, namely v= 10 mm,
v =30 mm, and v = 60 mm. Although equivalent stress is
not a failure criterion for orthotropic wood in a strict con-
stitutive sense, it is used here as a convenient scalar indi-
cator to visualize the development and redistribution of the
stress field in the joint region. Fig. 7 presents the stress dis-
tribution in the two timber beam segments, whereas Fig. 8
shows the stress distribution in the two wooden dowels.
These results are used to analyse the stress development in
the present model and to compare it with the friction-con-
tact results reported in the previous study [28].

Fig. 7 shows that, as the displacement increases from
10 mm to 60 mm, the stress field in the timber beam seg-
ments develops markedly in the vicinity of the joint. At the
initial stage (v =10 mm), the stress remains relatively local-
ized around the inclined contact surfaces and the dow-
el-hole region. When the displacement increases to 30 mm,
the high-stress zone expands along the load-transfer path
between the two beam segments. At v = 60 mm, the stress
field becomes more pronounced and spreads further into
the beam segment adjacent to the joint, indicating that the
tie-contact assumption promotes a more continuous trans-
fer of forces through the connected timber members.
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Fig. 7 Von Mises stress distribution in the two timber beam segments of
the present tie-contact model at different displacement levels
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Fig. 8 Von Mises stress distribution in the two wooden dowels of the
present tie-contact model at different displacement levels

Compared with the friction-contact results reported
in [28], the stress field in the present model shows a broader
and more continuous development within the beam seg-
ments, rather than remaining mainly concentrated around
the principal contact zones. This suggests that the adopted
contact assumption affects not only the intensity of local
stress concentration but also the extent of stress redistribu-
tion in the timber beam near the scarf connection.

For the wooden dowels, Fig. 8 shows that stress appears
from the early stage of loading, confirming their direct
contribution to the force-transfer mechanism of the joint.
At v = 10 mm, the stress is mainly concentrated in the
regions in contact with the hole wall. As the displacement
increases to 30 mm, the stress level rises significantly and
becomes more clearly distributed along the dowel length.
At v =60 mm, both dowels are fully mobilized, with high-
stress regions extending over a considerable portion of
their length. This result indicates that, in the tie-contact
model, the wooden dowels participate more actively in the
overall mechanical response of the joint.

By comparison with the friction-contact model in [28],
the present tie-contact model leads to a more continuous
stress distribution along both dowels, whereas the previ-
ous model exhibited a more localized load-transfer mech-
anism. This difference reflects the stronger kinematic con-
straint introduced by the tie-contact assumption and its
influence on how the dowels interact mechanically with
the surrounding timber.

Overall, the results shown in Figs. 7 and 8 indicate
that the tie-contact model creates a tighter interaction
between the timber beam segments and the wooden dow-
els, thereby modifying the stress field throughout the joint
region. These equivalent stress contours should be inter-
preted primarily as qualitative indicators of stress redis-
tribution. The implication of this altered stress-transfer
mechanism for the predicted failure pattern of the beam is
discussed in the following section.

4.3 Failure modes

The failure modes predicted by the numerical model
were analysed through the damaged zones appearing in
the beam as the response approached failure. Fig. 9 pres-
ents the Abaqus predictions for the two contact assump-
tions, where the image on the left corresponds to the
friction-contact model, while the image on the right corre-
sponds to the tie-contact model.

Fig. 9 Comparison of predicted failure modes in Abaqus for the

friction-contact model (left) and the tie-contact model (right)



The simulation results show that the two contact
assumptions lead to distinctly different failure patterns
in the joint region. In the friction-contact case, the dam-
aged zone is clearly concentrated in the beam segment
near the dowel-hole region and develops almost perpen-
dicular to the wood grain. This failure pattern is consis-
tent with Failure 1 observed in the experiments, namely
a tension failure perpendicular to the grain occurring in
the beam body and propagating through the dowel-hole
region and along pre-existing drying cracks. This indi-
cates that the friction-contact model is able to reproduce
reasonably well the localized failure mechanism around
the dowel hole, which is one of the characteristic failure
modes reported in the experimental study [2].

In contrast, in the tie-contact case, the damaged zone is
no longer mainly concentrated around the dowel hole, but
instead shifts towards the bottom of the beam in the vicin-
ity of the joint region. This pattern is more consistent with
Failure 2 observed experimentally, namely a less extensive
tension failure perpendicular to the grain occurring at the
bottom of the beam. Compared with the friction-contact
model, the tie-contact assumption imposes a higher degree
of constraint between the contacting surfaces, thereby
altering the load-transfer mechanism within the joint and
leading to a different location of damage initiation.

The difference between the two numerical models is
consistent with the stress distribution results discussed in
the previous section. Whereas the friction-contact model
produces a more localized stress concentration around the
dowel-hole region and the contact interface, the tie-con-
tact model leads to a more continuous development of the
stress field within the beam near the joint, particularly
towards the lower part of the beam. This change in the
stress field provides a clear mechanical explanation for the
difference in the predicted failure modes.

Overall, changing the contact assumption affects not only
the load-displacement response and the stress distribution,
but also directly alters the predicted failure mechanism of
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the structural member. The results shown in Fig. 9 indicate
that the friction-contact model is closer to Failure 1 observed
experimentally, whereas the tie-contact model gives a fail-
ure pattern that is closer to Failure 2. This confirms that the
contact model is a decisive parameter in the numerical sim-
ulation of lapped scarf joints connected by wooden dowels.

4.4 Discussion

To support the qualitative comparison with quantitative
evidence, the main response parameters obtained from the
experiment, the previous numerical model [28], and the
present numerical model are compared in Table 3. The com-
parison includes the initial stiffness, the peak load, the dis-
placement at peak load, and the dominant failure pattern.

Table 3 shows that the present model is closer to the
experimental response than the previous model in terms
of initial stiffness, peak load, and displacement at peak
load. This indicates that the modification of the contact
assumption improves not only the apparent agreement of
the load-displacement curve, but also the quantitative pre-
diction of the global structural response.

From a mechanical point of view, this result is signifi-
cant because the geometry, boundary conditions, and mate-
rial constitutive laws were kept unchanged with respect to
the previous model [28]. The main difference between the
two simulations lies in the contact formulation. Therefore,
the improvement observed in Table 3 can be attributed
primarily to the altered representation of the interaction
between the inclined contact surfaces and the dowel-hole
interfaces. This confirms that, for traditional timber joints
of this type, the contact model is not a secondary numeri-
cal detail, but a parameter that directly affects the predic-
tive capability of the finite element model.

The influence of the contact assumption becomes even
clearer when the stress development and damage patterns
are considered together. In the friction-contact model, the
load-transfer mechanism remains more localized around
the dowel-hole region and the principal contact surfaces.

Table 3 Quantitative comparison between the experimental response, the previous numerical model,

Parameter Experimental response Previous model [28] Present model
Initial stiffness, K (kN/mm) 0.46 0.42 0.44
Peak load, P, (kN) 29.3 23.0 26.0
Mid-span displacement at peak 66 59 65

load, up (mm)

Tension perpendicular to the grain
in the dowel-hole region; minor
bottom tensile failure

Dominant failure pattern

Damage shifted towards the
lower beam region near the joint;
pattern closer to the secondary
experimental failure mode

Damage concentrated mainly
around the dowel-hole region
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As a result, the stress field develops mainly in the vicin-
ity of the interfaces, and the predicted damage tends to
remain concentrated around the dowel-hole zone. In con-
trast, in the tie-contact model, the connected surfaces
are constrained more strongly, which promotes a more
continuous transfer of forces through the joint region.
This leads to a broader stress development in the beam
near the scarf connection and a clearer mobilization of the
wooden dowels in the load-transfer process.

The difference in the internal force-transfer mechanism
is reflected in the predicted failure pattern. The previous
model is more consistent with the first experimentally
observed failure mode, namely tension perpendicular to
the grain developing through the dowel-hole region and
along pre-existing drying cracks. By contrast, the pres-
ent model predicts a damage zone that shifts towards the
lower part of the beam near the joint and is therefore closer
to the secondary experimental failure mode, namely a less
extensive tensile failure perpendicular to the grain at the
beam bottom. This comparison suggests that changing the
contact assumption does not merely modify the numerical
response in a local sense, but can substantially alter the
predicted structural failure mechanism.

These findings have an important implication for the
numerical simulation of timber joints. In many finite ele-
ment studies, considerable attention is usually given to
the constitutive model of wood and to the identification of
material parameters, whereas the contact conditions are
often introduced in a simplified manner. The present results
show that such simplification may strongly influence both
the global response and the predicted damage evolution.
For this reason, the contact formulation should be regarded
as a key modelling parameter, with a level of importance
comparable to that of the constitutive law itself.

At the same time, the present conclusions should be
interpreted within the scope of the study. The comparison
was carried out for one joint geometry, one dowel arrange-
ment, and one loading configuration under three-point
bending. In addition, the quantitative values summarized
in Table 3 are approximate values estimated from the plot-
ted curves and are mainly intended to support the com-
parative discussion. A more detailed assessment based on
the original experimental and numerical datasets would
allow a more rigorous parameter-by-parameter validation.
Nevertheless, even at this level, the results clearly demon-
strate that the choice of contact assumption has a direct
and non-negligible influence on the predicted behaviour of
lapped scarf joints connected by wooden dowels.

Overall, the present study shows that the transition from
the previous contact representation to the current one leads
to a more accurate prediction of the global response and to
a failure pattern that is closer to one of the experimentally
observed damage scenarios. This reinforces the conclusion
that contact modelling should be treated as a decisive mod-
elling choice in finite element analyses of traditional timber
joints, rather than as a purely technical implementation detail.

Nevertheless, it should also be noted that pre-existing
drying cracks were not explicitly represented in the pres-
ent numerical model. This assumption was intentionally
retained in order to isolate the influence of the contact for-
mulation while preserving consistency with the previously
validated modelling framework [28]. Previous studies have
shown that checks and cracks may significantly affect local
stress concentrations and failure development in aged tim-
ber members [21]. Therefore, the interaction between con-
tact behaviour and pre-existing drying cracks in lapped
scarf joints should be further investigated in future studies.

5 Conclusions

This paper has presented a numerical study on the mechan-
ical behaviour and failure modes of timber beams with
lapped scarf joints connected by wooden dowels. Based on
the results obtained, the following conclusions can be drawn:

* The present finite element model is able to reproduce
the global load-displacement response of the jointed
timber beam with reasonable accuracy, particularly
in the pre-peak stage.

* The contact assumption has a pronounced influence
on the predicted mechanical response of the joint,
affecting not only the global structural behaviour but
also the local stress distribution in both the timber
beam and the wooden dowels.

¢ In the friction-contact model, the stress field tends to
remain more localized around the dowel-hole region
and the principal contact surfaces, leading to a fail-
ure pattern that is consistent with Failure 1 observed
experimentally.

* In the tie-contact model, the stress field develops
more continuously within the joint region and the
lower part of the beam, while the dowels are more
strongly mobilized in the load-transfer process. This
results in a predicted failure mode that is closer to
Failure 2 observed in the experiments.

* The quantitative comparison indicates that the pres-
ent tie-contact model provides a closer approxima-
tion of the global structural response, particularly in



terms of initial stiffness, peak load, and displacement
at peak load. However, the two contact representa-
tions reproduce different experimentally observed
damage scenarios. The previously validated fric-
tion-contact model [28] is more consistent with the
localized damage mechanism around the dowel-hole
region, whereas the present tie-contact model gives
a failure pattern closer to the secondary experimen-
tally observed failure mode in the lower beam region.
These findings show that no single contact represen-
tation should be regarded as universally superior for
all modelling objectives. If the main objective is to
reproduce the global load—displacement response,
the tie-contact formulation may provide a better
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