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Abstract—Structural timber is highly valued for 
its sustainability, durability, insulation, aesthetics, 
light weight, and ease of workability. Connections 
between timber members are crucial in the design 
of structural timber and therefore require careful 
attention. Unfortunately, Eurocode 5, the standard 
for timber design, does not provide detailed 
guidance on connection behavior, particularly 
regarding stiffness. As a result, it is important to 
explore how timber connection parameters, such 
as member depth, dowel diameter, load angle 
relative to the grain, and material properties, 
influence stiffness. Due to the high cost of 
resources needed for experiments, a finite 
element model has been used for this research. 
Commercial finite element software (Abaqus) was 
used to simulate timber-steel dowel connections. 
Interesting results have emerged from this study. 
Greater timber depths lead to stiffer connections. 
Conversely, the dowel diameter appears less 
significant in this regard. Material properties also 
affect connection stiffness. Typically, timber-steel 
connections are stiffer when loads are applied at 
an acute angle to the timber's grain, compared to 
when loads are applied perpendicularly. 

Keywords— Connection stiffness, timber-
steel connection, structural timber, steel dowel, 
Eurocode 5, Johansen’s theory, finite element 
simulation. 

I.  INTRODUCTION 

Timber construction has been used for generations 
and has recently become more popular again for 
specific reasons. It is a very eco-friendly and durable 
building resource and is the only 100% renewable 
construction material. Its production does not produce 
significant carbon emissions. Timber has the lowest 
embodied CO2 of all building materials. Wood is mainly 
composed of carbon absorbed from the atmosphere by 
growing trees. Therefore, timber buildings can help 
store atmospheric carbon and reduce greenhouse 
gases. It is organic, non-toxic, and natural. When used 
as building components, timber acts as a natural 
insulator, lowering energy consumption. Timber also 
has natural thermal insulation properties. The structure 
of wood contains tiny air spaces that limit heat transfer. 
A well-insulated home will definitely require less 
energy to maintain comfortable temperatures, leading 
to lower fuel consumption. Timber also outperforms 
steel in terms of insulation. It is easy to work with, 

versatile, and can be used in many ways. Its 
lightweight makes it easy to install and operate, 
reducing the energy required for construction. Different 
types of trees produce wood with a variety of colors, 
patterns, and useful qualities. 

The construction process is faster when using 
wood. Since timber frames are easily pre-cut, 
manipulated, and assembled in advance, it 
significantly speeds up the building process compared 
to a brick structure. Additionally, less waste is 
generated during handling, reducing cleanup time. 
Timber buildings typically require less time to 
construct. Faster construction saves money for both 
the contractor and the client. Timber is highly durable 
and generally cheaper to maintain over time. Its 
natural beauty and flexibility are hard to match. In 
colder regions, timber grows more slowly, resulting in 
tighter growth rings. This not only enhances its 
appearance but also signifies strength and durability. 
Therefore, timber offers many advantages. It offers a 
wide range of aesthetic options, enabling diverse 
designs. It can be painted any color, waxed, 
lacquered, carved, chopped, glued, fastened, or left in 
its natural state. A timber-framed structure can be one 
of the most visually appealing options among different 
building materials. External cladding materials can be 
added to timber to meet local standards and planning 
regulations. 

The benefits mentioned explain the great interest in 
timber. However, several issues arise in the design of 
structural timber. Starting with timber connections, 
there is insufficient research to guide their design. 
Connections determine the load-carrying capacity of 
timber structures, as they are usually the primary 
factor influencing member size. Therefore, the load 
capacity of timber is often controlled by the joints. 
Increasing joint capacity enhances the structure's 
overall capacity. The procedures for connection 
capacity for dowelled joints in Eurocode 5 (European 
standard for structural timber design – EC5) [1] are 
based on Johansen’s theory [2] and on the failure 
modes observed in dowelled connections. A dowel-
type connection is a mechanical fastener widely used 
in timber structures, in which a piece of the member, 
called a dowel, passes through two other pieces, 
securing them in place. Figure 1 shows a dowel-type 
timber-steel connection, with forces pulling the timber 
in the grain direction. 
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Fig. 1. Sketch of a dowelled timber-steel connection 

 Johansen’s approach is commonly used across 
Europe and other regions. The theory relies on a 
single-dowel connection with load applied along the 
grain. Failure occurs through the formation of plastic 
hinges in the dowels, combined with wood embedding. 
However, this theory has limitations when different 
connection types and parameters are considered. 
There has been limited research on addressing these 
irregularities. Several studies indicate that some EC5 
strength predictions are not entirely accurate, with 
certain elements being overestimated and others 
underestimated. This highlights the need for more 
detailed research. 

II. LITERATURE REVIEW 

The usefulness of timber in construction cannot be 
overstated. As we have seen, there are benefits in 
environmental sustainability, durability, insulation, 
aesthetics, light weight, and ease of work. Since 
connections are the key determinant of member size, it 
is sensible to address the weaknesses in common 
design standards. The EC5 standard, used in Europe 
and other parts of the world, was developed for single-
dowelled connections with loads parallel to the grain of 
timber. This is overly idealized for real construction, as 
many connections involve loads applied 
perpendicularly or at an angle. Therefore, it is 
worthwhile to investigate this limitation. 

A. Analytical Models 

Johansen's yield theory is based on a single-dowel 
connection with loading along the grain. The failure 
mode in his theory involves plastic hinge formation in 
the dowels and wood embedding. EC5 design 
specifications for load-carrying capacity were 
developed by Larsen [3]. The failure mode in this 
approach is categorized into three types: Mode I, 
Mode II, and Mode III (as shown in Figure 2). 

Mode I occurs when failure occurs in the connected 
materials without deformation of the dowel. This failure 
type is called an embedment failure. Mode II occurs 
when there is a combination of embedment failure of 
the connected materials and a single yield failure in the 
dowel's shear plane. Mode III occurs when 
embedment failure of the connected materials is 
combined with multiple yield failures in the dowel's 

shear plane. The second and third modes assume that 
the dowel is ductile and will develop a plastic hinge. 

 

Fig. 2. Failure modes of timber connections, after [3] 

This method offers a reliable prediction for loading 
along the grain of timber [4]. However, when dealing 
with multiple dowel connections, it's important to 
consider block shear and plug shear failures, 
especially when tension is applied at angles not 
aligned with the grain. Splitting failures may occur in 
these situations, so additional considerations beyond 
the yield theory approach are necessary to account for 
this likely brittle failure [5]. Section 7.1 of EC5 part 1 
explains the slip modulus for the serviceability limit 
state, 𝐾𝑠𝑒𝑟, as shown in Equation 1. 

  𝐾𝑠𝑒𝑟 =
ρ𝑚
1.5d

2.3
       (1) 

where 𝑑 [𝑚𝑚] is the fastener diameter, and 𝜌𝑚 [𝑘𝑔/𝑚³] 
is the average density of the connected members. For 

a steel-to-timber connection, 𝐾𝑠𝑒𝑟 is based on the 
density of the timber and can be multiplied by a factor 
of 2. 

Many designers recognize that EC5 and other design 
standards have adequately characterized dowel-type 
connections for component members meeting aligned 
grain to grain. However, connections at an angle lack 
comprehensive design standards. Many research 
publications focus on joints where the member grains 
are parallel, while there is less literature on 
perpendicular cases. 

B. Experimental Studies 

Dorn et al. [6] compared their test results to the 
corresponding Eurocode design values for the strength 
and stiffness of single-dowel connections. EC5 design 
strength specifications are more conservative for 
connections with moderate slenderness. Slenderness 
was varied by adjusting the timber's density and width. 
However, in some studies, the EC5 design values 
were significantly higher than the actual values, 
especially for connections with low and high 
slenderness. For stiffness results, most EC5 values 
are more suitable for connections with intermediate 
stiffnesses [6]. Connection width, which influences 
stiffness, should be a factor considered when 
determining design values. Unfortunately, EC5 does 
not address this important factor. Reference [6] found 
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that connections made with higher-density timber 
could withstand higher ultimate loads but tended to be 
brittle, whereas connections made with lighter woods 
had lower ultimate loads but exhibited better ductility. 
They also found that, in their study of a single dowel 
connection, increased dowel roughness improved both 
the ultimate load and ductility. Frontini et al. [3] 
conducted an experiment on softwood, varying several 
parameters, including the dowel shape (traditional or 
cylindrical). They discovered that the dowel's density 
does not affect the connection's stiffness or maximum 
load capacity. This supports the proposition of [6], that 
the density of the connected wood members plays a 
more significant role than that of the dowel. 

If a timber dowel joint is loaded perpendicular to its 
grain, failure can occur through either the yielding of 
the dowel, crushing of the timber, or splitting of the 
timber member. The third type of failure is a sudden, 
brittle failure and is undesirable; the first two are ductile 
failures and are preferred in designs [7]. 

 

Fig. 3. Brittle failure modes, after [8] 
(a) row shear (b) block/plug shear (c) net tension  
(d) mode b + c 

However, the experiment by Xu, et al. [5] suggests 
that in multiple dowel connections, group tear-out 
(block and plug shear) failure must be considered, 
especially if tension is applied in directions not aligned 
with the grain of the timber. Failure modes identified by 
[8] in their experiment are shown in Figure 3. Splitting 
failures may occur in such cases, so an additional 
consideration beyond the yield theory approach is 
needed to account for this expected brittle failure. 

Very often, timber members are connected to each 
other using a steel plate or simply framed into the steel 
component of the structure. In such cases, the steel 
acts as an intermediary between the members. The 
connection type examined in this paper involves timber 

and a much stiffer material. There are numerous 
studies on timber connections with slotted-in steel 
plates. Sawata et al. [9] investigated the shear strength 
of a timber joint with multiple timber-steel connections 
under lateral load. The experimental results agreed 
with the calculated values using Johansen yield theory. 
Key parameters that significantly influenced shear 
strength included steel plate spacing, the number of 
plates, and timber thickness. 

Yurrita et al. [8] conducted a similar set of tests on 
softwood to examine brittle failure. They observed that 
most specimens failed by shear, block shear, net 
tension, or a combination of the last two. They 
compared their test results with three models 
(including EC5) that predict failure and found that EC5 
was the least accurate among the three. The model 
proposed by Quenneville and Zamani [10] was 
identified as the most accurate. The study concluded 
that brittle failure is more likely to control capacity in a 
timber connection with multiple slotted-in steel plates. 

C. Experimental Studies 

Generally, in constructing a dowelled timber joint, 
the dowel is made from a stiffer material than the 
connected timber members. Stiffer materials such as 
steel or higher-grade timber are used. The overall 
performance of a joint depends on how much stiffer 
the dowel is compared to the member. Due to the 
complexities of member interactions in a connection, 
[11] asserts that finite element (FE) simulations are 
essential for accurately predicting load-carrying 
capacity and for providing a deeper understanding of 
failure mechanisms in timber. Their paper highlights 
the complexities of a double-shear dowel connection 
and notes that FE models have enabled the analysis of 
failure modes not captured by Johansen theory. 

Several studies have compared the behavior of 
single versus multiple dowels. In finite element 
modeling of a timber-steel joint by Xu et al. [12], it was 
observed that single dowel joints exhibited unique 
behavior; parallel and perpendicular to grain tensile 
stresses were nearly equal at ultimate load for 
individual fasteners, which is not seen in multiple 
dowel joints. Ballerini and Rizzi [13], in their numerical 
study of the splitting strength of beams loaded 
perpendicular to the grain and fastened with dowels, 
found interesting results. In their paper, α is defined as 
ℎ𝑒ℎ, where ℎ𝑒 is the distance from the loaded edge to 
the furthest row of dowels, and ℎ is the beam height. 
They discovered that numerical analyses of single-
dowel connections tended to overestimate the strength 
of members with α-values greater than 0.5. The study 
highlights the complexities involved in predicting the 
splitting strength of beams with multiple dowel 
connections. Multiple dowels require understanding 
several contributing parameters, including the number 
of dowels, dowel spacing, dowel diameter, and beam 
thickness. 

Unfortunately, no dedicated study has been 
conducted on connections where members are joined 
at angles. However, real timber constructions 
sometimes require such connections. It is useful to 
examine how the load-carrying capacity of these joints 
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varies from parallel to perpendicular positions. This 
report will focus on the connection's stiffness rather 
than its strength. Since EC5 provides limited 
guidelines on stiffness, this approach is appropriate. 
The studies will be carried out using computer 
simulation. A finite element model will be created in 
Abaqus. A timber member will be connected to a steel 
plate at different angles using a single steel dowel 
passing through both materials. A shear surface will 
develop on the dowel. The model will be built, and 
loads will be applied to the timber to observe its 
response. 

III. METHODOLOGY 

A steel-timber connection with a dowel presents a 
three-dimensional challenge. Therefore, a 3D finite 
element model was created using the Abaqus software 
package. Timber and steel were modeled with the 
same finite element, namely the 8-node linear brick 
with reduced integration and hourglass control 
(C3D8R). Since the steel dowel and plate are 
significantly stiffer than timber, the dowel is assumed 
to move as a rigid body within the timber. As a result, a 
body force was directly applied to the dowel, resulting 
in displacement and deformation of the timber. Abaqus 
applied this body force automatically in incremental 
steps. 

A. Material Modelling 

Steel was modeled as an isotropic material with a 
Young's modulus of 200 GPa and a Poisson’s ratio of 
0.3. However, because the steel's stiffness is much 
greater than that of timber in the model, the steel was 
expected to deform negligibly during loading. The 
approximate global seed size for the meshes is 10 
mm. The longest dimension in the dowel model is the 
length, which is 74 mm. A global seed of 10 mm 
means the meshes will be subdivided every 10 mm 
along the length. The simulation involves dowels with 
diameters of 12 mm and 16 mm, and both have a 
longitudinal length of 74 mm. 

 

 

Fig. 4. Meshing of the dowel 

Timber was modeled as an anisotropic material. Its 
properties, such as Young’s modulus, vary in the 

longitudinal 𝐸𝐿, radial 𝐸𝑅, and tangential 𝐸𝑇 directions. 
The same applies to the shear modulus 𝐺 and 

Poisson’s ratio 𝜈. The approximate global seed of 10 
𝑚𝑚 is also used here, yielding roughly 60 subdivisions 

along the 600 𝑚𝑚 length of the timber. Timber depths 
of 70 𝑚𝑚 and 140 𝑚𝑚 were simulated, maintaining a 
width of 70 𝑚𝑚 and an overall length of 600 𝑚𝑚. The 
simulation was performed with hardwood (Yellow 

birch) and softwood (Engelmann spruce). Properties of 
the hardwood and softwood are presented in Tables 1 
and 2, respectively. 

 

Fig. 5. Meshing of the 140𝑚𝑚 deep timber 

Table 1. Material properties of Birch, yellow after [14] 

𝐸𝐿(𝑀𝑃𝑎) 13900 𝐺𝐿𝑅 (𝑀𝑃𝑎) 1029 𝜈𝐿𝑅 0.426 

𝐸𝑅 (𝑀𝑃𝑎) 1084 𝐺𝐿𝑇 (𝑀𝑃𝑎) 945 𝜈𝐿𝑇 0.451 

𝐸𝑇 (𝑀𝑃𝑎) 695 𝐺𝑅𝑇 (𝑀𝑃𝑎) 236 𝜈𝑅𝑇 0.697 

 

Table 2. Material properties of Spruce, Engelmann after [14] 

𝐸𝐿(𝑀𝑃𝑎) 8900 𝐺𝐿𝑅 (𝑀𝑃𝑎) 1103 𝜈𝐿𝑅 0.422 

𝐸𝑅 (𝑀𝑃𝑎) 1139 𝐺𝐿𝑇 (𝑀𝑃𝑎) 1068 𝜈𝐿𝑇 0.462 

𝐸𝑇 (𝑀𝑃𝑎) 525 𝐺𝑅𝑇 (𝑀𝑃𝑎) 89 𝜈𝑅𝑇 0.530 

In Abaqus, to define the timber’s material 
orientation, the longitudinal direction L, radial direction 
R, and tangential direction T were assigned to 1, 2, 
and 3, respectively. L runs along the grain of the 
timber; R is in the direction of depth, and T is in the 
direction of width. The properties used are for those 
woods at 12% moisture content. 

B. Boundary Conditions and Contact Description 

The boundary condition (BC) reflects what would 
normally occur if the timber connection were tested in 
a laboratory. There are three analysis steps: initial, 
contact, and load. These steps indicate the 
simulation's stage, as the names suggest. They are 
applied before the contact and load steps of the 
analysis. One end of the timber is fixed with 
displacement restrained in all directions. The dowel is 
assigned a no-slip condition at both ends, restraining 
displacement and rotation in all directions. However, 
during the contact and load steps, some restrictions 
are loosened to allow monitoring of the displacement 
caused by the load. Table 3 shows the boundary 
conditions applied. 

Table 3. shows the boundary conditions  

Step Fixed end No Slip 

Initial 𝑈1, 𝑈2, 𝑈3 = 0 𝑈1, 𝑈2, 𝑈3 = 0 

𝑈𝑅1, 𝑈𝑅2, 𝑈𝑅3 = 
0 

Contact 𝑈1, 𝑈2, 𝑈3 = 0 𝑈2, 𝑈3 = 0 

𝑈𝑅1, 𝑈𝑅3 = 0 

Load 𝑈1, 𝑈2, 𝑈3 = 0 𝑈2, 𝑈3 = 0 

𝑈𝑅1, 𝑈𝑅3 = 0 

𝑈 − displacement,  

𝑈𝑅 – rotation (1,2,3 represents x, y, z directions) 
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Fig. 6. Edges with applied boundary conditions 

 

Fig. 7. Contact surfaces in the model 

BC surfaces are shown in red in Figure 6. Contact is 
established at the initial step. The interaction was 
modeled in Abaqus as frictionless contact between the 
timber face and the dowel face. As shown in Figure 7, 
the dowel is set as the master surface (red), while the 
timber is the slave surface (purple). The master is 
usually stiffer and causes deformation in the slave. 

C. Analysis Stage 

Before studying the timber connection itself, 
Abaqus was used to model a validation case, a 
structural problem with a known outcome. This helped 
develop skills in using the software. A simple cantilever 
beam was modeled for an isotropic material (steel). 
The goal was to observe how deflection changes when 
switching between different material types. Besides 
being less stiff than steel, timber exhibits varying 
properties in different directions. This requires 
confirming that our software can account for such 
variation. The results show accurate deflections. 

Table 4. Convergence of deflection result 

Mesh 

size 

(mm) 

No. of 

nodes 

No. of 

elements 

Element 

type 

End 

deflection 

(A) (mm) 

𝐴/B 

20 83616 75000 

C
3
D

8
R

 

-7.769 1.01 

50 6237 4800 -7.833 1.02 

100 984 600 -8.071 1.05 

150 162 336 -8.714 1.13 

200 168 60 -8.733 1.14 

250 102 32 -10.292 1.34 

300 84 26 -10.300 1.34 

Analytical Solution (B) -7.680  

The simulation results also demonstrated 
convergence towards the analytical solution. It was 
important to examine how quickly the model 
approaches the exact solution. The same beam and 
load conditions were used with increasing numbers of 
elements. It was found that the more elements in the 
beam, the closer the results are to the analytical. 

solution. The trials ranged from 26 elements to 75000. 
Table 4 shows the deflections calculated for the 
corresponding element numbers. A is the solution from 
FE modelling, and B is the analytical solution. 
Graphical evidence of convergence is shown in Figure 
8. 

 

Figure 8. Convergence of results to analytical solution 

After observing how the results approached the 
exact solution as the number of elements in the beam 
increased, the actual model for the study was then 
developed. The model was first designed to simulate 
what happens in real-life timber-steel connections.

 

Fig. 9. Initial model geometry 

The timber section was designed to have a 10mm 
slit for an 8 mm-thick steel plate. Figure 9 shows the 
original concept of the model. The initial setup in 
Figure 9 included three members: timber, steel plate, 
and dowel. However, after some testing, it became 
apparent that the modelled contact and interactions 
were complex. 

The next step was to remove the steel plate and 
apply the load directly to the dowel, since our focus is 
not on the steel. Once this was done, a series of 
simulations was conducted using the slotted timber 
piece. However, under loading, additional problems 
arose as the timber deformed inward, closing the slot. 
Therefore, it was decided to model the timber without a 
slot for the steel plate. This decision was made to 
simplify the process, given the limited time for the 
project. The loads were applied as a body force to the 
dowel, pulling it toward the closer edge of the timber at 
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various angles to the grain. Figure 10 illustrates the 
final model with the steel-removed plate. 

 

Fig. 10. Final model geometry 

After adopting the final model, a two-dimensional 
sketch of it was created in Abaqus's part module. The 
sketch was then extruded to the required height. The 
timber was extruded to a thickness of 70mm, while the 
dowel was extruded to 74mm. This provides the dowel 
with an extra 2mm on each side of the timber piece. 

Figure 11 shows the 3D sketch of the model. 𝜃 is the 
angle between the applied load and the timber grain. 

 

Fig. 11. Three-dimensional sketch of the model 

The timber's material properties were entered via 
the engineering constants option because it is an 

anisotropic material. Only 𝐸 and 𝜈 were entered for the 
steel dowel, since it is isotropic. Sections bearing the 
created materials were assigned to the appropriate 
parts of the model. Seeds and meshes were assigned 
to both parts with an approximate global seed of 
10mm. Defining the orientation helps us apply the 
properties correctly. 

 

Fig. 12. Load dialogue box on Abaqus 

The two parts were added to the assembly module, 
and necessary positional constraints were applied to 
hold the dowel in its right position within the timber. 
The three analysis steps (initial, contact, and load) 

were then created. The history output request was set 
up to monitor displacement at a node on the dowel. 
Contacts were made frictionless, and interaction was 
established between contact pairs. 

Since the dowel is much stiffer than timber, it was 
assumed that it would move as a rigid body within the 
timber and experience negligible deformation. 
Therefore, a body force was applied to the dowel. The 
force direction was defined by a vector aligned with the 
desired connection angle. Applying all the force to 
component 1 creates a connection with loads parallel 
to the timber grain (angle 0°). Applying all the force to 
component 2 creates a connection with loads 
perpendicular to the timber grain (angle 90°), as the 
grain direction has been defined as direction 1 in 
Abaqus. To achieve angles of 30° and 60°, forces with 
vector resolutions that produce the intended loads 
must be added. Figure 12 shows the body force 
dialogue box in Abaqus, while Figure 13 depicts the 
timber orientation. 

 

Fig. 13. Orientation of timber on Abaqus 

Lastly, boundary conditions as discussed in III.B 
were established, and the job was submitted. Load-
displacement results for the 32 cases were obtained 
for interpretation. 

D. Simulations 

A few material properties and geometries were 
varied in the simulation program. Below are the 
components that were varied. 

1. Timber type - hardwood (Birch, yellow) and 
softwood (Spruce, Engelmann). Each has its own set 
of parameters, such as Young’s modulus, shear 
modulus, density, and Poisson ratio. 

2. Timber depth – 70𝑚𝑚 and 140𝑚𝑚 deep timber 
beams were simulated. 

3. Dowel diameter – the steel dowel has two 
variants, the 12mm and the 16mm diameter versions. 

4. Load angle – the body force was applied at 
different angles to the grain of the timber. Timber grain 
is aligned to Abaqus direction 1, and the angles are 
referenced from that direction. There is 0°(parallel to 
the grain), 30°,60° 𝑎𝑛𝑑 90° (perpendicular to the 
grain). 

Table 5 summarizes the 32 simulations carried out 
for this study. The data points are denoted in the 
following format:  
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angle (°) – depth (mm) – diameter (mm) – wood type. 

Table 5. Summary of connection stiffness 

Simulation Stiffness 

(𝑘𝑁/𝑚𝑚) 

Simulation Stiffness 

(𝑘𝑁/𝑚𝑚) 

0 – 70 – 16 – H 

0 – 140 – 16 – H 

0 – 70 – 12 – H 

0 – 140 – 12 – H 

113 

170 

112 

160 

0 – 70 – 16 – S 

0 – 140 – 16 – S 

0 – 70 – 12 – S 

0 – 140 – 12 – S 

79 

124 

77 

118 

30 – 70 – 16 – H 

30 – 140 – 16 – H 

30 – 70 – 12 – H 

30 – 140 – 12 – H 

131 

198 

131 

188 

30 – 70 – 16 – S 

30 – 140 – 16 – S 

30 – 70 – 12 – S 

30 – 140 – 12 – S 

91 

144 

90 

138 

60 – 70 – 16 – H 

60 – 140 – 16 – H 

60 – 70 – 12 – H 

60 – 140 – 12 – H 

231 

348 

234 

338 

60 – 70 – 16 – S 

60 – 140 – 16 – S 

60 – 70 – 12 – S 

60 – 140 – 12 – S 

158 

254 

159 

246 

90 – 70 – 16 – H 

90 – 140 – 16 – H 

90 – 70 – 12 – H 

90 – 140 – 12 – H 

0.9 

5.6 

0.9 

5.7 

90 – 70 – 16 – S 

90 – 140 – 16 – S 

90 – 70 – 12 – S 

90 – 140 – 12 – S 

0.6 

4.1 

0.6 

4.1 

 

IV. RESULTS AND ANALYSIS 

After submitting the model and running the analysis 
in Abaqus, the visualization module was opened to 
view the displacement results. Since a body force, 
expressed in terms of Newtons per cubic meter, was 
applied to the dowel, the force must be multiplied by 
the volume of the dowel to determine the net force 
applied through the connection. Figure 14 shows a plot 
of load versus displacement for all simulations. The 
numbers above each line graph are the slopes of the 
lines, representing the stiffness of the connection. 

 

 

Figure 14(a). Load at 0° to timber grain 

 

Figure 14(b). Load at 30° to timber grain 

 

Figure 14(c). Load at 60° to timber grain 

 

Figure 14(d). Load at 90° to timber grain 

A. Effect of Poisson Ratio 

The simulation in IV.A, where load is applied along 
the grain, is redone, changing only the Poisson ratio 
this time. This aims to study how much the stiffness 
depends on the Poisson ratio. Tables 6 and 7 show 
the new and old Poisson ratios used, and the 
implications of these changes on the connection's 
stiffness. 

Table 6. Adjusted Poisson ratios 

Hardwood (original value) Softwood (original value) 

𝜈𝐿𝑅 0.318 (0.426) 𝜈𝐿𝑅 0.318 (0.422) 

𝜈𝐿𝑇 0.392 (0.451) 𝜈𝐿𝑇 0.392 (0.462) 

𝜈𝑅𝑇 0.703 (0.697) 𝜈𝑅𝑇 0.703 (0.530) 
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Table 7. Connection stiffness with varied 𝜈 

Simulation Original stiffness 

(𝑘𝑁/𝑚𝑚) 

New stiffness 

(𝑘𝑁/𝑚𝑚) 

Change 

(%) 

0 – 70 – 16 – H 

0 – 140 – 16 – H 

0 – 70 – 12 – H 

0 – 140 – 12 – H 

113.10 

170.17 

111.50 

160.27 

113.34 

170.67 

111.74 

160.75 

+0.21 

+0.29 

+0.22 

+0.30 

0 – 70 – 16 – S 

0 – 140 – 16 – S 

0 – 70 – 12 – S 

0 – 140 – 12 – S 

78.53 

124.43 

77.37 

117.72 

78.86 

125.06 

77.64 

118.34 

+0.42 

+0.51 

+0.35 

+0.53 

B. Effect of Shear Modulus 

The simulation in IV.A, where load is applied along 
the grain, is redone, this time changing only the shear 
modulus. This aims to examine how much stiffness 
depends on shear modulus. Tables 8 and 9 show the 
new and original Poisson ratios used, along with the 
implications of these changes on connection stiffness. 

Table 8. Adjusted shear modulus 

Hardwood (original value) Softwood (original value) 

𝐺𝐿𝑅 (𝑀𝑃𝑎) 2919 (1029) 𝐺𝐿𝑅 (𝑀𝑃𝑎) 2919 (1103) 

𝐺𝐿𝑇 (𝑀𝑃𝑎) 2599 (945) 𝐺𝐿𝑇 (𝑀𝑃𝑎) 2599 (1068) 

𝐺𝑅𝑇 (𝑀𝑃𝑎) 209 (236) 𝐺𝑅𝑇 (𝑀𝑃𝑎) 209 (89) 

Modifying the Poisson ratio resulted in a maximum 
stiffness increase of 0.51%, while changing the shear 
modulus led to a maximum increase of 22.1%. This 
indicates that variations in shear modulus are more 
significant than those in Poisson ratio. 

Table 9. Connection stiffness with varied 𝐺 

Simulation Original stiffness 

(𝑘𝑁/𝑚𝑚) 

New stiffness 

(𝑘𝑁/𝑚𝑚) 

Change 

(%) 

0 – 70 – 16 – H 

0 – 140 – 16 – H 

0 – 70 – 12 – H 

0 – 140 – 12 – H 

113.10 

170.17 

111.50 

160.27 

125.87 

207.81 

124.24 

194.14 

+11.3 

+22.1 

+11.4 

+21.1 

0 – 70 – 16 – S 

0 – 140 – 16 – S 

0 – 70 – 12 – S 

0 – 140 – 12 – S 

78.53 

124.43 

77.37 

117.72 

84.89 

143.62 

83.88 

135.86 

+8.1 

+15.4 

+8.4 

+15.4 

Comparing our connection stiffnesses with the slip 
modulus stated in EC5 part 1, 𝐾𝑠𝑒𝑟 for our case is 3865 
𝑁/𝑚𝑚 for the 12mm diameter dowel, and 5153 𝑁/𝑚𝑚 
for the 16mm diameter dowel. 𝜌𝑚 is taken as 
380𝑘𝑔/𝑚3 after [14]. The differences between 𝐾𝑠𝑒𝑟 and 
our stiffness results could be a result of how EC5’s 
empirical formula is derived. The slip modulus in EC5 

is based solely on timber density and dowel diameter, 
ignoring key aspects of the connection, such as depth, 
the nature of the applied force, and other timber 
properties. 

V. CONCLUSIONS AND FURTHER WORK 

Structural timber is getting a lot of attention, and 
rightly so, given its many benefits. However, strong 
connections are crucial to its structural use. Eurocode 
5, the main design guide, has inadequate coverage of 
timber connections. The model results of this research 
have highlighted some critical concerns and provided 
insights into key factors affecting timber-steel 
connections, including: timber depth, dowel diameter, 
the angle of load to the grain, Young’s modulus, shear 
modulus, and Poisson’s ratio in timber–steel 
connections. 

The numerical results clearly show that when 
connections are loaded at 30° and 60° to the grain, the 
resulting stiffness is significantly higher than at 90°. 
The former yields a maximum stiffness of 348 kN/m, 
whereas the latter provides only 5.7 kN/m. Loading 
perpendicular to the grain results in much lower 
stiffness than loading along the grain. The depth of 
timber beams plays a crucial role in determining 
connection stiffness. Results from the 140mm 
simulation generally indicate higher stiffness values. 
Dowel diameter showed mixed results and appears to 
be less significant than timber depth in affecting 
connection stiffness. However, a larger dowel diameter 
tends to improve the connection’s stiffness. Hardwood 
connections are stiffer than softwood connections in 
most cases, suggesting that Young’s modulus, shear 
modulus, and Poisson's ratio are key factors in timber-
steel connections. Additionally, other parameters were 
held constant while shear modulus and Poisson's ratio 
were varied individually. It was discovered that shear 
modulus has a greater influence on connection 
stiffness than Poisson's ratio. 

Building on this research, we could examine other 
parameters of a steel-timber connection that were not 
addressed, which may produce interesting results. The 
shape and material of the dowel could be varied. 
Studies on octagonal-shaped or rough-surfaced 
wooden dowels might yield better stiffness. 
Considering the number and position of dowels per 
connection is also worthwhile. A different load type, 
such as cyclic loading, could be chosen for analysis. In 
real-world scenarios, wind loads often act as cyclic 
loads on timber beams, so it would be valuable to 
investigate how connections perform under such 
conditions. Changing the dimensions of the timber 
piece under study could provide valuable insights. It 
would help determine whether our results are 
applicable to other timber geometries. Using other 
numerical software or methods might enable faster 
simulations, thereby accelerating further research in 
this area. 
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