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In modern timber structures, dowel-type connections with steel fasteners inserted into 

pre-drilled holes are widely used. An easy assembling of this type of connection allows 

for a flexible design. In general, single dowels are loaded in arbitrary directions with 

respect to the grain direction of wood, denoted as the load-to-grain angle. This 

characteristic is a consequence of the specific combination of internal forces acting on a 

joint, i.e. on a group of dowels, and is particularly important since wood exhibits 

anisotropic material behavior. Hence, the load-deformation characteristics of single 

dowels are changing with the load-to-grain angle. Moreover, due to local plastic 

deformation of the wood under steel dowels and due to plastic bending deformations of 

the steel dowel itself, single dowel connections show a nonlinear mechanical behavior. 

In order to predict realistic load-deformation characteristics of a dowel group, and 

consequently realistic force distributions within a timber structure, accurate knowledge 

of the mechanical properties of the single dowels is essential.  

In this study, the experimental framework related to the single dowel behavior is 

presented. Experiments on single dowel connections, loaded at different load-to-grain 

angles by dowels of different diameters were carried out. In addition, mechanical 

properties of the individual components were determined. In particular, embedment 

tests of steel dowels in wood and tests of the steel dowels were conducted. All 

experiments were performed up to large deformations in order to assess and quantify 

the ductility of the connection. 

The tests presented herein followed the strategy of consistent determination of 

connection properties across the different scales of observation. Therefore, the same 

materials, namely laminated veneer lumber with parallel oriented veneers only (LVL, 

Kerto-S®) and steel dowels of the same quality, were used throughout the test series. 

Compared to solid wood, LVL shows less variability in material properties. Thus, 

effects of growth irregularities such as knots, which might spoil the test results, could be 

avoided. Furthermore, representative results were accessible using a limited number of 

replications. Several LVL elements were reinforced by means of self-tapping screws, in 

order to avoid premature splitting of the wood and to ensure large deformations of the 

dowel. Beside traditional measurement techniques, such as displacement transducers, 

also a non-contact deformation measurement system was used, which allows 

monitoring the deformation and strain field on the specimen surfaces. 
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