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The performance of connections in timber structures is of particular importance, as these parts are generally 
weaker than the connected timber elements and, therefore, may govern failure of the entire structure. The 
load-transfer in steel dowel connections ± the most common type of connectors in engineered timber 
structures ± is based on the so-called embedment behavior of wood, which will be thoroughly discussed in 
this contribution. Experiments were focused but not limited to the ductile behavior of dowel connections 
with the aim to quantify the local material behavior of wood as well as overall connection properties. 
Ductility is one of the beneficial characteristics of dowel connections (see e.g. [1]) and can be ensured by 
preventing brittle failure with reinforcement measures (see e.g. [2]). Thus, experiments aimed at quantifying 
the influence of reinforcements on the overall behavior of dowel connections. 

On the local (material) scale close to the wood-dowel interface, X-ray micro-computed tomography 
(MicroCT) was used to examine the development of plastic deformations in wood during embedment tests 
parallel and perpendicular to the grain [3]. Furthermore, embedment tests with different types of 
reinforcements were performed in order to measure the embedment strength and deformation characteristics. 
For this purpose, a full-field optical measurement system, based on digital image correlation (DIC) was used 
to study surface strain concentrations as well as the initiation and propagation of cracks.  

The close vicinity of the dowel hole was scanned by means of MicroCT after unloading at three typical load 
stages, namely the end of the dowel adjustment, at the quasi-elastic limit and at a dowel displacement of 
5 mm. Intensity histograms, resulting from these scans, confirmed that the main plastic deformations are a 
result of microstructural failure of wood cells that occurred after the quasi-elastic limit was reached. 
Additionally, it could be demonstrated that the anatomic structure of wood and its orientation affected the 
deformation to a great extent. The surface strain fields from the DIC-system as well as the density 
distribution around the dowel hole provided new insight into the development of plastic deformations and the 
distribution of tensile stresses perpendicular to the grain. 

Embedment tests with different types of reinforcements, namely different types, numbers and positions of 
screws as well as different engineered wood products and nail plates, verified the potential of these measures 
to ensure a ductile behavior of dowel connections. The active contribution of some reinforcements, leading 
to an increase of embedment strength could be demonstrated as well. These results may stimulate discussions 
related to the development of modelling approaches for dowel connections. At the same time, the test results 
contribute to the long-term goals of this research, which are an efficient use of reinforcements as well as an 
improved design of dowel connections in timber constructions. 
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