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ABSTRACT 
 

Steel-dowel connections are a common technique to join wood elements. Stress concentrations due to 
the local load transfer between the steel dowel and the surrounding wood material can lead to 
substantial deformation of the connection. Previous studies mainly focused on the global response of 
dowel-type connections by investigating load-deformation curves [1] or on the load deformation 
behavior of the dowel [2]. In general, the macroscopic load-deformation behavior of the entire 
connection assembly can be described as consisting of several stages from the initial contact between 
the dowel and wood up to the ultimate load and final failure [1]. The first stage, when the contact 
interface between the steel dowel and wood is being established, begins relatively compliant and 
gradually stiffening towards the second stage, where a linear load-deformation behavior can be 
observed. The unloading and reloading paths at this stage are considerably stiffer, which indicates a 
level of permanent deformation in the wood inflicted already during the first stage of loading. Further 
plastic deformations are observed at the final stage, when the stiffness decreases considerably before 
reaching the maximum load. Depending on the connection geometry (dowel diameter, lateral spacing, 
board thickness), presence of lateral reinforcement as well as on the type and direction of loading 
with respect to the fiber direction, ductile behavior can be observed after the peak load, with 
substantial local deformations of the wood matrix and the steel dowel.  

Numerical modeling seems to be a promising tool for virtual prototyping of innovative connection 
designs and improving the existing ones. However, the standard methods and the prevailing empirical 
practice used for the assessment of structural wood connections are generally incompatible with the 
requirements of the contemporary modeling tools. One potential solution seems to be the integration 
of innovative material microcharacterization and measurement based on advanced imaging 
technologies. Particularly computed tomography (CT) and full field optical measurement methods 
based on digital image correlation (DIC) provide unprecedented insight in the morphology and 
micromechanics of complex systems. Common feature of these two methods is that the measurements 
are collected, processed and returned in form of digital images, which are then available for 
quantitative analysis and are compatible with the input of common modeling packages. The 
combination of these methods with modeling approaches is expected to bring the testing of complex 
assemblies to a new level of efficiency by removing many limitations of the traditional experimental 
methods [3]. 
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In this project a full-field optical method for measurement of surface deformations and a three-
dimensional X-ray computed tomography (XCT) are combined to characterize the micromechanical 
response of the wood in the vicinity of the dowel. Two joint configurations, one with load application 
in fiber direction and one perpendicular to the fiber direction are investigated. A step loading 
procedure is used, with unloading paths at the first and the second deflection point of the load 
displacement curve. A special testing procedure has been designed to allow for XCT scanning of 
cylindrical cores of the specimens with the dowel borehole in the virgin state and at selected stages of 
loading until the global joint deformation reached 5 mm. At each stage, the cores were physically 
extracted from the specimens for scanning and then planted back in larger samples of matched wood 
material for consecutive loading stages. During the loading stages, the surface deformation maps in 
the connection have been recorded by means of an optical measurement system based on the digital 
image correlation (DIC) principle. In Figure 1 the characteristic load deformation behavior of the 
investigated samples is shown together with the sampling protocol 

While the optical measurement technique provides access to the surface deformation during testing, 
complementary CT data provides insight on the 3D deformation and damage inside the wood sample 
at the selected stages of loading (marked with the circles). The conceptual framework of this method 
and preliminary results will be presented. A detailed microstructural characterization of wood in 
dowel type connections will help developing strategies for numerical modeling of their mechanical 
behavior. 

 
 

Figure 1: Testing setup and load deformation behavior of single dowel connection in compressive tests parallel 
and perpendicular to fiber direction with indication of sampling protocol. 
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