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1 Introduction 
 
Dowel connections in timber structures are composed of a group of individual dowels inserted 
into pre-drilled holes in timber elements. In case of steel-to-timber connections, the dowels 
are connected through a steel plate, which loads the dowels through relative deformations 
between the steel plate and the timber. Consequently, the behaviour of a dowel group depends 
on the load-slip behaviour of each of the individual dowels, which are again a function of the 
embedment behaviour of dowels in wood and bending properties of the steel dowel itself. 
Since wood exhibits anisotropic material properties and the loading by the dowels leads to 
local plastic deformations, a non-linear ductile behaviour, over the different length-scales 
illustrated before, is encountered. Current regulations for the design of dowel connections as 
given in Eurocode 5 [1] are based on the work of Johansen [2], and limited to specific 
compositions and uniform loading conditions of single-dowel connections. 
In this integrative study, the behaviour of dowel connections is investigated at different scales 
of observation by using both numerical and experimental methods, with the aim to develop 
enhanced numerical methods for the engineering design of dowel connections (Fig. 1). In 
more detail, an integrative method for the use of realistic slip curves in the structural analysis 
of timber structures is developed. This modelling strategy is expected to enhance the design 
of dowel connections since it takes the above mentioned non-linear characteristics into 
account and, moreover, it can be implemented in engineering analysis software. 
 
2 Engineering modelling strategy 
 
Material properties of wood, in terms of the embedment stress-deformation characteristics, as 
well as material properties of steel dowels, in terms of bending moment-rotation 
characteristics are used as a starting point and, thus, as input for the engineering model. By 
making use of this at the single-dowel scale, a 2D beam on elastic foundation modelling 
approach is applied in order to simulate the load-relative deformation behaviour of single 
dowels for different load-to-grain orientations [3]. Finally, on the multi-dowel scale, the 
interaction of the single dowels is calculated by means of a numerical model accounting for 
the distribution of deformations among the dowels [4]. The model is formulated in a non-
linear elastic framework for wood-to-steel connections, where a rigid connection between the 
dowels is reasonable to assume. The previously established non-linear load-relative 
deformation curves of the single dowels for different load-to-grain orientations are utilized. In 
this way, a realistic non-linear slip curve for multi-dowel connections under arbitrary 2D load 
conditions, i.e. a combination of normal force, shear force and bending moment, as well as 



corresponding limit states are predicted. Based on single-dowel forces, also the wooden 
matrix in the area of the connection can be verified. 
 

 
Fig. 1 Different observation scales of dowel connections for timber structures. 

 
3 Experimental investigations and model validation 
 
For validation purposes of the developed engineering modelling approach, steel-to-wood 
connections were chosen. The wooden members in the double shear layout of the connections 
were made of laminated veneer lumber (LVL), which allowed avoiding the effect of growth 
irregularities up to the multi-dowel scale. Additionally, in order to avoid premature splitting 
and to ensure large relative deformations, laminated veneer lumber parts were partly 
reinforced. The experimental investigations follow the strategy outlined above, i.e. tests at the 
different scales of observations were performed. The material qualities used were the same 
throughout the test series, for both the LVL and for the steel dowels. 
The embedment behaviour of LVL was studied for different load-to-grain orientations up to 
deformations of twice the dowel diameters. Also, steel dowel properties were investigated in 
tension and in 3-point bending tests. Single-dowel slip curves and corresponding dowel 
deformations were monitored for different load-to-grain orientations. At the structural scale, 
multi-dowel connections composed of nine dowels in different arrangements were studied 
under bending as well as under complex load conditions, namely under the combination of a 
bending moment with an additional normal force. 
In this manner, the modelling approach was validated and its potential in the design of dowel 
connections could be demonstrated. 
 
References 
 
[1] Eurocode 5: Design of timber structures – Part 1-1: General – Common rules and 

rules for buildings (12 2010); 2010. 
[2] Johansen, K.W. (1949) Theory of Timber Connections, International Association for 

Bridge and Structural Engineering (ABSE) Pub. 9, 249-262, 1949. 
[3] Hochreiner, G., Bader, T.K., de Borst, K., Eberhardsteiner, J. (2013) Stiftförmige 

Verbindungsmittel im EC5 und baustatische Modellbildung mittels kommerzieller 
Statiksoftware, Bauingenieur 88:275-289 (in German). 

[4] Schweigler, M. A numerical model for slip curves of dowel connections and its 
application to timber structures, Master’s thesis, Vienna University of Technology, 
2013. 


