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Abstract: The load-to-grain orientation dependence of the mechanical behavior of single-dowel con-

nections is discussed in this contribution. The effect of the anisotropy of wood was experi-

mentally assessed by means of a novel biaxial test set-up. Thus, lateral reaction forces in 

addition to forces parallel to the prescribed displacement direction could be quantified. Ma-

terial properties of the components, namely the steel dowel and the Laminated Veneer 

Lumber were measured as well. This comprehensive experimental dataset was further ex-

ploited in an engineering model for single-dowel connections. 

 

 

1. Introduction 

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

holes are widely used. Under general loading situations, e.g. within a dowel group loaded by 

a bending moment [1], single-dowels are loaded in a constrained mode in arbitrary directions 

with respect to the grain direction. As a consequence of the anisotropic material behavior of 

wood, the load-displacement characteristics of single-dowels are changing with the load-to-

grain angle. 

Herein, experiments on steel-to-Laminated Veneer Lumber (LVL) connections in double 

shear were carried out for different load-to-grain angles up to large dowel displacements in 

order to assess and quantify the ductility of the connection. These data will be subsequently 

used for validation of numerical models for single-dowel connections and dowel groups. 

A symmetric double shear steel-to-LVL connection with a slotted in steel plate was studied in 

this work (see Figure 1a). For the wooden side members, LVL boards conditioned at 20 °C 

and 65 % r.h., with strands orientated only in one direction (Kerto-S®), with a thickness of 

51 mm each, were used. Tests were carried out for different load-to-grain angles, namely 

connections were loaded parallel (0°), 45° inclined and perpendicular to the grain (90°). Two 

tests each have been conducted for dowels of 12 and 20 mm in diameter, made of heat-

treated, blank, steel dowels of mild steel, for each load-to-grain angle. In order to avoid 

premature splitting of the connections, a reinforcement with self-tapping screws was applied. 

Tests were performed displacement controlled in compression up to a dowel displacement of 

at least two times the dowel diameter, including two unloading cycles. As a novelty, tests 

were run in a biaxial test set-up, which allowed measuring the lateral reaction force, caused 

by the anisotropic behavior of wood, in addition to the reaction force in the displacement di-

rection. A point-tracking measurement system has been used for recording, and subsequently 

calculating the steel plate displacement relatively to the LVL-specimen, as well as the dis-

placement of the dowel edge with respect to the steel plate. Thus, the bending of the steel 

dowel could be quantified as well. 

Material properties of steel dowels were measured in tension tests and their rotational bend-

ing capacity was measured in 3-point bending tests. Additionally, full-hole embedment tests 

for both dowel diameters were conducted on the LVL. 
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Figure 1. (a) Biaxial test set-up for single-dowel connection tests; (b) slip curves of single-dowel con-

nections, for dowels with a diameter of 20 mm. 

 

2. Results 

The diagram in Figure 1b illustrates the observed load-deformation behavior for the three 

different load-to-grain angles (indicated by the different colors), for the vertical reaction force 

(upper bundle of lines) and the lateral reaction force (lower bundle of lines), for a dowel di-

ameter of 20 mm. A pronounced nonlinear behavior became obvious. For both dowel diame-

ters, loading parallel to the grain resulted a stiffer material response at small displacements, 

followed by an almost horizontal yield plateau. On the contrast, a pronounced hardening be-

havior for dowels loaded under 45° and 90° to the grain was present. As a consequence, ver-

tical forces became even larger than for dowels loaded parallel to the grain. As regards the 

lateral reaction forces, notable forces can only be observed for loading under an inclination of 

45°. At this angle, a lateral force of up to 15 % of the vertical force has been measured, for 

both dowel diameters. The displacement data, gained from the point-tracking software al-

lowed for identification of the dowel bending over the entire load history. The bending de-

formation data was used as an indicator for the development of plastic hinges in the steel 

dowel. 

 

3. Conclusions 

Results from the single-dowel connection tests showed a remarkable influence of the aniso-

tropic behavior of wood on their load-displacement behavior. This observation was well in 

line with the observed embedment stress dependence on the same quantity. Using the materi-

al properties in an engineering model for single-dowel connections [2] yielded good agree-

ment with the single-dowel connection tests. Thus, the experimental data from the test series, 

in combination with the aforementioned numerical model, allow for a suitable prediction of 

strength and stiffness properties of dowel connections in timber structures. 
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