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ABSTRACT: When a dowel-type joint is part of a vibrating system, the connecters exert cycles of load on the timber 

in embedment at various angles to the grain. Where timber is used in long, tall and light structures, the dynamic 

response to wind load and human-induced vibration can be critical and joints contribute significantly, in terms of 

damping and stiffness, to the way the structure as a whole behaves. An experimental study is presented here into the 

behaviour of timber subject to embedment perpendicular to the grain by a dowel-type connector. Analysis focuses on 

the energy dissipation by hysteresis, which contributes to damping in a joint, and the irreversible deformation in 

embedment which leads to stiffness degradation. This work contributes to a more thorough understanding of the 

damping and stiffness characteristics of timber, which can lead to more accurate estimation of the dynamic response of 

timber structures. 
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1 INTRODUCTION 123 

The behaviour of timber loaded perpendicular to the 

grain can be crucial to its performance as part of a 

structure. In dowel-type connections, connectors embed 

into the timber at various angles to the grain depending 

on the arrangement of connectors and the load applied to 

the joint. 

As an orthotropic material, the stiffness, strength and 

creep behaviour of timber are all dependent on the angle 

to the grain at which load is applied. The dynamic 

properties of timber can therefore also be expected to 

vary with the angle to the grain. 

Embedment of timber perpendicular to the grain 

potentially dissipates a significant amount of energy, as 

has been shown by Vural [1] for the case of balsa wood. 

This can be considered a favourable dynamic property 

where the timber forms part of a structure whose 

vibration is to be minimized. Where the energy is 

dissipated by the irreversible crushing of tracheids, 

however, the energy dissipation will be associated with a 

degradation of the stiffness of the joint. 

The experimental work described in this paper looks at 

the behaviour of timber compressed perpendicular to the 
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grain by a dowel-type connector of circular section. The 

load applied is cyclic, in order to assess dynamic 

behaviour in embedment. In doing this, an insight is 

gained into an important mechanism which contributes 

to dynamic stiffness and damping properties of dowel-

type joints between timber members. 

 

2 METHOD 

Specimens of Douglas Fir were loaded perpendicular to 

the grain by a steel dowel 20mm in diameter, as shown 

in Figure 1. The specimen size was determined to 

comply with American Society for Testing and Materials 

guidance for determination of embedment strength and 

stiffness of dowel-type connections [2]. 

 

 

Figure 1: Test specimen (Dimensions in millimetres) 

Cycles of load at 1Hz were applied to the timber. The 

cyclic load is described in terms of its R-ratio, a term 



 

used in the study of fatigue, since this test bears 

similarity to fatigue testing. The standard definition of 

the R-ratio for entirely compressive loading is given by 

Equation (1) below: 

trough

peak

P

P
R =  (1) 

where Ppeak is the greatest compressive force in the cycle 

and Ptrough is the least. 

Initially, two specimens were tested under quasi-static 

load to failure. The loading schemes for the cyclic tests 

were then defined as a proportion of the strength of the 

samples, as shown in Table 1. 

 

Table 1: Description of loading 

Test 

No. 

Peak Force Pmin 

(% of Static Failure 

Stress) 

R ratio 

(Pmin/Pmax) 

1 30% 1.2 

2 30% 10 

3 50% 1.2 

4 50% 10 

5 100% 1.2 

6 100% 10 

 

Three specimens were tested for each combination of 

peak force and R-ratio, and the influence of repeated 

cycles of load was investigated by applying 1000 cycles 

of load, and investigating the force-displacement 

behaviour in each cycle. A typical force-displacement 

diagram for a single cycle is shown in Figure 2. 

The equivalent viscous damping for the timber could 

then be calculated for each cycle of load by 

consideration of the area inside the hysteretic loop on the 

force-displacement diagram. 

 

 

Figure 2: Hysteretic force-displacement diagram after 
500 cycles, R=10, Ppeak=7.9kN 

For certain samples, optical microscope analysis was 

used to examine the nature of irreversible deformation, 

in crushing and slip of tracheids. 

3 APPLICATION AND FURTHER 

WORK 

In these tests, the loading scheme is given by a cyclic 

component about a non-zero mean load. This form of 

loading represents that found in along-wind vibration of 

tall building structures, where the mean wind velocity 

provides a steady force, and turbulence produces an 

oscillating force around the mean. Similarly, in human-

induced vibration of floors and footbridges, the dynamic 

load imposed by a person walking gives an oscillating 

force around the mean force exerted by the self-weight 

of the structure and other constant loads. This work can 

therefore help to explain characteristics of damping and 

stiffness degradation in timber structures under those 

loading conditions. 

The variation of stiffness in timber loaded at different 

angles to the grain is widely represented by an empirical 

equation proposed by Hankinson [3]. Schniewind et al. 

[4] showed that such an equation could also be used to 

predict creep behaviour at different angles to the grain. 

In dynamics, a continuation of the work described here 

could look at how hysteresis and stiffness degradation 

vary with angle of load to the grain. 

 

4 CONCLUSIONS 

The behaviour of timber in embedment under cyclic load 

contributes to the dynamic behaviour of dowel-type 

joints in timber structures. The experiments described in 

this paper provide information on embedment behaviour 

which helps develop the understanding of stiffness 

degradation and damping in timber structures under 

cyclic load. 
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