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Abstract 

This research presents a parametric finite element study on the effects of knot characteristics (size and 

position) and related fibre deviations on the flexural behaviour of wood. Unlike all other similar 

studies, the model is not restricted to evaluating the effects of the knot diameter, diving angle, and 

position along the beam cross-section on the ultimate capacity of the timber beams. It can also consider 

the effects of the position of the knot along the beam longitudinal axis and smoothly follow the grain 

deviation around the knot. Moreover, a new destructive method was introduced to construct the actual 

three-dimensional fibre paradigm for the knot. The study revealed that the impact of the diving angle 

is not always positive, and it is highly dependent on its orientation. The elastic-plastic constitutive law 
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 of Nordic Spruce (Picea Abies) was considered. The influence of a conical knot’s size, position, and 

inclination (diving angle) on the ultimate capacity was investigated. The numerical models were 

experimentally validated by a four-point bending test performed on six timber beams. The ultimate 

loads of the beams were numerically determined based on the Tsi-Wu failure criterion. Results proved 

that the knot located in the tension zone causes early tensile failure and ineffective utilization of 

compression capacity. Knot situated at the middle of the beam in the tension zone causes a decrease 

of approximately 39 % in ultimate capacity with respect to the equivalent knot-free beam; moreover, 

recognizable reductions in the maximum capacity were reported concerning the knot diameter and 

position in the cross-section. However, results also showed that the knot inclination (diving angle) 

produces a larger ultimate capacity due to the obtained better net cross-section; nevertheless, knots 

oriented downward causes less net cross-section and loss in the maximum capacity. 
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