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The article contains theoretical analysis of the impact of knots’ size and location at 

the  timber on the tense state under bending at seams and at the edge. Shown on the 

model of a block with cylindrical inhomogeneity. 
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Mechanical properties, which are inherent in the wood of different species 

without defects, have been well studied [1, 4]. However, the presence of defects in 

lumber breakes structural patterns [1]. If there is a knot, the part which is occupied 

with perceives stress during deformation differently than solid wood. 

The study of the relationship between the structural parameters and mechanical 

properties of lumber was conducted to establish normative foundations of rational use 

of specific timber. 

Let us analyze the effects of the presence, size and location of the defect in the 

form of a knot in lumber in bending at seams and at the edge. Consider a mechanical 

model of timber in a beam that has a heterogeneity in the form of a cylinder which 

diameter is equal to 15% of the width, which roughly corresponds to the average size 

of the knot, according to the experiment, and the axis is perpendicular to the layer. 

When bending the timber without defects at seams, the inertia moment (Jпл) is 

calculated by a commonly known [3, 5] formula: 
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and if there is a knot (Fig. 1), the inertia moment of the section, which has the 

properties of defect-free wood (Jпл.с) will be: 
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Fig. 1. – Analysis of the influence of knot under bending at seams stimulation 

Note that the knot’s width appears here as a constant, and the knot’s 

coordinates along the axis Z are irrelevant. 

If we mark the coefficient that corrects with K, we get: 

.JКJ плплс.пл   (1) 

Moments of section’s resistance under such bending are accordingly equal: 
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Similarly, the inertia moment under bending the timber without defects on the 

edge is: 
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and an inertia moment of section with a knot (Fig. 2) : 
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or .JКJ кркрс.кр   (3) 
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Fig. 2. – Analysis of the influence of knot under bending at the edge 

Moments of resistance under such bending are accordingly equal: 
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Comparison between the expressions (2) and (4) indicates that there is a 

significant impact of knots in timber on the rigidity. Obviously, the load on an edge 

will give greater effect than the load at seams. 

Now let us consider the effect of knot on the deformation process of timber 

depending on the test circuit. 

The equation of the elastic line’s curvature, which corresponds diagrams of 

moments from the application of force (P) at one point in the middle of the length of 

the sample, has the form: 
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now knowing the size of deflection (f), we can determine the module of elasticity 

under bending: 
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When the load is applied at two points, the value of moments in between load 

elements will be constant, and the equation of the elastic line will be: 
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Let us consider the influence of knot location along the length of timber in case 

of bending with application of the load at mid length. As seen at Fig. 3, the moment 

that bends in the section located at a distance X from the the support in the presence 

of knot is equal to Мр=0,5 Р Х, and under the unitary load (Р = 1), Мр= 0,5 X. 

 

Fig. 3. - Diagrams of moments, which bend (a) and moments from the unitary load 

(b), stiffness (a) and troughs (d) under bending timber with a knot 

As noted above (formulas 1, 2), the presence of a knot of an average size 

reduces the inertia moment of the section, which has the properties of a solid wood, 

under bending at seams by 85%, while under bending at the edge (at the edge-

position of the knot) – by 61%, that accordingly adjusts the stiffness of timber in this 

section. In consequence the curvature diagram, obtained by dividing the moments on 

the stiffness, shows a tendency to the local changes of the deflection at this section. 

Thus, in the section with a knot the elastic line’s curvature tends to the form: 
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If there is one knot of the dс size along the sample, located at a distance X from 

the support 
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And when the number of knots is n: 
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Thus, on the basis of theoretical analysis of the deformation process of the 

timber with knots we can assume that the bending at seams not only the number and 

the size of knots is important, but also their position along the length of the area, 

which is bended. And under bending at the edge important issues are the number of 

knots, their size and location across the timber’s width at the area of stretching. 

Discovery of the significant impact knots’ presence on the elastic properties 

gives basis to apply the method of structural timber’s quality evaluation by 

determining the magnitude of their elastic properties regarding the similar 

characteristics of the defect-free patterns. 
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