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Abstract: Verify the accuracy of estimation the model between dimensional characteristics of branch scar and 
the location of the knot in the beech trunk. The study analyzes the accuracy of estimated the dependencies 
between external and internal characteristics of beech trunk. On the basis of measurements and the derived 
literature formulas we can estimate quite accurately the size and position of the knot in the trunk. From the 
perspective of practice, it can contribute to a better qualitative evaluation of produced logs and lumber. 
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INTRODUCTION  

Effectiveness evaluation of wood raw material largely depends on the quality of 
information about the occurrence and location of wood defects in logs. Quality assessment in 
practice is often inaccurate, dependent on subjective human factor. Over the past 20 years to 
extend the automated systems working on the principle of Computer tomography (CT) 
(Bhandarkar et al. 2002, Longuetaud et al. 2012), which are capable of high-precision locate 
and determine the type and dimensions of the defects in logs. However, these systems are 
very expensive and therefore not applicable in the conditions of small and medium-sized 
mills. Recently, with the development of scanning techniques and techniques of image 
analysis starting to promote the issue of automated assessment of the location and size of 
internal log defects on the basis of their surface characteristics of the bark (Thomas et al. 
2007, Thomas and Thomas 2010). However, the accuracy of the estimate the size and location 
of the defects, in compared to the CT system is lower. On the other hand, the greatest 
advantage is their significantly lower price. 

The pioneering work of the examination the relationship between the external scars on 
bark and internal localization of defects can be considered as work (Shigo and Larson 1969, 
Schulz 1961) on beech, (Rast et al. 1989) on oak, (Rast et al. 1991) on maple, (Rast et al. 
1991) on poplar. At present, the research deals the issue of determining the accuracy and 
estimate of wood defects on the larger statistical datasets on white oak, red oak and yellow 
poplar (Thomas 2012, Thomas 2009) and on European beech (Stängle et al. 2012). 

The aim of the article was to verify the accuracy of an estimation the relationship 
between dimensional characteristics of branch scar and the location of the overgrown knot in 
the beech trunk, according to the sampled data and geometric dependences reported in 
literature (Schulz 1961). 

 

MATERIAL AND METHODS 

Sample material was taken from 15 beech trees (average age of 105 years) of forest the 
University Forest Enterprise, Technical University in Zvolen. The samples were taken from 
the lower and the central part of the stem on each tree. The file contained a samples, size of 25 
- 50 cm (diameter) and 20-50 cm (length). There were measured dimension characteristics of 

 60



branch scars (ls =/seal length; ws =/seal width and lm =/moustache length.) on the bark 
(fig.1). Subsequently, the samples were cut through the pit by radial direction. On the radial 
surface were measured the knot parameters determinate its location and degree of overgrow in 
the trunk ( = knot angle; rk =/knot radius; r = knot to bark distance and ro =/observed trunk 
radius) (fig. 1). 

 

The equations with parameters 
according to (Schulz 1961): 

 

 

        

           

Fig. 1 Geometric relationships between branch scar (S =/seal; M =/moustache). Figure according to 
(Wernsdörfer et al. 2005);  slightly modified. 

Further, there were calculated descriptive statistical characteristics of each variable. Finally, 
there were made linear regression and correlation analysis of calculated dependent and 
independent variables.  

 

RESULTS AND DISCUSSION 

Descriptive statistical characteristics of the measured values the dependent and 
independent variables for the correlation and regression analysis are given in table 1. The 
results showed, that the dimensional characteristics of the branch seal are a relatively accurate 
indicator of the size and position of overgrown knot inside the trunk (fig. 2). Especially, the 
increasing linear regression relationship between the branch seal quotient (ls/ws) and knotty 
length quotient (rk/ro) provides a quite accurate estimation (fig. 2a). The similar results for 
beech reported the authors (Stängle et al. 2012) (y=0,862.x+0,175; R2 = 0,6271).  
 

Tab. 1 Descriptive statistical characteristics of dependent and independent variables  

 ro rk �r rk/ro lm ls ls /lm ws ls/ws �  
 cm cm cm ratio cm cm ratio cm ratio O 

N  30 30 30 30 30 30 30 30 30 30 
Mean  17,1 7,7 9,3 0,5 9,7 3,9 0,5 8,5 0,5 42,7 
Min  12,7 3,1 0,0 0,2 1,7 0,8 0,2 4,8 0,1 24,9 
Max  25,4 16,1 15 1,0 21 8,3 0,8 17 1,3 61,3 
Std. Dev. 2,5 3,8 4,0 0,2 5,6 1,9 0,1 2,9 0,3 10,0 
Std. error 0,45 0,69 0,72 0,04 1,01 0,36 0,03 0,53 0,05 1,83 

Similarly, we can determine also relationships between branch seal quotient (ls/ws) and a size 
of sound wood above knot (r), expressed by knot to bark distance quotient (r/r0) (Fig. 
2b).Theory of estimation is based on the assumption that after dead of branches and its 
overgrow in the trunk, branch seal width increases by the age. On the other hand, the size of 
branch seal length remains constant (Fig. 3).  
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 Fig. 2 Linear regression and correlation relationships between external and internal characteristics of knots in 
the trunk. (a) – relationship between seal quotient (ls/ws) on bark and knotty length quotient (rk/ro) in trunk, (b) 
– relationship between moustache-seal length quotient (ls/lm) on bark and knot angle in the trunk. 

 

Fig. 3. Model showing the increase of seal width (ws), depending on the knot depth of 
overgrow (�r) 

Based on the seal-length mustache quotient (ls/ lm) is possible to estimate also quite 
accurately the knot angle ((fig. 2c). However, the accuracy of the estimation is a little bit of 
lower than in previous cases. The research literature does not provide the comparison the 
accuracy estimation the knot angle in beech. On the other hand, in the species red oak, 
yellow-poplar (Thomas 2009) and white oak (Thomas 2012) were found lower determination 
coefficients (R2 = 0.42, R2 = 0.31 and R2 = 0.35) 
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Fig. 4. Linear regression and correlation relationships of estimated and measured parameters. (a) – depth of knot 

overgrow (r), (b) a (c) – knot angle () 
Furthermore, based on the measured and the calculated data according to equations 

reported in literature (Schulz 1961) was verified the accuracy of estimation the size of sound 
wood above knot ( r) and knot angle (). We can say that the accuracy of correlation 
coefficients the sampled parameters is comparable to the results obtained above (fig. 2 and 
fig. 4). 

It should be said that the accuracy of the estimation also reduce the other important 
parameters, such as: pith eccentricity, bending of knots, annual growth ring increments etc. If 
we could determine these parameters (based on external characteristics), the accuracy 
estimation of the knot size and position in the trunk would be significantly higher. 
 
CONCLUSION 

From the obtained results, it is clear that between dimensional characteristics of 
branch scar (ls/ws and ls/lm) on the bark and the location of the knot in the beech trunk 
(rk/ro, r/r0 and ) were found a linear regression relationships width relatively high 
statistically significant correlation coefficients.  
Furthermore, we found that between measured and calculated characteristics (according to the 
relationships described in the literature) of the position of knot  ( and r) also exist linear 
regression relationships, with comparatively high correlation coefficients. 
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Streszczenie: Weryfikacja dokładności oceny położenia sęka w pniu na podstawie wymiarów 
blizny po gałęzi w kłodzie buka. Praca dotyczy dokładności oceny zależności pomiędzy 
zewnętrznymi a wewnętrznymi własnościami kłody bukowej. Na podstawie pomiarów i 
zaczerpniętych z literatury zależności można dość dokładnie określić wymiar i położenie sęka 
w kłodzie. Z praktycznego punktu widzenia może to poprawić ocenę jakości kłody przy 
produkcji tarcicy. 
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