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Abstract

:

An analysis was undertaken of the Brinell hardness of silver birch wood and its dependence on stand location, tree age, tree thickness and forest habitat type, and the interactions between these factors. Wood was obtained from 12 forest districts throughout Poland, from trees aged approximately 30, 50, and 70 years. A total of 51 study plots was established, from which 306 trees were taken. Hardness was measured on three surfaces (transverse, radial, and tangential sections) for 4777 samples, giving a total of 14,331 measurements. It was shown that the hardness of silver birch wood in Poland is significantly influenced by location, tree age, tree thickness, and habitat type, and by interactions between those factors. Habitat type was not shown to affect radial hardness, except in the case of Giżycko forest district. For the whole of the analysed material, the mean hardness on a transverse section was calculated as 66.26 MPa, corresponding to a very hard wood on Mörath’s scale, whereas the values for the longitudinal sections (radial 44.06 MPa, tangential 44.02 MPa) correspond to a soft wood.
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1. Introduction


The hardness of wood is an important strength parameter. It is particularly significant for machining processes, and affects the durability of elements subject to abrasive action [1,2]. The first definition of hardness was given by Heinrich R. Hertz [3], who defined it as the force pressing two spheres that would cause their plastic deformation. Later, hardness was defined as the resistance encountered by a foreign body attempting to penetrate the anatomical structure of the wood [4]; as the resistance provided by the wood material on working with tools [5]; as the resistance provided by a material to bodies being pressed into its surface, expressed in kG∙cm−2 or kG∙mm−2 [6]; or as the resistance of a material to permanent deformations under the action of concentrated forces acting on a small surface area of the material [7]. At present, hardness is measured as the resistance provided by a body when an indenter is pressed into it, with regard to plastic deformations [1]. The hardness of a material is not as unambiguous as, for example, its strength or modulus of elasticity. Multiple tests and scales have been developed for the measurement of hardness. Indenters of different shapes are used depending on the hardness of the tested material. The round shape used in the methods of Brinell, Janka, Krippel, and Meyer is significantly better for the testing of wood than, for instance, the conical shape used in Rockwell’s method [8]. The measurement of hardness by Brinell’s method is a standard test for determining a floor’s resistance to indentation [9], and Doyle and Walker [10] report it to be the most frequently applied method in materials science. They note, however, that the precise measurement of the size of a permanent indentation is problematic, particularly when a large ball is used. Given the non-uniform structure of wood, a distinction must be made between hardness on longitudinal and transverse sections. Hardness also depends on the dryness of the wood [1,6,8]. A drop in water content causes an increase in hardness, and when the moisture content is less than 8% the wood becomes so brittle that it is not possible to measure its hardness. For this reason, wood hardness is determined at a moisture content above 8% [11]. Studies have also been conducted of how the hardness of wood is affected by various modifications, including compaction of the wood [12,13], thermal treatment [14,15,16] and chemical treatment [17]. The impact of the felling season, drying method, and distance from the core has also been investigated [18] However, there is little available information on the dependence of hardness on geographical location, forest habitat type, tree age or tree thickness. Klisz et al. [19] report that age has an impact on the hardness of birch wood.



Birch is among the most economically important tree species in Europe [20]. In Poland it is the most important broad-leaved species. It currently covers 7.3% of the total forest area, and accounts for a greater share in privately owned forests. The largest birch stands are located in Warmińsko-mazurskie province, and the smallest in Małopolskie [21]. Birch wood is easily worked, and its physical and mechanical properties make it suitable for use in the cellulose and paper industry, in the production of plywood and veneer, and in furniture and flooring [20]. A pilot study was carried out in forests of fresh broad-leaved type (FBF) in northeast Poland concerning selected structural, physical, and mechanical properties of silver birch wood and their dependence on geographical location, tree age (approximately 50 and 70 years), and tree thickness. This provided a broad foundation for conducting the current research on silver birch wood according to the same methodology. The result of this is a database describing, in the most extensive manner to date, the variation in certain properties of birch wood in Poland, these properties being important determiners of the technical quality of the wood. Of many completed studies, results have recently been published concerning the elementary structure, fuel properties, chemical composition and density of silver birch wood as functions of selected factors; these show that stand location, habitat type, tree age, and tree thickness have a significant impact on most of the studied parameters [22,23,24,25]. No previous studies have been carried out to determine the effect of geographical location, tree age, tree thickness and habitat type on hardness values of silver birch wood from the whole of Poland. The following analyses complement the comprehensive studies of the technical properties of silver birch wood growing in Poland, and may guide the future commercial use of this raw material.



The aim of this work was to test the following hypothesis: values of the Brinell hardness of the wood of silver birch (Betula pendula Roth.) are significantly dependent on the geographical location of the stand, tree age, tree thickness, and forest habitat type, and interactions between these factors. The results obtained for hardness on a transverse section indicate that Polish birch wood can be classified as a very hard wood.




2. Materials and Methods


2.1. Study Site


All tests of the properties of silver birch wood were carried out on material obtained from study plots established in the main commercial growing regions of this species in Poland.



Studies were carried out in stands belonging to the Polish State Forestry Board (PGL LP). Birch trees aged approximately 30, 50 and 70 years were selected in stands of the fresh broad-leaved (FBF) and fresh mixed broad-leaved (FMBF) forest habitat types. These are the two habitat types in Poland where birch stands are most prevalent in terms of area and wood volume [23]. A description of these habitats can be found in previous publications [22,24]. The studies were carried out in 12 forest districts distributed across the country, using trees in three age categories (approximately 30, 50 and 70 years), in the habitat type FBF, and in some districts also FMBF (Figure 1). In total, field studies were conducted in 51 study plots.




2.2. Sampling and Analysis


In the study plots, measurements were made of the diameter at breast height of all trees for which this exceeded 7 cm. Sample trees were selected on the study plots by Hartig’s method, based on the mean cross-sectional area at breast height, with trees assigned to three thickness classes: the thinnest trees (class 1), trees of medium thickness (class 2) and the thickest trees (class 3) [27,28].



Two trees from each thickness class were selected and felled, giving a total of six trees from each plot. In total, study material was taken from 306 trees. After felling, from the part of each tree around breast height, two or three 50 cm long sections were taken (from a breast height of 1.3 m: 50 cm towards the root and 50–100 cm towards the crown). These were cut into split logs and appropriately labelled. Following seasoning, and when the moisture content of the wood was approximately 15%, samples were cut with dimensions 20 (T) × 20 (R) × 30 (L) mm.



The hardness of the silver birch wood was determined for a population of 4777 samples, in each anatomical direction, according to the following formula:


  H B =   2 P   D π ( D −    D 2  −  d 2  )      



(1)




where:




	
HB is the Brinell hardness of the wood [MPa];



	
P is the pressing force on the indenter [N];



	
D is the diameter of the indenter [mm];



	
d is the mean diameter of the indentation [mm].








In Brinell’s method of hardness measurement, a spherical indenter made of hardened steel is pressed into the surface of the material for a time t until the indenter ceases to penetrate further.



The tests were carried out using a Rockwell 574 device (Wilson Instruments). The hardness of the wood on transverse, radial and tangential sections was determined for each sample, with one indentation made on each surface using a carbide ball with diameter D = 10 mm. The initial load on the indenting ball was 100 N, and this was increased to a maximum value of 1000 N over a time of 15 s. The sample was subjected to the maximum load for 30 s, and then over a further 15 s the load was reduced to its initial value. The total time of one measurement was approximately 1 min. The moisture content of the wood at the time of testing was approximately 12%.



In the next step, measurements were made of two diameters (maximum and minimum) of the indentation made by the ball (d) with an accuracy of 0.01 mm, using a VHX digital microscope (Keyence). The measurements on the radial and tangential sections were particularly difficult, and these required many hours of observation with a magnifying glass and microscope, in addition to preliminary measurements. In total, 14,331 ball indentations were measured, giving 28,662 diameter values.




2.3. Statistical Analysis


In view of the wide scope of the analyses and the large number of samples tested, it was necessary to select appropriate statistical methods that would enable reliable evaluation of trends in the properties of birch wood representing different study objects [29,30,31].



The results were subjected to statistical analysis to determine the impact of location, tree age, tree thickness class and forest habitat type on the mean wood hardness values. Two-way analysis of variance was used for this purpose. The significance of differences in mean values was analysed by means of Tukey’s range test and expressed in terms of HSD (honestly significant difference) values computed for a confidence level of 95%. The Statistica 13.3 software was used for statistical analysis [32].





3. Results


3.1. Hardness on a Transverse Section


Characteristics for the Brinell hardness of silver birch wood on a transverse section depending on location, tree age and forest habitat type are given in Table A1.



Taking account of tree age, the lowest mean hardness value (59.38 MPa) was obtained for 30 year old trees in Rudziniec forest district (FBF), and the highest (72.05 MPa) for 50 year old birches in Giżycko (FMBF), a difference of 21.34%. Depending on location, the lowest mean hardness for silver birch wood (63.11 MPa) was obtained in Bobolice forest district (FBF), and the highest (70.51 MPa) in Giżycko (FMBF), a difference of 11.72%.



For the entire data set, the mean hardness values for the two habitat types differed insignificantly (66.0 MPa for FBF and 66.08 MPa for FMBF). However, an increase in wood hardness was observed with increasing tree age (64.63, 66.05 and 68.05 MPa respectively for ages of 30, 50 and 70 years).



For the whole of the tested material from all parts of Poland, the mean Brinell hardness of silver birch wood was 66.26 MPa. The lowest measured hardness for a single sample was 45.47 MPa for a 30 year old tree (FBF habitat type), and the highest was 95.92 MPa for a 50 year old tree (FBF habitat type).



It was shown that the location of study plots and the age of trees, and the interaction between these factors, generate statistically significant differences in mean hardness values between the analysed groups. The effect of the analysed factors on the wood hardness values was not large, as indicated by the eta-square (η2) values. A summary of the results is given in Table 1.



Table 2 contains groups of locations that do not differ statistically significantly in terms of mean values of wood hardness. The forest districts of Bobolice (FBF) and Rudziniec (FBF) have the lowest hardness. The highest mean hardness values were obtained for the districts of Giżycko (FMBF) and Sokołów (FBF); the difference between these values was not significant.



The differences in wood hardness values in the analysed age classes were not large; however, because of the large number of observations, they were statistically significant. The mean hardness values increase with age (Figure 2).



Analysis of the dependence of wood hardness on stand location and age indicated the existence of homogeneous groups in a very complex system, for which it is hard to identify any general trend (Figure 3). In the forest districts of Giżycko (FBF), Górowo Iławeckie, Elbląg and Bobolice (FBF and FMBF), Łobez (FBF and FMBF), Lipinki (FBF and FMBF) and Rudziniec (FBF), the highest mean hardness was recorded for the oldest trees (70 years). The greatest hardness was recorded for 50 year old trees in Giżycko (FMBF) and for 30 year old trees in Płońsk, Sokołów, Płaska, Mircze and Rudziniec (FMBF). In the Płaska and Mircze districts the hardness was almost identical for all ages. At eight locations the lowest hardness was obtained for wood from 30 year old trees.



The significance of differences in mean wood hardness values was also examined for groups defined by tree age and thickness. The effect of both factors and their interaction on wood hardness was found to be very small (as indicated by eta-square values), but statistically significant (Table 3). Only in the case of the oldest trees was no relationship identified between tree thickness and wood hardness. The hardness was found to increase with increasing age of the stand from which the study material originated (Table 4). For all ages, the highest mean wood hardness was recorded for the thinnest trees. In 30 year old trees the hardness decreased with increasing tree thickness, whereas in 50 year old birches the lowest mean hardness was recorded for trees of moderate thickness.



For the forest districts where birch trees from both FBF and FMBF habitat types were studied, an analysis was undertaken of the dependence of wood hardness on the location of the study plots and the habitat type. It was shown that both factors, and the interaction between them, generate statistically significant differences in the mean hardness values between the analysed groups, although the η2 values indicate that these factors have a very weak impact on the wood hardness values (Table 5).



The results of grouping the study plot locations taking account of habitat type are given in Table 6. Statistically significant differences in wood hardness between habitat types were identified for the districts of Giżycko, Łobez and Rudziniec. A higher mean hardness was found for samples from trees growing in the FMBF habitat type in the districts of Giżycko, Bobolice, Lipinki and Rudziniec (the hardness was lower in the more fertile FBF habitat type). In the Łobez district the pattern was reversed: the mean hardness rose with an increase in habitat fertility from FMBF to FBF.




3.2. Hardness on a Radial Section


The effect of the analysed factors on the Brinell hardness was found to be practically identical for the radial and tangential sections of silver birch wood. For this reason, analysis is presented here only for the results obtained on a radial section.



Characteristics for the Brinell hardness of silver birch wood on a radial section depending on location, tree age and habitat type are given in Table A2.



Analysing the results for the dependence of birch wood hardness on tree age, it was found that the lowest mean hardness (38.70 MPa) was obtained for 30 year old birches in Łobez district (FBF), and the highest (50.52 MPa) for 30 year old trees in Sokołów (FBF), a difference of 30.54%. The results for locations show that the lowest mean hardness was obtained for wood in Bobolice district (FBF) (40.58 MPa), and the highest in Sokołów (FBF) (49.71 MPa), a 22.50% difference.



Mean hardness values for the whole of the studied material were respectively 44.6 and 42.7 MPa for habitat types FBF and FMBF. There was also found to be a slight increase in wood hardness with increasing tree age: 43.3 MPa for 30 year old trees, 44.1 MPa for 50 year old trees, and 44.8 MPa for 70 year old trees.



The mean Brinell hardness of Polish birch wood obtained for the whole of the analysed material was 44.06 MPa. The lowest hardness of a single sample was 30.97 MPa for a 30 year old tree (FBF habitat type), and the highest was 63.65 MPa for a 70 year old tree (FBF habitat type).



It was shown that study plot location and tree age, and the interaction between these factors, generate statistically significant differences in mean wood hardness between the analysed groups. The effect of these factors on the hardness values is not large, as indicated by the eta-square (η2) values. A summary of the results is given in Table 7.



The columns of Table 8 contain groups of locations that do not differ statistically significantly in terms of mean wood hardness. The lowest hardness values were obtained for Bobolice (FBF), Rudziniec (FBF) and Bobolice (FMBF). The mean wood hardness values were highest for trees growing in Sokołów district (FBF); these were statistically significantly different from the remaining values.



The differences in wood hardness values for the analysed classes were not large, but because of the large number of observations, they were statistically significant. The mean hardness values increase with age (Figure 4).



An analysis was also undertaken of the dependence of wood hardness on study plot location and tree age. This showed the existence of homogeneous groups in a very complex system (Figure 5). In the districts of Giżycko (FBF and FMBF), Górowo Iławeckie, Mircze, Bobolice (FBF and FMBF), Łobez (FMBF), Lipinki (FMBF) and Rudziniec (FMBF), the highest mean hardness was obtained for the oldest trees (70 years). The highest values were obtained for 50 year old trees in the districts of Płońsk, Łobez (FBF), Lipinki (FBF) and Rudziniec (FBF), and for 30 year old trees in Sokołów and Płaska. In Elbląg the wood hardness was almost identical for all ages. At 10 locations the lowest hardness was recorded for 30 year old trees. In general, the mean hardness values for birch wood of all ages were higher in the eastern part of Poland.



An analysis was undertaken of the significance of the differences in mean hardness values between groups defined based on the age and thickness of trees. It was found that the effect of both of these factors, and their interaction, on wood hardness was very small (as indicated by eta-square values), but was statistically significant (although the significance of the interaction was close to the boundary value of 0.05) (Table 9). Within observations representing the same age class, no relationship was found between the tree thickness class and the wood hardness. With an increase in the age of the stand from which the study material originated, the wood hardness was found to increase (Table 10). For wood of all ages, the lowest mean hardness was found for trees of moderate thickness.



For the districts where the properties of birch wood from habitat types FBF and FMBF were investigated, an analysis was made of the dependence of the wood hardness on the location of the study plot and the habitat type. Statistically significant differences in mean hardness values were found between groups defined on the basis of study plot location and as a result of interaction between location and habitat type, although the values of η2 indicate that these factors had a very weak effect on the hardness. The effect of habitat on wood hardness at the analysed locations (except for Giżycko) was statistically insignificant (Table 11).



The results of grouping the study plot locations taking account of the habitat type are given in Table 12. This set of results show that only the observations from Giżycko forest district differ significantly from those of the other locations.





4. Discussion


The analysis of raw material sources in terms of the properties determining technical quality is fundamental to the continued use of wood. Hardness is one of the parameters that determine wood quality. Because of the non-uniform structure of wood, it is necessary to make a distinction between analysed surfaces. In general, the hardness of wood on a transverse section is 1.5 to 2 times higher than on the longitudinal sections [1]. In the present study the hardness on the transverse section was found to be 1.5 times higher on average than the hardness on the longitudinal sections. On Mörath’s six-point scale, which is based on Brinell hardness, birch—together with alder, sycamore, lime, pine, larch and Douglas fir—is placed in class II, as a soft wood with hardness between 35.30 and 48.05 MPa [6]. Following the testing of 4777 samples from 51 study plots, based on the hardness on the transverse section, the silver birch wood from 16 of the plots can be classified as hard (hardness class IV, 58.84–63.74 MPa), and that from 35 plots as very hard (class V, 64.72–143.18 MPa). In the northeast of the country, the wood was classed as very hard in the large majority of cases. The wood was placed in the hard category in only four of the 16 plots studied in that part of Poland.



Of the studied locations, in 11 cases the mean hardness values enable the birch wood to be classified as very hard, namely Elbląg, Płaska, Lipinki (FBF), Rudziniec (FMBF), Biała Podlaska, Łobez (FBF), Lipinki (FMBF), Mircze, Giżycko (FBF), Sokołów and Giżycko (FMBF).



Based on the hardness values on a radial section, in a large majority of cases (47 plots) the silver birch wood is classified as soft on Mörath’s scale (hardness class II, 35.30–48.05 MPa). There were only four plots (in the east of Poland) where the wood could be classified as moderately hard (class III, 49.03–57.86 MPa).



Considering mean hardness values for location, only the wood from Sokołów district was determined to be moderately hard; the wood from the other locations was classed as soft.



The values obtained in this study are significantly higher than others reported in the literature. Wagenführ [33] gives Brinell hardness values for birch between 22.00 and 49.00 MPa, which are lower than the values measured in this study. Similarly, Schwab [34] obtained values for the hardness of birch wood in the range 13.0–32.8 MPa, although these concerned finished strips used for the production of panels. Heräjärvi [35] obtained mean hardness values on a transverse section of 23.40 MPa for silver birch and 20.50 MPa for downy birch. Möttönen et al. [18] showed, in a study of birch trees aged 27–35 years, that the Brinell hardness of the wood was also affected by the season in which the wood was obtained (the highest value, 21.75 MPa, was recorded in winter); the drying method (the highest value, 21.10 MPa, was obtained when a vacuum dryer was used); and distance from the core (the highest value, 25.36 MPa, was recorded at a distance of 10–12 cm from the core). All of these values are lower than those obtained in the present study. Mania et al. [17] obtained a mean value of 34 MPa for the Brinell hardness of birch wood on a tangential section; this value increased to 90 MPa following compaction of the wood, and to as much as 147 MPa following compaction preceded by chemical treatment. Laskowska [13] obtained a mean value of 31 MPa on a tangential section, noting that, depending on the time and temperature of compaction, the hardness of birch wood can be increased between 1.4 and 2.2 times.



Schwab [34] reported that the Brinell hardness may be calculated mathematically from hardness values obtained by Janka’s method. In addition, Bektas et al. [36] demonstrated a linear relationship between Janka and Brinell hardness, in the case of beech wood. However, Kozakiewicz et al. [2] indicated that Brinell and Janka hardness values should not be compared.



In contrast to Krzysik [6], Heräjärvi [35] and Möttönen et al. [18], who report a clear relationship between wood density and hardness, the present study indicates that wood of higher density is not always harder. Tests on the same set of samples indicate that the values of these parameters are not always in correspondence. Birch wood from Płońsk, in spite of its high density, does not attain a proportionally high hardness measured on a transverse section [23]. The hardness of wood from that location is high on longitudinal sections. It has been shown that higher values of hardness on a transverse section do not always correspond to higher values on longitudinal sections. Mean hardness values for particular tree ages exhibit less variability on radial than on transverse sections.



On transverse sections, the higher the wood hardness, the rounder the indentation made by the ball. On longitudinal sections, the indentations were elliptical in shape, with a longer axis along the fibres. This affects the accuracy of the measurement. The diameter of the indentation is most easily and accurately measured on the transverse section, followed by the tangential. Measurement is by far the most difficult on the radial section, because of the presence of rays that strongly reflect the light of the microscope lamp.




5. Conclusions


1. There was found to be a significant effect from location, tree age, tree thickness and habitat type, and from the interactions between these factors, on the Brinell hardness of Polish silver birch wood measured both on transverse sections and on longitudinal radial sections. Habitat type was not shown to influence the radial hardness except in the case of Giżycko forest district.



2. For the whole of the analysed material, the mean hardness on a transverse section was 66.26 MPa, which indicates that the birch wood is very hard on Mörath’s scale, whereas the values on the longitudinal sections (radial 44.06 MPa, tangential 44.02 MPa) indicate it to be a soft wood.



3. For the whole of the analysed material, the ratio of the wood hardness on a transverse section to the mean hardness on the longitudinal sections was 1.5.



4. The highest mean values of hardness on a transverse section were recorded for wood from the forest districts of Giżycko (FMBF) (70.51 MPa) and Sokołów (FBF) (70.14 MPa), and the highest mean values on a radial section were recorded for Sokołów (FBF) (49.71 MPa) and Giżycko (FBF) (48.40 MPa).



5. For the whole of the analysed material, on both transverse and radial sections, the mean values of wood hardness increased with tree age.



6. In birch stands in all parts of Poland, trees with very high and low wood hardness grow alongside each other, irrespective of geographical location, tree age and thickness, and habitat type.
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Table A1. Characteristics of Brinell hardness of silver birch wood on a transverse section (MPa).






Table A1. Characteristics of Brinell hardness of silver birch wood on a transverse section (MPa).





	
Location—

Forest District

	
Tree Age

	
Number of

Groups (N)

	
Mean

	
Median

	
Minimum

	
Maximum

	
Standard Deviation






	
1

Płońsk

FBF

	
30

	
80

	
65.78

	
65.84

	
56.45

	
75.65

	
4.26




	
50

	
89

	
64.92

	
63.47

	
54.59

	
83.24

	
6.05




	
70

	
96

	
63.40

	
63.77

	
55.32

	
74.33

	
3.45




	
Total

	
265

	
64.63

	
64.22

	
54.59

	
83.24

	
4.78




	
2

Sokołów

FBF

	
30

	
93

	
71.53

	
71.60

	
57.47

	
86.63

	
6.24




	
50

	
96

	
69.90

	
69.86

	
55.94

	
85.48

	
6.48




	
70

	
96

	
69.02

	
68.84

	
56.19

	
89.73

	
6.70




	
Total

	
285

	
70.14

	
70.20

	
55.94

	
89.73

	
6.54




	
3

Biała Podlaska

FBF

	
30

	
87

	
65.76

	
65.19

	
53.68

	
81.16

	
5.98




	
50

	
96

	
68.04

	
67.19

	
55.14

	
87.74

	
7.88




	
70

	
90

	
67.69

	
66.92

	
57.72

	
82.31

	
5.54




	
Total

	
273

	
67.20

	
66.30

	
53.68

	
87.74

	
6.63




	
4

Płaska

FBF

	
30

	
93

	
65.63

	
64.58

	
56.24

	
85.79

	
6.30




	
50

	
96

	
65.38

	
60.92

	
52.34

	
89.15

	
10.22




	
70

	
96

	
64.98

	
63.20

	
51.08

	
85.79

	
7.68




	
Total

	
285

	
65.33

	
63.20

	
51.08

	
89.15

	
8.22




	
5

Giżycko

FBF

	
30

	
96

	
66.33

	
65.68

	
52.57

	
80.87

	
6.52




	
50

	
55

	
66.39

	
65.05

	
56.75

	
95.92

	
7.09




	
70

	
96

	
70.73

	
71.35

	
58.89

	
85.79

	
6.22




	
Total

	
247

	
68.05

	
67.80

	
52.57

	
95.92

	
6.85




	
6

Giżycko

FMBF

	
30

	
96

	
67.99

	
67.26

	
52.25

	
85.55

	
6.73




	
50

	
96

	
72.05

	
72.16

	
56.37

	
88.91

	
6.79




	
70

	
96

	
71.51

	
71.17

	
57.28

	
88.42

	
6.42




	
Total

	
288

	
70.51

	
70.16

	
52.25

	
88.91

	
6.86




	
7

Górowo Iławeckie

FBF

	
30

	
96

	
62.41

	
62.25

	
52.37

	
72.86

	
4.51




	
50

	
96

	
62.42

	
62.17

	
50.31

	
85.55

	
7.59




	
70

	
94

	
67.47

	
68.11

	
52.02

	
82.55

	
6.79




	
Total

	
286

	
64.08

	
63.31

	
50.31

	
85.55

	
6.83




	
8

Elbląg

FBF

	
30

	
96

	
65.51

	
64.88

	
51.90

	
83.00

	
6.81




	
50

	
96

	
63.44

	
63.01

	
56.35

	
78.00

	
4.49




	
70

	
96

	
66.08

	
65.53

	
53.09

	
83.68

	
7.04




	
Total

	
288

	
65.01

	
64.09

	
51.90

	
83.68

	
6.30




	
9

Mircze

FBF

	
30

	
96

	
68.50

	
67.60

	
55.32

	
88.47

	
7.38




	
50

	
96

	
67.38

	
67.34

	
52.37

	
88.97

	
7.66




	
70

	
96

	
67.91

	
67.68

	
55.45

	
84.61

	
5.35




	
Total

	
288

	
67.93

	
67.51

	
52.37

	
88.97

	
6.87




	
10

Bobolice

FBF

	
30

	
95

	
62.07

	
61.71

	
50.35

	
72.16

	
4.61




	
50

	
96

	
63.50

	
63.09

	
55.43

	
79.42

	
4.69




	
70

	
96

	
63.76

	
63.33

	
52.68

	
78.99

	
5.16




	
Total

	
287

	
63.11

	
62.94

	
50.35

	
79.42

	
4.87




	
11

Bobolice

FMBF

	
30

	
90

	
62.90

	
62.63

	
49.23

	
74.27

	
5.16




	
50

	
95

	
62.55

	
62.47

	
47.42

	
79.64

	
6.11




	
70

	
95

	
68.37

	
67.49

	
54.53

	
83.45

	
7.72




	
Total

	
280

	
64.64

	
64.03

	
47.42

	
83.45

	
6.95




	
12

Łobez

FBF

	
30

	
87

	
59.57

	
59.80

	
50.01

	
68.88

	
4.60




	
50

	
96

	
70.00

	
69.33

	
51.03

	
88.78

	
8.83




	
70

	
96

	
71.53

	
71.51

	
57.42

	
81.62

	
4.93




	
Total

	
279

	
67.27

	
67.15

	
50.01

	
88.78

	
8.30




	
13

Łobez

FMBF

	
30

	
91

	
60.85

	
61.21

	
50.58

	
69.58

	
4.12




	
50

	
96

	
61.29

	
60.98

	
52.34

	
70.86

	
4.18




	
70

	
96

	
70.05

	
70.04

	
60.53

	
79.42

	
4.22




	
Total

	
283

	
64.12

	
63.67

	
50.58

	
79.42

	
5.95




	
14

Lipinki

FBF

	
30

	
89

	
62.91

	
63.30

	
52.60

	
71.98

	
4.97




	
50

	
96

	
67.28

	
67.18

	
54.22

	
80.87

	
6.22




	
70

	
96

	
68.00

	
68.05

	
55.64

	
77.81

	
4.95




	
Total

	
281

	
66.14

	
66.24

	
52.60

	
80.87

	
5.84




	
15

Lipinki

FMBF

	
30

	
95

	
61.68

	
61.29

	
48.14

	
77.59

	
5.58




	
50

	
96

	
69.84

	
70.02

	
51.88

	
81.54

	
6.01




	
70

	
96

	
70.92

	
71.88

	
53.22

	
86.28

	
6.77




	
Total

	
287

	
67.50

	
68.14

	
48.14

	
86.28

	
7.38




	
16

Rudziniec

FBF

	
30

	
96

	
59.38

	
58.68

	
45.47

	
74.30

	
5.50




	
50

	
96

	
65.52

	
65.74

	
51.64

	
80.20

	
4.97




	
70

	
96

	
66.63

	
67.10

	
52.36

	
76.34

	
5.69




	
Total

	
288

	
63.84

	
64.20

	
45.47

	
80.20

	
6.26




	
17

Rudziniec

FMBF

	
30

	
95

	
69.48

	
69.86

	
52.49

	
90.62

	
8.66




	
50

	
96

	
62.99

	
63.32

	
47.44

	
74.51

	
6.60




	
70

	
96

	
68.77

	
69.04

	
57.34

	
89.03

	
6.24




	
Total

	
287

	
67.07

	
67.00

	
47.44

	
90.62

	
7.78




	
FBF

	
3352

	
66.04

	
65.44

	
45.47

	
95.92

	
6.90




	
FMBF

	
1425

	
66.79

	
66.28

	
47.42

	
90.62

	
7.37




	
Age 30

	
1571

	
64.63

	
63.92

	
45.47

	
90.62

	
6.81




	
Age 50

	
1583

	
66.05

	
65.16

	
47.42

	
95.92

	
7.40




	
Age 70

	
1623

	
68.05

	
68.02

	
51.08

	
89.73

	
6.49




	
Total

	
4777

	
66.26

	
65.68

	
45.47

	
95.92

	
7.05
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Table A2. Characteristics of Brinell hardness of silver birch wood on a radial section (MPa).
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Location—

Forest District

	
Tree Age

	
Number of

Groups (N)

	
Mean

	
Median

	
Minimum

	
Maximum

	
Standard Deviation






	
1

Płońsk

FBF

	
30

	
80

	
46.80

	
46.96

	
40.07

	
52.13

	
2.87




	
50

	
89

	
48.72

	
48.26

	
42.80

	
56.45

	
3.39




	
70

	
96

	
47.05

	
46.96

	
38.38

	
53.28

	
2.88




	
Total

	
265

	
47.54

	
47.35

	
38.38

	
56.45

	
3.17




	
2

Sokołów

FBF

	
30

	
93

	
50.52

	
50.36

	
43.42

	
58.79

	
3.21




	
50

	
96

	
50.14

	
50.36

	
41.87

	
55.32

	
2.84




	
70

	
96

	
48.51

	
48.72

	
39.29

	
54.95

	
3.38




	
Total

	
285

	
49.71

	
49.82

	
39.29

	
58.79

	
3.26




	
3

Biała Podlaska

FBF

	
30

	
87

	
47.40

	
47.63

	
39.83

	
54.16

	
2.91




	
50

	
96

	
48.59

	
47.94

	
39.99

	
56.53

	
3.48




	
70

	
90

	
48.62

	
48.51

	
43.79

	
55.30

	
2.47




	
Total

	
273

	
48.22

	
48.14

	
39.83

	
56.53

	
3.04




	
4

Płaska

FBF

	
30

	
93

	
47.30

	
47.16

	
38.42

	
59.85

	
3.56




	
50

	
96

	
45.56

	
45.40

	
36.23

	
57.41

	
4.43




	
70

	
96

	
45.63

	
45.06

	
33.75

	
63.65

	
5.75




	
Total

	
285

	
46.15

	
46.27

	
33.75

	
63.65

	
4.73




	
5

Giżycko

FBF

	
30

	
96

	
47.38

	
48.07

	
38.80

	
55.23

	
3.67




	
50

	
55

	
48.19

	
48.28

	
38.57

	
60.42

	
4.24




	
70

	
96

	
49.55

	
49.22

	
39.42

	
60.28

	
4.12




	
Total

	
247

	
48.40

	
48.49

	
38.57

	
60.42

	
4.08




	
6

Giżycko

FMBF

	
30

	
96

	
44.20

	
44.13

	
35.97

	
53.09

	
3.92




	
50

	
96

	
47.78

	
47.92

	
40.14

	
57.41

	
3.82




	
70

	
96

	
49.10

	
48.91

	
40.54

	
59.71

	
3.69




	
Total

	
288

	
47.03

	
47.16

	
35.97

	
59.71

	
4.33




	
7

Górowo Iławeckie

FBF

	
30

	
96

	
43.70

	
43.76

	
35.35

	
54.43

	
3.30




	
50

	
96

	
43.87

	
44.32

	
32.42

	
54.81

	
4.34




	
70

	
94

	
45.93

	
45.56

	
39.11

	
52.61

	
3.33




	
Total

	
286

	
44.49

	
44.46

	
32.42

	
54.81

	
3.82




	
8

Elbląg

FBF

	
30

	
96

	
42.78

	
42.59

	
35.55

	
58.92

	
3.94




	
50

	
96

	
43.22

	
43.44

	
33.55

	
50.19

	
2.91




	
70

	
96

	
42.90

	
42.99

	
35.55

	
49.10

	
2.95




	
Total

	
288

	
42.97

	
43.03

	
33.55

	
58.92

	
3.30




	
9

Mircze

FBF

	
30

	
96

	
42.64

	
42.81

	
36.12

	
49.53

	
2.54




	
50

	
96

	
43.82

	
43.31

	
35.55

	
54.43

	
3.55




	
70

	
96

	
44.41

	
44.74

	
38.03

	
51.21

	
2.93




	
Total

	
288

	
43.62

	
43.53

	
35.55

	
54.43

	
3.11




	
10

Bobolice

FBF

	
30

	
95

	
40.17

	
40.34

	
30.97

	
45.59

	
2.81




	
50

	
96

	
40.06

	
40.25

	
34.90

	
46.59

	
2.46




	
70

	
96

	
41.49

	
41.66

	
33.63

	
49.45

	
2.78




	
Total

	
287

	
40.58

	
40.67

	
30.97

	
49.45

	
2.76




	
11

Bobolice

FMBF

	
30

	
90

	
41.31

	
41.22

	
32.60

	
49.56

	
2.97




	
50

	
95

	
40.30

	
40.84

	
31.44

	
48.69

	
3.08




	
70

	
95

	
42.61

	
42.94

	
32.05

	
54.91

	
3.94




	
Total

	
280

	
41.41

	
41.44

	
31.44

	
54.91

	
3.49




	
12

Łobez

FBF

	
30

	
87

	
38.70

	
38.48

	
31.86

	
46.59

	
3.23




	
50

	
96

	
43.80

	
43.91

	
36.30

	
51.73

	
3.23




	
70

	
96

	
43.20

	
42.99

	
36.89

	
52.56

	
2.72




	
Total

	
279

	
42.00

	
42.14

	
31.86

	
52.56

	
3.79




	
13

Łobez

FMBF

	
30

	
91

	
41.10

	
41.14

	
32.72

	
46.99

	
2.58




	
50

	
96

	
40.93

	
40.93

	
34.97

	
47.10

	
2.58




	
70

	
96

	
43.03

	
42.72

	
36.81

	
49.01

	
2.54




	
Total

	
283

	
41.70

	
41.53

	
32.72

	
49.01

	
2.73




	
14

Lipinki

FBF

	
30

	
89

	
40.34

	
40.58

	
33.75

	
49.68

	
2.89




	
50

	
96

	
42.31

	
42.65

	
35.46

	
49.68

	
2.79




	
70

	
96

	
42.14

	
42.01

	
35.60

	
50.82

	
2.60




	
Total

	
281

	
41.63

	
41.62

	
33.75

	
50.82

	
2.89




	
15

Lipinki

FMBF

	
30

	
95

	
39.85

	
39.82

	
31.23

	
47.50

	
3.28




	
50

	
96

	
42.37

	
42.24

	
36.47

	
51.29

	
2.61




	
70

	
96

	
42.71

	
42.74

	
36.84

	
50.59

	
2.59




	
Total

	
287

	
41.65

	
41.79

	
31.23

	
51.29

	
3.11




	
16

Rudziniec

FBF

	
30

	
96

	
39.64

	
39.66

	
34.06

	
45.78

	
2.20




	
50

	
96

	
41.94

	
42.19

	
35.89

	
47.71

	
2.58




	
70

	
96

	
41.76

	
41.53

	
36.47

	
47.82

	
2.60




	
Total

	
288

	
41.11

	
41.08

	
34.06

	
47.82

	
2.67




	
17

Rudziniec

FMBF

	
30

	
95

	
41.92

	
41.95

	
35.16

	
48.86

	
2.75




	
50

	
96

	
40.61

	
40.63

	
31.06

	
47.13

	
3.12




	
70

	
96

	
42.59

	
42.68

	
36.92

	
52.12

	
2.58




	
Total

	
287

	
41.71

	
41.77

	
31.06

	
52.12

	
2.93




	
FBF

	
3352

	
44.63

	
44.35

	
30.97

	
63.65

	
4.58




	
FMBF

	
1425

	
42.71

	
42.31

	
31.06

	
59.71

	
4.00




	
Age 30

	
1571

	
43.25

	
42.78

	
30.97

	
59.85

	
4.57




	
Age 50

	
1583

	
44.13

	
43.46

	
31.06

	
60.42

	
4.56




	
Age 70

	
1623

	
44.77

	
44.34

	
32.05

	
63.65

	
4.25




	
Total

	
4777

	
44.06

	
43.62

	
30.97

	
63.65

	
4.50
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Figure 1. Geographical distribution of the forest districts where the test plots were located [26]. 
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Figure 2. Mean values of wood hardness for trees of different ages. 
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Figure 3. Mean wood hardness values and standard errors, for location and age. 
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Figure 4. Mean wood hardness values for trees of different ages. 






Figure 4. Mean wood hardness values for trees of different ages.



[image: Forests 12 01308 g004]







[image: Forests 12 01308 g005 550] 





Figure 5. Mean wood hardness values and standard errors, for location and age. 






Figure 5. Mean wood hardness values and standard errors, for location and age.



[image: Forests 12 01308 g005]







[image: Table] 





Table 1. Effect of location and tree age and the interaction of these factors on wood hardness (two-way analysis of variance).
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	Source of

Variance
	Sum of

Squares
	Degrees of

Freedom
	Mean Squares
	F Empirical
	Eta-Square (η2) Values
	p-Value





	Intercept
	20,811,460
	1
	20,811,460
	533,684.3
	0.9912
	<0.0001 *



	Location
	21,228
	16
	1327
	34.0
	0.1033
	<0.0001 *



	Age
	9556
	2
	4778
	122.5
	0.0493
	<0.0001 *



	Location-Age (interaction)
	21,941
	32
	686
	17.6
	0.1064
	<0.0001 *



	Error
	184,294
	4726
	39
	
	
	







* statistically significant at the 0.05 level.













[image: Table] 





Table 2. Homogeneous groups of locations in terms of mean wood hardness (HSD Tukey’s range test).
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	Location
	Mean
	1
	2
	3
	4
	5
	6
	7





	Bobolice FBF
	63.11
	****
	
	
	
	
	
	



	Rudziniec FBF
	63.84
	****
	****
	
	
	
	
	



	Górowo Iławeckie FBF
	64.08
	****
	****
	
	
	
	
	



	Łobez FMBF
	64.12
	****
	****
	
	
	
	
	



	Płońsk FBF
	64.63
	****
	****
	****
	
	
	
	



	Bobolice FMBF
	64.64
	****
	****
	****
	
	
	
	



	Elbląg FBF
	65.01
	****
	****
	****
	
	
	
	



	Płaska FBF
	65.33
	
	****
	****
	****
	
	
	



	Lipinki FBF
	66.14
	
	
	****
	****
	****
	
	



	Rudziniec FMBF
	67.07
	
	
	
	****
	****
	
	



	Biała Podlaska FBF
	67.20
	
	
	
	****
	****
	
	



	Łobez FBF
	67.27
	
	
	
	****
	****
	
	



	Lipinki FMBF
	67.50
	
	
	
	
	****
	
	



	Mircze FBF
	67.93
	
	
	
	
	****
	
	



	Giżycko FBF
	68.05
	
	
	
	
	****
	****
	



	Sokołów FBF
	70.14
	
	
	
	
	
	****
	****



	Giżycko FMBF
	70.51
	
	
	
	
	
	
	****
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Table 3. Effect on wood hardness of tree age and thickness class and interaction between these factors (two-way analysis of variance).
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	Source of

Variance
	Sum of

Squares
	Degrees of

Freedom
	Mean Squares
	F Empirical
	Eta-Square (η2) Values
	p-Value





	Intercept
	20,950,025
	1
	20,950,025
	450,142.7
	0.9895
	<0.0001 *



	Age
	9112
	2
	4556
	97.9
	0.0394
	<0.0001 *



	Thickness class
	3263
	2
	1631
	35.1
	0.0145
	<0.0001 *



	Age-Thickness class (interaction)
	2801
	4
	700
	15.0
	0.0125
	<0.0001 *



	Error
	221,907
	4768
	47
	
	
	







* statistically significant at the 0.05 level.
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Table 4. Homogeneous groups in terms of mean wood hardness values for tree age and thickness class (HSD Tukey’s range test).






Table 4. Homogeneous groups in terms of mean wood hardness values for tree age and thickness class (HSD Tukey’s range test).















	Age
	Thickness Class
	Mean
	1
	2
	3
	4
	5





	30
	3
	62.88
	
	
	
	
	****



	50
	2
	64.49
	
	
	****
	
	



	30
	2
	64.65
	
	
	****
	
	



	50
	3
	66.16
	
	
	
	****
	



	30
	1
	66.56
	
	****
	
	****
	



	50
	1
	67.49
	****
	****
	
	
	



	70
	2
	67.66
	****
	****
	
	
	



	70
	3
	68.23
	****
	
	
	
	



	70
	1
	68.27
	****
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Table 5. Effect on wood hardness of location and habitat type and interaction between these factors (two-way analysis of variance).






Table 5. Effect on wood hardness of location and habitat type and interaction between these factors (two-way analysis of variance).














	Source of

Variance
	Sum of

Squares
	Degrees of

Freedom
	Mean Squares
	F Empirical
	Eta-Square (η2) Values
	p-Value





	Intercept
	12,288,009
	1
	12,288,009
	268,156.4
	0.9897
	<0.0001 *



	Location
	8792
	4
	2198
	48.0
	0.0642
	<0.0001 *



	Forest habitat type (FHT)
	823
	1
	823
	18.0
	0.0064
	<0.0001 *



	Location-FHT (interaction)
	3477
	4
	869
	19.0
	0.0264
	<0.0001 *



	Error
	128,170
	2797
	46
	
	
	







* statistically significant at the 0.05 level.
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Table 6. Homogeneous groups in terms of mean wood hardness values for locations and habitat types (HSD Tukey’s range test).






Table 6. Homogeneous groups in terms of mean wood hardness values for locations and habitat types (HSD Tukey’s range test).














	Location
	FHT
	Mean
	1
	2
	3
	4





	Bobolice
	FBF
	63.11
	
	****
	
	



	Rudziniec
	FBF
	63.84
	
	****
	
	



	Łobez
	FMBF
	64.12
	
	****
	
	



	Bobolice
	FMBF
	64.64
	
	****
	****
	



	Lipinki
	FBF
	66.14
	****
	
	****
	



	Rudziniec
	FMBF
	67.07
	****
	
	
	



	Łobez
	FBF
	67.27
	****
	
	
	



	Lipinki
	FMBF
	67.50
	****
	
	
	



	Giżycko
	FBF
	68.05
	****
	
	
	



	Giżycko
	FMBF
	70.51
	
	
	
	****
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Table 7. Effect on wood hardness of location and tree age and the interaction of these factors (two-way analysis of variance).






Table 7. Effect on wood hardness of location and tree age and the interaction of these factors (two-way analysis of variance).














	Source of

Variance
	Sum of

Squares
	Degrees of

Freedom
	Mean Squares
	F Empirical
	Eta-Square (η2) Values
	p-Value





	Intercept
	9,226,766
	1
	9,226,766
	881.275.1
	0.9947
	<0.0001 *



	Location
	41,329
	16
	2583
	246.7
	0.4551
	<0.0001 *



	Age
	1836
	2
	918
	87.7
	0.0358
	<0.0001 *



	Location-Age (interaction)
	3996
	32
	125
	11.9
	0.0747
	<0.0001 *



	Error
	49,480
	4726
	10
	
	
	







* statistically significant at the 0.05 level.
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Table 8. Homogeneous groups of locations in terms of mean wood hardness (HSD Tukey’s range test).






Table 8. Homogeneous groups of locations in terms of mean wood hardness (HSD Tukey’s range test).


















	Location
	Mean
	1
	2
	3
	4
	5
	6
	7
	8
	9





	Bobolice FBF
	40.58
	****
	
	
	
	
	
	
	
	



	Rudziniec FBF
	41.11
	****
	****
	
	
	
	
	
	
	



	Bobolice FMBF
	41.41
	****
	****
	
	
	
	
	
	
	



	Lipinki FBF
	41.63
	
	****
	
	
	
	
	
	
	



	Lipinki FMBF
	41.65
	
	****
	
	
	
	
	
	
	



	Łobez FMBF
	41.70
	
	****
	
	
	
	
	
	
	



	Rudziniec FMBF
	41.71
	
	****
	
	
	
	
	
	
	



	Łobez FBF
	42.00
	
	****
	****
	
	
	
	
	
	



	Elbląg FBF
	42.97
	
	
	****
	****
	
	
	
	
	



	Mircze FBF
	43.62
	
	
	
	****
	****
	
	
	
	



	Górowo Iławeckie FBF
	44.49
	
	
	
	
	****
	
	
	
	



	Płaska FBF
	46.15
	
	
	
	
	
	****
	
	
	



	Giżycko FMBF
	47.03
	
	
	
	
	
	****
	****
	
	



	Płońsk FBF
	47.54
	
	
	
	
	
	
	****
	****
	



	Biała Podlaska FBF
	48.22
	
	
	
	
	
	
	
	****
	



	Giżycko FBF
	48.40
	
	
	
	
	
	
	
	****
	



	Sokołów FBF
	49.71
	
	
	
	
	
	
	
	
	****
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Table 9. Effect on wood hardness of tree age and thickness class and the interaction of these factors (two-way analysis of variance).






Table 9. Effect on wood hardness of tree age and thickness class and the interaction of these factors (two-way analysis of variance).














	Source of

Variance
	Sum of

Squares
	Degrees of

Freedom
	Mean Squares
	F Empirical
	Eta-Square (η2) Values
	p-Value





	Intercept
	9,259,580
	1
	9,259,580
	467,110.4
	0.9899
	<0.0001 *



	Age
	1787
	2
	893
	45.1
	0.0186
	<0.0001 *



	Thickness class
	341
	2
	170
	8.6
	0.0036
	0.0002 *



	Age-Thickness class (interaction)
	195
	4
	49
	2.5
	0.0021
	0.0433 *



	Error
	94,517
	4768
	20
	
	
	







* statistically significant at the 0.05 level.
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Table 10. Homogeneous groups in terms of mean wood hardness values for tree age and thickness class (HSD Tukey’s range test).






Table 10. Homogeneous groups in terms of mean wood hardness values for tree age and thickness class (HSD Tukey’s range test).















	Age
	Thickness Class
	Mean
	1
	2
	3
	4
	5





	30
	2
	42.93
	****
	
	
	
	



	30
	3
	43.24
	****
	****
	
	
	



	50
	2
	43.64
	****
	****
	****
	
	



	30
	1
	43.65
	****
	****
	****
	
	



	50
	1
	44.00
	
	****
	****
	
	****



	70
	2
	44.48
	
	
	****
	****
	****



	50
	3
	44.74
	
	
	
	****
	****



	70
	3
	44.91
	
	
	
	****
	



	70
	1
	44.91
	
	
	
	****
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Table 11. Effect on wood hardness of location and habitat type and the interaction between these factors (two-way analysis of variance).






Table 11. Effect on wood hardness of location and habitat type and the interaction between these factors (two-way analysis of variance).














	Source of

Variance
	Sum of

Squares
	Degrees of

Freedom
	Mean Squares
	F Empirical
	Eta-Square (η2) Values
	p-Value





	Intercept
	5,113,265
	1
	5,113,265
	465,364
	0.994
	<0.0001 *



	Location
	17,027
	4
	4257
	387.4
	0.3565
	<0.0001 *



	FHT
	2
	1
	2
	0.1
	0.0001
	0.7063



	Location-FHT (interaction)
	414
	4
	103
	9.4
	0.0133
	<0.0001 *



	Error
	30,733
	2797
	11
	
	
	







* statistically significant at the 0.05 level.
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Table 12. Homogeneous groups in terms of mean wood hardness values for locations and habitat types (HSD Tukey’s range test).






Table 12. Homogeneous groups in terms of mean wood hardness values for locations and habitat types (HSD Tukey’s range test).















	Location
	FHT
	Mean
	1
	2
	3
	4
	5





	Bobolice
	FBF
	40.58
	
	
	****
	
	



	Rudziniec
	FBF
	41.11
	****
	
	****
	
	



	Bobolice
	FMBF
	41.41
	****
	****
	****
	
	



	Lipinki
	FBF
	41.63
	****
	****
	
	
	



	Lipinki
	FMBF
	41.65
	****
	****
	
	
	



	Łobez
	FMBF
	41.70
	****
	****
	
	
	



	Rudziniec
	FMBF
	41.71
	****
	****
	
	
	



	Łobez
	FBF
	42.00
	
	****
	
	
	



	Giżycko
	FMBF
	47.03
	
	
	
	****
	



	Giżycko
	FBF
	48.40
	
	
	
	
	****
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