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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
Gizycko 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 Moérath's scale, whereas the values for the

lengthwise sections (radial 44.06 MPa, tangential 44.02 MPa) correspond to a soft wood.

brinell hardness tree age forest habitat type tree thickness geographical location

wood technical quality

| 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 W2, The first definition of hardness was given by
Heinrich R. Hertz 21, 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 !: as the resistance provided by the wood material on working with tools &!; as
the resistance provided by a material to bodies being pressed into its surface, expressed in kG-cm™ or kG-mm™2
[8: 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 [[l. At present, hardness is measured as the resistance provided by a body when
an indenter is pressed into it, with regard to plastic deformations . 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 . The measurement of hardness
by Brinell’s method is a standard test for determining a floor’s resistance to indentation [, and Doyle and Walker
(291 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

https://encyclopedia.pub/entry/15388 1/6



Brinell Hardness of Silver Birch Wood | Encyclopedia.pub

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 IBIEl 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% [, Studies
have also been conducted of how the hardness of wood is affected by various modifications, including compaction
of the wood [2I13] thermal treatment L4125116] and chemical treatment (X2, 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. 22
report that age has an impact on the hardness of birch wood.

Birch is among the most economically important tree species in Europe 2. 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 Warminisko-mazurskie province, and the smallest in
Matopolskie (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 2. 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 [22123l241125] 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.

| 2. 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 2224l The studies were carried out in 12 forest districts distributed across the country, using trees in
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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.

B ‘ GEWD

Bobolics Elblag ltaweckie

FB (FBF)  Gizycko Plaska

* (FBF, FMBF) o (FBF, FMBF)  (FBF)
tobez
(FBF, FMBF)

Plonsk 3 _

Sokotow

(FBF) (FBF) t

e Biata
o Lipinki

(FBF, FMBF) Pﬂggéka

Mirczej
Rudziniec (FBF)
(FBF, FMBF)

Figure 1. Geographical distribution of the forest districts where the test plots were located [28],

| 3. 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 Gizycko 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 Morath’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
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Gizycko (FMBF) (70.51 MPa) and Sokotow (FBF) (70.14 MPa), and the highest mean values on a radial section
were recorded for Sokotéw (FBF) (49.71 MPa) and Gizycko (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.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 Gizycko (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 Gizycko (FMBF), a difference of 11.72%.

References

1. Sydor, M. Drewno w Budowie Maszyn. Historia Najwazniejszego Tworzywa, 1st ed.;
Wydawnictwo Uniwersytetu Przyrodniczego: Poznan, Poland, 2011; pp. 38—45.

2. Kozakiewicz, P.; Noskowiak, A.; Pioro, P. Atlas Drewna Podtogowego, 1st ed.; Profi-Press:
Warsaw, Poland, 2012; pp. 19-24.

3. Hertz, H.R. Uber die Beriihrung fester elastischer Korper. J. Fiir Die Reine Angew. Math. 1881,
92, 156-171.

4. Stieber, K.L. Technologja Drewna z Uwzglednieniem Kory, Lyka i Sokéw Drzewnych, 1st ed.;
Ksiegarnia Polska B. Potonieckiego: Lviv and Warsaw, Poland, 1992; pp. 21-25.

5. Wréblewski, I.; De Mezer, K. Podrecznik Techniczny dla Stolarzy. Cz. 1. Zarys Materialoznawstwa
Drzewnego, 1st ed; PZWS: Warsaw, Poland, 1948.

6. Krzysik, F. Wood Science, 3rd ed.; PWN: Warsaw, Poland, 1978; pp. 582-591.

7. Joint Publication. Encyklopedia Techniki, 2nd ed.; Wydawnictwa Naukowo-Techniczne: Warsaw,
Poland, 1994.

8. Koczan, G.; Karwat, Z.; Kozakiewicz, P. An attempt to unify the Brinell, Janka and Monnin
hardness of wood on the basis of Meyer law. J. Wood Sci. 2021, 67, 1-16.

9. Riggio, M.; Piazza, M. Hardness Test. In In Situ Assessment of Structural Timber; Kasal, B.,
Tannert, T., Eds.; RILEM State of the Art Reports; Springer: Dordrecht, The Netherlands, 2010;
Volume 7, pp. 87-97.

10. Doyle, J.; Walker, J.C.F. Indentation hardness of wood. Wood Fibre. Sci. 1984, 17, 369-376.

11. Kubiak, M.; Laurow, Z. Surowiec Drzewny, 1st ed.; Fundacja Rozw6j] SGGW: Warsaw, Poland,
1994.

https://encyclopedia.pub/entry/15388 4/6



Brinell Hardness of Silver Birch Wood | Encyclopedia.pub

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Gasparik, M.; Gaff, M.; Safafikova, L.; Vallejo, C.R.; Svoboda, T. Impact bending strength and
Brinell hardness of densified hardwoods. Bioresources 2016, 11, 8638—-8652.

Laskowska, A. The influence of process parameters on the density profile and hardness of
surface-densified birch wood (Betula pendula Roth). Bioresources 2017, 12, 6011-6023.

Antons, A.; Cirule, D.; Verovkins, A.; Kuka, E. Effect of thermal treatment on physical and
mechanical properties of birch and pine wood. In Proceedings of the Research for Rural
Development, 24th Annual International Scientific Conference on Research for Rural
Development, Jelgava, Latvia, 16—18 May 2018; Volume 1, pp. 78-85.

Borlvka, V.; Zeidler, A.; Holecek, T.; Dudik, R. Elastic and strength properties of heat-treated
beech and birch wood. Forests 2018, 9, 197.

Dudik, R.; Borlivka, V.; Zeidler, A.; HoleCek, T.; Riedl, M. Influence of site conditions and quality of
birch good on its properties and utilization after heat treatment. Part II—Surface properties and
marketing evaluation of the effect of the treatment on final usage of such wood. Forests 2020, 11,
556.

Mania, P.; Wroblewski, M.; Wojciak, A.; Roszyk, E.; Molinski, W. Hardness of densified wood in
relation to changed chemical composition. Forests 2020, 11, 506.

Mottonen, V.; Hergjarvi, H.; Koivunen, H.; Lindblad, J. Influence of felling season, drying method
and within-tree location on the brinell hardness and equilibrium moisture content of wood from 27-
35- year-old Betula pendula. Scand. J. For. Res. 2004, 19, 241-249.

Klisz, M.; Jastrzebowski, S.; Wojda, T.; Ukalska, J.; Noskowiak, A. Variability of black locust
hardness in relation to different measurement direction and location along the stem. Wood Res.
2017, 62, 211-222.

Vakkari, P. 2009 Wytyczne ochrony i wykorzystania zasobéw genowych brzozy brodawkowate;j
(Betula pendula Roth.). In European Forest Genetic Resources Programme (EUFORGEN); Beza,
M.; LeSny Bank Gendw Kostrzyca, Translators; European Forest Institute: Mitkéw, Poland, 2009;
pp. 1-6.

Statistics Poland. Statistical Yearbook of Forestry; Zaktad Wydawnictw Statystycznych:
Warszawa, Poland, 2019.

Lachowicz, H.; Sajdak, M.; Paschalis-Jakubowicz, P.; Cichy, W.; Wojtan, R.; Witczak, M. The
influence of location, tree ege and forest habitat type on basic fuel properties of the wood of the
silver birch (Betula pendula Roth.) in Poland. BioEnergy Res. 2018, 11, 638—651.

Lachowicz, H.; Paschalis-Jakubowicz, P.; Wojtan, R. Multivariate analysis of the variability in the
density of oven-dry wood of silver birch (Betula pendula Roth.) in Poland. Drewno 2018, 61, 39—
56.

https://encyclopedia.pub/entry/15388 5/6



Brinell Hardness of Silver Birch Wood | Encyclopedia.pub

24. Lachowicz, H.; Bieniasz, A.; Wojtan, R. Variability in the basic density of silver birch wood in
Poland. Silva Fenn. 2019, 53, 9968.

25. Lachowicz, H.; Wrdblewska, H.; Sajdak, M.; Komorowicz, M.; Wojtan, R. The chemical
composition of silver birch (Betula pendula Roth.) wood in Poland depending on forest stand
location and forest habitat type. Cellulose 2019, 26, 3047—-3067.

26. Lachowicz, H. Multivariate analysis of the variation of structural, physical and mechanical
properties of silver birch (Betula pendula Roth.) wood. In Rozprawy Naukowe i Monografie;
Wydawnictwo SGGW: Warsaw, Poland, 2015; pp. 39-56.

Retrieved from https://encyclopedia.pub/entry/history/show/36385

https://encyclopedia.pub/entry/15388 6/6



