
ONLINE ISSN 2069-7430 
ISSN-L 1841-4737 

PRO LIGNO              Vol. 18  N° 3  2022 
             www.proligno.ro                                pp. 3-10 

 

 
  

3 

INVESTIGATION OF ELASTIC CONSTANTS FOR BLACK PINE WOOD SUBJECTED 
TO HEAT TREATMENT 

 
Ergün GÜNTEKİN 

Assoc. Prof. - Bursa Technical University 
Department of Forest Industrial Engineering, Faculty of Forestry, 16310 Bursa, Turkey 

E-mail: ergun.guntekin@btu.edu.tr   
 
Abstract: 

Effects of heat treatment on elastic constants of Black pine (Pinus nigra A.) wood were investigated.  
Specimens were exposed to heat under atmospheric pressure at two different temperatures (180 and 210°C) 
and three different time levels (2, 5, 8 hours). Three modulus of elasticity in the principal anatomical 
directions, six Poisson’s ratios and three Shear modulus values associated with the main directions were 
evaluated by compression tests. Compression strength of the samples in three principal directions was also 
determined. All of the properties of the specimens tested were altered by heat treatment. The degree of 
alteration is correlated with the temperature as well as duration applied. Results indicate that EL and 
compression strength in L direction were not significantly influenced, compression strength in R direction 
significantly decreased, ER, ET and compression strength in T direction were increased for shorter periods, 
then dropped for 8-hour application of 180ºC. ER was not significantly affected, compression strength in R 
direction and EL was significantly decreased, ET and compression strength in T direction were increased for 
shorter periods, then decreased for 8-hour application of 210ºC. Shear modulus of the samples were 
decreased with application of treatment combinations. Most of the Poisson’s ratios were not affected by heat 
treatment.  
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INTRODUCTION 

Demands for the architectural use of the heat-treated wood is growing in the design for outdoor and 
indoor applications (Kuzman et al. 2015). The factors contributing to the increase in this demand are 
decrease of durable timber, deforestation, the increase in the demand for sustainable building materials and 
some restrictive regulations (Boonstra 2008) Heat treated wood offers superior durability and dimensional 
stability comparing to untreated wood. Heat treatment is also environmentally friendly process comparing to 
chemical treatments (Cao et al. 2022). In the heat-treatment process, the temperature which wood is 
exposed can exceed 200°C depending on the species used and the desired material properties (Kocaefe et 
al. 2008). Along with the improvement in many properties, some losses in mechanical properties are also 
observed, which may limit the potential use of thermally treated wood in structural applications (Fajdiga et al. 
2016), due to the degradation processes of the cell-wall components, especially the hemicelluloses, through 
the thermal treatment (Fengel and Wegener 2003; Windeisen et al. 2009). 

Different industrial processes appeared due to increase of demand for heat treated wood in different 
countries during the last decades. Increase in demand also reflected in the number of investigations 
conducted on different wood species. While selected properties for heat treated wood species can be found 
in Esteves and Pereira (2009), in general, color change, equilibrium moisture content (EMC), dimensional 
stability, bending properties and compression strength were studied in most investigations. Studies 
investigating elastic constant of heat treated wood is limited to a few references. A study by Gomez-Royuela 
et al. 2021 focused on the elastic constants of heat treated beach wood and revealed that elastic modulus is 
more sensitive to heat treatment than the Poisson ratios. 

Pinus nigra known as European black pine or black pine, is a fast-growing tree which has a scattered 
distribution across Europe and Asia Minor (Enescu et al. 2016). Previous studies on the mechanical 
properties of heat-treated black pine wood have mainly focused on modulus of elasticity, bending strength 
and compression strength properties. Reported properties emphasized that heat treated black pine wood 
had lower bending properties (Akyıldız et al. 2009; Kol 2010; Dündar et al. 2012; Bal 2014; Akyürek et al. 
2021) and lower compression strength (Gündüz et al. 2008; Gündüz and Aydemir 2009; Akyürek et al. 
2021). Contrary to those Kol (2010), Kamperidou and Barboutis (2017) reported that heat treatment resulted 
an increase in the compression strength of black pine wood which is similar that of stated by Thermowood 
handbook (2003). 

Elastic constants are important in the structural modeling and design. While elastic properties in L 
direction for heat treated wood species have been studied extensively, the available information on the 
perpendicular directions is scarce. 
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OBJECTIVE 
Elastic and strength properties based on the three dimensional approach are essential input 

parameters required for advanced computational models such as finite elements used in engineering 
analysis. In this study, elastic constants for heat treated Black pine are determined using compression tests 
under constant moisture conditions. Compression strength in three orthotropic directions was also evaluated.  
 
METHOD 

Small clear wood samples were prepared from Black pine logs which harvested from Bucak Forest 
District in Turkey. 25 x 100mm in cross section radial or tangential planks were prepared for heat treatment. 
Before testing and after heat treatment process which were applied in a temperature-controlled oven under 
atmospheric pressure, specimens were conditioned in climatic chambers at 65± % relative humidity (RH) at 
a temperature of 20±2°C. Specimens were exposed to heat under atmospheric pressure at two different 
temperatures (180, 210°C) and three different time levels (2, 5, 8 hours). Wood MC was determined by the 
oven-drying method. Apparent densities of the samples were calculated using stereo-metric method which 
based on measurements of the sample volume and mass. 

Compression tests (Fig. 1) were conducted using a bi-axial extensometer with a loading speed of 
2mm/minute on 20 x 20 x 60mm samples (Fig. 2). The following elastic constants were determined: modulus 
of elasticity in longitudinal (EL) radial (ER) and tangential (ET) directions, shear modulus in three principal 
planes (GLR, GLT, GRT) and six Poisson’s ratios (νLR, νLT, νRL, νRT, νTL, νTR). Compression strength (CS) in three 
principal directions was also determined. The stress-strain curves obtained were used in order to evaluate 
elastic constants of the specimens. Modulus of elasticity was calculated from the ratio of the stress σ to the 
strain ɛ measured in the linear elastic range: 
 
     

   

   
  

         

         
           (1) 

 
The Poisson’s ratio is defined as:  

 
 νij =  

  

  
     i     R, L, T and i ≠j (2) 

 
where: ɛi represents the active strain component in the load direction and ɛj is the passive (lateral) strain 
component, which was determined in the linear elastic range from the linear regression of the passive-active 
strain diagram. Since the strength behavior of wood in R and T directions is obscure, maximum compression 
strength was calculated using 0.2% yield values using following formula. 
 
 CS = Pmax/A (3) 
 
where: CS represents compression strength, Pmax is the yield load and A is the cross-sectional area of the 
specimen. 

 
Shear modulus of the specimens with 45 ° angle in planes LR, LT and RT was determined using the 

following: 
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where: σV = average vertical stress, εH = average horizontal strain, εV= average vertical strain. More detailed 
information on calculation of shear modulus from angled specimens in compression tests can be found in 
Aira et al. (2014).  
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Fig. 1. 

Compression test using bi-axial extensometer. 
 

 
Fig. 2. 

Compression test samples (Control samples). 
 
RESULTS AND DISCUSSION 

Average values for modulus of elasticity and compression strength in principal directions as affected 
by heat treatment are presented Table 1-3.  Modulus of elasticity and compression strength of the samples 
tested in this study were significantly modified by heat treatment. In general, the degree of modification is 
associated with the fiber direction as well as the treatment applied. When 180ºC heat was applied, the 
changes in the modulus of elasticity and compression strength in L direction are not significant. Insignificant 
effects of heat treatment up to 200ºC on bending MOE of Black pine were also reported by Bal (2014). On 
the contrary, significant decrease in bending MOE of Rowan wood when exposed to heat treatment up to 
180ºC was presented by Korkut and Budakçı (2009). According to Boonstra et al. (2007) degradation of the 
hemicelluloses and increase of the relative amount of crystalline cellulose could contribute to the increase of 
stiffness. When 210ºC heat was applied, the modulus of elasticity in L directions significantly decreased up 
to % 16. Compression strength in L direction is also seemed to increase, but the differences are insignificant. 
Effect of heat treatment on compression strength is controversial in the literature. Some authors (Ünsal and 
Ayrılmış, 2005; Korkut et al. 2008a; Korkut et al. 2008b) found some degree of decrease in L direction by 
heat treatment, while others (Boonstra et al. 2007; Boonstra and Blomberg 2007; Altınok et al. 2010; 
Kamperidou et al. 2014; Hannouz et al. 2015) reported an increase with heat treatment. The conflict may be 
a result of lower MC, thus slight increase in compression strength, but this increase is superseded by the 
degradation of the chemical components and lower densities. 

The decrease in the compression strength of R direction is significant for all treatment combinations. 
When 180ºC heat was applied, the modulus of elasticity in the R direction increased up to 5 hours, then 
decreased for 8 hours. When 210ºC applied, although there is a decreasing tendency for the shorter periods, 
the differences are not significant. For the T direction, heat treatment significantly increases both the 
modulus of elasticity and compression strength for the most of treatments except when 210ºC was applied 
for 8 hours. Kubojima et al. (1998) observed that the modulus of elasticity in L and R directions increased in 
the first two hours of treatment and remained constant afterwards for Picea sitchensis treated at 120, 160 
and 200°C. At 200°C, the modulus of elasticity increased in the beginning, decrease after that. Boonstra et 
al. (2007) reported a decrease of 43% in radial compressive strength and a slight increase (8%) of tangential 
compressive strength for Scots pine wood when subjected to commercial heat treatment less than 200ºC.   
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Table 1 
Modulus of elasticity and compression strength influenced by heat treatment in L direction 

T 
(°C) 

D 
(Hour) 

d 
(gr/cm

3
) 

MC 
(%) 

EL 
(N/mm

2
) 

% 
Change 

Compression 
Strength 
(N/mm

2
) 

% 
Change 

180 

0 0.50 12.1 7286 (9)* 0 32.58 (7) 0 

2 0.47 9.2 7470 (10) 2.53 33.89 (7) 4.02 

5 0.45 8 7207 (9) -1.08 35.3 (6) 8.35 

8 0.44 6.15 6389(12) -12.31 33.51(5) 2.85 

210 

0 0.49 11.9 9464 (10) 0 36.3(8) 0 

2 0.45 7.1 8886 (11) -6.11 39.2 (10) 7.99 

5 0.43 5.8 8070 (14) -14.73 38.77 (11) 6.80 

8 0.41 4.6 6640 (11) -29.84 36.55 (13) 0.69 

*Values in parenthesis are coefficient of variations, T = temperature, D = duration, MC= Moisture content 
 

Table 2 
Modulus of elasticity and compression strength influenced by heat treatment in R direction 

T 
(°C) 

D 
(Hour) 

d 

(gr/cm
3
) 

MC 
(%) 

ER 
(N/mm

2
) 

% 
Change 

Compression 
Strength 
(N/mm

2
) 

% 
Change 

180 

0 0.51 12.15 1263 (25) 0.00 5.84 (10) 0.00 

2 0.46 7.5 1278 (25) 1.19 5.36 (11) -8.22 

5 0.43 6.5 1450 (17) 14.81 5.14 (5) -11.99 

8 0.40 6.1 530 (43) -58.04 4.86 (6) -16.78 

210 

0 0.55 11.8 1084 (29) 0.00 6.48 (9) 0 

2 0.52 7.2 853 (30) -21.31 5.51 (7) -14.97 

5 0.49 4.9 904 (12) -16.61 5.06 (6) -21.91 

8 0.47 4.5 1019 (27) -6.00 3.78 (6) -41.67 

* Values in parenthesis are coefficient of variations, T = temperature, D = duration, MC= Moisture content 
 

Table 3 
Modulus of elasticity and compression strength influenced by heat treatment in T direction 

T 
(°C) 

D 
(Hour) 

d 

(gr/cm
3
) 

MC 
(%) 

ET 
(N/mm

2
) 

% 
Change 

Compression 
Strength 
(N/mm

2
) 

% 
Change 

180 

0 0.53 11.9 509 (11) 0 5.67 (6) 0 

2 0.50 6.98 500 (9) -1.77 5.91 (6) 4.23 

5 0.47 6.5 740 (9) 45.38 6.88 (7) 21.34 

8 0.43 6.2 558 (9) 9.63 6.44 (10) 14.11 

210 

0 0.52 12.2 487 (6) 0.00 5.33 (5) 0.00 

2 0.50 7.1 609 (7) 25.05 6.67 (9) 25.14 

5 0.49 5.6 537(9) 10.27 7.13 (6) 33.77 

8 0.44 4.4 374 (8) -23.20 4.66(8) -12.57 

* Values in parenthesis are coefficient of variations, T = temperature, D = duration, MC= Moisture content 
 

Hannouz et al. (2015) reported that heat treatment increases the elastic modulus in the perpendicular 
direction for ash wood when exposed to 210ºC for 2 hour during commercial heat treatment procedure. 
According to Bergander and Salmén (2002) hemicellulose in the S1 and S3 layers controls the radial 
mechanical properties of wood and cellulose microfibrils mainly govern the mechanical properties in L 
directions. Most investigations (Hillis 1984; Kotilainen 2000; Esteves et al. 2008; Windeisen et al. 2009) 
agree that changes or loss of hemicelluloses play key roles in the strength properties of wood heated at 
high-temperatures.  Loss of hemicelluloses results an increase in the degree of crystallinity of wood, besides 
those changes related to degradation/rearrangement of the amorphous cellulose content (Hill 2006). 
Increase in the degree of crystallinity and in the amount of lignin may be responsible some improvements 
shown by tested properties. 

The effects of heat treatment on shear modulus are presented in Table 4. Shear modulus of heat 
treated wood is widely unknown. Available literature is limited to mostly shear strength which is greatly 
reduced by heat treatment. According to Hannouz et al. (2015) with a decrease of 74%, shear strength is the 
most negatively impacted mechanical property by heat treatment. Reduction of the shear strength can be 
explained by the degradation of the hemicelluloses in the middle lamella, thus reducing the load sharing 
capacity between cellulose microfibrils/fibrils (Stamm 1964). On the other hand, an increased cross linking 
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within the lignin polymer network could have a positive effect on the shear strength. Radial cracks developed 
during the thermal treatment leads to lower shear strength (Boonstra et al. 2007). 

In general, shear modulus of wood is positively affected by density and negatively affected by 
moisture content, temperature and loading direction (Brandner et al. 2007). Since densities of the heat 
treated wood tends to decline, lower shear modulus values are expected for heat treated wood. Test results 
indicated that heat treatment significantly reduces the values of shear modulus, but the decrease is more 
apparent in the RT plane. Final shear modulus values of treated samples were up to % 62 lower than control 
samples. A study by Kubojima et al. (1998) indicated that the shear modulus in longitudinal and radial 
directions increased for softer treatments and decreased for severe treatments. According to Esteves and 
Pereira (2009) heat treatment may cause some micro-cracks between the S1 and S2 layers, in the middle 
lamella or more open structures of wood. Some other anatomical changes due to the heat treatment such as 
increase of pores or porosity can also be expected. Extreme decrease of shear modulus for Black pine wood 
in can be due to these anatomical changes and reduced load carrying capacity of degraded hemicelluloses 
in the middle lamella.  
 

Table 4 
Shear modulus for heat treated Black pine wood 

T ° C D 
 (hour) 

d  (g/cm
3
) GTR 

(N/mm
2

) 
%  
change 

GLT 

(N/mm
2

) 
% 
change 

GLR 

(N/mm
2

) 
% 
change 

180 0 0.53 122 (14) 0 810 (16) 0 1085(13) 0 

2 0.50 105 (15) -14 670 (16) -17 1150 (11) -6 

5 0.49 78 (29) -36 616 (18) -24 785 (23) -27 

8 0.47 68 (15) -44 547 (24) - 32 740 (25) -32 

210 0 0.55 164 (18) 0 1130 (14) 0 1280 (14) 0 

2 0.52 135 (17) -18 905 (10) -17 900(19) -30 

5 0.49 91(26) -44 770 (27) -31 810 (16) -37 

8 0.47 62 (15) -62 690 (31) -39 725 (25) -43 

* Values in parentheses are coefficient of variations 
 

The effects of heat treatment on Poisson’s ratios are presented in Table 5. According to Kretschmann 
(2010) Poisson’s ratios vary within and between species and are affected by moisture content and specific 
gravity. Since heat treatment lowers the density and moisture content of the samples some changes in the 
Poisson’s ratios might be expected. Statistical analysis indicates that the effects of heat treatment on most of 
the Poisson’s ratios are not significant for Black pine wood samples. Only ʋRT and ʋRL when 180ºC applied 
and ʋTL when 210ºC applied were significantly increased. The effects of heat treatment on samples can be 
confined by high coefficient of variations, lower densities and moisture content of the samples. Higher 
coefficient of variation in the Poisson’s ratios of wood was also presented by Kretschmann and Green 
(1996), Hering et al. (2012), Ozyhar et al. (2013), Jeong et al. (2010), Mizutani and Ando (2015). It appears 
that no explanation has been presented regarding the effects of heat treatment on Poisson’s ratios for wood 
materials.  
 

Table 5 
Poisson’s ratios for heat treated Black pine wood 

Temp 
(°C) 

Duration 
(Hour) 

ʋTR ʋTL ʋRL ʋRT ʋLR ʋLT 

180 

0 0.52 
(28) 

0.079 
(47) 

0.119 
(30) 

0.58 
(33) 

0.49 
(43) 

0.53 
(18) 

2 0.59 
(22) 

0.078 
(38) 

0.156 
(42) 

0.82 
(10) 

0.57 
(30) 

0.55 
(21) 

5 0.61 
(32) 

0.118 
(40) 

0.275 
(29) 

0.84 
(10) 

0.54 
(23) 

0.57 
(16) 

8 0.51 
(43) 

0.074 
(17) 

0.152 
(40) 

0.74 
(12) 

0.46 
(27) 

0.54 
(21) 

210 

0 0.6 
(15) 

0.08 
(43) 

0.148 
(48) 

0.75 
(9) 

0.5 
(24) 

0.58 
(20) 

2 0.71 
(21) 

0.072 
(29) 

0.162 
(39) 

0.71 
(17) 

0.7 
(12) 

0.8 
(11) 

5 0.56 
(40) 

0.063 
(55) 

0.186 
(22) 

0.77 
(17) 

0.7 
(10) 

0.89 
(7) 

8 0.58 
(30) 

0.077 
(65) 

0.156 
(29) 

0.84 
(6) 

0.69 
(16) 

0.87 
(5) 

* Values in parentheses are coefficient of variations 
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According to Taniguchi and Ando (2010) the mechanism of Poisson’s effect in wood is greatly 
dominated by the microscopic/macroscopic tissue structure of wood. Morooko et al. (1979) and Ohgama 
(1982) have shown that the porous structure of wood affects mainly the Poisson’s ratios (ʋRT, ʋTR), according 
to the results of numerical analysis using a model. 

 
CONCLUSIONS 

The results of the study show that heat treatment does not proceed to a simple degradation with the 
same level on all elastic properties tested: some properties are more affected than others by the heat 
treatment. The most significant change occurred for the shear modulus of the samples tested, which was 
drastic decrease of the values for all treatment combinations. The modules of elasticity values were 
responded differently to the heat treatment. While softer treatments did not change or increased the modulus 
of elasticity, severe treatments decreased it. Compression strength in L direction did not significantly 
influenced by heat treatment. While compression strength in R direction severely reduced, compression 
strength in T direction was increased for softer treatments. Poisson’s ratios seem to be less sensitive to heat 
treatment process. Results of the study also show that heat treatment did not change the stiffness order of in 
which EL>ER>GLR>GLT>ET>GRT. 
 
References 

Aira JR, Arriaga F, Gonzalez GI (2014) Determination of the elastic constants of Scots pine (Pinus sylvestris 
L.) wood by means of compression. Biosystems Engineering 126:12-22. 

Akyildiz MH, Ates S, Özdemir H (2009) Technological and chemical properties of heat-treated Anatolian 
black pine wood. African Journal of Biotechnology 8(11):2565-2572. 

Altinok M, Özalp M, Korkut S (2010) The effects of heat treatment on some mechanical properties of 
laminated beech (Fagus orientalis L.) wood. Wood Research 55(3):131-142.  

Akyürek S, Akman M, Ozalp M (2021) Effects of heat treatment on some chemical compound and 
mechanical properties of black pine wood. Wood Research 66(4):621-629. 

Bal BC (2014) Some physical and mechanical properties of thermally modified juvenile and mature black 
pine wood. Eur J Wood Prod 72:61–66 

Bergander A, Salmén L (2002) Cell wall properties and their effects on the mechanical properties of fibers. 
Journal of Materials Science 37:151-156. 

Brandner R, Gehri E, Bogensperger T, Schickhofer G (2007) Determination of modulus of shear and 
elasticity of glued laminated timber and related examinations. CIB W 18-40-12-2, Bled, Slovenia. 

Boonstra M (2008) A two-stage thermal modification of wood. Ph.D. Thesis in Applied Biological Sciences: 
Soil and Forest management, Henry Poincaré University-Nancy, France. 

Boonstra M, Van Acker J, Tjeerdsma BF, Kegel EV (2007) Strength properties of thermally modified 
softwoods and its relation to polymeric structural wood constituents. Ann For Sci 64:679-690. 

Boonstra M, Blomberg J (2007) Semi-isostatic densification of heat-treated radiata pine. Wood Sci Technol 
41:607-617.  

Boonstra M, Van Acker J, Kegel E (2007) Effect of a two-stage heat treatment process on the mechanical 
properties of full construction timber. Wood Material Science & Engineering 2(3/4):138-146. 

Cao S, Cheng S, Cai J (2002) Research Progress and Prospects of Wood High-temperature Heat Treatment 
Technology. BioResources 17(2):3702-3717. 

Dündar T, Büyüksarı Ü, Avcı E, Akkılıç H (2012) Effect of heat treatment on the physical and mechanical 
properties of compression and opposite wood of black pine. BioReseources 7(4):5009-5018. 

Enescu CM, de Rigo D, Caudullo G, Mauri A, Houston Durrant T (2016) Pinus nigra in Europe: distribution, 
habitat, usage and threats. In: San-Miguel-Ayanz, J., de Rigo, D., Caudullo, G., Houston. 

Durrant T, Mauri A (Eds.), European Atlas of Forest Tree Species. Publ. Off. EU, Luxembourg, pp. 
e015138+ 

Esteves BM, Pereira HM (2009) Wood modification by heat treatment: A review. BioResources 48(1):370-
404.  



ONLINE ISSN 2069-7430 
ISSN-L 1841-4737 

PRO LIGNO              Vol. 18  N° 3  2022 
             www.proligno.ro                                pp. 3-10 

 

 
  

9 

Esteves B, Graça J, Pereira H (2008) Extractive composition and summative chemical analysis of thermally 
treated eucalypt wood. Holzforschung 62:344-351.  

Fajdiga G, Zafosnik B, Gospodaric B, Straze A (2016) Compression test of thermally-treated beech wood: 
Experimental and Numerical Analysis. BioResources 11(1):223-234.  

Fengel J, Wegener G (2003) Wood: chemistry, ultrastructure, reaction. Verlag Kessel, Munchen. 

Finnish Thermowood Association (2003) ThermoWood Handbook. Helsinki, Finland. 
https://asiakas.kotisivukone.com/files/en.thermowood.palvelee.fi/downloads/tw_handbook_080813.pdf 
(Accessed May 8, 2022). 

Gomez-Royuela JL, Majano-Majano A, Lara-Bocanegra AJ, Reynolds TPS (2021) Determination of the 
elastic constants of thermally modified beech by ultrasound and static tests coupled with 3D digital image 
correlation. Construction and Building materials 302(124270):1-13. 

Gunduz G, Korkut S, Korkut DS (2008) The effects of heat treatment on physical and technological 
properties and surface roughness of Camiyani Black Pine (Pinus nigra Arn. subsp. pallasiana var. 
pallasiana) wood. Bioresource Technology 99 (7):2275-2280. 

Gündüz G, Aydemir D (2009) The Influence of Mass Loss on The Mechanical Properties of Heat-Treated 
Black Pine Wood. Wood Research 54(4):33-42. 

Hannouz S, Collet R, Butaud JC, Bleron L, Candelier K (2015) Mechanical characterization of heat-treated 
ash wood in relation with structural timber standards. ProLigno 11(2):3-10. 

Hering S, Keunecke D, Niemz P (2012) Moisture-dependent orthotropic elasticity of beech wood. Wood Sci 
Technol 45:927-938. 

Hill CAS (2006) Wood Modification Chemical, Thermal and Other Processes. John Wiley & Sons Ltd, The 
Atrium, Southern Gate, Chichester, West Sussex PO19 8SQ, England. 

Hillis WE (1984) High-temperature and chemical effects on wood stability. Wood Sci and Technol 18:281-
293. 

Jeong GY, Hindman DP, Zink-Sharp A (2010) Orthotropic properties of loblolly pine (Pinus taeda) strands. J 
Mater Sci (45):5820–5830.  

Kamperidou V, Barboutis I (2017) Mechanical Performance of Thermally Modified Black Pine (Pinus 
Nigra L.) Wood. Electronic Journal of Polish Agricultural Universities 20(1).  
Kamperidou V, Barboutis I, Vasileiou V (2014) Influence of Thermal Treatment On Mechanical Strength of 
Scots Pine (Pinus sylvestris L.) wood. Wood Research 59(2):373-378. 

Kocaefe D, Poncsak S, Dore G, Younsi R (2008) Effect of heat treatment on the wettability of white ash and 
soft maple by water. Holz Roh Werkst 66:355–361.  

Kol HS (2010) Characteristics of heat-treated turkish pine and fir wood after thermo wood processing. 
Journal of Environmental Biology 31(6): 1007-1011.  

Korkut S, Budakçi M (2009) Effect of high-temperature treatment on the mechanical properties of rowan 
(Sorbus aucuparia L.) wood. Dry Technol 27:1240–1247. 

Korkut S, Akgül M, Dündar T (2008a) The effects of heat treatment on some technological properties of 
Scots pine (Pinus sylvestris L.) wood. Bioresour Technol 99:1861-1868.  

Korkut S, Kök M, Korkut D, Gürleyen T (2008b) The effects of heat treatment on technological properties in 
Red-bud maple (Acer trautvetteri Medw.) wood. Bioresour Technol 99:1538-1543.  

Kotilainen R (2000). Chemical changes in wood during heating at 150–260ºC. Ph.D. thesis, Jyvaskyla 
University. Research report 80, Finland. 

Kretschmann E (2010) Mechanical Properties of Wood in: “Wood handbook: Wood as an engineering 
material’’ Ross, R.J. (Ed) General Technical Report FPL-GTR 190, U.S. Department of Agriculture, Forest 
Service, Forest Products Laboratory, Madison, WI. 

Kretschmann DE, Green DW (1996) modeling moısture content-mechanıcal property relatıonshıps for clear 
southern pıne. Wood and Fiber Science. 28(3):320-337. 

Kubojima Y, Okano T, Ohta M (1998) Vibrational properties of Sitka spruce heat-treated in nitrogen gas. J 
Wood Sci 44:73-77. 

https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Esteves%2c+B.%22
https://asiakas.kotisivukone.com/files/en.thermowood.palvelee.fi/downloads/tw_handbook_080813.pdf


ONLINE ISSN 2069-7430 
ISSN-L 1841-4737 

PRO LIGNO              Vol. 18  N° 3  2022 
             www.proligno.ro                                pp. 3-10 

 

 
  

10 

Kuzman MK, Kutnar A, Ayrilmis N, Kariz M (2015) Effect of heat treatment on mechanical properties of 
selected wood joints. Eur J Wood Prod 73:689–691. 

Mizutani M, Ando K (2015) Influence of a wide range of moisture contents on the Poisson’s ratio of wood. J 
Wood Science 61:81-85. 

Morooka T, Ohgama T, Yamada T (1979) Poisson’s ratio of porous material (in Japanese). J Soc Mater Sc i 
Jpn 28:635–640. 

Ohgama T (1982) Poisson’s ratio of wood as porous material (in Japanese). Bull Fac Educ Chiba Univ Part II 
31:99–107. 

Ozyhar T, Hering S, Niemz P (2013) Moisture-dependent orthotropic tension compression asymmetry of 
wood. Holzforschung 67(4):395–404. 

Stamm AJ (1964) Wood and cellulose science, Ronald Press Company, USA. 

Ünsal O, Ayrilmis N (2005) Variations in compression strength and surface roughness of heat-treated 
Turkish river red gum. J Wood Sci 51:405-409.  

Windeisen E, Bachle H, Zimmer B, Wegener G (2009) Relations between chemical changes and mechanical 
properties of thermally treated wood. Holzforschung 63(6):773-778. 


