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The influence of thermal treatment on the compression strength and static bending resistance of pinewood has been 
investigated. The thermal treatment conditions close to real technological regimes were selected. The samples were dried 
at 60, 80, 100 and 120 °C for 24, 48, 72 and 96 hours. Linear dimensions of the samples were 20 mm × 20 mm in cross 
section and length 30 mm for compression and 300 mm for bending test. It was shown that the thermal treatment 
increases compression resistance parallel to the grain, while compression perpendicular to the grain and bending strength 
decreases. The increase of thermal treatment regimes decreases bending strength of pinewood. Average width of annual 
rings also influences mechanical properties; larger width of annual rings increases compression strength perpendicular to 
the grain in radial direction. Static bending at these conditions reaches the lowest values. The character of dependencies 
between static bending strength and width of annual rings does not change under thermal treatment. 
Keywords: pinewood, thermal treatment, compression, static bending, annual rings. 

 
1. INTRODUCTION∗

Due to the unique properties and relatively high natural 
resources wood is widely used in various fields. Worldwide 
the annual usage of wood is about 5 billions m3, in that time 
for cement that is 1.9 billions m3, for steel is 0.11, for 
plastics is 0.18 and aluminium 0.01 billion m3 per year 
[1, 2]. Independently on the replantation, the wood re-
courses decrease, due to increase of wood usage. In order to 
increase rational exploitation of natural resources, wood is 
refined in different modes. One of modes is thermal treat-
ment using heat and gas or special liquids. During this 
treatment the required physical, mechanical and exploita-
tion properties are obtained [3, 4].  

In dependence on the required final result wood can be 
heated or dried. In order to increase durability and stability 
of dimensions wood is heated at temperature of 180 °C –
230 °C without chemical additives. Disadvantage of this 
treatment is decrease of mechanical properties and colour 
changes [5 – 7]. 

To leave wood properties unchanged, wood is dried. 
Drying temperature depends on the wood type, assortment 
measures, type of drying chamber and drying regimes. 
Usually pinewood is dried at 55 °C – 130 °C temperature. 
For drying wood pieces of 22 mm – 60 mm in thickness 
using low temperature (soft) regimes, initial drying 
temperature is 55 °C – 57 °C and final drying temperature is 
about 75 °C – 77 °C. For normal drying regimes, initial 
temperature is 71 °C – 83 °C and final temperature is 94 °C –
110 °C. Then using intensified regimes initial drying 
temperature is 83 °C – 94 °C and final is 110 °C – 125 °C. 
Soft drying regimes do not influence on the colour, physical 
and mechanical wood properties. Normally, drying regimes 
influence on the wood colour and intensified regimes 
decrease wood shear strength about 15 % – 20 % [1, 5]. 
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High temperature drying regimes for pinewood 
22 mm – 60 mm in thickness was drying temperatures from 
120 °C to 130 °C. This drying mode results in decrease of 
compression, bending and tensile strength of about 8 % –
9 %, and decrease of shear strength in 30 % – 35 %. Wood 
also changes in colour and becomes darker. For samples of 
bigger thickness lower drying temperatures are applied [5].  

Drying duration depends on the drying regimes, 
assortment measures, initial and final moisture content, 
drying quality, etc.  

Wood drying at ambient air conditions does not change 
any properties, while drying temperature above 40 °C cause 
chemical changes that influences wood properties changes. 
More intensive changes are achieved at high temperatures 
[8].  

The destruction of main wood structural components 
such as hemicellulose, cellulose and lignin under tempera-
ture differ. Destruction of lignin and cellulose is slower and 
needs higher temperature than that for hemicellulose [9]. 
Destruction of extractive materials is easier due to evapora-
tion during heating. The greatest structural changes are 
achieved at temperatures above 200 °C [10]. The essential 
physical and mechanical properties changes are observed 
above the 150 °C [10, 11]. In some cases destruction of 
wood components can be observed already at 100 °C [12]. 

Mechanical properties at the same heating conditions 
change in different modes. For example wood heating at 
100 °C – 120 °C for 30 – 60 hours decreases static bending, 
tension and compression strength in 8 % – 9 %, while 
resistance to split and impact bending can decrease down to 
15 % – 20 % [3].  

Many wood properties are related to the wood density, 
which depends on the width of annual rings [2]. For 
example for spruce the smaller width of annual rings the 
bigger density of wood. The width of the rings is assumed 
as amount of rings in one centimetre. For each wood 
species optimal amount of rings is characteristic, after 
which physical and mechanical properties decreases. The 
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highest density pinewood shows at ring width of 1.4 mm 
[13]. 

For high quality oak wood number of annual rings 
must be not bigger than 12, for ash that is up to 9 per cm. 
Percentage annual rings of late wood usually is accepted as 
main factor on which density of wood depends. That is due 
to the fact that structural elements of early wood consist of 
thin walls and wide cavities. That is why wood is more 
porous, while late wood shows significantly higher density 
[13]. 

Wood can be compressed perpendicular and parallel to 
the grain. Compression parallel to the grain is common in 
wood constructions, i. e. in the top and bottom of horizontal 
joining elements or vertical elements in which load is 
applied from the both sides [14, 15]. Resistance to the 
compression perpendicular to grain depends on the wood 
microstructure and loading direction (radial or tangential). 

The aim of this investigation was to find relations 
between thermal treatment regimes and mechanical 
properties of the pinewood. 

2. EXPERIMENTAL 
The timber blanks were prepared from the untreated 

pinewood. They were dried in ambient air conditions for 3 
months up to the moisture content of 9 % – 10 %. Cross-
sections of the prepared samples was 20 mm × 20 mm, 
length of samples for compression and static bending tests 
was 30 mm and 300 mm respectively. 

In order to eliminate influence of the rings, the 
curvature cross-section of samples was small. Annual rings 
were parallel to the one sample edge and lengthwise axis 
was parallel to the grain. Only samples without defects 
were selected for the tests. Conventional density of samples 
was 400 kg/m3

 – 422 kg/m3. 
For each test 16 groups of prepared samples and one 

reference untreated group was tested.  
For static bending test one group consisted of 37 

samples, for compression test parallel to the grain – 28 
samples and perpendicular to it – 140 samples [12]. 

Test group was selected from the samples in which 
each third part was with wide (10 rings per centimetre), 
medium (from 10 to 15 rings per cm) and narrow (more 
than 15 rings per cm) annual rings. 

The heating temperature and duration were selected 
close to the technological drying regimes. Drying tempera-
ture was 60, 80, 100 and 120 °C and drying duration was 
24, 48, 72 and 96 hours. 

After heating samples were left for several weeks at 
ambient air conditions to reach characteristic moisture 
content. 

Mechanical tests were performed according to the 
standards ISO 3132-1975, ISO 3133-1975 and ISO 3787-
1976 [16 – 18].  

Compression was performed during testing samples 
parallel and perpendicular to the grain.   

Wood compression strength parallel to the grain fc,0 was 
calculated according to the formula : 

ba
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f
⋅

= max
0,c , MPa,     (1) 

where Fmax is maximal load, N; a and b are linear 
dimensions of sample cross section, mm. 

Wood compression strength perpendicular to the grain 
was calculated as follows: 
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F
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= 90,c
90,c , MPa,     (2) 

where Fc,90 is the force corresponding to the limit of 
proportionality (in the case of three phase deformation) or 
maximal load (in the case of one phase deformation), N;  
b and l is respectively sample width and length, mm. 

Scheme of static bending test is presented in Fig. 1. 

 
Fig. 1. Principal scheme of static bending test 

Bending strength fm was calculated according to the 
formula: 
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=  MPa,     (3) 

where Fmax is maximal force during bending, N; l is 
distance between supports, mm; b is sample breadth, mm;  
h is sample height, mm. 

Loading (both compression and bending) of the 
samples was performed with constant loading speed on 
universal testing machine that the test piece was broken in 
1.5 min ±0.5 min from the beginning of the loading. Load 
was determined with the accuracy which does not exceed 
1 %. 

Experimental results has revealed following tolerance 
of statistical parameters: for bending test standard deviation 
was S = (1.4 – 2.17) %, variation was V = (7.9 – 11.0) %, 
precision index of an average value was P = (2.1 – 3.8) %. 
For compression statistical parameters varied as follows: 
S = (0,36 – 5,9) %, V = (4,5 – 14,5) %, P = (1,72 – 3,61) %. 

3. RESULTS AND DISCUSSION 
After experimental testing compression strength 

according Eq. 1 and Eq. 2 and bending strength according 
Eq. 3 was calculated. Statistical analysis of obtained results 
was performed using methodology presented in [19].  

As the moisture content of investigated samples was 
not equal to 12 % (it varied from 9 % up to 19 %) 
compression and bending strength was recalculated using 
Eq. 4 to the normalized moisture content: 

( )[ ]12112 −+= ωαff ,     (4) 

where α is the correction coefficient of moisture content;  
ω is the sample moisture content, %. 

The obtained results presented in Table 1 and Fig. 2 – 5. 
During bending, in the top layers of wood samples 

compression stresses are found while in the bottom layers – 
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tension stresses dominates. This situation is more 
characteristic for concentrated loading mode. 

As the compression strength of wood is significantly 
lower than that of tension, the initial micro cracks were 
observed in the compression zone while final fracture and 
macro cracks of samples usually in the tension zone occur.  

As it can be seen from the results presented in Table 1 
strength of thermally treated pinewood during static 
bending decreases compared to that of untreated. After 
heating at 60 °C temperature static bending strength 
decreases by 5.13 % – 9.0 % compare to those of untreated.  

As the highest 9.4 % decrease was found for 48 hours 
thermally treated samples, that confirm suggestion [3] that 
wood heating at 60 °C does not results in the wood 
structural changes. For the samples heated at temperature 
of 80 °C for different durations (from 24 up to 96 hours) 
strength decreases by more than 5 % (5.88 % – 10.03 %). 
Bending strength decreases by 5.73 % – 12.52 % after 
heating at temperature of 100 °C, and at temperature of 
120 °C that is from 11.46 % to 13.73 %. 

Table 1. Wood strength in dependence on heating temperature 
and duration 

Temperature, °C Duration, 
h Untreated 

60 80 100 120 

strength in static bending, MPa 

untreated 84.11 - - - - 
24 - 78.91 75.67 79.29 74.47 
48 - 76.20 78.10 77.16 74.41 
72 - 79.79 79.13 73.58 72.89 
96 - 79.15 77.45 75.10 72.55 

compression strength perpendicular to the grain  
(tangential direction), MPa 

untreated 7.67 – – – – 
24 – 7.47 7.49 7.53 7.52 
48 – 7.02 7.62 7.51 7.26 
72 – 7.51 7.28 7.67 7.86 
96 – 7.52 7.17 7.86 7.73 

compression strength perpendicular to the grain  
(radial direction), MPa 

untreated 3.74 – – – – 
24 – 3.83 3.26 3.5 3.4 
48 – 3.66 3.36 3.44 3.36 
72 – 3.57 3.32 3.92 3.65 
96 – 3.61 3.57 3.42 3.64 

compression strength parallel to the grain, MPa 

untreated 41.35 – – – – 
24 – 45.32 47.63 46.17 41.06 
48 – 43.90 45.20 42.80 42.17 
72 – 45.26 44.64 41.38 43.97 
96 – 47.37 48.91 41.45 44.40 

Independently on the treatment duration the increase 
of thermal treatment temperature results on the decrease of 
bending strength. After 24 hours of thermal treatment 

bending strength decreases by 5.37 % – 11.46 %, after 48 
hours 7.15 % – 11.53 % and after 72 hours that is 5.13 % –
13.34 %. More significant changes were obtained for 
samples heated for 96 hours. The decrease of bending 
strength compare to untreated samples was found from 
5.98 % down to 13.75 %. 

From the data presented in the Table 1 it is evident that 
heating decreases compression resistance perpendicular to 
the grain. Compression in tangential direction for samples 
heated at temperature of 60 °C decreases by 2 % – 8.5 %, at 
temperature of 80 °C decrease is about 0.6 % – 6.5 %, at 
100 °C that is 0 % – 2 % and at 120 °C compression 
strength decreases from 2 % down to 5.3 %. 

The more significant strength decrease of compressed 
perpendicular to the grain in tangential direction samples 
was found for heated at temperature of 60 °C and 80 °C for 
48 hours samples.  

Compression strength perpendicular to grain in the 
radial direction after heating at 60 °C decreases about 
2.2 % – 4.7 %, at 80 °C that is 4.6 % – 12.7°%, at 100 °C – 
6.5 % – 8.0 % and at 120 °C decrease is from 2.5 % down 
to 10 %. It is clear that more significant compression 
strength changes are achieved at temperature of 80 °C.  

As it can be seen from the Table 1 compression 
strength of pinewood samples loaded parallel to the grain 
after heating increases. After heating at 60 °C, 80 °C, 
100 °C and 120 °C, strength increases respectively 6 % –
14.5 %, 8 % – 18.3 %, 0.1 % – 11.7 % and 2 % – 7.4 %. 
These results indicate that more significant changes are 
achieved during heating at temperature of 60 °C and 80 °C 
at heating duration for 96 hours. Obtained data coincide 
well with those obtained in literature [20, 21]. Also it can 
be found results, which indicate that after heating 
compression strength parallel to the grain can decrease 
[3, 12, 13]. The increase of compression strength parallel 
to the grain can be related to the structural wood changes. 
Heating initiates destruction of hemicellulose earlier than 
degradation of cellulose and lignin. The degradation of 
long hemicelluloses chains into shorter ones creates 
specific structure, which is resistant to the compression 
parallel to the grain [21]. 

The obtained results confirm suggestion that influence 
of heating temperature is more significant than heating 
duration [20]. Comparison of obtained results indicates 
that heating at lower temperatures but longer duration does 
not shows results equal to those obtained at higher 
temperature and shorter duration.  

Average number of annual rings (or width of annual 
rings) also influences mechanical and physical properties 
of wood.  

As it can be seen from the Fig. 2 static bending 
strength of pinewood samples is lowest when number of 
annual rings is low (n < 10). Static bending strength 
increases when number of annual rings per 2 cm increases.  

Pinewood compression strength parallel to the grain is 
lowest when number of annual rings is lowest – they are 
wide (Fig. 3). When rings are narrow (its number in the 
sample is higher than 15) or middle (number of annual 
rings vary in the range from 10 up to 15), the dependence 
between number of annual rings and compression strength 
is not clear. The clear increase of compression strength 
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with increase of number of annual rings was found for 
63 % of investigated samples. 

0

20

40

60

80

100

120

Untre
ate

d 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D 4A 4B 4C 4D

Sample group

St
re

ng
th

 (M
P

a)

wide annual rings medium annual rings narrow annual rings

 
Fig. 2. Bending strength vs width of annual rings, heating 

duration (1, 2, 3, 4 is heating duration respectively 24, 48, 
72 and 96 hours), and heating temperature (A, B, C, D is 
respectively 60, 80, 100 and 120 °C) 

0

10

20

30

40

50

60

un
tre

ate
d 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D 4A 4B 4C 4D

Sample group

St
re

ng
th

 (M
P

a)

wide annual rings medium annual rings narrow annual rings

 
Fig. 3. Compression strength parallel to the grain vs width of 

annual rings, heating duration and temperature (marking 
as in Fig. 2)  

The highest compression strength perpendicular to the 
grain in tangential direction was achieved for samples with 
medium number of annual rings (from 10 to 15 and width 
of rings equal to 1.3 mm – 2 mm) (Fig. 4). This fact 
confirms suggestion that highest strength of pinewood is 
achieved when width of annual rings is about 1.4 mm. 
56 % of tested samples with lowest number of annual rings 
shows lowest compression strength perpendicular to the 
grain in tangential direction. 
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Fig. 4. Compression strength in the tangential direction vs width 

of annual rings, heating duration and temperature 
(marking as in Fig. 2) 

During compression perpendicular to the grain in the 
radial direction opposite tendency occur: decrease of 
number of annual rings results on the decrease of 
compression strength (Fig. 5). 
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Fig. 5. Compression strength in the radial direction vs width of 
annual rings, heating duration and temperature (marking 
as in Fig. 2) 

As it can be seen from the Figs. 2 – 5 the strength of 
pinewood is independent on the number of annual rings 
when both heating temperature and duration vary. The 
character of dependencies between static bending strength 
and width of annual rings does not changes under thermal 
treatment of the pinewood. 

4. CONCLUSIONS 
The influence of thermal treatment (temperature and 

duration) on the bending strength, compression resistance 
parallel and perpendicular to the grain has been 
investigated. It was shown significant influence of thermal 
treatment on the mechanical properties of pinewood. 

As advantage of thermal treatment is the increase of 
the wood compression resistance parallel to the grain. 
While strength perpendicular to the grain decreases. 
Higher intensity of changes was found for compression 
resistance parallel to the grain, compare to decrease of 
strength perpendicular to the grain. 

Independently on the thermal treatment regimes 
bending strength of pine wood decreases. The increase of 
thermal treatment duration and temperature increase 
intensity of observed changes. 

Average width of annual rings or number of annual 
rings in the sample cross-section also influences properties 
of pinewood. Compression strength parallel to the grain 
reaches its lowest values when amount of annual rings is 
lowest, while in case of medium and narrow rings this 
effect for pinewood is not characteristic. Compression 
strength perpendicular to the grain in the tangential 
direction is highest when number of annual rings is 
medium, while in radial direction opposite effect was 
found: compression resistance increases when number of 
annual rings decreases. Static bending strength is lowest 
when number of annual rings is lowest. It was found that 
thermal treatment does not affect character of 
dependencies between annual rings and mechanical 
properties. 
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