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The effects of different drying modes on moisture distribution and cutting 
power was investigated for beech wood (Fagus sylvatica L.) from northern 
Poland. Samples (70 mm × 1000 mm) were subjected to air-drying (25 °C) 
and gas-steam drying (at 90 °C and 105 °C). Moisture content was 
measured across the cross-section, and cutting power was measured on 
a narrow-kerf frame sawing machine. The wood resistance was found to 
depend on moisture content and drying conditions, with higher resistance 
observed in normal (90 °C) and high-temperature (105 °C) gas-steam 
drying processes. Cutting power increased linearly with feed per tooth 
under all drying conditions, ranging from approximately 400 to 1100 W, 
with the strongest dependence observed for wood dried at 90 °C 
(r2=0.9364), while both feed per tooth and drying temperature significantly 
affected the sawing process. Boxplot analysis confirmed clear differences 
between drying regimes, showing the highest cutting resistance for air-
dried samples, while thermally dried wood (90 °C and 105 °C) exhibited 
lower median cutting power values. Differences between 90 °C and 105 
°C were minor. Although drying may influence thermal conductivity and 
dimensional stability, these effects were minimal at 105 °C due to 
conditioning, and both feed per tooth and drying temperature significantly 
affected the sawing process. 
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INTRODUCTION 
 

 The moisture content (MC) of sawn timber must be reduced to an appropriate level 

through kiln drying before the material can be used in the production of furniture, flooring, 

or for structural purposes. This drying process is essential to ensure dimensional stability, 

improve mechanical performance, and reduce the risk of defects during further processing 

and service life (Majka and Sydor 2023). Drying above the fiber saturation point involves 

only the removal of free water and does not cause shrinkage of the wood. Shrinkage occurs 

only when the moisture content drops below the fiber saturation point (FSP), where bound 
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water (BW) is removed from the cell walls and the development of internal stresses and 

deformation begins (Bajraktari et al. 2012).  

Kiln drying is typically designed to operate at the highest possible intensity while 

maintaining low costs and acceptable product quality. This includes avoiding defects such 

as discoloration, deformation (twist, bow, crook, or cup), and drying-related damage 

caused by tensile wood, such as surface checking (Simpson and Tenwolde 1991; Denig et 

al. 2000; Keey et al. 2000; Perré and Passard 2007).  

Surface checks are generally assumed to form in the early stages of kiln drying, 

when the moisture content is above the fiber saturation point. Moisture gradients generate 

tensile stresses in the surface layers, causing uneven shrinkage and resulting in surface 

cracking (Tiemann 1924; McMillen 1958; Schniewind 1960, 1963; Sandland and 

Gjerdrum 2007). The choice of drying method depends on factors such as wood species, 

thickness, required quality, cost, and initial moisture content. These parameters affect both 

the drying rate and the likelihood of defect formation during the process of drying (Korkua 

et al. 2025, Klement et al. 2025). 

Wood density, which strongly influences most physical and mechanical properties 

of wood, is commonly considered to be a basic indicator of wood quality. The average 

density of beech wood at 12% moisture content is approximately 720 kg/m³ (Wagenführ 

2000; Bectaş et al. 2002; Frühwald et al. 2003; Blass et al. 2005; Popović et al. 2006, Gryc 

et al. 2008). Whatever, beech wood density generally decreases from the stem centre 

toward the outer parts and with increasing height above the ground (Govorčin et al. 2003). 

Majka and Sydor (2023) reported that beech wood is particularly susceptible to 

surface cracking, which can significantly affect the final quality of the material. This 

tendency is strongly influenced by the internal structure of beech wood, including the 

development of internal stresses during drying. Their study showed that cracking may 

occur even before reaching equilibrium moisture content under standard kiln drying 

conditions. Dry-bulb temperature (DBT) was identified as the main factor influencing 

tensile stress development and crack formation, with a notable interaction with wet-bulb 

depression (WBD). The results also indicated that higher drying temperatures (50 °C) can 

accelerate stress development and increase the risk of surface defects, while moisture 

content at failure represents a more relevant indicator of cracking susceptibility than 

equilibrium moisture content. 

However, previous studies report differing findings regarding the relationship 

between wood moisture content and its machinability (Loehnertz and Cooz 1998; Zhu et 

al. 2019; Oliveira Guedes et al. 2020; Chuchała et al. 2020; Moradpour et al. 2013; Beljo-

Lučić et al. 2004). Loehnertz and Cooz (1998) noted that this relationship depends on the 

wood species. However, according to Zhu et al. (2019), who studied pine (Pinus sylvestris), 

for example, increasing moisture content initially leads to a decrease in average cutting 

forces, followed by a stabilization at higher moisture levels. Cutting power is an important 

parameter in mechanical processing, as it reflects machine efficiency and helps prevent 

energy losses and overloads that may cause production interruptions. Energy consumption 

is influenced not only by processing parameters such as cutting speed and feed rate, but 

also by the internal structure of the wood. In particular, wood properties, especially density, 

have a direct effect on the cutting forces required (Eyma et al. 2004). 

Chuchała et al. (2020) analyzed cutting power during band sawing of beech wood 

(Fagus sylvatica L.) dried under different conditions, including air drying at 20 to 25 °C, 

kiln drying at 60 °C, vacuum drying at 80 °C, and superheated steam drying at 100 °C. The 

study showed a clear dependence of cutting power on both moisture content and drying 
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method, with values ranging from approximately 2.0 to 2.5 kW at higher moisture contents 

(≈18 to 20%) to 3.0 to 3.8 kW at lower moisture contents (≈8 to 10%), depending on the 

drying regime. Even at similar final moisture levels, cutting power differed between drying 

methods, indicating that drying-induced changes in wood structure play an important role. 

Furthermore, Oliveira Guedes et al. (2020) investigated the cutting energy required for 

machining dense hardwood species such as Eucalyptus spp. (ρ ≈ 600 to 900 kg·m⁻³) and 

Corymbia citriodora (ρ ≈ 900 to 1100 kg·m⁻³), whose density and mechanical properties 

are comparable to those of beech wood (Fagus sylvatica L., ρ ≈ 650 to 750 kg·m⁻³). The 

authors reported that cutting energy increased by approximately 30 to 60% as moisture 

content decreased from the green state to air-dried conditions, demonstrating a strong 

influence of drying stage on wood processing.  

Moradpour et al. (2013), demonstrated that cutting forces during band sawing of 

oak and beech wood are strongly influenced by both moisture content and cutting direction. 

Beljo-Lučić et al. (2004) investigated circular rip sawing of oak and found that specific 

cutting forces and power requirements were lower in green wood (40 to 70% MC) than in 

kiln-dried wood (8 to 12% MC), with green wood requiring approximately 20 to 30% less 

power. These findings confirm that moisture content has a significant effect on sawing 

energy requirements.  

Kopecký et al. (2014) investigated the cutting process of native beech wood (ρ = 

691 kg·m⁻³), and modified beech materials, namely hydrothermally treated and 

compressed beech (Bendywood: ρ = 739 kg·m⁻³) and chemically impregnated compressed 

beech (Belmadur: ρ = 707 kg·m⁻³). The samples having dimensions of 700 × 120 mm 

(length × width), were dried to approximately 8% moisture content, and machined to a 

uniform thickness of 21 mm. The study showed that the cutting force required for 

machining Bendywood was approximately 15% lower compared to native beech, despite 

its higher density. Similarly, Belmadur exhibited a reduction in cutting force of about 35% 

relative to native beech. The authors suggested that structural modifications caused by 

compression and treatment processes significantly influence the machinability of beech 

wood by reducing cutting resistance during processing. Blanchet et al. (2016) observed 

that birch wood dried under vacuum conditions exhibited improved mechanical 

performance, expressed by higher MOE and MOR values, compared to material dried in a 

kiln. In addition, Orłowski et al. (2019) reported that the temperature applied during wood 

drying can significantly influence the granulometric characteristics of sawdust generated 

in sawing operations.  

Currently, a large number of studies (Blanchet et al. 2016; Zhu et al. 2019; 

Orłowski et al. 2019; Oliveira Guedes et al. 2020; Vilkovský et al. 2024) have focused on 

the influence of drying on moisture content, deformation, and cutting force, particularly in 

coniferous species (spruce, pine) and selected hardwood species (hornbeam, birch, 

eucalyptus). Therefore, attention should also be directed to beech wood from the 

perspective of optimizing machining processes in order to achieve higher-quality products.  

This study was therefore focused on investigating the effect of different drying 

modes on the moisture content distribution and cutting power. Specifically, it examined 

how air-drying (25 °C) and gas-steam drying processes at elevated temperatures (90 and 

105 °C) influence moisture distribution across the wood cross-section and the resulting 

cutting performance during machining. 
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EXPERIMENTAL 
 
Material Used  

The experimental material consisted of beech wood (Fagus sylvatica L.) obtained 

from the northern part of the Pomerania region in Poland. The logs had an average diameter 

of 100 cm. A total of 30 samples were prepared for the study. Test specimens with normal 

cross-sectional dimensions of 70 × 70 mm and lengths from 1050 to approximately 1500 

mm were prepared from a log (3.2 m). Only sapwood samples were selected for the study. 

Samples containing heartwood, knots, checks, or other visible defects were excluded. 

Before the experiments, all specimens were measured and weighed. The initial and final 

moisture content (MC) and the density of the wood samples are presented in Table 1. The 

remaining wood material was used to fill the free volume of the drying kiln and ensure 

uniform drying conditions. 

 
Measurement of Dimensional Stability 

Dimensional stability was evaluated by measuring specimen width, thickness, and 

length before and after the drying process. Measurements were performed using a digital 

caliper with an accuracy of ±0.01 mm.  

The relative differences in the main dimensions of the dried beech wood samples 

were calculated using the following formula (1): 
 

                         𝛿𝑖 =
𝑑𝑏𝑒𝑓𝑜𝑟𝑒 𝑑𝑟𝑦𝑖𝑛𝑔−𝑑𝑎𝑓𝑡𝑒𝑟 𝑑𝑟𝑦𝑖𝑛𝑔

𝑑𝑏𝑒𝑓𝑜𝑟𝑒 𝑑𝑟𝑦𝑖𝑛𝑔
∙ 100%    (1) 

 The dimensional stability of the beech wood samples was evaluated by comparing 

the dimensions measured before and after drying. 

 

 
 

Fig. 1. Simplified view of the beech wood sample during dimensions’ measurements (H – 
height/thickness, W – width, L – length) 
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Measurement of Moisture Content 
The moisture content of each specimen was measured using a WRD-100 moisture 

meter (TANEL Co., Gliwice, Poland) that operates on the electrical resistance principle. 

The device has a measurement accuracy ±2% and a measurement range 4% to 100%. The 

moisture meter was calibrated for beech wood at a reference temperature of 25 °C 

according to the manufacturer’s recommendations. Moisture measurements were carried 

out before (Measurement of moisture content at three locations before sawing), and after 

(Measurement of moisture content at nine locations on every piece of lumber) the drying 

process under semi-industrial conditions in accordance with established standards (EN 

13183-1 2002, EN 13183-2 2002, EN 13183-3 2005). They were performed at nine 

locations (Fig. 2) along each specimen (near both ends and at the center). The average 

value was used for further analysis. 

 

Fig. 2. The view of the sample with the locations of moisture measurement (from A to I)  

 

All measurements were performed at 24-hour intervals in a laboratory maintained 

at a temperature of 25 °C and relative humidity φ of 29.5%. Under these conditions, the 

equilibrium moisture content (EMC) of the wood was approximately 6%. 

 

The Drying Experiments 
 The drying experiments were carried out in an experimental semi-industrial kiln 

with a capacity of 0.55 m3. The kiln was designed for high-temperature drying of wood to 

a final moisture content of approximately 6%, with operating temperatures up to 150 °C. 

Superheated steam generated by a steam generator was used to maintain the desired drying 

conditions, constant temperature, and relative humidity inside the kiln. Thermal energy 

was supplied through a heat exchanger installed within the drying kiln and fed with hot 

flue gases generated in an external combustion chamber. 

 During the experiments, the drying temperature was maintained within the range 

90 to 105 °C, while the relative humidity was controlled between 80% and 90% or between 

90% and 100%, depending on the drying process mode. The moisture content of the wood 

during the drying process was monitored at eight measurement locations distributed 



 

PEER-REVIEWED ARTICLE               bioresources.cnr.ncsu.edu 

 

 

Baranski et al. (2026). “Drying beech wood in steam,” BioResources 21(3), 7541-7557.  7546 

throughout the kiln.  These locations represented characteristic regions of the kiln volume, 

including both the central and outer layers of the wood stack. 

 The drying process was controlled by a monitoring system located outside the kiln. 

Four thermocouples were used to measure the drying medium temperature inside the kiln 

and the temperature of the wood at three selected locations within the stack. The parameters 

of the drying medium were monitored using an EE31 humidity and temperature transmitter 

(E+E Elektronik Ges.m.b.H., Engerwitzdorf, Austria), with measurement accuracies of 

±1.3% for relative humidity and ±0.2°C for temperature. 

 

Measurement of Cutting Power 
The cutting power measurements were performed during sawing tests conducted 

on a PRW15M sash gang saw. During the cutting process, three cutting edges of each tooth 

were simultaneously engaged in the work pieces. All sawing tests were carried out under 

narrow-kerf conditions. 

 The PRW15M frame saw operates with a kinematic system characterized by an 

elliptical tooth trajectory. Its drive system is dynamically balanced, which prevents contact 

between the saw teeth and the bottom of the kerf during operation (Table 1). 
 

Table 1. Specifications of the Machine Tool 

 Name Unit Symbol Value 

1. Number of the saw strokes rpm nF 685 

2. Stroke of the saw frame mm HF 162 

3. Feed speed at 1st level m/min vf I 0.2 

4. Feed speed at 2nd level m/min vf II 1.3 

5. Number of saws in the gang - m 5 

6. Average cutting speed m/s vc 3.69 

 
The beech wood prisms with a high Hp of 70 mm were used in the sawing 

experiments. The process parameters described above constituted the input variables, 

whereas the average cutting power 𝑃̅𝑐 was considered the output variable. The mean total 

power consumption 𝑃̅𝑐𝑇 and the idling power of the main drive system 𝑃̅𝑖 were measured 

using a power transducer. The idling power 𝑃̅𝑖 was determined immediately before each 

cutting test. The average cutting power was calculated as the difference between the mean 

total power consumption and the idling power of the drive system according to Eq. (2), 
 

𝑃̅𝑐 =  𝑃̅𝑐𝑇 − 𝑃̅𝑖      (2) 
 

where 𝑃̅𝑐 is the cutting power (W), 𝑃̅𝑐𝑇 is the total power consumption during sawing (W), 

and 𝑃̅𝑖 is the idling power of the machine drive system (W). 

 

 
RESULTS AND DISCUSSION 
 
Moisture Content Measurement Before and After the Drying Process 
  Beech wood samples were dried using three different drying methods: air drying 

at 25 °C, conventional drying in an air–steam mixture at 90 °C, and high-temperature 

drying at 105 °C. The drying schedule consisted of successive drying stages designed to 

gradually reduce the moisture content while minimizing internal stresses and dimensional 

distortions. After the drying process, the samples were conditioned and subsequently 
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evaluated in terms of moisture content, dimensional stability, density, and machining 

properties. 
 

Table 2. Final Values of Moisture Content and Shrinkage of Beech Samples 
Before and After the Drying Process (Measurement of moisture content at three 
locations before sawing) 

 

The results (Table 2) clearly demonstrated the influence of the applied drying 

regimes on the final moisture content of the material. Air-drying at 25 °C led to the highest 

residual moisture content, ranging approximately from 9 to 17%, indicating a relatively 

Drying regime Sample

H - before 

drying 

(mm)

H - after 

drying 

(mm)

H - mean 

shrinkage 

(%)

W - before 

drying (mm)

W - after 

drying 

(mm)

W - mean 

shrinkage 

(%)

1 68.2–69.5 62.1–65.8 7.6 69.4–71.1 65.0–67.8 6.7

2 69.0–70.6 66.0–67.2 4.6 71.0–72.6 67.2–68.2 5.8

3 69.9–72.9 68.4–69.3 3.9 67.4–71.3 62.6–66.0 4.5

4 69.8–71.6 65.2–68.4 4.7 69.0–71.4 65.9–67.6 4.9

5 71.6–73.8 66.7–68.2 7.2 70.2–71.0 68.0–69.2 2.1

1 69.3–70.5 62.9–62.6 10.3 69.6–71.0 66.3–68.0 3.2

2 70.6–72.0 64.2–65.2 8.1 69.4–70.8 64.0–66.7 5.8

3 72.0–72.4 66.7–68.3 6.5 67.2–70.7 58.8–64.1 10

4 70.5–71.6 62.8–63.8 11.3 69.9–70.5 64.0–66.5 6.6

5 71.9–73.1 64.0–65.3 10.7 71.3–72.8 67.6–69.2 4.1

1 68.7–70.5 62.0–64.4 8.3 70.8–71.7 66.6–68.3 4.8

2 70.3–73.0 62.3–65.8 10.1 69.6–72.3 66.8–68.1 4

3 70.4–72.0 66.4–68.1 5.2 68.8–71.8 61.8–67.3 6.1

4 70.4–71.6 63.8–65.7 8.8 69.3–71.2 64.9–66.9 4.8

5 71.6–72.3 64.4–66.3 7.7 69.8–72.0 66.0–68.8 4.1

Drying regime Sample

L - before 

drying 

(mm)

L - after 

drying 

(mm)

L  - mean 

shrinkage 

(%)

Moisture 

Content 

before 

drying (%)

Moisture 

Content 

after 

drying (%)

1 1330–1335 1315–1326 0.9 67.0–79.5 9.4–12.0

2 1340–1345 1337–1343 0.4 75.0–83.2 9.8–14.3

3 1323–1326 1319–1324 0.4 84.5–89.9 11.8–15.1

4 1352–1355 1347–1353 0.3 84.8–89.1 16.2–17.7

5 1328–1335 1326–1334 0.2 72.5–80.3 11.6–14.9

1 1362–1367 1358–1364 0.2 70.2–71.0 6.0

2 1342–1348 1339–1345 0.3 71.0–81.3 6.0

3 1349–1356 1344–1349 0.4 85.5–88.5 6.0

4 1335–1340 1333–1337 0.2 83.0–84.7 6.0–7.8

5 1342–1345 1340–1344 0.2 76.0–83.5 6.0

1 1336–1340 1330–1335 0.3 75.0–79.2 6.0–6.6

2 1344–1349 1340–1345 0.2 71.2–81.0 6.8–7.1

3 1348–1350 1341–1346 0.4 85.2–87.5 6.1–6.7

4 1340–1345 1335–1337 0.4 81.5–85.5 6.4–6.9

5 1342–1347 1335–1342 0.4 77.5–80.2 6.0–6.2

High 

temperature 

drying 

(105°C)

Normal 

temperature 

drying (90°C)

Air - drying 

(25°C)

High 

temperature 

drying 

(105°C)

Air - drying 

(25°C)

Normal 

temperature 

drying (90°C)



 

PEER-REVIEWED ARTICLE               bioresources.cnr.ncsu.edu 

 

 

Baranski et al. (2026). “Drying beech wood in steam,” BioResources 21(3), 7541-7557.  7548 

mild and slow drying process. In contrast, both elevated-temperature regimes (90°C and 

105 °C) resulted in significantly lower and more uniform final moisture contents, generally 

around 6 to 7%, with only minor differences between these two conditions. This suggests 

that increasing the drying temperature above the normal regime does not substantially 

reduce the equilibrium moisture content but mainly accelerates the drying process and 

improves consistency between samples. The differences between regimes were more 

pronounced in terms of moisture removal efficiency than in final moisture levels. 

Each sample was sawn into lumber (cutting power measurement), and the moisture 

content of each sample was subsequently measured at nine locations. The results are 

presented in Table 3. 

 

Table 3. Average Dimensions and Moisture Content of Beech Samples after 
Different Drying Conditions 

 

The study by Bajraktari et al. (2012), which evaluated beech wood defects due to 

different drying schemes, further confirmed that, in addition to moisture-related effects, 

the applied drying regime significantly influences the development of wood defects. Work 

by Bajraktari et al. (2012) and Klement et al. (2025) indicates that more intensive drying 

conditions tend to increase the risk of defect formation, such as surface and internal 

checking, warping, and collapse, particularly when moisture gradients within the material 

are high during the early stages of drying. In contrast, milder drying schemes generally 

reduce defect intensity but require longer drying times. 

The results of the rubberwood drying study (Korkua et al. 2025) confirm a similar 

trend to the observations obtained for beech samples, where changes in the drying regime 

have a more pronounced effect on process kinetics and efficiency than on the final moisture 

content of the material. Increasing the air velocity from 1 to 3 m/s led to a reduction in 

drying time, while the final moisture content remained approximately the same in both 

cases, around 10%. Similar to temperature-increased drying regimes in beech wood, the 

more intensive conditions did not significantly reduce the equilibrium moisture content but 

A B C D E F G H I

air dried, 25°C 13.00 14.00 12.00 13.90 14.80 12.20 14.40 14.90 11.70

normal temp. dried, 

90°C
5.50 5.00 6.10 5.20 5.00 6.00 5.00 5.20 6.50

high temp. dried, 

105°C
6.40 6.70 6.30 6.40 6.60 6.60 6.70 6.50 6.50

H W L

air dried, 25°C 20 60 684

normal temp. dried, 

90°C
20 60 695

high temp. dried, 

105°C
20 60 668

Drying mode

Average dimension 

values (mm)

Average moisture content (%)

Drying mode
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primarily accelerated moisture removal and improved process uniformity. The differences 

between regimes were most evident in the initial drying phase, whereas in later stages the 

influence of operating conditions became less significant.  

 

Measurement of Beech Wood Stability Before and After the Drying Process 
The dimensional stability of the beech wood samples was evaluated by comparing 

the dimensions measured before and after drying. The results presented in Table 4 were 

combined to determine dimensional changes expressed both in millimetres and as a 

percentage of the initial dimensions. 

 

Table 4. The Linear and The Relative Differences on the Main Dimensions of the 
Tested Elements (Beech Wood Samples) after Drying Processes 

 

In addition, the wood orientation (radial or tangential) should be specified for each 

sample because wood anisotropy strongly influences dimensional changes during drying. 

The obtained results indicate that dimensional changes occurred in all drying 

variants, confirming the influence of moisture removal on wood shrinkage. As expected, 

tangentially oriented samples exhibited greater dimensional changes than radially oriented 

samples. Nevertheless, drying under controlled air–steam conditions resulted in 

satisfactory dimensional stability and limited deformation of the tested elements. 

The dimensional stability results confirm that appropriate drying schedules can 

effectively reduce moisture content while maintaining acceptable geometric accuracy of 

the final product. This aspect is particularly important for subsequent machining operations 

and for ensuring the dimensional quality of finished wood products. 

This observed pattern of dimensional changes can be explained by the mechanism 

of shrinkage and stress development during beech wood drying, as described in detail by 

Majka and Sydor (2023), Klement et al. (2025), and Popović et al. (2006). All of these 

authors state that the key factor is the formation of a moisture gradient between the surface 

and the core of the material, which leads to non-uniform shrinkage and the subsequent 

development of internal stresses. These stresses are most pronounced in the early stages of 

drying, when the moisture gradient is highest, and their intensity determines the material’s 

1 2 3 4 5 6 1 2 3 4 5 6

1 2 3 4

Air dried

High 

temp. 

Dried

Norm. 

temp. 

Dried

High 

temp. 

Dried

Norm. 

temp. 

dried

Air dried

6.88/9.666.92/9.687.16/106.72/9.42

3.76/5.323.42/4.843.78/5.32

5.82/8.26.44/96.36/8.89

4.88/6.914.44/6.334.96/7.084.16/5.924.38/6.254.38/6.267.30/10.2

3.80/0.283.80/0.283.60/0.26

4.06/5.774.34/6.114.00/5.663.64/5.23.76/5.313.40/4.825.56/7.83

6.20/0.54.80/0.464.40/0.35

3.60/0.263.80/0.283.60/0.263.60/0.26

3.16/4.53.78/5.334.18/5.883.46/4.924.00/5.68

6.80/0.41

4.60/0.34

6.70/9.396.08/8.55

7.46/10.4

Drying 

mode

Measured Differences (mm / %)

Thickness – H (Average) Width – W (Average)

Drying 

mode

Length – L (Average)

3.82/5.43 3.72/5.29 4.56/6.4 3.58/5.09
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susceptibility to deformation and defects. In the context of the present results, where only 

minor differences in overall dimensional stability were observed between the drying 

regimes, it can be assumed that the applied drying conditions did not generate substantially 

different moisture gradients and therefore did not lead to significantly different levels of 

internal stress development. At the same time, the slightly higher and more variable 

shrinkage values at the higher temperature of 90 °C may be associated with more intensive 

initial drying and a faster development of stresses, whereas at 105 °C, the critical moisture 

range may have passed more quickly, thereby reducing the duration of the most critical 

gradient conditions. 

This interpretation is supported by Popović et al. (2006), who reported that 

increasing moisture content and temperature significantly reduce the strength and stiffness 

of beech wood due to softening of the lignin matrix. From the perspective of drying-

induced dimensional stability, this means that wood has a reduced ability to resist internal 

stresses generated by moisture gradients, making it more susceptible to deformation, 

particularly in the early stages of drying when both moisture and temperature effects are 

most pronounced. 

 
Measurement of Cutting Power after Drying   

To evaluate the influence of the applied drying regimes on the machinability of 

beech wood, cutting power measurements were carried out during sawing tests using a 

PRW15M sash gang saw.  

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Cutting power per saw in the feed per tooth function during cutting on sash gang saw 
PRW15M,a beech timber dried in air at 25 °C 

 

The obtained results were processed and analysed separately for each drying 

regime. Two types of feed rates per tooth [mm] were used. For that reason, the analysis 

was carried out for both feed rates per tooth. Figure 3 shows the changes in cutting power 

per one saw when cutting beech wood dried in air at 25 °C. 

For the air-dried beech wood samples (25 °C), the average cutting power per saw 

blade increased markedly with increasing feed per tooth (fz). A strong linear relationship 

was observed between these parameters, as confirmed by the high coefficient of 

determination (R² = 0.9222), indicating that more than 92% of the variation in cutting 
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power was explained by changes in feed per tooth. At lower feed values (approximately 

0.10 to 0.12 mm), the average cutting power ranged between 500 and 700 W, whereas at 

higher feed values (approximately 0.20 to 0.22 mm), it increased to about 850 to 1050 W. 

This trend reflects the greater chip volume removed by each tooth and the resulting increase 

in cutting load. Although a certain degree of data scatter was observed, particularly at lower 

feed values, the overall variability remained relatively low, and the measured values 

closely followed the regression line. The results indicate that feed per tooth is a dominant 

factor affecting cutting power consumption during the sawing of air-dried beech wood. 

Figure 4 shows the change in cutting power per saw while cutting beech wood dried 

in an experimental kiln using the gas-steam mixture at 90 °C. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Cutting power per saw in the feed per tooth function during cutting on sash gang saw 
PRW15M a beech timber dried under normal temperature at 90 °C 

 

For the beech wood samples dried at 90 °C, the average cutting power per saw blade 

increased with increasing feed per tooth (fz), exhibiting a strong linear relationship. The 

regression analysis yielded a coefficient of determination of R² = 0.9364, indicating that 

approximately 94% of the variability in cutting power was explained by changes in feed 

per tooth. At lower feed values (approximately 0.10 to 0.11 mm), the average cutting power 

ranged from about 450 to 550 W, whereas at higher feed values (approximately 0.20 to 

0.21 mm), it increased to approximately 800 to 950 W.  

Figure 5 shows changes in the cutting power per saw when cutting beech wood 

dried in an experimental kiln using a steam temperature of 105 °C. For beech wood dried 

at 105 °C, the relationship between feed per tooth and cutting power per saw blade also 

showed a clear positive trend, where increasing fz led to higher average cutting power 

during sawing on the PRW15M frame saw. The experimental data, ranging from 

approximately 0.08 to 0.24 mm feed per tooth and 200 to 1100 W cutting power, were well 

described by a linear regression model, with a coefficient of determination R2 = 0.7950, 

indicating that about 79.5% of the variability in cutting power was explained by changes 

in feed per tooth. Although some scatter of measured values around the regression line was 

observed, the overall trend remained consistent, confirming that higher feed per tooth 

results in increased cutting power under high-temperature drying conditions.  
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Fig. 5. Cutting power per saw in the feed per tooth function during cutting on sash gang saw 
PRW15M a beech timber dried under high temperature at 105 °C 

 

Across all investigated drying regimes (25, 90, and 105 °C), cutting power 

increased with increasing feed per tooth, exhibiting an approximately linear relationship. 

This result indicates that feed per tooth is the dominant factor influencing cutting power, 

whereas the effect of the drying regime is mainly reflected in changes in the intensity 

(slope) of this dependence. Similar conclusions were reported by Kopecký et al. (2014) 

who demonstrated in their modelling of the energetic effects of wood sawing that cutting 

forces and power are directly dependent on the chip thickness generated by the tool tooth, 

which is closely related to the feed per tooth. An increase in uncut chip thickness, therefore, 

leads to higher energy demand during cutting. 

These findings are also consistent with the study by Eyma et al. (2004), who 

investigated the machining of tropical wood species and found that cutting forces are 

significantly influenced by machining parameters and chip geometry. The authors showed 

that increasing chip thickness leads to higher cutting forces required for material 

separation, which consequently results in increased energy consumption of the process. In 

the study by Chuchala et al. (2020), the authors report that for beech wood, cutting power 

varies only slightly across drying methods, suggesting a generally weak influence of drying 

conditions on cutting power. At the same time, the authors indicate that drying-related 

changes in material properties may still contribute to variations in cutting power. However, 

this effect wasn't pronounced for beech wood in this study. 

Figure 6 illustrates the effect of the drying regime (25, 90, and 105 °C) on the 

cutting power per saw blade (W). The measurements were divided into two groups 

according to feed per tooth (fz1 and fz2). The results show that the fz2 parameter requires a 

significantly higher cutting power overall (approximately 700 to 1100 W) compared to fz1 

(approximately 400 to 750 W). In both groups, a similar trend can be observed: the highest 

median cutting power was recorded at the reference temperature of 25 °C. An increase in 

drying temperature to 90 °C led to a decrease in cutting power in both cases. A further 

increase to 105 °C resulted in similar or only slightly lower median values compared to 90 

°C. The analysis of variance confirmed the trends shown in the figure, demonstrating that 

the drying regime has a statistically highly significant effect on cutting power. 
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Fig. 6. Dependence of saw cutting power on the drying regime for the fz1 and fz2 parameters 
 
 

 The increase in cutting power of beech wood with decreasing moisture content 

observed in this study agrees with previously published findings. Oliveira Guedes et al. 

(2020) reported an increase of approximately 30 to 60% in cutting energy for dense 

hardwoods as the moisture content decreased from green to air-dried conditions. Similarly, 

Chuchała et al. (2020) observed that cutting power for beech wood increased from about 

2.0 to 2.5 kW at higher moisture contents (18 to 20%) to approximately 3.0 to 3.8 kW at 

lower moisture contents (8 to 10%), with an additional influence of drying temperature. 

Moradpour et al. (2013) likewise found that reducing moisture content results in higher 

cutting resistance, reporting cutting forces for beech wood ranging from roughly 20 N/mm 

at 30% moisture content (radial direction) to about 44 N/mm at 12% moisture content 

(tangential direction). Collectively, these studies confirm that moisture-induced changes in 

wood density, stiffness, and internal structure significantly affect machinability, and 

support the use of cutting power as a sensitive indicator of drying-related effects. 

 
 
CONCLUSIONS 
 

1. The applied drying conditions significantly influenced the final moisture content of 

beech wood. Air-drying process at 25°C resulted in the highest moisture content 

(approximately 9% to 17%), whereas after drying processes at 90 and 105 °C lower 

and more uniform moisture contents were obtained, generally within the range of 6% 

to 7%. 

 



 

PEER-REVIEWED ARTICLE               bioresources.cnr.ncsu.edu 

 

 

Baranski et al. (2026). “Drying beech wood in steam,” BioResources 21(3), 7541-7557.  7554 

2. Increasing the drying process temperature from 90 to 105 °C did not substantially 

reduce the final moisture content. The primary effect of elevated drying temperatures 

was an increase in drying efficiency and moisture content uniformity rather than a 

further reduction in equilibrium moisture content. 

3. Dimensional changes occurred under all drying conditions. Tangentially oriented 

specimens exhibited greater shrinkage than radially oriented ones, confirming the 

anisotropic behaviour of beech wood during moisture removal. 

4. The applied drying modes maintained satisfactory dimensional stability of the dried 

material. Only minor differences in shrinkage were observed among the drying 

regimes, suggesting that the investigated conditions did not impact substantially 

different levels of drying-induced internal stresses. 

5. During machining, the cutting power increased linearly with feed per tooth for all 

drying schedules, indicating that feed per tooth was the primary factor governing 

energy consumption during sawing. The obtained coefficients of determination (R² = 

0.795 to 0.936) confirmed a strong relationship between these variables. 

6. The drying conditions significantly influenced the cutting power required during 

machining. Air-dried wood required the highest cutting power, whereas wood dried at 

90 and 105 °C showed lower cutting power values. Only minor differences were 

observed between the two elevated-temperature drying modes. 

7. The results indicate that high-temperature drying (90 and 105 °C) can improve drying 

efficiency while maintaining acceptable dimensional stability and favourable 

machining performance of beech wood. Under the investigated conditions, drying at 

temperatures above 90 °C provided limited additional benefits in terms of final 

moisture content and cutting power reduction. 
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