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Abstract. The aim of this paper is to present the methodology of measurement of moisture content of wood and 

show some results of this measurement in application on small pieces of wood. Fresh wood from the tree has 

rather high content of moisture, which makes it not suitable for use in constructions or industry processing. The 

usual drying methods are based on drying with lower air temperature, and the drying process lasts long time. 

This paper describes the theory and experimental results of wood drying by high temperature of 105 ºC. Using 

the experimental data with the natural convective drying method in the laboratory conditions under high 

temperature there were calculated the theoretical drying coefficients, useful for description and modelling of the 

drying process, the calculated theoretical results of moisture removal and compared with the experimental results 

obtained from the measurements. The obtained results of this research are parameters, which can be used for 

other research work and for improvement of the whole drying process.  
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Introduction 

The aim of this paper is to present the methodology of measurement of moisture content of wood 

and show some results of this measurement in application on small pieces of wood. Fresh wood from 

the tree has rather high content of moisture, which makes it not suitable for use in constructions or 

industry processing. The usual drying methods are based on drying with lower air temperature, and the 

drying process lasts long time. This paper describes the theory and experimental results of wood 

drying by high temperature of 105 ºC.  

As timber coniferous and deciduous trees are used. Spruce (Picea abies) is the most important 

timber tree used in the Czech Republic. There is used also the wood of spruce silver fir (Albies alba), 

scots pine (Pinus silvestris), larch (Larix decidua), oak (Quercus robur), beech (Fagus silvatica), 

black poplar (Populus nigra), alder (Aldus glutinosa) and exotic wood [1; 2]. Besides the solid wood, 

also a wide range of wood-based materials are used, e.g., plywood boards, agglomerated boards, 

veneers, chipboards etc. The main aspects of material selection are not only the mechanical and 

physical properties, but also the price, availability and aesthetic aspects [3; 4]. 

The use of wood is very common especially in the countries with large areas covered with forests, 

where the source of wood as a raw material for different purposes is available in very good quality. 

Among these countries all Scandinavian countries, the Baltic States (Estonia, Latvia, and Lithuania) as 

well as other European, and, of course, many non-European countries can be mentioned. 

Protection of wooden buildings means primarily the following measures: selection of appropriate 

types of wood and wooden materials (using wood with a relatively high strength), ensuring the quality 

of timber, prevention of wood against increased moisture, and respecting the fire safety principles [4]. 

Wood, wooden products and structures must grant the limits of moisture to prevent formation of 

cracks and especially the activity of biological pests. Unnecessary and excessive wetting of wood can 

be more or less successfully prevented by the following measures: shape optimization of timber 

products, wood insulation from water sources and regulation of climatic conditions (suppression of 

water condensate) [4]. 

Moisture has a great importance in the processing and use of wood. Wood as a hygroscopic 

material reacts to the moisture conditions of the environment, which is reflected in shaped changes 

(swelling and shrinking), and moreover, if the moisture is about 20 % or more in combination with 

suitable temperature (15 ºC or more) there are suitable conditions for insects and fungi invading and 

decaying the wood [5; 6]. 

Therefore, this paper includes the theoretical study of changes of the moisture content in wood in 

response to the high temperature of the drying air. The aim of this research was to investigate the 

theoretical background of wood drying by high temperatures and determination of the drying 

coefficients. 
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Materials and methods 

For studies we have selected five types of wood: oak (Quercus robur), beech (Fagus silvatica), 

spruce (Picea abies), scots pine (Pinus silvestris), and larch (Larix decidua). To be able to study 

different ways of drying up the water from the wood, two samples of each type of wood were 

examined (larger and smaller length) (Fig. 1). The exact dimensions and properties of the tested 

samples are presented in Tables 1 and 2. 

 

Fig. 1. Samples of wood used for drying measurement. Bigger samples on upper row and smaller 

samples on bottom row: A – oak (Quercus robur); B – beech (Fagus silvatica);  

C – spruce (Picea abies); D – scots pine (Pinus silvestris); E – larch (Larix decidua) 

Table 1 

Bigger samples of wood used for drying measurements 

Type of wood Weight, g Density, kg·m
-3

 
Sample profile 

mm x mm 
Length, mm 

Oak 229.35 725 93 x 33 103 

Beech 367.18 720 100 x 60 85 

Spruce 190.96 450 67 x 68 93 

Pine 100.00 535 55 x 34 100 

Larch 295.21 590 88 x 65 88 

Table 2 

Smaller samples of wood used for drying measurements 

Type of wood Weight, g Density, kg·m
-3

 
Sample profile 

mm x mm 
Length, mm 

Oak 46.33 725 93 x 33 21 

Beech 110.99 720 100 x 60 25 

Spruce 48.90 450 67 x 68 24 

Pine 18.39 535 55 x 34 18 

Larch 79.17 590 88 x 65 23 

The determination of wood moisture was carried out by the gravimetric method; that is a direct 

method and the results are very accurate. For drying of samples of spruce wood the electric oven 

Memmert UNB with automatic control of temperature and natural flow of air inside the chamber was 

used. The samples were weighed on the digital laboratory balance KERN-440-35N with maximum 

load weight 400 g and with resolution 0.01 g. The total drying time was adapted to the need for 

determination of the final moisture content. 

Using the experimental data with the natural convective drying method in the laboratory 

conditions under high temperature 105 ºC the theoretical drying coefficients, useful for description and 

modelling of the drying process were calculated, the theoretical results of moisture removal were 

calculated and compared with the experimental results obtained from the measurements. The results of 
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drying of different sample dimensions and small mass of wood pieces are compared. The obtained 

results of this research are parameters, which can be used for the future research work and for 

improvement of the whole drying process. This destructive method of measurement can be also used 

for laboratory control of another method of measurement, e.g., non-destructive sensor tests, based on 

other physical principles (capacitive or resistive) sensors [6]. 

Mathematical model 

In order to determine the effective moisture diffusion in solid wood we use the mass maintenance 

law usually presented in the following form: 

 

∂
∂

~
( ~)

c

t
div D grad c=

 (1) 

where D – coefficient of diffusion; 

 ),,,(~ tzyxc – concentration of moisture in wood;  

 x, y, z – space coordinates,  

 t – time. 

Since diffusion of vapours in the wood fibre direction is several times greater than in the radial 

and tangential ones [7; 8] and the surface of the fibre direction of the samples is greater than the 

surfaces of radial and tangential directions, we choose a 1-dimentional model with Dx in the fibre 

direction (diffusion in a plane sheet ),,,(~ tzyxc ≈ ),( txc ) .  

 






∂

∂

∂

∂
=

∂

∂

x

c
D

xt

c
x . (2) 

We have a case where diffusion occurs through all surfaces of samples and assume that the 

diffusion coefficient Dx is a constant. In moment t = 0 concentration of moisture in the sample of wood 

is constant CS. The water vapour concentration on surfaces is constant c(x, t) = 0. In our case we can 

considered the diffusion process as a symmetrical situation and get the mathematical problem: 
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where 2l – length of sample in x direction. 

The problem (3) – (5) with Dx = const solution is according to [9]: 

 
l

xn

n

n

s l

tnxD
n

e
c

txc
2

)12(

0

12

)1(
cos

4
),(

2
4

22)12(

⋅+
−∞

=
+

− ⋅⋅=
⋅+

∑ π
π

π
 (6) 

If Mt denotes the amount of diffusing moisture, which has come out from the material at time t, 

and M∞ the corresponding quantity after infinite time, then [9]: 
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At first we must estimate Dx. Looking at the series (7), we see that it converges very fast and that 

is why we choose only the first member of the series and expression (7) becomes 
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Right-hand side of the equation (8) is known (experimental data at time t = ti) and can express the 

coefficient of diffusion C : 
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We can calculate Dx
i
 for each experimental measurement at time ti from (9) and find Dx = const as 

 ∑
=

=
k
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i
xkx DD

1

1 ,  

where k – number of measurements.  

If Dx depending on the drying time Dx = Dx(t), we can use the methodology [10] and find the 

expression of Dx(t). For solving (2), (4), (5) with Dx(t)we can use difference schemes [11; 12]. 

Results and discussion 

One of the most important tasks is to find the value (expression) for the drying coefficient K. In 

our situation we can consider the drying coefficient as the moisture diffusion coefficient D. It depends 

on the dried product, drying equipment, conditions, etc. All samples at the beginning of the 

experiment had the same humidity – 14 %. The results and calculated diffusion coefficients for smaller 

samples (Table 2) of wood can be seen in Table 3  

Table 3 

Calculated diffusion coefficients of smaller wood samples used for drying measurements 

First 10 hours drying 24 hours drying 
Type of 

wood 
Average diffusion 

coefficient, m
2
·s

-1
 

Standard derivation of 

coefficient, m
2
·s

-1
 

Average diffusion 

coefficient, m
2
·s

-1
 

Standard derivation of 

coefficient, m
2
·s

-1
 

Beech 91091.7 −⋅  
91026.1 −⋅  

91001.6 −⋅  
91082.1 −⋅  

Spruce 91074.7 −⋅  
91027.2 −⋅  

91008.6 −⋅  
91033.2 −⋅  

Pine 91041.5 −⋅  
91025.2 −⋅  

91022.4 −⋅  
91019.2 −⋅  

Larch 91030.6 −⋅  
91048.1 −⋅  

91068.4 −⋅  
91063.1 −⋅  

Oak 91081.5 −⋅  
91015.1 −⋅  

91086.4 −⋅  
91015.1 −⋅  

As it can be seen from the results of the average diffusion coefficients, in the first 10 drying hours 

they are higher (more than 20 %) than the average diffusion coefficient in all drying time. Its means 

that the water diffusion coefficient depends on the water concentration in the samples. 

The average diffusion coefficients calculated from 24 hours drying are similar to the presented in 

[8]. Comparison of the experimental and theoretical data, with 24 hours average diffusion coefficients 

(Table 3), we can see in Fig. 2 and Fig. 3. 
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Fig. 2. Experimental and theoretical (7) data 

comparison for spruce (Picea abies) sample 

Fig. 3. Experimental and theoretical (7) data 

comparison for oak (Quercus robur) sample 
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As it can be seen, in the case of spruce the data difference is greater than the oak results. The 

experimental data showed that the diffusion coefficient of spruce ranged from 3.95·10
-9

 - 11·10
-9

 m
2
·s

-1
, 

i.e. the spruce sample was observed in the highest moisture concentration effects on the diffusion 

coefficient compared to all other samples. We can see that the effect of the oak sample moisture 

concentration on the diffusion coefficient was the smallest. The water diffusion coefficient in the oak 

sample ranged from 3.65·10
-9

 - 6.85·10
-9

 m
2
·s

-1
 during the drying experiment. 

Conclusions 

1. The proposed methodology, originally used for determination of the drying coefficient of wood. 

2. Average calculation diffusion coefficients in first 10 drying hours are higher (more than 20 %) 

than the average diffusion coefficient in all drying time (24 h). Its means that the water diffusion 

coefficient depends on the water concentration in wood samples. 

3. It is necessary to use the variable diffusion coefficient to more accurately simulate the wood 

drying process. 
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