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Abstract 
 
The aim of the present study is to investigate the influence of time of stay (pending) of beech (Fagus sylvatica) wood in a 
forest, after the harvesting, on its resistance to axial compression and to bending. Specifically, specimens of Fagus 
sylvatica L. wood that have been obtained from logs which were harvested in three different seasons of a year, namely, in 
July 2017, November 2017 and May 2018 respectively, in the forest of Elatia-Greece, were studied, in order the different 
period of time of stay (pending) of the experimental surfaces in forest to be ensured. The logs remained in the forest in 
order to determine if they were affected by fungi or insects. The placement of the experimental surfaces of Fagus 
sylvatica tree of each harvesting season was made on skid road and on the stand for four months for the first harvesting 
season, seven months for the second and other four months for the last one. One hundred and twenty laboratory 
measurements in axial compression and one hundred and twenty measurements in bending (modulus of rupture) for each 
harvesting season took place. Totally, two hundred and forty laboratory measurements in axial compression and bending 
proved that there is not any variation on mechanical properties of beech (Fagus sylvatica) wood as a construction material 
in relation to the logging season. 
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1. Introduction 
 
The continuous decline in softwoods stocks in European 
forests due to its increasing use in the construction sector 
will probably lead to a reduction in the supply of softwood 
as a construction material in the future. Simultaneously, 
there is an increase hardwoods stocks, such as European 
beech (Fagus sylvatica L.). At the same time, research is 
increasingly focused on European beech as it is found that 
mixtures of European beech and fir forests (Abies alba) in 
the face of climate change create more resistant forests to 
drought [1]. In forestry in general, adaptation of mixed 
clusters in view of the uncertainty of global climate change 
is considered one of the most important approaches [2]. In 
this context, coniferous monocultures will become less and 
less preferred in the future, and broadleafs such as beech will 
come to the fore. In the northern part of the United Kingdom 
it is likely that due to climate change this may contribute to 
increased beech productivity [3]. Moreover, the favorable 
mechanical properties of beech wood due to its higher 
density will make possible to exploit this resource as a 
possible alternative to the lack of softwoods [1, 4]. European 
beech (Fagus sylvatica L.) is the most abundant hardwood 
species in central Europe with standing stocks of 635 M m3 
[5] and 263 M m³ in France [6]. In the United Kingdom the 
hardwood industry is very limited despite the fact that half 
of the broadleaf forest beech represents about 7% of this 
area [7]. Bernasconi [8], pointed out that high mechanical 

strength of beech wood is a positive feature for the 
production of glulam. However, he mentioned the limited 
availability of strength-graded beech lamellas for glulam 
production. The latter can be considered as a factor that 
prevents the use of beech wood. Ridley-Ellis [9] mentions in 
his work that beech wood has many historical uses, but its 
exploitation is still insufficient in the modern wood products 
industry. Moreover, Breinig et al. [4], referred to the steady 
decline in softwood stocks, and in particular to medium 
dimension prune, due to the increasing use of timber in the 
construction sector. Skarvelis et al. [10] also mention that 
Beech wood is one of the major commercial hardwood 
species in southeastern Europe. The suitability of beech 
timber according to Aicher and Ohnesorge [11] for the 
manufacturing of glulam beams has been investigated since 
the 1960s and after 2000 different aspects have been studied, 
such as lamella grading, finger jointing, bonding and the 
influence of red-heart discoloration.  
 Beech wood has a significant economic importance for 
Greece, along with spruce, pine and oak species. Beech is 
mainly used as round wood and fuel wood (firewood). 
Beech timber is used as sawn timber for furniture 
production, but it is also used for fuel wood, boxes, benches, 
pallets, toys and wooden frames (particle boards, fiber 
boards) in the Greek market [10] . 
 In Greece, the traditional logging, takes place in spring 
or in early summer, depending on weather conditions of the 
year, as for example logging can only occur after the snow 
melts. As a result, logged wood remains in the forest 
ecosystem because loggings occur in the summer months, at 
a time when it usually favors its infection of the timber lying 
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in the forest before to be sold. It is therefore easy to 
understand the economic consequences of the wood losing 
much of its value in a short .time after logging, even though 
it took the trees several decades to reach a marketable size 
[12].  
 The present paper aims to investigate the impact of time 
of stay of beech wood in the forest, in relation to logging 
season, before its sale and the possible effects on its 
mechanical properties. This is the second part of an 
experimental study. In the first part, the effect of blue stain 
taking into account the time of stay in forest of softwood 
specimens and especially Picea excelsa and Pinus sylvestris 
specimens were examined [13].  
 
 
2. Methodology 
 
The conduction of this research included the use of wooden 
specimens coming from the trees of forest beech (Fagus 
sylvatica) that were harvested in the forest "Elatia" of the 
Prefecture of Drama-Greece at an altitude of about 1500 -
1580m.  
 In order to determine if there is any relation between the 
time of stay of beech wood specimens in the forest and their 
mechanical strength, mechanical properties such as axial 
compression and bending were measured.  
 
2.1. Preparation of wooden specimens in the forest 
The specimens came from trees that were harvested in three 
different seasons of the year, namely in July 2017, in 
November 2017 and in May 2018, in order the different 
period of stay in forest of beech wood to be ensured. Two 
trees were harvested in each time, where two experimental 
surfaces consist of 4 logs of 1m length and relatively small 
differences in stem diameter and cortical thickness came 
from each tree. The placement of the experimental surfaces 
was made on skin road and in the stand. In all cases, the 
lower part of the trunk of the tree of length about 1.00-1.50m 
was not used in order to ensure more uniform material (this 
part has a larger diameter). A total of 6 felling trees (2 in 
each felling season) were harvested. Six experimental 
surfaces were created (2 experimental surfaces in each 
felling season). Each experimental surface consisted of 4 
logs and 24 logs were formed (Table 1). 
The logs of 1st , 2nd and 3rd felling season remained in the 
forest for four months (from July to November), 7 months 
(from November to May) and four months (from May to 
August) respectively. At the end of each month a check took 
place and the transverse surfaces of the logs were 
photographed in order their blue-stain infestation to be 
monitored. 
 
Table 1. Characteristics of experimental logs. Log groups: 
Fagus sylvatica on skidroad, Fagus sylvatica in stand, 
Treatment: 01, 02, 03, 04: number of logs in a single group, 
Mean diameter of each log Table 2 
Group Treatment 1st felling 

July ‘17 
2nd felling 
Novemb. 
‘17 

3rd 
felling 
June ‘18 

Fagus  
sylvatica 

Pending 
period 
 

Jouli-
Nov.  

Nov.-May May-
Aug. 

  Mean 
diameter 

Mean 
diameter 

Mean 
diameter 

 
Skidroad 

01 30 21 27 
02 29 30 26 

03 31 23 25 
04 27 24 24 

 
 

Stand 
01 25 20 26 
02 27 21 28 
03 24 26 30 
04 23 25 32 

 
Table 2. Stem breast diameter of trees 

Logging Breast Stem diameter 
1st skid road 32 

1st stand 27 
2nd skid road 30 

2nd stand 26 
3rd skid road 28 

3rd stand 32 
 

2.2. Preparation of wooden specimens for the laboratory 
measurements 
Forty specimens for each felling season were used for the 
laboratory measurements of the strength to axial 
compression and bending (totally 80 measurements per 
felling season). The total number of specimens was eighty 
per each felling season.  
 The mean laboratory value (MLV) of strengths cannot be 
used in practice, due to the variability of wood as a material, 
to the effect of duration of loading, to the possibility of 
accidental overloading and to the experience from practice 
[14]. Therefore, it is necessary the reduction of the mean 
laboratory value of strengths. The latter is achieved though 
the calculation of typical strength (TS) applying the 
following relation [14]: 
 

 (1) 

 
 Fig. 1 depicts one of the logs of each logging season. We 
can notice for the 1st logging, the log on the left side 
immediately after cutting and next, the same log after four 
months (the same happens for the 3rd logging), while for the 
2nd logging the right log after seven months is depicted. 
  Table 3 depicts the mechanical properties of wooden 
specimens that were measured as well as the dimensions of 
the specimens according to DIN EN 52185, DIN EN 52186, 
while the laboratory setup of the measurements is depicted 
in Fig. 2 and 3. 

 
Table 3. Mechanical properties, number and dimension of 
specimens according to standards DIN EN 52185 (1976), 
DIN EN 52186 (1978) 
 
Mechanical 
properties 
 

 
Number of 
specimens 

Dimensions 
of 

speciments 
(mm) 

 
Standars 

Axial 
compression  
–MOR 
(N/mm2) 

 
40 

 
40×20×20 

 
DIN EN 
52185 

Bending 
strength 
(N/mm2) 

40 300×20×20 DIN EN 
52186 

 

Typical Strength (TS)= MLV − 2.33⋅standard  deviation
2.5

N / mm2( )
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Fig. 1. Photographs showing the beginning and the end for each logging 
season of the pending period 

 
 

3. Results and Discussion 
 
No infestation by blue-stain or fungi was noticed in all 
experimental surfaces of the three logging seasons. The 
latter happens for the whole stay of the experimental 
surfaces of the three felling seasons in the forest (both in the 
stand and in the skid road). On the contrary, on the softwood 
specimens (Picea excelsa and Pinus sylvestris) that were 
examined by Dimou [13] and remained for the same period 
in the forest, there was a relatively large deterioration during 
the 1st and 3rd felling season (mainly of Scots pine), while 
in the 2nd felling season there was no spread of blue -stain.  
 
3.1. Experimental results of axial compression and 
bending 
The results of the laboratory measurements are included in 
Fig. 2 and 3 giving the maximum axial compression and 
bending (modulus of rupture). The moisture of the samples 
was 12%. The results of the mean values of measurements of 
the resistance to axial compression and bending for the 
specimens of and for each logging season are depicted in 
Tab. 5. There seems to be no difference in the results of both 
axial compression and bending strength between the 
specimens obtained from the three different logging seasons. 
The mean axial compression for the three loggings is 71.77 
N/mm2 (Tab. 5) and it is higher than the corresponding 
values that other researchers resulted, namely 55.43 N/mm2 
(Forestry Facts and Figures 2018) and 54.20 N/mm2 [15]. 
The mean bending strength for the three loggings is 
124.78N/mm2 and it is quite close to the corresponding value 
of beech wood of central Europe origin (127 N/mm2) [16], 
while the corresponding value of beech wood of French 
origin is 111N/mm2. Lower bending strength values equal to 
104 N/mm2 and 105.49 N/mm2 were found in corresponding 
work by Yilgor et al. [15] and Skarvelis et al. [10]  

respectively. The differences in the values of mechanical 
properties between the Greek Fagus sylvatica compared to 
the Central European Fagus sylvatica are justified by their 
different origins. Brüchert et al. [17] report in their study, 
that mechanical strength is influenced by many factors, such 
as trunk dimensions, crown structure and microenvironment. 
The mechanical properties depend also on the width of the 
annular rings where there is an optimal annular ring width 
[18]. The above mentioned may justify the higher 
mechanical strength values that arise in the present study in 
comparison with those found in the literature. 
 According to classification of Fengel et al. [19], the 
mechanical resistance to axial compression and bending of 
beech wood specimens for all the loggings three casts 
belongs to the "high" rating (Tab. 4). 
 
Table 4. Classification of Axial compression and Bending 
Strength of all wood species (Fengel et al. 1984)  
Classification 
of mechanical 

properties 

Axial compression 
(N/mm2) 

Bending Strength 
(N/mm2) 

 
Very low <20 <50 

Low 20-35 50-85 
Medium 35-55 85-120 

High 55-85 120-175 
Very high >85 >175 

 
Table 5. MLVs of mechanical properties of 40 
specimens/tree/logging (total specimens 240) 
 Axial 

compression 
(N/mm2) 

Bending strength 
 -MOR (N/mm2) 

 Fagus sylvatica  Fagus sylvatica 
1st 
logging 

 
72.36 (3.6)* 

 
122.04 (12.47) 

2nt 
logging 

 
71.56 (3.2) 

 
120.80 (11.80) 

3rd 
logging 

 
71.41 (3.2) 

 
131.50 (15.82) 

*standard deviation 
Total measurements: 240 

 
Fig. 2 Maximum axial compression (N/mm2) for the specimens of 
Fagus sylvatica for each logging season 
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Fig. 3. Maximum bending strength (N/mm2) for the specimens of Fagus 
sylvatica for each logging season 

 
3.2. Classification 
The calculation of the value of typical strength according to 
relation (1), gives values that is approximately equal to 1/3 
of the mean laboratory value (Tab. 6). Table 7 depicts the 
classification of hardwoods species according to the Hellenic 
Body for Standardisation (ELOT) and Euro code 5 (EN 338) 
[20]. Taking into account the typical strengths, the 
classification of woods of Fagus sylvatica for each logging 
is depicted in Tab. 8, according to the Hellenic Body for 
Standardisation (ELOT) and Euro code 5 (EN 338) [20]. We 
can observe that the Fagus sylvatica is classified in class 
C35 for all loggings and for both axial compression and 
bending strength. These results are in line with the results of 
other beech sorting operations in Germany where according 
to the Euro code 5 (EN 338) [20] it is classified in ratings 
C40 and C35 [9]. We can also notice that there is no 
difference in mechanical properties of the beech between the 
three loggings for both axial compression and bending 
strength. It was observed that beech had no blue-stain for a 
time period of 4 months for the 1st and 3rd logging and 7 
months respectively for the 2nd logging. Both axial 
compressive strength parallel to the grain bending strength 
are not affected. These results are in agreement with the 
results that came out by a similar experimental effort carried 
out by Dimou et al. [21] where the axial compression and 
bending strength of Pinus sylvestris and Picea abies species 
were not affected significantly by the blue-stain effect. 
 
Table 6. Typical Strength per logging  
 Axial 

compression 
(N/mm2) 

Bending strength - 
MOR (N/mm2) 

 Fagus sylvatica Fagus sylvatica 
1st logging 25.58  37.19  
2nd logging 25.60  37.32  
3rd logging 25.50  37.85  

Table 7. Mechanical properties of axial compression parallel 
to grain of solid timber and bending (EN 338) 

ΕLΟΤ ΕΝ 338 and EC5 Hardwoods 
Classification   

C30 
 
C35 

 
C40 

 
C50 

 
C60 

 
C70 

Compression 
parallel to 
grain (axial 
compression) 

fc,0,k 23 25 26 29 32 34 

Bending 
strength 
(N/mm2) 

fm,k 30 35 40 50 60 70 

 
Table 8 Classification per logging applying the mores 
adverse TS calculation and according to ELOT EN338 and 
EC5 14 

ΕLΟΤ ΕΝ 338 and EC5 Hardwoods 

Classification  C30 C35 C40 C50 C60 C70 
Compression 
parallel to 
grain (axial 
compression) 
 

  1st +2nd 
+3rd 
Logg. 
season 

    

 
Bending 
strength 
(N/mm2) 

 
 

 1st +2nd 
+3rd 
Logg. 
season 

    

 
 

4. Conclusions 
 
The thorough study of wooden specimens proved that their 
mechanical properties (e.g. strength to axial compression 
and bending), are not influenced by the duration of time that 
wood remains in a forest, having as a direct result that the 
value of Fagus sylvatica wood as construction material is 
not changed. The classification of wooden species according 
to the requirements of Euro code 5 (EN 338) (Eurocode 5 
ELOT EN338) is independent of the time of logging, the 
latter did not happen for Pinus sylvestris and Picea abies 
species according to Dimou et al. [21]. 
 We can conclude that the logging season and the 
duration of time that the wooden species remain in a forest 
do not influence the strength in axial compression and 
bending of wood. However, changing the logging period 
from spring-summer to autumn-winter is generally accepted 
by the researchers for many reasons. In general, the damage 
that can be caused by off-season harvesting operations is less 
on both the harvested timber and the residual trees.  
 In nowadays, about two-thirds of the annual beech 
timber that is harvested, is used for pulp and paper or as fuel 
wood and only round wood of highest quality is available for 
sawn timber production [4] (Breinig et al. 2015). The 
increased durability of the beech wood, its high stocks and 
its good mechanical properties increase its use in the 
building sector, a fact that is desirable and expected.  
 
This is an Open Access article distributed under the terms of the 
Creative Commons Attribution License  
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