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Abstract 

 
Knowing the properties of each tree species is important for both science and practice. This also applies for the relo-

cated trees, which carried over from their own area, encounter new habitat conditions, which left a scar on their anatomi-
cal structure and properties of wood. This work is an attempt to be a description of some properties of wood of a relo-
cated tree species such as Paulownia, by comparing the results with data from the literature. The article presents results 
of swelling, density, hardness and flexural strength. A comparison of these properties has been made by using the coef-
ficient of quality. 
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Introduction 
The properties of wood are a reflection of its 

structure. The physical and mechanical structures 
show the behaviour of this material at different 
loads. Knowing them will help to clarify three main 
characteristics – anisotropy, volatility and homoge-
neity. Of the surveyed properties in this work re-
lated to anisotropy are swelling and hardness. Pau-
lownia is a species of high water content in the raw 
state – 140% [4]. However in the work has not been 
studied changing the properties at different humidity 
and there is no evidence concerning variability. In 
terms of variability should be noted that the test 
timber is mainly juvenile. The studied stems are 
cultures that are only a few years. Conducted simi-
lar studies are also on that wood, because Pau-
lownia is filed recently in Bulgaria [4]. 

The density can be considered a complex qual-
ity parameter. On the one hand it is a consequence 
of the structure of the wood and in particular of 
Wandigkeit (2W:L) of cell [6]. On the other it affects 
badly on almost all mechanical properties. In the 
study wood this indicator reacts strongly to the 
structure of the wood. Stems with narrower annual 
rings showed a significantly higher density. The 
values obtained for this property in previous studies 
have 278 kg.m-3 [5] and 310 kg.m-3 [5]. 

Due to the anisotropy of the wood change the 
size is different in different directions. It is smallest 
in the longitudinal direction – 0.4% (0.1 to 0.6), 
much greater in a radial direction – 4.3% (2.3 to 
6.8), and even more in tangential direction – 8.2% 
(6.0 to 11.8). So volume swelling varies around 
12.9% (8.5 to 18.8) [1]. The wood of Paulownia is 
characterized by low values of swelling. In previous 
studies were obtained to 4.1% of a radial direction, 
6.8% in the tangential and 10.8% of the volume 
swelling [4]. 

The value of the swelling of wood influenced by 
many factors such as type of wood, humidity, den-
sity, anatomy, etc. extract substances. In the stud-
ied wood expectations are low due to the low den-
sity and small differences between radial and tan-
gential direction, due to the narrow core rays. 

The mechanical properties quantify any material 
with mechanical load. The hardness is related to 
the modes of machining, and the bending strength 
and load is complicated and largely determines 
other mechanical properties. In both studied wood 
properties are likely to have low due to low 
Wandigkeit the fibers and low density. This is con-
firmed by that obtained in previous studies values 
[4, 5]. The values obtained for the hardness of the 
longitudinal fibers is 34.0 N.mm-2 hardness trans-
versely of the fibers is 27.2 N.mm-2, for the bending 
strength of 40.6 N.mm-2. Compared to local growing 
tree species, this wood will probably have proper-
ties similar to those of poplar. 

 
1. Methods and materials 

The studied wood is near the town Plovdiv (vil-
lage Stroevo). Crops are from an altitude of 177 
meters. The studied wood is mostly juvenile. The 
experiment was based on the testing of 295 speci-
mens obtained from 46 discs of 23 stems of Pau-
lownia. Measured are the initial size and mass of 
the samples. After standing for 30 days in a desic-
cator equipped with a vacuum pump trials, units 
reach maximum swollen state, and measured again. 

From these data are calculated swelling in the 
radial, tangential and longitudinal direction, and the 
volume swelling. It also defines the density at the 
initial humidity (~10%) and standard maximum hu-
midity. The maximum density and maximum humid-
ity can only be used as verifying calculations. 
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Table 1. Type and amount of experimental studies 
№ Property  Number of stems Number of discs Number of test pieces 
1 Swelling  23 46 295 
2 Density  23 46 295 
3 Hardness  23 23 72 
4 Flexural strength 23 – 72 

 
To determine the physical properties using non-

standard test pieces are disposed successively on 
the radius of the stem so that it can determine the 
variation of these properties with age. 

 

 
Fig. 1. Preparation of specimens for determining the 

static hardness, density and swelling of the wood 
 

Washers are outlined on their diameters as 
strips approximately 20 mm wide strips were then 
graduation and describe. Then, using a chisel and 
hammer are separated the specimens in a radial 
direction. Of each disc are derived from 4÷11 the 
number of test pieces, depending on the size of the 
puck. 

Ready specimens were measured table (with an 
error of weighing not more than 0.01 g), and three 
dimensions – length, width and thickness (meas-
urement error not greater than 0.1 mm). 

At each test piece is determined the density by a 
stereomerical method. Then the samples are 
soaked in water up to the maximum swollen state. 
For this purpose, using a desiccator is equipped 
with a vacuum pump. A maximum density and 
swelling after stays in water is 30 days. 

The determination of static hardness is by the 
method Janka (CT CMEA 2366: 1980). The hard-
ness of the test pieces was determined at different 
areas of the stem (but primarily in the juvenile the 
wood). In different areas of the test specimen is 
inserted punch under pressure at a depth of 5.64 

mm, a rate of 5 mm/min (to allow testing to continue 
1.5±0.5 min). 

 
2. Results and discussion 
2.1. Physical properties 

Despite the apparent differences in construction, 
in the study of swelling values for both samples 
were received virtually identical. Swelling in the 
longitudinal direction is less than 1% (about 0.8%) 
as it is in most species with mild and soft wood. 
Swelling in radial direction is about 4.0%, and that 
in the tangential direction – about 5.0% (Fig. 2). 

 

 
Fig. 2. Swelling of the wood of Paulownia in different 

directions 
 

It is noteworthy to mention the lower ratios of 
swelling. Perhaps the explanation is here by the 
narrower core rays. On one hand they „keep” the 
wood in a radial direction and guarantee values 
about 4.0%, such as for most species (especially at 
this density). On the other hand, small width does 
not contribute to higher rates of swelling in tangen-
tial direction. 

As a result, the volume swell is about 10%. This 
is very low, comparable to those of coniferous spe-
cies. Here, these values can hardly be explained 
only by the lower density. Likely structure of the cell 
wall of the fibers is the primary cause of one of the 
lowest values of swelling in general. 

When values for density there is any difference. 
In the figure, it seems small, but is about 220 kg.m-3. 
Besides the botanical origin, this was another rea-
son to split wood studied two samples (Fig. 3). The 
density of the wood from the second batch is 424 
kg.m-3. 
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Fig. 3. Density and maximum moisture content of the 

wood of Paulownia in different directions 
 

In the studies, the calculation of the maximum 
density (rmax) and humidity (Wmax) is just checklist 
value. Here they show precisely that studies are 
correct and the values obtained are correct. The 
resulting lower value of the standard density (r12) 
means higher values for maximum density (about 
803 kg.m-3, for the first batch and 748 kg.m-3 for the 
second) and maximum humidity (about 236% for 
the first batch and 119% for the second). This is 
evidenced by the higher potential of the lighter and 
more porous wood contains water. 

 
2.2. Mechanical properties 

On the test timber were tested namely hardness 
and flexural strength. Directly on the discs is deter-
mined stiffness in longitudinal direction. On each of 
the discs were determined several values (Fig. 4). 

 

 
Fig. 4. The hardness of the wood of Paulownia for 

different batches 
 

The tested wood may be defined as a soft 
(Fig. 4). The hardness along the fibers of the batch 
„A” is about 20 N.mm-2 while a batch „B” is about 
two times greater – 39 N.mm-2. Although here the 
value of the dispersion is less in batch „A”. It should 
be noted that the metric value exceeds with very 
little the limit of the accuracy of the standard 5% – 
5.01%. 

Batch „B” it is within the allowable – 4.50%. The 
big difference in hardness values can be explained 

by the width of the annual ring. While batch „A” it is 
a few centimetres it in batch „B” it is about 1 cm. 
There punch falls harder later wood, where the role 
of early tracheas and parenchyma is weak. 

Another particular feature is the bending 
strength. It's complicated load and largely deter-
mined the other mechanical properties. Estimated 
values obtained are low – close to our species with 
the lightest wood. The resulting average batch „A” 
is 35 N.mm-2 while a batch „B” it is almost twice as 
high – 62 N.mm-2 (Fig. 5). 

 

 
Fig. 5. Bending strength of the wood of Paulownia for 

different batches 
 

Here the explanation for the difference in values 
must be sought in two directions. The bending 
strength may be divided into a tension and com-
pression. While the compressive strength is more 
dependent on Wandigkeit of the fiber tensile 
strength it depends more on the fibers them-
selves – structure, in contact with each other, etc. 
Possibly in our case the difference value may be 
attributed to the compressive strength, because in 
hardness, shown above, the difference in the val-
ues for the two batches was also approximately two 
times. 

An important part of the analysis of the me-
chanical properties is represented values of the 
quality factors of stiffness and flexural strength 
(Fig. 6). Estimated are here the values of the lot „A” 
is lower than that of batch „B”. 

 

 
Fig. 6. Quality factor of bending wood of Paulownia 

for different batches 
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Of interest is the difference between the coeffi-

cients of the individual properties. While the result-
ing average value of the coefficient of stiffness are 
respectively 0,070 batch „A” and 0.091 for batch „B”, 
then the ratio of the bending strength of these val-
ues are respectively 0.123 and 0.145. This increase 
of about 1.7-fold indicates that the wood of Pau-
lownia is able to tolerate larger bending loads than 
compressive and hardness. 

 
Conclusions 

After analyzing the results can be made the fol-
lowing important conclusions: 

‒ The wood of Paulownia is characterized by 
a little amount of swelling values in radial 
and tangential direction which are very close. 

‒ The density of the wood in two different 
batches, and the wood from batch „B” are 
considerably heavier. 

‒ The timber of Paulownia is a soft wood, like 
that of batch „B” and about twice as high 
hardness. 

‒ The values obtained for bending stiffness 
are very low, such as wood from batch „B” 
has a significantly high strength. 

‒ As a result of the construction of the timber, 
quality factor in both species is quite similar 
as values despite differences in mechanical 

properties. 
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Резюме 

 
Познаването на свойствата на всеки дървесен вид има значение както за науката, така и за практиката. Това 

се отнася и за интродуцираните дървесни видове, които пренесени от собствения им ареал, попадат на нови 
условия на месторастене, което оставя белег върху анатомичния им строеж и свойствата на дървесината. В нас-
тоящата работа е направен опит за описание на някои свойства на дървесината един интродуциран дървесен 
вид какъвто е пауловнията, като се сравнят получените резултати с данни от литературата. В статията са предс-
тавени резултати за набъбването, плътността, твърдостта и якостта на огъване. Направено е сравнение на тези 
свойства, като е използван качествения коефициент. 
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