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The analyses of functional needs of overweight persons for chairs 

�$�1�1�$���2�*�1�,�(�:�6�.�$�����6�<�/�:�,�$���2�/�(���6�.�$ 
Faculty of Wood Technology SGGW, Department of Technology and Entrepreneurship in Wood Industry 

Abstract:  The analyses of functional needs of overweight persons for chairs. The paper attempts the problem of 
chairs used by people suffering from overweight. Nowadays, on the market it is hard to find a furniture, that 
would correspond to requirements of people struggling with this problem and would help them in everyday chair 
using. In the paper there are presented the results of studies based on the on-line questionnaire. Respondents 
gave their answers for questions about inconveniences felt during daily using of chair. The analyses covered the 
reasons and features, that could be introduced or eliminated in chair construction to improve the user comfort. 

INTRODUCTION 
Nowadays, attention is increasingly focused on the needs of people belonging to 

particular social groups. Each person can be assigned at least to several categories, so that 
everyone can find the right product for themselves. Furniture manufacturers know this very 
well. That is why, they try to adapt their products to the needs of social groups, occurring in 
relation to minorities or the majority of society. Bearing in mind the comfort of using the 
furniture and some limitations resulting from physical fitness or age, furniture companies 
have developed a series of furniture for special purposes. Currently, with a range of different 
�S�U�R�G�X�F�W�V���W�R���F�K�R�R�V�H���I�U�R�P�����Z�H���I�L�Q�G���³�W�D�L�O�R�U-�P�D�G�H�´���V�R�O�X�W�L�R�Q�V���G�H�V�L�J�Q�H�G���W�R���R�X�U���G�L�V�F�U�H�W�L�R�Q���D�Q�G���Q�H�H�G�V��
with current requirements that we will put before making the final decision to buy a new piece 
of furniture. 

The first of the example of social groups are children [Parcells et al., 1999] - both 
those who are small, making their first steps, and the bigger ones, which are becoming more 
and more independent. This is how safe furniture for children is created, often without sharp 
edges, with a stable structure that protects against loss of balance, together with adjustable 
construction elements, so that they serve as long as possible with the growth of the child 
[Murphy et al., 2007].  

Another excellent example are pieces of furniture, which is gaining more and more 
popularity, dedicated to the elderly. This is another large social group for which specially 
created furniture makes everyday tasks easier. Manufacturers take into account less mobility, 
sometimes health problems that do not allow comfortable rest or use the basic furniture 
available on the market. Fortunately, a wide range of available solutions means that our 
grandparents can enjoy independence for many years. Previously mentioned children as well 
as elderly people constitute large groups of recipients for producers. 

A quite separate group are people who are overweight, which is so annoying that the 
use of equipment, furniture, and sometimes even the movement itself can be quite a challenge. 
Obesity is a chronic disease, according to many civilization diseases and it is distinguished in 
people with a BMI index equal to or exceeds 30 points. Even 25 points and more are 
classified as overweight. According to current WHO data from 2017 [http://www.who.int 
2018a, b], obesity has tripled over the last four decades. In 2016, over 1.9 billion adults 
around the world aged around 18 years are overweight, with over 650 million people 
diagnosed with obesity. Thus, it can be seen how a large number of people are affected and 
furniture is expected from manufacturers that will provide comfort for those who are 
overweight. Problems related to obesity are not limited to increased body weight. The 
consequence of obesity is many diseases that threaten health and life. This is a problem that 
must not be underestimated. Furniture manufacturers, unfortunately, did not see attractive 
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consumers in such a large social group, which means that there are no solutions on the market 
that would make everyday life easier for obese patients. According to the research 
[https://stat.gov.pl/obszary-tematyczne/warunki-zycia, 2017], one in four of us is affected by 
the problem of obesity among Poles. In this field, the European classification puts Polish 
people in the sixth place, which is not a reason for bragging, but as a social group, it is 
becoming more numerous. According to GUS data [GUS, 2016], in 2014, persons aged 15 or 
more who were overweight or obese accounted for 53.3% of the population in Poland. Obese 
people, that is, consumers of special demand is more and more, that's why their needs for 
furniture manufacturers are getting bigger, and unfortunately the supply definitely does not 
correspond to the increased demand for this type of solutions. 

The article discusses the subject of chair functionality for the above-described social 
group. They are furniture that accompany us every day at home, at work, in public places. 
They are one of the most often and longest used pieces of equipment [Chester et al., 2002]. 
That's why they are responsible of comfort for our body and contribute to our well-being. 
That's why the chair is the most demanding piece of furniture in terms of functionality. 
Appropriate design of the chair will help relieve the occurrence of symptoms associated with 
excessive weight and prevent further development of musculoskeletal diseases. 

According to the generally accepted classification of furniture [Smardzewski, 2008], 
chairs can be divided according to the following criteria: purpose, functionality, form and 
structure, technology and quality. The criterion of functionality was chosen as the most 
valuable aspect for the user. Functionality is a set of features that determine the convinces and 
comfort of using the furniture, in accordance with its assumed utility program. 

The aim of the work was the analysis of data on the needs of the consumer market in 
the field of the functionality of chairs and chairs with armrests for overweight people. 

METHODOLOGY 
The research was carried out using a questionnaire placed on  the Internet with open 

access within the time frame of 25/11/2017-12/01/2018. The survey is presented below. 
During this period 48 respondents answered. The questionnaire was divided into closed 
questions: 4 questions about sex, age, height and weight, 2 questions about the job and time 
spent in a sitting position. Another six questions were semi-open and concerned the 
characteristics of the used chairs and the comfort of using them. There was also a question 
about the character of a cafeteria on the Likert scale in order to learn the decisive factor when 
choosing a chair. 

Needs of functionality of chairs 
1. Your gender (select only one answer): male, female 
2. Your age (select only one answer): up to 25, 26-35, 36-45, 46-55, beyond 56 years 
3. �<�R�X�U���K�L�J�K���L�Q���F�P���«�«�«�«�«�«�« 
4. Your weight (select only one answer): up to 50, 51-60, 61-70, 71-80, 81-90, 91-100, 

101-110, beyond 110 kg 
5. How much time do you spend in the sitting position during the day? (select only one 

answer): up to 4, 4-5, 6-8, beyond 8 hours 
6. What kind of work you do? (select only one answer): learner/student, office work, 

manual labor, I am not employed 
7. Mark all the features describing the chair on which you spend the most time during the 

day (select all the appropriate answers): soft seat, hard seat, no backrests, lions rest 
chair,  armrests, bolster, regulated high, regulated backrests angle, wheels, 
�R�W�K�H�U�«�«�«�«�«�� 
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8. The discomfort of which parts of the body do you usually feel while sitting? (select all 
the appropriate answers): neck, back, buttocks and hips, lower limbs, upper limbs, I do 
�Q�R�W���I�H�H�O���G�L�V�F�R�P�I�R�U�W�����R�W�K�H�U�«�«�«�«���� 

9. What is the discomfort you feel caused by? (select all the appropriate answers): badly 
contoured seat / back, too narrow seat / back, too hard seat / back, too low back, too 
�V�K�R�U�W���V�H�D�W�����D�U�P�U�H�V�W�V���D�U�H���W�R�R���K�L�J�K�����D�U�P�U�H�V�W�V���D�U�H���W�R�R���O�R�Z�����R�W�K�H�U�«�«�«�«���� 

10. Do you use additional accessories to improve the comfort of the seat on the chair? 
(select all the appropriate answers): seat cushions, backrest�V���� �I�R�R�W�U�H�V�W���� �,�� �G�R�Q�¶�W�� �X�V�H�� �L�W����
�R�W�K�H�U�«�«�«�«���� 

11. Do you have difficulties in getting up from the chair? (select all the appropriate 
answers): If so, what are they related to: unstable chair construction, too high position 
of the armrests, too low position of the armrests, too high angle of the chair's 
�L�Q�F�O�L�Q�D�W�L�R�Q�����W�R�R���O�R�Q�J���V�H�D�W�����,���G�R���Q�R�W���K�D�Y�H���D�Q�\���G�L�I�I�L�F�X�O�W�L�H�V�����R�W�K�H�U�«�«���� 

12. Which could, in your opinion, improve the comfort of using the chair? (select all the 
appropriate answers): adjustable backrest / armrests / seat height, leg support, bolster, 
�O�R�L�Q�V���V�X�S�S�R�U�W�����R�W�K�H�U�«�«�«�« 

13. Select on a scale of 0 to 5 how important factors are played by you when choosing a 
chair: look, prize, stability of construction, siting comfort. 

RESULTS AND ANALYSIS 
 Women accounted for about 54% of the respondents, the remaining about 46% were 
men. The largest age group were people up to 25 years old, which corresponded to 48%, the 
next group in the order were people aged 36-45 (21%), 26-35 years (17%), 46-55 years (8%) 
and people over 55 (6%).  

The respondents were divided into two groups in terms of the BMI index. Overweight 
people accounted for the dominant group (81%), people classified as obese were 19%. This 
indicator was calculated based on previously provided information on weight, height and 
declared gender. 

The persons participating in the study were asked to answer the question of how much 
time they spend in the sitting position during the day (in hours). The largest part of the 
respondents were people who sit 6-8 hours a day in a sitting position (33%) and over 8 hours 
(31%). The next place was occupied by 4 hours a day (19%) and 4-6 hours (17%).  

Another question about the respondents concerned the type of professional or other 
work performed. This was to re-categorize social groups and answer the question whether 
spending time in a sitting position during the day is caused by professional activity, or simply 
lack of physical activity and sitting of your own will. Of all the respondents, the largest group 
were people doing office work (56%), then students (27%), manual workers (11%) and 
unemployed (6%). On this basis, one can put forward the thesis that people who are 
professionally active and work in the office spend the most time in a sitting position. The 
chair is for most people an inseparable subject of daily work, so the way it was made is 
crucial for maintaining the comfort and health of the user, but also affects his or her 
professional effectiveness. 

In the first half-open question (Figure 1), respondents were asked to indicate all the 
features of the chair on which they spend the most time during the day. The respondents had 
the opportunity to mark more than one answer that allowed them to describe their chair type 
as accurately as possible. All answers were summed up. Than the contribution percentage of 
each option was calculated. The most popular piece of furniture turned out to be chairs with a 
soft seat - 36 answers. The respondents also chose that their chair had wheels, which was the 
second result in the order �± 33 answers. Armrests were another armchair option, which was 
marked by 28 people. Respondents also indicated that their chairs have an adjustable seat 
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height, and this result corresponded to 27 people. The chair constructions described are 
popular chairs used in office work. 

 
Figure 1. Select all the features describing the chair on which you spend the most time during the day 

(own research) 

 
Figure 2. The discomfort of which parts of the body do you usually feel while sitting? (own research) 

 The further part of the survey concerned the discomfort they feel during spending time 
on their seat (Fig. 2). Only 11% of respondents feel no discomfort. The rest of the respondents 
feel discomfort of parts of the body in various degrees. The respondents use the standard chair 
structures. This means that these constructions are not adapted to their work. 
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Figure 3. What is the discomfort you feel caused by? (own research) 

 
 Respondents were also asked about their opinion what discomfort mentioned in the 
previous question may be caused (Fig. 3). A significant proportion of respondents say that the 
chair has a badly contoured seat or backrest (31%) and that it is too hard (27%). This is 
related to the pain of the back and buttocks described earlier. When the backrest is not 
adjusted to the user's back, it imposes an incorrect posture on it, sometimes tilting forward. 
The support for the loins and back is reduced, which also causes pain in the lower part of the 
spine and buttocks. Too low backrest during prolonged use may cause discomfort associated 
with pressure on the middle back and also impose incorrect posture while sitting. For people 
who are overweight, it can be a very heavy load for the spine, because the weight of the body 
will not be evenly distributed. In the previous question, 11% of respondents stated that they 
do not feel discomfort associated with sitting on a chair, but already in the current only 4%, 
which clearly means that this problem, however, is revealing the disadvantages of their 
current seats. 
 

 
Figure. 4. Do you use additional accessories to help you sit comfortably on a chair? (own research) 
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 Determined to get the best results, the respondents were asked whether they use 
additional accessories that are designed to improve the comfort of sitting on the chair (Fig. 4). 
As many as 73% of respondents do not use additional elements at all, which would improve 
comfort. However, 13% of people using additional back supports confirm that the feeling of 
back pain is not as noticeable as in the absence of it. The use of seat cushions by respondents 
is associated with the previously diagnosed pain in the buttocks and hips. If the chair seat is 
too low, the bending angle of the knee becomes too small and the user's weight is transferred 
to the buttocks. Additional footrest ensures proper foot contact with the ground and improves 
body stability. 
 

 
Figure 5. Do you have any difficulties getting up from the chair? If so, what are they related to? (own research) 
 
 In the next question, the respondents answered the question whether they are 
experiencing difficulties with getting up from the chair and if so, what they think may be 
caused (Fig. 5). As many as 66% responded that they did not experience any complaints, 
while 19% stated that unstable construction is a cause of difficulty in getting up. Also, too 
high a slope angle does not make it easy to get up. Too high and too low placement of the 
armrests is a hindrance. This means that it is necessary to use in chair constructions the 
possibility of adjusting their height. The last choice was too long a seat. Man should also pay 
attention to this underestimated element in the construction. 
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Figure 6. What could in your opinion improve the comfort of using the chair? (own research) 

 
 The respondents were also asked what in their opinion could improve the comfort of 
using the chair (Fig. 6). The favorite among the answers was the support of the lumbar 
segment. The leg support was also eagerly a typed answer, further a headrest and various 
regulations. We have a clear signal for furniture manufacturers, what potential customers 
expect and what they will pay attention to when choosing the perfect chair for themselves. 
 

 
Figure 7. How important are the factors given to you when choosing a chair? (own research) 

 
 In the last question, the respondents had to indicate what they would follow when 
choosing a chair (Fig. 7). Respondents indicated 4 basic elements that will influence their 
decision. It surprises that as the last factor respondents indicated the price. This is another 
proof that the price does not affect the overall purchase decision, which is why chair 
manufacturers should pay special attention to the quality / comfort of their chairs rather than 
attracting the customer with a low price, which will cause the expense of later discomfort. 
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SUMMARY 
 The key to unraveling the answer that a chair will be ideal for people who are 
overweight or even obese is quite simple. It must be comfortable. First of all, furniture 
manufacturers, who are responsible for the production and design of chairs for particular 
social groups, especially for people struggling with the problem of overweight, have to listen 
the needs of target group. The above answers from people who took part in the survey showed 
exactly what they expect from the perfect chair. The way of life, as well as the place of work 
indicated by the respondents only confirms that in most cases the chair plays an important role 
in everyday work, because it is in the place of employment that they spend the most time on 
it.  

A solution, a comfortable chair, does not have to be the cheapest, because the client 
agrees to a higher price, but must meet expectations. It is worth emphasizing again that 
comfort, amenities in the form of a comprehensive adjustment of the ideal chair will be the 
answer, how to get rid of back pain after a few hours of sitting on the chair. People's 
awareness also increased, which is confirmed by the study group. Only 1% of respondents 
admit that they feel discomfort while working while sitting in a chair by their own fault, 
choosing a wrong position. However, the remaining 99% agree that the problem lies in the 
chair and that its change to other ones will bring relief.  

Currently, the problem affects many people, because overweight has become a 
problem of 25% of the entire native society. For producers, this is an opportunity to offer their 
future clients a solution they are looking for, as 25% of the society gives a large group of 
potential recipients. 
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Streszczenie: �$�Q�D�O�L�]�D�� �S�R�W�U�]�H�E�� �I�X�Q�N�F�M�R�Q�D�O�Q�R���F�L�� �N�U�]�H�V�H�á�� �G�O�D�� �R�V�y�E�� �]�� �Q�D�G�Z�D�J������Tematyka 
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�E�D�G�D���� �R�S�U�D�F�R�Z�D�Q�H�� �Q�D�� �S�R�G�V�W�D�Z�L�H�� �L�Q�W�H�U�Q�H�W�R�Z�H�J�R�� �N�Z�H�V�W�L�R�Q�D�U�L�X�V�]�D�� �D�Q�N�L�H�W�R�Z�H�J�R�� 
�5�H�V�S�R�Q�G�H�Q�F�L�� �X�G�]�L�H�O�D�O�L�� �R�G�S�R�Z�L�H�G�]�L�� �Q�D�� �S�\�W�D�Q�L�D�� �]�Z�L���]�D�Q�H�� �]�� �G�R�O�H�J�O�L�Z�R���F�L�D�P�L�� �R�G�F�]�X�Z�D�Q�\�P�L��
�S�R�G�F�]�D�V�� �F�R�G�]�L�H�Q�Q�H�J�R�� �N�R�U�]�\�V�W�D�Q�L�D�� �]�� �N�U�]�H�V�H�á���� �1�D�� �W�H�M�� �S�R�G�V�W�D�Z�L�H�� �Z�V�N�D�]�D�Q�R�� �Q�D�M�F�]�
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Ethylene glycol modification of waste-free adhesive melamine-urea-
formaldehyde resins for the production of waterproof plywood 

�0�$�5�,�8�6�=���-�Ï�'�:�,�$�. 
�:�R�R�G���7�H�F�K�Q�R�O�R�J�\���,�Q�V�W�L�W�X�W�H�����3�R�]�Q�D�� 

Abstract: Ethylene glycol modification of waste-free adhesive melamine-urea-formaldehyde resins for the 
production of waterproof plywood. In presented article properties of beech plywood produced with the use of 
melamine-urea-formaldehyde resins (MUF) in function of modification of ethylene glycol (0.2-0.6 mole) were 
discussed. The shear strength and wood failure of produced plywood accordingly to the requirements of 
standards EN 314-1 after tests p.5.1.3 were tested. On the base of carried out tests it was stated, that  produced 3-
layers plywood obtained with used MUF resin  modified with ethylene glycol fulfilling the requirements of EN 
314-2 standard for 3 class of gluing quality.  

Keywords:  resin, waste, ethylene glycol, plywood, 

INTRODUCTION  
Amino resins owe their common use to their numerous advantageous properties such 

as water solubility, high reactivity, colorless glue line and high resistance to biotic factors, and 
in the case of MUF and MF resins to high hydrolytic resistance of adhesive glue line. 
Participation of amino resins in the general range of adhesives produced for the wood industry 
stands at 85% [DUNKY 2004]. 

The adhesive amino resins are obtained by condensation and then concentrated using 
evaporators to dry matter content ranging from 60 to 70%. The distilled off part is mainly 
water containing impurities in the form of formaldehyde and other compounds used as 
modifiers polycondensates such as alcohols, amides, phenol and others. The process of resin 
evaporation is carried out mainly in order to improve polycondensates stability, i.e. obtain 
suitable technological viscosity, as well as to enhance their suitability for transport. In order to 
eliminate the compaction process some manufacturers of resins use concentrated solutions of 
formalin or formaldehyde-urea concentrates. However, these technologies are available only 
at factory level, mainly due to the low stability of concentrated substrates, and the obtained 
resins are characterized by unsatisfactory stability. In the Wood Technology Institute research 
�R�Q���W�K�H���V�\�Q�W�K�H�V�L�V���R�I���D�P�L�Q�R���U�H�V�L�Q�V�����S�R�O�\�F�R�Q�G�H�Q�V�D�W�L�R�Q�����-�Ï�'�:�,�$�.���D�Q�G���-�$�%�à�2���6�.�,�����������������K�D�V��
been conducted for many years. Recently conducted research has shown that in an 
uncomplicated process of condensation, MUF resins by non-waste method can be obtained, 
using formalin-�V�W�D�E�L�O�L�]�H�G���K�L�J�K���F�R�Q�W�H�Q�W���R�I���P�H�W�K�D�Q�R�O���>�-�Ï�'�:�,�$�.���������������������D���E�@����It is important 
to extend the possibility of synthesis to determine the suitability of the use of polyhydric 
alcohols, such as ethylene glycol. 

The aim of the research were examine of effect of ethylene glycol modification of 
MUF resins condensed waste-free  way  on the on the selected physicochemical properties 
and gluing quality of beech plywood. 

 
MATERIALS AND METHODS 

Resin. We applied MUF resins condensed on the lab scale for the molar ratio 
formaldehyde : melamine : urea: like as 3.8:1.0:0.8+0.2 mole and ethylene glycol (GE) in an 
amount 0.2;0,4 and, 0.6 mole. The condensation was a tree-step process performed at 
temperature of 82�“�� ���ƒ�&���� �7�K�H��ethylene glycol was added in the first condensation step. 
�&�R�Q�G�H�Q�V�D�W�L�R�Q�� �Z�D�V�� �F�D�U�U�L�H�G�� �R�X�W�� �W�R�� �Z�D�W�H�U�� �W�R�O�H�U�D�Q�F�H�� �L�Q�� �W�K�H�� �U�D�Q�J�H�� �R�I�� �������·������������Polycondensate 
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�Z�D�V�� �Q�R�W�� �G�L�V�W�L�O�O�H�G���� �'�H�W�D�L�O�V�� �F�R�Q�F�H�U�Q�L�Q�J�� �W�K�H�� �V�\�Q�W�K�H�V�L�V�� �Z�H�U�H�� �S�U�H�V�H�Q�W�H�G�� �H�D�U�O�L�H�U�� �>�-�y�(�Z�L�D�N�� ���������@����
�5�H�V�L�Q�V���Z�H�U�H���V�W�R�U�H�G���D�W���D���W�H�P�S�H�U�D�W�X�U�H���R�I���������“�����ƒ�&���� 
The basic physicochemical properties of the resin were determined using the following 
methodologies: 

- apparent viscosity using Emil rotational viscometer in compliance with PN-92/C-
89402 

- �F�R�Q�W�H�Q�W���R�I���G�U�\���P�D�V�V�����D�F�F�R�U�G�L�Q�J���W�R���'�,�1���(�1�������������Z�H�L�J�K�H�G���V�D�P�S�O�H�����������“�����������J���Z�H�U�H���Gried 
�D�W�����D���W�K�H�U�P�D�O���F�K�D�P�E�H�U���Z�L�W�K���Q�D�W�X�U�D�O���D�L�U���F�L�U�F�X�O�D�W�L�R�Q���D�W�����������“�������ƒ���&���G�X�U�L�Q�J�����������“�������P�L�Q�� 

- pH applying pH-meter with combined electrode according to PN-ISO 1148 
- �J�H�O���W�L�P�H���D�W���������ƒ�&���D�F�F�R�U�G�L�Q�J���W�R���%�1����������������-01 
- free formaldehyde content by sulphite method according to DIN EN 1243 

Glue mixtures. To approximately one third of the MUF resin was added a certain amount of 
filler, (wheat flour type 650 and kaolin powder KOG-OS,  and active silica Aerosil-120), then 
the mixture was stirred for 10 min with a mechanical stirrer, and then introduced the 
remainder part  of the resin was carried out by stirring for a further 20 min. At the final stage 
of preparation of the adhesive, the hardener 1,6% NH4NO3  was added.  
Veneer. In the study beech veneer were used. For the preparation of 3-layer plywood, veneers 
�Z�L�W�K���G�L�P�H�Q�V�L�R�Q�V���������[�������[�����������“�����������P�P�����D�Q�G���0�&��� �����������“�������������Z�H�U�H���X�V�H�G�� 
The parameters pressing process. Veneer was applied on one side with the adhesive roller 
in an amount of 180 g/m2. Then three layer sets was formed. After 1 or 24 h assembly time 
�V�H�W�V���S�U�H�V�V�L�Q�J���D�W���������ƒ���&���I�R�U�������P�L�Q���D�W���D���S�U�H�V�V�X�U�H���R�I�����������0�3�D�� 
Testing. Samples were cut to determine shear strength (Rt) of adhesive glue line of plywood 
in accordance to EN 314-01 standard. Before determining the shear strength of bonds, the 
samples were subjected to hydrothermal treatments in accordance with point 5.1.3 (4 h boiling 
�L�Q���Z�D�W�H�U���D�V���Z�H�O�O���D�V�������� �K���G�U�\�L�Q�J���L�Q���D�L�U���D�W���W�K�H���W�H�P�S�H�U�D�W�X�U�H���R�I�� �����“���ƒ�&���D�Q�G������ �K���E�R�L�O�L�Q�J���L�Q���Z�D�W�H�U��
�D�Q�G���F�R�R�O�L�Q�J���L�Q���Z�D�W�H�U���W�R���W�K�H���W�H�P�S�H�U�D�W�X�U�H���R�I�������“���ƒ�&�������$ll the samples were tested in wet state 
in the Instron Testing Machine at loads ranging to 500 daN. Rupture of the samples were 
�R�F�F�X�U�U�H�G���Z�L�W�K�L�Q�����������“�������V�������$�I�W�H�U���V�K�H�D�U���W�H�V�W�V�����W�K�H���V�D�P�S�O�H�V���Z�H�U�H���G�U�L�H�G���D�Q�G���W�K�H���S�H�U�F�H�Q�W�D�J�H���V�K�D�U�H��
of the bond surface covered with wood fibers �± wood failure (WF) was determined comparing 
the pictures of bond damage with those shown in EN 314-1 standard. 
 
RESULTS  

The properties of MUF resins are shown in the table 1. It has been observed that 
increasing the share of GE effects on the reduction of resin reactivity (�J�H�O���W�L�P�H���D�W���������ƒ�&���L�Q���W�K�H��
range 106-118 s) and the increase of formaldehyde content (0.46-0.56%). However, the 
apparent viscosity and content of the dry mass, regardless of the amount of the modifier, were 
similar. 

Shear strength and wood failure after tests p. 5.1.3. (AW-100) according to EN 314-01 
of three-layer beech plywoods obtained with used MUF resin modified with ethylene glycol 
and various parameters of assembly time of gluing are shown in the table 2. Plywood were 
characterized by very high quality waterproof glue lines, independently of quantity of 
ethylene glycol. Higher values WF were obtained for 24 h assembly time. Plywood fulfilled 
the requirements for EN-314-2 standard in terms of strength and water resistance of glue 
lines.  
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Table 1. Physicochemical properties of adhesive MUF resin modified with ethylene glycol 
Molar ratio of 
ethylene glycol Apparent 

viscosity 
Content of dry 

mass pH Gel time at 
�������ƒ�& 

Free formaldehyde 
content 

mole mPa.s S - s % 
0 30 51.6 9,48 106 0.46 

0.2 34 50.8 9,40 116 0.55 
0.4 30 51.0 9.38 112 0.56 
0.6 32 51.7 9,33 118 0.56 

Table 2. Shear strength and wood failure after tests p. 5.1.3. (AW-100) according to EN 314-01 of three-layer 
beech plywoods obtained with used MUF resin  modified with ethylene glycol and various parameters of 
assembly time of gluing  

Assembly 
time [h] 

Shear strength and wood 
failure of plywood after 

tests according to 
 EN 314-01 

Molar ratio of ethylene glycol in the condensation of MUF 
resin [mole] 

Basic statistics Unit 0 0.2 0.4 0.6 

1 

xavg MPa 2.03 2.07 1,82 2.12 
�/n-1 0.43 0.36 0.28 0.18 
 �� % 

 
21.2 17.4 15.4 8.5 

WF 14 26 30 8 

24 

xavg MPa 2,18 1,74 18,1 2.11 
�/n-1 0.38 0.33 0.36 0.20 
 �� 

% 
17.4 19.0 19.9 9.5 

WF 52 50 48 64 
xavg, �± average; , �/n-1 �± �V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q���������± variation coefficient; WF �± wood failure 

 
CONCLUSIONS 

Based on the performed study it was found full usefulness of ethylene glycol as a 
modifier of MUF resins condensed in a waste-free way. Plywood obtained with used MUF 
resin modified with ethylene glycol fulfilling the requirements of EN-314-02 for class 3 of 
gluing quality.  
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�7�H�F�K�Q�R�O�R�J�L�D�� �'�U�H�Z�Q�D�� �:�F�]�R�U�D�M���� �'�]�L������ �-�X�W�U�R�´�� �6�W�X�G�L�D�� �L�� �V�]�N�L�F�H�� �Q�D�� �M�X�E�L�O�H�X�V�]�� �3�U�R�I�H�V�R�U�D��
Ryszarda Babickiego. �3�R�]�Q�D����������������������-193 

 
Streszczenie: �0�R�G�\�I�L�N�D�F�M�D�� �J�O�L�N�R�O�H�P�� �H�W�\�O�H�Q�R�Z�\�P�� �E�H�]�R�G�S�D�G�R�Z�\�F�K�� �N�O�H�M�R�Z�\�F�K�� �*�\�Z�L�F��
melaminowych przeznaczonych do wytwarzania sklejki wodoodpornej. W pracy 
�S�U�]�H�G�V�W�D�Z�L�R�Q�R�� �E�D�G�D�Q�L�D�� �Q�D�G�� �Z�S�á�\�Z�H�P�� �P�R�G�\�I�L�N�D�F�M�L�� �J�O�L�N�R�O�H�P�� �H�W�\�O�H�Q�R�Z�\�P�� �*�\�Z�L�F�\��
melaminowo-mocznikiwo-�I�R�U�P�D�O�G�H�K�\�G�R�Z�H�M�� ���0�8�)���� �Q�D�� �S�R�G�V�W�D�Z�R�Z�H�� �Z�á�D���F�L�Z�R���F�L�� �I�L�]�\�N�R-
�F�K�H�P�L�F�]�Q�H���R�U�D�]���M�D�N�R���ü���V�N�O�H�M�H�Q�L�D���O�D�E�R�U�D�W�R�U�\�M�Q�H�M���W�U�y�M�Z�D�U�V�W�Z�R�Z�H�M���V�N�O�H�M�N�L���E�X�N�R�Z�H�M�����:���E�D�G�D�Q�L�D�F�K��
�]�D�V�W�R�V�R�Z�D�Q�R�� �*�\�Z�L�F�
�� �0�8�)�� �R�� �V�W�R�V�X�Q�N�X�� �P�R�O�R�Z�\�P�� �0���8���)�� �M�D�N�� ������������������������ �N�R�Q�G�H�Q�V�R�Z�D�Q����
�V�S�R�V�R�E�H�P�� �E�H�]�R�G�S�D�G�R�Z�\�P���� �0�R�G�\�I�L�N�D�F�M�D�� �J�O�L�N�R�O�H�P�� �H�W�\�O�H�Q�R�Z�\�P�� �Z�S�á�\�Z�D�� �Q�D�� �Q�L�H�]�Q�D�F�]�Q�H��
�R�E�Q�L�*�H�Q�L�H���V�L�
�� �U�H�D�N�W�\�Z�Q�R���F�L���*�\�Z�L�F���R�U�D�]�� �S�R�G�Z�\�*�V�]�H�Q�L�H���V�L�
�� �]�D�Z�D�U�W�R���F�L���Z�R�O�Q�H�J�R���I�R�U�P�D�O�G�H�K�\�G�X����
Wytworzone w skali laboratoryjnej 3-warstwowe sklejki buko�Z�H�� �S�U�]�\�� �]�D�V�W�R�V�R�Z�D�Q�L�X�� �*�\�Z�L�F�\��
MUF���� �Q�L�H�]�D�O�H�*�Q�L�H�� �R�G�� �X�G�]�L�D�á�X�� �P�R�G�\�I�L�N�D�W�R�U�D�� �L�� �W�H�F�K�Q�R�O�R�J�L�L�� �N�O�H�M�H�Q�L�D�� �V�S�H�á�Q�L�D�á�\�� �Z�\�P�D�J�D�Q�L�D�� �(�1 
314-2 dla 3- �N�O�D�V�\���M�D�N�R���F�L�����V�N�O�H�M�H�Q�L�D���Z�R�G�R�Rdpornego (Rt =1,0 MPa, przy WF=0%). 
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Research on the effect of MUF resins as an agent for fire protection of 
plywood veneers in the form of a thermosetting adhesive film 

�0�$�5�,�8�6�=���-�Ï�'�:�,�$�.����ANDRZEJ FOJUTOWSKI 

�:�R�R�G���7�H�F�K�Q�R�O�R�J�\���,�Q�V�W�L�W�X�W�H�����3�R�]�Q�D�� 

Abstract: Research on the effect of MUF resins as an agent for fire protection of plywood veneers in the form of 
a thermosetting adhesive film. Research on the effect of MUF resins as an agent for fire protection of plywood 
veneers in the form of a thermosetting adhesive film is presented. The external protection with thermosetting 
films made of non-waste MUF resins only slightly reduce the value of the combustion index. The protection of 
plywood in the form of film coatings of hardened MUF resin on the surface are not sufficiently fire protection of 
the plywood. The combustion index is in the range from 2.46  to 3.22. The methods has a very positive effect on 
the reduction of  the flammability index of plywood. 

Keywords:  resin, MUF, adhesive, plywood, fire 

INTRODUCTION 
Plywood is widely used in construction due to high strength, ease of machining and 

installation in buildings, good insulating properties, high aesthetic values. As a result of tests 
in accordance with current standards [PN-EN ISO 1182] it is counted as other organic 
substances for combustible building materials. In fire conditions, the plywood is relatively 
easily ignited and spreads fire rapidly. It is classified in terms of reaction to fire to class D, s1 
- s3, d0 - d2 (contribution to fire). After protection with flame retardants, however, it can be 
classified as class B - very little contribution to fire or class C - limited contribution to fire 
[PN-EN 13501-1] (B ~ non-flammable, C ~ hard flammable, D ~ easy flammable materials 
according to PN-96 / B-���������������>�$�1�2�1�,�0���������������g�6�7�0�$�1���H�W���D�O�������������@�����7�K�H���I�L�U�H���S�U�R�W�H�F�W�L�R�Q��
of the plywood consists mainly of impregnation with the solutions of the fire retardants of 
ready for use plywood product or veneers before gluing and pressing, applying the protective 
compounds to the surface or adding them to the glue. The inorganic and organic phosphorus 
compounds, boron, carbonates, urea, dicyandiamide, amino resins may be an examples of fire 
retardants components, between many others. In the course of thermal changes, fire retardants 
compounds absorb heat, easily carbonize to form a protective layer, emit gaseous products 
that dilute flammable gases and  directing the process of decomposition of wood towards 
dehydration and depolymerization by used or forming acids [CZAPLICKA-KOLARZOWA 
et al. 2010, FOJUTOWSKI 2002, OINGWEN et al. 2009]. In surface applications, however, 
they can be easily leached off, eliminating the effect of protection. Leaching is limited when 
using coatings of paints, lacquers and/or also synthetic resins. The study investigates the 
effect of MUF (melamine-urea-formaldehyde) resins as a protective anti-fi re agent for 
plywood veneers in the form of a thermosetting adhesive film. 

The aim of the research was to determine the degree of flammability change in 
plywood as a result of incorporating MUF into its structure. 
 
MATERIALS AND METHODS 

Resin. We applied MUF resins condensed on the lab scale for the molar ratio 
formaldehyde (F) : melamine (M) : urea (U) like as 3.8:1.0:1:0 (for film and adhesive)  and 
2.8:1.0:1:0 (only film). The condensation was a tree-step process performed at temperature of 
82�“�� ���ƒ�&�����&�R�Q�G�H�Q�V�D�W�L�R�Q�� �Z�D�V�� �F�D�U�U�L�H�G�� �R�X�W�� �W�R�� �Z�D�W�H�U�� �W�R�O�H�U�D�Q�F�H�� �L�Q�� �W�K�H�� �U�D�Q�J�H�� �R�I�� �������·������������
Polycondensate was not distilled. Details concerning the synthesis developed earlier 
�>�-�Ï�'�:�,�$�.�����������@�����5�H�V�L�Q�V���Z�H�U�H���V�W�R�U�H�G���D�W���D���W�H�P�S�H�U�D�W�X�U�H���R�I���������“�����ƒ�&���� 
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The basic physicochemical properties of the resin were determined using the following 
methodologies: 

- apparent viscosity using Emil rotational viscometer in compliance with PN-92/C-
89402 

- content of dry mass, according to DIN EN 827 (weighed sa�P�S�O�H�����������“�����������J���Z�H�U�H���G�U�L�H�G��
at �D���W�K�H�U�P�D�O���F�K�D�P�E�H�U���Z�L�W�K���Q�D�W�X�U�D�O���D�L�U���F�L�U�F�X�O�D�W�L�R�Q���D�W�����������“�������ƒ���&���G�X�U�L�Q�J�����������“�������P�L�Q�� 

- pH applying pH-meter with combined electrode according to PN-ISO 1148 
- �J�H�O���W�L�P�H���D�W���������ƒ�&���D�F�F�R�U�G�L�Q�J���W�R���%�1����������������-01 
- free formaldehyde content by sulphite method according to DIN EN 1243 

 
         Table 1. Physicochemical properties of adhesive MUF resin  

 
Molar ratio  Apparent 

viscosity 
Content of 
dry mass 

pH Gel time at 
�������ƒ�& 

Free 
formaldehyde 

content 
Mole mPa.s % - s % 

2.8:1.0:1.0 52 54.5 9,22 118 0,46 
3.8:1.0:1.0 36 52.5 9,08 101 0,78 

 
Veneer. In the study beech veneer were used. For the preparation of 11-layer plywood, 
veneers with dimensions 3�����[�������[�����������“�����������P�P�����D�Q�G���0�&��� �����������“�������������Z�H�U�H���X�V�H�G�� 
Glue film. The hardener 0.8% NH4NO3 to resins was added. The resins have been spread out 
on the beech veneer in the amount of 180 g/m2. After 120 hours of seasoning under the 
following conditions: temper�D�W�X�U�H�����������“�����ƒ�&�����U�H�O�D�W�L�Y�H���K�X�P�L�G�L�W�\�����������“��������, glue in the amount 
of 180g/m2 was applied for the second time. After 24 hours of seasoning in normal conditions, 
veneers with films (180, 360 g/m2) of MUF resins (2.8 and 3.8:1.0:1.0)  to produce 11-ply 
beech plywood were used.  
Glue mixtures. To approximately one third of the MUF resin (molar ratio 3.8) was added a 
certain amount of filler, (rye flour type 800), then the mass was stirred  for 10 min with a 
mechanical stirrer, and then introduced the remainder part  of the resin continuing the stirring 
for a further 20 min. At the final stage of preparation of the adhesive, the hardener 1.6% 
NH4NO3  was added.  
The parameters pressing process. The glue mixture was applied on one side of veneers with 
the adhesive roller in an amount of 180 g/m2. Then 11-layer sets were formed. After 24 h 
�D�V�V�H�P�E�O�\���W�L�P�H���V�H�W�V���Z�H�U�H���S�U�H�V�V�H�G���D�W���������ƒ���&���I�R�U���������P�L�Q���D�W���D���S�U�H�V�V�X�U�H���R�I�����������0�3�D�� 
Testing. After 2 weeks of seasoning in normal conditions the examination of the degree of 
fire protection of the plywood using the radiation method acc. PN-96/B-02874 was 
performed.  
 
RESULTS  

Indexes of combustion and flammability for the 11-layer plywood of beech protected 
of MUF resin in the form of hardened glue film, depending on the molar ratio MUF resins and 
the amount of adhesive application are presented in Table 2 and Fig.1. The external protection 
with thermosetting films made of non-waste MUF resins only slightly reduce the value of the 
combustion index. The reduction in the value of the combustion index was only from 10 to 
20% in relation to the control beech plywood. A clear impact of MUF film protection was 
found on the flammability index. A flammability index three to four times lower than the 
control variant was observed. The  results less than 0.5 were obtained.  The doubling the glue 
film coating from 180 to 360 g/m2 resulted in a further reduction of the rate of combustion 
and flammability. 
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Table 2. Combustion and flammability indexes of 11-ply beech plywood protected of MUF 
resin in the form of a hardened adhesive film produced in the process of plywood pressing 

Tested property 
 
 

 
Unit 

 

Molar ratio [mole] 
Control 
plywood 

2.8:1.0:1.0 3.8:1.0:1.0 
Glue film coating [g/m2]  

180 360 180 360 
The initial difference in temperature �ƒC 16.2 16.1 16.2 16.2 16.4 
Max. temp. of combustion products �ƒ�& 61.6 61.9 66.7 65.5 70 
Time to reach of max. temperature s 435 1105 408  1190 275 

Temperature  of max. increase  �ƒ�& 40.3 40.2 45.7 44.6 49.7 
Area F �ƒ�&.s 20718 18400 23187 21695 25600 

Combustion index - 2.88 2.46 3.22 3.01 3.56 
Ignition time of the lower surface s 147 173 148 221 51 

Flammability index - 0.44 0.38 0.44 0.30 1.31 
Moisture content % 9.7 9.8 9.4 9.5 9.8 

Thickness of plywood mm 19.6 19.2 19.8 19.4 19.3 

 
Figure 1. Effect of molar ratio and application of glue on the amount of heat generated during combustion and 
thermal decomposition in the test chamber (area F) according to radiation method according to PN-96/B-02874 
of 11-layer beech plywood protected with MUF resin in the form of hardened glue film 
 

The above changes can be seen in the F (t) graphs (Fig.1). The smallest algebraic area 
between the graph of temperature difference between flue gas and external air is characterized 
by thermosetting coatings produced at the smallest analyzed molar ratio F: M: U as 2.8: 1.0: 
1.0. both for single and double polycondensate applications. This is mainly due to the highest 
share of melamine derivatives (over 30%) in the resin with the lowest molar ratio. 

CONCLUSIONS 
The protection of plywood in the form of film coatings of hardened MUF resin on the 

surface is not sufficient fire protection for the plywood. The combustion index is in the range 
from 2.46 to 3.22. The protection method has however a very positive effect on the reduction 
of the flammability of plywood. The flammability index oscillates in the range from 0.30 to 
0.44 only. 



25 
 

REFERENCES 
 

1. ANONIM 200���� �3�U�]�\�S�R�U�]���G�N�R�Z�D�Q�L�H�� �R�N�U�H���O�H�Q�L�R�P�� �Z�\�V�W�
�S�X�M���F�\�P�� �Z�� �S�U�]�H�S�L�V�D�F�K��
techniczno �± �E�X�G�R�Z�O�D�Q�\�F�K�� �N�O�D�V�� �U�H�D�N�F�M�L�� �Q�D�� �R�J�L�H���� �Z�H�G�á�X�J�� �3�1���± EN.. Instrukcje. 
Wytyczne. Poradniki 401/2004 (Assignment to the definitions appearing in the 
technical and construction regulations of fire reaction classes according to PN - EN. 
2004. Instructions. Guidelines. Guides401/2004). Instytut Techniki Budowlanej. 
Warszawa 

2. CZAPLICKA-�.�2�/�$�5�=�2�:�$�� �.������ ���/�8�6�$�5�6�.�,�� �/������ �6�Ï�-�.�$-LEDAKOWICZ J.. 
�6�7�5�<�.�2�:�6�.�,�� �:������ �)�2�-�8�7�2�:�6�.�,�� �$������ �:�	�6�,�(�5�6�.�,�� �7���� �:�5�Ï�%�/�(�:�6�.�,�� �'������ ������������
�0�R�*�O�L�Z�R���F�L�� �R�J�U�D�Q�L�F�]�H�Q�L�D�� �V�N�X�W�N�y�Z�� �S�R�*�D�U�y�Z�� �P�H�W�R�G�D�P�L�� �L�Q�*�\�Q�L�H�U�L�L�� �P�D�W�H�U�L�D�á�R�Z�H�M��
(Possibility of limiting the effects of fires using material engineering methods). 
�,�Q�*�\�Q�L�H�U�L�D���0�D�W�H�U�L�D�á�R�Z�D���Q�U������������������������-181 

3. �)�2�-�8�7�2�:�6�.�,�� �$������ ������������ ���U�R�G�N�L�� �G�R�� �]�D�E�H�]�S�L�H�F�]�D�Q�L�D�� �G�U�H�Z�Q�D�� ���:�R�R�G�� �S�U�Hservatives). 
�0�D�W�H�U�L�D�á�\���%�X�G�R�Z�O�D�Q�H�����������������Q�U�����������V�V����-5 

4. �-�Ï�'�:�,�$�.���0���� ���������������� �%�D�G�D�Q�L�D���I�L�]�\�N�R�F�K�H�P�L�F�]�Q�\�F�K���S�U�R�F�H�V�y�Z���]�D�F�K�R�G�]���F�\�F�K���Z���F�]�D�V�L�H��
�V�W�D�U�]�H�Q�L�D���V�L�
���N�O�H�M�R�Z�\�F�K���*�\�Z�L�F���0�8�)�����6�W�X�G�L�H�V��on physicochemical  processes during the 
aging of adhesive MUF  resins). Wydawnictwo UP w Poznaniu. 

5. QINGWEN W., FENGQIANG W.. YUNCHU H.. JIAN L.. 2009. Progress in Fire-
Retardant Research on Wood and Wood-Based Composites: a China Perspective. Doc. 
No. IRG/WP 09-40476 

6. �g�6�7�0�$�1�� �%������ �%�5�$�1�'�2�1�� �'������ �)�5�$�1�7�=�,�&�+�� �9������ ������������ �)�L�U�H�� �V�D�I�H�W�\�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �L�Q��
timber buildings. Fire safety journal. Elsevier. Vol. 91. no Special Issue. 11-20 p. 

7. PN-96/B-02874 �± �2�F�K�U�R�Q�D�� �S�U�]�H�F�L�Z�S�R�*�D�U�R�Z�D�� �E�X�G�\�Q�N�y�Z��-  Metoda badania stopnia 
�S�D�O�Q�R���F�L�� �P�D�W�H�U�L�D�á�y�Z�� �E�X�G�R�Z�O�D�Q�\�F�K�� ���)�L�U�H�� �S�U�R�W�H�F�W�L�R�Q�� �R�I�� �E�X�L�O�G�L�Q�J�V��- Method for testing 
the degree of flammability of building materials) + PN-96/B-02874 :1996/Az1:1999 

8. PN-EN 13501-1 Kla�V�\�I�L�N�D�F�M�D�� �R�J�Q�L�R�Z�D�� �Z�\�U�R�E�y�Z�� �E�X�G�R�Z�O�D�Q�\�F�K�� �L�� �H�O�H�P�H�Q�W�y�Z��
�E�X�G�\�Q�N�y�Z���± �&�]�
���ü�� ������ �.�O�D�V�\�I�L�N�D�F�M�D�� �Q�D�� �S�R�G�V�W�D�Z�L�H�� �E�D�G�D���� �U�H�D�N�F�M�L�� �Q�D�� �R�J�L�H���� ���)�L�U�H��
classification of construction products and building elements �± Part 1:  Classification 
using test data from reaction to fire tests) 

9. PN-�(�1�� �,�6�2�� �������������������� �%�D�G�D�Q�L�H�� �U�H�D�N�F�M�L�� �Q�D�� �R�J�L�H���� �Z�\�U�R�E�y�Z�� �E�X�G�R�Z�O�D�Q�\�F�K���± Badania 
�Q�L�H�S�D�O�Q�R���F�L�����5�H�D�F�W�L�R�Q���W�R���I�L�U�H���W�H�V�W�V���I�R�U���S�U�R�G�X�F�W�V���± Non-Combustibility Test) 

 
Streszczenie: �%�D�G�D�Q�L�D�� �Q�D�G�� �Z�S�á�\�Z�H�P�� �� �*�\�Z�L�F�� �0�8�)�� �M�D�N�R�� ���U�R�G�N�D�� �]�D�E�H�]�S�L�H�F�]�D�M���F�H�J�R��
�S�U�]�H�F�L�Z�R�J�Q�L�R�Z�R���]�H�Z�Q�
�W�U�]�Q�H���I�R�U�Q�L�U�\���V�N�O�H�M�N�L�����Z���S�R�V�W�D�F�L���W�H�U�P�R�X�W�Z�D�U�G�]�D�O�Q�H�M���E�á�R�Q�\���N�O�H�M�R�Z�H�M 
W pracy przedstawiono badania nad zabezpieczeniem przeciwogniowym sklejki bukowej. 
�-�D�N�R�� ���U�R�G�H�N�� �]�D�E�H�]�S�L�H�F�]�D�M���F�\�� �V�N�O�H�M�N�
�� �Z�\�W�Z�R�U�]�R�Q�R�� �*�\�Z�L�F�
�� �0�8�)�� �N�R�Q�G�H�Q�V�R�Z�D�Q���� �V�S�R�V�R�E�H�P��
bezodpadowym o stosunkach molowych �)���0���8���������������������������L���������������������������N�W�y�U�����]�D�V�W�R�V�R�Z�D�Q�R���Z��
�S�R�V�W�D�F�L�� �W�H�U�P�R�X�W�Z�D�U�G�]�D�O�Q�H�M�� �E�á�R�Q�\�� �N�O�H�M�R�Z�H�M�� �Z�� �G�Z�y�F�K�� �L�O�R���F�L�D�F�K�� �������� �L�� �������� �J���P2 
kleju/impregnatu. �1�D�� �S�R�G�V�W�D�Z�L�H�� �U�H�]�X�O�W�D�W�y�Z�� �S�U�]�H�S�U�R�Z�D�G�]�R�Q�\�F�K�� �E�D�G�D���� �V�W�Z�L�H�U�G�]�R�Q�R�� �P���L�Q������ �*�H��
�R�F�K�U�R�Q�D���]�H�Z�Q�
�W�U�]�Q�\�F�K���I�R�U�Q�L�U�y�Z���*�\�Z�L�F�����0�8�)���Z �S�R�V�W�D�F�L���W�H�U�P�R�X�W�Z�D�U�G�]�D�O�Q�H�M���E�á�R�Q�\���N�O�H�M�R�Z�H�M���Q�L�H��
�V�W�D�Q�R�Z�L���Z�\�V�W�D�U�F�]�D�M���F�H�J�R���]�D�E�H�]�S�L�H�F�]�H�Q�L�D���S�U�]�H�F�L�Z�R�J�Q�L�R�Z�H�J�R�����D�O�H���Z���V�S�R�V�y�E���N�R�U�]�\�V�W�Q�\���Z�S�á�\�Z�D��
�Q�D�� �]�P�Q�L�H�M�V�]�H�Q�L�H�� �]�D�S�D�O�Q�R���F�L�� �V�N�O�H�M�N�L�� ����-���� �N�U�R�W�Q�H�� �R�E�Q�L�*�H�Q�L�H�� �Z�V�N�D�(�Q�L�N�D�� �]�D�S�D�O�Q�R���F�L�� �V�N�O�H�M�N�L�� �Z��
stosunku do wariantu kontrolnego). 

Corresponding authors: 

Wood Technology Institute 
Winiarska 1. 60-���������3�R�]�Q�D�� 
e-mail:  m_jozwiak@itd.poznan.pl 

a_fojutowski@itd.poznan.pl 



26 
 

Annals of Warsaw University of Life Sciences - SGGW 
Forestry and Wood Te�F�K�Q�R�O�R�J�\���‹������4, 2018: 26-30 
(Ann. WULS - SGGW, For. and Wood Technol. 104, 2018) 
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Abstract:  The fireproof degree of plywood protection depending on the impregnation method.The aim of study 
was to determinate the degree of fire resistance of plywood with using of flame retardants. First of them was 
mixture of potassium carbonate and urea, second: potassium carbonate and guanidine carbonate, with the ratio 
1:1 and concentration of 20%. Samples were subjected to three types of impregnation and two mixtures: 
brushing, 24-hours soaking, as far as vacuum using. After fire tests, parameters such as mass loss, depth and 
surface of burning were specified. Studies show that, the biggest saturation achieved samples after the vacuum 
and gave better result with using potassium carbonate and urea. Smaller surfaces of burning, but larger mass loss 
characterized material treated with potassium carbonate and guanidine carbonate.  

Keywords:plywood, impregnation, potassium carbonate, guanidine carbonate, fire resistance 

INTRODUCTION 
The susceptibility of wood to the burning process is determined by factors such as: the 

density of the material and its moisture content, the speed of air flow, the geometry of the 
combustion system, thermal conductivity of wood and its anatomical structure, the content of 
side substances or the intensity of heat flux. Numerous, naturally occurring defects of wood 
are attempted to be eliminated by the production of wood materials. These materials (usually 
in the form of a board) are made of previously fragmented wood, bonded with binding agents. 
Products such as plywood, laminated veneer lumber and more recently composites of 
plywood and particles are now commonly used ���*�D�R�� �H�W�� �D�O���� ������������ �0�L�O�M�N�R�Y�L�ü�� �H�W�� �D�O����
2005).Research regarding the protection of plywood against fire, showed that the material in 
contact with fire, delaminates and leaving veneers bending back, reveal more surfaces (White 
������������ �*�U�]�H���N�R�Z�L�D�N�� �������������� �'�H�W�H�U�P�L�Q�L�Q�J�� �I�H�D�W�X�U�H�V�� �Z�H�U�H�� �W�K�H�� �S�K�H�Q�R�O�� �Q�D�W�X�U�H�� �R�I�� �W�K�H�� �J�O�X�H�� �D�Q�G�� �W�K�H��
total thickness of the board. The outer layers of the plywood were coated with coating 
preparations, but this led to charring under the coatings.Terzi (2011) in his research based on 
the standard tests ASTM E 69 and ASTM 1354, on the plywood treated with fire retardants 
showed high efficiency for MAP, DAP, and AS.  

Fire retardants can be applied to wood-based materials in various ways. One of the 
methodsis using surface coating to protect the underlying wood members. Such treatments 
increase time to ignition and reduce flame spread and time to ignition. The second and most 
effective application is soaking. This application included the absorption of fire retardants, 
such as various inorganic salts. The function of fire-retardant salts and other absorbed 
chemical compounds mostly in the form of water solution is complex, and there is lack of 
literature data on absorption rate, fire-retardant weight gain, equilibrium moisture content and 
�S�+���Y�D�O�X�H���R�I���W�U�H�D�W�H�G���P�D�W�H�U�L�D�O�����0�L�O�M�N�R�Y�L�ü���H�W���D�O����������������According to Grexa et al. (1999), the most 
effective method, providing permanent protection, was obtained by saturating raw veneers or 
introducing salt solutions into the adhesive. 

The aim of this work was to determine the degree of fire protection efficiency of salt 
solutions depending on the method of application on plywood. The effectiveness of the 
protection was made by marking the effect of the flame on the physical parameters of the 
plywood. 
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MATERIALS AND METHODS 
The test uses -Birch plywood - size 150 x 150 mm and a thickness of 10 mm (7 

layers). For the impregnation were used two fire retardant mixtures consisting of potassium 
carbonate and urea (M1) and potassium carbonate and guanidine carbonate (M2) at the 
working concentration of 20%. Before impregnation the samples were measured, with an 
accuracy of 0.01 mm, and weighed to the nearest 0, 0,001 g. The variable was a method of 
impregnation (retention): 

�x Control series - no impregnation of samples; 
�x series I �± brushing, (M1 6,68kg/m3; M2 5,19kg/m3); 

�x series II �± soaking - time 24 hours (M1 55,00kg/m3; M2 47,22kg/m3); 

�x series III - vacuum impregnation - time 20 min, 120 min, atmospheric pressure (M1 
123,49 kg/m3; M2 122,57kg/m3). 

After saturation, the samples were weighted again in order to determine the quantity absorbed 
of fire retardant and then air conditi�R�Q�H�G���I�R�U���W�Z�R���Z�H�H�N�V���D�W���D���W�H�P�S�H�U�D�W�X�U�H���R�I���������“�����ƒ���&�� 
Flammability test was performed using "french method" by placing the sample on a tripod, for 
�����ƒ�����8�Q�G�H�U���W�K�H���V�D�P�S�O�H���Z�D�V���S�O�D�F�H�G���V�S�L�U�L�W���E�X�U�Q�H�U���Z�L�W�K���I�O�D�P�H���K�L�J�K���D�S�S���������F�P�����7�H�V�W���W�L�P�H���Z�D�V��������
minutes, during which was recorded time to ignition of the sample. After the test a sample 
was weighted in order to determine the mass loss, and after cooling was removed a carbon 
layer from the surface of the sample the objective measurements: depth and surface burned 
area made by planimetric method ���*�U�]�H���N�R�Z�L�D�N���H�W���D�O���������������� 
Determination of the protection degree of wood-based materials was made on the basis of the 
model:  

�=��� �����3�]���»���3�N�����î������������ 

where: Pk-burned surface of control samples; Pz- burned surface of protected sample; 
Evaluation of the protection is made on the basis of the factor where: > 75%-poor, with 50-
74%-average, with < 50%-good protection. 
 
RESULTS 

 

Figure 1. Time to ignition [s] for tested series. 

Analyzing the graph (Figure 1), it can be seen that only vacuum impregnated samples 
using a solution of potassium carbonate and guanidine carbonate have a significantly later 
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average mean ignition time (31.6 s) for control samples (14.98 s). Average results for 
plywood after 24-hour soaking indicate a similar ignition time (about 13 sec) for control 
samples, with greater variation for standard deviations with the M2 solution. 

 

Figure 2. Mass loss of plywood samples 

Based on the data included in the graph (Fig. 2), the largest mass loss was found for 
control samples - 4.72%, M1 treated plywood gives worse results than plywood in which M2 
was used. The above results confirm the effectiveness of guanidine compounds (Gao et al. 
2005). In the initial stage of combustion, they prevent further fire penetration into the inner 
layers, limiting mass loss and firing depth, and it has been proven that compounds such as 
guanidine dihydrogen phosphate, guanidine hydrogen phosphate and guanidine chloride are 
characterized by greater efficiency than guanidine carbonate and guanidine nitrate (Gao et al. 
2005). 

 
Table 1. Burning depth [mm] for plywood samples 
                  Method 
Solution Brushing Soaking Vacuum Control 

M1  8,13 7,43 7,19 
9,17 

M2  7,63 7,63 6,01 
 

With reference to the data in Table 1, the highest values of the burning depth were 
�R�E�W�D�L�Q�H�G�� �I�R�U�� �W�K�H�� �F�R�Q�W�U�R�O�� �V�D�P�S�O�H�V�� ���“�� ���������� �L�Q�� �U�H�O�D�W�L�R�Q�� �W�R�� �W�K�H�� �W�R�W�D�O�� �P�H�D�Q�� �S�O�\�Z�R�R�G�� �W�K�L�F�N�Q�H�V�V��
(about 10 mm). Both with the use of the brushing and the vacuum methods, burning depth for 
samples protected with the preparation M1 were higher values compared to the M2 
preparation. Different results were obtained for the soaking method. 

 
Table 2. Burned surfaces [cm2] for individual series of samples: 
                  Method 
Solution Brushing Soaking Vacuum Control 

M1  44,70 35,02 25,88 
45,40 

M2  53,16 41,30 29,24 
 

In the case of control samples, a larger burnt surface was obtained for the majority of 
tested variants. Higher firing surface was obtained only for plywood lubricated. Smaller firing 
surfaces were obtained for samples protected with M1 compared to samples protected with 
M2 (tab 2). 
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Table. 3. Coefficient Z - evaluation of the effectiveness of the protection 
solution method Coefficient Z(sd) Determination of the 

protection degree 
M1 

brushing 
99,72 (19,81) poor 

M2 125,50 (6,49) poor 
M1 soaking 78,78 (12,55) poor 
M2 92,22 (9,98) poor 
M1 vacuum 58,11 (8,21) average 
M2 66,54 (16,39) average 

 
The obtained results of fire protection (Table 3) do not give satisfactory results. In the 

distinction between individual parameters such as the burned surface and its depth as well as 
the ignition time, the impregnation for the most part has better properties compared to the 
control samples. Attention should be paid to the fact that only plates after vacuum saturation 
achieve a coefficient of less than 75%, which, unlike the rest of the variants, allows evaluating 
the effectiveness of the preparation as: medium. Previous studies indicate that the best results 
for increasing the fire resistance of plywood are obtained by saturating salt veneers for 
plywood production with salt formulations or introducing the preparation into a binder, not by 
impregnation of ready-made panels (Grexa et al. 1999). 

CONCLUSIONS 

�x The best degree of saturation was achieved with samples for which the vacuum 
method was applied, as well as a solution of potassium carbonate and urea. 

�x Regardless of the impregnation method, smaller burned surfaces were noted after 
impregnation with a mixture of potassium carbonate and urea. 

�x After using a mixture of potassium carbonate and guanidine carbonate, for the 
impregnation methods used, there was less mass loss and depth of burning as well as a 
longer ignition time. 

�x Coefficient Z for plywood achieved a poor grade, only samples after vacuum 
saturation achieved the grade: average. Z-factor gave a better result for potassium 
carbonate and urea. 
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Slip resistance of wood-polymer composite decking profiles 
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Building Research Institute, Construction Materials Engineering Department  

Abstract: Slip resistance of wood-polymer composite decking profiles. The paper presents results of slip 
resistance tests of wood-polymer composite terrace deckings profiles. The tests were performed on various 
geometries of profile surfaces, in dry and wet conditions. The obtained results show that the surface finish has 
larger impact on slip resistance than fluting geometry. The impact of fluting was noticeable only in case of a 
surface with wide profiling. A large decrease in slip resistance was noted as a result of surface wetting. Most of 
the tested solutions featured pendulum test value of above 36 units, which allowed them to be classified as low 
slip risk surfaces. 
Key words: slip resistance, wood-polymer profiles, pendulum test value, dry and wet conditions 

INTRODUCTION 
Slip resistance of decking surfaces is a performance characteristic decisive to achieve 

the basic safety requirement no. 4 Safety and accessibility in use, which together with the 
Appendix I to the Regulation of the European Parliament and of the Council (EU) no. 
305/2011 (CPR) [10] form one of the seven basic requirements that must be met by 
construction products. This regulation indicates that civil structures must be designed and 
constructed in such a manner so that not to create an inadmissible risk of accidents or 
damages in use or in operation, such as the slip risk. 

The issue of slip resistance of flooring surfaces in rooms designed for permanent 
presence of people, is regulated by the Technical conditions that must be met by buildings and 
their locations [9]. The Part VII Safety of use indicates that the Building and the associated 
equipment shall be designed and made to prevent an inadmissible risk of accidents during use 
(Art. 291). To achieve the above, the Surfaces of access routes to buildings, stairs and 
external/internal ramps, traffic routes within the building, and flooring surfaces in rooms 
designed for presence of people, as well as garage floors, shall be made of materials that do 
not create the risk of slipping (Art. 305, item 1).  

The aspect of slip resistance of wood-composite profile deckings is also included in 
the standard PN-EN 15534-4 [7] which indicates that they shall feature a pendulum test value, 
in both dry and wet conditions, not lower than 36 units, alternatively the acceptable angle in 
bare foot test shall not be lower than 24�q or the dynamic friction factor shall not be lower than 
0.43. 

TEST METHOD 
Slip resistance can be verified using various methods [1], [2], [11]. Most of them is 

associated with friction force measurements. The scope of this paper covers tests of pendulum 
test value (PTV). This method was chosen due to its universality. A pendulum, which was 
used to carry out the measurements, is a mobile device that allows to perform measurements 
both at the laboratory, and to verify the measurements on an actual flooring surface installed 
in a building.  

The testing technique was described in many standards, including CEN/TS 15676 [3], 
CEN/TS 16165 [4], and PN-EN 13036-4 [6]. The slip resistance test determines the slider 
rubber energy loss caused by friction on the tested surface. The tests were carried out using 
the slider no. 57 (CEN) with the hardness of 55-61 IRHD, with the slider surface width of 
76.2mm and length of 126mm.  
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Before the tests the device was calibrated using reference surfaces. During the tests the 
slider moved over the surface of the tested profile. The friction force between the slider and 
the tested surface was determined by measuring the displacement of the pendulum during 
slider movement, by using a calibrated scale. The scale C was used. 

The tests were carried out in longitudinal direction (parallel to the profile lengths) and 
lateral direction (perpendicularly to the profile lengths), separately for each surface (Fig. 1-4). 
Measurements were taken in the following conditions: 

�� dry, i.e. after stabilising the samples in laboratory conditions, 

�� wet, i.e. after applying of plenty of demineralized water on both the sample and the 
slider.  

10 measurements were taken per each type of profile, each type of surface, and in specific 
conditions. 

TEST MATERIAL 
Tests were carried out on terrace decking profiles made of wood-polymer composites 

of the composition described in Table 1. The profile geometry is presented in Fig. 1-4. 

Table 1. Material composition of composites 

Profile 
type 

Material composition of the composite  Shape  
and 

dimensions 

Surface 
finish matrix filler  other 

type of material 

F1 PVC wood flour modifiers  
and additives 

Fig. 1 
brushing 

F2 Fig. 2 

L1 HDPE bamboo fibres modifiers  
and additives 

Fig. 3 
polishing 

L2 Fig. 4 

 
Figure 1. Profile geometry type F1 

 

 

detail A 

Figure 2. Profile geometry type F2 
 

surface A 

surface A 

surface B 

surface B 
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surfac
e B 

 

Figure 3. Profile geometry type L1 

 
Figure 4. Profile geometry type L2 

TEST RESULTS 
Results of pendulum testsin longitudinal direction are shown in Fig. 5, and in lateral 

direction in Fig. 6. In both cases the presented results include measurements for both dry and 
wet profiles. 
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Figure 5. Pendulum test value of profiles in dry and wet condition, in longitudinal direction 
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Figure 6. Pendulum test value of profiles in dry and wet condition, in lateral direction 

surface A 

surface B 

surface A 



34 
 

Analysis of the obtained test results indicates a significant influence of profile surface 
condition on their slip resistance. The pendulum test value in dry condition covered the range 
from 46 to 87 units in longitudinal direction, and 73 to 101 units in lateral direction, whereas 
in wet condition the readings were 32 to 77 units, and 38 to 86 units, respectively. The highest 
decrease caused by water was observed in the case of L1 and L2 profiles in lateral direction. 
They were from 43% to 49% of the value in dry condition. 

When analysing the test results in terms of the slider direction action, a higher slip 
resistance was observed in the lateral than in longitudinal direction, as it was expected. The 
difference was from 3 (F2A) to 27 (L2B) units in dry condition, and from 1 (L2A) to 15 
(F2B) in wet condition. Larger differences were observed in the case of L1 and L2 profiles 
than for F1 and F2 profiles.  

It was also noticed that the surface finish has larger impact on the slip resistance than 
the profile geometry. The lowest pendulum test valueswere expected for the non-fluted 
surfaces (F2B and L2A). However, the test results show no significant difference of slip 
resistance between the non-fluted and finely fluted surfaces, with groove width up to 5mm, 
especially in dry condition. For both F2 profile surfaces (side A with fine fluting, plain side 
B), and L1 profiles (side A with fine fluting, plain side B) similar PTV values were obtained, 
both in longitudinal and lateral directions. Larger differences were observed in wet condition, 
but not higher than 7 units. Whereas the larger influence of fluting was observed in the case of 
fluting with 7/12mm groove width (F1A) or 13mm (F1B). They achieved the higher PTV 
values at the levels of above 83 units in dry condition, and above 69 units in wet condition.  

The profiles with brushed surface finish (F1 and F2), regardless of the surface 
geometry, achieved noticeably higher pendulum test valuesthan profiles with polished surface 
(L1 and L2). Especially the differences between the PTV for non-fluted surfaces are observed. 
For F2B in dry condition, the PTV result in longitudinal direction was 79 units, and for the 
L1B �± 59 units, which is 25% less.  In wet condition, the difference in longitudinal direction 
was even higher. For F2B the PTV result was 57, and for the L1B �± 32, which is 43% less. 

It must also be noticed that all the tested products, except the L1B profiles, achieved 
the pendulum test value the level not lower than 36 units, in both dry and wet conditions. 
When the obtained results are compared to the criteria developed by the UK Slip Resistance 
Group [5], [12] specified in Table 2, the floorings made of these profiles can be classified as 
low slip resistance solution. �,�W���L�V���D�V�V�X�P�H�G���W�K�D�W���W�K�H���V�O�L�S���S�U�R�E�D�E�L�O�L�W�\���D�W���3�7�9�•�������L�V���D�W���W�K�H���O�H�Y�H�O���R�I��
1:1,000,000, whereas for the products with PTV at the level of 24 it rises up to 1:20 [8].  

Table 2. Flooring slip resistance classification 

Pendulum test value (PTV) Classification 

0 �± 24 high probability of slipping 

25 �± 35 medium probability of slipping 

> 36 low probability of slipping 

CONCLUSIONS 
The results of the terrace decking profiles made of wood-polymer composite are 

showing a significant impact of the profile surface finish on the slip resistance. Brushed 
surfaces achieved distinctly higher pendulum test values than polished. Whereas fluting 
brought noticeable results only in case of wide groove finishes. Significant decrease of slip 
resistance was noticed in case of wetted products. The impact of water was especially 
noticeable in case of polished surfaces, in lateral direction. Most of the tested solutions 
featured pendulum test value of above 36 units, which allowed them to be classified as low 
slip risk floorings. 
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The effect of the type of stylus on the results of surface roughness of pine 
wood (Pinus sylvestris L.) after milling  
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Abstract: The effect of the type of stylus on the results of surface roughness of pine wood (Pinus sylvestris L.) 
after milling. The article presents results of the surface roughness of pine wood and it shows a problem of 
comparison of results obtained using profilometers with different measuring gauges. Moreover, the effect of 
feeding speed and rotational speed of a spindle on the surface quality was investigated. Large dispersion of the 
results was observed, depending on applied measuring gauge. The differences between the results were variable 
and depended on technological parameters of milling process. During increasing the rotational speed (cutting 
speed), difference between the results for each gauge also increased. Moreover it was stated that rotational speed 
of the spindle, and feeding speed have a considerable effect on the surface roughness of pine wood. Multiple 
regression equations were designated for both measuring gauges and both analyzed roughness parameters.  
Keywords: surface roughness, type of stylus, feeding speed, rotational speed, pine wood,  milling 

INTRODUCTION 
Wood is a material which is used to made a plenty object of everyday use, such as 

furniture, constructions and many others. However, in order to use wood for a particular 
purpose, it is necessary to carry out a special treatment, which allows getting a proper shape, 
dimensions and geometrical structure of surface. One of the most important types of treatment 
is wood machining. Commonly used type of machining of wood and wood-based materials is 
milling process. To define the propriety of milling process, analyzing of the surface roughness 
is often done, as the indicator of machining quality. Measurements of the surface roughness 
may be completed with the use of direct or indirect methods. Poon and Bhushan (1995) 
investigated differences between different types of roughness measurement, including contact 
(stylus), optical and AFM (atomic force microscope) methods, showing that the results are 
different and depend on applied method. In case of measurement of the surface roughness, 
contact methods are the most used because of their commonness, uncomplicated measuring 
process and availability of the equipment.  

The Surface roughness of wood and wood-based materials depends on many factors, 
among others wood species, density, moisture content, hardness, anisotropy and anatomical 
structure etc. Pine wood (Pinus sylvestris L.)  is characterized by big differentiation of early 
and late wood in aspect of anatomical structure and mechanical properties. Some authors 
carried out research on the surface roughness separately for both these areas, presenting large 
dispersion of the results (Magoss 2008, Pinkowski et al. 2016). 

Measurement of the surface roughness with the use of contact method can be done 
with modification of parameters of the measuring process. Some of them may have a 
considerable effect on the experiment results. These parameters are measurement pressure 
(especially when it comes to wood with low hardness), length of the measuring section, the 
cut-off length, type of the filtering method ���7�R�P�D�V�L�N�� �D�Q�G�� �5�X�G�]�L���V�N�L�� ������������ �à�
�W�R�F�K�D�� ����������, 
feeding speed of the measuring gauge, apex angle and radius of the tip (Radharkrishnan 1977, 
Magoss 2008).  

Many authors conduct research using measuring devices, which are equipped with 
different measuring gauges, mainly differing in geometry but also in material. For these 
reasons there have been complications with a comparison of research results obtained using 
different measuring devices. Therefore, researchers commonly use control samples to define 
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references for their experiments. However, in rare cases comparisons between results from 
other studies have been done.  

The aim of this study was to define differences occurring during measurements of the 
surface roughness with the use of two measuring gauges with different geometry (tip radius 
and apex angle). The additional aim of the research was to confirm the well-known 
dependence between the surface roughness of pine wood and feeding and rotational speed 
during machining on the bottom-spindle milling machine and to designate regression 
equations for this dependence. 

RESEARCH METHODOLOGY 
For the experiments, samples made of pine wood (Pinus sylvestris  L.) were prepared, 

with a mean density of 480 kg/m3 and a moisture content of 12%. The grain direction was 
parallel to the sample axis. Samples were cut out from bigger elements in order to eliminate 
defects which can affect the results, such as knots, cracks, rottenness, spiral grains, resin 
bladders etc.  

Machining process of the samples was carried out with the use of Felder F900 bottom-
spindle milling machine equipped with Felder F-38 feeding device, which allowed conduction 
machining with 8 levels of a feeding speed. Five rotational speeds of the spindle were used, 
thus 40 variants of machining process were conducted in total. The cutting tool was a four-
edge cutterhead, with four knifes made of HSS SW18 by GOPOL company. Dimensions of 
�W�K�H�� �N�Q�L�I�H�V�� �Z�H�U�H�� ������ �[�� ������ �[�� ���� �P�P���� �$�� �V�K�D�U�S�Q�H�V�V�� �D�Q�J�O�H�� �Z�D�V�� �����ƒ���� �D�� �U�D�N�H�� �D�Q�J�O�H�� �Z�D�V�� �����ƒ���� �D�Q�G�� �D��
cutting circle diameter was 120 mm. A depth of cut (working engagement) was 1 mm.  

Two types of a profilometer were used in the experiments: Mitutoyo SJ-201P and Carl 
Zeiss Jena ME-10, with an attempt to get the same measuring conditions. A main difference 
between both profilometers was geometry of a measuring gauge, whose scheme is presented 
in Fig. 1.  

 
Figure 1. Schemes of the measuring gauges applied in the experiments, linear dimensions in �Pm; a) Carl Zeiss 

b) Mitutoyo 

Parameters used for measurements of the surface roughness are presented in table 1. 
Measurements were conducted in accordance with ISO 4287 (1997). For each variant of 
machining process 5 measurements were completed, thus in total 200 measurements were 
done for each profilometer. 

Table 1. Parameters of measurements of the Surface roughness of the samples  
Parameter Stylus 1 Stylus 2 
Manufacturer / type of profilometer Carl Zeiss Jena ME-10 Mitutoyo SJ-201 
Feeding speed [mm/s] 0.5 0.5 
Detector measuring force [mN] 0.70 0.75 
Stylus Tip angle (apex angle) [�£] 90 60 
Stylus Tip radius [�Pm] 10 2 
Evaluation length [mm] 12.5 12.5 
The cut-off length [mm] 2.5 2.5 
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Two the most used parameters were calculated: the arithmetic mean surface roughness 
(Ra) and the maximum height of the profile (Rz). 

Statistical analysis of the results was conducted with the use of Statistica 13 software. 
Regression analysis was done at assumed significance level of P=0,05.  

RESULTS AND DISCUSSION 

After the registration of primary profile on the samples, 400 values of each parameter 
were calculated, which then were the basis for regression analysis. Graphical presentation of 
the obtained results is shown in Fig. 2. 

       
Figure 2. Results of roughness parameter Ra for analyzed variants of machining process: a) stylus 1 b) stylus 2 

The presented graphs show that during increasing the feeding speed values of 
roughness parameter Ra also increased. In case of rotational speed, an increase in this 
parameter causes a decrease in surface roughness, what has been confirmed by many authors 
in previous research ���$�J�X�L�O�H�U�D�� �D�Q�G�� �0�D�U�W�L�Q���� ������������ �6�R�J�X�W�O�X�� ������������ �.�Y�L�H�W�N�R�Y�i�� �H�W�� �D�O���� ���������D����
2015b). However, comparison of the graphs shows that results obtained using stylus 2 are 
higher. In Fig. 3. an average values and dispersion of the results of Ra parameter are 
presented, together for all samples and for the lowest and the highest rotational speeds, which 
amounted 3500 min-1 and 10 000 min-1. It is visible that values of Ra parameter obtained using 
stylus 1 are lower than for stylus 2.  

 

 
Figure 3. Mean values and standard deviation of Ra parameter for both measuring gauges a) all analyzed 

rotational speeds b) rotational speed of 3500 min-1 c) rotational speed of 10 000 min-1 

In the aspect of Ra parameter, obtained from the whole population of the results (Fig 
3a), for the stylus 1 the mean value amounted 3.55 �Pm, while for the stylus 2 the result was 
5.52 �Pm, thus 55% higher value. In Fig. 3b, results of Ra parameter are presented and it is 
visible, that the values of the Ra are the highest, but differences between each type of stylus 
are the lowest from the analyzed cases (45%). For the rotational speed of 10000 min-1 the 
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lowest dispersion of the results was observed, but in this case the difference between each 
stylus was the largest. In this case, value of the Ra obtained using stylus 2 was higher by 70% 
than the value obtained for stylus 1. It is clearly visible in Fig 4, where the differences for all 
analyzed cases for both Ra and Rz parameters are presented. In this figure rotational speed was 
replaced by cutting speed. Presented feature has a linear character with high coefficients of 
determination for both parameters, but for Ra the trend line is fitted slightly better (R2=0,99) 
than for Rz (R

2=0,81). 

 
Figure 4. Differences in values of roughness parameters obtained for analyzed measuring gauges depending on 

the cutting speed  

Table 2. Results of analysis of multiple regression for the surface roughness depending on tested technological 
parameters; vf �± feeding speed [m/min], n �± rotational speed [min-1] 

Roughness parameter Factor 
Sum of 
squares 

Degrees 
of 

freedom 

Mean 
squares 

�)�L�V�K�H�U�¶�V��
F-Test 

P- value 

The arithmetic 
mean surface 

roughness 
Ra 

S
ty

lu
s 

1 

Intercept 356,1373 1 356,1373 341,1201 0,000000 

vf 267,3400 1 267,3400 256,0671 0,000000 

n2 28,9145 1 28,9145 27,6953 0,000000 

Error 205,6726 197 1,0440 
  

S
ty

lu
s 

2 

Intercept 505,4173 1 505,4173 403,7506 0,000000 

vf 42,6695 1 42,6695 34,0863 0,000000 

vf
2 7,4702 1 7,4702 5,9675 0,015458 

n2 18,6013 1 18,6013 14,8596 0,000157 

Error 245,3540 196 1,2518 
  

The maximum 
height of the profile 

Rz 

S
ty

lu
s 

1 

Intercept 18435,59 1 18435,59 391,7165 0,000000 

vf 3495,51 1 3495,51 74,2721 0,000000 

n2 363,40 1 363,40 7,7215 0,005985 

Error 9271,53 197 47,06 
  

S
ty

lu
s 

2 

Intercept 36286,72 1 36286,72 844,6178 0,000000 

vf 4707,95 1 4707,95 109,5832 0,000000 

n2 203,35 1 203,35 4,7333 0,030774 

Error 8463,57 197 42,96 
  

Figure 4 shows, that despite the constant difference between the radius and apex angle, 
differences between obtained results for both gauges are not constant and characterized by a 
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directly proportional feature. During increasing the cutting speed the difference between the 
results for different measuring gauges also increase in range of 45% to 70% for Ra parameter 
and 35% to 50% for Rz parameter. The explanation of this differentiation is deeper penetration 
of the measuring gauge into the structure of wood surface. When rotational speed is high, the 
surface after machining is characterized by larger porosity, thus the differences in results 
between analyzed gauges are higher. Generally, it can be stated that the higher is radius of the 
stylus (measuring tip), the lower is penetration into a measured structure and the results are 
less accurate, so more deviated from the real profile and shape of analyzed surface. However, 
a decrease in the radius of the measuring tip results in higher production costs and some 
technical restrictions.  

In table 2 results of multiple regression analysis are presented, for both analyzed 
roughness parameters and both measuring gauges. Multiple regression analysis with backward 
stepwise optimization was conducted, and based on the results regression models presented in 
table 3 were developed. 

Data presented in table 3 shows, that equations designated for Ra parameter are the 
best fitted for stylus 1 and slightly worse fitted for stylus 2. In case of the Rz, coefficients of 
determination were lower, what can be explained by the method of calculation of this 
parameter. Rz is calculated as the difference between the highest peak and the deepest valley 
on the elementary section, thus it is sensitive for single interferences of the profile.  
 
Table 3. Multiple regression equations for each roughness parameters and measuring gauges 

The type of stylus Regression equation 
Coefficient of 

determination R2 

Stylus 1 
Ra = 2,793 + 0,0623 * vf  - 1,186e-008 * n2 0,59 

Rz = 20,096 + 0,225 * vf - 4,204e-008 * n2 0,29 

Stylus 2 
Ra = 4,423 + 0,0950 * vf - 0,000574 * vf

2 - 9,511e-009 * n2 0,5 

Rz = 28,194 + 0,262 * vf - 3,145e-008 * n2 0,37 

 
CONCLUSIONS 

Based on the experiments results it can be stated that considerable differences exist 
between results of surface roughness parameters obtained during measurements with the use 
of gauges with different geometry. Despite the constant difference in radius and angle of the 
measuring tips, differences in roughness measurements have a variable character, depending 
on applied technological parameters of milling process. It was noted, that during increasing 
the rotational speed (cutting speed), the difference between results obtained using different 
gauges also increased in the range of 45-70% for Ra parameter and 35-50% for Rz parameter. 
This dependence has a linear character confirmed by high values of coefficients of 
determination of designated trend lines. 

For measuring gauge with lower tip radius and apex angle, higher values of roughness 
parameters were obtained than for the second gauge. It is connected with deeper penetration 
of the stylus into the structure of wood.  

The results of conducted experiments showed the differentiation in roughness parameters 
depending on technological parameters of milling process. It was observed, that the surface 
roughness increased during increasing the feeding speed and decreasing the rotational speed, 
what has been previously confirmed in the literature.  
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Streszczenie: �:�S�á�\�Z�� �U�R�G�]�D�M�X�� �N�R���F�y�Z�N�L�� �S�R�P�L�D�U�R�Z�H�M�� �Q�D�� �Z�\�Q�L�N�L�� �S�R�P�L�D�U�y�Z�� �F�K�U�R�S�R�Z�D�W�R���F�L��
powierzchni drewna sosny (Pinus sylvestris L.) po frezowaniu. �$�U�W�\�N�X�á�� �S�U�H�]�H�Q�W�X�M�H�� �Z�\�Q�L�N�L��
�E�D�G�D���� �F�K�U�R�S�R�Z�D�W�R���F�L�� �S�R�Z�L�H�U�]�F�K�Q�L�� �G�U�H�Z�Q�D�� �V�R�V�Q�\�� �L�� �V�\�J�Q�D�O�L�]�X�M�H�� �S�U�R�E�O�H�P�� �S�R�U�y�Z�Q�\�Z�D�O�Q�R���F�L��
�Z�\�Q�L�N�y�Z���X�]�\�V�N�D�Q�\�F�K���Q�D���S�U�R�I�L�O�R�J�U�D�I�R�P�H�W�U�D�F�K���]���U�y�*�Q�\�P�L���N�R���F�y�Z�N�D�P�L���S�R�P�L�D�U�R�Z�\�P�L�����3�R�Q�D�G�W�R��
bada�Q�R�� �Z�S�á�\�Z�� �S�U�
�G�N�R���F�L�� �S�R�V�X�Z�X�� �L�� �S�U�
�G�N�R���F�L�� �R�E�U�R�W�R�Z�H�M�� �Z�U�]�H�F�L�R�Q�D�� �Q�D�� �V�W�D�Q�� �R�E�U�R�E�L�R�Q�H�M��
�S�R�Z�L�H�U�]�F�K�Q�L���S�R���R�E�U�y�E�F�H���Q�D���I�U�H�]�D�U�F�H���G�R�O�Q�R�Z�U�]�H�F�L�R�Q�R�Z�H�M�����=�D�R�E�V�H�U�Z�R�Z�D�Q�R���G�X�*�H���]�U�y�*�Q�L�F�R�Z�D�Q�L�H��
�R�W�U�]�\�P�D�Q�\�F�K�� �Z�\�Q�L�N�y�Z���� �Z�� �]�D�O�H�*�Q�R���F�L�� �R�G�� �]�D�V�W�R�V�R�Z�D�Q�H�M�� �N�R���F�y�Z�N�L�� �S�R�P�L�D�U�R�Z�H�M���� �5�y�*�Q�L�F�H��
�P�L�
�G�]�\�� �Z�\�Q�L�N�D�P�L�� �E�\�á�\�� �]�P�L�H�Q�Q�H���� �Z�� �]�D�O�H�*�Q�R���F�L�� �R�G�� �U�R�G�]�D�M�X�� �N�R���F�y�Z�N�L�� �L�� �Z�\�]�Q�D�F�]�R�Q�H�J�R��
�S�D�U�D�P�H�W�U�X�� �F�K�U�R�S�R�Z�D�W�R���F�L���� �:�U�D�]�� �]�H�� �Z�]�U�R�V�W�H�P�� �S�U�
�G�N�R���F�L�� �V�N�U�D�Z�D�Q�L�D�� �Z�]�U�D�V�W�D�á�D�� �U�y�*�Q�L�F�D�� �Z��
�R�W�U�]�\�P�D�Q�\�F�K�� �Z�\�Q�L�N�D�F�K�� �F�K�U�R�S�R�Z�D�W�R���F�L���� �S�R�P�L�
�G�]�\�� �]�D�V�W�R�V�R�Z�D�Q�\�P�L�� �N�R���F�y�Z�N�D�P�L��
pomiarowymi. Ponadto stwierdzono istotn�\�� �Z�S�á�\�Z�� �S�U�
�G�N�R���F�L�� �S�R�V�X�Z�X�� �L�� �S�U�
�G�N�R���F�L�� �R�E�U�R�W�R�Z�H�M��
�Z�U�]�H�F�L�R�Q�D�� �Q�D�� �F�K�U�R�S�R�Z�D�W�R���ü�� �S�R�Z�L�H�U�]�F�K�Q�L�� �G�U�H�Z�Q�D�� �V�R�V�Q�\�� �R�U�D�]�� �Z�\�]�Q�D�F�]�R�Q�R�� �U�y�Z�Q�D�Q�L�D�� �U�H�J�U�H�V�M�L��
�Z�L�H�O�R�U�D�N�L�H�M���G�O�D���R�E�X���N�R���F�y�Z�H�N���S�R�P�L�D�U�R�Z�\�F�K���L���D�Q�D�O�L�]�R�Z�D�Q�\�F�K���S�D�U�D�P�H�W�U�y�Z���F�K�U�R�S�R�Z�D�W�R���F�L�� 
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Roasted coffee waste as a substitute of wood chips in particleboards 
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Abstract:  Roasted coffee waste as a substitute of wood chips in particleboards. The paper presents preliminary 
results of our studies on possible use of roasted coffee waste in the form of husks as a substitute for wood chips 
in three-ply particleboards glued with melamine-formaldehyde resin (MUF). We produced boards in which 
roasted coffee waste substituted up to 50% of wood chips. Increasing share of coffee waste caused a gradual 
decrease in the board bending strength and internal bond. However, strength of the boards containing even 50% 
of coffee waste was typical of P2 boards, i.e., those intended for interior decoration, including furniture used in 
dry conditions. 

Keywords: particleboard, coffee waste, husk, substitution 

INTRODUCTION 
Growing environmental awareness increased interest in utilizing post-production 

waste as alternative resources in many fields of industry. This trend has been for many years 
present in the production of wood-based materials, such as particle or fiber boards. Research 
conducted so far confirmed usability of various kinds of annual plant waste, mainly cereal 
straw, in the manufacture of such boards (Bekhta et al. 2013; Dukarska et al. 2017). This 
study investigated the possibility of using husks, formed during roasting green coffee beans, 
as a substitute for wood chips in the core layer of particleboards.  
Coffee belongs to the most valuable agricultural produces on global markets (Andrzejuk 
2016). Brazil, the greatest manufacturer and exporter of coffee, produced in 2016 about 3019 
thousand tonnes of green coffee beans, which equals almost one third of global coffee 
production (FAO STAT reports 2016).  

�7�K�H�� �P�D�L�Q�� �V�W�D�J�H�� �R�I�� �J�U�H�H�Q�� �F�R�I�I�H�H�� �E�H�D�Q�� �S�U�R�F�H�V�V�L�Q�J�� �L�Q�Y�R�O�Y�H�V�� �U�R�D�V�W�L�Q�J�� �D�W�� �D�E�R�X�W�� �������ƒ�&����
which causes significant changes to the bean structure, chemical composition, color, taste and 
aroma. Both roasting coffee and consumption of coffee-based beverages generate waste that, 
as suggested by the literature review, may be used as resources for the production of e.g. 
nanostructured functional materials, and especially activated carbons and electro- and 
biocatalysts (Park et al. 2016, Sarno et al. 2018; Srinu et al. 2018; Suganya and Kumar 2018). 
Moreover, coffee waste contains large amounts of cellulose and hemicellulose that make it 
similar to wood (Bekalo and Reinhardt 2010). This is why we decided to investigate the 
possibility of using this type of resource in the production of particle boards. Various forms of 
coffee waste may constitute a valuable raw material for the production of particle boards if 
appropriate conditions, such as the type and amount of gluing agent, pressing conditions and 
substitution share are met (Bekalo and Reinhardt 2010; Rachtanapun et al. 2012; Scatolino et 
al. 2017).  

The aim of this study was to determine an optimal degree of wood chip substitution 
with coffee waste in the core layer of three-ply particleboards glued with MUF resin. 

MATERIALS 
During the study we manufactured three-ply, composite particleboards made of pine 

chips of 3% moisture content and coffee waste in the form of husks of 4% moisture content 
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obtained from Strauss Cafe Poland Company. To present the properties of the investigated 
lignin-cellulose materials, we compared fractional composition of the core layer wood chips 
and coffee waste (Fig. 1). 

 
Figure 1. Fractional composition of wood chips and coffee waste 

 
The boards were glued with melamine-formaldehyde resin (MUF) with the following 

characteristics: dry resin solids �± 69.7%, density - 1.291 g cm-3, miscibility with water �± 0.6, 
viscosity �± ���������P�3�D�V�����J�H�O�D�W�L�R�Q���W�L�P�H���D�W���������ƒ�&���± 336 s, pH �± 8.73. 
The experimental boards with a density of 750 kg/m3, thickness of 12 mm and gluing degree 
of 12% were manufactured under laboratory conditions and the pressing parameters were as 
follows: temp�H�U�D�W�X�U�H�� �������ƒ�&���� �W�L�P�H�� ������ �V���P�P�� �R�I�� �W�K�H�� �E�R�D�U�G�� �W�K�L�F�N�Q�H�V�V���� �D�Q�G�� �X�Q�L�W�� �S�U�H�V�V�X�U�H�� ��������
N/mm2.  
The degree of core layer wood chips substitution with coffee husks was 0, 10, 20, 30, 40, and 
50%.  The reference boards contained only wood chips in the core layer. 

Following a 7-day conditioning period, the following properties of the experimental 
boards were determined: 

�� modulus of rupture (MOR) and modulus of elasticity (MOE) according to EN 310 
�� internal bond (IB) according to EN 319 
�� swelling in thickness after 24 h soaking in water (TS) according to EN 317 and 

additionally water absorption after immersion in water (WA) 
�� free formaldehyde emission as per a bottle method described in EN 717-3 (selected 

variants). 
Results of these tests were analyzed statistically using STATISTICA ver. 13.1 

software. To compare means of the physical and mechanical properties of the tested boards, a 
one-�Z�D�\�� �D�Q�D�O�\�V�L�V�� �R�I�� �Y�D�U�L�D�Q�F�H�� �Z�D�V�� �F�R�Q�G�X�F�W�H�G���� �7�X�N�H�\�¶�V��post hoc test identified homogeneous 
groups of means for each analyzed property assuming the boundary value for the significance 
level p of 0.05. 

RESULTS 
Table 1 presents physical and mechanical properties of the biocomposite 

particleboards supplemented with roasted coffee waste. We found that substitution of the core 
layer wood chips with up to 40% coffee waste did not significantly affect the board bending 
strength. This was confirmed by post hoc analysis that identified only a single homogeneous 
group (a) for the substitution degree of 20% and a single intermediate group (ab) with coffee 
waste share of 40%. A considerable decrease in MOR by about 16% was visible only when 
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coffee husk share was 50%. We saw no changes in the modulus of elasticity. The post hoc 
analysis identified only a single homogeneous group (a) for all investigated variants. 
Considering high values of both MOR and MOE, the experimental boards met the 
requirements on bending strength and rigidity set out in EN 312 standard for P2 boards 
intended for use in dry conditions, including furniture construction. The results for internal 
bond were equally promising. Replacing wood chips with coffee waste with up to 20% did 
not change IB value. Enhancing coffee husk share from 30% to 50% caused a gradual 
decrease in tensile strength by up to 29%. Such a considerable drop in this parameter may be 
explained by a greater specific surface of the coffee husks than of wood chips. When the share 
of coffee husk in the core layer increased and the amount of glue remained the same, smaller 
surface of husks was covered with the glue, which consequently lowered the board's strength. 
Despite such a considerable reduction in IB, the experimental biocomposite boards with 50% 
content of coffee husks met the criteria for P4 boards (required value according to EN 312  
0.4 N/mm2), and for 40% substitution even those for P5 boards (required value according to 
EN 312 0.45 N/mm2), that is the boards with increased load bearing capacity for applications 
in humid conditions  
 
Table 1. Properties of composite particle boards depending on the degree of substitution wood chips with coffee 
husks  
Substitution 

degree MOR MOE IB TS WA 

% N/mm2 % 

0 16.1 (1.0) a 3470 (220) a 0.53 (0.05)* a 33.0 (1.5) a 89.4 (2.1) b 
10 15.9 (1.4) a 3530 (210) a 0.57 (0.05) a 29.1 (1.6) b 84.6 (2.6) a 
20 15.7 (1.4) a 3500 (170) a 0.56 (0.06) a 31.3 (1.3) ac 83.3 (1.8) a 
30 15.2 (1.3) ab 3530 (170) a 0.51 (0.07) ab 30.2 (1.5) bc 90.4 (1.9) b 
40 14.4 (0.8) ab 3480 (200) a 0.45 (0.03) bc 30.2 (1.9) bc 93.7 (3.1) c 
50 13.9 (1.3) b 3450 (150) a 0.41 (0.02) c 31.5 (1.9) ac 93.3 (2.7) c 

*- standard �G�H�Y�L�D�W�L�R�Q�����D�����E�����F�«��- homogeneous groups 
 

Considering the results of the bending strength tests, the boards containing so large amounts 
of coffee waste could only be classified as P2 boards. The possibility of such a considerable 
replacement of wood chips with coffee waste was confirmed by Bekalo and Reinhardt (2010). 

We determined the effect of substitution degree on water resistance of the 
experimental boards by measuring their swelling and water absorption after 24 h of soaking in 
water. Data presented in Table 1 show a slight reduction in board swelling following up to 
20% substitution of wood chips. This is due to greater homogeneity of coffee boards caused 
by greater specific surface of coffee husks and consequently a decline in free spaces inside the 
boards. We observed different trends for water absorption. After an initial drop in the boards 
supplemented with up to 20% of coffee waste, further increase of the waste material resulted 
in a slight enhancement of water absorption. This was probably due to relatively high 
hygroscopicity of the husks resulting from a significant reduction in water content during 
roasting of green coffee beans.  

In the final stage of the study we determined the effects of coffee waste 
supplementation on the board hygienic properties. We only examined selected variants, i.e. 
reference boards made of wood chips and experimental boards with 50% share of coffee 
�Z�D�V�W�H�����)�R�U�P�D�O�G�H�K�\�G�H���H�P�L�V�V�L�R�Q���Z�D�V���V�L�P�L�O�D�U���L�Q���E�R�W�K���Y�D�U�L�D�Q�W�V���D�Q�G���U�H�D�F�K�H�G���R�Q���D�Y�H�U�D�J�H�������������“����������
mg CH2O/kg of dry weight. This means this type of waste material did not affect the hygienic 
properties of particleboards. 
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CONCLUSIONS 
The study showed that substitution of wood chips in the core layer with coffee husks 

from roasted coffee beans allowed for manufacture of highly durable biocomposite boards. 
Even at 50% substitution with coffee waste, the values of MOR, MOE and IB were high 
enough to meet the requirements for P2 boards, i.e. boards intended for general use and 
furniture construction.  Furthermore, coffee waste slightly increased water resistance of the 
boards by limiting their swelling after prolonged exposure to water. 

REFERENCES 

1. �$�1�'�5�=�(�-�8�.���$�������������������3�U�R�G�X�N�F�M�D���L���K�D�Q�G�H�O���N�D�Z�����Q�D�����Z�L�H�F�L�H���L���Z���3�R�O�V�F�H���>�7�K�H���D�Q�D�O�\�V�L�V��
of trends in production and trade of coffee worldwide and in Poland]. Zeszyty 
�1�D�X�N�R�Z�H�� �6�]�N�R�á�\�� �*�á�y�Z�Q�H�M�� �*�R�V�S�R�G�D�U�V�W�Z�D�� �:�L�H�M�V�N�L�H�J�R���� �(�N�R�Q�R�P�L�N�D�� �L�� �2�U�J�D�Q�L�]�D�F�M�D��
�*�R�V�S�R�G�D�U�N�L���)�\�Z�Q�R���F�L�R�Z�H�M������6; 105-117 

2. BEKALO S.A., REINHARDT H.W., 2010: Fibers of coffee husk and hulls for the 
production of particleboard. Materials and Structures 43; 1049-1060 

3. BEKHTA P.; KORKUT S.; HIZIROGLU S., 2013: Effect of Pretreatment of Raw 
Material on Properties of Particleboard Panels Made from Wheat Straw. BioResources 
8(3):4766-4774 

4. DUKARSKA D., CZARNECKI R., DZIURKA D., MIRSKI R., 2017: Construction 
particleboards made from rapeseed straw glued with hybrid pMDI/PF resin. European 
Journal of Wood and Wood Products 75(2); 175-184 

5. FAO STAT, 2016:  http://faostat.fao.org [accessed: 01.09.2018]  
6. PARK M.H.; YUN Y.S., CHO S.Y., KIM N.R., JIN H-J., 2016: Waste coffee 

grounds-derived nanoporous carbon nanosheets for supercapacitors. Carbon Letters 
19(1); 66-71  

7. RACHTANAPUN  P., SATTAYARAK T ., KETSAMAK N., 2012: Correlation of 
density and properties of particleboard from coffee waste with urea-formaldehyde and 
polymeric methylene diphenyl diisocyanates. Journal of Composite Materials 46(15); 
1839-1850  

8. SARNO M., IULIANO M ., 2018:  Active biocatalyst for biodiesel production from 
spent coffee ground . Bioresource Technology 266; 431-438  

9. SCATOLINO M.V., COSTA A.D., GUIMARAES J.B., PROTASIO T.D., MENDES 
R.F., MENDES L.M., 2017: Eucalyptus wood and coffee parchment for particleboard 
production: Physical and mechanical properties. Ciencia e Agrotecnologia 41(2); 139-
146 

10. SRINU A.; PEERA S.G.; PARTHIBAN V.; BHUVANESHWARI B.; SAHU A.K., 
2018: Heteroatom Engineering and Co-Doping of N and P to Porous Carbon Derived 
from Spent Coffee Grounds as an Efficient Electrocatalyst for Oxygen Reduction 
Reactions in Alkaline Medium. Chemistryselect 3(2); 690-702 

11. SUGANYA S.; KUMAR P. S., 2018: Influence of ultrasonic waves on preparation of 
active carbon from coffee waste for the reclamation of effluents containing Cr(VI) 
ions. Journal of Industrial and Engineering Chemistry 60; 418-430. 

 
Streszczenie: �2�G�S�D�G�\�� �N�D�Z�\�� �S�D�O�R�Q�H�M�� �M�D�N�R�� �V�X�E�V�W�\�W�X�W�� �Z�L�y�U�y�Z�� �G�U�]�H�Z�Q�\�F�K�� �Z�� �S�U�R�F�H�V�L�H��
�Z�\�W�Z�D�U�]�D�Q�L�D�� �S�á�\�W�� �Z�L�y�U�R�Z�\�F�K�����:�� �Q�L�Q�L�H�M�V�]�H�M�� �S�U�D�F�\�� �S�U�]�H�G�V�W�D�Z�L�R�Q�R�� �Z�V�W�
�S�Q�H�� �Z�\�Q�L�N�L�� �E�D�G�D���� �Q�D�G��
�P�R�*�O�L�Z�R���F�L���� �]�D�V�W�R�V�R�Z�D�Q�L�D�� �R�G�S�D�G�y�Z�� �N�D�Z�\�� �S�D�O�R�Q�H�M�� �Z�� �S�R�V�W�D�F�L�� �á�X�V�N�L�� �S�H�U�J�D�P�L�Q�R�Z�H�M���� �M�D�N�R��
�V�X�E�V�W�\�W�X�W�X�� �Z�L�y�U�y�Z�� �G�U�]�H�Z�Q�\�F�K�� �Z�� �S�U�R�F�H�V�L�H�� �Z�\�W�Z�D�U�]�D�Q�L�D�� �W�U�y�M�Z�D�U�V�W�Z�R�Z�\�F�K�� �S�á�\�W�� �Z�L�y�U�R�Z�\�F�K��
�]�D�N�O�H�M�R�Q�\�F�K���*�\�Z�L�F���� �0�8�)���� �� �1�D���S�R�G�V�W�D�Z�L�H���S�U�]�H�S�U�R�Z�D�G�]�R�Q�\�F�K���E�D�G�D���� �V�W�Z�L�H�U�G�]�R�Q�R���� �*�H���Z�U�D�]�� �]�H��
�Z�]�U�R�V�W�H�P���X�G�]�L�D�á�X���R�G�S�D�G�y�Z���N�D�Z�\���Z���S�á�\�F�L�H���Q�D�V�W�
�S�X�M�H���V�W�R�S�Q�L�R�Z�\���V�S�D�G�H�N���L�F�K���Z�\�W�U�]�\�P�D�á�R���F�L���Q�D��
�]�J�L�Q�D�Q�L�H���R�U�D�]���U�R�]�F�L���J�D�Q�L�H���S�U�R�V�W�R�S�D�G�á�H���G�R���S�á�D�V�]�F�]�\�]�Q���S�á�\�W�\�����-�H�G�Q�D�N�*�H���Q�D�Z�H�W���S�U�]�\�����������V�W�R�S�Q�L�X��
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Abstract:Granulometric composition of chips from the milling process of spruce on a CNC machining center. 
The article deals with the granulometric composition of chips from the milling process of spruce cuttings with 
thickness 25mm by a single-shank cutter on CNC machining center SCM TECH Z5. Granulometric composition 
of chips is followed within the range of the commonly used technological conditions for the type of milling 
cutter such as feed speed vf = 1 to 5 m.min-1 and material removal e = 1, 3 and 5 mm. A granulometric analysis 
proves that more than half of the produced chips is a coarse fraction consisting of fibrous chip particles with 
dimensions over 1 mm. Dust �I�U�D�F�W�L�R�Q�V�� �V�P�D�O�O�H�U�� �W�K�D�Q�� �������� ���P�� �I�R�U�P�� �L�V�R�P�H�W�U�L�F�� �J�U�D�L�Q�V�� �L���H���� �F�K�L�S�V�� �K�D�Y�L�Q�J��
�D�S�S�U�R�[�L�P�D�W�H�O�\���W�K�H���V�D�P�H���V�L�]�H���L�Q���D�O�O���W�K�U�H�H���G�L�P�H�Q�V�L�R�Q�V�����,�Q�K�D�O�D�E�O�H���G�X�V�W���S�D�U�W�L�F�O�H�V�����V�P�D�O�O�H�U���W�K�D�Q�������������P�����P�D�N�H���D������������
share on average. It can be stated that there are no respirable dust parti�F�O�H�V���Z�L�W�K���V�L�]�H���O�H�V�V���W�K�D�Q���!�����������P�� 
 
Keywords: milling on a CNC machining center, granulometric composition of chips, dustiness, immissions. 
 
INTRODUCTION 
 CNC technologies have become an integral part of the woodworking industry, whether 
it is a single-piece production or a production in large series. There is a wide range of used 
CNC machines and among the most widely used there are CNC machining centers. 

The separated chips are formed into a rotating air stream during the milling. The 
mixture of rotating air and chips has so much energy that its significant part is not carried by 
the exhausted air; it hits the walls of the suction cover and then falls into the workspace of the 
embedded CNC machine. These chips then cause secondary pollution of the working 
e�Q�Y�L�U�R�Q�P�H�Q�W���D�U�R�X�Q�G���W�K�H���&�1�&���P�D�F�K�L�Q�H�����%�D�Q�V�N�t and Kminiak, 2018/a). 

The formed chip is a polydispersive bulk mass consisting of coarse, medium coarse 
�D�Q�G�� �G�X�V�W�� �I�U�D�F�W�L�R�Q�V���� �:�R�R�G�� �G�X�V�W�� �Z�L�W�K�� �D�� �J�U�D�L�Q�� �V�L�]�H�� �R�I�� ���� �·�� �������� ���P�� ���+�H�M�P�D�� �H�W�� �D�O������ ������������ �+�R�U�i�N����
������������ �2�þ�N�D�M�R�Y�i�� �D�Q�G�%�D�Q�V�N�t���� ���������� �'�]�X�U�H�Q�G�D�� �H�W�� �D�O������ ������������ �L�V�� �D�� �K�\�J�U�R�V�F�R�S�L�F���� �O�R�Z�� �D�E�U�D�V�L�Y�H����
explosive bulk mass. The ratio of dust particles depends on the characteristics of the 
processed material, the parameters of the tool as well as the technical and technological 
parameters of �W�K�H�� �P�D�F�K�L�Q�L�Q�J�� �S�U�R�F�H�V�V���� ���'�]�X�U�H�Q�G�D���� ������������ �.�X�þ�H�U�N�D���� ������������
�3�D�O�P�T�Y�L�V�W�D�Q�G�*�X�V�W�D�I�V�V�R�Q�����������������.�R�S�H�F�N�ê���D�Q�G�5�R�X�V�H�N�����������������2�þ�N�D�M�R�Y�i���H�W���D�O������������������ 

From a physiological point of view and according to the conventions in the sense of 
the international harmonization (USA - ACGIH, EPA and Europe - ISO, CEN, BMRC) the 
�G�X�V�W�� �I�U�D�F�W�L�R�Q�V�� �V�P�D�O�O�H�U�� �W�K�D�Q�� �������� �—�P�� �7�X�U�H�N�R�Y�i�� �������������� �D�Q�G�%�X�F�K�D�Q�F�R�Y�D�� �������������� �D�U�H�� �G�L�Y�L�G�H�G�� �D�V��
�I�R�O�O�R�Z�V�����E�U�H�D�W�K�D�E�O�H�����L�Q�K�D�O�D�E�O�H�����P�D�V�V���I�U�D�F�W�L�R�Q���������������—�P�����W�K�R�U�D�F�D�O�������·���������—�P�����W�U�D�F�K�H�R�E�U�R�Q�F�K�L�D�O��
(respirable mass fraction) 2.5 �·�����—�P�����K�L�J�K���U�H�V�S�L�U�D�E�O�H���P�D�V�V���I�U�D�F�W�L�R�Q���������������—�P�� 

The aim of the article is to determine the granulometric composition of the produced 
chips from the milling process of spruce cuttings on a CNC machining center within the range 
of commonly used combinations of technical and technological parameters. 
 
MATERIALS 
 Characteristics of the used material: in the experiment there were used natural 
furniture cuttings with following parameters: wood �± Norway spruce (Picea abies), texture �± 
tangential lumber, parameters �± �W�K�L�F�N�Q�H�V�V�������P�P�����“�����������P�P�������Z�L�G�W�K���������P�P�����“���������P�P�������O�H�Q�J�W�K��
���������P�P�����“�������P�P�������K�X�P�L�G�L�W�\�������������“���������� 
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 Characteristics of the used machine: the experiment was realized on a 5-axis CNC 
machining centre SCM Tech Z5 (Figure 1) from the manufacturer SCM �± group, Rimini, 
Italy. 

 
Figure 1. CNC machining center SCM Tech Z5 

 Characteristics of the used tool �± the single-shank cutter, type designation KARNED 
4451 by the manufacturer Karned Tools s.r.o., Prague, Czech Republic was used during the 
experiment. The reversible knife HW 49.5/9/1,5 from cemented carbide T10MG was fitted in 
the shank cutter. 

Characteristics of the experiment: 
�x Milling process: the work piece was milled within the following conditions: material 

removal e = 1, 3 and 5mm, cutter speed n = 20 000 min-1, feed speed vf = 1, 2, 3, 4 and 
5 m.min-1. 6 samples were milled for each combination of parameters. Samples for 
granulometric wood dust analysis were collected isokinetically in accordance with 
STN 9096 (83 4610) from a specially modified exhaust pipes of a CNC woodworking 
center exhausting the entire spectrum of the produced chips. 

�x Granulometric analysis: a granulometric composition of the chips was detected by 
sifting. For this purpose, it was used a special set of sieves arranged one above the 
other (2 mm, 1 mm, 0.5 mm, 0.25 mm, 0.125 mm, 0.063 mm, 0.032 mm and the 
bottom), the sieves were placed on a vibration stand of the sifting machine Retsch AS 
200c from the manufacturer Retsh GmbH, Haan, Germany. The parameters of sifting 
were in accordance with STN 153105 and STN ISO 3310: frequency of sifting 
interruption �± 20seconds, amplitude of sieves deflection 2 mm.g-1�����V�L�I�W�L�Q�J���W�L�P�H���2��� ��������
minutes, weighed sample 50g. The granulometric composition was obtained by 
weighing the portions remaining on the sieves after sifting on an electric laboratory 
scales Radwag 510/C/2 from the manufacturer Radwag Balances and Scales, Radom, 
Poland, of weighing to an accuracy of 0.001 g. The sifting was realized with 3 samples 
for each combination of parameters. 

 
RESULTS 
 There were simulated conditions of standard manufacturing practice within the 
experiment. The material removal was set as 1, 3 and 5mm which is a normal addition for the 
final working of furniture cut-outs. Values of feed speed 1, 2, 3, 4 and 5 m.min-1 are 
commonly used in the processing of plant wood. The graph on the Figure 2 presents the 
values of granulometric chip composition for a given combination of parameters (material 
removal and feed speed) as the average of the three individual measurements. 
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Figure 1. Granulometric composition of the chips within the milling process on a CNC machining center 
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 A major 63.6% share of the produced chips is a fraction of chips with dimensions 
more than 1 mm. These chips belong to a category of fibrous chips i.e. chips with a significant 
extension in one direction. The chips are in the shape of cut layer of the milled wood. At 
lower feed speeds, the chips were without breaks. With the increasing feed speed, the 
incidence of breaks increased and the chips became frayed. However, in view of the overall 
granulometric composition of chips, it is not possible to present a definite conclusion about 
�W�K�H�� �L�P�S�D�F�W�� �R�I�� �W�K�H�� �I�H�H�G�� �V�S�H�H�G���� �)�U�D�F�W�L�R�Q�� �F�K�L�S�V�� �Z�L�W�K�� �W�K�H�� �J�U�D�L�Q�� �I�U�R�P�� ���� �P�P�� �W�R�� �������� ���P���� �Z�L�W�K�� �W�K�H��
�V�K�D�U�H�������������� �D�U�H�� �F�R�Q�V�L�G�H�U�H�G���D�V���I�L�E�U�R�X�V�� �F�K�L�S�V���D�V���Z�H�O�O���� �)�U�D�F�W�L�R�Q�V���� �V�P�D�O�O�H�U���W�K�D�Q���������� ���P���� �F�D�Q���E�H��
characterized as isometric chips i.e. chips having approximately the same size in all three 
�G�L�P�H�Q�V�L�R�Q�V�����7�K�H���L�Q�K�D�O�D�E�O�H���G�X�V�W���I�U�D�F�W�L�R�Q���R�I���S�D�U�W�L�F�O�H�V���V�P�D�O�O�H�U���W�K�D�Q�������������P���U�H�S�U�H�V�H�Q�W�V���W�K�H������������
share on average. The CNC machining centre does not produce respirable fractions smaller 
�W�K�D�Q�����������P�� 

Comparing exhausted spruce chips with the chips from other woods (Beech, Oak and 
Maple) produced by milling within the same conditions, the spruce chips can be described as 
finer. The dust fraction share of the spruce chips is higher in 44.7%. In addition, spruce wood 
dust particles are characterized by a considerable electrostatic charge which is manifested by 
high adhesion to the spruce wood surface as well as to the surface of the CNC centre involved 
in the cutting process. A positive finding is the fact that fractions smaller than 32 ���P���K�D�Y�H���Q�R�W��
been measured, and thus do not form so called respirable fractions. It is possible to use, as is 
�V�W�D�W�H�G�� �E�\�� �.�P�L�Q�L�D�N�� �D�Q�G�� �%�D�Q�V�N�L�� �������������� �F�O�R�W�K�� �I�L�O�W�H�U�V�� �Z�L�W�K�� �W�K�H�� �W�H�[�W�L�O�H�� �V�H�S�D�U�D�W�L�R�Q�� �O�L�P�L�W�� �0�2�� �•�� ������
���P���W�R���U�H�P�R�Y�H���F�K�L�S�V���I�U�R�P���W�K�H���P�L�O�O�L�Q�J���F�X�W�W�H�U���S�U�R�F�H�V�V���R�I���Vpruce cuttings. 
 
CONCLUSION 
 Based on the performed experiments, we can draw the following conclusions: 

�x Chips formed within the milling process of spruce wood on a CNC machining center 
is finer comparing to beech, oak and maple chips produced within the same condition. 

�x Dust fraction of the spruce chips due to electrostatic charge has a high adhesion to the 
surface of the formed wood as well as to the surfaces involved in the cutting process. 

�x �'�X�V�W���S�D�U�W�L�F�O�H�V�����!�������������P�����D�U�H���D���������������V�K�D�U�H���R�Q���D�Y�H�U�D�J�H���R�I���W�K�H���F�K�L�S�V���S�U�R�G�X�F�H�G���L�Q���W�K�H��
milling process on a CNC machining center 

�x �,�Q�K�D�O�D�E�O�H���G�X�V�W���S�D�U�W�L�F�O�H�V�����!�������������P�����D�U�H���D�������������V�K�D�U�H���R�Q���D�Y�H�U�D�J�H���R�I���W�K�H���F�K�L�S�V�� 
�x �7�K�H���R�F�F�X�U�U�H�Q�F�H���R�I�� �S�D�U�W�V�� �V�P�D�O�O�H�U���W�K�D�Q�������� ���P���D�Q�G�� �W�K�H�U�Hfore of respirable particles was 

not proven. 
�x �&�O�R�W�K���I�L�O�W�H�U�V���Z�L�W�K���W�K�H���W�H�[�W�L�O�H���V�H�S�D�U�D�W�L�R�Q���O�L�P�L�W���0�2���•�����������P���D�U�H���V�X�L�W�D�E�O�H���W�R���U�H�P�R�Y�H���F�K�L�S�V��

from the milling process of spruce cuttings on a CNC machining center. 
 
Acknowledgement: This article was written with the support of the project VEGA 1/0725/16 
Prediction of the quality of the created surface in the milling process of the wood with blade 
radial milling cutters on CNC machining cutters and VEGA 1/0485/18 Machining strategies 
for specific models of agglomerated material separation on a CNC machining center within 
the nesting milling process. 
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Influence of veneer perforation on 2D formability of two -layer material 
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Abstract:  Influence of veneer perforation on 2D formability of two-layer material. The aim of the paper is to 
investigate the effect of different perforations in veneers on the 2D formability of two-layer material. Veneer 
perforation was done with a CO2 laser. The two-layer material was composed of two veneers, one perforated and 
one entire (non-perforated), the fibers in the veneers being perpendicular to one another, and was glued using a 
polyethylene film. The 2D (planar) formability of two-layer materials was detected by three-point bending load 
and evaluated through the minimum bending radius. The most significant improvement of formability 
wasobserved after perforation in the shape of the letter "I" at the perforation direction parallel to the wood grain. 
 
Keywords: veneer, two-layer material, polyethylene film, perforation, bending radius 
 
INTRODUCTION 

Veneer, as a thin sheet of wood, is used in wood industry for the manufacture of 
construction boards and for decorative treatment of the surface of various materials. In order 
to ensure the production of shape-intensive parts, it is necessary to develop the possibilities to 
modify the veneers and the materials produced therefrom.In the past many researchers dealt 
with veneer modification possibilities in order to increase their formability. It's worth 
mentioning chemical modifications with furfuryl alcohol (Herold and Pfriem 2013), soaking 
�L�Q�� �D�P�P�R�Q�L�D���� �V�R�D�N�L�Q�J�� �L�Q�� �F�R�O�G�� �D�Q�G�� �K�R�W�� �Z�D�W�H�U�� ���)�H�N�L�D�þ�� �H�W�� �D�O���� �������������� �K�\�G�U�R�W�K�H�U�P�D�O�� �S�O�D�V�W�L�F�L�]�D�W�L�R�Q��
���5�R�V�H�Q�W�K�D�O�� ������������ �)�H�N�L�D�þ���� �*�i�E�R�U�t�N���� �â�P�L�G�U�L�D�N�R�Y�i�� �������������� �W�K�H�U�P�D�O�� �P�R�G�L�I�L�F�D�W�L�R�Q�� �R�I�� �Y�H�Q�H�H�U�V��
(Schulz, Scheiding, Fischer 2012, Gaff et al. �������������� �P�R�G�L�I�L�F�D�W�L�R�Q�� �Z�L�W�K�� �U�H�V�L�Q�V�� ���6�O�D�E�H�M�R�Y�i��
and �â�P�L�G�U�L�D�N�R�Y�i�� ������������ �D�Q�G�� �D�O�O-�I�O�D�W�� �F�R�P�S�U�H�V�V�L�R�Q�� �R�I�� �Y�H�Q�H�H�U�V�� ���:�D�J�H�Q�I�•�K�U���� �%�X�F�K�H�O�W���� �3�I�U�L�H�P��
2006). As one of the most effective methods of modification,the targeted disruption of 
material integrity (structure) was manifested. On that basis,currently the most used method of 
mechanical modification of veneers, for production of shape-intensive products,wasinvented 
�E�\�� �0�|�O�O�H�U�� �D�Q�G�� �)�|�U�V�W�H�U�� �D�Q�G�� �L�W�� �L�V�� �V�R�O�G�� �D�V�³���'�� �Y�H�Q�H�H�U�´�E�\ Reholz GmbH (Moravec 2010, Navi 
and Sandberg 2012, Krenz 2013). Targeted mechanical modifications of veneers were 
�P�H�Q�W�L�R�Q�H�G���L�Q���Z�R�U�N���E�\���/�D�Q�J�R�Y�i���D�Q�G �-�R�ã�þ�i�N���������������� 

When forming laminated materials, the adhesive applied between veneer layers is also 
important. Thermosetting adhesives based on formaldehyde are commonly used. Because of 
formaldehyde emissions and potential health risks, the interest in formaldehyde-freeadhesives 
�L�V�� �F�X�U�U�H�Q�W�O�\�� �J�U�R�Z�L�Q�J�� ���â�P�L�G�U�L�D�N�R�Y�i�� �H�W�� �D�O���� �������������� �6�X�F�K�� �D�G�K�H�V�L�Y�H�V�� �L�Q�F�O�X�G�H�I�R�U�� �H�[�D�P�S�O�H���� �3�9�$�&��
adhesives, polyurethane adhesives, hot melt polyethylene, and hot melt polypropylene. 
Suitability of polyethylene adhesive for bonding laminated materials from birch veneer is 
confirmed byKajaks et al. (2012). 
 The aim of the paper is investigating the effect of perforations in veneers on the 2D 
(planar) formability of two-layer materials with cross-laminated veneers bonded with 
polyethylene film. 

MATERIALS AND METHODS 
Two-layer material used for experimental tests was made by cross-laminating of two 

veneersheets bonded together by a thermoplastic polyethylene film. In the bonded file, one 
veneer was perforated,and the nextveneer was entire (non-perforated). The aim of disrupting 
the integrity of the veneer through perforation was increasing the critical deformation of wood 
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under tensile and pressure. For this purpose, the veneer was perforated usinga CO2 laser. 
Several variations of perforationwere suggested (Figure 1 and Figure 2). Specifically, two 
shapes of the perforation(the shape of the letter "I" and the shape of the letter "S"), two 
spacing out between the perforations (5 mm and 2 mm) and three ways of arranging the 
perforations with a respect to the wood grain (perpendicular to the wood grain �± �����ƒ�����S�D�U�D�O�O�H�O��
to the wood grain �± �������ƒ and a combination of both directions �± mix). In the perforated 
veneer, the wood grains were always directed in the direction of shorter dimension of the test 
piece (20 mm).The width of the perforation corresponded to the selected cutting width at CO2 

laser i.e. 0.5 mm. As a comparison standard (reference), two-layered material without 
modification (without perforation), made by cross-bonding of two sheets of entire veneer, was 
chosen. 

 
Figure 1. Variations of veneer perforation in the shape of the letter "I" (wood grain in the perforated veneer was 

always in the direction of the shorter dimension = 20 mm) 
 �1�R�W�H�����,���������ƒ���P�H�D�Q�V�����,���± theshape of the letter "I", 5 �± �V�S�D�F�L�Q�J�R�X�W�������P�P���������ƒ���± arrangementperpendicular 

to the wood grain 

 

 
Figure 2. Variations of veneer perforation in the shape of the letter "S" (the course of wood grain in the 

perforated veneer was always in the direction of the shorter dimension = 20 mm) 
 �1�R�W�H�����6���������ƒ���P�H�D�Q�V���6��- the shape of the letter "S", 5 - �V�S�D�F�L�Q�J���R�X�W�������P�P���������ƒ��- arrangement 

perpendicular to the wood grain 
 

For the production of two-layer material, the sliced veneer from birch wood (Betula 
Pendula, Roth���� �Z�L�W�K�� �D�Q�� �D�Y�H�U�D�J�H�� �W�K�L�F�N�Q�H�V�V�� �R�I�� ���������� �“�� ���������� �P�P�� �D�Q�G�� �P�R�L�V�W�X�U�H�� �F�R�Q�W�H�Q�W���R�I�� �������� �“��
0.5%was used. The thermoplastic polyethylene film had the thickness of 0.12 mm and the 
coating was 100 g.m-2. The created file was pressed in a heated hydraulic press (FONTUNE 
TP 400) at press parameters:temperature �������ƒ�&����pressure 1.8 MPa, time 4 minutes. In this 
way, two-layer materials with the average thickness of 1.02 mm and dimensions of 90 x 200 
mm were made. For each suggested perforation and for the reference specimens, 3 pieces 
were made. From the pieces,after air conditioning, the test specimens with the length of 20 
mm and the width of 40 mm (considering the direction of the wood fibers in the perforated 
veneer)were manipulated. The test specimens with suggested perforations areshown in Fig. 1 
and Fig. 2. For each variant, 18 test specimens were prepared. 
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The test of 2D formability was performed on the principle of three-point bend (Figure 
3). Considering the average thickness of the test specimens, the distance between the supports 
(l0) was determined to 20 mm. For each designed perforation variant, a half of the test 
specimens (9 specimens) was loaded on the perforated surface by the mandrel (Figure 3b) and 
the other half was loaded on the entire (non-perforated) surface (Figure 3c). In order to ensure 
a comparison base, the reference specimens were also tested in two directions:in one case, the 
load mandrel worked parallel to the wood grain (Figure 4a) (reference specimens as the 
comparative base for loading on the perforated surface) and in the other direction 
perpendicular to the wood grain (Figure 4b) (reference specimens as the comparative base for 
loading on the entire surface). 
 

 
Figure 3. Basic scheme of three-point bend: a) reference test specimens, b) perforated specimens loaded parallel 

 tothe wood grain (on the perforated surface), c) perforated specimens loaded perpendicularly  
to the grain (on the entire surface) 

 1 - load mandrel, 2 - supports, 3 - reference test specimens of two entire veneers,  
4 - perforated veneer in two-layer material, 5 - entire veneer in two-layer material 

 
 

 
Figure 4. The principle of loading on the test specimens considering the wood grain:  

a) parallel to the grain, b) perpendicular to the grain 
 
The three-point bending was done using the test machine Labortech type LabTest 

4050. The test specimen deflection and the force required in the moment of disruption were 
recorded. The speed of loading on the test specimen was 5 mm.min-1. 

From the measured maximum value of deflections (ymax) and from the distance of the 
supports (l0),the minimum bending radius (Rmin) was calculated according to the formula 1 
�P�H�Q�W�L�R�Q�H�G�� �E�\�� �*�i�E�R�U�t�N�� �D�Q�G�� �'�X�G�D�V�� ���������������� �%�D�V�H�G�� �R�Q�� �W�K�H�� �F�D�O�F�X�O�D�W�H�G�� �P�L�Q�L�P�X�P�� �E�H�Q�G�L�Q�J��
radius,the amendment of the 2D formability of the two-layer materials was evaluated. The 
materials with perforations were compared witheach other and also with the reference test 
specimens (the specimens without perforation). 
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RESULTS AND DISCUSSION 
The measured maximum deflections recalculated to minimum bending radius were 

evaluated by the multifactor ANOVA using the program STATISTICA 10. The factors in 
which the minimum bending radius was judged were: the load area, the shape of perforation, 
the spacing of perforations, and the direction of the perforations (considering the wood grain). 

On the basis of the analysis we can conclude that the change in the minimum bending 
radius is significantly influenced by the load area. It has been shown that if the load mandrel 
acted on the entire surface (non-perforated), the minimum bending radius was approximately 
twofold (average Rmin = 34.19 mm) when compared with the load mandrel acting on the 
perforated surface (average Rmin = 18.91 mm). Considering the designed composition of the 
tested material we have found the result expected. Since it is a two-layer material with cross-
layering, the wood grain of the entire surface of the test specimenwas always oriented in the 
direction of the longer side and the wood grain of the perforated veneer always in the 
direction of the shorter side. When the load mandrel acted on the entire veneer surface, the 
veneer on the perforated side was strained by tensile forces perpendicular to the woodgrain. 
Because wood shows lower tensile strength in the direction perpendicular to the wood grain 
when compared to the strength in the direction parallel to the wood grain, the breach occurred 
sooner. Perforations themselves contributed to faster breaking because they were the cause of 
smaller cross-sectional area of the veneer in the two-layer material (onto which the tensile 
force acts during bending). 

When loading the entire surface,the direction of the perforations with respect to the 
wood grain was confirmed as the significant factor affecting the minimum bending radius of 
some perforation modifications. Orientation of perforations had a positive impact on the 
minimum bending radius if theorientation was in the direction parallel to the wood grain 
���P�D�U�N�H�G�����������ƒ�������,�Q���)�L�J�X�U�H�������Ze can see that the test specimens with perforations in the shape 
of the letter "I", independently of the spacing of perforations, showed the greatest reduction of 
the bending radius (direction of perforations parallel to the wood grain) compared to the 
reference specimen. The bending radius was reduced from 34.71 mm to 27.15 mm what 
represents approximately 22% reduction in the bending radius. Explanation of this fact could 
be in: during the bending of the test specimen, the tensile forces perpendicular to the 
perforation length act in the perforated surface; and because the perforations are 10 mm long, 
0.5 mm wide and the adhesive is flexible, it makes it possible to enlargethe perforation more 
as ifthe perforation was oriented in the direction of the tensile forces (perpendicular to the 
wood grain). Small enlargement of perforations and greater number of them allow to achieve 
a smaller bending radius during bending. 

If loading the entire surface, one variant with a combined arrangement of perforations 
(S5 mix in Figure 5) has manifested itself to be effective;the bending radius was reduced from 
34.71 mm to 30.38 mm, i.e. by 12.5%. From the point of view of statistical significance, it 
was confirmed by Duncan's test at significance level p = 0.018. 

Figure 5 shows that if the load mandrel acted to the perforated surface there was the 
one significant change in the minimum bending radius (at the perforated test specimens) 
compared to the reference specimens. Slight decrease in bending radius (by 7% compared to 
the reference) was recorded at perforation in the shape of the letter "I" with spacing of 5 mm 
and the combined arrangement of perforations (I5 mix).The significance of this perforation 
variation, when loading the perforated surface,was confirmed by the Duncan's test at 
significance level p = 0.036. 
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Figure 5. Minimum bending radius under loading on the entire and the perforated surfacesof two-layer material 
 (modified by perforations of various shape, direction and spacing); and the minimum bending radius of 

the reference test specimens under loading parallel and perpendicular to the wood grain.  
 Where: I = the shape of the letter "I", S = the shape of the letter "S", 5 = 5 mm spacing,  

 ����� �������P�P���V�S�D�F�L�Q�J�����������ƒ��� ���D�U�U�D�Q�J�H�G���S�H�U�S�H�Q�G�L�F�X�O�D�U���W�R���W�K�H���Z�R�R�G���J�U�D�L�Q�����������ƒ��� ���D�U�U�D�Q�J�H�G���S�D�U�D�O�O�H�O���W�R���W�K�H��
grain, mix = combined arrangement 

 
Analysing the variance of the minimum bending radius we found out that, at loading 

the entire surface of the two-layer modified materials,a combination of selected shapes and 
spacing in the designed perforations participated significantly inthe change of the minimum 
bending radius (significance level p = 0.01), and thus in the change in the 2D (planar) 
formability of the tested two-layer material. As seen in the graph (Figure 5), at perforations in 
�W�K�H���V�K�D�S�H���R�I���W�K�H���O�H�W�W�H�U�����,���� �D�Q�G���W�K�H���S�H�U�I�R�U�D�W�L�R�Q���G�L�U�H�F�W�L�R�Q���S�D�U�D�O�O�H�O���W�R���W�K�H���Z�R�R�G���J�U�D�L�Q�����������ƒ�����W�K�H��
bending radius wasby 17.4% smaller than with perforations in the shape of the letter "S" and 
the same perforation direction. The significance of the difference was at the level of 
significance p = 0.02. 
 
CONCLUSION 

For the purpose to ensure the production of shape-intensive products based on wood 
materials,it is necessary to constantly develop the possibilities of wood modification. One of 
the effective methods of modification of wood and wood-based materials is a targeted 
mechanical disruption of their integrity; which is one of the reasons why we paid attention to 
the materials made from veneersmodifiedby perforation. 

Evaluating the comparative indicator �± theminimum bending radius �± representing the 
2D (planar) formability/ bendability, we have confirmed the assumption about two-fold 
greater formability of the two-layer materials from veneers,perforated inone veneer,in the case 
if, during bending, the perforated veneer wason the convex side of the material (the side 
stressed mainly by compressive forces, see Figure 3b). 

The most appropriate direction of perforation, with respect to the wood grain, was the 
direction identical to the direction of the wood grain; the formability of the material increased 
by 22% in the case ifthe perforated veneer was placed on the concave side during bending 
(Figure 3c). In the case if the perforated veneer was placed on the convex side (Figure 3b), the 
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partial effect of the combined arrangement of perforation direction was shown; the 
formability increased by 7%. 

Taking into account the shape of the perforation, the two-layer materials with 
perforations in the shape of the letter "I" showed a more pronounced impact on the bending 
radius (2D formability) under loading the entire surface (perforations on the concave side). 
 
Acknowledgement: This work was supported by the grant agency VEGA under the project No. 1/0626/16 and  
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�l�_�g�^�_�g�p�b�y�f�b�� �\ �^�_�j�_�\�h�h�[�j�Z�[�Z�l�u�\�Z�x�s�_�c�� �i�j�h�f�u�r�e�_�g�g�h�k�l�b�� �Z�d�p�_�g�l�� �^�_�e�Z�_�l�k�y�� �g�Z��
�i�j�b�h�[�j�_�l�_�g�b�_�� �g�h�\�u�o�� �a�g�Z�g�b�c�� �h�[�� �w�n�n�_�d�l�b�\�g�h�f�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �^�j�_�\�_�k�b�g�u�� �\��
�k�l�j�h�b�l�_�e�v�k�l�\�_�����i�j�h�b�a�\�h�^�k�l�\�H �f�_�[�_�e�b���b���^�j�m�]�b�o �k�h�i�m�l�k�l�\�m�x�s�b�o �h�l�j�Z�k�e�y�o�����b�k�i�h�e�v�a�m�x�s�b�o��
�^�j�_�\�_�k�g�u�_�� �f�Z�l�_�j�b�Z�e�u. (Kurjatko et al. 2010).�K�h�a�^�Z�g�b�_�� �d�h�f�i�h�a�b�p�bo�g�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �g�Z��
�h�k�g�h�\�_�� �^�j�_�\�_�k�b�g�u�� �l�j�_�[�m�_�f�u�o�� �k�\�h�c�k�l�\, �\�h�a�f�h�`�g�h�� �l�h�e�v�d�h�� �i�h�k�e�_�� �l�s�Z�l�_�e�v�g�h�]�h�� �Z�g�Z�e�b�a�Z��
�k�\�h�c�k�l�\���[�Z�a�h�\�u�o���f�Z�l�_�j�b�Z�e�h�\ (Bao et al. 2001).  

�D�e�_�z�g�Z�y �^�j�_�\�_�k�b�g�Z �h�[�j�Z�a�h�\�Z�g�D �f�g�h�]�h�k�e�h�c�g�R�c �d�h�g�k�l�j�m�d�p�b�H�c, �h�l�^�_�e�v�g�u�_�� �k�e�h�b��
�r�i�h�g�Z���b�f�_�x�l���i�Z�j�Z�e�e�_�e�v�g�m�x���h�j�b�_�g�l�Z�p�b�x (Aydin et al. 2004, Eckelman 1993, Zemiar et al. 
2009). �H�ga �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y�� �\�u�k�h�d�b�f�b�� �f�_�o�Z�g�b�q�_�k�d�b�f�b�� �k�\�h�c�k�l�\�Z�f�b���� �h�k�h�[�_�g�g�h��
�i�j�h�q�g�h�k�l�v�x���� �]�b�[�d�h�k�l�v�x�� �b�� �m�k�l�h�c�q�b�\�h�k�l�v�x�� �d�� �^�b�g�Z�f�b�q�_�k�d�h�f�m�� �g�Z�i�j�y�`�_�g�b�x���� �Z�� �l�Z�d�`�_��
�d�R�j�R�[�e�H�g�x (Svoboda et al. 2015).   

�D�e�_�z�g�Z�y �^�j�_�\�_�k�b�g�Z�� �r�b�j�h�d�h�� �b�k�i�h�e�v�a�m�_�l�k�y���\�� �h�[�e�Z�k�l�b �f�_�[�_�e�b�� �b�� �k�l�j�h�b�l�_�e�v�k�l�\a. �<��
�^�_�j�_�\�y�g�g�u�o�� �d�h�g�k�l�j�m�d�p�b�y�o�� �a�^�Z�g�b�c�� �h�ga �b�k�i�h�e�v�a�m�_�l�k�y�� �\�� �\�b�^�_�� �[�Z�e�h�d. �K�� �l�h�q�d�b�� �a�j�_�g�b�y��
�g�Z�]�j�m�a�d�b���ga �w�l�b���d�h�g�k�l�j�m�d�l�b�\�g�u�_ �w�e�_�f�_�g�l�u �b�o�� �o�Z�j�Z�d�l�_�j�g�h�c�� �h�k�h�[�_�g�g�h�k�l�v�x�� �y�\�e�y�_�l�k�y��
�m�^�e�b�g�_�g�b�_. �B�a�m�q�_�g�b�x �l�\�_�j�^�h�k�l�b�� �[�m�d�h�\�u�o�� �b�� �l�h�i�h�e�v�q�Z�l�u�o�� �[�Z�e�h�d���b�� �m�k�b�e�_�g�g�u�o�� �k�l�Z�e�v�g�u�o��
�[�Z�e�h�d �a�Z�g�b�f�Z�e�b�k�v�7�R�P�D�V�L et al.(2009).  

�<�� �h�[�e�Z�k�l�b�� �f�_�[�_�e�b �d�e�_�z�g�Z�y �^�j�_�\�_�k�b�g�Z�� �b�f�_�_�l�� �a�g�Z�q�b�l�_�e�v�g�h�_�� �i�j�b�f�_�g�_�g�b�_�� �\�� �\�b�^�_��
�h�i�h�j�g�u�o���b �m�i�j�m�]�b�o �w�e�_�f�_�g�l�h�\���d�j�h�\�Z�l�_�c �b�e�b���j�Z�a�e�b�q�g�u�o���q�Z�k�l�_�c���f�_�[�_�e�b���^�e�y���k�b�^�_�g�b�y.�I�j�b��
�k�l�j�h�b�l�_�e�v�k�l�\�_�� �f�_�[�_�e�b�� �h�g�b�� �b�k�i�h�e�v�a�m�x�l�k�y�� �\�� �\�b�^�_�� �i�j�y�f�u�o�� �b�e�b���]�g�m�l�u�o�� �w�e�_�f�_�g�l�h�\�� �g�Z��
�h�k�g�h�\�_�� �r�i�h�g�Z ���)�H�N�L�D�þ�� ������������ �)�H�N�L�D�þ�� �b�� �*�i�E�R�U�t�N�� ������������ �*�i�E�R�U�t�N�� �b�� �9�L�O�K�D�Q�R�Y�i�� ������������ �'�X�G�D�V�� �b��
�9�L�O�K�D�Q�R�Y�i���������������/�D�Q�J�R�Y�i��et al. �������������0�D�N�R�Y�t�Q�\���b Zemiar2003). �R�i�h�g���i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c��
�l�h�g�d�b�c�� �e�b�k�l�� �b�a���^�j�_�\�_�k�b�g�u���� �b�k�i�h�e�v�a�m�_�f�u�c�� �\���_�]�h�� �_�k�l�_�k�l�\�_�g�g�h�c�� �n�h�j�f�_�� �b�e�b�� �b�a�f�b�g�z�g�u�c��
�j�Z�a�e�b�q�g�u�f�b �k�i�h�k�h�[�Z�f�b���� ���%�H�N�K�W�Det al. ������������ �=�H�P�L�D�U�� �b �)�H�N�L�D�þ��2014, Zemiar et al. 2014). 
�F�h�^�b�n�b�d�Z�p�b�y�� �m�e�m�q�r�Z�_�l�� �l�_�o�g�b�q�_�k�d�b�_�� �b�e�b�� �w�k�l�_�l�b�q�_�k�d�b�_�� �k�\�h�c�k�l�\�Z�� �r�i�h�g�Z (Bekhtaet al. 
�������������)�H�N�L�D�þ��et al. �������������)�H�N�L�D�þ��et al. �������������/�D�Q�J�R�Y�i���D �-�R�ã�þ�i�N���������������6�O�D�E�H�M�R�Y�i���D���â�P�L�G�U�L�D�N�R�Y�i��
������������ �6�O�D�E�H�M�R�Y�i��et al. 2017). �K�h�q�_�l�Z�g�b�_�� �g�_�h�[�j�Z�[�h�l�Z�g�g�R�]�R �b�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�R�]�R �r�i�h�g�D 
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�i�h�a�\�h�e�y�_�l���i�j�h�b�a�\�h�^�b�l�v���f�Z�l�_�j�b�Z�e���k���j�Z�a�e�b�q�g�u�f�b���k�\�h�c�k�l�\�Z�f�b ���*�i�E�R�U�t�N��et al.2011, �*�i�E�R�U�t�N��
2012). 

�K�� �l�h�q�d�b�� �a�j�_�g�b�y�� �\�h�a�f�h�`�g�h�k�l�b�� �j�Z�k�r�b�j�_�g�b�y�� �i�j�b�f�_�g�_�g�b�y�� �d�e�_�_�g�h�c�� �^�j�_�\�_�k�b�g�u�� �g�Z��
�i�j�Z�d�l�b�d�_, �g�_�h�[�o�h�^�b�f�h�� �l�s�Z�l�_�e�v�g�h�� �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�l�v�� �_�z �k�\�h�c�k�l�\�Z�� ���*�i�E�R�U�t�N�� �H�W�� �D�O������ ����������. 
�B�k�k�e�_�^�h�\�Z�g�b�y�� �[�u�e�b�� �k�n�h�d�m�k�b�j�h�\�Z�g�u�� �g�Z�� �k�l�Z�l�b�q�_�k�d�b�o�� �b�� �^�b�g�Z�f�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\�D�o 
�f�g�h�]�h�k�e�h�c�g�h�c�� �^�j�_�\�_�k�b�g�u�� �l�h�i�h�e�y����c�d�e�_�_�g�g�R�c �f�_�e�Z�f�b�g�h�n�h�j�f�Z�e�v�^�_�]�b�^�h�f�� �b��
�i�h�e�b�m�j�_�l�Z�g�h�\�u�f�� �d�e�_�_�f. �J�_�a�m�e�v�l�Z�l�u�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �k�� �l�h�q�d�b�� �a�j�_�g�b�y��
�d�h�g�l�j�h�e�b�j�m�_�f�u�o���k�\�h�c�k�l�\���[�h�e�_�_���p�_�e�_�k�h�h�[�j�Z�a�g�h���b�k�i�h�e�v�a�h�\�Z�l�v���i�h�e�b�m�j�_�l�Z�g�h�\�u�c �d�e�_�c�� 

�>�j�_�\�_�k�g�u�_�� �f�Z�l�_�j�b�Z�e�u���� �b�k�i�h�e�v�a�m�_�f�u�_�� �\�� �i�j�h�b�a�\�h�^�k�l�\�_�� �f�_�[�_�e�b���� �i�h�i�Z�^�Z�x�l�� �i�h�^��
�j�Z�a�e�b�q�g�u�_�� �l�j�_�[�h�\�Z�g�b�y���� �h�k�g�h�\�Z�g�g�u�_�� �g�Z�� �f�_�k�l�_ �b�o �b�k�i�h�e�v�a�h�\�Z�g�b�y�����<�� �g�_�d�h�l�h�j�u�o��
�d�h�g�d�j�_�l�g�u�o�� �k�e�m�q�Z�y�o���� �i�h�f�b�f�h�� �k�\�h�c�k�l�\�� �i�j�h�q�g�h�k�l�b���� �Z�d�p�_�g�l�� �^�_�e�Z�_�l�k�y�� �g�Z�� �b�o�� �w�e�Z�k�l�b�q�g�h�k�l�b����
�^�h�e�]�h�\�_�q�g�h�k�l�b���b���n�h�j�f�_�����F�g�h�]�h�k�e�h�c�g�u�_ �f�Z�l�_�j�b�Z�e�u���\���i�j�h�p�_�k�k�_���b�k�i�h�e�v�a�h�\�Z�g�b�y���i�j�h�^�m�d�l�Z��
�q�Z�k�l�h���i�h�^�\�_�j�]�Z�x�l�k�y���p�b�d�e�b�q�_�k�d�h�c���f�_�o�Z�g�b�q�_�k�d�h�c���g�Z�]�j�m�a�d�_�����9�L�ã���R�Y�V�N�ê��015). 

�K�� �w�l�h�c�� �l�h�q�d�b�� �a�j�_�g�b�y, �f�u �i�j�R�\�H�e�b �g�Z�[�e�x�^�_�g�b�_���k�\�h�c�k�l�\ �ga �b�a�]�b�[���d�e�_�z�g�R�c 
�^�j�_�\�_�k�b�g�u �i�h�k�e�_�� �_�z �p�b�d�e�b�q�_�k�d�h�c���g�Z�]�j�m�a�d�b���� �d�h�l�h�j�m�x�� �f�u�� �f�h�`�_�f�� �k�q�b�l�Z�l�v�� �^�h�e�]�h�\�_�q�g�u�f��
�i�h�d�Z�a�Z�l�_�e�H�f �\���h�i�j�_�^�_�e�_�g�g�h�f���k�f�u�k�e�_. 
 
�W�D�K�I�?�J�B�F�?�G�L�:�E�V�G�:�Y���Q�:�K�L�V 

�>�e�y�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h�� �g�Z�[�e�x�^�_�g�b�y�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �i�y�l�b�k�e�h�c�g�Z�y���d�e�_�z�g�Z�y 
�^�j�_�\�_�k�b�g�Z���� �h�k�g�h�\�Z�g�b�_�� �d�h�l�h�j�h�c�� �k�h�k�l�h�y�e�h�� �b�a���e�m�s�_�g�R�]�R �r�i�h�ga (Populus tremula L.,) 
�l�h�e�s�b�g�R�c 2,0 �f�f . �<�� �d�Z�q�_�k�l�\�_�� �k�\�y�a�m�x�s�_�]�h���k�j�_�^�k�l�\�D �[�u�e �b�k�i�h�e�v�a�h�\�Z�g �d�e�_�c�� ���ú�ù 
�	�_�o�g�h�[�h�g�^ �>3. �I�h�e�b�\�b�g�b�e�Z�p�_�l�Z�l�g�u�_�� �d�e�_�b�� �i�j�b�f�_�g�y�x�l�k�y�� �i�j�b�� �k�d�e�_�b�\�Z�g�b�b�� �b�a�^�_�e�b�c�� �g�Z��
�h�k�g�h�\�_���^�j�_�\�_�k�b�g�u�����i�h�k�d�h�e�v�d�m���h�g�b���[�h�e�_�_���w�d�h�e�h�]�b�q�g�u ���*�i�E�R�U�t�N�������������� �*�i�E�R�U�t�N��et al. 2016, 
Svoboda et al. �������������â�P�L�G�U�L�D�N�R�Y�i��et al. 2015 ).  

�D�e�_�c���[�u�e �g�Z�g�H�Fe�g �g�Z �r�i�h�g �h�^�g�h�k�l�h�j�h�g�g�_�� �f�Z�k�k�h�c�������� �]���f2���� �I�j�_�k�k�h�\�Z�g�b�_ �i�Z�d�_�l�h�\��
�i�j�h�\�h�^�b�e�b�� �g�Z�� �i�j�_�k�k�_�� �K�B�F�B�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� ����-20�ƒ�� �K, �^�Z�\�e�_�g�b�_�f �������� �F�I�Z. �<�j�_�f�y��
�i�j�_�k�k�h�\�Z�g�b�y���k�h�k�l�Z�\�e�y�e�h�������� �f�b�g. �I�h�k�e�_ �a�Z�i�j�_�k�k�h�\�d�b �f�u �i�h�e�m�q�b�e�b �i�e�b�l�m �j�Z�a�f�_�jo�f  ������ �o��
���������o�������������f�f�����>�Z�e�_�_ �i�e�b�l�u �\�u�^�_�j�`�b�\�Z�e�b �i�h�^���g�Z�]�j�m�a�d�h�c���� �^�g�_�c�� �I�h�k�e�_���\�u�^e�j�`�d�b �g�Z�f 
�[�u�e�h �g�m�`�g�h �i�h�^�_�e�b�l�v �h�[�j�Z�a�p�u �^�e�y �b�k�i�u�l�Z�g�b�y �k�l�Z�l�b�q�_�k�d�h�]�h���b�a�]�b�[�D���\���j�Z�a�f�_�je 10 x 40 x 
���������f�f���b���^�e�y �^�b�g�Z�f�b�q�_�k�d�b�o �b�k�i�u�l�Z�g�b�c �p�b�d�e�b�q�_�k�d�R�c �g�Z�]�j�m�a�d�R�c �\ �j�Z�a�f�_�je 10 x 40 x 630 
�f�f . �O�h�^���^�j�_�\�_�k�g�u�o���\�h�e�h�d�h�g���[�u�e���\���b�k�i�u�l�Z�l�_�e�v�g�u�o���h�[�j�Z�a�p�Z�o �\���g�Z�i�j�Z�\�e�_�g�b�b �^�e�b�g�u�����>�e�y��
�d�Z�`�^�h�]�h���l�_�k�l�Z���b�k�i�h�e�v�a�h�\�Z�e�h�k�v��10 �h�[�j�Z�a�p�h�\. 
�B�k�i�u�l�Z�g�b�_�� �g�Z�� �k�l�Z�l�b�q�_�k�d�b�c�� �b�a�]�b�[�� �i�j�h�\�h�^�b�e�h�k�v�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �(�1�� �������� �������������� �k��
�i�h�f�h�s�v�x�� �l�j�_�o�l�h�q�_�q�g�h�]�h�� �b�a�]�b�[�Z�� ���j�b�k���� ����. �F�u�� �b�k�i�u�l�Z�e�b �p�b�d�e�b�q�_�k�d�b�_�� �g�Z�i�j�y�`�_�g�b�y�� �g�Z��
�m�k�l�j�h�c�k�l�\�_ �g�D �b�a�]�b�[���� �k�]�b�[�Z�y�� �b�k�i�u�l�Z�l�_�e�v�g�u�_���h�[�j�Z�a�p�u �k���h�^�g�h�k�l�h�j�h�g�g�_�c �g�Z�]�j�m�a�d�h�c���\��
�h�[�e�Z�k�l�b���m�i�j�m�]�h�k�l�b�����j�b�k��������.   

 
�J�b�k�m�g�h�d�������K�l�Z�l�b�q�_�k�d�b�c���l�_�k�l���g�Z���b�a�]�b�[��- �l�j�_�o�l�h�q�_�q�g�u�c���b�a�]�b�[ 

 
�<�� �k�l�Z�l�b�q�_�k�d�h�f�� �b�k�i�u�l�Z�g�b�b�� �g�Z�� �b�a�]�b�[�� �f�u�� �g�Z�[�e�x�^�Z�e�b�� �k�b�e�m�� �g�Z�]�j�m�a�d�b�� �b�� �h�l�d�e�h�g�_�g�b�_��

���j�b�k���� ����. �B�a�� �b�a�f�_�j�_�g�g�u�o�� �a�g�Z�q�_�g�b�c�� �f�u�� �j�Z�k�k�q�b�l�Z�e�b�� �i�j�h�q�g�h�k�l�v�� �g�Z�� �b�a�]�b�[��(�1max) �\��






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































